Epoxy

Acrylic/Epoxy Hybrid
Powder Coatings

The right combination
of epoxy and acrylic
resins can formulate
acrylic hybrids with

tailored physical
properties.

istorically the term “hybrid”
Hpowder coatings has referred

to products in which the coat-
ing powder binder system is a mix-
ture of a carboxylic acid functional
polyester resin with a bisphenol-A
based solid epoxy resin. Polyester/
epoxy hybrid systems were first
introduced into the United States in
the mid-1970s. By 1995, on a world-
wide basis, polyester hybrid coating
powders accounted for about 50 per-
cent of a one billion pound decorative

By E.J. Marx and R.J. Pawlik
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thermoset coating powder market!.

Three characteristics of polyester
hybrid systems have contributed to
their rapid growth rate:

* excellent overbake discoloration
resistance.

¢ relatively “fool proof” application
characteristics.

* low formulated binder system
cost.

More recently, carboxylic acid func-
tional acrylic resins have been intro-
duced for use with epoxy resins to
prepare “acrylic hybrids.” The acrylic
resin is designed to impart improved
hardness, superior chemical and
stain resistance and somewhat im-
proved exterior durability when used
in place of polyester resins in hybrid
powders2. The reported improved
properties may be explained by the
difference in chemical structure
between the acrylic and polyester:

Superior Hardness. Acrylic resins

for hybrids have carboxylic acid func-
tionality estimated to be about 4-6
while polyester resins for hybrids
typically have carboxylic acid funec-
tionality of about 3-4. Higher func-
tionality systems generally lead to
higher hardness.

Superior Stain Resistance. Unlike
polyester resins, acrylic resins do not
have a high level of ester groups that
can be susceptible to hydrolysis reac-
tions from common staining agents.
In addition, the higher functionality
should make the acrylic hybrid more
insoluble.

Improved Exterior Durability.
Although acrylic hybrid resins have
some aromatic content, from the
styrene monomer used as a polymer-
ization building block, the aromatic
content is probably lower than typi-
cal polyester resins. The lower aro-
matic content in combination with
the more hydrolysis-resistant struc-
ture should improve

functionality is estimated.

powder coatings.

yplcal Properl:nos‘ of lleslns for Acrylic l-lylmd Powdor Coatmgs

1 Propertiﬁes for the epoxy resins are published specification and/or typical values. The values
for the acrylic resins were obtained by analysis and from published properties, Carboxylic acid

72 Car OXy|IC acid functional acrylic resins from SC Johnson Polymer.
3 RSS-2681 is an experimental epoxy resin developed to improve flexibility of acrylic hybrid
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Thinotropic or Thixotropic?
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Disparlon®
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the formulator achieve supetrior application Lab a call today at (800) 431-7900 or contact
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Manufactured by: KUSUMOTO CHEMICALS, LTD. Tokyo, Japan INDUSTRIES
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epoxy resins in acrylic hybrid formu-
lations.

Properties

The properties of five Shell epoxy
resins are listed in Table I along with
two carboxylic acid functional acrylic
resins from SC Johnson Polymer.
The epoxy resins vary in equivalent
weight from about 500 to 1000 and
have melt viscosity at 150°C from 8-
80 poise. EPON Resin 2012 is a solid
bisphenol-A based resin that has
been blended with a semi-solid epoxy
phenolic novolac resin to increase
epoxy functionality and lower

Monsanto, was used as an anti-cra-
tering aid. Benzoin was used as an
“anti-popping” aid. All formulations
contained 35 percent by weight of
titanium dioxide pigment.

These coating powders were pre-
pared by the normal melt mix pro-
cess: intensive premix, high shear
melt compounding through a Buss
PR-46 extruder, grind in a hammer
mill and sieve to a particle size less
than 150 microns. The coating pow-
ders were deposited electrostatically
to “type S” Q-panels. Panels were
cured for 30 min in a 375°F electric

oven. Tests were run on 2+0.2 mil
film thickness powder coating films.

60:40 Acrylic Hybrids

Table IV lists the performance of
the six nominal 60:40 acrylic hybrid
powder coatings. The differences in
gel times follow that which would be
predicted from the functionality of
the epoxy resin components (See
Table I — higher functionality leads
to shorter gel times). Minimum cure
time, based on gel times at 200°C of
50-75 sec, was estimated to be about
15-25 min at 375°F. A slightly longer

viscosity.

EPON Resin 2042 is a bisphe-
nol-A based resin that has been
chemically modified to give very
low melt viscosity and improve
the flow and leveling of powder
coatings. EPON Resins 2002 and
2003 are unmodified powder
grade epoxy resins. RSS-2681 is

an experimental epoxy resin that [ |

imparts high flexibility to powder
coatings.

