Polymer (Korea), Vol. 33, No. 5, pp 413—419, 2009

use” - gy’
Faolsta Fooish gYsketl, P Hus #ave tiesl& e}
(20099 1€ 6 A, 20094 64€ 24 74, 20094 6€¥ 254 A=)

Improvement of Brightness in UV
Curing Type Prism Sheet by Using Aromatic Groups

Dong Ryoul Kim* and Hyung-Il Kim'
Department of Industrial Chemistry, Chungnam National University,
220, Gung—dong, Yuseong, Daejeon 305—764, Korea
*Department of Nano Technology, Chungnam National University,
220, Gung—dong, Yuseong, Daejeon 305—764, Korea
(Received January 6, 2009; Revised June 24, 2009, Accepted June 25, 2009)

i

ok
7

RS oE AEC) XE F BAY FRBE FMILFE 57k @Yslel LCD Welol= f1le] Hfol
RS &
=z

-

(e}
Hoiok Tl F0 21ES TP e WSS itk e il B4 vl 3
of z}o)A A3l A4S AF3IAcE 9,9—Bis [4— (2—acryloyloxyethoxy) phenyl] fluorenes H-A|A Za]&559)
T SHES 1587 S7IFAL Mo EL] FEE A 4= SISl WiEjo|E fule)] ARSEl= gell Ikt
w23 A4S Tp)E A Eo| AdAto] s Hol 3w} 7hasE g 219 A ¢ hindered amine light
stabilizer & ARl ZElF AEL] WSAAE A7 FdAIZIT:

N o

Abstract: As the refractive index of the prism layer becomes higher, the optical performance of the prism
sheet gets better and the efficiency of the LCD backlight unit is improved. In order to increase the refractive
index of the prism layer, the ultraviolet curing type resins were prepared by mixing high refractive index
materials containing aromatic groups and the multi—functional reactive diluents. By using 9,9—bis[4—(2—
acryloyloxyethoxy) phenyl] fluorene, the refractive index of the prism layer was increased up to 1.58 and
the brightness of the backlight unit was improved. Since the light source used in the backlight unit caused
the yellowing in the prism sheet and deteriorated the brightness accordingly, the hindered amine light
stabilizer was used to improve the yellowing resistance successfully.
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T 6 EFO ARE-S Ak Qlow, el d=AlBr, C) &
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Sl = Siek o] EAlRlE S8k, = EE S A7) S8 WS
I5S v ¥851a Q1= 9,9-bis[4— (2—acryloyloxyethoxy)
phenyl] fluorenes T3l ZelF AEE #|Z8ka 71 3= 5
7yt
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MEZ. 1H, 1H, 5H—Octafluoropentyl acrylates= Osaka organic
chemical industryAF AlES- ALE3193tE 1,6—Heaxandiol diacrylate,
trimethylol propane triacrylate, aliphatic urethane diacrylate,
benzyl acrylatex Miwon commercialA} A&S AT
Ethoxylated(2) bisphenol A dimethacrylate= SartomerA} |
=5 ARE3IIt) o—Phenylphenyloxyethyl acrylates= Shinna—
kamura chemicalA} A&-& A&}t

9,9—Bis[4— (2—acryloyloxyethoxy) phenyl] fluorene Osaka
gas chemicalsAte] AlF-& EE FAY §lo] ARE3ISih

A A 2= Ciba specialty chemicalsAF2] phenylglyoxyl—
ate(Irgacure 754), monoacryl phosphine (Darocur TPO), UV
QFJAIZ = Tinuvin 400, Tinuvin 292, Tinuvin 5151-& AR5}
et ARE AR Q] 3222 Figure 19 YERASITE
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Fsie A1) B0l 14000045 E 1.580714] vekd 4= 3%
5 o] TR AR A3 A E3tsto] HESAIFTH Table
D). B35 B@=S 71 v ekl Sl e A9 UV
A& W] SlEl o] SRl AR PgRlE Ejtete] ke
33k A AlxBATH(Table 7).
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Figure 1. Chemical structure of materials used.
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Table 1. Composition of UV Curable Resin for Prism Sheet(wt%)

Components Lla LZ2a M3a Md4a Hba H6a
Octafluoro pentyl acrylate 91.0 620 220
Aliphatic urethane diacrylate 240 44.0 24.0
Ethoxylated(2) bisphenol A _
. 51.0
dimethacrylate
9,9-Bis[4-(2-acryloyl
oxyethoxy) phenyl] fluorene 260760
Benzyl acrylate 10.0 10.0
o—Phenylphenyloxy ethyl 5.0
acrylate '
Trimethylolpropane triacrylate 50 50 50 50 50 50
1,6—Heaxandiol diacrylate 50 250 16.0 25.0
Irgacure 754 20 20 20 20 20 20
Darocur TPO 1.0 10 1.0 10 1.0 10
Tinuvin 5151 02 02 02 02 02 02
Tinuvin 400 03 03 03 03 03 03
Tinuvin 292 05 05 05 05 05 05
Total 100 100 100 100 100 100

