mr M EREE S TR

38 EH 2 Vol.38,No.2
202342 H POLYMER MATERIALS SCIENCE AND ENGINEERING Feb. 2023

http://pmse. scu. edu. cn

UV 5| % Brle- 1 i bz &% OLED RIS R/ 2 B E S
Elﬁﬁd:?ﬁr ELEEWX‘% ﬁﬁ Iﬁlu% )—Z

FBARE, ZEVFL RMAL EHRS K R

(1. B R MR R 5 TR &0 TAME R, B 200444 ;2. B K2 MRIRI S S TR S8 MEBETCET L 200072)

WE: ALK ASH(OLED) Z#H — KB 7 5, L P AT 27544 84542690 5 852 % 9 Ik (LOCA) & OLED #) %
BB Z— SR S FRABRZAEZTHGLOCAST OLED R AN T, PR MNACTH E4EF A%
(OVPOSS) M H 3 ag ik . Z 5 P A = (3-20 A A AL ER) (TTMP)E A B 7, i@ it 1 £ 49 UV 3] K AEE-Hh BB 5
OvPOSS # 4 B B A B4 4L I Mo 57 b A8 69 IR 285 7 M6 BRBE (PUAD ARG F , 4 %18 5 B9 M S A7 45 £ 49 LOCA. #F
A, #1469 LOCA £ 365 nm UV BB 4420 s A BP T B 4L, A8 tb 7 A UV B IL 4P 69 B ALt ], Bl ALk & & b Ak 48 2
&5 % OVPOSS &9 i & 52 A T%0, A8 EL 42 89 PUA, A7 41 542 5 2] 1.525 A L, A 5 8 & (Tus ) tL 4 PUA #2738 7
30 °C, BT B ARS T 53°C, F# A H M 0.0609 W/(m-K)# & £ 0.1710 W/(m - K), #53£3% B A 3.16 MPa # 5
%] 3.48 MPa, £ % H P2 1440 h B 13 7T 3£ 8] 99% A L 69 *T I,k i i & K WP i3t 3600 h B & K F ALK 0.52% , 48 T B AT
LAk F 490.70% (24 h) , £ A0S 43 EF AAR KL AATX.

RBEIA WA E
hESES: SCHRFRIRES : A

BRI 22 R AR 8 1 IR S O 508 W
(Liquid optically clear adhesive, LOCA) Ff & ¥4 £} %
TrMaRERFECEZE. HTAH T ERIEIE
e RN B, 04 LOCA 1 A i 5 R B i 22 i
] E A6 CUVD [ Ak B 79 I B 28 4 g, IR 1l v
hn e WL gl oK R A B (ZnO) L B AR
(TiO,) « Ak #5 (Zr0,) - = A AL §E (Si0,) %5 K i
S SR RS S G A= E/AETIB B UIR AN 1A Al VA G
X RL - AT 2 T 0T A R B AR T 3 T R, AT
/b kL B3R H 3R oM SRR R 1
A1 e BLRL = B o5 1 F 43 B R BN T TG ALK
Rl SR R PSS A AR R S Y v e
R R T R

R T R R AR B R B S A2 1), A
Fo AR 2 1] AR ZE A 2 Ak U e (POSS) , J i Jn
DA NN E AW NN R A WS ANE B A
POSS 73 ¥ 78 B HE 2 1 0 i b 51 N AS 8] 1 A 1L 2

doi:10.16865/j.cnki.1000-7555.2023.0041

WA H 87 :2022-05-27

Hélﬁ H : B X2 F 5 k3 4 (18JDGC025)
IR A B

75 WA I 5 A% 2 SR b s TR - 05 S N 5 UV B & 5 B [l 1k
N EHS: 1000-7555(2023) 02-000

B, i 3 5 28 & W3 AR A2 90KOK T BB A, AL RE

ee LR B4 R (1 R A 12 BRI A fEL I B S I8 R 4R = M R
1R BE AP RE RN ST R R R S

Yk 200 75 30, B - A8 Tk RN L AT A8 TR
PSRRI Y B R G 48 35 5) S e, T
e B A P ER A T DUAR 2% 5 B R B I - 04 T 4% 1)
PRI, [R] B B5] g i 5 40 2 1 2 % 9100 HL - (3pt)
5 Z Bk, BB TR m MR T St 2. HE T
T B R A7 AR VR 22 5 25 il ) B Tk A, 1 b sk ) g 2
o P RN AR B AN HEAR, 0 H R BB AL IR E B
iK™, Bk, E%E/E:ﬁm#%% P 00 B - M 2 o []
1) 2 3% B i B A

