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2 2k 9 2 Hslo) mE EARSy} Zojof ok AgAl EE IRAE Qo 3 #slo] 93t o]
Z B4 W} v Fasich olo] Wighy, WA, WotiAdo] <5t A4 9] Z28] Qg slo|EEA] Ut
T2 FARgo] oqlo R WAdd ZejAEAN 5o e ARSEID Qtt & AFoAs 449 EH JEE]
o] 2o ujAE JTFE ERIs| Yoto] AL Z ek s, E8]ASAE, ultra high molecular
polypropylene (UHMWPP) 9, 7I2E3  4AFAS H7ioto] ZRAE A XMt R4 28] 9 Ee)
hard/soft AITHES] TS 27.1%/72.9%, otHlC g WHAE Z2|A2A4k} slo|E2A] Wit Ze]AE4lo]
2:79] H&oJ|A] o]0 BhAjo] 7B HQjow, upEzr}t 1&oA] 2 Y uf upaAe=o] Xfo| 7t Zict, ES
SiO,;E UHMWPP 2= Ao 24, o|=7t FAstgon Jeir T3t TAskott

Abstract: For automotive coating agents that require little change in characteristics due to changes in external
temperature, changes in noise characteristics due to changes in the external environment are very important.
Therefore, soft polyurethane with excellent cold resistance, weather resistance, and abrasion resistance, and
polysiloxane whose -OH terminated and side chains are modified with amines, are widely used. In this study,
coating agents was prepared by adding water-born polyurethane, polysiloxane, ultra high molecular weight
polypropylene (UHMWPP) powder, carbon black, and a matting agent to determine the effect of each resin
component on noise. To study the effect of each resin component on noise, a coating agent was prepared by
adding water-born polyurethane, polysiloxane, UHMWPP powder, carbon black, and a matting agent. The
hard/soft segment ratio of water-born polyurethane, the main component of the coating, was 27.1%/72.9%, and
the ratio of amino siloxanes to hydroxy-terminated polysiloxane was 2:7, which produced the least noise. The
difference in friction coefficient was large when the friction body moves at high speed. When UHMWPP
powder replaced SiO,, noise decreased and gloss also decreased.
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B AT S B Sdwre G5 Slste]
polycarbonate polyol (PCD, 1,000 g/mol, 2,000 g/mol, Asahi-
Kasei, 3,000 g/mol, Kuraray), 2,2-Bis(hydroxylmethyl) pro-
pionic acid (DMPA, 134.13 g/mol, Perstorp), Isophorone
diisocyanate (IPDI, 222.29 g/mol, Evonik)= &A|glo] A&
5191, Sul2 = 1-Ethyl-2-pyrrolidone (NEP, Sigma-Ald-
richy= 4A EXAE ol-&sto] S AAH ARS8
t}. Triethylamine (TEA, Sigma-Aldrich)2 A Qlo] ARE-
o1}, aminoethylaminopropylmethylsiloxane-dimethylsil-
oxane copolymer (viscosity = 1,000 cPs/25°C Dow Corning),
hydroxy terminated polydimethylsiloxane (viscosity = 20,000
cPs/25°C, Dow Corning)-2 AA|glo] AR&slgct Z8H A
B 9| B2 E 7HEE, UHMWPP EH(HT AAA}
0] Z(Dso)=10im, Mw=1,000,000g/mol, THTH73Kz), AGA|,
A FEEAA, FIAA, 22AE ARESAT-

2.2, SR B2 E §Y

Fig. 19] ¥1-&- ZAR2oj|A Hi= ule} o] 2L a3 41 5
Z Hlek Za}A 0] PCD, IPDIE £9] &, DMPAS NEP
of -&siAIA FASHATE 200 ppm tinA] FHHE FYJstL
Aad E7]01A 85°CE BESSto] o]AAoRdlo|E Ttk
o] ZHE S FF gE ¥ TEAR St
SHRTE ol8oto] o|aAloplolE Ut 2] ERHE B
of BAlsloint. Eoll #4F & E-2 o]AA|ol|o]E= 80°C
oA 12br 9t &3 BEESt] AREAFAIR] 7, FT-IR &
A& oo o]aAopdolE W7} Al A= RS HF
gl Fig. 1] §R3 &2} Table 10f] 24 29
gt 0] AHEE RAEEY E HES YEHATH

