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A Study on the UV—-Curing Behavior of Epoxy Type Resin
with Acid Amplifiers

Jin Woo Kim

Department of Graphic Art Engineering, Graduate School,

Pukyong National University

Abstract

As a technology favorable for environment, UV radiation curing
science and technology have widely been applied to printing inks,
coatings, electric materials, adhesives and f{orming materials duec to
solvent—frce  type, fast—curing rate and high productivity. The
characteristics of these technology were the use of the photoactivator
which was enable to absorb a wavcelength (o change monomer or
prepolymer into crosshinked network. For ion type, it was known that
the acid amplifiers were used to progress an action of the
photoactivator and then promoted the curing rate and velocity.

The UV curing process was divided into radical type and ionic type.
The mechanism  of radical type was that the free—radical was
generated by the photoinitiator's absorption and then this free—radical
was added to monomer or prepolymer. Then chain was grown by
polymerization /crosslink and the reaction was terminated. On the other
hand, for ion type, the photoinitiator generated Lewis acid or Bronsted
acid and then generated acid was rapidly polymerized with monomer.
Then chain was grown by polymerization/crosslink and the reaction
f[inally was terminated. Compared to radical type, lon type had a higher
durability of curing reaction, good adhesion and the absent of oxygen

sensitivity.
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In this study, for ion tvpe UV curing resin, the effect of acid
amplifier was represented by means of a rheological viewpoint. In
order to do this, Relative viscosity. Creep, Dynamic Viscoelastic
properties were indicated using the rheometer(Bohlin C—VOR). In

addition, the propertics of pigmented systems were evalutated.
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Fig. 1. The diagram of photoinitiated polymerization.
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Fig. 2. The mechanism of cationic UV curing system.
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Fig. 3. The relation of curing velocity with film thickness.
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Fig. 4. The schematic representation of the photolithographic process.
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Fig. 5. Expected reaction scheme of acid amplified resist system.
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Fig. 5ol Ab5A8 g x~EA oAl olojyl Zlo g oAby = i8-8 YehlQich
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PGAZY s ol 1A the AAshi, o] tho] PRE b thA] A2 A E #
Al A = S A bS A AR E A o] B oG] ARFAAE R
A7) AgS sto i Aol nAERol EAlo] 2ol ﬂD}.(fig o] &

A ARERE AAE A PAGH B AR ARl obb)A

1=

st (deprotection) WHgol 7]odglo gy 2bT5Ald yRAEe] 7HE

Chemical amplification

<Acld generation> <Deprotection>
linear m=1.4
[H+I’A(i] [CO()H]
dose H*

Acid amplification

non—linear

[H+ acid amp. ]

[H*

[’AG]

Fig. 6. The reaction comparison of chemical amplification with acid amplification.
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545 SE e v2dA B vl dera 54E F4sk]
UV 929 3 48t A= F3suct

Photo-initiator|UVI-6900] : P1

O
OO
(0]

Acid Amplifier : AA
44'-dotosyloxy isopropylidene dicyclohexane(IPDHp-m)

b :
L el
]

Cycloarylphatic epoxide[ UVR-6100]

Fig. 7. The reaction mechanism in this paper.
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Fig. 8. The varation of relative viscosity with exposure energy.
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Fig. 9. The dependendce of dynamic viscoelasticity on UV-curing
for polydimethylsiloxanes. (a,b,c,d,e : Exposre time)
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Fig. 10. Frequency dependence of dynamic viscoelasticity on UV-curing
for polydimethylsiloxanes. (a,b,c,d,e : Exposure times)
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3-1. A8 ¥ AR 24

3—1-1. &ol2d UVEd B e} FAAA

woAgre Al Uvagel gt el x4 S8 dolry] Yt 9fol 23

UVE3 Rwnje

3.4—epoxycyclohexylmethyl=3,4—epoxycyclohexane
carboxylate (UVR—=6100) (Aldrich Chem. Co., Y8.0 %), H7WA A+ Bis—
[ (4 —di—phenylsulphonio) —phenyll sulphide bis—hexafluorophosphate
(UVI 6900, Union Carbide) & AFE-siict Bnax el sgrA A2 2= fig. 11

o vheh it
O &
ol et
Ty ) 8

O
3,4-epoxycyclohexylmethyl Bis [(4-di ey
phenylsulphonio)-phenyl]
3,4—epoxch/SI\(/)gt_aé(%aSg}carboxylate sulphide bis-hexafluorophosphate

