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ABSTRACT

Curing and Rheological Properties of UV-Curable Adhesive
Containing Glass Bubble Microspheres

By Seheon Kim

Advisor : Prof. Jinwho Hong, Ph.D.
Department of Advanced Materials Engineering
Graduate School of Chosun University

29F Glass bubble microspheres (GBMs)E UV datd EHNOH T2t rheometer,
photo-DSC, FTIR-ATR ¥ #=X&st+== =& HXE 0lEotH &Z3t A

tACH GBMsE

dats

g4 58 totXl = UV Zatd E&AMO0l Hioto =& 3atEl GBMs
[S1=2

=

SO 0.8 Hi ZetKH 8% 2 modulus?t 22 2 %, 13
oto-theometer 2 U= I EL| rheometer ZU0UM 22 = &
& chemo-rheological &S &0Ig == AU, S| 22t photo-DSC2H FTIR-ATR
data =&E2 Sol FLES &

Mo 0l8ot=e B, glass b
o E Sitg oIst
Cth.

Abstract Glass bubble microspheres (GBMs) were introduced to UV curable laminating
adhesive. The curing and rheological behaviors were investigated by photo-DSC(Differential
scanning calorimeter), rheometer and FTIR-ATR(Attenuated total reflectance). Photo-DSC
and rheometer data analyses showed that polymerization reactivity, ultimate percentage
conversion, and modulus for formulations containing optimum level of GBMs were higher
than the corresponding values for the formulation without GBMs. FTIR-ATR spectroscopy
data showed that addition of GBMs significantly improved the through cure probably due
to ball bearing effect and high UV transparency of spherical fillers. The present results
imply that GBMs can be applied to improve the chemo-rheological properties of thick
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pigmented UV curable adhesive.
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2.2 NI

= A0 AIEE 2ZstE IEMN HEu AF=2E Z2ldMHE= Aliphatic Urethane
Acrylate(EB230,SK Cytec)E AIEotA 1D, LL-HEZ = Isobornyl Acrylate(IBOA, Sigma
Aldrich)@t 2-Ethylhexyl Acrylate(EHA, Sigma Aldrich)yS & Xl 10| AFZSIA 20, Al
HNz= Triphenylphosphine Oxide(TPO, BASF)E AESHALCEH FAHZ
DISPERBYK-168(BYK)2 AIEZ5tA 20, &EIIMZ Glass Bubble Microspheres(30 m,
IM™ME AIZSHACH ZPSE/GBMs RO AFRE Aol REXAI2 Figure 2.10f

LIEFHLH R SO, BHEHI= Table 2.101 LIEHLH RACH.
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Figure 2.1 Chemical structures of (a) EB230 (b) Isobornyl Acrylate (c)
2-Ethylhexyl Acrylate (d) Triphenyl Phosphorous Oxide
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2.3 J|J|

2 Ao 224

Jm

A T AL

o

i
2

olEE J1Jl= oteiel st 2L

7
=

Rl

Photo-rheometer: AREX-Rheometer (TA instruments)

Photo-DSC-(Differential Scanning Calorimeter) : TA5000 (TA instruments)

UV/Vis spectrometer : Optizen 2021UV (MECASYY)

FTIR-ATR : 6700/continuum (Thermo), SMART MIRACLE (PerkinElmer)

UTM-(Universal Testing Machine) : EZ-L (SHIMADZU)

Analytical instruments of UV curable resin and thermosetting resin continuous mearsurment
method of curing shrinkage rate : CUSTRON (AcroEdge)

Color difference meter : CR-300 (MINOLTA)

Gloss meter : TRI-MICROGLOSS (Sheen)

Pendulum hardness (Sheen)
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2. 4 HHEHI

Table 2.1 Formulations of the Glass Bubble Microsphere/UV-Curable Adehesives.

