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A Study on the Synthesis of Sulfenate Type Acid Amplifier
and It's Application of UV Curing Ink

Mun-Hag Lee

Department of Graphic Arts Engineering, Graduate School,

Pukyong National University

Abstract

The technologies of printing inks cured by ultra violet(UV) have been applied to the
printing industries and their demands are increasing rapidly. Especially, according to the
rising the problems of environmental poliution, the needs for free-pollution inks are
increasing. It is inevitable to use UV curable inks in an efforts to reduce organic solvents
because they'll solve the problems of environment and the healths of workers occurring by
use of the inks solvent added.

Furthermore, UV curable inks is suitable to high-speed printing and applicable to the
thermally unstable materials, which is afforded to increase the productivity of printing
industries. Besides, the UV curable inks are shown that the durable abilities against friction
and chemicals are relatively higher than solvent-type inks and can be applied to various
divisions.

In this paper, the novel acid amplifiers were synthesized and characterized to their
properties. And UV curing properties of samples prepared using the novel acid amplifiers
were examined by means of the measurement of current.

Finally, the application of acid amplifiers to printing industries was suggested.
The experimental procedures are as follows.

1) The intermediate (4-vinylbenzene-1-sulfonyl chloride) was synthesized.

2) The 5 different kinds of mono-type acid amplifiers beyond

4-hydorxycyclohexyl 4-vinylbenzene sulfonate were synthesized.
3) The 5 different kinds of di-type acid amplifiers beyond

= Xiil -



4,4'-di(vinylbenzene sulfonatyl) cyclohexane were synthesized.

4) The 55 kinds of samples were prepared by mixing the synthesized acid amplifiers,
photo-polymerizing monomers, photo-initiator and a variety of pigments and
investigated such as the curing velocity by UV irradiation time, curing velocity by the
intensity of UV light, the curing rate and curing velocity by the addition of acid

amplifiers and the curing rate and curing velocity by the addition of pigments,

The results are as follows.

1) The conventional UV curing measurement system were shown some problems such as
the difficulties of using, the limit of time, place and measurement range. but the UV
curing measurement system produced in this paper can be used to measure at anytime

and anywhere and handled conveniently on PC.

2) It was shown that the photo-initiator is an important factor according to the results of

electrical properties of a vehicle and an UV ink.

3) It was shown that the curing rate and curing velocity of a vehicle and an UV ink

increased by the addition of the acid amplifiers.
4) The acid amplifiers improved the UV curing rate as the following order ; CHD > BCD
> IPDH (according to diol compounds), vinyl > methyl (according to substitution),

di-type > mono-type (according to the number of sulfoxide).

5) It was shown that the curing rate and curing velocity could be controled by the

sefection of acid amplifiers in a UV curing system.
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FEE =woZ B 7 Utk

S. Tada 52 'UV 92 #3skel A7)A3 W ofgh Gop [17]e1A UV dsted =
o A3t 4= Hrtets 4y ol 5 AU NMR, IR, AF&Rate s S-veh &
gl o] MrjAgo] thE Fdl Zoteted Az A3 Wstel] of 3 HspEE HEele] UV Y

1T



ol

o 478t 4g A 1A Aol Hrkstaa spdvk At g, UV EAbel elgk Uy
Y] RS2 T Ad HEHAY muvietel nkg o ol Esh UV A
of AF W3lax Ao Fsh&E vl A %12”%, o] SFRAEHAl UV o =toflx A
7bodte, dgdellel S8l he ¥ Hejety agduh oS W ThE HuAM EekE b
Aol Fgst LAl zol el S [18-19]o1 A 5= UV 22| fdeh A s 1A o
A AY Hrtsts W 2wz shalh, Ak At vzl wgs e Sk
Hr7h el fFasitte 43§ Ak

S.W. Kim §% 7Vl & S84 @A) dxxstel ofgh sk FoF [20]eh A 71E

L A FEAe ArlHer Wl mE dslh grial D B E 2 5 (Bronstead) 4
4 el HEZ e WA HEE wte] vlhug S A Ak s gdell whis b
el F7toll &gk Aatg A7 wsiel Hg Helo Wz oyl 2w o
HE A Hn @ BEAHEAE HA Bl] el FEel AA A A waar sk 4
ol 7bedtin @ EEAH A A By AHE R FEe] X we] fEas des ol
£ A %ol 7ttt wych

K. Ichimura® A FA8 EEAR 2B sl [21]AM AR A7 2hq]ol 3 242
D A Zojel] of3) AAaGA Eaf Holob dhar @ 1 Well el A A S D)
LA I @ 4ol EA stoll M s A oR qhde A FoE Hal R A o] w7

FollA ¥ EEAT# 3 (photolithography) @l & #2171 200003 €2l 157 nmA of Very
Deep UV, Deep UV A =248 nm & 193 nm, Extreme UV A = 134 nm)ol A 200851 70 nm
72l Faskd Ao oidbgel] wret et EFe} o9 Hiiw o dhAlel vhulgkar Cief w

=7}

3 =7)

ot AbF A Aol o 3t He dtez wasidvh
H, S. Kwak& ‘ol Z2A] X ul§FE9] UV Ao os oA [22]0 A ko] &
¢l triarylsulfonium hexafluoro phosphate salt & A}-&shed -