[UVI-6900]
Fig. 11. The structures of compounds used in this paper.
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b S48 (5 AEE ARgskalon 1 A2 table 1o vERYSITH

Table 1. The Product Name and CAS No. of Pigment

i Product name CAS No.
Cyan Panax blue BS-7000 147 - 14 - 8
Magenta Panax Carmine: HF-S03 5281 - 04 -9
Yellow Panax Y_e_llow 2GL 5468 - 75- 7




3—1-3. AF5241 A

AEEAA ] Al oA Fet dFMdo] HEFH A F 4-hydroxveycelo
hexyl—4—methylbenzene sulfonate(CHDp—m), 4-(4—hydroxycyclohexyl)—
cyclohexyl—4—methylbenzenesulfonate (BCDp—m). 4— (2— (4—hydroxy cyclo

hexylD propan—2-yl) —cyclohexyl—4—methylbenzenesulfonate ((PDHp—m) &
AbgERl oy, 7} FalAle] bt Al mlgb S PR fig. 120 vEhdiglot

C)
o 2

HO OH + Hsc@ o N e 0-§ CH
(“) 0°C 24h stir 0

(CHDp-m)

? N 570
o O-Oran 4 wo S fa i O
(“3 0°C 24h stir

O
o O ron + oo o yor "@

Fig. 12. Synthesis mechanisms and structures of acid amplifiers.

(IPDHp-m)
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4 Acid amplification
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g ~,
< — \
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Wavelength (nm)

Fig. 13. Absomtion spectra of compounds used in this study.

Fig. 13-& UV/vis spectroscopy (SHIMADZU., UV—-2101PC) & o] &3lo] A
meel Wi Fe5Ads vekd Adelct dge] Abg® Uvddes
320~-500nm®] EFLE S ARGelSlaL, AR A Al W e is 320nm o)) o)
T dAelM T Fah dofuH ekoron] okol2d FAIAE °F 350 nmH-E]
T dojub lFE ¢ S dvh wheba] 2 A deA] ARg-d UV %39 (High
pressure mercury lamp) 9 3 ZAbell M- Wier el AFA A 7E 2}7F s o]
=kl B Aol F S dolubAl ol 3 A wge Ao s 2
oAstAl ek5& oF 4 domw A= YoRAIAESE whAE kel o) s At

A] z}gu}f 738 ¢k 42 9t}
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3-1-4. N5 =4
e AR E AlRe] 24E table 29 WERASIT

Table 2. Formulation of Samples

V\(fomp;)rnicrl;t Acid Amplifier Pigment
Monomer Pl
Sample CHD BCD IPDH C M Y
Sample-1 g X x x x x X x
 Sample-2 » g~ « « » « :
Sample-3 g % 0.01g x x x x X
Sample-4 lg x x 0.01g x x x x
Sample-5 g x x x 0.01g x x o “><7 -
Sample-6 lg 0.0lg x x x x x x o
' 7s;<lmple-7r - lg 0.02¢g * X x x x x
Sample-§ e 00  x o« « « « .
wSample-‘) lg 0.03g x < x :—W - x x
gdm;e-lo - Tg— 0.03g 0.01g x o x x x x
Sample-1l  1g 003  x  00lg = » } )
é;r;l;)ler-lz lg 0.03g x x 0.01g x X e
Sample-13 lg 0.05g i x x 0.05g x x .
S“amipk;.—rl‘trw lg 0.05g 0.0lg x x 0.05¢ X x‘
Sample-15 N Ig 0.05g 0.0lg X 0.05¢ X X
Sample-16 lg 0.05g x 0.01g 0.05¢g x 7 %
Sample-17 lg 0.05¢g % x x x 0.05¢g x
Sar;|’[)le-l 8 lg 0.05g  0.01g X x x 0.05g X
Sample-19 o lg 0.05g 0.0lg x - x 0.05g ><7 o
Sample-20 Ig 0.05¢g x 0.0lg x 0.05¢g x
Sample-21 g 0.05g x x x x x 0.05¢g
Sample-22 g 0.05g 0.01g x X x x 0.05g
Sample-23 lg 0.05g 0.0tg x x x 0.05¢g
Sample-24 lg 0.05¢g x 0.01g x x 0.05¢
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EhA
Soll tfsto] zhzh A3t B AdefAdi= UV 4o} A&E Bohlin C-VOR

=
L=

Q!

