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industrial, protective,

and marine coatings,
two-component (2K) epoxy
systems are established as
the benchmark technologies
due to the combined offer-
ings of excellent corrosion
protection and compliance
with regional volatile organic
compound standards. Today,
productivity has emerged as a
major driver, and innovation
focuses on developing epoxy
coatings that have greater
application versatility while
providing enhanced perfor-
mance properties, such as
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dry speed, rapid recoat, and
through-cure. For marine
and protective coatings, the
need is for faster cure and
blush-resistant coatings when
applied under adverse, low
temperatures conditions. In
the OEM sector, the wet-
on-wet application process
means there is a requirement
for epoxy systems to provide
rapid overcoatability with
polyurethane and/or polycar-
bamide topcoats within min-
utes after initial application
of the primer. In this sector,
the drivers are to increase
overall productivity with
faster application of multiple
layers coupled with lower
bake temperatures which can
provide energy savings. This
article will focus on the per-
formance attributes of a novel

polycyclic-aliphatic amine and
its use in the development

of new epoxy curing agents
designed to provide benefit

in the above markets. The
supporting data includes the
functional properties thermal
analysis, glass transition
(Ty), and infrared (IR)-cure
profile, confirming the rapid
through-cure and crosslink-
ing capabilities in epoxy sys-
tems. In addition, a review of
model coating formulations
and their key performance
attributes, including the rapid
recoat times, improved inter-
coat adhesion, and excellent
corrosion protection proper-
ties will be discussed.

Global megatrends are
reshaping the world we
live in, driving common
requirements of improved
productivity and reducing
costs, while addressing
emerging environmental
concerns. Epoxy coatings
used in marine and protec-
tive coatings are based on
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either solid or liquid epoxy resins, derived
from bisphenol A digylcidylether and
cured in combination with polyamides
or modified aliphatic or cycloaliphatic
amine hardeners. Typical modifica-
tions include amine adducts, Mannich
bases, phenalkamines, and specialty
ketimine curatives,' designed to ensure
an optimum balance of handling and
end performance properties. With

the introduction of maximum volatile
organic compound (VOC) limits in
coating applications, development work
in epoxy coatings has moved away from
using traditional solid epoxy resins
(SER) to systems based on the lower
viscosity liquid epoxy resin (LER). A
standard solvent-free LER has a viscos-
ity of 10,000 mPa.s and is characterized
by an epoxy equivalent weight (EEW)
+190 (functionality #2). The use of LER
enables the formulator to achieve higher
coating solids (=80%) vs the traditional
solventborne SER systems where

solids are in the 40%-60% range. This
approach influences the handling and
performance characteristics of the for-
mulated coating. Reaction kinetic stud-
ies demonstrate that there is a negative
impact on the workable pot life coupled
with an extension of the dry time. The
latter effect is due to the polymeric
network having to react and build up
sufficient molecular weight to reach the
gel point or dry-to-touch state, whereas
with the SER systems, these are already
high molecular weight polymers and
dry-to-touch or lacquer dry is observed
as soon as the solvents evaporate from
the coating film.?

To overcome the slower dry speed,
formulators typically incorporate ter-
tiary (3°) amine accelerators (e.g., tris
-2,4,6-dimethylaminomethyl phenol) at
+5% by weight based on active curing
agent into the formulation. The acceler-
ation mechanism of the 3° amine is that
it polarizes the C-0O bond in the epoxy
group and makes it more susceptible to
nucleophilic attack with the primary
(1°) and secondary (2°) amines present
in the additional curing agent.?

Formulators can only use small
quantities of this type of accelerator
because a high concentration can result
in driving the homopolymerization of
the epoxy resin in favor of the preferred
crosslinking reaction between the epoxy
resin and amine curing agent. Excessive
homopolymerization often results in
brittle coatings and free unreacted
amines, the presence of which may
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result in a decrease in the corrosion
resistance properties of the cured film.

Our approach to amine design has
resulted in the development of a new
polycyclic amine, Poly [HCA], that has a
balance of 3°, 2°, and 1° amines built into
the polymeric backbone.* Poly [HCA]
delivers a unique balance of proper-
ties by acting as a reactive accelerator
and co-curative all in one. The amine
is capable of enhancing the molecular
weight build up in applied epoxy so
coatings can reach their dry-to-touch
state faster, while driving the crosslink-
ing reaction so that coatings achieve
rapid through-cure at both ambient and
low-temperature cure conditions. This
is evident when monitoring the degree
of reaction via infrared (IR) spectros-
copy. The Poly [HCA] shows a higher
level of hydroxyl formation compared to
the standard tertiary amine accelerator,
which in the presence of liquid epoxy
resin is shown to form ether linkages
(Figure 1). High ether linkage forma-
tion is a clear indicator that the epoxy
system undergoes homopolymerization
rather than amine-epoxy crosslinking
during the curing process.