2} DGEBAA epoxy resin, 843 2+ vinyl cyclohexene dioxide,

A
A R

MR

A A
= ¢veloaliphatic epoxide

1 ethylene

glveol®} caprolactone diol, Z& 24 A2 alkyl-pendent &5 AbEste UV dad 545
Al gk g ol5d et data ey uigd swa §F Aglsiar of del daE
gox 5% UV Fatd +4&5 Mdstuxt sk

S. W. Park< ‘222 wb8-2 7128 7k p8 A Alsel 23 M 8 SRS 99k 4t
ZAAe A 54 dislA et HAE 2 thienylmethyl TMMA) /14 Ab5 & 7)



Ao2ga REUAAEL uREaE AEAA[Poly(2-hydroxypinany! 3 p-styrenc
sulfonate)—co—(tert-butyl methacrvlate}] 55 #Ad&te] 1alEe] o) 448 gristu
sk

K. K. Kuent ‘cyclohexanediol ©]&3 AbZ21a9] &4l 2 B4 of 7' [24]0) A g atg
4 R E e A2 E(chemically amplified photoresist : CAPYS] @8 & R etslr] 98] 5%
3t MEAMY FEHRAAE(acid proliferation type photoresist)oll  #H7tslrl 94
cyclohexanediol™ p-toluenesulfonyl chlorideS o]-&3F AbZ=A A% Al Wi Z3kslo]
olzol A A, B3, B Ao dehdd, B 54 8 54 - BAlskg o, of
E AFAATE et A8 o) FEsA AgdE S del &y

J. Y. Park® ‘isopropylidene dicyclohexanol-2 o) &3¢k 4b&2l o] &+A] ) da) of
[25]eM 33 528 XEHAAECAPY 43 AdE /3 A5y e sE
(photoresist)oll  FH7tete] v B Z2Az Edoz  jsopropylidene  dicyclohexanol i}
p-toluenesulfonyl chloride, 4-stylenesulfonyl chloride 1]t methacwloyl chioride 52] 4t
THAE A v TEEA, o5 Ut oRel wE g E Hdstn Yo £4
dab dgoted vhrbAl R R AAFAAE of My "l A e SaRad
#H w4 vebRot oz sk

E. J. Lees= "“4FE5A A& isopropylidene dicyclohexanol®l o] ¢ 7}z] M3 vjojk of A
2o A 2 E4 A [26]0AM AFEA A 2 isopropylidene dicyelohexanol 2] p-stylene
sulfonate ester =, trifluoromethylbenzenesulfonate ester + 53 21¢] 2 nitrobenzene
sulfonate ester #r £ A& A8, p-stylenesulfonate ester Fhw &5 Jrd-apsd A E A4
FTHoA T o) dig dA JF 9 Ar FF A G4 AdelAis ol

=
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A 27 BAA ol &

2-1. UV A3} HAlg) A 344

2-1-1. UVe A9

@] dATE vy e R UVes H9WHaty oam 2o 292UV ultra violet lays)
2 10~400nm G 9] A} aE BEt o]l & MlFe] 200 ~400 nm7F A E Lt 10~
200nm7AA E dApe)delegrar 3ok UV A o] $ask azbel Izt e o d Bl

280~310nme AHE FEL Ao BIEWID v% st 8-S gow Al

)

200~280 nm®] A WL AT} A E B fralgl g ditsh) el e
gt 100~200nme] UA AL §7] 55 o5 o =l ovfAl S abael] da) e+

o2 WEAZ T, F7) FelA Welx mesia gl AAlz U@ Fol ol o g
F Q) WEe) AEAsdelgan
oAbl d e Wateh Afo) Fated sherolhak shity AcdACl A of ] A

- O

FE el D

R (=}
A4, TS B s 0 8 A W A4 g Ciela g,
o, BE PR 2o B A 5 oA GFa 127)

2-12. UV o] 8¢ dals} nazigel sa

UVel o) 88 odapdog mnw ny o] YEi Ade L)
ulolebel A Aol FANL b~ BE)S HiTT UAF'E vhEel EaA AUk
ol A& BlFRel wF AW Aol o} 2 BES Awala Al o)ge] ;aE Be
AN HAG Hze) s)F ol (28],

194710l i= B2 3 4E 25 E W JaE AR AP, des Wl st 96

W NS o) gk 1815 BAAHOLMMLI o8 9lsvh W Hlele)



UV Zsh Q4 dze Az 55+ 1946 sk, ol9f 22 Al7le] nj-te] A
FdAEHA M= F8A mgel BstE flEA ol A HE S T 19408 i ot
19950 el = UV A2 E ALEs)A] 53] x5 A
FHUe o] B8t 4 SRR, ohdaells Yo S AR 2ol
7Sl oA Fd A Ao ARgolle 2Estal foivh

1952d el & vlF o]~k FrhAle] E Minsk AlW4be] Holtsl whrg 5 o) &3k Lel
ALY vld g dResth

1960 tlell Soix AAIHez PYAE 3
Tl ASE ol UV 3 219 Adu dF gdast 2AH o daen A3
th oAt ezAe] Ao, vlelag g, FL7HE, dAM, A9l Fol gk sAp7) o
Fold, 4283 AYa A Aol Al dafAn. 2 Fol Aeldde] Arg e
A FA A F8 ugoe] WA 7] Alzbslg ol

19603t Fub v]=o] A FAu|He|A s acryiate monomer?t 7RI E QA L o) At
acryloil 7[{CH=CHCCO-)Z 7}A2 ¥ monomer, prepolymer?t Awaldl &3
photoinitiatorel]l ¢t F§(radical &) o] 196940l 34 2l Fokol d5 12l 4
&3 HAn.

