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ABSTRACT

Polydimethylsiloxane (PDMS)-containing polyurethane coating materials were synthesized because PDMS-
based elastomers have unique properties including an extremely low glass transition temperature, good thermal
and oxidative stability, and good dielectric properties. In this experiment a vinyl copolymer which consisted
of vinyl chloride, vinyl acetate, vinyl alcohol, and maleic acjd was used, and Coronate L was used as a polyisocya-
nate. PDMS-containing polyurethane was synthesized from polydimethylsiloxane, MD], and 1,4-butanediol. Films
were casted by reaction of viny copolymer, Coronate L, and PDMS-containing polyurethane. Thickness of

the films were 150-170um and the films were characterized by IR, DSC, and Instron.
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Polyurethane coatinge filme] 7%, 38t ¢
A, 43 715 e kA 59 AHE 2 9t
£ A+ AMESE 2] polyurethane coating
ANEA H3F dFolt],

AR TRl 2ol 7|8 1AL ARE A F7A] &
nitrocellulose & 72 ARE-3to] gtedl H2Ho) o2
A vla] o x| ga) 34 Y Eurd
9 9H8E /AT ok A= nitrocellulose 2t
giEe] Aest sty A BAE g4

7l AAE 2 vinyld 32840 F2 A4
ek, o] vinylAl 3% &4 2+ vinyl chloride$} vinyl
acetate® FH F4° FFEAL FRE olFx
sl o]l hydroxyl7]9} carboxyl”] S ¥ 7}sled
Ut $2E AMET gt B AgdA A4
vinyl 3534 vinyl chloride, vinyl acetate, vinyl
alcohol, maleic acid® T4 leH o FF¢
A A FZ Well hydroxyl7] ¢} carboxyl”] 5%
et 7] W) Aol did Fabde) wo
vl EA4ol 8 53] video tape$oZ Foo
nitrocellulose 2.0t 7FA% A #3}7] W] dAj =
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Well A& th3-% nitrocelluloseS thA|she] ARS8tz
ik,

£ AgdlA= polyisocyanateZ coronate LS A}
43l9cl. =& o] Polyurethane coating system®l
polydimethylsiloxane(PDMS) & -3l polyure-
thane 3ETA"PE A sl Hrla F, poly(tet-
ramethylene glycol) (PTMG)E -3l polyure-
thane FFEA7F #7H A4 49 Aol:
vl A E3lgich. PDMSE =4)& o] silicon ela-
stomer’} & EEAAE 93 UVl st a, ¥
LEAHE Fodst, 714 FH40] £2, hydro-
phobicdt A5 53 AAE Wol 71 g7 WE

o]}, 16,17)

1. Al o

¥ Ao A% vinyl %A% vinyl chloride
(VC), vinyl acetate (VAc), vinyl alcohol(VA), ma-
leic acid(MA)Z A= glow 7 A9 F7
ul&& VC71 86%, VAc?} 8.5%, VA7) 5.0%,
MAZ} 0.5% ¢, ¢ EAEFLE 33,0002 Union
Carbide®] UCM—527% AH&-31dch,

Polyisocyanate2 AH-%l Coronate L& trimethylo-
Ipropane toluene diisocyanate(TDI) 9] w024
Bl 3450} =4 Japan Polyurethane A¥& AHE-
3ksich

Hydroxy-terminated polydimethylsiloxane (PDMS)
T 27o] 180021 Shin-Etsu Chemical A &¢ A}
43kt

—_

CHj; C|H3
HO-CH2CH2-0-CH2CH2CH2{S'i-0}nSi-CH2CH2CH2—O-CH2CH2-OH
CHj3

CH;

Hydroxy-terminated poly(tetramethylene glycol)
(PTMG)+ Aldrich Chemical A%%& 70T, #¥3}
oA FE& AAT F A3l
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4, 4-diphenylmethane diisocyanate(MDI) ¢} 1, 4-
butanediol(BD)-& Tokyo Kasei HE& 7hatatel A
Z538to] AM-slar). Polyurethane ¥4 Znj2
AH43t dibutyltin dilaurates Tokyo Kasei #H¥-&
A3t

uhS Lol 2 A% methyl ethyl ketone(MEK),
tetrahydrofuran(THF), N, N-dimethylacetamide
(DMAQ)= CaH,= #7417 ¥ AT =& o7 §
ol ¥ Fitste] A&-Esich.