2.3. 3EH Hx

SHE FRA EFHES 2AAE o185t v
HASE ZHEE, aminoethylaminopropylmethylsiloxane-
dimethylsiloxane copolymer, hydroxy terminated polydime-
thylsiloxane Z12]31 UHMWPP £, 234, AX&S &
A, AFFAA, £2ZAE ARESE] ZYHAIE A6k
t}. Fig. 29] aminoethylaminopropylmethylsiloxane-dime-
thylsiloxane copolymer, hydroxy terminated polydimethyl-
siloxane?] X412 YUE ST, Table 29 ZEAQ] FA4
< YER

2.4. 28 Wt
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Figure 1. Synthetic process of polyurethane.
Table 1. Composition of the prepared polyurethane
PCD DMPA IPDI Segments
Sample No NCO%
ars mol ars mol ars mol Hard(%) Soft(%)
PUD-1
Mw1,000 25.50 0.02550
1.64 0.01223 11.36 0.05110 33.8 66.2 291
Mw2,000 - -
Mw3,000 - -
PUD-2
Mw1,000 12.76 0.01275
2.32 0.01730 13.68 0.06154 29.5 70.5 291
Mw2,000 25.50 0.01275
Mw3,000 - -
PUD-3
Mw1,000 - -
3.00 0.02237 16.00 0.07198 27.1 72.9 2.90
Mw2,000 51.00 0.02550
Mw3,000 - -
PUD-4
Mw1,000 - -
3.66 0.02729 18.30 0.08232 25.6 74.4 2.90
Mw2,000 25.50 0.01275
Mw3,000 38.26 0.01275
PUD-5
Mw1,000 - -
4.30 0.03206 20.58 0.09258 24.6 75.4 2.91
Mw2,000 - -
Mw3,000 76.50 0.02550
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Figure 2. Structures of (a) aminoethylamino-propylmethylsilo-
xane-dimethylsiloxane copolymer (b) hydroxy-terminated polydi-
methylsiloxane.
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ogies, USAYE ARSI 84T E2] -5t R4
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shoich. 2Ar Ee]e-Eete] npdAlet IYA 2447t
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Chemical Inc.)& ©]8&3}o] ZFFH|Z 100:5, 150°C, 10&
Astaleln. 434t Beleeleh Axe 299 vh)
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Figure 3. (a) FT-IR spectra of PUD-3 and (b) GPC chromato-
gram of PUD-3.

Yot 9 72 A4S SHRE YoAe LEATFY ¢+
B4 Z8|e-dgto] d/d=lofof st} webA 8-
I A EHe] Slo]EFA]7]} o] Ao EZ] 9]
27 9 AHojHE 31015t9T}. Fig. 3(a) $BAT Za]9
G gt] FT-IR A" EHo|t}, FEAN E2|9-dge] AHE
ol A 2270cm™2] NCO 137} AFbA AL 3346~3348cm™,
1534cm™ o] 4] 2dEte] NH E4 137} 1732~1736ecm™,
1600cm™ ol Al Z&]-dete] C=0 W37} Yefhts Ao
Kol R4 E2]f-g|gto] M= a2 ERlskAut &
Ab EE9-Hete] BAES GPC AR0EIHO R ZRls)
2t Fig. 3(b)9] 23S X9 PUD-39] ¥ EAF2
160,600 g/mol, ZFB o EXHL 451,700 g/mol YL &+
AT 4= A