UV sl 7i&e] 394 A dFd 32 1960 O Al 71 14 v o] <)

2
A7z 6702 200W/in =& FZE e, AdE g 444 s

il

> alds RS Adwe] K3 3

1

ot

x Q 3 3= = .
U A, AR RS AN B 8

Ag gou
W ond Astel WRY SWH Y=k LTFHAG DAl 19690 2ol WO BFRA
42 2Qgol g Salsk By} ughon], 58, 5ol vheld AlolA @shyd B T3

Zao 2"z mazt HEFHUAC

1970 dlell SotA UV Azbe] b A vl & 7p&atEo] #a TepsE AR §
B A, BS54, ~3d dd el ddHe] g9 swl Gl 2ely] AlFtslgo
9, 1980t = A Agbs, FEEgaa Gl S5 19008 A 8 B
FAZL % A7 A dFg wet g EAE AR A B UV Ad Al Aglo] o
A A

Aol Qale] nast 9 nEAste] wE 7 A0F, olui4) "ok F7h dok Va4 |
Fae], Ao Fo SA0R | Y ARt ofyet wu, {EA B we i

ofell ThFatAl ol &= vt

B

9]



2-2. UV 239 54 1 $8¥o}

2-2-1. UV A3} %49 54

UV 238 A3 2 dof, o] dob gafdbx 2 s e Heol el 43 2

s Ao oud el Bkl 2% W g e olu] e vis} £l o] 4 w4

O AL Sl 2] o] FAbe ofs] 2ketE |7 s A - daede] 1009% A INkE A aba
MadogM Aot e el g shzbgn] o] Al agle] ol d el by w
Azt shEetal, Az:A slEEolv FAR(TEYe]l gors Aysidels
Azl e} Lulst = Aol ofx] Agweld faretal vEe] el nls i)

A el Age] glon, el os ow g QlaiAolit s el A g 4 gl

FAGel o8l WTAHel $FE ASEThe @& 5 U HAS Ah4u v [29]
UV Azt vled fApeh dadby oz EB(AM)e) o dh Fstabyel aluh o) 4l
A Ao 71E5E 1970 Bold dEgsRed o8 T o AsiyS vlvs) mul o

21t (30]

(D 852 A2 oi7f FdshAwt dabd Fehd s A et S How &4
weth AAUE Adegs Za 14E ey art Ak g §-elol

] RFE VS gae @A, dAbd Ak UV AR dagtel 4t o

ol e},

Wy RS A e el Aldo] glFul, Aheldo] wlw s gyidel o

agh e, A A ojn g @A el Aol Fsahrt st

BAMRRRA SEE B7HA Ak Fspie 2 abolst glAwh UV Feh 4
sh& Tt =gt

(5) MAtd A2 dule] 27| Fx FAo} Fo] E7] wfitel Aninv} Fis A7
(A== dig A 2elel A 8= a9}

(6) WA Fahe UV A8y ol dom haue)vh gytylh

&
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2-2-2. UV 33te] S&&of

Uvel shatx zh8-2 Abd3h o) of2f 7hxin EA, upge] wpE 1L Fo 51

Table 1[31)7 2t} UV B3 2= 2kefde] qlnk Fahst 248 Folr] #4338 ol &3
ot}

BT RS AEAE 2EAY S8 T def o A (FukgHny AEE oy
Al 52 Hifo] Fhgati whE Aol A& - HEEA 4 duie FHel vt
(32] #a¢ vhg2 A W&ol vlay w9 wkE 2wolA] REZEhar o] xAbE Ha
Ant ke o whgo] gajun FAstd Ao Aol o] Bui A2 PR
AN QAR AR, ARVE AR, B8, 29, Y2, dAREe A 2 ke 51 88

Zok7k ol "ok

Table 1. The classification of UV rays.
Wave
Effects length Light source Classfication of UV rays
(nm)
Shortwave perpendicular o
Product of ozone 150-200 | strips of a lattice fungus lamp, ?eDdOFIZ&l]OT].
reatment of water
n ~ Quartz-mercury lamp |7
Product of anion 150-200 |lon lamp Air clearness
gtzr:ﬁ;;eﬁo?lf an 0ZOMe, | 5,0 100 | Srarilization lamp SSltl?F;léezatlon of air/water
Sterilization lamp, Arc
Hurtfulness effect of 200-340 weigmg, Gals welding, Protection of the eye and the
living body ) Garbon arc lamp, . skin
Fluorescence lamp of health
good use
Erythema effect 250-330 gﬁgﬂ:‘;ﬂ ;‘:u‘;/] p[a;; '; lpl(g(?hlion Light erythism diagnosis
Vitamin-D 260-300 Fluorescence lamp of health 00 0o 1y adding at the
- - good use, Xenon short arc . .
generation lamp food and a rickets prevention