Data Values are weight percentages

Component A B C D E
EB230(Urethane Acrylate Oligomer)® 80 30 30 30 30
IBOA(Acrylate Monomer)” 10 10 10 10 10
EHA(Acrylate Monomer)® 10 10 10 10 10
TPO(Photoinitiator) 2.0 2.0 2.0 2.0 2.0

BYK DISPERBYK-168(Dispersant)® 1.0 1.0 1.0 1.0 1.0
Glass Bubble Microsphere(30 gm)’ 0 05 1.0 3.0 5.0

a SK Cytec (EB230)

b Sigma Aldrich (IBOA)

¢ Sigma Aldrich (EHA)

d BASF (TPO)

e BYK (DISPERBYK-168)

f Glass Bubble Microsphere (3M)
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GBMsE Z&st 2Z5d
ot TA instrumentsAt2] AREX-RheometerS °F 0.
O| straing JIStH 25 COHIA Omicure 365 nm LEDE O|Z0tH 120 s2t
RSO, BHEF=2 2l ZALAIZH0 HE Z2Z s HsSS L0t <I5
] TA5000 photo-DSCE OI25t0 2 5.65 mgll AI2Z DSCE 220ls |l 21,
365 nm LEDE 0|38l 25 CTHA 3 min2t SH6IY LD, GBMs2 &8 E435 202
Jl #lotd 222l Hig=2= MeOHOl 600 ppm =52  SIAAIFH UVivis
spectrophotometer, Optizen 2021UV (MECASYS),E 0|23t SEHGIU 2L, 22 &
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3. 1 Effects of GBMs on Rheological Properties

Figure 3.12 Xtel&d Bstd HEH HIE 22| glass bubble micro-spheres (GBMs) &f &f
Ol (h2 zero shear viscosity, n.o = no/my= LIEIH 1 Z 0|0, ne= low shear rateOil Al
O 8%, ny= polymer matrix2 & %(n, = 5.51 Pas, =25 T)0ICt. DEXF matrix Ofl
fillerE HIIE 22 EHIIZ0| SIHEN et D2X ArEDt &IOSt filler A0l &S

202 Qo It Sltote UE &+ ZUSh €2l 2 d8liMe sEHE 05
=

wt%2t 1.0 wt%2 GBMsE S Ct zero shear viscosity It
2dA0tE AE & = JA/U2LE, 3.0 wi%2t 5.0 wt%2l GBMsE EIISH g2
T8t 220 20led &0t Sotet s &l & = UARUCH27,28].

5 = 42 Xielll 2o HR0A =elst pPVC

100 s'0142| shear rate0f|
N B&EIt 240t S4AH29]2 Jun Zhangdt Jiasong HeOll 2IoH &QIE 7 SHEHS| glass
bead(GB)Z polycarbonateOfl & Itet 2 200 s'2F 3000 s'2| shear rateOl A GBS 21
FZE0] Sotet0ll et ball bearing effectOll 2loH &I ZAol=E S&[30]12 Soil HH
= U2 M, Wyart and de Genns JFE[3110 2o 22X EHOUA 22X AL=01 O
dXle SA0l DEX matrix LHOIA particledt 2t E OHEASE ZLFH &I 2Ot
AN= SU2M 2 Z4E0AM AISE 2 e GBMsIH CHE 89
bearing effectE Zd st E&H HE=HNAME M3 = USS &0 oL
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Figure 3.1 The zero shear viscosity of the UV curable adhesives with different
content of GBMs.
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Figure 3.2 SEM images of UV curable adhesives film with 1.0 wt%6 GBMs(Left)
and 5.0 wt% GBMs(Right).
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Figure 3.3 The viscosity of the UV curable adhesives with different content of
GBMs as a function of shear rate.
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3. 2 Effects of GBMs on Chemo-rheology
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Figure 3.4 The storage modulus during the photo—polymerization of UV curable
adhesives with different content of GBMs.
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Figure 3.6 G./Gmax curve as a function of UV irradiation time for the UV curable
adhesives resin containing various amounts GBMs.
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Figure 3.7 Tan 6 curve as a function of UV irradiation time for the UV curable

adhesives resin containing various amounts GBMs.
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Figure 3.8 Variation of gel point time of UV curable adhesives resin with different
content of GBMs.
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3. 3 Effects of GBMs on Photo Curing Behaviors
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Figure 3.9 Photo-DSC exotherm for the photo—polymerization of formulations A-E
listed in Table 1. Isothermal curing temperature:25 T; sample weight: 560 mg;

light source: LED 365 nm
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Figure 3.10 Percentage conversion profiles for the photo-polymerization of

formulations A-E Isothermal curing temperature:25 C; sample weight: 560 mg;
light source: LED 365 nm
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Table 3.1 Analysis results for the photo-polymerization of the
GBMs/UV-curable adhesives formulations A-E.