A3F7] $18= poly (ethylene terephthalate) (PET) Z&3} =g
= H"lo] FAdEA] o2 st Aslmrte] e

2% dEo] FAEH] ok A3t Tuks W] SlEiA o134
A7} Flo] 9li= PET F5 el ARl Ak TAES
Bk 9 7 9lell oA oA A7t el Q= PET 355 2%
et olw TFE A 2452 F7F 200 pm7t F== PET 2
1] s sl S ke 3 ARkdE Zkele] Al
3L PET H5& AAete] Ak A muke Alxssiola, olzke Al
OF Algee] FAEE] FHES It

=Z2|E AES| MIZE. #leld Al 74 ZYES s 1T &
FA17) % 742 300X Al 300 mme] PET 2 $lol] =¥313it)
T2 moldE AR3I] S-S sl 2 AdElellM, 2z
250~400 nmg! UVHZZE 2AR] 321 F molds #2513
t} o]#i3t WO Z PET HE 9l ZelE 3] 23k Zels AE
£ Az3ISACE UV Z3AE 85 100 W 119 2 =27} =)
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nm, 20 w, Philips) ol ®=ZAIZ] %, 1=2AE60, 100, 150, 250417F
AN FUEAEE BrIsisic

FAARE CIE 1976 [(L'ab) —Space] 0% 33, 3532 D65/
10 elo= 8lof L'ab& S ab). 3ol Ak
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LRI
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At EE
WEE Qo] mE X TMEC ZHEM HME 54, oA
Asld 7 2350 ZHEY AEE Table 20 YERNITE Wd3F
A3 RS LlaolAHE] M3aZkA:= 1.500 olake] vla
2 vk FAES Yehglont, B 712 2eek I Mdadl
A Hea7bA= 1% 38 298 Lehilck o2y W3 1%
o] gepo] ZRIRE o] BaBo] Fokths 212 #1g 4 9
Aok = 719 2EE0] 22 o= & =8 (molar refrac—
tivity) ZHE] & 5= Ql=tl], sp” TES 7= w4 (0) 8 B FEAS
= 2.81580]a1, WEESe Q= w40 B FEX|SE 3.50900]H,
i 09156501t} &, W3 717t Qs ol S d9EY vl
Alell e & T A5 ARA Ha, A5 28E0] HoA |
Th' w8k LlaolM%-E] Hoax 600 cp ©lake] AEz T8 24
o] Falgl o), F4E 1.6009] Hbat= 39000 cpl 2 i v
ol I8 Aol EFeisich
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Table 2. Refractive Index and Viscosity of UV Curable Resin

Specimen Refractive Viscosity

index Value(cp)  Spindle rpm
Lla 1.372 10 no.61 100
L2a 1.413 65 no.61 60
Ma3a 1.455 195 no.61 30
M4a 1.508 630 no.61 5
Hba 1.550 440 no.61 10
Hb6a 1.600 39000 no.63 2
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Table 3. Refractive Index of UV Cured Layer Table 4. Luminance of Backlight Unit Consisting of 2-Layer
Structure
Ttem Cured layer : :
Lla L2a M3a Md4a Hba H6a Ttem [LGP+Diffuser+Prism (H) ]
Refractive index 1.393 1.433 1.476 1531 1580 1.630 Lo Lla L2a M3a M4a Hba
Luminance(cd/m? 2588 3157 3673 3810 4050 4230
Gain 1.00 122 142 1472 1565 1.634
BRI Afold AR ) e oV A e 2 Uniformity (%) 759 77.9 773 779 780 780
AEHRT 0.02~0.03 = =4 S
ofzfje] Zllx—za= Aoxe} o] ZHE (o] T B4 U
——Diiffuser ——Diiffuser+L1a «—Diiffuser+L2a

