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Abstract: Bisphenol A epoxy and silicone-epoxy LED encapsulants were cured by using polysilazane cross-linking
agents, which could be used to initiate the ring-opening polymerization of epoxy group, and the heat stabilities of the
encapsulants were examined. Bisphenol A epoxy encapsulants cured by polysilazane showed better heat stability than that
with conventional organic cross-linking agents due to the superior heat stability of silicon-based polysilazane cross-link-
ing agent. Silicone-epoxy encapsulants also presented excellent heat stability owing to the high silicon content of
polysilazane cross-linking agent. In order to increase the refractive index of the silicone-epoxy encapsulants, TiO, nano-
particles were dispersed in the silicone-epoxy and cured by polysilazane. The relationship between the refractive index

and the TiO, content was investigated.
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Scheme 1. (a) Structures of polysilazanes; (b) polymerization
scheme for polymethylsilazane; (c) synthesis of silicone-epoxy pre-
cursor.
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Figure 1. IR spectra for (a) polymethylsilazane; (b) 2.4,6,8-tetra-
methylcyclotetrasiloxane; (c) 4-vinyl-1-cyclohexane-1,2-epoxide; (d)
silicone-epoxy.

Ao ZA AFAE 328 d 24,68 tetramethyley-
clotetrasiloxane®] Si-H 2}-8-7]9} 4-vinyl-1-cyclohexane 1,2-
epoxide ©]F A S| =2 H3} M-S Fall FA et
(Scheme 1(c)). Figure 1(b), (c), (d)= 2,4,6,8-tetramethylcy-
clotetrasiloxane} 4-vinyl-1-cyclohexane-1,2-epoxide & %43
Sk Ao ZA] d7Ae] IR 2HERS Hlwsk o= 3
e Ae]Zo|ZA)e] A E-A 2,4,6,8-tetramethylcyclo-
tetrasiloxane2] 57924 <1 Si-H 3] Z(2100 cm™)$} 4-vinyl-1-
cyclohexane-1,2-epoxide®] ©]% 23 3 =(1680 cm™)7} WF-g-
T ARS ER18F9AL, B 2850 cm™ $A]olA] MEL- HE
@l 9 =27F e Aol FA] A7 FEENS &
HiSS=

Aol ZA] A7A 9} viadm A FAIE ZE| ezt
1A E o]gste] Z3SA71H Figure 29} 22 FHgh 54
A7F FAAE . Eejderhke At 3 SgES
W Si-N Ago] #AAHA Si-O-R EE Si-0-Si A4S
Al gt ol HlF-AAPEs o 8ol 7k 4kArE R
3 A5 o 2 oA Si-N AF o] woA| AL AER
Si-O A%e] A A717] wjiZolth.”

Figure 32 Z2| ARzt ASHAIR of| FA|-A ) 2e H3HA|
71 9] IR 2 E- (Figure 3() Bl&wls A ol%A] 738t
Z (Figure 3(b)), (Figure 3(c))¢] IR 2FEH L vjw3 3
oltt. st & HE|F-oFA] BAA S} HIZFE A o]ZA9
IR 2 EJ oA HZo] ZEjdetzte] 5442l Si-HS]
2100 cm™ ¥ =7F Yebd-S Blsksl, o Eeldeite]
HH3/38 o] &at o|FA] 2H71E TS Fete] HlAdE
A AFA] 2 AT NFAIE FAFS GRlskiT

Z ezt 7hA 7 Aol FA] SRR 9 Bl E A
o] ZA] FAIA ] F8HA] 543 AP HX= IS
A-+3t7] 918 Table 13} 2= ¥ &= Ao FA] A7)
o Hl2Hs A oA|ZAIE EAezhs o]&sle] ZsiAl7|aL
Bk B4 & S SISl vIaE el vz
= A JdEAE AEAF AEP 7HAE A A5 F
SEAT d S SR

R

i L

(b)

Figure 2. Images for (a) cured epoxy; (b) silicone-epoxy with poly-
silazane cross-linker.
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Figure 3. IR spectra for (a) cured silicone-epoxy; (b) bisphenol A
epoxy; (c) cured bisphenol A epoxy encapsulant.
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Figure 4. UV-vis spectra for (a) Sample 1; (b) Sample 2; (c) Sample
3; (d) Sample 4 and after heat treatment at 190 °C (green(i)) and
150 °C (red(ii)) for 1 h.
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Table 1. Optical Properties and Heat Stability of Silicone-epoxy and Bisphenol A Epoxy with Polysilazane Cross-linker

N Silicone-epoxy Bisphenol A epoxy Polysilazane AEP Refractive Rt?fractive Transmittance Transmittance
(Wt%) (Wt%) (Wt%) (Wt%) index index’ (%) (%Y
1 75 25 1.45 1.45 90.6 90.4
2 95 5 1.43 1.43 92.2 92.0
3 50 50 1.51 1.51¢ 90.6 51.2 (82.6)°
4 99 1 1.54 - 872 33.5 (70.5)"

“after heat treatment at 150 °C for 1 h. ’after heat treatment at 190 °C for 1 h.
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Table 2. Hardness and Optical Properties TiO, Nanoparticle/Silicone-epoxy/Polysilazane Composites
Hardness
Transmittance (%) Refractive index
l1h 2h 3h
No TiO, 27 35 39 92.1 1.44
Case 1° 35 40 56 91.3 1.59
Case 2 45 65 73 91.6 1.60
“The wt% of TiO, nanoparticle, silicone-epoxy and polysilazane was 1%, 10% and 89%, respectively.
Table 3. Optical Properties sof TiO,, Silicone-epoxy, Polysilazane Composites
Silicone-epoxy Polysilazane TiO, Refractive Refractive Transmittance Transmittance
(2) (2) (2 index index” (%) (%)’
1 0.1 0 1.44 1.44 92.1 91.5
1 0.1 0.005 1.50 1.50 91.0 90.8
1 0.1 0.075 1.56 1.56 90.6 90.5
1 0.1 0.01 1.60 1.60 91.6 91.1

“After heat treatment at 190 °C for 1 h.
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