BEZO ARATL B sl BUAE, Ae=, EA
A &

rheometer®l 5]75’0] 20mm<! paraller plated ©] 83}, Gap size® 70un

sk o, ZJISICO) & o] &slo] UVA U9 v 8 256THE #2184
=3
UV ZAFF AR = EFOS lite model2 AFE3l9ch Lampis Jba=&%5olv,

Ggele 320~500nme] EFUHE G AT BB A 3emE 5
!

w) 4 24 5% 2 100mW/cm”o] o},

Fig. 14. Photo of Bohlin rheometer(C-VOR) and UV ramp(EPOS lite).
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ORA AEE R Adg Abolvh yrhubis dele WEatA ghotry] kel ohE

ol 2y Azt gt AsAwS A % AnE fig. 16~17¢ vER Uk

(1) 333 By (cyeloaliphatic epoxide) ¥k @& A&
(2) FE3 Ryno AEA A8 £33 Alg

(3) HF Kol FAAE &3 A s

in
1

— » — Monomer
-+ — Monomer+AA

Relative viscosity (-)
=
+

‘l A- u,
Al.:g::..___.“
Yy *u:"'":' Euruntganes
4 MALAAAMAAA‘AMA“‘A“‘AAAA A A AAAAAddidrAadddsatan e
0.5
0.0 T T T T T T T 1
5.0x10° 1.0x10° 1.5x10° 2.0x10° 2.5x1(

Exposure energy (mJ/cmz)

Fig. 16. The vanation of relative viscosity with UV exposure energy
(Sample-1, 3, T:257).
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Fig. 17. The varation of relative viscosity with UV exposure energy
(Sample-8, T:257C).
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Fig. 18. The varation of pH with UV exposure energy (Sample-9,10,11.12, T25C).
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Fig. 19. The vanation of relative viscosity with Acid Amplifier concentration
(Sample-6,7,8, T:257C).
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Fig. 20. The variation of relative viscosity with film thickness
(Sample-8, T:257C).
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Fig. 21. The variation of relative viscosity with UV imadiation time
(Sample-9,10,11,12, T:25C).
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Fig. 22. The varation of relative viscosity with time after UV
exposure(5s) (Sample-9,10,11,12, T:257).

Fig. 22% sample—9, 10, 11, 12¢] dtjato] ot e Al
FARRE - T1ERE Al el 2 e gAke] ofd fig. 129] vi7hEes FEkgol
s RS Wl AlbEe wAEd da fEelv 5x 9k UVE

1

ZAbstel ik AN F ARt AdEe Yng AbSAA erel whe
sttt g2 ALY dYelM= Ak SRy AsEd Aol AT, oWl
Aol Al 22k Abel wlAlgA el FHow g Aate] AP st M=

WMtz velsdtl AdEEsE IPDH > BCD > CHD #£o7 vebyi,
ASAAE HIVsEA] b2 Aol A 9l Aag v E JER| A

_34_



g

4-1-3. H|8| 29 =A==

N\

Pig. 239 UV 49 7ZH2} 10%, 30%, 60%, 12022 ZAE § 25442
Q7bsbA e sample-8olA U wEe Hde 1delnh UV

AR A E Assh wol Aad Adeld Ego] AfHSz odRw

bt

- o]
&2l stellA el wigdol Au FEAHell Edh Ate]l el v e
oF 2 9l9lul. mdh S #AS A 91e Ao Asst AdE AES

Aulit ZlolHw HoAgellA AvlE dividFel s Al AHdHE AE

ﬂl)\

Strain (y)

0 v T -

L i I i 1 M I ' T
0 50 100 1560 200 250 300
Creep time (sec)

Fig. 23. The varation of strain with time after various UV inadiation
(Sample-8, T:25C).

_85,



35

- l....
30 = NoAA "

N
(8]
1

Strain (y)
S

N
o
1

T T T T T T T T T 1
0.0 5.0x10° 1.0x10* 1.5x10° 2.0x10* 2.5x10*
Exposure energy (mJ/cmz)

Fig. 24. The vanation of strain with UV exposure energy
(Sample-9,10,11,12, T:257C).

