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Abstract: Two different reactive silicone oligomers, hydroxylpropyl terminated PDMS (PDMS-L) and 1-(2,3-dihydroxy-
propoxy)propyl terminated PDMS (PDMS-B), were synthesized through hydrosilylation reaction under Karstedt's catalyst.
Using the reactive silicone oligomers, two different silicone-modified gel-coat series were prepared to investigate their ther-
mal and mechanical properties as well as surface characteristics according to reactive silicone oligomer contents. In case
of thermal stabilities and mechanical properties, the gel-coat series containing PDMS-B showed higher values than that of
the gel-coat series containing the PDMS-L. The contact angle for the gel-coat containing both silicone oligomers/was
increased with reactive silicone oligomer contents but there was similar surface tension between PDMS-L and PDMS-B.
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Experimental

1. A2F & M=

H Ao ARESE A|2F2 allyl glycidyl ether (Tokyo
Chemical Industry, Japan), allyl alcohol (Samchun, Korea),
hydride terminated polydimethylsiloxane (DMS-H11, Mw =
1000-1100, Gelest Co.), monohydride terminated polydimeth-
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ylsiloxane (MCR-H07, Mw = 800-900, Gelest Co.), sulfuric
acid (543}, polyethylene glycol (Mw = 2000, KPX chemical
Co.), isophorone diisocyanate (IPDI; Alfa aesar), 1,3-butanediol
(AFA 38}, acrylic polyol (AA-960-60, Mw = 15000, o 3 3}s}),
methylene chloride (AH3}3holm AT glo] Aok
ARE31 T Hydrosilylation YRS Z0fl= Karstedt's Z0ff
(Pt(dvs); Pt content=~2% in xylene; Platinum(0)-1,3-di-
vinyl-1,1,3,3-tetramethyldisiloxane complex solution; Aldrich
Chemicals)E ARE3}I9 2 W, urethane ¥ W2 = di-n-
butyltin dilaurate (DBTDL; Alfa Aesar)S ARSIt

2. 1-(allyloxy)-2,3-propanediol &M (1)

Allyl glycidyl ether (9.1 g, 0.08 mo)2} 1 M H,SO, =894
25 mL)E 1+ 5 S230 2L oA F3F A4 22
719] Aol mutste] o FA] Jfeut-g-2 A3kt W
< £8 & Z3ES methylene chlorideo| &3|A|171 <,
NaHCO; =89, brine §H 02 FA|6}F 1L, TEdh= &
=2 AAH] Sl EHAl Z- A Silica gehE HAZE &
E13} 1-(allyloxy)-2,3-propanediol (5.5 g, 52%)& 4%t} 'H
NMR (CDCl;, 400 MHz): 8 5.9 (m, 1H), 5.3-5.2 (t, 2H), 4.0-
3.8 (d, 3H), 3.8-3.4 (m, 4H), 3.8 (s, 2H).

3. Hydroxylpropy! terminated PDMS &t (PDMS-L)

Allyl alcohol (2.32 g, 0.04 mol), toluene (10 ml), Pt(dvs)
complex solution (0.1 ml)& 27 S ST Wit 30&
B Ak 291719] 50°ColA] LA, WHgEo] hydride
terminated PDMS (10 g, 0.01 mol)& E¢3}aL 65°Col| Al 44
7+ Fet ARkt W F2 $ Karstedt's S v 24
3517] 9J3) triphenyl phosphine (10 mg)S il AFL-of A
IXZE 5¢F wRkA| Rt BES-E2 ZEste] i &, 34
Aes=718 o83t &mWE AA3F  hydroxylpropyl
terminated PDMS (12 )& 4%t} 'H NMR (CDCl;, 400
MHz): 3 0.1 (MeSiO), 0.5 (m, 4H), 1.5 (m, 4H), 3.6 (t, 4H);
»Si NMR (CDCl;, 400 MHz): § —21.0 (Me,SiO).

4. 1-(2,3-dihydroxypropoxy)propyl! terminated PDMS &t
(PDMS-B)

1-(allyloxy)-2,3-propanediol (2.64 g, 0.02 mol), toluene (10
ml), Pt(dvs) complex solution (0.1 ml)& 2 5 ZetAF
31 302 B9t A 291719 50°CoA kst w2
]| monohydride terminated PDMS (10 g, 0.01 mol}2 ¢35}
I 65°Co)| A 4A17F Z2F wHEA F T HES- £ 8 & Karstedt's
S-S B Z43tst7] $18) triphenyl phosphine (10 mg)ye ¥

720l A 1AIZE St aRkA Zi ). SkghE2 HE Sk 2T

=, AT S71E o183t g AASIL FE3)
=]

Mo K

A5t} 1-(2,3-dihydroxypropoxy)propyl terminated PDMS (11
2)E ¥}t 'H NMR (CDCls, 400 MHz): § 0.1 (Me,SiO), 0.8
(t, 4H), 0.9 (¢, 3H) 1.3 (m, 6H), 1.6 (s, 2H), 3.4 (m, 2H), 3.5
(m, 2H), 3.6 (m, 1H), 3.8 (m, 2H); Si NMR (CDCls, 400
MHz): § —21.0 (Me,SiO).