2. 721 7|

Infrared spectrum< JASCO IR-100 IR spectro-
photometerg ¢]43te] 99lor] o|y A B 2E 3~5
% % 559 442 solvent castdte] HxE filme
ALt EAERE 2437 Y AH-a gel per-
meation  chromatography~  dimethylformamide
(DMF) & 4+ 28] Styragel column®] ##% Wa-
ters HPLC model 510€ AH&-3td=d] 0.5¢/dl 5
=9 282 498 0.8mi/min®) #4202 E3 RI
detector 2 71%3le] Ft A4S T35}, Diffe-
rential scanning calorimetry= Thermal analyzer
Dupont 9900< o] &3l A 7|53elA F3sisd
2.1 heating rate< 20C/min 22 3} % DSC scan&
-100To A AlAsigich, AAtEe} A& INST-
RON 1011& A3l ZA3=d  crosshead
speeds= 300mm/min o2 dtg.om A8 Alg& 10
wt% &9 solvent castdte] AZ 1o A5
FAE 150~170pme) 2 27} 10mm X 40mmo| 3]
.

3. PDMS-PolyurethaneZt PTMG-Polyurethane

o a4

PDMS-Polyurethane(PDMS-PU) ¢ A& drop-
ping funnel, condensor, gas F4#, 2x=A7} &
29 47 flaskE £¥IF ¥, 20mi®) THF/DMAc
(3/1, v/v) cosolvent® AH&-3te] Aol A 7|



Polysiloxane& §-3H= Polyurethane Coating A &2} A

Zalol A 1.377g/(5.50X10°moD) & MDIE &3)4]
2 o, 2.0X10°%g9 dibutyltin dilaurate® 42
5.0g(2.75X10°mol) & PDMS(EAH : 1800)% 25
ml¢l 99 cosolvente] Fof g w-&4 A3 7g
th. PDMS 49}-¢ 2 7} F 50CelA] 2417k St
uhe A A Zeb7)7} B5 isocyanate! PDMS-prepol-
ymerE 4¢ich. L2l chain extenderd! 1,4-buta-
nediol 0.248g(2.75X10°mol) & 20ml®) 919} cosol-
ventel] %o g w4 WA sigct. 1,4-Butane-
diol% 2% 718 &, 7b& 2xolA 5AI7F Bk
227 PDMSPUS ¥A4stdch. #4€ PDMS-PU
£ 70CY FF5dA AAAZL, vHkE mono-
merSS A7As7) $18te] isopropanolE oI Al
Hg %, 50CY AT 28 M ARAFL WHEEY
2u)E W37+ PDMS, MDI, BDS Euj7b1:2
119 A3} 1:4:39 A 5749 polyurethane-d
Azl

PTMG-Polyurethane(PTMG-PU) 9] 4L $19|
PDMS-PUS A5 2& wes stglod, ot
WS EE 60T T HHE A7 3A el Qo g
4] 2+ DMAcE AH$-319ich. PTMG-PUE PDMS-
PUSH Z7o] wh$-ES EulE W3AA PIMG,
MDI, BDS Euj7b 102112 7k 114139 A
$74x1 9] Polyurethanes §433tsich

4. A Series® EA

Vinyl 2584 2.5g& 30mi¢] MEKel| 4-&eA
FHAFIEA Fel -, vinyl TEHA Y hydroxyl
719} Coronate L isocyanate”]8] EH]E 71&2
#4 1: 12 3¢ Coronate LY %% 0.1 & Ao
7t w3 271X A7 A Coronate L& vinyl 35
gl o) $-4o) 7}elA A seriesS A3} © df
Coronate L9} k& 0.962g, 1.071g, 1.180g, 1.290
g, 1.399g, 1.508g, 1.618g, 1.723g2% W3AA
A4 B8 A7T7HAE AT v FEEA
449 Coronate L& 7Ht F 10 -5 & AR

o A2 AR 7o) 10emE FHE T el
Yol o] HFEES Ho] UAF TEAM 1247 F¢
WA, g LxE 247 25, 50, 80CE &
At

5. S Series? G Series2 A

PDMS-PUE 3Hf8he S Series® 27] 918l o2l
wog gAsgch vd FFEA 2.5¢8 MEK
(30 mb)el =]z, PDMS-PU& MEK/THF (1/1,
v/v) cosolvente] =eix] o7& g Ho| w4
7194 &3}, o37]e] Coronate L& vinyl 35
A ole) Zulsb 1:10] HA 7R olw vinyl
2549 PDMS-PUSt A HIE 31194 1:3
72 WstA) 1A S seriesE FASAh o]d 9
PDMS-PUE ¥ll4 §43 PDMS: MDI:BD4
Zuj7h 102019 A3} 1:4:39 AL AHEA
t}.
PTMG-PUE -3k G series® Al S series®}
7Ze o2 A3l vinyl 35 A ¢ PTMG-ba-
sed PUY #7 ®lE 21194 1: 2704 H3AA
G series® A%l ojd HHEEEE BT 50T
AP Al i,

m #zf & a9&

Vinyl 2549} Coronate L& ¥HAIA 2 A
Seriest Vinyl 3% %419l hydroxyl”|®F-Geronate
L9 isocyanate7]9] E®|7} 114 W& A4l 32
o]Ag 71322 8o Coronate Lo ¥& 4, EX
Z7M1A 2E AL AlelA A72 R el