The carboxylic acid functional
acrylic resins, SCX-817 and SCX- |
819, have equivalent weights of |

’ : : S g : q.
: ,Coatmg powder o
. EPON Resin/RSS:

~Rat|o acryhc epoxy

about 1000-750 and melt viscosi- Be

ty at 150°C of about 1400-1100 P,

respectively. Although factors

other than viscosity can affect |

the flow of powder coatings, the | {, :

epoxy resins should play a signif-
icant role in improving flow due

to their relatively low melt vis- | 38

cosity. The epoxy resins have oxi- ||
rane functionality of 1.8 to 2.5.

s

The acrylic resins have car-
boxylic acid functionality esti-
mated at 4-6. As previously men-
tioned, the functionality of the
components is likely to have a
significant effect on coating prop-
erties. Higher functionality
materials generally lead to hard-
er films, more solvent and chemi-
cal resistance and some sacrifice
in flexibility.

Tables II and III list the com-
position of six 60:40 and six
50:50 acrylic hybrid coating pow-
ders. Hybrid coating powders are
customarily described by the
approximate ratio of acid fune-
tional resin (polyester or acrylic)
o epoxy resin. In these experi-
ments the resins were combined
at a nominal 1:1 carboxylic
acid:epoxide ratio using the mid-
doint of the published typical
squivalent weight ranges.
Modaflow Powder III, an acrylate
‘opolymer on a silica carrier from

~ “Coatmg powder
- EPON Resin/ RSS-
~~Ratio, Acrylic: EpOXY

TOtaI

. ']'l‘able m. Acrylie llylmd Coaﬁn '

Eq wt'I

540 419

1 The mndpomt of the equwalent welght spemflcatuon range

: 2:Hybrid powders are normally described by the approx:mate welght ratio of
acnd functional resin (polyester or acrylic) to epoxy resin.

3 A 75:25 weight blend of EPON Resins 2042:2012, with a theoretical equivalent
weight of 668 and a functionality of two.

467% 2-propylimidazole ona snllca carrier from Synthron

 EPON Resin 2012

- EPONResin2042 725 —

 EPON Resin2002 718

~ EPONResin2003 775

- RSS-2681 1000 —
SCX-819 748 -
ACTIRON NXJ.604 22
Modaflow Powder o 15 15 .
“Benzoin 5 5
_TiO,, DuPont R-900 550 . 550
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1572

515 15 15

5 5 5 &
550 550 550  5BO:
1572 1572 1572

1572

%ODERN PAINT AND COATINGS  June 1996

29



Powder coating # 1
EPON Resin/RSS- 2012
Gel Time, sec @ 200°C 52
20 Degree gloss, % 80
60 Degree gloss, % 94
Reverse impact, in-lb F10
Pencil hardness 5H
MEK resistance, P100
Double rubs
_Initial color (I L 94.6
(30 min. in 375°F) a -1.11
: b 0.73
Overbake Color (O) L 93.0
420 Min. in 400°F a -1.1
b 2.69
. Overbake Yellowing 1.96
' [bO) - bil)]
Inclined Plate Flow, mm 43
Smoothness, PCl Standards 5-6
QUV-B@ hr 100 94/3.2
% 60° gloss 200 83/4.9
retention/Ab? 300 63/4.6
400 . 73/4.2
500 75/4.1

60:40 Acrylic Hybrids

2
2042
67
86
95
F10
5H
P100

95.2
-0.98
0.85
94.4
-0.91
2.05
1.20

63

7
91/3.1
82/4.8
68/4.5
68/4.0
66/3.9

3
Blend
60

84

94
F10
B5H
P100

95.6
-0.90
0.75
94.6
-0.90
1.93
1.18

55

7
91/3.2
90/4.9
74/4.5
76/4.0
72/3.9

Table IV. Performance of Acrylic Hybrid Powder Coatings!