() 9 vlaRAel it UvAsls: sk wute] Wit Z7katol
wuto] Fdgo] HolXt Zlow WrkEgl,

Molar Refractivity = {(i7—=1) V}/(F+2) ={(F—1) Mt/ (iF+2) o}

ZE|E AEC| mlE &M 2l AR E AlE ZE AES] dd 3
3 A9E ZElF )Y o), 1X|, ZE S7gsle] nlusilich 3
€ e FHEe) wt & Aol glo] ol 22.60~23.25 um,
9H= 49.86~50.34 ym= UERIh & L1adl A ZalZ 34
9 =017} 20.7 um O & °oF 2 ym A7t WAl A==, oA
& A el ol A% gHao] Wobx el A o] A
O Wol WA witol itk Hball 73-¢- Z8j& #'lo] 34
Hueke 2ZEE 59 A FAA U 03 Headll =
< 2EES A719E v AREsE 9,9—bis[4— (2—acryloyloxy
ethoxy)phenyl] fluorene ZFAl|9] %7} 7] wlolet =ik
b, Llag} Heal Z2l5 AlE #2802 AMgs]ols H25
k= 21E gR1g 4= Qislch

Z2|E AEQ| B2 EY. 294 Al F9 PET 25l
ZgE 1S A7), 2 mm 7H Q] HaAS oM 25709
AES Thse] FalEs rist 49, 25 4~5B 0= UE}
Wil PET ZEe] 212 PET %ol 79¥o] 9l primer
a} # Aol AREEPET
&L primer7t IREC] = AE ARSSISE BHE of el 77

WEE ol B 28 sk W] BRI} 100 wige ool
sl Q7] wizel Faielo] $519dl o Wekwgic
WEE S0 WS ZalE AlES| $iE 24

20 MERZE: A= Po| THRS A FMES FEE &
=S O o)) Y8l 53 Zelg AES Buslo] LERi: 3%
2 2431907, 243 3|5 Table 40 VERIQILE Z8)& Zo] &
o] S71ETE 3w A SR AEE BIt Gan $k&
P& AETE 9IS B (L) 5 12 7158192 o] Aeiael gk o
ERdi= Aol

At Hlo] FHMES A wizjo|E {51 wof| 557} A3k
o7 o] dofupy] wiie] 3% (L,) 1= 2588 cd/m’®E W3tk 7]
ol Lla Ze& AES 2Z3 3157 cd/m” 7] A3813131, Hba =
BE AES AZahd 4230 cd/m™7HA 357} AEit) o)A
—=30°0f)A] 30° AlolellA] FALERE o] ZlE AES Fu5hHA]
FFE) Wi, Tl S0 #HE0| 2355 Uik} e
of o, Ao == o] wWolx)7] white] Frt wokrlck=
Z4g BRI &= QIGi): WiglolE fyle] 2531ES S7d% 3w =

[e)

o] Fleldieh QA0 Helehl Uehhs 22 o 5 913
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Figure 2. Horizontal viewing angle of backlight unit consisting of
[LGP+diffuser+prism (H)].
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viewing angle)= 7} 32 3]0 Aile]| dldsh= 3=E LR
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M4a 105°, Hoa 98°% S ERt gl 7,9] WEx|Z) 15009} Bl
3t Wol Folgirh= A & = itk o)7L ERRES F)sto]
WA 14 A do| ZEjE AES AXEA] A WEko R 349
7] whrell kel e 3 =r) oL whEbA o] o] Al 3
55 Yehl= Wix|Zto] oAl | Aolth

53k SRIAE o)l @ Eo] R ZelE AE(L1a~Hb5a) 7+ 24
B 7399 $AXN oS Figure 3l WERAILE Zizhe] wix|zhe
Lo 150°, L1a 86°, L.2a 78°, M3a 74°, M4a 71°, Hba 66°% &35
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g A S ek

TRy B Tl AlEZ) AEEduEE SR Ao )
AloFzte] Wiglkoli= 2]zt YERdTE Hba2] S50k 9800
31, H5a2] FAloRke 66°2 S=gAloko] T WAl VERTh o
A BINE 9ol AFThe Ze)s A W] sgEo R
SH] vl Ak

30 MERZE: IeF AEE T4, 45 W o4 Tofl vfe- vzt
7] wizell ZelE AES HEslal, s AlEd oJet (Kdeds
AR 7] Sl8) HEANES AF3le] ARSIt

Table 594 UERA v} o] Hba Ze)& AEZ}F A=E90S v 3
5744230 cd/m*7HA WERRoL, 1 $lell RIAET} 371 2%y
w Table 501 YERA e} o] 357} 4131 cd/m’E 723153tk
o]g]r 710] EJ\]EE iﬂ.i @?z“,} 7:1 1,]_1,:_7]. z%u}x%oi 7L/\;
= A SRR A Bl o3k Tl AlE <5
=N Yo] REAE] Q= mlo]aR =7](2~9 um) & H=
(bead) ol| 2J5l LH- 2t o] WAl 3= o AAAITIX|RE
L= SR wheelglh

40 MBS WElolE §510) TS o A7) Slsk] =
A5 ANES d%H 0w 24 AT JnE SsSic) ofig =

——Diiffuser ——Diiffuser+L1a Diiffuser+L2a
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Figure 3. Vertical viewing angle of backlight unit consisting
of [LGP+diffuser+prism(V)].

