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Fundamental Investigation for Chemical Resistance of Polyurethane Coatings
and Development of a Chemical Resistant Clear Coat System for Plastics

Kenji HORIGUCHI
Hisaaki MATSUDA
Teppei SAITO
Takaki JONO

0 Two-component (2K) polyurethane (PU) coatings are widely used nowadays in automotive interior and electronic
device applications because of their high durability and excellent tactual sense characteristics.

0 Various functions have been required in these coating applications. For example, the chemical resistance of
coatings to cosmetics, sunscreens and repellents has gained special attention in recent years. It is well known that
certain chemicals in additives such as UV absorbers affect the quality of PU coatings. Conventional 2K PU coatings
based on acrylic-urethane resins are not always sufficient to prevent the swelling or peeling caused by the chemical
attack.

0 In this research, newly designed multifunctional polyol systems based on a polycarbonate structure and advanced
polyisocyanate systems as crosslinkers were investigated in order to improve chemical resistance of coatings. As a
result, it has been determined that the newly developed coating systems can remarkably improve not only chemical
resistance but also adhesion to plastic substrates. Furthermore, the effects of polyol systems on flexibility, impact
resistance and hardness of the coating film were investigated compared with conventional coating systems.

0 The unique characteristics of the developed coating system will also be discussed by means of fundamental
investigation of crosslinking structure and chemical interaction with UV absorbers.
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Tableld 0 Raw materials for 2K PU coatings

Polyol
OHV [mg KOH/g] Functionality o
Cod Mn Descript
ode -in 1000 solids -OH group escription
Acll 75 8700 11.7 Acrylic polyol (TgJ 000)
Acl2 100 14000 25.0 Acrylic polyol (TgJ 5000 )
PEI1 290 650 33 Aliphatic-aromatic Polyester
PEI2 270 2300 11.1 Cycloaliphatic-aromatic Polyester
PCUl1 215 1380 53 PC based PU polyol (Developed)
pPCUI2 174 1280 4.0 PC based PU polyol (Developed)
PCUI3 150 1230 33 PC based PU polyol (Developed)
Polyisocyanate
NCO content [(] ] Functionality —
Cod ) _ Mo Descript
ode -in 1000 solids -NCO group escription
HI1 21.2 670 3.4 HDI based polyisocyanurate
HO2 16.9 840 3.4 HDI urethane adduct
(a) Ac series (b) PE series (c) PCU series
Image of polyol structure
on OH OH OH HO HO  OH
OH OH Ho OH
HO %K—J OH
OH OH OH OH HO OH (i) %(_(—/_)
1
Typical structure of main chain
(i)Flexible unit
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Fig.O O Typical examples of polyol structures
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Table[] [0 Conditions for coating film preparation

NCO/0OH 1.0/1.0 (mole ratio)
Formula solid content | 500 (diluted by MEK)

Mixing method Hand mixing

Coating method Applicator

Step 1. Ambient condition for 30min
Step 2. At 8001 for 30min

Step 3. At 230 [0 5000 RT for 3days
Thickness 20y m

Cure condition
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Table [0 Chemical resistance evaluations

Rating | Evaluation

4 No change

Slight change of gloss, swelling

3
2 Significant change of gloss, blisters
1

Dissolved, peel off

OH (6]

©

Fig.O O Chemical structure of ingredients of the test solution, (a) 3-(4-Methoxyphenyl)-2-propene acid-2-ethylhexyl ester,

(b) Homosalate and (c) N, N-Diethyl-m-toluamide

(a) Rating 4 (b) Rating 3

(c) Rating 2 (d) Rating 1

Fig.O O Examples for chemical resistance evaluations
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Table[ [ Test results of chemical resistance and film properties of conventional coatings

Coating system Apperance Chemical Adhesivenss Bending Impact Pencil
Polyol/Polyisocyanate ~ before the test  resistance ABS PC resistance hardness
Ac-1/H-1 Glossy 1 Class0 Class0 2mmpass 1000mm pass 2B
Ac-1/H-2 Glossy 1 Class0 Class0 2mmpass 1000mm pass 2B
Ac-2/H-1 Glossy 2 Class5 Class5 2mmpass 1000mm pass F
Ac-2/H-2 Glossy 1 Class5 Class5 2mmpass 1000mm pass F
PE-1/H-1 Glossy 3 Class5 Class5 2mmpass 1000mm pass F
PE-1/H-2 Glossy 3 Class5 Class5 2mmpass 1000mm pass F
PE-2/H-1 Glossy 4 Class5 Class5 2mmpass 1000mm pass H
PE-2/H-2 Glossy 4 Class5 Class5 2mmpass 1000mm pass H

[Notes] Adhesivenss Class 0 : None of the squares of the lattice is detached, Class 5 : The coating has completely flaked

Tabled O Number of OH groups per Mn

Polyol OH/M
Ac-1 1.3
Ac-2 1.8
PE-1 5.1
PE-2 4.8
PCU-1 3.9
PCU-2 3.1
PCU-3 2.7

Table[ 00 Tg and M of the conventional coating films

Coating system

Te[O]