The novel polycyclic amine technol-
ogy enables rapid property development
when formulated with conventional
polyamides, modified polyamides, ali-
phatic, and other formulated epoxy cur-
ing agents. Examples of curing agents
developed based on Poly [HCA] amine
include two new polycyclic amine poly-
amides, RDPA-1 and RDPA-2. The new
polyamides undergo rapid cure, which
enables application of topcoats based on

similar epoxy or polyisocyanate tech-
nology within 15-30 min while main-
taining excellent intercoat adhesion
and corrosion protection. It provides
excellent film appearance without loss
of gloss, distinction of image and surface
wrinkling, and dive-back of topcoats
into the primer. This performance attri-
bute allows applicators to spray-apply
multiple layers within quick succession,
to increase the overall productivity of
the coating application at the job site.

KEY FEATURES AND BENEFITS
OF THE POLY [HCA] AMINE
BUILDING BLOCK

Common amines used in the design

of amine curing agents are classified

as aliphatic or cycloaliphatic amines,
examples of which include diethylene-
triamine (DETA), triethylenetetramine
(TETA), diaminocyclohexane (DACH),
and isophoronediamine (IPD). Although
aliphatic amines such as DETA and
TETA have high functionality and
reactivity, they have a strong tendency
to blush and form amine carbamate due
to poor compatibility of the amine with
the epoxy resin. On the other hand,
cycloaliphatic amines have excellent
compatibility with epoxy resin because
of the cyclocaliphatic backbones but
have slower reactivity than aliphatics,
especially at low temperature. Good
compatibility between curing agent
and epoxy resin is essential to provide
coatings with good surface appearance,
excellent overcoatability, and corrosion

FIGURE 1—Epoxy resin amine cured and hydroxyl formation by IR analysis.
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resistance. It has been a challenge

in epoxy coatings to design a new

amine building block that possesses

the benefits of both the aliphatic and
cycloaliphatic amines: the reactivity

of an aliphatic amine and the resin
compatibility of a cycloaliphatic amine.
As highlighted, Poly [HCA] is a novel
polyheterocyclic amine that crosslinks
with an epoxy resin delivering fast
through-cure while maintaining good
resin compatibility over a range of
application temperatures. Poly [HCA] is
a polymeric amine with moderate vis-
cosity, has a low color (water white), and
can be used as a sole curing agent or as a
co-curing agent with other amines. The
general handling properties are outlined
in Table 1, and the following sections
detail the amine’s unique performance
properties.

FAST PROPERTY DEVELOPMENT
OF POLY [HCA] AMINE

Poly [HCA] amine was evaluated
against aliphatic amines, cycloaliphatic
amines, and Mannich base curing
agents to exemplify its fast development
of coating properties. For this, Poly
[HCA] amine was plasticized with £30
wt% of benzyl alcohol, comparable to
the concentration contained in many
commercial curing agents, and cured
with standard bisphenol A liquid epoxy
resin (EEW=190) at 1:1 stoichiometry.
Clear coating formulations for thin film
set time (TFST), Persoz hardness, and
gloss were deposited on glass substrates
at 150 wm wet film thickness using a
bird applicator. The TFST was deter-
mined using a Beck-Koller recorder, in
accordance with ASTM D5895. Persoz
hardness was conducted in accordance
with ASTM D4366 after coatings were
cured at 23°C, 10°C, and 5°C, and 50%
RH for designated cure duration of one
day, two days, and seven days. Gloss was
determined at an angle of 20° and 60°
using a Gardner gloss meter according
to ASTM D523. Measurements were
made with the glass panel placed on a
black cardboard background to mini-
mize reflection.

The test summary in Table 2 clearly
shows that clear coatings based on
Poly [HCA] delivered fast dry speed
and Persoz hardness development at
ambient and low temperatures. The
Poly [HCA] amine demonstrated faster
dry speed than a Mannich base curing
agent, which is typically used as fast

TABLE 1—Properties of Poly [HCA] Amine

PROPERTY UNIT VALUE

APPEARANCE CLEAR VISCOUS LIQUID
FUNCTIONALITY (N-H) 3ave
VISCOSITY mPa.s 4,000-9,000
COLOR GARDNER 1
AMINE VALUE (TYPICAL) Mg KOH/g 860
BOILING POINT °C >300
VAPOR PRESSURE mmHg (21°C) <00
SPECIFIC GRAVITY 1.01
THEORETICAL AHEW 68
LOADING (LER EEW 190) PHR 35

TABLE 2—Summary of Clear Coating Properties

CURINGAGENTS  POLY[HCAIAMINE  AuphATcAMINE  CYCLGRLEHATIC  mannich gase

THIN FILM SET TIME (H) (CURE AT 23°C)
PHASE 2 12 >12 6.5 2.0
PHASE 3 16 >12 7.0 3.0
THIN FILM SET TIME (H) (CURE AT 10°C)
PHASE 2 25 >24 1.5 5.0
PHASE 3 5.0 >24 14.0 8.5
PERSOZ HARDNESS (S) (23°C)
1DAY/7 DAYS | mos | ND? | o336 | 208
PERSOZ HARDNESS (S) (10°C)
1DAY/TDAYS | s | ND? | 741306 |
6L0SS (60°)
7oAy (3°0M0%C | 151183 | ND? | 149778 | 100/68

(a) not determined due to poor coating.

