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Abstract: A study was conducted to optimize properties of self-Healing polyurethane resins for automotive plastic parts.
For the self-healing clear design, polyesterpolyol (PES) and polycarbonate diol (PCD) resins were selected according to
the hydroxyl value (%) and the number average molecular weight, and polyurethane resins were synthesized for each
resin mixing ratio. The structural analysis and thermal, mechanical, and physical properties of polyurethane resin syn-
thesized by weight mixing ratio were compared and analyzed, and the reliability of the coating film and self-healing abil-
ity over time were confirmed to derive the optimal PES / PCD resin content. As a result of measuring the mechanical
properties through nano-indentation, the depth under the same indentation load became deeper as the PES resin content
increased. This confirmed that the higher the PES resin content, the more soft and highly elastic the coating film was
formed. This result could be verified through the results showing that the self-restoring power of the vertical height of
the coating surface after the initial scratch recovered to less than 10 pm within 24 hours in the case of urethane resin syn-
thesized with a PES resin content of 6:4 or more.

Keywords: thermoset polyurethane, self-healing, nanoindentation, hydroxyl value (%), number average molecular weight.
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Figure 1. Various damage factors to the surface of the vehicle.

Table 1. Main PES & PCD Resin for Self-healing Clear
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Figure 2. Reactor of polyurethane resin.

PES GRADE PCD GRADE
COLUMN
SF-2100 AP-885-80  AP-100FA T-5650E T-5651 T-5652
AEKYUNG AEKYUNG AEKYUNG ASAHI KASEI ASAHI KASEI ASAHI KASEI
MARKER CHEM. CHEM. CHEM. CHEM. CHEM. CHEM.
(KOREA)  (KOREA)  (KOREA) (JAPAN) (JAPAN) (JAPAN)
Hydroxyl value (%) 1.42-1.72 227-2.88  9.09-9.69 6.06-7.57 1.54-1.60 1.69-1.75
Non-Volatiles 100 80 100 100 100 100
Acid value (mg KOH/g) 4] 5 2] 0.5] 0.5] 0.5]
Number average molecular weight (M,)  1000-2000  1000-2000  1000-2000 500 1000 2000
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Table 2. Formulation of Let-Down (L/D")

Composition Compound Ratio Maker Function
Silica (Nipsil E-220) 6.6 Tosoh Silica (JAPAN) Matting agent
UV HALS (Tinuvin 292) 0.5 BASF (GERMANY) Light stabilizer
Additives UV Absorb (Tinuvin 1130) 1.0 BASF (GERMANY) Light stabilizer
Hybr‘doi?;;zl'&“ggl;’gg‘%j%ds‘ﬁ ;;3’6)3“‘1 an 6 KUSMOTO (JAPAN) Anti-settling agent
Complex polyolefin Compound HPA-410) 5 Hungsan Hwasung (KOREA) Anti-sagging agent
Additives Polyvinyl ether (AC-300) 0.3 KOYEISHA (JAPAN) Anti foaming agent
Polyether siloxane copolymer (Glide 450) 0.6 TEGO (GERMANY) Slip agent
Butyl acetate 10 GS chem (KOREA)
Solvents MEK 5 Shell (KOREA)
Xylene 15 SK chem (KOREA)

Table 3. Formulation of Self-healing Clear by Ratio PES and PCD

Resin
Sample L/D' Hardner (HI-100) TOTAL
PES PCD
C30 (PES:PCD=8:2) 26.60 6.680 55.40 11.32 100
C31 (PES:PCD=6:4) 19.92 13.28 55.31 11.49 100
C32 (PES:PCD=4:6) 13.24 19.88 55.19 11.69 100
C33 (PES:PCD=2:8) 6.6 26.44 55.07 11.89 100
C34 (STD:DR-900) 83.33 16.67 100

L/D": Let-Down (Table 2). PES: SF-2100, PCD:T-5652. PES: PCD=wt% (wt%). Hardner: Hexamethylene diisocyanate (HI-100). NCO: OH=1.0:1.0
(equivalent ratio)
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Figure 3. Process for making specimen.
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Figure 4. Hydrogen bonding between segments in urethane groups
and self-healing mechanism.