4 5
2002 2003
59 63

82 86

93 97
P30 P20
5H 5H
P100 P100
949 954
-1.03 -0.93
1.06 0.83
943 9438
-0.96 -0.85
210 1.77
1.04 094
47 50

6-7 6-7
87/3.0 85/3.4
90/5.0 -81/4.6
76/4.5 73/4.0
69/3.9 64/3.7
66/3.9 59/2.7

1.60
1.08

48

7
100/2.0
85/3.5
74/3.5
63/3.4
60/3.5

1 Two mil films applied to “type S” Q panels cured for 30 min in a 375°F oven

2 Ab = yellowness value (b) at the listed time of exposure minus the initial b value.

Table V. Performance of Acrylic Hybrid Powder Coatings'

Powder coating # 7
EPON resin/ RSS- 2012
Gel time, sec @ 200°C 59
20 Degree gloss, % 72
60 Degree gloss, % 92
. Reverse impact, in-lb P40
. Pencil hardness 5H
MEK resistance, P100
- Double rubs
“Initial color (I} L 95.0
(30 min. in 375°F) a -1.02
b 0.46
Overbake color (O) L 93.8
+20 min. in 400°F a -1.09
b 1.77
Overbake Yellowing 1.31
[b(O) -b{D)]
Inclined Plate Flow, mm 5
Smoothness, 6
PCl standards
QUV-B@ hr 100 91/3.8
% 60° gloss 200 53/6.2
retention/Ab? 300 69/5.7
400 65/5.5
500 59/5.2

66
7-8

88/4.0
42/6.0
62/5.2
57/4.9
51/4.8

50:50 Hybrids
9 10
Blend 2002
67 70

65 65

95 95
P20 P90
4H 5H
P100 P100
94.6 94.6
-1.00 -1.00
0.24 0.37
94.4 90.0
-0.95 -0.92
1.41 1.50
1.17 1.13
58 52

7 6
92/4.0 90/4.3
51/6.6 52/6.9
58/5.9 33/6.5
54/5.5 27/6.3
48/5.4 17/6.1

1 12
2003 2681
67 74

23 7

62 32
P10 F10
5H 3H
P100 P100
93.3 92.6
-1.06 -1.19
-0.28 -0.54
92.9 91.7
-1.03 -1.12
0.80 0.50
1.08 1.04
45 47

6 8
112/2.6 104/0.8
82/4.8 98/1.9
54/4.7 90/1.7
51/45 83/15
47/4.2 75/1.4

1 Two mil films applied to “type S” Q panels cured for 30 min in a 375°F oven

2 Ab = yellowness value (b) at the listed time of exposure minus the initial b value.
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time of 30 min at 375°F was
chosen as the initial cure cycle
to assure the resin combina-
tions would be exposed to the
same minimum cure conditions.

All of the coated panels had
high gloss except for #6, which
had an attractive semi-gloss ap-
pearance. While the epoxy resin
used in powder #6 (RSS-2681)
was nominally developed for
higher flexibility, it had a sig-
nificant effect toward gloss re-
duction. All were relatively
smooth, having PCI smoothness
ratings of 5-7. Inclined plate
flow tests tracked the PCI
smoothness ratings. Reverse
impact resistance was generally
poor. Powders #4 and #5 gave
the best values of 30 and 20
in/lb, respectively. All had high
pencil hardness, gouge hard-
ness of 5H except for powder 6,
which was a respectable 4H. All
had high resistance to methyl
ethyl ketone, showing slight
surface dulling after 100 double
rubs.

All of the powders showed
moderate yellow discoloration
on initial and overbake tests.
Yellowing, the difference
between overbake and initial
yellowness values, was about
the same for all systems, with
the exception of powder #1. The
epoxy resin in powder #1 con-
tained some epoxy phenolic
novolac resin which may have
contributed to somewhat more
yellow color development.

QUYV Results: QUV tests
were run with all new 340 nm
lamps. Because the test with
new bulbs would be more
severe than using “rotated”
bulbs, the results should not be
compared to standardized UV
tests. All test panels were run
simultaneously, so their test
results should be comparable.

All of the 60:40 test panels
showed progressive loss of gloss
and, generally, an increase in
yellowing relative to the time of
QUYV exposure. The 300 hr
results show an unexplained -
decrease in yellowness values
related to increasing time of
QUYV exposure. In general, all
of the systems have relatively
good gloss retention and consid-
erable yellowing. System 6,
based on nominally higher flex-
ibility epoxy resin, had the low
est increase in yellowing.

MODERN PAINT AND COATINC



50:50 Acrylic Hybrids

Table V lists the performance of
the six nominal 50:50 acrylic hybrid
powder coatings. Compared with the
60:40 acrylic hybrids, these coating
powders have slightly longer gel
times. Apparently the lower catalyst
level used in the 50:50 formulations
lengthened the gel time more than it
was shortened by higher functionali-
ty of the SCX-819 resin. Although the
performance of the 50:50 and 60:40
systems were generally similar, the
50:50 systems tended to show lower
gloss, better reverse impact, less
overbake yellowing and slightly
improved smoothness.

QUYV Results: The 50:50 hybrids
generally showed somewhat less
gloss retention and more yellowing
relative to the 60:40 hybrids.