FIGURE 2—Cure and property development of Poly [HCA] amine.
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curative especially for low-temperature
cure. Poly [HCA] coatings also exhibit
good coating appearance similar to
cycloaliphatic amine, and better than
the Mannich base curing agent. High
gloss coating is an indication of good
compatibility between resin and curing

agents. By comparison, the aliphatic
amine exhibited poor compatibility
with the epoxy resin and, as such, the
resultant coatings were greasy and the
Persoz hardness could not be obtained.

In addition, Figure 2 shows the cure
and property development of clear
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coatings across a range of application
temperatures, from ambient tempera-
ture to low temperature down to 5°C.
The fast cure property is demonstrated
by the early hardness development and
ultimate hardness both at ambient and
low application temperatures, thus mak-
ing the Poly [HCA] amine an ideal amine
building block for a variety of coating
systems where low temperature cure

is critical. Poly [HCA] amine not only
delivers fast cure speed, but also shows
good compatibility with epoxy resin.

FUNDAMENTAL STUDY OF FAST
CURE MECHANISM OF POLY
[HCA] AMINE

To understand the cure mechanism of
Poly [HCA] amine, dynamic mechanical
analysis (DMA) was utilized to monitor
the cure process. DM A provides the
mechanical property information and the
crosslinking density of the cured samples.
The crosslinking density is expressed as
the average molecular weight between
crosslinking points, Mc, and is calculated
from the analysis data, while mechanical
property such as storage modulus was
measured during the analysis.® In this
experiment, Poly [HCA] amine was com-
pared with a cycloaliphatic amine and an
aliphatic amine. The amines were cured
with standard bisphenol A liquid epoxy
resin at 1:1 stoichiometry, and the samples
were prepared by making the plaques in
silicone rubber molds and allowed to cure
at ambient temperature and humidity for
aweek.

Figure 3 compares the average molec-
ular weight between crosslinking points,
Mc, of the samples of the Poly [HCA]
amine, an aliphatic amine, and a cycloal-
iphatic amine after one-day, three-day, and
seven-day cure. Mc of Poly [HCA] amine
is low and remained unchanged after one-
day cure, while Mc of aliphatic amine and
cycloaliphatic amine are higher after day
1and then decrease over time, indicat-
ing lower initial degree of crosslinking.
However, further crosslinking develops
over time, thus a longer reaction time is
necessary to achieve full through-cure. Mc
of cycloaliphatic amine was the highest,
suggesting the slowest reaction rate and
lowest crosslinking density.

Furthermore, Figure 4 shows the
comparison of storage modulus, G,
after one-day cure. G’ of Poly [HCA]
remained relatively flat and was the
highest among the samples, indicative of
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highest degree of cure, and no post cure
in the rheometer. However, G’ of ali-
phatic amine and cycloaliphatic amine
shows a greater increase, indicating
significant post cure in the rheometer.
Cycloaliphatic sample exhibited the
greatest increase in G’ in the rubbery
region, suggesting that it had the lowest
degree of cure at ambient temperature.
The DMA data of Mc and G' demon-
strate that Poly [HCA] is a much faster
curing agent than aliphatic and cycloal-
iphatic amines, and can reach a high
degree of through-cure and crosslinking
within a shorter time period.

NEW POLYCYCLIC POLYAMIDE
CURING AGENTS

The Poly [HCA] amine is further deri-
vatized to prepare a range of amine

curing agents. Of specific interest is
the use of the amine is the synthesis of
polycyclic-polyamide curing agents that
deliver enhanced rapid dry charac-
teristics. Two examples, RDPA-1 and
RDPA-2, have been developed and will
be reviewed in this article. Both new
curing agents provide rapid through-
cure at both ambient and low applica-
tion temperatures, and are capable of
being rapidly overcoated either self-
on-self or with polyisocyanate-based
technologies within a 15 min window
after initial application. The technology
also delivers the high levels of corro-
sion resistance properties demanded
by the marine, protective, and indus-
trial maintenance coating markets.
The typical handling and performance
properties of the new curing agents are
summarized in Table 3 and subsequent
sections below.

FIGURE 3—Mc development vs cure time of amine.
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FIGURE 4—Storage modulus after one-day cure at 23°C.
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Near FTIR spectroscopy (NIR) is a
powerful and versatile technique for
monitoring transient chemical change
during the cure process.® It offers a
unique possibility to obtain detailed
information about molecular orienta-
tion and relaxation behavior and is an
effective tool to monitor the extent of
the epoxy-amine reaction. Using an NIR
spectrometer, Model 6500, the conver-
sion of oxirane (epoxy) and primary
amine during the cure was monitored
by the C-0 stretch of oxiran ring at 1646
cm?, and the N-H stretch of the primary
amine at 2026 cm™.