5. AM2|Z HM 23|Et prepolymer M=

27 ZefA 39| polyethylene glycol, 1,3-butanediol, TPDI,
HA PDMSe} Zuf| (di-n-butyltin dilaurate)S Table 13} Z+-2
2402 ST ERAL FLolH S0mpme] SE2
3042, 80°CollA] 80 rpme] £E=2 6AIZF FF wytsto] A
2 ¥4 2% prepolymers A Z3}EAT.

6. ZZE FAELo| K|

P

2313t 2k prepolymer?} A 3HA1E NCO/OH Index 1.05
2 ghao] wjgsta £2ZA|E 0.1 phrz W2 5 5 Aol
A FEZE 5o IR AS ARG 204 HIZE AE
7t 2097 avhebe] F2 AT ol 15T 79 AZE 31
Yure Azt
7. EMEN

AT dFA Y 25 FIs7] Y, 400 MHzS] ECS-
400 spectrometer (Jeol)S AFE-3lo] 'H NMRa °Si NMRE
2243}tk TGA Q50 (TA Instruments)E ©]-&3le] AIFE
A& 4 E435 gstqlnt. 5-10 mgd] A|&E 20°C/min
T2 HE2 30-600°C7HA] A4 7] dfollA SHsto] A=
9] Zk& F70] 95% H= AR Y 225 EH=(Ty= 5t
I AHESY HEES vwsigith AXES #H E4& &
o15}7] ¢J3l, Phoenix-300 Tensiometer (Surface Electro Optics
Co)E ol&stich attehe] #2 AT 05T FAZ =

Table 1. Formulations of the Silicone-modified Urethane Prepolymers

13 Reactive
Sample PEG Butaile diol IPDI Silicone  Catalyst*
code (Wt%) (Wi%) (wt%)  Oligomer (2)
’ (Wt%)
PDMS 00 22 0
PDMS 02 20 2
- 10 68 0.01
PDMS 05 17 5
PDMS 08 14 8

*di-n-butyltin dilaurate
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Results and Discussion

B2 Ao AL allyl glycidyl etherS AF & 3}oj|A] 1]
& 9 (ring opening) Y-85 ©]-&3tof BE-g4 BIE7]|E 7HX] =
diol, 1-(allyloxy)-2,3-propanediol-2 §H43 81 tH(Scheme 1). &
33t 1-(allyloxy)-2,3-propanediol-2 'H NMR A E & A}o]| 4]
3.5 ppm A 9] A2 B} WRoRH BATE W of
Zalo|= 17} Ae diolo] YHE 2L skt A=
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E 9ot FY3t WHo R 1-(2,3-dihydroxypropoxy)propyl
terminated PDMSE- $HAJ 515t PDMSQ] 7] &HT-8-9] 3kol &
'"H NMR A" EZA o)A 4.7 ppm <2 2] =9} 2Si NMR
AT EAOIA ~6.0 ppm ZA 2] 727} At ozn Az
2 BA72 U Si-H 727} Al 2L BRlste whgo] A
FHoR SYHYSS Selstgr).

WA AR 22|t ZE9-EgA ASE E49 7]
A= FFE FQlst7] fsi NCO gt 2% prepolymer}
acrylic polyol2 Table 29} ZH2 ZAH| 2 AFTEE A X35}
a59 A4S 245} Table 2004 2= wpe} o]
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HEE(TY7E Z7HoHe S WolZu glom, o] Fut
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< T4l 3= PDMS7F HFo A poly(ethylene
glycol) (PEG)ET 22 T2 217 w2l AZE AA A&
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T= 9F —67°C3l Hhd o], PDMSE oF —125°C2 W4 We T,
7 Ao delA Ak whde] 2443 WA A2
2] 30 (PDMS-B)9] & 57141045 PDMSE 44
2 gA ARERT T,7h 2715He A2 2 4 9
olef ks PDMS-BY] % wrge] Sl diold] Zo]
(-CH-CH: 7t Q8|2 AHE PEGE] Alolmrt oj$-
FolAl, ABHS F AREY ST Ao LS &
oA o] AIEQS To} Z71st Ao =2 AddY. &S =
722 PDMS7F AR o] AT EY TR} 93 (entangle-
ment) @42 B& A AIEL TS S7HX A=

S i i
o flo filo

B
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Scheme 1. Reagents and conditions: (i) toluene, Karstedt's catalyst, 65°C, (i) H,SO4, H,0, 25°C, (iii) toluene, Karstedt's catalyst, 65°C.
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Table 2. Formulation of the Polyurethane-based Gel-coats and Their Thermal Properties

Entry no. Pl()“l/\t/i/SD;L P]()“ljt/{)/so-)B (I;/];:(;:) (I“E:tl(?/j) 1,3-]?\}1:?./21)6&01 Acryli(cg )polyol (oTCd) (oTé)
Ml B B .

0 2 4 6
Reactive Silicone Oligomer Content (wt%)

10

Figure 1. Surface hardness of the polyurethane-based gel-coats
with reactive silicone oligomer contents.
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Figure 2. Tensile strength of the polyurethane-based gel-coats
with reactive silicone oligomer contents.
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Figure 3. Elongation at break of the polyurethane-based gel-
coats with reactive silicone oligomer contents.
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Figure 4. Contact angle of the polyurethane-based gel-coats with
reactive silicone oligomer contents.
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Conclusion

H o A= hydride terminated PDMSE o]-&35}o] FZ&
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