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Synthesis of Hard Coating Solution for Plastic Display Plate
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ABSTRACT

Poly(urethane acrylate) siloxane oligomers with Interpenetrating polymer netwoked nanoparticles were prepared to
synthesize hard coating solution by reaction with diisocyanates. The diisocyanate combined siloxane hard coating
solution showed more flexibility than the siloxane solution. In addition, diisocyanate resulted in improvement of curl
property and surface hardness in the siloxane solution. Of the used diisocyanates, isophorone diisocyanate and
acryloyloxy ethyl diisocyanate were good for UV hard coating solution. This effect will decrease brittleness in the

siloxane solution using for plastic display plate.

Key Words : siloxane, UV hard coating solution, diisocyanate, plastic display plate
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1,6-Hexamethylene diisocyanate(HDI, Vencorex), isophorone
diisocyanate(IPDI, Vencorex), toluene diisoc-yanate(TDI,Basf), 4,4-
methylene diisocynate(MDIL, Bast), 2-acryloyloxy ethyl diisocyanate
(AOLBasf) & -¢Jsto] o] A glo] ARg-stglem,
siloxane(SO) T} T] o] A~ A] o] 0] EHF-Z-0]| A] dibutyin diaurate
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HeolE ol ARgsFGIT). aliphatic urethane acrylate=
AgiSyn242(DSM-AGI jit), -8-1l] methyl isobutyl ketone(MIBK,
SAMCH-UN) 7§ AJA] 1-hydroxycyclohexyl phenyl ketone-=
Ciba Specialty Chemicals AHRGACURE 184 & L¢]3}o] ALg-
ahaick

AL

o
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22.1 Y= A7} Interpenetrating Polymer Network(IPN)
= Siloxane2] 314

heglai7h PN Hjol3) siouned E4317] st
colloidal silica (SNOWTEX®, ST-0) &1 *|3}5}3L o] silica
At 71E %A Q13-rimethoxysilyl) propylmethacrylate(MPTMS),
methyltrimethoxysilaneMTMS), (3-glycidyloxypropyl) trimethoxysilane
(GPTS M) 5 AHgsjo] 8 14S Aot oIS 7}
23 §h-g-3t 5351 siloxane S FAJ3H3ATh
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Siloxane
Oligomer

Fig. 1. The synthesis process of siloxane oligomer.
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Siloxane Oligomer DBTDL Diisocyanate
Room
Urethane <:I Temp.
150 rppm
prepolymer e
60 C
2-HEMA > Urethan 150 rpm
Prepolymer 1~24hr
PUA
Siloxane

Fig. 2. The synthesis process of PUA siloxane oligomer.
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Table 1. The Molar Ratio of Siloxane and Diisocyanate for

Synthesis (Unit : mole)
sample | SO- | 8O- [ so- [ s0- [ so.
IPDI TDI MDI HDI AOI
Siloxane(SO) 1 1 1 1 1
IPDI 2 - - - -
TDI - 2 _ _ i
MDI ; ) ) ) :
HDI ) - : 5 .
AOI ) - ] ) )
Siloxane-T] o] A~ Al of| 0| E
DBTDL %‘;94 ]o.ozlwl%l |
2-HEMA 2 [ 2 [ 2 [ 2 | -

230V dstd stE3E o] A=

A=l PUA siloxane oligomerE: ©|-8-5}0] PET film-& UV
As} SEngAS g Agstel 2% 48 mepe] 4l
AL FrlstaAt stk UV 43t ZEA| A 2= Table 2
9] g =2 A 235tk PUA siloxane oligomer2] ¥ 3}o o

3 AL W] g8 mieul, AN R WA
SslA] WiEsilth WA mieul ohbs aliphaic
urethane acrylate 2 AgiSyn 242 5 AM-3ko] 73t 40t 4
& 2712 98] AH8319.on] MIBKE o] 83l A& 3
Agoz ALestgn). 123l SHIN-ETSUAF KY-1203-8 X
W 2R RA muke] Weal 2Y4S Rojaly] gl
ARgsdT:

Table 2. The Formulation for Hard Coating Solution

(Unit : phr)
Sample for Coating
Sample UV- UV- UV- UV- UV-
SO- SO- SO- SO- SO-
IPDI | TDI | MDI | HDI | AOI
SO-IPDI 100 - - - _
SO-TDI - 100 - B i
SO-MDI - - 100 - -
SO-HDI - - - 100 -
SO-AOI - - - - 100
AgiSyn 242 15 15 15 15 15
MIBK 6 6 6 6 6
IRG{;EERE 5 5 5 5 5
KY-1203 ** 0.5 0.5 0.5 0.5 0.5
A 1265 | 1265 | 1265 | 1265 | 1265

* JF)AJA), ** SHIN-ETSUA} 9 %A

3f] FTHIR Perkin elmer spectum 100-2 ARE-5F31 o1 ZFuf4=
o2 6504000 cm” 9] HOofA] ZAL stglow, Bk
L 02em’, 28] 3L scang== 16 3] & 3HgIch

242 PUA siloxane oligomer 2] GPC &%

PUA siloxane oligomer®] E2}55-2- 2HQlsl7] $jsto] tha
4 AL Ao FXANA A 2ol g3 22& &
Z|5l= =S 0]-83F GPC(gel permeation chromatography,
AgilenttechAF2] 1200 series) S A8-3}% th

2.4.3 Coating

Hj3hE FEJol-g 188 um PET(SK PET, PRISM-, T7610B)
of| Hibar) T2 bar No. (#10, #22, #34, #42)] whe} =ul:
AE 2Aste] AHE SHIL (FHUMC. A4 ZHo] 7
31715 ARgsto] 3o 300 miem’™S 0]-8-5Fo] 3HA]ZiTh
FEHEE ARGSFGl o FlE 20 Kwoltt.
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244 & A ¢: cross-cut Mandrel Bend Test 7] 2= KP-M-5500 (7]8]jo] AAPE AR
A5 Age 71 me] 298 29 ke 23 Soick Mandeel (DEBR)S AE 6, 10,20,30,40 nm £
22 HAES] ffste] A= 4 WHoltk o] Al HIgke] ZYAIHS Mandelo] 719 Y & 2HY| =
BE oot AW HHS AR 9o aosatd] o] ATomEY RelE A BulEe xge] B
WS T2 FEay a4 5o ZFH7M F2 A8 w7k HAER
w31 Ik Fig 30] Uehd A% 255 A2 Eee] |
mm ZFAOE IXIE AREos 7252 Yol 1007]9]  247Crul A3
AEL wRET 1 9o Elo]ZGM wpe)S B2 & G4 AL 100 mmx100 mmE A} —frlﬂ]’&}il AYAEE
3| ZfolgA ERe BASHALE B wro AT 100 dy ovenollA] S ok amedling® AR F 2G|

7N 5B, 957)] oA 4B, 857] oA 3B, 657]] oA 2B,

3571 o] 1B, 2L ©]8h= B2 HER Tk
EEEAE ASTM | ISO
% of Area Removed e | ow
A ;(]_/d o]
— L=
AT B
5% n|qk 4B 1
5~15% 3B 2
15~35% 2B 3
35~65% 1B 4
65% =1} 0B 5
Fig. 3. The cross-cut adhesion test.
245 49 A% AF
AR S ARE 23] S 98 AR A

SRtk AT A/l KPMSOM (7]ufo] A A1%S
ARG} Q12 MITSUBISHIS: o] §5t0] Q2412 2071
F WOFOR oF 3 mm wEAIZL Aefel A o] Eol Het
343 o] ofelshl Hlmg dnke ohe, ARAE A
710] Eeto] 1% 1 kgo® AW o] of 45 % 2}
=2 ARio] YSHEE Fth AW7IE Ani B
A olE W, FAY SER AYIS YEOE 10
mn Ho S Shl, AH ABAL 9HE el 5
3] Wh XTI 53] 3 18] o4 2o X sontch) 7}
B A8 Awg EAGT

246 ZZA] A3 (Mandrel Bend Test)

A o] SRS 245 Sistel 224 ABO
& A3 02 Mandrel Bend Test (ASTM D522)2 AlA|5}th.