Figures 5 and 6 show the conversion
of primary amine and epoxy during the
cure process, comparing the RDPA-1
with a standard high solid polyam-
ide (HSPA-1) and the same polyamide
blended with a tertiary amine (HSPA-1a).
In Figure 5, the primary amine conver-
sions were similar among the three sam-
ples due to the fast reactivity of avail-
able primary amines with the epoxy.
However, in Figure 6, RDPA-1 exhibits
the fastest epoxy conversion—faster vs
the HSPA-1a and significantly faster
vs the unmodified polyamide HSPA-1.
Although HSPA-1a showed a fast epoxy
consumption vs HSPA-1, there was a
lower level of hydroxyl formation in the
matrix. The data indicates that a high
percentage of the epoxy conversion is a
result of the epoxy homopolymerization
reaction instead of the amine crosslink-
ing with the epoxy resin.

The conclusion is further collabo-
rated by dynamic mechanical analysis.
Table 4 shows the T, and Mc of the three
polyamide systems. The coating system
HSPA-1a containing the tertiary amine
accelerator exhibited the highest T and
lowest Mc, followed by RDPA-1, whereas
the standard polyamide HSPA-1
exhibited the lowest T, and highest Mc
values. Both modified polyamides had
lower Mc vs HSPA-1, indicating a higher
degree of crosslinking. However, in the
case of HSPA-1a, the presence of the ter-
tiary amine also drives the competing
homopolymerization reaction, which
in turn, leads to lower Mc, a higher T,
and potentially an increase in coating
brittleness.

Further evidence supporting the
excellent low-temperature cure char-
acteristics of RDPA-1 is shown by the
faster dry speed development obtained
in clearcoat formulations (Figure 7).
When used with liquid epoxy resin, the
thin film set times as measured using

TABLE 3—Typical Handling Properties of Rapid Dry Polycyclic Amine Polyamides

PROPERTY UNIT RDPA-1 RDPA-2
COLOR GARDENER <8 <8
VISCOSITY mPa.s (cPs) 2,300 900
SOLIDS % 100 90
AMINE VALUE mgKOH/g 330 340
SPECIFIC GRAVITY 1.04 1.01
AHEW 135 156
LOADING (LER-EEW190) PHR 60-65 75-80
FIGURE 5—Primary amine conversion.
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FIGURE 6—Epoxy conversion.
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a Beck Koller (BK) instrument offer

a significant improvement over both
HSPA-1 and a special modified high
solid polyamide adduct (HSPA-2), com-
monly promoted for low-temperature
cure applications. At room temperature,
the phase I11, thin film set time is 4 h
compared with 10 h and 7 h, respec-
tively for HSPA-1 and HSPA-2. At lower

application temperatures, the perfor-
mance benefits of RDPA-1 are clearly
demonstrated where a phase 111 dry
time of 14 h is achieved, compared with
48 h for HSPA-1 and 30 h for HSPA-2.
Additional analysis via DSC high-
lights the differences in the degree of
cure development of the polyamides at
low application temperatures. Analysis

TABLE 4—T, and Mc from DMA Analysis of Polyamide Systems

SAMPLE MIDPOINT T,, (°C) Mc (g/MOLE)
HSPA-1 58 620
RDPA-1 62 470

HSPA-1a 66 370

FIGURE 8—Clearcoats: degree of cure @ 5°C.
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TABLE 5—Base Handling and Performance Properties of Polyamide Systems

RDPA-1 HSPA-1 HSPA-2
VISCOSITY mPa.s 2,300 12,000 4,500
HANDLING LOADING (PHR) 65 60 10
GEL TIME (MIN) 3% 10 65
FILM APPEARANCE CLEARIGLOSS CLEAR CLEAR/GLOSS
WATER SPOT 108Y 2 2 2
FILM PROPERTIES RESISTANCE® 7DAYS 4 4 4
@25
DIRECT 60 180 100
IMPACTcm.kg | peyeRsE 40 50 45
SLHAZE, SL
FILM APPEARANCE CLEARGLOSS | e orgesy | CLEARIGLOSS
WATER SPOT 108Y 1 1 1
FILM PROPERTIES RESISTANCE® 7DAYS 4 4 4
@5
10 | >200HAZE | 1DESTROVED | 1DESTROVED
MEKDOUBLERUBS | 3pavs | >2006L0SS | 60 LOSS OF FILM | 95 L0SS OF FILM

(a) Evonik internal test with water droplet placed on film, rating 5 to 0: 5 = excellent, no water stain;

0 = poor, severe water stain.
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was conducted via measurement of the
residual exotherm, during the cur-

ing process. Samples were prepared

at ambient temperature and then the
sealed DSC cells were immediately
stored at 5°C in a climate chamber for
one to seven days. After the allotted
cure time, samples were removed and
scanned by DSC (TA Instruments—
model Q200) at a ramp rate of 10°C/min.
The percentage cure for each sample
was calculated by using the following
equation.’

Degree of System Cure (%) = ll - (m)l *100

AH max

When cured with the standard liquid
epoxy resin, DSC analysis shows that
the new curing agent RDPA-1 under-
goes excellent cure development at 5°C
(Figure 8). When compared with HSPA-1
and HSPA-2, RDPA-1 achieves a degree
of cure after one day of 64%, which is
two times faster than HSPA-1 which
only achieved 30% conversion. HSPA-2
achieved 40% degree of cure, however,
still significantly slower vs the new
curing agent technology. After seven
days’ cure at 5°C, the extent of cure
for RDPA-1 was >95%, compared with
55% and 83% for HSPA-1 and HSPA-2
respectively.

