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Investigation of Innovative Polyisocyanates for High Performance
Self-Recovery Coatings

Takeshi NAGAOKA
Ryusuke KISHIMOTO
Takaki JONO

Protective coatings with maintaining long-term high quality design have gained special attention in stylish
information devices and luxury automobile coatings. In order to prevent crack and superficial scratch, a variety of
self-recovery coatings have been introduced in recent years.

Many types of self-recovery coatings based on polyurethane (PU) have been introduced. It has been considered
polyol systems contribute most to their self-recovery feature, however it is not always sufficient with recent high
requirement of sophisticated customers. It is also expected that the modifications of isocyanates play an important
role in the improvement of self-recovery performance.

In this investigation, different types of isocyanate in structure were evaluated in order to determine the effect
on the self-recovery performance by both experimental and computational approaches. As a result of fundamental
studies, it has been found that newly developed allophanate type polyisocyanates based on hexamethylene
diisocyanate (HDI) have exhibited excellent performance of self-recovery for coating application.

In this paper, the unique recovery mechanism of PU coating by means of structural effect of polyisocyanates

and cross-linking of polymer are discussed and the innovative self-recovery coating systems having good weather
resistance are also described.
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Figuer 1 Mechanism of Self-Repairing Coating
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Table1 Raw Materials for 2K Clear Coatings

Category Name Description

HDT* Isocyanurate type
Polyisocyanate | Varied HDI Adduct type

HDI Allophanate type
Polyol Varied Acrylic Polyol
Catalyst Varied DBU"/ Organic acid salt
Leveling agent | Varied Silicone base additive
Solvent Butyl Acetate | —

#Hexamethylene diisocyanate
b1,8-diazabicyclo [5.4.0] undec-7-ene

Polyisocyanate

Polyol

Figure 2  Polyisocyanate for Self-Recovery
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Table 2 Conditions for Coating Film Preparation

NCO/ OH 1.0/ 1.0

Solid Content 30 [%] (for evaluation of Weather resistance TiO, were blended
ond Lonten and the weight ratio of resin/ TiO,=60 / 40)

Mixing Method Hand Mixing

Cure Condition 5hat 80 [C]

150 [m] (for evaluation of self-recovery ability)

Thickness

15 [xm] (for evaluation of property and Weather resistance)

Acrylic resin (for evaluation of self-recovery ability)

Substrate

Aluminum (for evaluation of Weather resistance)

Conditioning before testing

24 [h] at 25 [C], 50 [%RH]
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Figure 3 Schematic drawings of Evaluation Method
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Table 3 Difference of self-recovery properties by the structure of polyisocyanate

Polyisocyanate | Recovery Time [s] | Restoration Limit Strength [g]
Isocyanurate 50 <25
Adduct 60< <25
Allophanate 20 150
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Figure 5 Molecular Models (The arrows show the direction that expanded and contracted)
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Figure 6 Energy shift for Molecular Models
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Figure 8 Control of Crosslinking Structure

Table 4 Difference of Self-recovering Properties by the Cross-linked Structure of Coating Resin

No. | MW-A | MW-B | MW-B/ MW-A | Recovery Time [s] | Restoration Limit Strength [g]
1 100 1500 15.0/1 22 50
2 200 1500 75/1 6 100
3 360 1500 42/1 20 150
4 1200 1500 1.3/1 60< <25
5 360 1800 50/1 1 300
6 360 2000 5.6/ 1 1 320
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Figure 9 Relationship between MW-B/ MW-A ratio and Self-recovering Properties
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Figure10 Image of Cross-linked structure
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Table5 Characteristics of Newly Developed Polyisocyanate

Name

CORONATE2793

Basic Structure

Highly-functionalize Aliphatic Polyallophanate

Appearance Pale yellowish liquid
Solid content [%] 100
NCO conten [%] 16.0—17.0
Viscosity [mPa - s at 25°C] 1500—2500

Note : Value shown here is representative value, it is not the specification value.
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Table 6 Properties of Newly Developed Self-Recovery Coating Systems

Polyisocyanate Name CORONATEZ2793 | CORONATE2770 | CORONATE HXR
Description Allophanate Allophanate Isocyanurate
Functional Group Number ca.5 ca. 2 ca. 3
Polyol Acrylic Polyol
Catalyst DBU/ 2-Ethylhexanoic acid salt
Leveling agent Silicone base additive
Solvent Butyl Acetate
Recovery Time [s] 4 1 55
Restoration Limit Strength [g] 230 50 <25
Bending (JIS K5600-5-1) 2mm Pass

Cupping (JIS K5600-5-2)

2mm Pass (Substrate destruction)

Impact (JIS K5600-5-3) 1000mm Pass
Adhesion (JIS K5600-5-6)° Class 0
¢ Adhesion with the ABS, PET and PMMA.
100 1.4
—&— CORONATE 2793
— 90 | 12 --a- CORONATE HXR
QS 1t --8-- CORONATE 2770
g 80 S
8 - o 08
§ 70 F N 06
& —— CORONATE 2793 0.4
2 60 L ---#--- CORONATE HXR :
50 -4 CORONATE 2770 0.2
50 . . . . 0 . . . .
0 100 200 300 400 500 0 100 200 300 400 500
Time [h] Time [h]

Figure11 Comparison of Weather Resistance
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