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INTRODUCTION

T
wo-component waterborne poly-

urethane (2KWB PU) coatings 

have been recognized as coatings 

with excellent performance prop-

erties, and they are used in a wide 

variety of applications.1 However, 

they require the introduction of a 

curing agent as a second component 

to provide the crosslinking needed to 

enhance coating performance. Several 

challenges for 2KWB coatings are 

well known, including limited pot 

life, increased waste, potential risk for 

mixing failure, and additional process 

steps before application. Therefore, 

in certain markets, paint formulators 

continue to look for one-component 

waterborne (1KWB) coatings that 

perform comparably to 2KWB coat-

ings; for example, coatings for the 

residential vinyl window market. Vinyl 

windows represent more than 70% of 

windows sold in the United States res-

idential window market2 and nearly all 

of them are white in color. Consumers 

are demanding more color options and, 

to meet that demand, window manu-

facturers are painting more and more 

windows today. Currently, 2KWB 

coatings are the market standard, but 

window manufacturers and applicators 

are seeking high-performance 1KWB 

coatings that are easy to apply and 

provide comparable performance to 

the 2KWB coatings being used today. 

This article discusses the physical 

properties, as defined in American 

Architectural Manufacturers 

Association (AAMA) 615-13 specifi-

cation,3 of a newly developed 1KPUR 

dispersion (hereinafter called “Next-

gen 1KPUD”) that demonstrates 

comparable performance properties to 

2KWB coatings used to paint residen-

tial vinyl windows today. 

EXPERIMENTAL

To increase the performance of a 

1KWB PU to the level of a 2KWB PU, 

an intensive development program was 

undertaken. Its goal was to develop a 

1KWB PU with higher film hardness 

(e.g., >2H pencil gouge hardness) and 

with superior chemical resistance (e.g., 

detergent, nitric acid, and mortar). The 

study examined various kinds of high 

molecular weight polyol, different iso-

cyanate monomer, various levels of hard 

block content, chain extension, neutral-

ization, and solubilizing agents. 

The development program suc-

ceeded, identifying a 1KWB PU dis-

persion with comparable performance 

to a 2KWB PU. The novel 1KWB PU 

dispersion, Next-gen 1KPUD, was syn-

thesized using a prepolymer mixing 

process.4 Key properties of this PUD 

are listed in Table 1.   
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PRODUCT
SUPPLIED 
FORM [%]

CO-SOLVENT 
[%]

pH Tg [°C]

NEXT-GEN 1KPUD 35 7 (NMP) 8 9

TABLE 1—Key Properties of a Newly Developed 1KPUD
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Physical Properties Comparison 
with High-Performance PUD and 
2KWB PU System
Physical properties of the Next-gen 
1KPUD were compared with com-
mercially available high-performance 
PUDs and 2KWB PU systems. To that 
end, each of the PUDs and 2KWB PU 
systems was formulated as clear to avoid 
effects from other paint ingredients. 
Characteristics of high-performance 
PUDs and 2KWB PU systems used in 
this study are compiled in Table 2.

All systems were drawn down on 
glass and chromated aluminum panels 
at a wet-film thickness of 5 mils. Panels 
were dried at ambient conditions. Aside 
from dry times, all testing was con-
ducted after a seven-day rest at ambient 
conditions. Dry times were measured 
by a dry-time recorder (DT-5040) 
manufactured by the Paul N. Gardner 
Co., Inc. For assessing film hardness, 
pendulum hardness was measured by 
a pendulum damping tester (Model 
299/300) manufactured by Erichsen 
GmbH & Co. KG. Chemical resistance 
was measured by a spot test of the indi-
cated chemical on glass. Stain resistance 
was also measured by a spot test for the 

indicated period. Humidity resistance 
was measured by exposing the film to 
38°C at 100% relative humidity (RH) for 
168 h and assessing for blisters.