The RDPA-1 curing agent offers addi-
tional performance benefits vs existing
high solid polyamides used for protec-
tive coating applications. The benefits
are summarized in Table 5 and include a
lower initial curing agent viscosity, thus
allowing for high solid coatings where
VOC <250 g/L can be achieved. More
importantly, the surface appearance and
early film integrity, as determined by
the ability of the coating to withstand
attack from solvents at lower application
temperature, is significantly improved.

With RDPA-1, the cured coating is
smooth and glossy when systems are
applied with a minimum induction time
of 5 min. With HSPA-1, film appearance
is hazy, and an inherent tackiness is
present. MEK resistance using the dou-
ble rub methodology was employed as a
way of assessing early through-cure and
solvent resistance. In the case of RDPA-1,
clearcoats provided >200 MEK rubs with
no down glossing after three days at 5°C,
whereas the polyamide systems HSPA-1
and HSPA-2 exhibited no resistance to
MEK after one day and after three days
the coatings were destroyed, exhibiting
<100 double rubs.



NOVEL POLYAMIDE CURING
AGENTS FOR WET-ON-WET
APPLICATIONS

For OEM applications, there is a grow-
ing demand for 2K systems to be applied
wet-on-wet to enhance throughput
and reduce overall application time
and costs. The incumbent technology
utilized in sectors where rapid devel-
opment of cure properties is essential
is typically based on Mannich base
(phenalkamine type) curing agents
that are derived from low molecular
weight ethylene diamines. This tech-
nology while providing fast dry, often
results in coatings with amine blush.
This subsequently interacts with the
polyisocyanate topcoats, causing surface
defects such as down glossing and
excessive wrinkling, as shown in Figure
9A. Utilizing the polycyclic amine Poly
[HCA], the new rapid cure polyamide,
RDPA-2 curing agent is shown to elim-
inate this phenomenon. When formu-
lated with LER, the surface appearance
of the epoxy primer based on RDPA-2 is
blush free. This was confirmed via both
avisual inspection as well as surface
analysis adding a drop of 1% aqueous
solution of phenolphthalein indicator to
the coating and conducting a swab test.

Upon application of a polyurethane
topcoat following an initial cure time of
30 min for the base epoxy primer, the
topcoat based on a solvent containing
polycarbamide dries wrinkle free and
with a high surface gloss, as shown in
Figure 9B.

For coatings to be used in wet-on-
wet applications, systems must build
up sufficient coating integrity, which
requires coatings to be touch dry or be
resistant to dust pickup as quickly as
possible after spray application of the
primer coating. To demonstrate the
performance value of the new polyamide
technology, anticorrosive primers were
applied on Bondrite B-952 panels at a
wet film thickness of 180 wm. Cure prop-
erties were evaluated using the thumb
twist method, which is an objective test
method. In this method, the opera-
tor places a thumb on the coating and
twists the thumb 90°. If no finger print
was observed, the coating was deemed
as the minimum dry time required for
over coating with the next layer. For
this study, the properties of RDPA-1
and RDPA-2 were compared to three
alternative technologies. The LOPA-1

FIGURE 9A—Topcoat applied over
phenalkamine epoxy primer.

polyamide represents a polyamide
with an established track record in the
coatings industry where it provides an
extended recoat window greater than six
months.® HSPA-1 was used as the generic
high solids polyamide, and a commercial
system (CS-1) was used within the OEM
market, based on an accelerated polyam-
ide. The results of the dry film tests are
summarized in Table 6.

These results clearly demonstrate
the faster surface dry characteristics
inherent in RDPA-1 and RDPA-2. Both
technologies reach the rapid surface
dry state significantly faster compared
to a standard polyamide, but also
faster vs the commercial system CS-1.
AlthoughLOPA-1 was faster vs CS-1,
this product contains solvent and as
such makes it difficult for formulators to
meet the need for lower VOC systems.
When comparing the reaction kinetics
using infrared spectroscopy, RDPA-2
shows a faster conversion of the avail-
able primary amine content and higher

FIGURE 9B—Topcoat applied over
RDPA-2 epoxy primer.

molecular weight buildup vs compara-
tive samples used in this study.

The dry and wet adhesion properties
of the epoxy coatings were also evalu-
ated. Tests were conducted on Bondrite
B-952 steel panels by applying primers
at a wet film thickness of 75 um followed
by a second epoxy white topcoat at 15
min and 60 min intervals. Examples of
the primer (FD) and topcoat (F2) are pro-
vided in Appendix A. While examples are
based on RDPA-1, the same Component
A was used for all the curing agents
tested, with Component B adjusted for
loading based on the AHEW of the cor-
responding curing agent.

Following seven days cure at ambi-
ent temperature, intercoat adhesion
was measured as follows: For the wet
adhesion test, the panels were immersed
in water for additional 24 h. After the
immersion time, panels were wiped dry
with a paper towel and tested in accor-
dance with ASTM D3359 method A. The
results are listed in Table 7.