- Al &gt AR wh2lel] oste] elge] ofgh A~z
A WA Al el 2E W] FaAEH 2ee] e a4
W2lol] ofgt AHE- WAUSS vERA Aot

TEEY. ZPSH e v &4 AFE gRlIs] f1t
Fourier transform infrared spectroscopy(FTIR, NICOLET Is10,
Thermo scientific, 7]=1)& AF&-3le] ATR =2 4,000-400 cm'!
HLllM EallE 4om?, 2704 328] 27102 FHFEREAS
&Y sEATE o] Aol E 9] -NCOO| 7]Q1g 3] =9}
urethane®] carbonyl”](C =0)°ll 7|13t I A E Iste] =}
THAEES] AR Th whgo] SR Rl

CI&EM. Universal testing machine(UTM, STM-10E, ¥
S AREale] Q) 32 (stress)ol] THEF W& (strain)] 2=
(S-S curve)E RISt o, JAGAE 2 AGE, HIES
=3ttt SHE-S A2l Crosshead speed 50 mm/
min®] £E2 53] o] AAS & FHRES FH I
Al A Figure 59k 2H2 2710 ® 6]},

X 7|AIX 2. Dynamic mechanical analyzer(DMA,
DMA/SDTAS861e, METTLER TOLEDO, 22|22 o]-&-3}]
A Asd fFeldol2m(Tye] AsS 48 3&
g3} HYES S ste] B (storage modulus)®] 427} A

i+ A B 5
ASTM Dgg2 100~300mm Imm ©|3}

5~25.4mm

Figure 5. Specimen specifications of tensile test.

Table 4. Conditions of DMA Analysis

Analysis instrument Conditions

Specimen size: 30.0%6.5%1.0 mm
(Film tension mode)
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Frequency: 1 Hz
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Figure 6. Scratch test conditions for self-healing ability.
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Figure 7. FTIR spectra of C30 (PES:PCD =8:2), C31 (PES: PCD=6:4),
C32 (PES:PCD=4:6), C33 (PES:PCD=2:8), and C34 (STD).
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Figure 8. Stress-strain curves of the synthesized mixed polyure-
thane resin by PES/PCD content ratio (wt%).
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Table 5. Tensile Properties of the Synthesized Mixed Polyurethane
Resin by PES/PCD Content Ratio (wt%)

PES/PCD Tensile strength  Elongation at break
(Wt%) (Kgf/mm?) (%)
C30(PES/PCD=8/2) 1.317 545.1
C31(PES/PCD=6/4) 1.330 378.5
C32(PES/PCD=4/6) 1.367 340.7
C33(PES/PCD=2/8) 1.404 278.5
C34(STD(DR-900)) 3.011 30.09
(a) ] i €30 (PES:PCD=82) .
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Figure 9. (a) Dynamic storage modulus; (b) Tan ¢ of the synthe-
sized mixed polyurethane resin by PES/PCD content ratio (wt%).
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Table 6. Storage Modulus at 30 T (MPa) and Tan & Max, Glass Transition Temperature (7,, C) Obtained from DMA and DSC
of the Synthesized Mixed Polyurethane Resin by PES/PCD Content Ratio (wt%)

PES/PCD (wt%) Storage modulus at 30 C (MPa) Tan & max T, (C) from DMA T, (C) from DSC
C30 (PES/PCD=8/2) 8.808 0.7252 -27.93 -41.53
C31 (PES/PCD=6/4) 8.974 0.7054 -25.96 -39.73
C32 (PES/PCD=4/6) 12.09 0.6636 -24.83 -38.98
C33 (PES/PCD=2/8) 18.15 0.7517 -21.00 -37.68
C34 (STD(DR-900)) 162.5 0.7206 38.53 31.20
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Figure 10. Thermal properties of the synthesized mixed polyure-
thane resin by PES/PCD content ratio (wt%).
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thane resin by PES/PCD content ratio (wt%).
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Figure 12. Nano-indentation test result of the synthesized mixed
polyurethane resin by PES/PCD content ratio (wt%).
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Figure 13. Nano-indentation test results of cured films: the synthe-
sized mixed polyurethane resin by PES/PCD content ratio (wt%).
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