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Abstract: In order to investigate the properties of soft-feel coating paints for automotive interior plastics, the char-
acteristics of coating systems were systematically determined by changing the main resin composition, isocyanate type
cross-linker ratio, and curing temperature conditions. During the thermal curing process, the change in cross-linked net-
work structure of coating systems was analyzed from the rheological properties using a rotational rheometer and curing
behaviors of thin coating films were scrutinized by a rigid-body pendulum tester. After finalizing the curing process, the
change in the amount of functional groups, according to the ratio (NCO/OH ratio) between main resin and crosslinker,
was checked by Fourier transform infrared spectroscopy (FTIR). Also, thermal and mechanical properties of cured films
were measured via dynamic mechanical analysis and nano-indentation test. Through these analyses, the relationship
between curing characteristics of soft-feel paints during the curing process and various properties of final cured coating
films was elucidated.
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Table 1. Formulation of Soft-feel Coatings
Experiment type Sample Main resin Main resin:Crosslinker Curing Remarks
(Effect) name composition (weight ratio) condition
S-STD STD 5:1 80 °Cx30 min
ot ! $-A20 A20 511 80 °Cx30 min
(Main resin) ] e Setting time:
S-PE20 PE20 5:1 80 °Cx30 min 5 min at room
Set 2 S-NCO1.3 STD 5:1.3 80 °Cx30 min temperature
(NCO/OH ratio) S-NC00.7 STD 5:0.7 80 °Cx30 min ¢ 72 h rest time after
S-6030 STD 5:1 60 °Cx30 min curing process for
Set 3 . mechanical tests
. S-7030 STD 5:1 70 °Cx30 min
(Curing temperature)
S-9030 STD 5:1 90 °Cx30 min
Table 2. Main Resin Composition
. . Resin Solvent Pigment UV Stabilizer Catalyst
Main resin Total
sample  pcppe  Polyester - Acnyl MEK Silica 300N v HALS’ DBTDL®  (Wt%)
polyol polyol black Absorber
STD 25.6 17.0 21.3 22.6 8.5 34 1.0 0.5 0.1 100
A20 21.3 142 355 15.5 8.5 3.4 1.0 0.5 0.1 100
PE20 21.3 23.1 17.7 244 8.5 34 1.0 0.5 0.1 100
“PCDL: Polycarbonate diol. "HALS: Hindered amine light stabilizers. ‘DBTDL: Dibutyltin dilaurate.
HO—(CHZ%O—C—O—(CHZ%OH
X g y ,
Polycarbonate polyol o
OCN A~~~y AN~~~NCO
HO+0—(“:—R—(”:—O—R %on o~N1o
Polyester polyol
s GHs NCO
R'+(CH2_CHCH2_C R Hexamethylene trimer
’|2 * +,3 z (Crosslinker)
H
Acryl polyol

Figure 1. Chemical structures of polyols and isocyanate-based crosslinker.
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Figure 2. Schematic of rigid-body pendulum tester (RPT).
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Figure 3. Real-time rheological properties (curing dynamics) of soft-feel coatings: Effect of (a) main resin composition; (b) NCO/OH ratio;

(c) curing temperature.
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Figure 4. Thin film curing dynamics of soft-feel coatings via rigid-body pendulum test: Effect of (a) main resin composition; (b) NCO/OH

ratio; (c) curing temperature.
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Figure 6. Thermal properties of cured soft-feel coatings through dynamic mechanical analysis: (a) main resin composition; (b) NCO/OH cross-
linker ratio; (c) curing temperature.

Table 3. Glass Transition Temperature and Crosslinking Density Determined from DMA Tests

Sample S-STD S-A20 S-PE20 S-NCO1.3  S-NCO00.7 S-7030 S-6030
Glass transition temperature (°C) 454 58.5 449 55.7 49.0 42.4 33.0
Crosslinking density in moles per L (v) 2.897 2.589 2.550 2.977 2.775 2.849 2.505
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Figure 7. Comparison of glass transition temperatures predicted from DMA and RPT tests: Effect of (a) main resin composition; (b) NCO/
OH ratio; (c) curing temperature.
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Figure 8. Nano-indentation test results of cured films: Effect of (a) main resin composition; (b) NCO/OH ratio; (c) curing temperature.

Table 4. Indentation Results of Cured Soft-feel Coatings

Sample name HM* (MPa) HIT® (MPa) EIT* (GPa) nIT? (%) CIT* (%)
S-STD 33.489 41.963 1.600 20.359 3.677
S-A20 47.699 57.510 2.064 22.260 3.856
S-PE20 27.732 35278 1.127 25.248 3.355

S-NCO1.3 34.544 43.143 1.565 21.863 3.431
S-NCO00.7 22.963 28.087 1.179 19.251 3.532
S-7030 27.143 33.985 1.446 19.883 4.427
S-6030 17.768 16.783 1.341 7.191 4287

“HM: Martens hardness. *HIT: Indentation hardness. “EIT: Indentation modulus. “nIT: Elastic part of indentation work. “CIT: Indentation creep.
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