PDMS £+ PTMGE &3k S Series % S Se-
riesE 97] 98 §4% PDMS-PU ¥ PTMG-PUS
E£4¢ Table 10 viehfigich. PDMS : MDI : BD4]
EHE 1:2:12 4A1A #4439 PDMS-PUE
PDMS-PU-2& Yehfiglz PDMS: MDI: BDY %
HlE 1:4:32% W3A7A $4d PDMSPUE
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Table 1. Characterization of polyurethane materials

Sample Molar ratio Hard segment” Weight ratio ‘Yield Molecular”
Weight percent
Code Polyol MDI BD (%) Polyol : Hard (%) Weight
PDMS-PU-2 1 2 1 245 1:032 93.2 74X10%
PDMS-PU-4 1 4 3 41.1 1:0.75 91.6 35X10*
PTMG-PU-2 1 2 1 228 1:030 78.7 3.0X10*
PTMG-PU+4 1 4 3 430 1:0.75 93.6 6.2X10*

a) Including MDI and BD.
b) Peak value of GPC curve referenced to polystyrene standards.

(0.5g/dl, DMF solution)

Table 2. Composition of S series and G Series

Weight ratio

Sample Weight ratio Sample

Code Vinyl copolymer PDMS-PU Code Vinyl copolymer PTMG-PU
S2-3-1 3 1

52-2-1 2 1 G2-2-1 . 2 1
S2-1-1 1 1 G2-1-1

S52-1-2 1 2 G2-1-2 1

52-1-3 1 3

$4-3-1 3 1

S54-2-1 2 1 G4-2-1 2 1
54-1-1 1 1 G4-1-1

$4-1-2 1 2 G4-1-2 1

$4-1-3 1 3

PDMS-PU-4& Jepfiicl, PTMG-PUY 7Z44& %
< e g FAslglel. PDMS-PU ¥ PTMG-PU
BT & 782 $AHAL polystyrenes 71F
2.2 83 DMFe| 0.5g/d18] F=23t] GPCE A}
48 FAsRE E4d A, g9 B 30,000
o} A 74,0007 =i} ’

S Seriest Coronate Lol vinyl 33342} PDMS-
PUE & wHgA1A A& 25bH Table 2914 e
ket 7kl vinyl %A et PDMS-PUS FAME
3104 1 3ws A Adste] HE e
S SeriesE A|z3}ict. oW PDMS-PU-28 4%
7§ S22k 1 313 PDMS-PU-4E AH3-& 718 S48t
shdch, &5 vinyl 5 ¢4 PDMS-PU-29
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A BE 3112 $AT AS S2-3-10)2 EAEY
t}.

G Seriest Coronate Lel| vinyl 25349} PTMG-
PUE A A7 A& 259 vinyl 5549
PTMG-PUS] 77 Bl& 214 1:22 #W3iAA
74 A zstdet, o] =3t PTMG-PU-28 AHS-&
A& G228 83 PTMG-PU4E AH43 A& G4
2}3 A3k, ol &5 vinyl 35 ¢A 9 PTMG-
PU29] FARE 2112 $4T AE Ga2-10]g
EAEA

Fig. 1o 23 #AHEE4 IR spectrumo]
gt ole} IR 29 E3E A, 2270cm™ o 4]
isocyanate7}ol ¢J&t band”} AFRFAIE, 3330cm™(N-
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Fig. 1. IR spectra of the polymers. (A) vinyl copol-

ymer (B) A series (C) $2 (D) G2

H stretch) ¢} 1720cm™(C=0 stretch) o]l $-#&k7}o|
93t 748t F5band7} YepH, S Series? IR spec-
trumell A 1020cm™ 2} 1090cm™ el 4 748k Si-0-Si]
stretching band7} Wehs 722 Xeop PDMS7}
3% polyurethanee] A58 gal@ o ik
Ak 7Fstl A A AxE AHgate] —100C7
A W ¥ eiEe 20CE 7dsle) 2 DSC 23
A7} Fig. 29 vieht sloh o] 4#E 29 vinyl
FTEEA Tk 66CelA vehtz T,0] 227CelA
viebdr}, =3 A series, S series, G series &
FANE 62~66CAN T} viebta, 262~264C
A Tpol vebdS & 4 dek. 28| 2 G Series®]
DSC 24 A7} Fig. 3¢ veht itk o] A&
B 20CoHA soft segmentd] PTMGS T,ol Wet
w3l 263Coll A hard segment®] T,ol #2= Ut}
ol2jq 484 A}yl Table 3o} A= 9tk

Endotherm

262.8

T T T H T M
-50 0 50 100 150 200 250 300 350
Temperature(T)

Fig. 2. DSC curves of the polymers. (A) vinyl co-
polymer (B) A series (C) S2 (D) S4.