B bk 1a) B, A SR H B K M R
W 45 2K I 7N B BE B D5 & R R A R N A R B
(PUADAE R, 5N =2 H R P e = (3- % 28 T4 iR
B ) CTTMP) A N AZ BT, I\ & 0 26 A% 2 1k 4 bt (Ov-
POSS) 1 Jy 1 5 SEORL, 38 i UV 5] Kk Bt B - 45 05 o 4k

AT L T R AR B S M RLE 9T, E-mail: yinghe@staff.shu.edu.cn



2

R N2 5 B R E B A SR H SR ) £ e B A
AT 21 LOCA , JF $2& ray H 30 A2 i PR AN ) 22 9 FE
oS K I TR R O R v B AR B A, R IS I O
B B 700 TR J5 TR 57 UK A s (TBOAD 2K B A W i 26 &2
IBOA 45 16 i (1) XU 7] DL 2 5 210 g 1 [ 16 = i
o B AR B KM R ) R . iz T
B, P T PUA ] b 380 B 55012 10 6 050, BT 1) 4%
) LOCA [B] 44, 38 FE B Ll 22 A B 22 10 e A S L A2 e
T A, E G 2 3 1 e e AR B G AR R S 7.
1 SKEHH

1.1 SRt

75 I 5 S W TR 0 R TR (SM6329) « AR T 43 - J5i
= ~ 3000, 1L 77 = RER; mACH R 8 fL K &9 (=
99%) VR IR « TR (=99.5% )  HlLAL B (=99% ) + JiE 47
2,2- L FA L -2-FK L K 2 (DMPA , 99%) : I il %=
WHRHE R AR AR s =7 H Wb =G-5 2 N R
fig) (TTMP) = >85% , b Bl 4 T 355 A7 B 24 W) s 9 0
T2 S UK Fr s (IBOA) :=98.4% , | N % KAL TH IR 2
Al s OWFE:99%, H 2 R A E XA AR AR s )\ LI
FE A5 2K HE A S (OVPOSS) = 98% , 4 4N Fi] /R ¥4k T A7
(FE/NEIR
1.2 LOCA B#I&

TEB TR 2 I\ 10 g 75 7 1tk 58 & G T4 446 TR i
1271 mL 5 J BR 5 0K v s, 400 HF V8 A 5 N i &
OvPOSS, #& J& & X N A\ 1.95 mL TTMP Al 0.23 g
DMPA , i J& = I FE 1 h 5 ok}, 78 88 ol i R 4 1F
T # E 30 min B % S S RIS 200 6O 40K LO-
CA. H 1 OvPOSS i In&E 734 0.1 2,02 ¢,03 g,
04¢g,05¢g,0.6¢g,0.7¢g,08¢g,09 g 1.0gCHuH %
PUA # fig Jii 5 43 50 0~10%) ) LOCA F i A M id
£ PO-1, PO-2, PO-3,PO-4, PO-5, PO-6, PO-7,PO-8,

LOCA

’ Gl
—

—_—

PO-9 Fll PO-10, /N i OvPOSS ff] LOCA it /£ PO-0.
1.3 HF|HHEE

P % 2 Begle i R TG B TR S K B ) 4
(1) LOCA % 7£ — Je 3 Jv i, £ H 35 S) 8T 5 4% 5
—Heplh 7 3 L SR 365 nm P K KA F RS
UVLED X 3£ i 17 f& I, =i 6 44 20 s, UVLED 3 4%
I BEES N 15 om , 35 28 1 F2 40 Fig.1 Fios o
1.4 MWK 5FRE
1.4.1 20 5 Bk S8 18 o 47 ¢ K 35 [# Thermo Elec-
tron AVATAR 380 %Y {8 5L 7% 46 21 4 5 3% {X (FT-IR)
A5, 38 R AL R I A RE B R AR I v
HEAT HIRE S 04K S 56 A 43 41 B 00 B D 400 ~ 4000
em, IR EON 16+
1.4.2 #8947 4 ) R H 35 B TA 2 =) Q2500
HiRes 7 7% 3 & #4431 A F1 Q550 HiRes #4 5 43 #r
LIS, AR 1 - NS FL, T 58 10 °C/min o
143 FHFHMKCKHUZZEE TR AR
/A ) XIATECH TC3200 5 #4428 5035 A3 ) i,
1.4.4  ESh-T LRk % o 47 - 5K H 35 [ Agilent 2
] Agilent 8453 A58 4k Rl W, 43 56 6 BE 11 A4S
145 A4 EN K KA LB ENRICRARA
H] WAY-2S £ 85 B U147 o6 AT I
1.4.6 Ab3E 3% MK R LiE S AN RS HIR
2 @ DXLL-20000 HL - $7 77 i 56 ALl 15 , 2 1 GB/T
39289-2020 F5 #E B AT il #F , & B A% ZhE £ 0 5 mm/
min.
1.4.7 5% 0K R B 8 UE A RE RN A R A #
DV-79 %7 206 B I &0 4F , i N 25 °C, B R
N 750 r/min .
1.4.8 F K F MK : 2 8 HG/T 3344-2015 33 i W K
R 2 v AT AR