M [mmol/g]

Ac-1/H-1
Ac-1/H-2
Ac-2/H-1
Ac-2/H-2
PE-1/H-1
PE-1/H-2
PE-2/H-1
PE-2/H-2

52
44
99
87
87
71
113
101

1052
1115
1018
1072
700
728
502
569




000000O00o0O0o0Db 620020180

ooo00o0o07,00000 Fg.OO0OO0O0T,000
obOoooooooooiobobobooobooobOoon
ooooboomooooboooobooobobooonDo
oooodooooooooooooooo  7,00000
ooboooooooboooboooooog
DDDDDD/QCDDDDD Fig.OoQooOOoOOOO
DDD:DDDDDD&CDDDDDDDDDDDD
ObOooooo0g Acl2lHIIOODOOOODOO
OFig.Mado0ooOOooo0ooooicoooon
HCDDDDDDDDDDDDDDDDDDDDDDD
DDDHCDDDDDDDDDDDDDDDDDDD
O0OFg.MbODOOOO0ODOODODOODOODOCIDO
oooooogpPeEI20000000000O000OO
oooooooboobooobooooboboooboooon
ooooooboooooooboog
o3oooooooooon
DDDDDDDDDDEDEIOHDBI”DDDDDDDD
ooooooooboobooobooooboboobooon
oobo0oooO0obboobOoomooooboooon
oooooooooboooooooobooooon
OO0 PEI2000000000O00O0C0O0DOOO
oobOoooOOoobOoobOoobO0oobOOooboboonn
ooooooooboobooobooobooboboobooon

o~

w

g

Rating of chemical resistance

v

H
o

mrr
gl

100 150
To[O]
AAC-1/H-1 A Ac-1/H-2 V Ac-2/H-1 ¥ Ac-2/H-2

(a) Ac series

~

.

N

Rating of chemical resistance

50 100 150
To[O]

-

o

[1PE-1/H-1 ®PE-1/H-2 © PE-2/H-1 ¢ PE-2/H-2
(b) PE series

Fig.O O Tg of conventional coatings

oobOoooobooooboooooboobooooooon
oooO0ooooobopPCcUuOOOOODDOOOOO
Oooooooooooorg.OODOOPCOOO
oobooboooboooboboobooobbooboooobn
oobOooooboooobooobooooooon
obOoO0oooobOooooopPCUOOODOOOOO
oobOoooOooocoboooonoo OH:/Q,,DD[IEIEI
OobOooooboboooboooobooooon
oboopPCcuOOOOOOOCDOOOOODOOOO
ooboooobooooboooboobobooooooon
oooooooooooooo 7, 00000000
ooooooooooooboboboboooooooo
IQCDDDDDDDDDDDDDDDDDDDDDD
oobomooooooobos3goopPcuOboboOonOO
oobOooooboboooboboobooboooboon
oobOoooobooooooooboobooooooon
ooboooooboobooobooobooboooobooon
DDDDDDDDDDD&CDDDDDDDDDDD
oobooooooo

000000000000 TableO OOOO OHI
/inj TableOODOOOTableO OOODOOOOOO
pCcuOO000OO0O0CDOOO0OOOODOOOOODOOO
oooOooooboboooboboobooboooboooon

S

w

Rating of chemical resistance

500 1000 1500
Hc[mmollg]

AACL/HL AAc-1/H2V Ac2/H-1Y Ac2/H-2

(a) Ac series

=

o

4 4
g *
= Y
© Ry
g, 1
]
Q
£
(<)
<
©2
ks
j=2)
i
T
o 1 Il Il
0 500 1000 1500
Hc[mmollg]
UPE-1/H-1 ®PE-1/H-2 © PE-2/H-1#® PE-2/H-2

(b) PE series

Fig.0 O M- of conventional coatings

81



5040)I3FTFBSDIIOTISFD 10PIPHZIBFWIFXI7PICO0S 0000dz

Table [ Test results of chemical resistance and film properties of developed coatings

Coating system Apperance Chemical Adhesivenss Bending Impact Pencil
Polyol/Polyisocyanate ~ before the test  resistance PC resistance hardness
PCU-1/H-1 Hazed - - - - -
PCU-1/H-2 Glossy 4 Class0 Class0 2mmpass 1000mm pass F
PCU-2/H-1 Hazed - - - - -
PCU-2/H-2 Glossy 3 ClassO0 Class0 2mmpass 1000mm pass F
PCU-3/H-1 Hazed - - - - -
PCU-3/H-2 Glossy 2 Class0 Class0 2mmpass 1000mm pass F

[Notes] Adhesiveness Class 0: None of the squares of the lattice is detached
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Table 8 0 Tg and M. of the developed coating films

Coating system Te[O] Mo [mmol/g]
PCU-1/H-2 85 1167
PCU-2/H-2 87 2439
PCU-3/H-2 92 2808
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