. . Black light fluorescence lamp, R
Plgmeqtatlon 330-400 | Black light mercury-vapor Treatment of a vitiligo
composure | vulgaris

amp
Fluorescence lamp of copy
Photo- .
. 340-460 |use, Mercury-vapor lamp of Diazo copy
separation
copy use
High-voltage mercury lamp,
Photo- Xenon short arc lamp, Plate making,
General | polymerizat| 340-460 |Extra-high tension The curing of the coating
photo- ion mercury-vapor lamp, material, Dry of ink
chemical Metal halide lamp
action Mercury lamp in - e
Photo- photochemistry use, Carbon Light Ste.lblmy test,
300-750 Synthesis of chemical
collapse arc lamp, Xenon short arc o )
. materials, Exposure test
lamp, Sun light T
Photo- 340-700 UV fluorescence lamp, Synthes.ls of chemlcal
synthesis High-voltage mercury lamp materials

-1 AT Al ael 4]
ol & F§ ol

5} 2,

rdstA A=

il o) F A s

AA

[

2-3- 1. &9z F 5

"] 2 radical) £ 922

o

2 4 dA =

(1) 7HA] #HE-

g

7§ Al HES-(initiation reaction)< UV 7 3}
UV oz g F5ste) 845K

of wrgsAy Szl wrgste] €4
Auhi} o2 A shi=rle) wel d3EE

gAste] wyjo = A 7A17E ded AA, %

ke AFOUR, EA, U Ex1e w4

al

2 0
f. =

(<]

3.0
=

br

w

o] UV 28 W&ol obulz
sof e d F Ul AslebAl Auu o

2 =1 L O -
&% ukg

Zl sy €l o (33-34].

Aol Apef Al
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A, AA, A4 ol ofalA SeUg FAsHs A ool
o] 4E Aoz LehiE e} 2ok (A, 1-4)

hv .
I — I = (D)
(&7 AL A (Z4dshe 3041 A)
FAL Ja - WY — L+ L (2
F42%Y I'+tRH - I H 1t R-—- -3

Axtelg '+ N — 1 -4 N

A7)A [ - 0@ epezoln] N& monomerd LiEhuith ofsh zol FAd rlge
Z=3Alo] 9l Bxst A% 713 A & FEFE monomerst 54 prepolymers
#4358 A7k & S I8 AHgste FgAde] de B¥E AEE MR FAE Mo
o w2 st e ohga 2ok iy, 5

W+ M o Ia ot M e o (5)

(2) 4% ks

237} Wk-$-(propagation reaction)& 7iA) ¥h&ol A g4 ghrlzhe] of 2 2 Alacryloid
719 o)l Z: Aol Hrtslo} A gpr)zbe] ¥ AL gt} o] o] AR o monomer <}
wheste] ZgErE A3 FrrslAl Dy (2], 6).

IWtM - +M — 14 My- e [atMy- M —Is - My

Rl )

(3) AHolF Bke

A o] % 8F2(chain transfer reaction)2 @hu]zbo] & R aHTIR ofgste] vb-gahi-



g Baee), BA AN WEE AL, T-8)

itMas + T — Lo My T oo (D)

T + Mo — T-d Myo 0 ()

(4) A=A vk
A 2] WES-(termination reaction)& 2hu]zt AAle] Fr

I"+M;)'+I—Mm- - IVNn"}"I’T‘L\v’Im
Y= 1My o1 My -2 (9)

I-My-+ T+ 1~ My~ T - - (10)

2-3-2. o] T WE

oo

Awraow Asaruge] o7 FRESL Fig 19 do) 24 2ob4 Wyow ¥

Ree

"o} [35]).
Photoinitiated ;
Polymenzation “
'\\
—
{. o _[;hotomduced - Photoinduced Active Center
| Polycondensation : ( — Polycondensation
L i e i )
Photoinduced Radical Photoinduced Cationic Photoinduced Anion
Polymerization Polymenization Polymenization

Fig. 1. Photoinitiated polymerization.
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ofo) 2ol 9|8 UV A3} e gzl o3 Aarle] e} el 7 542 shA
o ded aHe gdgy gk

(1) A ebeigdat ko) Halge] Ao vkt

(2) UV ZFAF Fofl &4 o] 2o] Gt

(3) %o} Azt ABFT wed FHol AA dojritt

(4) Fol2 Ashs Aad Tojrrz gl

(5) Fol & Agle 5=

gtz F3te] A% Fv1 Fo Atk ozl AgEke e del W ROO - HH A
S AAEte] geole] FAAE FEh B4 A5 59 FaAE das AR vkeed
BeHel 48 &o] ol FH Ahe FEIAA AES b

a2 eR abhke] €S gAste Wy (3612

(1) #9748 sodium sulfite, stannous salt & 378z WH

(2) oxygen scavengers AH&& &

(3) A" B 4aba Fiigdoel & AFAE AHgE

@) Ba BH7) Sl BRABE gy Fol ol Ao

e Abae] b 8k radical BFTENA HEb| o delvl, of& s Estr] #
3 w2 o o)l FETe Y B A7) olFojA AA ko] BIiAIAE o] &3 U}
% o] b HTt

ofo] £ HrfAlA) = ¥l who} 748 ok 2biHprotonic acids) S LSRR FAoR ¢

}
o] %% 758 monomerd BEF o] 7hgattl zelvh i ite] el WA AL o
olzF Sz o] o] FalE uf A spart wiEE: vhgel 2tk o] dikel 1 mm
olste) gre Exuelw 48 7Vt (7]
ol& F§ whgo] F2 ALSHE YolEE Y (diazonium salt)e] UVE AR U9
A1, 129 Zo] EajEth[38-39).