=AY AE o) )& e)#] All6d A1, 2017

3 Folo H7e 24k

248 YmteAy AIE

Eoto] nhE 248 Awshs B4 % sed wool W
© 2 rubbing A]317] (KP-M 260-1)¢]lsteel wool #0000 AR5}
of 1 kgd] 4202 YRLES AWsha HYAH EH

o Setom FHY % 7 U APOR 5ot

siloxane oligomer®] Al S EHQlsl T8
5F MBS 25t on 1 ATME Table 3
o et - s 11545 441 2
S olAnE ALsiet S Y Y 2 ¥
MDJ, HDI9] A% U927} IPN E o] A siloxaneT+] ¢FA
do] "olA 4A7to] AT o= gelationo] FSYE|Slct
ol F7IEQ WegAtre] ¢hy/de] "olx|y] uf £
siloxane @] QHYA] E3F WojHh 183l TDIS) 7S TDI
o] Mol yellow liquido]7] wiZol] Mol yellow SFATh
0] A= 4 % ool A= siloxane 9] QHJo] T3]
HojAl= e Hol=H AAHOR siloxaned] 472
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Table 3. The Basic Properties of Siloxane Oligomer with

Diisocyanate
T A&z BE, AFE (%) T2 (%)
Siloxane SO clear liquid 61.38 1.717
SO-IPDI | clear liquid 63.67 1.456
so-Tpr | clearyellow |, 6 1.488
liquid
diisocyanate gelation
zr | SOMDLL (i) - -
SO-HDI gelation ) )
(purple)
SO-AOI | clear liquid 47.60 1.584
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£ v| 23}k 3400 em” FZoj A= -OH A5 815
31,2270 emi” Bl A= NCO 3] 57} Alehzl 22 o4
olg|o| EZ} HEE vh3of Fojditt= AL & 4= AUk
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Fig. 4. The FT-IR spectra with diisocyanate.
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M3 siloxane&] A2 215t7] $15ko] GPCE ©]
&sto] 45T o] & Table 40 el ek &R
AL Bt tolailofdo]ES] FRo]| wE PUA
siloxane oligomer®] AL ZpolE gelstal o] FAjgFo]
=470 oudt AAE 7HA=A] FRlsky] fiste] &
AFE 573t 7]E siloxane®] EAFEFO] B ol
L siloxane} siloxane AFo|o] Ao & 9lale] BExleFo] #
A= o]t} olo] Hl3) TolaAlohlo| ES Arlek A
2 siloxane™} t]o]aAlotd|o]E7} A S}l end apping

=232

Table 4. The Molecular Weight of Siloxane Oligomer with

Diisocyanate
A (g/mol)
sample | 257 kA Z %t
EAHM,) | EAFM) | EAHM,)
SO 785.05 1054.7 1300.4
SO-IPDI 483.24 766.95 1111.1
SO-TDI 586.54 1205.3 2263.8
SO-AOI 376.97 622.37 1082.3

S 9J3to] 2HEMAS H7lste] W& 441717 mj&
off %3 sl o ol Bkl AR A ek Aotk
tlojaAjopdlo| EQ] el w2 BAlgo] Afol= 7t

o tjojarlofdlolze] Mo ojg Aol IPDIE
2223 gimol, TDI 1742 g/mol, AOI= 1412 gimol 2 {13} EA}
Fo| ApolE HERH ATk

34 FYotol HAH &3
SBi= ue) % Ax Al ARE 9E dehhe 2
o= o] ol St A%o] 2AHE ol
Table 5|4 H%o] 2}k 2 Hzlgo] )

& o3y Hzlg o] £+ siloxane 2] acrylate
A7k wESAL 7] W1 RET A WS ©
27} Itk Y= A7F IPN o] 2l PUA siloxane oligomer
of AL FEI aylier|7t EAhsko] FEA YA