Cover glass
OCA
OCA
ITO film
s OCA

Display module

Fig.1 Schematic diagram of the LOCA device preparation
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Fig.2 (a) Curing reaction formula; (b) polymer network diagram of LOCA
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Fig.4 FT-IR spectra of stretching vibration peaks of LOCA in UV curing with (a) C=C at 1636 cm"' and (b) —SH at
2571 em™; (¢) C=C conversion and (d) UV curing rate of LOCA with different OvPOSS contents vs. UV exposure time
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Fig.5 (a) FT-IR spectra of C=C stretching vibration peak at 1636 cm" of LOCA under 8 mW/cm’ UV curing; (b) C=C
conversion of LOCA with time in different intensity of UV curing

Tab.1 UV wavelength, intensity and curing time required for LOCA prepared in this work and others reported

LOCA base material Wa\;erall;ngth %li;te:r::;/ Curir;sgtime References, company
PUA/ZrO, 365 50 300 Henkel AG & Co. KGaA"™
PUA/ethyl acrylate/n-butyl acrylate 365 20 25 Mitsubishi Gas Chemical Company, Inc. "
Acrylate/silicon resin 365 50 20 3M Innovative Properties Company'?”
OvPOSS/PUA 365 8 20 This work
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Fig.6 (a) C=C conversion and fitting curves of LOCA in different intensity of UV curing; (b) experimental points and fitting

curves for K and n
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Fig.7 Viscosity and adhesion strength of OvPOSS/PUA LOCA
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Tab.2 Performance of LOCA prepared in this work and others reported

LOCA base material Viscosity Refractive index Transmittance Adhesion References
/(mPa-s) () (at 550 nm) Strength/MPa company
PUA/polybutadiene 3000 ~ 5000 1.510 90% >1.00 Evonik Degussa Gmb!"!
PUA/ZrO, 5000 1.500 ~ 1.650 96% 3.60 Henkel AG & Co. KGaA """
Acrylate/silicon resin 1000 1.410 ~ 1.500 93% 4.00 3M Innovative Properties Company ""”
OvPOSS/PUA 1800~2100 1.525 99% 3.48 This work
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Fig.8 (a) UV-Vis spectra and (b) refractive index of OvPOSS/PUA LOCA with different OvPOSS contents (sample

thickness: 0.2 mm)
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Octavinylsesimiloxane Polyhedral Oligomer Silsesquioxane/Polyurethane
Acrylate Liquid Optically Clear Adhesive for OLED Screen Packaging
by UV-Initiated Thiol-Ene Reaction

Erbao Pang', Hongzhong Wang', Yuanjie Zhu', Jun’an Wang®, Ying He'
(1. Department of Polymer Materials, School of Materials Science and Engineering, Shanghai University, Shanghai 200444,
China; 2. Institute of Materials, School of Materials Science and Engineering, Shanghai University, Shanghai 200072, China)

ABSTRACT: OLED display is a new generation of display to replace LCD. Liquid optically clear adhesive
(LOCA) used for bonding between display components is one of the key materials of OLED. LOCA with high
refractive index, high thermal conductivity and high stability is particularly important for performance of OLED.
In this paper, octavinylsesimiloxane polyhedral oligomer silsesquioxane (OvPOSS) was grafted into polyurethane
acrylate (PUA) resin with good adhesion and optical properties by simple UV-initiated thiol-ene reaction. LOCA
with high transparency and refractive index was prepared by using OvPOSS as reinforcing filler and
trimethylolpropane- tri (3- mercaptopropionate) (TTMP) as crosslinking agent. Studies show that the prepared
LOCA can be cured within 20 s of 365 nm UV irradiation, the curing time of which is much shorter than that of
other commercial UV adhesives, with lower energy consumption. When the mass fraction of OvPOSS is 7%,
compared with pure PUA, the refractive index is increased to 1.525, the thermal decomposition temperature(7usy )is
increased by 30 °C, the glass transition temperature is increased by 5.3 °C, and the thermal conductivity is
increased from 0.0609 W/(m - K) to 0.1710 W/(m - K). At the same time, the adhesion strength is increased from
3.16 MPa to 3.48 MPa, the visible light transmittance can still reach more than 99% after 1440 h sunshine
irradiation at room temperature, and the water absorption rate is only 0.52% after 3600 h immersion in water,
which is lower than 0.70% (24 h) in available reports. All this suggests that the OvPOSS/PUA liquid optically clear
adhesive has great application prospects in the packaging of photoelectric devices.

Keywords: liquid optically clear adhesive; polyhedral oligomeric silsesquioxane; thiol-ene reaction; UV initiation;
fast curing