hv

R-O-N=N+BF — R-D0-F +BR+N -~ (1n
hu
R-0O-N=N+P - R-2D-T +Ph+ N —---- (12)

A714 A E BFsw ol HAFo] M (epoxide) 71 $F 38 o] F¥ol 7hEel WAlel] el
(cation) &S5 MAATIH, A Fge) HARY Ao de A nvhg vhakae] v}
21at7bA] wrgo] AaAE T 2lH E2]w(living polymer) 7} @ d 5 o] o] &o] iz} ol
Al Ak cletxzgd olfdd me] FHejo] A vld ofd R ovld Rye|E 7R

T RAA T A2l A el g E L v

2-4. UV A8A 549 74

2-4-1. FEHE 22 EH

UV 234 A< #3584 prepolymer, 34 monomer 1% 2 photoinitiatord 4
2082 FAEY olg ZFF A prepolymer( o] dh prepolymer)t 7 U] & & Ezpo] v
ol A BEXsIZIE 7HA A e Aol Aoy, wegisly Bydlvly = eport
3ol 22 olmEEZA(acryloil) 715 ARESIH o} 22 Hab Fale] ko] $ &3

o}

prepolymers UV 4338 24E9 FAYeoy Hey H&, oA 3 Sl 5o 2404
E,odEd 2 A" B F)ely uigst - oFEAd LS #®ostv] Wi vol s wl W (hase
resimyol @iz St Mo EEA Asbure] 2y - sk QAL AAsiis Fad oz
o, FAMEE T8 e Firel WekA polvester acrylate, epoxy acrylate, urethane
acrvlate, polyether acrylate oligomer, oligo acrylate ¥ alkvd acrvlate Eol ¢lt}.

polyester acrylate™ HF-&4de] s &8 Fof7i wom vpz) eyt vkl vk
2 #4517 dfeo AMEsts 5o welb A rxet dAEoe) el epoxy acrylatels
Z A 29 A EAZE ofAdAMo R dayEEste] e rlE ol 2ol VR 3 Ao



o} upebA] o A AAE VER dret RAAAE FAC A An B FE e
w2 5 ujefEAgol faaty gk Abadel disiAle wlaiA] vigkatA] a8 BAel 7] W
Foll o] 74x 3 Ag2AM de) AHEE D Ak @A b wel Alg A ol %
zUe visd 711§ solder resister Yolrt wte] WEA - A= - dleFEAd S addl
igciae

urethane acrylateys ©h¥3dt E42 7S 92 4+ 24 urethane acrylateoll zpel M8 =
Alste] AR wmete) Bely AL TR ekl et By ws e e by
o] Fo(n)ol] JF¢2 W=, YA ow T Drepolymer'/l— THlElof g 44
<3 2.

(1) A@koln] Ao ¥ T A

.

4 o3 % Ao @& 3 5.

-4-2. BE5PAR 2y

B34 prepolymers HAJol obF HE A iz dba A Alefe]v] ufFof D1 xpAvhe
2e 2 A4y Mo £x gdoeng HEr e ¥k A monomers #7beku}. & owkbgAd
monomert prepolymere] 3| A A ey ZAAAES sty Falo] xe]Me] Z=ALEA v
24 B 7|(functional group)E 7FX 2 o= e gojzbel o &) %4 prepolymer® ®EE
ste] FbebA] gal FwE FAEA Hoh

UV 73l 2488 W] dzsjolot gy = wFo #h2-F w7t Wb acrylate 5
A o) aetEo) F+2 AR ¥ 3 methacrylate = A 33HE2 AofA o @ A&Anr) vhy)
o F-oll ALSEEA obEvh
= orgA #E717F 1702 @ #s monomered #E7]7E 271 o] 4Rl

s monomer7} T) #5717t BEA4E A3 Huob wea JdAe] 948 wvte]

J\‘L

oft

924 monomer®

1

AP, oA 2WI Uy pFRV}
prepolymere] tek fajAlo] Wolxjneg A g vt g3
Jyg4 ol dojMe 2577 28T

q
2 28ty o) Bzl 7F wr)E o] oaykis ]
A =Z27] W&ol & #E monomers LEARe} AL Alolol A A S-S huf, 4}



o) Azlel ALEE= 984 monomere| A A] srefdl Abake b} g
(1) A3pdel 2 7.
(2) 4@ =o]™ prepolymerol thal &s|do] 2 #.
(3) & AFAPIE 2 ol&td A
(4) slgdel Ha, A7 & A 5.