TABLE 6—Time to Cure Properties of Traditional and Rapid Cure Polyamides

PRIMER SYSTEM LOPA-1 RDPA-1
DRY TIME (MIN) 35 20

RDPA-2 HSPA-1 COMMERCIAL CS-1
15 205 65

TABLE 7—Wet and Dry Adhesion Properties of Epoxy Primers with Epoxy Topcoats®

APPLICATION

ADHESION

TIME TYPE LOPA1  RDPA1 RDPA-2 HSPA-1

DRY 5A 5A 5A 5A

EPOXY PRIMER (BASE)

WET 5A 5A 5A 5A

DRY 5A 5A 5A 4A
15 MIN

WET 5A 5A 5A 3A

EPOXY PRIMER + TOPCOAT

DRY 5A 5A 5A 5A
60 MIN

WET 5A 5A 5A 5A

(a) The adhesion test and cross cut area was assessed using the following ratings: 5A—No peeling or removal,
4A—some peeling or removal along the incisions or at their intersection, 3A—Jagged removal along the
incision up to 1.66 mm on either side, 2A—Jagged removal along most of incisions up to 3.2 mm on either side,
IA—Removal from most of the area of the X under the tape, and 0A—removal beyond the area of the X.
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RAPID RECOAT STUDY USING
POLYCARBAMIDES

The above study highlighted the excel-
lent rapid dry and overcoatability of
RDPA-1 and RDPA-2 with a standard
epoxy topcoat. As discussed in the next
section, epoxy primers were evaluated
for their ability to be rapidly overcoated
with a fast cure isocyanate-based
system. For this example, a polycarba-
mide® (polyaspartic) topcoat based on

HDI trimer and a cycloaliphatic diethyl
maleate ester-curing agent was used.
The rapid recoat properties of RDPA-1
polyamide are compared with that of
conventional polyamide HSPA-1 by
applying 75 um of formulated epoxy
primer as shown in Appendix A (FI) on
Bondrite B-952 panels and cured for

15 min and after 60 min on separate
panels. Formulated polycarbamide top-
coat Appendix A (F3) was applied (150
um) after 15 min and 60 min on primed

TABLE 8—Wet/Dry Adhesion Properties of Epoxy Primers with Polycarbamide Topcoats

APPLICATION TIME

Bondrite panels. The panels were cured
for 24 h, and the cross-hatch adhesion
test as per ASTM D3359 was conducted.
The results are given in Table 8, and the
appearance following the dry adhesion
tests are depicted in Figures 10 and 11.
With the modified polyamide RDPA-1,
the epoxy primer is dry to touch (finger
press) after 15 min cure at 23°C. After
application of the polycarbamide topcoat,
the surface appearance is smooth and
wrinkle free, and high gloss is obtained.

SYSTEM (TOPCOAT) ADHESION TYPE RDPA-1 HSPA-1
DRY 5A 5A
EPOXY PRIMER
WET 5A 5A
DRY 5A 2A
EPOXY PRIMER + POLYCARBAMIDE TOPCOAT 15 MIN
WET 5A 1A
DRY 5A 2A
EPOXY PRIMER + POLYCARBAMIDE TOPCOAT 60 MIN
WET 5A 2A

FIGURE 10A—RDPA-1 epoxy primer and polycarbamide

topcoat applied after 15 min.

FIGURE 10B—HSPA-1 epoxy primer and polycarbamide

topcoat applied after 15 min.

| | &

FIGURE 11A—RDPA-1 epoxy primer and polycarbamide
topcoat applied after 60 min.
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FIGURE 11B—HSPA-1 epoxy primer and polycarbamide
topcoat applied after 60 min.

|




The intercoat adhesion results are excel-
lent with a rating of 5A being achieved.
With the HSPA-1 curing agent, the
epoxy primer is still wet to touch after
15 min and the applied topcoat showed
both base primer bleed through and

a down glossing after 24 h cure. With
this system, the polycarbamide topcoat
exhibited very poor intercoat adhe-
sion with a significant surface area
delaminating following application and
removal of the adhesive tape during the
cross-hatch test. When base primers
were subjected to a 60-min cure at 23°C
followed by application of the polycar-
bamide topcoat, again excellent surface
appearance and adhesion was observed
for the RDPA-1 curing agent. There was
some improvement with the HSPA-1,
with no primer bleed through and an
improvement in surface gloss; however,
the dry/wet adhesion of the polycarba-
mide coating was poor with a rating of
2A only. With HSPA-1, the epoxy primer
requires approximately 2 h cure!® prior

to application of the topcoat to provide
the intercoat adhesion performance
exhibited by RDPA-1.

ANTI-CORROSIVE PRIMER
FORMULATION

Appendix A (F4) contains a starting
point formulation based on RDPA-1 for
an anti-corrosive primer. The formu-
lation is a red iron oxide primer based
on a modified zinc calcium polyphos-
phate and offers 86% volume solids at
VOC 0of 198 g/L. Further, the primer
formulation has a low mix viscosity of
approximately 550 mPa.s, with a pot life
of 1.5 h. The primer can be spray applied
with conventional spray equipment
following 5-10 min of mixing or brush
applied to a steel substrate without the
addition of extra solvents. The BK phase
I11 dry time is achieved after 2 h, while
a dry-to-handle time (thumb twist) is
obtained within 8 h.