Physical Properties for American  
Architectural Manufacturer  
Association 615-13 Performance 
Evaluation
Physical properties for American 
Architectural Manufacturer Association 
(AAMA) 615-13 of paint formulated with 
the Next-gen 1KPUD were compared to 
three different commercially available 
paints for vinyl windows. Two of them 
were 1KWB systems and the other was a 
2KWB system. Physical property testing 
on each system was conducted accord-
ing to AAMA 615-13 specifications. 
Table 3 shows a summary of all tests 
that were conducted. All systems were 
spray applied on PVC panels at a target 
dry-film thickness of 1.5 mils. All panels 
were initially wiped with acetone prior 
to coating application for performance 
testing. Panels were allowed to flash dry 
at ambient conditions and dried at 50°C 
for 10 min. All testing was conducted 
after an additional seven-day rest at 
ambient temperature. Table 4 shows a 

generic formulation used as the base 
formulation for this study.

Accelerated Weathering
To assess the weathering performance 
of the paint formulated with the Next-
gen 1KPUD, we compared it to a paint 
formulated with commercially avail-
able PUDs and 2KWB PU. Two studies 
were performed. Initially, the Next-gen 
1KPUD and the commercially avail-
able PUDs (PUD-A and PUD-D) were 
compared using a clear formulation 
containing UVA and HALS. Secondly, 
the Next-gen 1KPUD was formulated 
into a white pigmented 1KWB PU coat-
ing and compared to a white pigmented 
2KWB PU coating. Table 5 shows these 
white pigmented formulations used as 
the base formulation. All systems were 
spray applied on chromated aluminum 
panels at a target dry-film thickness of 
1.5 mils. Panels were allowed to flash 
dry at ambient conditions and then dried 
at 50°C for 10 min. Testing began after 
an additional seven-day rest at ambient 
temperature. The accelerated weather-
ing tests were performed in a Xenon arc 
Weather-Ometer Ci-65 (Atlas Material 
Testing Technology, USA) according to 
ASTM D6695 (Cycle 1) and in a QUV/se 

SYSTEMS 1KWB 2KWB

PRODUCT NEXT-GEN 1KPUD PUD-A PUD-B PUD-C PUD-D PUD-A + 8% PIC-A PAC-A + PIC-B

BASE POLYOL FOR PUDS PROPRIETARY PES PE/PES PC PC PES —

Tg [°C] 9 -25 -77 -36 -45 — —

ULTIMATE TENSILE STRENGTH [PSI] 5242 4352 3082 4724 7397 — —

ELONGATION AT BREAK [%] 90 126 152 266 443 — —

%OH ON SOLID — — — — — — 3.9

NCO/OH — — — — — — 1.8

PES: Polyester; PE: Polyether; PC: Polycarbonate; PAC: Polyacrylic. PIC-A and B: Hydrophilically modified isocyanate.