-~

s
o

-

824 monomer?] #A %L prepolymere] BErRpeFel Btz g vle] fY-of
e

cEA SEd, AW Bagel ¥24E fol Bl kA Ul £e PurEel

2 b
TEE IR AL WP Yo As) WS T2E HA el vld BEo} 5
Hr}

Fzle] 2ajo] A 27 Ho] 7} yrethaneacrvlatelt epoxvacrylates= @R 7] el ol4)bo
2 22 HAxg JehlEd, o5 B2Ez7HE o 8ty] $8)] urethaneacrylateol] vlge] 88
7= epoxyacrylate®] At71E @hde] o awl=stetd A 7E A whelbch

2-4-3. B3 MAA

7% WA AP photoinitiator, ©]3F, FAA A <k} A olu A& F46to] g7t e
At 3E RAste TS ok FAAAE YubH o 1-5% AL drbe A
et A4 2 Qts H7rE T 2 wepd g3t SaEEvh

FANAZE oz £33 AL benzoin eter, antraquinone, benzophenone?t # i

AR gDy ol FEE e A9 B ¥ I nitrosamine, fluoroborate, perchlorate, perflluoro-

carboxylate, difuluorophosphate, phosphotungstate, tungstogermanate ‘o2l diazonium

salt, Va, VlaZr 2| 91428 X 53 aromatic onium salt o] 2281th 8 g A4 7h 509

2o g olg57] YaAe wrgAde] Fiad, 24 kA A g, FHE el WA

3, %A Tol nesolof skl FAHA AT shalof 3 &zl S mod vhE b et [10-41]
(1 UVY Frage] fate] Hadert wis =

(2) 4534 monomer, prepolymere] thah 8-aado) as s 4.

(3) &4 A Folvk thae] Dol sl kg s HoslA HE A

(4) o+, FA4o] A&

(5) &4 WMol Hu A E I3 Al714 e A B



BAANAE GutE oz UV ZAlo #Es] wrgo] 2elvpd o w) Strong Brensted
acids?t Ad =lo] o] zie] AAAQ MAIAZ g ate] HEehe dov|A ®uh L kg
FHUF& A, 13~173% £t [41].

Hopr e B2 AAE Stong Brensted acidss #3748 713 F4 Gol2-8 o £x]
ol= #(epoxide ring)el HEFTo 2N FENLS YoF|A H =] o] Untx FTt

o7t F & 4], 18~219 ) [42].

hv
ArsS"PFs — [ArS PFs 1% —------- === (13)
[ArSTPF ] * - ArS PRy FAT- - - (10
ArS-"PFs +H-R — ArS PFs + R+ - =---=- (15)
1
H
ArS PFs — ArS + H'PEy ——--——-- (16)
|
H
+ A
H + O\j — Polymer -- -- R ¢

B A A e} 3272 A (photosensitizer} s F 33l 71334 & ol (photocatalyst) gt il 3}y,
7R FZale] ot UVe] Fov WaEE shitEoa 1 —n HA deol i 7t2nd g
FEAAM n —>1n" Az} Holg Fuksiy, dvt Fad F oyAlis ofe] FRE Fu BE
43t g} 4]

B e 37 AY =3 wS(direct photopolymerization}#} g7l F=g w2
{photoinduced polymerization). 2.2 & T 91O M4t cinnamate 3}3FE, maleimide
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Table 2. The classification photosensitive group in photopolymerization.

Photoinitiator

Photosensitive group Structure {

acrylic ester ~OCO-CH=CH. benzoin |

methacrylic ester ~OCO-CH=CHy benzoin alky!l ether ]
(l:I 1 benzophenone

crotonic ester ~OCO-CH=CH-CH2 acetophenone

sorbic ester -OCO-CH=CH-CH=CH-CHs benzyl

maleic ester

fumaric ester

itaconic ester

vinyl ester

vinyl ether
vinyl benzene

allyl ether
thioallyl ether
propargyl ether

methacrylamide

acrylamide

H=CH,

-0C COO-

~00C
CH=CLL
COO-
00~
c
CH.CO0-
-COO-CH=CIL
~OCH=CH;

CHe=

-CsHs —CH=-CHy

-O-CH; CH=CH:
-5-CHp-CH=CIL
~OCH:-C=CH
-NHCO-C=CH:
CIH;:

-NHCO-CH=CH.

dipheny! disulfide

dibenzyl disulfide
dibenzoyl disulfide

tetramethy| thiuram

di-sulfide
azobis(isobutyronitrile)

Bunte salts

benzoyl peroxide
triphenyl phosphine
2-alkylanthraquinone
acetyl peroxide

anthracene

fluorenone
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Fig. 2. The relation of relative intensity with UV curing velocity.
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Fig. 3. The relation of curing velocity with color
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Fig. 8. Schematic representation of the photolithographic process.
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ol Aghe]l AAUTH[SZL olelF EAEE sdsty] s e E EEdAsElacd
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(photosensivity) ¢t S8l & AHpattern shape) T2 dAAA~E M58 &FAA7]7] 95
CAPel AHZ2 218 H7tstel PET

ASAAE R gteo] Ful A5 st} A8 HA(non-linean) 2 S A A
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Fig. 9. Expected reaction scheme of acid ampiified resist system.
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Fig. 11. Reaction mechanism in this paper.
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A3F A 9