3.2. &4 B2 RE JAH 2

IRA= Y7 SA 774} Halo] s =S
Hodjof stug A 245 5 EYH 82 €4
T oY IR, §A4, RS, sk, Wutke
4 59 4 7HAAL Qlofof gt} E e H W
ot A, QPG E 9 JAGAETt ekl fA48 2 A
719, 221l g/do] 8 EAE 7HAAL 9lom o gt
82 1 AEEY 24 4 S| ot okt 2
& HoF3l Qlth. E35| PCDE= PTMG, PCL, polyester
polyolof] Bls WA/, WA, A4, WA, WHols=/d
o] &%t Ao =E UHA U, IPDI= Y, TAEH,
A2A, AHE 5o g8 AREY Eeede S & =
off #4F Al EAbo] &olgt AHEZ 7HA AL ot wEkA &
Aol = EA Sk st 7141 248
gRlst7] fJste] Al T7Y] EAFS 7HA= PCDL} IPDI
£ ol-&sto] R4 Ee TS F/d5HIH. hard/soft Al
OIHE 3RS PUD-12 33.8%/66.2%, PUD-2-2 29.5%/

Table 2. Static and Kinetic friction coefficient of polyurethane (velocity 13 mm/s)

Classification PUD-1 PUD-2 PUD-3 PUD-4 PUD-5
Static friction coefficient 0.54 0.39 0.28 0.20 0.15
Kinetic friction coefficient 1.01 0.87 0.68 0.54 0.34
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Figure 4. (a) Tensile strength, (b) 100% modulus, and (c) elongation

at break of various PUD.

70.5%, PUD-32 27.1%/72.9%, PUD-42 25.6%/74.4%,
PUD-52 24.6%/75.4%5%}1l o]|AA]ofd|o| E Wit Z2H
o] 419] NCO T PUD-1~5 HF 2.90~291%= 5lo] &
2 2 Aottt A" 24E9] pCDL IPDIC] 3HFH

Table 3. Compositions of coating agents(wt%)

-4 - ASA - e

£ Table 19] YEFWHRIIL, Fig. 40 F24F E2]-€te] 7]
AR 42 HeEtH At PCD £AHF 1,000 g/mol& T
O =2 AR5} hard/soft A|ZTHEQ] FFeko] 33.8%/66.2%
oA 71 =L QIAEO} 100% HEHA I3 7P v
2 A& ERIT & A em, PCD EA4FF 3,000 g/mol
=0 2 ARR3E hard/soft A|THES] dFefFo] 24.6%/75.4%
oA 7P e AR} 100% HEHA, 7P =2 A
< QI 4= A3t o8t A5 hard/soft A|THES]
S PCDY| BAFE 2dsto] ARG 2A 7hsstal
o|AAJoHdo|E et FE|wof|A] o]AAJodo|E SF ¥
3} glo|& QAL 100% REdi, A 24T 4= 3l
= I 5= Qlolth I-A 2AAE F A 299
g 52 {7]8A0 =olle Eg ek =3 Wrte
= UEHHATE opa A7 22428 o2V} WAgst
= BHE 7HAL ot mEbA IRAR /ARt SEA E
e A™sty] o] 4 E29d 5 H3HA
o} 100:582 &3 & iAo Fgste] E2|eete] =
2] npEARE At 7IAF EA4F H|wskelt
PUD-1<& QAT 553 kg/em?, 100% HEZAE 104
kg/em®, A1-&0] 587%, FAFEA S 0.54, LBubEA S
1.129] 235 Yefiglet. o= Wutegd2 3 4= 9l
O IRHHHOA =2 tfAIRR o2V}t IA YT
F A2S 9ugitt. PUD-5& QA E7) 393 kg/em?,
100% HEHAL 50 kg/em?, A18:0] 800%, HA| npEAS
0.15, &5 WFEAIS: 0342 PUD-1 8] 7|A4 &4do] <F
sto] Wup /g2 oFshA|qt mpEA|4=7t PUD-1 Kt} Wol
Lo|27} A YT = U2 Yultt. A E9%
eS| A wpEA S} 25 vREASFE Table 20 UE
R b=

2 AFoAE A ST 7AR =4 B2t
2 953 Wby} upE Al H7ER olR HAEEo]
AL QAT 480 kg/em?, 100% HEHA 81 kg/em?, Al
& 727%, ZA vpEAIS 0.28, 5 "FEAIS: 0.68%1 PUD-3
= 712 F9 A== A5t o AR} Afol=, FRAY
E497HE sl