TABLE 2—Characteristics of High-Performance PUDs and 2KWB Systems

TABLE 4—Generic Formulation Used for This Study

AAMA 615-13

DRY FILM HARDNESS CUT (GOUGE) HARDNESS

FILM ADHESION DRY, WET, AND BOILING WATER ADHESION

IMPACT RESISTANCE GARDNER IMPACT TEST

ABRASION RESISTANCE FALLING SAND ABRASION

CHEMICAL RESISTANCE
MURIATIC ACID, NITRIC ACID, DETERGENT, MORTAR, AND 

WINDOW CLEANER

HUMIDITY RESISTANCE 38°C ± 2°C AND GREATER THAN 95% RH FOR 4000 H

COLD CRACK CYCLE 38°C AT 95% RH FOR 24 H -> -23°C FOR 20 H

OVEN AGING 60°C FOR 7 DAYS -> 95% RH FOR 96 H

FORMULATION

PUD 83.5

DEFOAMER 0.1

SLIPPING AGENT 0.2

WETTING AGENT 0.6

COALESCING AGENT (50% IN DIW) 5.2

FLATTENING AGENT 0.9

WATER-BASED TINT 9.5

TOTAL 100.0

TABLE 3—Physical Properties for AAMA 615-13

1K PUR Dispersion
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(Q-Lab Corporation, USA) according to 
ASTM D4587 (Cycle 2). Gloss retention 
and color retention were measured for 
a total time of 2,000 h. Gloss retention 
was determined using a gloss meter 
(Micro-TRIgloss) manufactured by BYK 
Gardner Corp., and Delta E was deter-
mined using a spectrophotometer (Color 
i7) manufactured by X-Rite, Inc., as 
described in ASTM D 2244. 

RESULTS AND DISCUSSION

Physical Properties Comparison 
with High-Performance PUD and 
2KWB PU  
Physical properties of the Next-gen 
1KPUD were compared to commercially 
available 1K PUDs and 2KWB PU sys-
tems. The results of chemical resistance 
and stain resistance testing are summa-
rized in Table 6. As compared with com-
mercially available 1K PUDs, the Next-
gen 1KPUD showed superior chemical 
and stain resistance. It outperformed 
even PUD-D, a polycarbonate-based 
resin, known for high hardness and 
physical performance. Furthermore, 
its chemical and solvent resistance 
matched even those of the crosslinked 
2KWB PU coating (PAC-A+PIC-B). 

Fast-drying properties and film 
hardness development are required at 
most coating applicators to ensure high 
productivity; therefore, each formu-
lation’s dry time and König pendulum 
hardness development were evaluated. 
These results are summarized in Table 
7. The Next-gen 1KPUD showed the 
fastest dry-hard time of all systems 
tested. This result is consistent with the 
PUD’s higher Tg (Table 2) and its high 
molecular weight polyol in its backbone. 
The 2KWB systems, which rely on the 
chemical reaction between its isocya-
nate and polyol components, showed 
expectedly slow dry times at an ambient 
drying condition.

Humidity resistance is another key 
physical property in understanding the 
degradation of coatings due to water. To 
assess water resistance, blister formation 
on the film was measured after exposure 
to moisture. The result is summarized 
in Table 8. PUDs based on polycarbon-
ate diols are known to have good water 
resistance due to better hydrolytic 
stability. The Next-gen 1KPUD, even 
though it is not polycarbonate-based, 
matched the humidity resistance of 