2 7hgek

Table 5. The Adhesion of Siloxane Oligomer with

Diisocyanate
UV-SO- UV-SO- UV-SO-

A a

1% UV=50 IPDI TDI AOI
o
A |5 125|125 | 12| 5|12
(1am)
A zhH
w1 5B 5B 5B 5B 5B 5B 5B 5B
B)

AYntol ABYE 5y

Fig. 5oA9] A A== siloxane®] 73-¢- =27 5 i
oA 3H(1 kg)] B=E YEFHIL 12 imof| A= 4HO08 k9=
Yeldc] T1of H]3}Fe] AOLIPDIS] 7-$-= 7|2 siloxaneo]

O

-5 um 3H
[ P

UV-sO UV-SO-IPDI UV-SO-TDI UV-SO-AOI

Fig. 5. The pencil hardness with diisocyanate.
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Table 694 = ko) o] F=4d €] 7 7] siloxane
Hr} oliAjoplo|E7F ARHEA fesiAE AL &
4= Qltk 5 m=Euke] 79 7)Z siloxane©] 7-$- 20 mmojl 4] 3t
=)= w9 IPDLAOIS] 75 10 mmofl A b =] ik

Table 6. The Result of Mandrel Bend Test with Diisocyanate

UV-SO- UV-SO- UV-SO-
Sample | UV-SO IPDI TDI AOI
5 um 2mm (11) 10mm (12) | 20 mm (2) 10mm (8)
12 fm | 20mm (28) 20mm (3) 20 mm (4) 20mm (4)

3.7 ZEIOto] Curl EM &3

Fig 62 Cule] %9 tlol&Aoplo] 7l %8% 7
7129] siloxane o} | == AE ZRIE 4= Qick Cul &
ol AN Y BACIA BB A% FAe] Uag
EXo 7 7|Z siloxane 2T /A E QT o] siloxane2] -
271 & o HEom oA S3el dago] F

2 4 qlek

m Ho

a

35+

.
-12um

304
25+

20

Na.d

UV-SO UV-SO-IPDI UV-SO-TDI UV-SO-AOI

Curl Property (mm)

Fig. 6. Curl property with diisocyanate.
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7} IPN E]o]2 siloxane?ld] tjo]iAjopd|o]EX} A
739 B9 gEFo] 7[R Folgo] utk o] E

o

o5k

Table 7. The Result of Abrasion Resistant Test with
Diisocyanate

UV-SO- | UV-SO- UV-SO-
Sample | UV-SO | “1ppy) TDI AOI
5 m 5003 | 1503] 803] 1503]
12 m | 7003 | 3003 1503 3003]
4. 4 =

U 27b IPNEo siloxanes &9 EHUE 314
DBTDL Zj& o]-&sto] olg] FF9 disocyanateE WH-g-
sto] fHe Bh3-2 5lal, 2-HEMA & ARg-sho] o]dxAJo}
Yol|Ee] thgt =74 (endcapping)S Sto] V=Rt
IPN %] ©]%] PUA siloxane oligomerE 3H4J3l%ch SHAE Y
=QJZL7}F IPN T Z] PUA siloxane oligomer+= diisocyanate 2
Yol RS wtsly] $i5te] FRIRS o]g-3}o] 2270 cm’
F9 N=C=0 739 AbeplE gkt T thie
A7} IPN & o] Z PUA siloxane oligomer?} thk5 oligomer,
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29 §o4e Axslo] B4 ERHE AU o 48
ATE Foto] O 22 ZES ATk
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3H( ko] AES LERYTL 12 mol A 4HOS k'
UelH I AOL IPDIS] 9= 7|2 siloxaneo]] H]5}o]
Za 535 el Al 3H(1 kg), 3H(0.95 kg)©] 1L, 12 yme]|
A= 4H(0.75kg), 4H(0.7 kg) ] T}

- FHAY9 A9 7129 siloxaneHr} diisocyanate”} A g
HHA FAsfiA= AL DAk 5 meute] ¢
7| siloxane?] 79~ 20 mmof|A] Ty == ¥ IPDL
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