. Induction Peak Heat )
Formulation i i Conversion(%)
Time(s) Maximum(s) Flow(]/g)

A 3.12 0.157 104.53 33.58

B 2.70 0.150 105.34 89.27

C 2.52 0117 107.50 91.10

D 2.82 0.123 106.93 90.62

E 3.24 0.140 102.06 836.49
- 26 -
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3. 4 Effect of GBMs on UV through Curing
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Figure 3.11 UV/Vis spectra of sample A, B, C, D, and E dissolved in MeOH
(Standard : MeOH)
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Figure 3.12 FTIR-ATR spectra of UV-curable adhesives prepolymer without glass
bubble microspheres and cured film without glass bubble microspheres of thickness

100 gm, 200 gm, 300 mm, and 400 gm at the bottom layer.
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Figure 3.13 FTIR-ATR spectra of UV-curable adhesives prepolymer with 0.5 wt%
of glass bubble microspheres and cured film with 0.5 wt% of glass bubble
microspheres of thickness 100 m, 200 gm, 300 wm, and 400 gm at the bottom layer.
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Figure 3.14 FTIR-ATR spectra of UV-curable adhesives prepolymer with 1.0 wt%
of glass bubble microspheres and cured film with 1.0 wt% of glass bubble
microspheres of thickness 100 m, 200 gm, 300 wm, and 400 gm at the bottom layer.
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Figure 3.15 FTIR-ATR spectra of UV-curable adhesives prepolymer with 3.0 wt%
of glass bubble microspheres and cured film with 3.0 wt% of glass bubble
microspheres of thickness 100 m, 200 wm, 300 wm, and 400 gm at the bottom laver.
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Figure 3.16 FTIR-ATR spectra of UV-curable adhesives prepolymer with 50 wt%
of glass bubble microspheres and cured film with 5.0 wt% of glass bubble
microspheres of thickness 100 gm, 200 m, 300 um, and 400 um at the bottom laver.
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Figure 3.17 The conversion curves of UV-cured films as the function of
thickness: (A) without glass bubble microspheres(GBMs), (B) 0.5 wt% of GBMs,
(C) 1.0 wt% of GBMs, (D) 3.0 wt% of GBMs, and (E) 50 wt% of GBMs.

Collection @ chosun

_36_



3. 5 Effect of GBMs on Shrinkage and Adhesion

S5 S o fm g Mool WERAEAISNEAF XD AU
o © <k @0 0l T K oA KiJ = Ul = B m UF M i = o
WSS wa R I =Rl W T B B R
S o Ol g Z R = I O T o o3
8 RO 1] = MM s T~ A <Y - ol - —
o0 OF » = » = r o & @O ol
woE om oo A sgTwmm g 08 Lom s
g E oW oy g ez _ v goSm®ots B0 W
> w B3 2 o B o o~ m oo W K o3 KU 2o 33 2
R, 5 - 3 il Xz o M ey e 4 Sy ™S
W E B S & — U o8d oo X g W = FoL, = WD om
— _ ™ - UU_ -1 J—
eows < m@mo&mjm,O_Em%m_xmmﬂmv%
w R o, B . o= o W g B 4 o o= 00 Ml gy B o
o_o_x:___Mmo x ol,M_a____H_:/umv,mo_mﬁmmulmpeM__oTw
o<k oz G % st go L Ep & o= o o@m ook R
R = S w20 oW .20
R R = = oy S s R o DAY R
umm Ik @r_m o S mm oz Jl T oll W ) 53 3 = O =, o/ ool il
ny NI ey N =} S 3l = g K - E.e&da "
<2 5 e S hmPmu T lagg s
o 2ol s 5 "o~ = O w oy % s I A s @
010 ol = B[] P R & 0 o] o= I & © T ot K" I O
ws - DR 5 @%%@@%%Lwmz%__g@#%%g
R T 2D W3 E_Em_ﬁ%am___:mm&wg
<o~ o o = = B4 i 7] W = g M E g W oy s -
=5 o] SN m_@.._Eo_“m._d . en oH =
= g W g s g mo T E _wEY s kg
= 20 %5 5t W 2HRELG R g 2R Sy
meXzH Lo R Ee Vs 2R
I ~ X . < = S N ~ o _
LY F . T TR D xDwupned_ WOT g Uy
_ S = o 3O S s O T & 1 R M R & = B & © o3
of & _ o © & 2 %_o__m_D_A%IE_EI%U%%%%;%%AT
@r_._.__ _._,_,E\ o) K0 =T m S = ﬁom K 3 o|— |_H¢ o) il mo N - =
o0 e W 1 wr o3 = = _. B3 L B O K ~ J g | I R I [
e AK =5 ® = oA _mas oo zsgnd X3’
ot : @ 3MIYRwIra o S
DESWwE 3 3 o & T 0 < = W o ™R U
w%A(:mm__d S T L e |
S r oot o1 o1 F mME@ROEZT Cswm oD ow D
Kro&5 oo woom T O R YR T [ [ e = =