20.3

A
263.3

Endotherm

™~ ®
263.4

T T

T T T
-200 -100 0 100 200 300 400
Temperature(T)
Fig. 3. DSC curves of G2 (A) and G4 (B).

Fig. 4v wH&=E5 747 25C, 50C, 80C 2
WA 7)HA AR A series® AR AEE 29
Z32 Jepd Aolth, 2 ZE A HD vinyl TF
FAE 71522 Coronate LY <o) Z715tl wle}
QAREI} F7Ase %S Bo)Aw, vinyl 35
gtdl9} Coronate Lo 2H47]9] & |7} 1:14] o]
Zdle 234 2 W3S Bo|x 9o, 12z v
S50 w2t Y AolE RAFGIEY W&
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Table 3. DSC date of polyurethane coating mate-

rials
Sample T T
Code (T ()
Vinyl copolymer 66.1 226.7
A4 66.3 256.1
PDMS-PU-2 -117.5
PDMS-PU-4 -116.9 212.1
S2 63.9 2635
S4 62.4 262.8
PTMG-PU-2 -76.5 29.2
PTMG-PU-4 -75.6 284, 2839
G2 66.3 20.3, 263.3
G4 66.6 204, 2634
100
25T
A50C
@25¢C
904
P
&
= 80
=
B
g
% 701 /
&

Table 4. Tensile strength and elongation at break

of A series

Tensile strength Elongation at break

Sample” (MPa) (%)
25C
Al 67.93 1.90
A2 68.67 2.20
A3 70.28 2.07
A4 72.51 2.08
A5 73.35 1.98
A6 71.96 2.08
A7 72.49 1.85
50T
Al 75.77 1.85
A2 76.97 217
A3 80.23 2.01
A4 83.21 1.80
A5 84.77 1.76
A6 84.09 1.77
A7 85.86 1.75
80T
Al 72.70 2.10
A2 7342 1.80
A3 79.69 1.60
A4 81.79 1.95
A5 78.63 1.85
A6 82.68 1.72
A7 83.67 1.70

50 — — T T T T
-0.03 -002 -001 1.00 +001 +002 +0.03

Coronate L(mole ratio)

Fig. 4. Tensile strength of A series.

E7F 50T w7} 25Tt 80CY w9} Wlws) Huf
A= gte] Eoiet. AARE 34 AFEHE Ta-
ble 49 Azlste] epugich

& PDMS-PUE @f3he S series®] QA7
2 ZE Fig. 59 ehhisla Fig. 69 PTMG-PUE

l.ﬂ
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a) Thickness : 150~170um, Size : 10X 40mm?
Cross-head speed . 300mm/min.

Fi3he G seriesd AFFEE el 23
ZZ B vingyl 3FEAY o] Ax gF Q%
BE7t Aol & 4 9k F, Fig. 594e
PDMS-PUS] 9o, 281 Fig. 6941 PTMG-PU
Fol F71E45 QR7Es} ZFadYch £ hard
segment®] ko] o] ¥ S47} S2Rr}, 281 G4
7b G2RY £& ARREE /S 4 4 Uslth
VAT A AAE & Table 591 Azjste] o
eholel, Table 58 RE A4S QA}Ee=
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Fig. 5. Tensile strength of S series.
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Fig. 6. Tensile strength of G series.

Table 5. Tensile strength and elongation at break
of S series and G series

Sample” Tensile strength Elongation at break
ample

(MPa) (%)
PDMS-PU-2 7.50 20.53
52-3-1 37.90 2.50
52-2-1 29.63 340
52-1-1 23.30 4.85
S2-1-2 15.63 6.40
$2-1-3 11.72 7.70
PDMS-PU4 11.35 22.70
$4-3-1 32.32 3.90
S$4-2-1 3451 7.05
S4-1-1 31.79 7.18
$4-1-2 26.33 7.85
$4-1-3 21.11 9.73
PTMG-PU-2 5.62 0.78
G2-2-1 24.75 2423
G2-11 14.64 28.20
G2-1-2 9.80 34.60
PTMG-PU4 1247 114.17
G4-2-1 41.00 39.93
G4-1-1 36.15 61.90
G4-1-2 30.20 84.55

a) Thickness : 150~170um, Size : 10X 40mm’
Cross-head speed . 300mm/min.

2| vinyl L?i}ﬂlﬂ Fol Aagel Wt o Fo}
e & 7 Slh B AR AREL AR
Hhlehe A%E el gt

vz £

Polydimethylsiloxane$ polyurethane coating A 5.5
Efet] fddH AREo] ¢ coating HEF
FAE & Asdich

UM L1 2 AT o) B EF
A vl g 2Ag R AFEA d P49 7]
AT oY AFAdAA 2 =gy},

tlo
oE. X
2
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