FIGURE 12—Epoxy polyamide primers after 2000 h salt spray performance.

ACCELERATED CORROSION
RESISTANCE

The anti-corrosive primer formulation
based on RDPA-1 was applied to grit
blasted (SA 2.5), hot-rolled steel sub-
strate panels. Using conventional spray
equipment in double coats, a 180-220 um
dry film thickness resulted. Panels were
left to cure at ambient temperature for 10
days prior to testing in salt spray. Panels
were scribed and evaluated for field
blisters using ASTM B117. Evaluation

of scribe creep was rated in accordance
with ASTM D1654. At 1000 h intervals,
one set of duplicate panels was removed
from the test cabinet and evaluated for
blistering and rusting. After the visual
evaluation was completed, the scribe
areas were scraped to expose the under-
lying metal substrate, allowing for accu-
rate scribe creep measurements. Results
for the 2000 h exposure are shown in
Figure 12 and reported in Table 9.

RDPA-1
2000 h Salt Spray
Field 10 Scribe 10

HSPA-1
2000 h Salt Spray
Field 10 Scribe 10

TABLE 9—Salt Spray Resistance of Corrosion Resistance Epoxy Primers (2000 h)°

FORMULATION  DEGREEOFRUST  SCRIBECREEP  FIELD BLISTERING BLISTER SIZE
RDPA-1 NONE 10 10 10 (NO BLISTERS)
HSPA-1 NONE 10 10 10 (NO BLISTERS)

(a) Red iron oxide—anti-corrosion primer formulation based on bisphenol A diglycidylether (EEW 190),
25% PVC, VOC 200 g/L, two coats (total DFT 180-220 um).
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All ratings and scribe creep values
reported are the average of the two test
panels in each set. The results show that
throughout the 2000 h exposure period,
the RDPA-1 epoxy primer had similar
resistance to blistering and rusting as
the standard epoxy-polyamide con-
trol coating based on HSPA-1. During
the test, no blistering or field rusting
was observed on the test panels, thus
demonstrating RDPA-1 delivers excel-
lent corrosion resistance properties.

CATHODIC DISBONDMENT

The experimental setup is shown in
Figure 13. Each test panel is fitted with
one intentional holiday of 3 mm diame-
ter in the paint layer, and then covered
with a glass cylinder (inside diameter
=99 mm; high 155 mm) on the painted
side. The glass cylinders are placed so
that from every panel the intentional
holiday is situated in the middle of the
test area. The glass cylinder is filled
with about 1000 mL of electrolyte (arti-
ficial seawater). To establish the elec-
trical circuit, a connection to the steel
panel is made with a platinum or graph-
ite electrode that is placed in the center
of the tank containing the electrolyte.
This acts as the anode and is connected
to the positive lead from the power
supply (Top Hex Cathodic Disbondment
Tester). The bare steel of the panel
(cathode) is connected with copper
wire to the negative lead of the power
supply. A reference electrode (saturated
calomel) is placed in the test tank for
measuring a continuous potential of

1.5 V. After 28 days at room tempera-
ture (23°C), the test was stopped. The
exposed coatings were checked for loss
of adhesion, blistering (ASTM D714) and
other defects (discoloration, cracking,

etc.). Loss of adhesion was determined
by cutting eight radial pies, extending
3 cm from the center of the intentional
holiday, by using a sharp-bladed knife.
Starting at the intentional holiday
and working outward, the degree of
disbondment was measured. The dis-
bondment cell and panels after 28 days’
exposure are shown in Figure 13.
Coatings formulated with RDPA-1
and the benchmark HSPA-2 resulted in
an average radial creep of 1 mm and 3
mm respectively. This is well within the
requirements of the test and, as such,
both coating systems are fit for purpose
and meet the ASTM G8-96 standards
for pipe coatings requiring excellent
cathodic disbondment resistance.

CONCLUSIONS

In this article, the utility of a new
polycyclic amine, Poly [HCA] that acts
as both accelerator and crosslinker

for epoxy coatings has been explored.

It was demonstrated that the amine
allows for a rapid conversion of both
epoxy and primary amine functional-
ities within a 2K epoxy coating system.
Thus, coatings achieve a high degree

of conversion compared with other
aliphatic and cycloaliphatic amines. The
buildup of crosslink density is driven by
the amine-epoxy reaction compared to
the epoxy homopolymerization reac-
tion that is the dominant mechanism
observed when conventional tertiary
amine accelerators are employed. The
new amine technology has further
enabled the development of advanced
polyamide epoxy curing agents that now
exhibit an excellent balance of low-tem-
perature cure, while maintaining the
excellent adhesion and corrosion resis-
tance properties required for long-term

FIGURE 13—Cathodic dishondment cell and test panels after 28-day study.