IFig. 24+ sample—9, 10, 11, 12 i3t I A& Az} p#3to|ct
AREAAE HreA] & AEel Bls) AAEAAE HuEeE wE MEEe] W
of ZAl deojwta, o]24 Ee] W Ast¥ivkis & o 5 U IPDHAL
7bg ol AA dojwkil BCD, CHD #22 uehdtl Atz og e
£

4
2g3 o] Wy Fo

9] recovery H3S 3l FEAFE
W Qe AbgE Mg T At Fol F AP F, RS AAZ o] TR
Al ske] whgo]l APH = vzt Folrg A2 A9l o]F e recovery W ¥

& HE g 5 sl

i 10
)
W
o
a
[
il
R
o
0,

_36_



A

4-1-4. ¥4 a4 54

A

Fig. 26~28% Ab32AlE HrhebA o4& AE 2 IPDH, BCD, CHDE 77}
H7bgk sample—9, 10, 11, 120 dig G A8, G (EAEEE)
tand (G"/GY 9 WskE depd TTgfEolvy i AlEolA FdEA wEe
o z] ofodolx G AFEA Wt (" R For FlElE AL 2 £
ASATE ol dEAbel ofsf Ayl FAbe] fjste] Riwrh 1A Ao R
Aarste] Wapego)l Foxl Fatelut o] oM Glgke] obF #n A9
AAE g g Al Aol A = HA ¢ AL & & A, 2
ol AAdY i Ab&E7Y 3 Ao 2 Agtste FAddMe ¢ G
arol sr7el Svbshi: AE #BEs £ AAdrh

wet o AARAS 2 K AdueAl AMEE Ax wdst 5L
Ae7bA AslEls St G GUol siababE, A ¢
AAIgel  vhebvbAl ek o] A elAl tand =1(G'=GMe] Hi, sk

WEAAS Wb Aol WA 9 A9 Al table. 33 fig. 29914

4o
S
i
o3
m

=
i
18
p

ekttt AFEAAE Hzbe AES AFAAe Radd ojs) s
2Rl olelAl FEurgel AbgE 4 A e ool JskEsHom
FobshA WM FR0S Susk webd geilel wel vehtA @ @

Ao A AbEAla el g¥)i= [PDH > BCD > CHD +#2%2 vtebstoh

_37v



10° Ty 10°
S
10" —s—G'
—e—tand
. E10°
10° 4 F
= 107 4 o P .
3 / ‘N
&) . E 10 ;
e 10" 4
& /_/
L
10° 4 .
. E 10
T
A
07‘ TA—A_ L 4,
1 -
10? +——rrrq T —— ———+ 10"
10° 10° 1o
Exposure energy (mJ/cm”)
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Fig. 26. The vaiation of G, G'ytanS with UV exposure energy (Sample-10, T25C).
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Table 3. Gel Time of Vehicle

Sample-9 Sample-10 Sample-11 Sample-12

AA Type x CHD BCD IPDH

Gel Time (sec) 167 127 45 41
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160 4

140 4

120

100

Time (sec)

80 4

60

| 40 .
20 . . - .
HD BCD

NO AA C IPDH

i
| Acid Amplifier

Fig. 29. The comparison of gel time (Sample-9,10,11,12, T: 257).
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Fig. 30. The varation of relative viscosity with UV exposure energy
(Sample-9,13,17,21, T:257).
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Fig. 31. The vanation of relative viscosity with UV exposure energy
(Sample-13,14,15,16, T: 25C).
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Fig. 32. The varation of strain with UV exposure energy
(Sample-13,14,15,16, T: 25TC).
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Table 4. Gel Time of Cyan Ink

Sample-13 Sample-14 Sample-15 Sample-16

AA Type x CHD BCD IPDH
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Fig. 33. The comparison of gel time (Sample-13,14,15,16, T: 257C).
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Fig. 34. The variation of relative viscosity with UV exposure energy
(Sample-17,18,19,20, T: 257C).
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Fig. 35. The varation of strain with UV exposure energy
(Sample-17,18,19,20, T: 257C).
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Table 5. Gel Time of Magenta Ink

Sample-17 Sample-18 Sample-19 Sample-20

AA Type x CHD BCD IPDH
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Fig. 36. The comparison of gel time (Sample-17,18,19,20, T: 25T).
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Fig. 37. The variation of relative viscosity with UV exposure energy
(Sample-21,22,23,24, T: 257C).
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Fig. 38. The variation of strin with UV exposure energy
(Sample-21,22,23,24, T: 257).
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Table 6. Gel Time of Yellow Ink
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Fig. 39. The comparison of gel time (Sample-21,22,23,24, T: 257C).
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