S

Amino Siloxanes

Hydroxy-terminated

Sample No. PUD-3 copolymer polydimethylsiloxane UHMWPP SiO, Additives Water
CO-1 15.0 1.0 8.0 3.5 0.5 2.3 70.0
CO-2 15.0 2.0 7.0 3.5 0.5 23 70.0
CO-3 15.0 3.0 6.0 3.5 0.5 2.3 70.0
COo-4 15.0 4.0 5.0 3.5 0.5 2.3 70.0
CO-5 15.0 5.0 4.0 3.5 0.5 23 70.0
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Table 4. Noise of coating agents(sone)
Classification CO-1 CO-2 CO-3 CO-4 CO-5
-10£2°C dry 1.24 1.40 1.68 2.01 2.64
dry 0.80 0.84 1.05 1.59 2.27
23£2°C 50%
wet 0.94 0.98 1.26 1.64 2.01
dry 0.71 0.75 0.97 1.25 1.88
60£2°C 50%
wet 0.71 0.76 1.01 1.34 2.04
3.3. ZENel S4YIt 18
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WO Bl 28 wol2sh A WSk vk ] Y
57} Ao o2 A WY LA Yok & 9
A A3t Biel o] 2] I, EA9 A4, uinee 4 5 % A~
- ,,Y/
wof met opEARE gebdA Hug dA) kolzi ol F 02y P
- - =12 e & S st :
AT SN Be HE5H wtsly] offe. wehA o0 ¥
AZA] SF =Z 2L 3y Ui]—xo [e) A =2 plzk T T T T T T T T T T
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o] 25 SAT A4S YEHRULL Fig. 50 Alxgt 79
A|9] npEAg> HSHE dotk ] {5t} AFAupEAlRe} &
A Aol F4F ATE HeERITE amino-
ethylaminopropylmethylsiloxane-dimethylsiloxane copoly-
mer2} hydroxy terminated polydimethylsiloxane2] 3-=o]|
wE FAEA e LEHEA LS S7gSte] npE A
o] Zol& H|WFt Ay} vpEARe] £L7t FThgol whEt
aminoethylaminopropylmethylsiloxane-dimethylsiloxane co-
polymer tH] hydroxy terminated polydimethylsiloxane]
Fgol W24 upASY Hol7k 7M. aminoetyl-

=T
aminopropylmethylsiloxane-dimethylsiloxane copolymer?]

Table 5. Noise of coating agents(sone)

Velocity(mm/s)

Figure 5. Relationship between velocity and difference in kine-
tic and static friction coefficients for various coating agents.
go] Woldas mpEASo] Zol= HojHrh o=
aminoethylaminopropyldimethylsiloxane-dimethylsiloxane
copolymer®] 9to] Wotdg &3 /4o] Fristo] A&
¥} & ROl upE Al Zpolof] FFZ HIAA] ek A
< 9Jujstt}. Table 33} 494 aminoetylaminopropylme-
thylsiloxane-dimethylsiloxane®] $+&o] &7}&d4% Lo|=Z
7F 2A skE A2 & & Qloh RS Fig 59} vl
Hi A& s A9 2po]7} A4l o] =
T2 AA ot At £t wEtA A B 1L
oAM= ARG Zpo|7t 245 o 2o I 1A

FLU]:
%

X (B of

—— — —
e D3 A mer podmatyiione_wen S0 Addihes Water Gloss 607 1% B 0L
CO-2 150 2.0 7.0 35 05 23 70.0 2.0 0.84
CO2-1 150 2.0 7.0 30 07 23 70.0 1.7 0.97
Co22 150 2.0 7.0 25 09 23 70.0 1.5 113
CO2-3 150 2.0 7.0 20 15 23 70.0 08 2.10
CO-2-4 150 2.0 7.0 15 20 23 70.0 0.4 3.05
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Figure 6. Particle size of PUD-3.
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