&Jtet bH

=

=2

b 33 LHEFSEXI 2 GBMs
- 37 -

Collection @ chosun



GBMs 2|

b8

SHIt B

=
[a—

0l
OLXIAN &l Ol DXk AX+X &4 Al

g =0l dioh 0H ZUALCH
| Ot

| XtOIJF ===8t bH

LH Oil A

O

=
=

K

A
T

2 XHAL

=
IT

f1

=
[a—

}

tXIG
EM =
S0l GBMs &= Al E&RHe =N

X

O
0D

b

bH

]
R0
70

_uu_
B3
s}
o

ol
0

<+
il

)

s
o
0
70
3!

3+
=

ol

o]
100

L

Ol0il &M
A Y

S A3t AMA &

=
-

H

ol e =

=
[=)

b

=)
=

Table 3.2 The volume shrinkage of UV curable adhesives as the function of

GBMs: (A) without GBMs, (B) 0.5 wt% of GBMs, (C) 1.0 wt% of GBMs, (D) 3.0

wt2% of GBMs, and (E) 5.0 wt% GBMs.

O | M M
&0 Qe
PIRIR(%
OO |||
SR S
IR IR
OIS MDD
XD | MO
O~ || 0|00
| | | |
O |0 | 0|
QO [0 | 0
PIRIR(%
©
[a\REaN]|[qp]
L il
=@
|
— N M
TTTnVu
|y
[l | | | <T
||

Figure 3.180il

ZUE

51

-

10

ol

-

[=]

X
O ZW 1.0 wt%2 GBMsE X

ot A2 M

X| 3l
(RS

UTMZ O|Z0t lap shear testE

0]
il
2

il

R
KD

LIEHH A2,

UL

1}
RO
KIr

o

9]

=
S

-

S
a

=] PN =4
ST/ =E

OZ = single lap joint

<l

ol
R
KD

0l
HH

R
KD

H
O

oD
e g

i
<+
4

e

o

OF

110

oI
r

11

&= QUL GFXIZH Figure 3.172 SHOl HE Z3tT X0l 21

Bl

o

o3
<+

ol
i

=
1o

un

So| HEAK SHI SN o=

b

S
=

date ZEH Hh

0

i)
<+
4

ol
Rl
K0
o)

e}
il
Ok

oI
180

)

i
1}

)

By
)
R0

ol

al
o-

t

n

I

o
=

I

g
=

g =0l

S sUHE St FH=E E=KH i

g EFA

P

otXI 2 GBMs

0

A,

HAL A

e

=2
=

O = RACH
D= otR2B O

=
T

ol

o =
=5

GBMs2|

=S
[

cC
sl

c

It

_38_

Collection @ chosun



tOIJt =2
Nel sg=

=

H
10y
R0

fulJ

P

o

ot

H SO

i0J

oK

oD
e

0J
ol

0l

X Xk
==

Ol

R
KD

110

H St

9]

o3
<+
ioll

o

ol
00
ot

<+
il

20

_39_

Collection @ chosun



40

Lap shear strength (kPa)
s = A = o

=k
[
1

Concentration of GBMs (wt%)

Figure 3. 18. The lap shear strength curves of UV-curable adhesives as
the function of GBMs by UTM testing single lap joint method.
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Table 3.3 Analysis results for the photo-polymerization of the GBMs/UV-curable

adhesives formulations A-E.

Physical properties A B C D E F
Gloss (60°) 158 125 107 105 75 68
Pendulum hardness (s) 114 119 120 119 118 116
Whiteness index 29.21 29.40 29.52 30.07 44 91 51.41
- 42 -
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