Table 5. Luminance of Backlight Unit Consisting of 3-Layer
Structure

[LGP+Diffuser+Prism (H) +Protector]
Lo Lla L2a M3a M4a Hba
Luminance (cd/m? 2593 3166 3596 3791 3964 4131
Gain 1.00 1.221 1.387 1.462 1529 1593
Uniformity (%) 76.8 787 786 789 795 798

Item

33ty ZHSAES] I= i 417

2 AEE 5 e, 9% 4
ek ZEE A E 132 A5d %%HE} 245 AT B =2
P25 LRSI

Table 5014 vietdl ksl 0o] Hoa Lel& A= 184S 45319
& W9 #57} 4131 cd/m’0]3Lo1} Table 6ol Lk Hlg} o]
Hba Ze& AE 242 AZshd 857t 5415 cd/m™7HA] 2358
Sk o ZelE AE 1R 33ESIR Hlo] vhA] A e
= AES AL o] Igeld uiaIiAE &k Qle o 3
wi= Hle] ol S7HESY] w3

IR SOl (2 ZRIF AIES| 4 SN, B V17 Gl Lla,
L2a, M3a Zg]& A|Ex UVB-313 nm -L}ﬂoﬂ 250717 =9
Froll A} Wsl7} o 3ofekE viekd Wk, s 77} 3ok
o} =480 %3 Hoa L5 AES] Zfolliz AAF skt 7.09
2 71 AA vebdekFigure 4). o121 oF A, 7kERd7), 1
2|31 WS 7)50] UVB-313 nm 3ge] 1eZsuir] xxpzole] <]
&l oluA)9] Fek o] dofubaL ofd IpgelM AHeE F5
o]-Oi H]—Aur/]. clo g 7<1—£L-61— 51O T4 ;\n;q. tﬂg],,_ =7 Oulz\]ziy] el
7—1 o7 ,4-1/}5] 041;].

UV QFEH| ALS0H| 2 =215 AES| #HSY H2) UVB-313 nm
spgel] 250A1F ez F0] Az} Wkl 7.0901319 Hba L5 Al

Table 6. Luminance of Backlight Unit Consisting of 4-Layer
Structure

[LGP+Diffuser+Prism (H) +Prism (V) +Protector]
Lo Lla L2a M3a M4a Hba

Item

Luminance(cd/m?) 2610 3544 4550 4886 5149 5415

Gain 1.00 1.358 1.743 1.872 1.973 2.074
Uniformity (%) 76.6 783 794 809 804 80.1
10
- %= Lla —a—1L23 h3a 8 —hda ——H53
9_
8_
7.09
7 639 B4
3 er
o
£ 5
©
5 4.01
8 4 379
2.97
3 2,76 4
20z 278
2 X
179 L .
15 #--=ecann. $-=---="""
T i 1,99 1.49
0 . .
100 hr 150 hr 250 hr
Time(hr)

Figure 4. Yellowing property of UV curing type prism sheet.
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Table 7. Composition of UV Curable Resin for Prism Sheet
Containing Various Kinds of UV Absorbers(wt%)

Components Hb5b Hb5c¢ Hbd
9,9—-Bis[4—(2—acryloyl
oxyethoxy)phenyl] fluorene

56.0 56.0 56.0

Benzyl acrylate 10.0 10.0 10.0
Trimethylolpropane triacrylate 5.0 5.0 5.0
1,6 —Hexanediol diacrylate 25.0 25.0 25.0
Irgacure 754 2.0 2.0 2.0
Darocur TPO 1.0 1.0 1.0
Tinuvin 5151 0.2 0.2 0.2
Tinuvin 400 1.3 1.3 0.3
Tinuvin 292 1.5 0.5 1.5
Total 102 101 101

Table 8. Refractive Index of UV Cured Layer Containing Various
Kinds of UV Absorbers(wt%)

Cured layer
Hba H5b Hb5¢ H5d
1.580 1.579 1.580

Item

Refractive index

Eo] 3pAAS el 218l ofe] SR<] Al PgAlE E3sto]
kel A3k A5 AlZSIITH Table 7).

Table 8¢l VFeRdl nie} #o] 2 djddo] FuA] k& 55t
sl FEES YAl A=

Hba X5 AEQ] 3aAS UV &5 (Tinuvin 400)E 1%
712 5948 Hoc Zels AlEA A3} Wsl7) 6.017F4 Sobsth
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Figure 5. Yellowing resistance of UV curing type prism sheet.
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