3-1. 52 A 9] A4

3-1-1. &4 Ak

Ao Abggd A k2 1 4-cyclohexanediol(CHD), 4.4 -bicyclohexyldiol{BCD),
4.4'-isopropylidene  dicyclohexanol{IPDH)(o]“, Aldrich Chem. Co., 950%)
4-stylenesulfonicacid sodium salt hydrate, p-toluenesulfonyl chioride(pTSC, Aldrich
Chem. Co., 98 %), thiony! chloride(Fluka, 98.0%)2 A gleo] Al&3tgon, &g~
pyridine™ dimethylformamide(DMF, Junsei Chem. Co) &+ A 2F8 A} 83519

=

3-1-2. %57YA 4-vinylbenzene-1-sulfonyl chloride $HA

250ml. 37 it ZekAaAe) 4-stylenesulfonicacid sodium salt hydrate 0.2
mol{d1.24g)& Y31, |05 DMF 150ml& Yof uidkAl 7] &3l § ofo]a
W= (ice bath)E o] &8t vb3 e 255 07T o|ste Wl o 7)o thionyl
chloride 1 mol(120 g)& HA3] F=U A7l 0 T o]dbe] Aehol A] 24 A 7F% 9t w Rk}
Wl ghg A ZIch olu) el o gk ] 7o) Hpabg-S ubv] 93] A8 Aubslsic],
Whgol 1 B3 dichloromethane @& 4~59 &9 5 59% g4k rEAos

@ W o AFslal dol A DMPe EaE e 47w
g A7) $E A MgSOE Yol o3 (hlteryshaz, of

Fol ARem rEEw
)3 el AR
W ] TR vl g Al A S 8 ) ae] F Al d-vinylbenzene -1 -sulfonyl
chloride® K%t} [Scheme 1, Yield : 50.1 9]

'HNMR(CDCl,  pom) 154931 55240(d,  1H,  J=00309), 59185 59621¢d,  1H,
JF0.0456), 67114-6.786(dd, 2H, J=0.0275), 7.5631-7.5343(d, 2H, J=0.0200),
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7.9364-79579(d, 2H, J=0.0215)

: % o Lo
/ g—Na-xHQO + Cl_S‘C| | Y. S

0°C Ar 24h stir

Y

Scheme 1. Synthesis of 4-vinylbenzene—1-sulfonyl chioride.

3-1-3. 4-hydroxycyclohexyl-4-vinylbenzenesulfonate (CHDv-m)
Lige

20mL 37 2 a0 CHD 004 moldes ) B, &2 vledd 150mLg 3
of WRHAIFIHEA Falgt F ice bath& o] &atel Whg o] 245 0T =)akl Welch 1
€8 ¢HdsE AR o2 R(AD 7ha WIS whEo] FaL o) s #e] 3 1-uela] &4
gt Z7hH 4-vinylbenzene-1-sulfony] chloride 0.04 mol(82 g)& Gl 0T o]}l A] 24 4]
Eet s A Wb ATk o) ol e]ah Rk Wb S Folv] f)s] W abyiEup
HEg-o] EubH B3 chloroform{CHCl) 2.8 4~51 2%3h 1] 59 34} Sfolo @ 44
MAstn AFER & W A5t Jdolelis pyridineS A&l ol pllit &% &0
pyridine®] zhE o 55 S1¢tt pyridineS ¢ d Al 78 F MglO,g o] 8sto] 4288
A, At TRt folE At o1 FooAlE2a o ol A gate] sl 2
9] AdF A A A-hydroxycyclohexyl 4-vinylbenzene sulfonate(CHDv m)E 21¢iu] [Scheme
2. mp: 120 T, Yield : 48 %)

HINMR(CDCls, ppm) @ 1.6214-1.6954(m, 4H), 1.8124 1.8632(m, 4D, 3.0197(m, 1H),
40100(s, 1H), 4.7163(m, 11D, 54323-54503(d, 2H, J-0.0270), 58434 H.9074(d, 2H,

J=00440), 66932-67372(dd, 1H, JF0.0074), 75113 74324(d, 2H, J-0.0211), 7408
78234(d, 2H, J=0.0206)
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3-1-4. 4-(4-hydroxycyclohexyl)cyclohexyl-4-vinylbenzenesulfonate
(BCDv-m) A4

e 3-1-33 FYF Wy oZ A4 -bicyclohexyldioll BCD) 0.04mol(81 g)d E714
4-vinylbenzene-1-sulfonyl chloride 0.04mol(R2g)S FAd3te] Al 2rubo] Az Aly
4-(4-hydroxycyclohexyl)cvclohexyl-4-vinylbenzenesulfonate(BCDv-m) & 2 2 ¢} {Scheme
2 mp: 136 T, Yield: 56 %].