SYSTEMS 1KWB 2KWB

NEXT-GEN 1KPUD COMMERCIAL PUD+PAC/PIC

COMPONENT I
PUD 73.6 53.2

HIGH-PERFORMANCE POLYACRYLIC 
DISPERSION

— 7.6

DEFOAMER 0.1 0.1

NEUTRALIZING AMINE 0.2 0.2

WETTING AGENT 0.5 0.4

FLATTENING AGENT 1.0 0.7

HALS FOR WB COATINGS 1.8 1.7

UVA FOR WB COATINGS 2.7 2.6

COMMERCIAL WB TINT TIO2 20.0 21.0

DI WATER — 6.3

COMPONENT II
HYDROPHILICALLY MODIFIED PIC — 6.2

TOTAL 100.0 100.0

WEIGHT SOLIDS 44.7 45.4

VOLUME SOLIDS 35.0 35.3

PVC 16.1 16.1

TABLE 5—Base Formulations for Accelerated Weathering Study

SYSTEMS 1KWB 2KWB

PRODUCTS
NEXT-GEN 

1KPUD
PUD-A PUD-B PUD-C PUD-D

PUD-A + 8% 
PIC-A

PAC-A + 
PIC-B

DRY TIMES
SET-TO-TOUCH (MIN) 7 15 10 10 5 5 15

TACK-FREE (MIN) 13 35 15 23 9 14 30

DRY-HARD (MIN) 17 60 20 25 20 27 90

KÖNIG PENDULUM 
HARDNESS
1 DAY 42 34 55 29 92 52 172

7 DAYS 92 108 71 31 158 101 185

14 DAYS 113 113 73 32 168 106 203

SYSTEMS 1KWB 2KWB

PRODUCTS
NEXT-GEN 

1KPUD
PUD-A PUD-B PUD-C PUD-D

PUD-A + 
8% PIC-A

PAC-A + 
PIC-B

NITRIC ACID 10% (24 H) NE SS/R B S/R S/R B NE
SULFURIC ACID 10% (24 H) NE S/R B B S/R B NE
HYDROCHLORIC ACID 10% (24 H) NE NE NE SS/R NE NE NE
SODIUM HYDROXIDE 10% (24 H) NE S/R NE B NE NE NE
IPA (1 H) S/R S/R CR S/R S/R S/R NE
MEK (1 H) S/R S/R S/R S/R S/R S/R B

ETHANOL (1 H) S/R S/R CR S/R S/R B B

ACETONE (1 H) S/R S/R S/R S/R S/R S/R B

XYLENE (1 H) NE SS/R S/R S/R SS/R S/R NE
WATER (1 H) NE NE S/R S/R NE NE NE
DETERGENT (1 H) NE NE S/R S/R S/R NE NE
MUSTARD (4 H) VL H H H H H VL

BETADINE (4 H) NE H M M L M NE

TABLE 6—Results of Chemical Resistance and Stain Resistance

NE: No effect; S: Soften; SS: Slightly soften; B: Blister; CR: Complete removal; R: Recovered; H: Heavy stain;  
M: Medium stain; L: Light stain; VL: Very light stain. 

TABLE 7—Results of Dry Times and König Pendulum Hardness Development
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the polycarbonate-based PUD that was 
tested, PUD-D. It even outperformed 
the two 2KWB PU systems that were 
evaluated. 

Physical Properties for AAMA 615-13 
Performance Evaluation
Since the Next-gen 1KPUD showed bet-
ter physical performance than different 
types of commercially available 1K PUDs 
and matched the performance of the 
2KWB systems during our initial study, 
the testing standards were increased. 
A brown pigmented 1KWB coating 
formulated with the Next-gen 1KPUD 
was compared with three different com-
mercial vinyl window paints under the 
stringent AAMA 615-13 testing protocol. 
The results of physical property testing 

according to AAMA 615-13 are sum-
marized in Table 9. Overall, the paint 
formulated with the Next-gen 1KPUD 
passed all AAMA 615-13 physical prop-
erty requirements and performed just as 
well as the 2KWB commercial system. 

The most noteworthy result of the 
coating formulated with the Next-
gen 1KPUD is its high pencil gouge 
hardness. The need for increased film 
hardness compared to the AAMA spec-
ification (min. B) is highly desirable by 
coatings applicators and window man-
ufacturers for vinyl window applica-
tions. They would like to avoid potential 
damage during packaging, transporta-
tion, and installation of windows on site. 
As expected, the commercial 2KWB 
paint had much higher pencil hardness 
than other commercial 1KWB paints. 

The 2KWB PU’s crosslinked structure 
imparts toughness to the film which a 
1KWB PU lacks. Surprisingly, the Next-
gen 1KPUD matched the film hardness 
of the 2KWB system, while also lacking 
this crosslinked structure.

Accelerated Weathering  
Performance
To understand long-term weathering 
performance, the Next-gen 1KPUD was 
compared to both commercially avail-
able, high-performance 1K PUDs and a 
2KWB PU system using two protocols. 
First, to compare the Next-gen 1KPUD’s 
weathering to commercially available, 
high-performance 1K PUDs, the films 
were exposed to QUV-A following ASTM 
D4587 C2. The results are shown in Figure 
1. The Next-gen 1KPUD maintained 100% 
gloss retention after 2000 h, while PUD-D 
(polycarbonate-based PUD) started to 
reduce gloss after 1000 h and PUD-A 
(polyester-based PUD) started to reduce 
gloss even sooner, after only 750 h. 