Acrylics vs. Polyesters

Table VI lists the composition of
four coating powders, using the same
epoxy resin, EPON Resin 2002.
Acrylic hybrid powders #4 and #10
from Tables II and III are listed as
powders A and C for comparison with
their polyester hybrid counterparts,
powders B and D. The composition of
the acrylic and polyester hybrids are
similar with only minor adjustments
for equivalent weight and the inclu-
sion of an external catalyst for the
acrylic hybrids.

Table VII lists the performance of
the four powders described in Table
VI. Performance of the powders was
similar, the primary differences
being that the acrylic hybrids were
slightly harder and tended to yellow
more on initial and overbake cure
conditions. The increased yellowing
may be related to the addition of the
axternal catalyst, 2-propylimidazole,
to improve reactivity of the acrylic
1ybrids. QUV results are depicted
sraphically in Figures 1 and 2 (page
32).

Figure 1 shows that the 60:40
icrylic hybrid had considerably
mproved gloss retention when com-
vared to its polyester hybrid counter-
vart. The 50:50 acrylic hybrid had

lightly improved gloss retention.
igure 2 shows that there is not
auch difference in yellowing between
he acrylic or polyester hybrids.

~onclusion

Based on the performance of the

rrmulations tested, it should be pos-
ible to formulate acrylic hybrids
ith tailored properties to meet
quirements for physical properties
1d appearance.

3Ab= . the yellowness value (b
mmal b value o ,

t the listed time of expc
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Advertisement

MARKETING NEWS

Established in 1971, Micro Powders, Inc., an ISO
9002 certified company, is 2 major supplier of special-
ized micronized waxes, wax dispersions and emul-
sions for the paint, ink and coatings industries. Micro
Powders has an extensive and innovative product
range and is committed to providing consistent quali-
ty products, excellent customer service and superior
technical support to its customers.

Micro Powders, Inc. supplies printing ink, paint and
coating manufacturers worldwide through an exten-
sive network of sales representatives and distribu-
tors. All MPI sales personnel offer technical assis-
tance and quick delivery from local stocks.

Micro Powders specializes in developing innovative
micronized wax technologies to meet the formula-
tor’s needs. In addition to innovative chemistry, the
particle sizes of the micronized waxes are carefully
controlled using Laser Diffraction Analysis in order
to ensure consistent particle size uniformity from
batch to batch. Unique “stir-in” wax additives such
as Aquabead®, Polyfluo®and Microspersion® provide
the formulator with optimum performance in surface
protection additives. A commitment to quality and to
customers is first priority with Micro Powders. That
is why Micro Powders’ quality system has been
awarded worldwide recognition under the ISO 9002
quality standard.

A dedicated and experienced technical staff, which is
backed by the technical service laboratory, is ready
and willing to assist customers in any way possible.
The customer service department will immediately
direct all inquiries to the appropriate technical
expert for assistance. A worldwide network of cus-
tomer service representatives are available to
respond to all global inquiries.

Micro Powders offers a full range of specialty, high-
performance micronized wax additives that are easi-
ly dispersed without prior melting or grinding.
*Synthetic Waxes—for lubricity and economy
*Polyethylene Waxes—for rub and mar resistance
*Polyfluo®Synfluo Waxes—for slip and abrasion
resistance
s Aqua Wazes—for all water based applications
* Aquabead® Waxes/Emulsions—for water repellency
and moisture resistance
sMicropro/Propylmatte Waxes—for uniform matting
and scratch resistance
¢PropylTex Waxes—for texture and gloss control
«Polysilk Waxes for improved slip, tape release and
a smooth surface
*Superslip Waxes-for high lubricity, without PTFE
sMicrospersion™ Aqueos Dispersions—“stir-in”
wax dispersions

Contact Micro Powders, the recognized leader in
advanced wax technology, for your copy of their &
Page Brochure, which details the wide range of
specialty additives and assists formulators in choos-
ing the best products for their application. End-use
applications as well as suggested levels of additions,
are also described.

MICRO POWDERS, INC.
580 White Plains Road
Tarrytown, New York 10591
TEL; 914-793-4058
FAX; 14-472-7098

Micronized wax for the ink, paint and coatings industries.
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This may be done by selecting com-

mercially available or new experi-
mental epoxy resins and commercial
acrylic resins used in appropriate
combinations.

Epoxy resins with optimum molec-

ular weight, functionality, flexibility,
compatibility and viscosity will be
developed to meet specific perfor-
mance requirements when combined
with acrylic resins in acrylic/hybrid
powder coatings.
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