
 

 

 

 

 

 

  

 

 

F O R  H I G H - P E R F O R M A N C E    I N D U ST R I A L  P R OT E CT I V E  C OAT I N G S

BY YONG ZHANG AND BRIDGETTE HENDRIX,  
HUNTSMAN CORPORATION, ADVANCED MATERIALS DIVISION

Introduction

T wo-component (2K) epoxy coatings 
have long been used for industrial 
protective applications due to 

their excellent adhesion to a wide range of 
substrates, superior chemical resistance, 
and good mechanical properties.1 Today, 
those in the industry who are looking 
for innovations that can boost coating 
performance heavily prioritize high per-
formance and productivity in particular. 
Their main goal is to extend coating life 
service time and use the fewest coating 
layers possible. Additives, or performance 
boosters, are commonly used for this 
purpose in a formulation. One example 
of an additive is tougheners, which are 
used in many high-performance industrial 

protective coatings to improve their tough-
ness, flexibility, adhesion, and long-term 
performance.

Phenoxy resins are unique polymer- 
based additives that have become available 
to formulators. Phenoxy resins are the 
product of bisphenol A and epichlorohy-
drin, with the epoxide ring opened. They 
are a tough and ductile thermoplastic 
material with high cohesive strength and 
good impact resistance. The backbone ether 
linkages and pendant hydroxyl groups 
promote wetting and bonding to polar 
substrates and fillers. The typical phenoxy 
resin structure is shown in Figure 1. 

The structure of the phenoxy resin is a 
polyhydroxyether with terminal alpha- 
glycol groups. Weight-average molecular 
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FIGURE 1
Phenoxy resin structure.  

weights range from approximately 25,000 
to above 60,000, with n ranging from 
30 to above 60. This long chain linear 
polyhydroxylether structure allows for 
excellent adhesion, impact and abrasion 
resistance, flexibility, and chemical resis-
tance in coating applications.

Phenoxy resins are soluble in a variety 
of materials, including ketones, glycol 
ethers, and glycol ether esters. This arti-
cle discusses the use of a phenoxy solvent 
solution, in a solventborne zinc-rich 
primer formulation. A performance com-
parison with a commercially available 
zinc-rich primer will also be discussed, 
specifically comparing adhesion, dry 
time, hardness, impact resistance, and 
salt spray corrosion resistance.
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Experimental

Raw Materials and  
Testing Panel Preparation
A commercial, two-component (made up 
of part A and part B), solventborne zinc-
rich primer was chosen in this study as the 
commercial control, referred to as Control. 
A solventborne phenoxy solution, referred 
to as PKA (the phenoxy resin additive), 
was added to part B (the amine curing 
agent side) as an additive. The physical 
properties of the Control and PKA are 
described in Tables 1 and 2, respectively. 

Testing Procedures
 Dry Time
Coatings were drawn down onto glass 
substrates with a wet film thickness of 
75 µm and set on a B.K. Linear Drying 
Time Recorder. The dry-to-touch time was 
visually assessed after dragging a needle 
through the coating over the course of 24 
hours, according to ASTM D5895.

Cross-Hatch Adhesion
Adhesion of the coatings on the metal 
substrates was measured according to 
ASTM D3359. A comb-like metal template 
was put on the surface of the testing panel, 
and a utility knife was passed through 
each slit, thus inscribing 11 parallel cuts 
in the paint film. The template was then 
rotated 90° and placed over the same area, 
and a second set of 11 cuts was made. A 
one-inch-wide tape with a 4” overlap at 
one end—a pull tab—was applied over the 
test area. The tape was rubbed with an 
eraser to ensure thorough contact over the 
test area. Then, using the overlap for grip, 
the tape was quickly pulled off at a 180° 
angle from the substrate. The coating was 
then visually inspected to determine how 
much coating had been removed from 
the substrate. The scale used to judge the 
results is as follows: 

5B	 No peeling or removal
4B	 Trace peeling or removal along  
	 incisions or at their intersection
3B	 Jagged removal along incision up  
	 to 1.6 mm on either side
2B	 Jagged removal along most of  
	 incision up to 3.2 mm on either side
1B	 Removal from most of the cutting  
	 area under the tape
0B	 Removal beyond the cutting area

König Hardness 
König hardness was measured using 
a Gardco König Pendulum Hardness 
Tester, according to ASTM D4366, and 
was reported in oscillations. Three mea-
surements were taken for each testing 
panel and the average was recorded. The 
König hardness was measured after 7 
days of curing. 

Mandrel Bend Flexibility
Mandrel bend flexibility tests were 
carried out according to ASTM D522. A 
BYK Gardner Conical Mandrel Bending 
Tester was used to measure the elonga-
tion and adhesion of a coated film after 
bending stress. The use of this instrument 
enabled testing of various bending radii 
(3.2–38.1 mm). The test panel was bent 
180° around the conical mandrel with 
the coated side facing out. The panel was 
then inspected for cracking and/or delam-
ination of the coating from the substrate. 
Results were given a pass/fail according 
to a visual, qualitative inspection.