g
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RDPA-1
Creep — 1Tmm

HSPA-2
Creep — 3mm
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corrosion protection. In addition, the
ambient cure properties of the new cur-
ing agents are such that they allow for
the development of epoxy primers that
exhibit ultra-fast, tack-free set times.
The fast set-to-touch combined with

a blush-free appearance and excellent
early solvent resistance enables the
epoxy basecoats to be topcoated with a
range of different coating technologies
within a very short application window.
This property makes the technology
ideal for use in wet-on-wet applica-
tions for automotive and industrial
maintenance applications, where faster
technology can provide faster through-
put, increasing productivity in the field
projects and reducing system and appli-
cation costs while providing long-term
asset protection.
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APPENDIX A—START POINT FORMULATIONS

F1—Epoxy Primer <250 g/L

COMPONENT A DESCRIPTION SOURCE WEIGHT (g) VOLUME (GAL)
EPON" 828 EPOXY RESIN HEXION 260.64 26.87
NUOSPERSE 657 DISPERSANT ELEMENTIS 5.98 0.7
BENTONE SD-2 THIXOTROPE ELEMENTIS 9.58 0.7
XYLENE SOLVENT 17412 24.05
n-BUTANOL SOLVENT 24.03 3.55
BAYFERROX 130M FILLER LANXESS 96.05 2.31
HEUCOPHOS ZCP PLUS ANTI-CORROSIVE PIGMENT HEUBACH INTL 150.07 5.24
BLANC FIXE MICRO FILLER SACHTLEBEN CHEMIE 216.26 511
WOLLASTOCOAT 10 ES FILLER NYCO MINERALS 144.05 5.95
MICA WHITE 325M FILLER 12013 4.84

TOTALA 1200.91 80.07
COMPONENT B*
RDPA-1 CURING AGENT EVONIK 169. 2 19.93
TOTALB 169. 2 19.93
TOTALA + TOTAL B 137011 100.00

(a) Example shown used RDPA-1; however, Part B can be replaced with LOPA-1, HSPA-1, and HSPA-2 and loadings adjusted based on

AHEW of the curing agent.

PRIMER PROPERTIES

MIX RATIO PART A: PART B (VOL) 41

PVC (%) 345
VOL SOLIDS (%) 85.3
VOC (LB/GAL) 1.96
VOC (g/L) 235.5

F2—Epoxy White Topcoat

COMPONENTA DESCRIPTION SOURCE WEIGHT (LB) VOLUME (GAL)
EPON 828 EPOXY RESIN HEXION 349.2 361
TI PURE® R 960 PIGMENT DUPONT 285.2 8.6
THIXOTROL ST THIXOTROPE ELEMENTIS 18 1.0
NUOSPERSE 657 DISPERSANT ELEMENTIS 1.0 0.1
XYLENE SOLVENT 100.0 141
MIBK SOLVENT 81.0 131

TOTALA 830.2 73.0
COMPONENT B
RDPA-1 CURING AGENT EVONIK 221.0

TOTALB 221.0 21.0
TOTAL (PART A + PART B) 1057.2 100.0
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F3—Polycarbamide White Topcoat

COMPONENTA DESCRIPTION SOURCE WEIGHT (LB)  VOLUME (GAL)
AMICURE® IC 133 POLYCARBAMIDE EVONIK 100.0 11.0
TI-PURE R 960 PIGMENT DUPONT 114.0 34
MAK SOLVENT SOLVENT 4.0 65

PART A TOTAL 258.0 210
COMPONENT B
VESTANAT® HT ISOCYANATE (HDI TRIMER EVONIK 78.0 83
PART B TOTAL 78.0 8.3
PART A+PART B 336.0 293
F4—High Solids Epoxy Primer <200 g/L

COMPONENT A DESCRIPTION SOURCE WEIGHT(G) VOLUME (g/L)
DOW D.E.R" 331 EPOXY RESIN OLIN 26.96 215
EPODIL® 742 EPOXY DILUENT EVONIK 310 281
ANTITERRA U DISPERSANT BYK 056 059
BENTONE 5D-2 THIXOTROPE ELEMENTIS 017 048
XYLENE SOLVENT 11.60 13.54
n-BUTANOL SOLVENT 4.04 5.04
BAYFERROX 130M FILLER LANXESS 4n 0.94
HEUCOPHOS ZCP PLUS ANTI-CORROSIVE PIGMENT HEUBACH INTL. 5.94 1.69
BLANC FIXE MICRO FILLER SACHTLEBEN CHEMIE 2061 468
WOLLASTOCOAT 10 ES FILLER NYCO MINERALS 8.59 296
PLASTORIT 000 FILLER IMERYS TALC 1311 4.69

TOTALA 100.00 60.63
COMPONENT B
RDPA-1 CURING AGENT EVONIK 19.90 18.96
XYLENE SOLVENT 0.82 095
n-BUTANOL SOLVENT 0.24 030
TOTALB 20.96 2021
TOTAL A+ TOTAL B 120.96 80.84

PRIMER PROPERTIES

MIX RATIO PART A: PART B (VOL) 31
PVC (%) 25.5
VOL SOLIDS (%) 85.9
VOC (g/l) 198
MIX VISCOSITY (mPa.s) +550
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