Second, to compare the Next-gen 
1KPUD’s weathering performance 
to a 2KWB PU coating, it was formu-
lated with a white pigment to match 
the 2KWB PU coating. The results 
of the Xenon arc weathering testing 
are summarized in Figure 2. A white 
pigmented coating formulated with the 
Next-gen 1KPUD weathered better than 
the 2KWB PU coating. The formulated 
Next-gen 1KPUD coating retained its 
gloss and color beyond 2000 h, while 
the 2KWB PU coating gradually reduced 
gloss after just 250 h. Overall, the Next-
gen 1KPUD had better weathering perfor-
mance than both the high-performance 
commercial PUDs and the 2KWB PU 
coating that was evaluated. 

CONCLUSIONS

The Next-gen 1K PUD, a novel 1K PU 
dispersion, outperformed commer-
cially available 1K PUDs by exceeding 
their chemical and stain resistance 
and matched even the performance of 
crosslinked 2KWB coatings. Moreover, 
the Next-gen 1KPUD demonstrated 
faster dry times than the 2KWB 
coatings, which will increase produc-
tivity during the coating application. A 
coating formulated with the Next-gen 
1KPUD passed all the AAMA 615-13 
physical performance requirements. 
Further, its film hardness matched that 
of a crosslinked 2KWB coating. Finally, 

SYSTEMS 1KWB 2KWB

PRODUCTS
NEXT-GEN 

1KPUD
PUD-A PUD-B PUD-C PUD-D

PUD-A + 8% 
PIC-A

PAC-A + 
PIC-B

HUMIDITY  
RESISTANCE 

(ON CHROMATED AL)

NO 
BLISTERING BLISTERING BLISTERING BLISTERING

NO 
BLISTERING BLISTERING BLISTERING

TABLE 8—Results of Humidity Resistance

S

SYSTEMS 1KWB 2KWB

PRODUCT NAME NEXT-GEN 1KPUD MARKET 
STD-A

MARKET 
STD-B

MARKET 
STD-C

AAMA 615-13 AAMA CRITERIA

FILM HARDNESS
B PENCIL 
MINIMUM

>2H 2B F >2H

ADHESION
NO LOSS OF 
ADHESION

PASS PASS PASS PASS

IMPACT  
RESISTANCE

NO REMOVAL OF 
FILM AFTER 3 MM 

DEFORMATION
PASS PASS PASS PASS

ABRASION 
RESISTANCE

>40 LITERS/MIL >40 <30 <30 >40

MURIATIC ACID 
RESISTANCE

>90% GLOSS  
RETENTION 

AND <5 DELTA 
E, NO LOSS OF 

ADHESION

PASS PASS PASS PASS

NITRIC ACID 
RESISTANCE

PASS PASS PASS PASS

DETERGENT 
RESISTANCE

PASS PASS FAIL PASS

MORTAR  
RESISTANCE 

PASS PASS PASS PASS

WINDOW CLEANER 
RESISTANCE

NO BLISTERING 
OR VISUAL 
CHANGE

PASS PASS PASS PASS

OVEN AGING 
NO LOSS OF 
ADHESION

PASS PASS PASS PASS

COLD CRACK 
CYCLE

NO LOSS OF 
ADHESION, NO 

CRACK
PASS PASS PASS PASS

TABLE 9—Results of Physical Properties for AAMA 615-13

1K PUR Dispersion



accelerated weathering tests under 
QUV-A and Xenon arc exposure showed 
that a coating formulated with Next-gen 
1KPUD will outperform commercially 
available 1K PUDs and a 2KWB coating 
that were evaluated. 
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more than 175 countries, this new report estimates and forecasts the following: 
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• The 2020 global coatings industry volume is forecast at 50 billion liters; and 

• The 2020 global industry value is forecast at $178 billion (U.S.), representing  
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