Impact Resistance
The impact resistance of the coating was 
determined according to ASTM D2794 
using a 4-lb. weight. The weight was 
dropped from a known height, and the 
indenter formed a dimple in the coat-
ing panel. The test was performed by 
impacting the upward-facing coating 
directly. Crackling or delamination on or 
around the dimple was examined, and the 
force required to cause the effects were 
recorded in units of inch-pounds (in-lbs). 

Prohesion Corrosion Resistance 
Prohesion corrosion resistance was 
tested in accordance with ASTM G85. The 

Properties Values

Resin Type
Two-component  

polyamide converted 
epoxy zinc-rich coating

Pigment Type 
Aluminum Silicate,  

Metallic Zinc 

Weight Solids, % 66%

% Zinc in Dry Film 83%

VOC, g/L 326

TABLE 1
Physical Properties of the Control

Properties Values

Appearance Colorless liquid

Solids Content, % 38–42 

Viscosity,  
cp at 25 °C

4500–7000

Color, APHA 200 Max

OH number,  
g/eq on solids

280

TABLE 2
Physical Properties of  
the Phenoxy Resin PKA

The two-component coatings were 
prepared by mixing part A and part B in 
an overhead mixer on the 100- to 300-
gram scale. By adding different amounts 
of PKA, which was based upon the total 
formulation weight, to part B, several 
phenoxy-modified coating formulations 
were obtained, and those three are 
referred to as 1%, 2%, and 4%. 

Testing panels were prepared by draw-
ing down the two-component coatings 
over xylene degreased steel panels, gener-
ally using a 10-mil gap 3-inch drawdown 
bar. The panels were typically allowed to 
cure for 7 days at 23 ˚C and 50% relative 
humidity before testing, unless otherwise 
noted. The dry film thickness of each test-
ing panel was about 3–5 mil. 
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backside and all four edges of the fully 
cured testing panels were wrapped with a 
4-inch-wide tape. A knife was used at the 
center of the coated area to cut a 3-inch 
scribed line through the coating down to 
the substrate. Initial pictures were taken 
of the scribed panels before they were 
placed into the prohesion chamber. Panels 
were taken out every three weeks (about 
every 500 hours), cleaned with tap water 
and a sponge, dried with paper towels, 
and then immediately inspect appearance 
and film damage.

Results and Discussion 
The dry-to-touch time of the Control and 
phenoxy-modified formulations are listed 
in Figure 2. The data demonstrate that the 
Control has a dry-to-touch time of about 
40 minutes, whereas all phenoxy-modified 
formulations have shorter dry-to-touch 
times. The more phenoxy was added into 
the system, the less time it took to reach 
dry-to-touch status. That is because phe-
noxy resin has a high molecular weight and 
is solid at room temperature, and in this 
study, a solution of 40% solids cut in solvent 
was used. After the coating was applied and 
the solvent evaporated, the phenoxy resin 
became solid again, which promotes the 
dry-to-touch time. In addition, the hydroxyl 
group from the phenoxy resin will catalyze 
the epoxy-amine reaction, which will 
shorten the dry-to-touch time as well.

The König hardness of the Control and 
phenoxy-modified formulations are listed 
in Figure 3. In general, the more phenoxy 
added, the lower the König hardness. This 
is due to the long chain linear structure 
of phenoxy, which contributes to better 
flexibility. Surprisingly, the 1% formula has 
a slightly higher hardness number than 
the Control has, but the difference is very 
small, and it is possibly due to an error in 
measurement. 

In general, the more phenoxy 
added, the lower the König 
hardness. This is due to the 
long chain linear structure of 
phenoxy, which contributes to 
better flexibility. 

FIGURE 2
Dry-to-touch time. 

FIGURE 3
König hardness.

FIGURE 4
ASTM D3359 guidelines. 

  Classification % of Area 
Removed

Surface of Cross-Cut Area from which 
Flaking has Occurred for 6 Parallel Cuts and 

Adhesion Range by %

5B

4B

3B

2B

1B

0B

0% 
None

 

Less than 
5%

 

5 – 15%
 

15 – 35%
 

35 – 65%
 

Greater than 
65%

 



The Control and phenoxy-modified 
formulations all gave cross-hatch adhesion 
results of 5B, which is the highest adhe-
sion result. ASTM D3359 guidelines are 
shown in Figure 4 for reference. 

The Mandrel bend results of the Control 
and phenoxy-modified formulations are 
shown in Figure 5.  Again, the more phe-
noxies added into the system, the better 
the flexibility. As shown in the data, the 
Control delaminated from the substrate; 
the 1% formula performed better, but 
still had some cracks near the narrow 
end of the panel; and both the 2% and 4% 
formulas passed this test with no cracks 
and maintained superior adhesion to the 
substrates. 

Impact resistance data is shown in 
Figure 6. As expected, the more phenox-
ies added to the formula, the better the 
impact resistance.  

For the zinc-rich primer, the corrosion 
resistance test is critical for evaluating 
performance in terms of protecting the 
metal substrate. Prohesion is a method of 
cyclic accelerated corrosion testing. This 
test correlates more closely with long-term 
natural exposure than the conventional 
salt-spray or humidity/sulfur dioxide 
corrosion tests do. Prohesion results show 
blistering and delamination, correlating 
with exterior exposure. These tests are 
designed to evaluate how well surface 
coatings protect substrates from corrosion.

Figure 7 shows initial photos of the 
testing panels before the prohesion test. 
Figures 8, 9, and 10 show testing panels 
after 500 hours, 1000 hours, and 1500 
hours of exposure, respectively. 

The pictures show that the phenoxy- 
modified formulations performed better 
than the Control did. Formulations with 
phenoxy show cleaner scribe lines, tighter 
scribe line creepage, and less field rust in 
comparison with the Control, especially 
in the results for 1500 hours of expo-
sure. We believe the reasons for this big 
improvement are: 1) pendant hydroxyl 
groups from phenoxy promote wetting 
and bonding to substrates, which enables 
a stronger adhesion; 2) hydrophobicity of 
phenoxy enhances the zinc-rich primer’s 
performance under the wet/humidity 
condition of the prohesion test; 3) during 
the long-term prohesion exposure test, 
the zinc-rich primer will build up internal 
stress (which eventually causes paint fail-
ure), the incorporation of phenoxy enables 

The Control 1% 

2% 4% 

FIGURE 5
Mandrel bend.

FIGURE 6
Direct impact resistance data. 

FIGURE 7
Initial photos of testing panels before prohesion test.

 

 
 

The Control 1% 2% 4% The Control 1% 2% 4%
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The Control 1% 

2% 4% 

The Control 1% 

2% 4% 

The more phenoxies added 
into the system, the better  
the flexibility.

FIGURE 8
Prohesion test after 500 hours of exposure. 

FIGURE 9
Prohesion test after 1000 hours of exposure. 
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it to absorb this internal stress due to its 
long chain flexible domain. The phenoxy 
thus helps to maximum the coating perfor-
mance life.

At the same time, because phenoxy 
resin has no epoxy function, it will not 
crosslink with the amine curing agent, and 
it stays unreacted within the epoxy amine 
crosslinked network. Thus, there is always 
an optimum loading amount of phenoxy 
that can be added into the system. If more 
phenoxy beyond the optimum level is 
added, the overall performance of the 
coating will be impacted. The data showed 
prohesion performance dropped for the 
2% and 4% phenoxy formulas compared 
with the 1% phenoxy formula. But the 
2% and 4% formulas still demonstrated 
much better corrosion resistance than the 
Control did. 

Conclusions
This study showed that, with the addition 
of phenoxy resin into the system, the dry-
to-touch time of the coating is significantly 
improved, enabling a fast return-to-service 
property whilst maintaining excellent 
adhesion. While hardness values were 
impacted by introducing phenoxy resin, 
there is still a decent hardness value for 
normal handling at 2% loading. Flexibility 
was greatly improved, with the 2% formula 
passing the mandrel bend test, while the 
Control failed the test with delamination. 
Direct impact resistance was quadrupled 
when comparing the 2% formula with 
the Control. For the prohesion corrosion 
resistance test—the most important test for 
zinc-rich primer—the phenoxy-modified 
formulas performed exceedingly well, 
especially after extended exposure. 

From the data, we also learned that, for 
different end applications or performance 
requirements, the optimum percentage of 
phenoxy loading will change. For example, 
if we are looking for the best impact 
resistance, 4% is the choice here, which 
is also true if we are looking for the best 
dry-to-touch time. And if we want the best 
hardness development property, 1% is the 
answer. So, there is no one single formula 
or optimum loading level that fits all the 
performance requirements; the formula 
just needs to be adjusted to meet the criti-
cal performance requirements.

The summation of all the tests proves 
that this unique additive will boost indus-
trial protective coating performance to the 

next level. Based on the improved results 
from adding solventborne phenoxy solu-
tions into solventborne coatings, similar 
developments are being undertaken with 

The Control 1% 

2% 4% 

Part A  
(Epoxy Resin Component)

Weight, 
grams

Liquid Epoxy Resin 7.5

Pigment Grinding Additive 2.8

Solvent 1.4

Silica 1.1

Zinc Dust 70.7

Clay 0.9

Solvent 0.9

Part B  
(Curing Agent Component)

Waterborne Curing Agent 8.0

Waterborne Phenoxy 2.9

Defoamer 0.1

Water 3.5

Total 100.0

waterborne phenoxy dispersions in water-
borne industrial coating formulations. 
The versatility of this formulation allows 
for various challenges to be met, and even 
exceeded, and will prove innovative for 
formulators. 

Future Work Plan
For low-VOC formulations, different grade 
of waterborne phenoxies can be used. We 
are evaluating waterborne phenoxy in a 
2K waterborne zinc-rich primer formula 
as shown in Table 3. 
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FIGURE 10
Prohesion test after 1500 hours of exposure. 

TABLE 3
Waterborne Phenoxy-Modified in 2K 
Waterborne Zinc-Rich Primer Formula
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