'HNMR(CDCls, ppm) : 09060-0.9674(m, 6H), 1.3588-1.4382(m, 4H), 1.6634
1.6807(m, 4H), 1.9214-1.9465(m, 4HD), 3.1240-32145(m, 1H), 40128(s, 11D, 4.3271
A3350(m, 1H), 54326-54600(d, 1H, J=00274), 58601 59130(d, 11, J-0.0436),
6.6974-6.7414(dd, 1H, J=0.0274), 75097-7.5312(d, 2H, J 0.0225), 78177 N7.8334(d,
2H, J=0.0207)

3-1-5. 4-(2-(4-hydroxycyclohexyl)propan -2-yl) cyclohexyl-4-
vinylbenzenesulfonate (IPDHv-m) 14

A9l 3-1-31 FU3 v o2 44 ~isopropylidene dicyclohexanol{IPDH) 0.04 mol(9.62
g3% F37H4] 4-vinylbenzene-1-sulfonyl chloride 0.04 mol{82 g)& &4 3o} 24 Huboj
AHEAN A 4-(2-(d-hydroxyeyelohexyl)propan-2-yl) —cvelohex yl-4-vinylbenzenesulfonate

(IPDHv-m)}E AU [Scheme 2, mp: 138 T, Yield: 52 %]

FINMR(CDCls, ppm) 06568 069621 (m, 6HD, 09351 LSO (m, 41D, 11452 11720
(m, 21D, L3274 1437A(m, 41D, 16327 16512(m, AID, 19543 19987(m  4FD,
3.1332-32100(m, 1H), 4.001(s, 1H), 43211 43641(m, 1H), 54320 54504(d, 2H,
J=0.0274), 5.8629-5.9129(d, 2H, J=0.0440), 6.7050 6.7490(cd, 1H, J=0.0274), 75155
75362(d, 2H, J-0.0007), 7.8276- 7.843(d, 2EL J-0.0207)
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A 0°C Ar 24h stir 0

]

g 0.
9 \N T \\’S\\O
o on + ord N o Ol s
0 N Q°C Ar 24h stir
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(u) \N \\,S\\O
5 3 0°C Ar 24h stir - \
({POHv-m)

Scheme 2. Synthesis of mono—type acid amplifiers.
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3-1-6. 4-hydroxycyclohexyl-4-methylbenzenesulfonate (CHDp-m) ¥4

250mL 37 T FEhA~A) 1, 4-cyclohexanediol(CHD) 0.04 mol(4.65 g} v, Lo &
pyridine 150 mL-& o] WA 7]9A £38]5 ¥ ice bathZ o] #dle] ¥hgFo] - & (

=

T oletz WaA7lm o232 (Ar) 7t #7194 p-toluenesulfonyl chloride(pTSC)
004 mol(7.62g) & ol 0°C olgtall X 24 Al7HEo wRtalmia wb &2 7ic) o)u] wof 9
g ¥7l g e Zolv) flal We aAdEdnk wh o] 2k 23 chloroform(CLICTH) S 5
4-5 FEY H 5% G vENoR F3) MAstn 2FLE 8 o G A A ek ol
U pyridineS ¢ A7 sk o, o]lW) pHE A sle] pyridine®] #F 32 #Held o
th pyridine®l €h8 AA F MgSO.& ol &3l F8S AAs s, 2t Sslel &os

G 2 & gk S g2 A42dste s Bakel a3 AA 4 hydroxveyelohexyl

4-methylbenzene sulfonate(CHDp-m)& A [Sheme 3. map 134 T, Yield : 50.1 %]

'HNMR(CDCl5, ppm) © 1.50-1.53(m, 4H), 1.77- 1.92(m, 4HD), 2.32(s, 61D, 355 3.56(m,
1D, 4.37-447(m, 1H), 7.22(d, 4H, J=0.0207), 7.65(d, 4H, J=0.0206)

3-1-7. 4-(4-hydroxycyclohexyl) cyclohexyl-4-methylbenzene
sulfonate (BCDp-m) &4

Aot #e W o2 44 -bicyclohexyldiol(BCD) 0.04 mol(&1 g} p-toluenesulfonyl
chloride(pTSC) 0.04 mol(762 g)& sk 84 FHol 2324 4-(4-hydroxyeycelo
hexyDh-cyclohexyl-4-methylbenzenesulfonate(B3BCDp-m!< 2191t} [Scheme 3, mup @ 149
T, Yield : 575 %].

THNMR(CDCl3, ppry & 0.95-1.18(m, 10H), 1.70- 1.72(m, 8H), 2.42(s, 3H), 3.46- 350
(m, 1H), 430-4.34(m, 1H), 7.29(d, 2H, J=0.0207), 7.75d, 2H, J-0.0207)
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3-1-8. 4-(2--(4-hydroxycyclohexyl)propan 2-yl)-cyclohexyl-
4-methylbenzenesulfonate IPDHpm) %43

Ag} 2dg Wy o g 44 -isopropylidene dicyclohexanol(IPDH) 0.04 mol(9.62 g) @t
p-toluenesulfonyl chloride(pTSC) 0.04 mol(7.62 g)& Adste] H4 FHe) 4324
4-(2-(4- hydroxycyclohexylpropan -2~ v1)--cyvclohexyl-4-methylbenzenesul fonate(1IPDIHp

m)< 4ot [Scheme 3, m.p: 175 T. Yield: 43.8 %].

'HNMR(CDCl;, ppm) © 1.013-1.04(m, 8FD, 1.18 1.21¢m, 5H), 1.22-1.43(m, 71D,
1L.63(d, 2H, J=0.0257), 1.98(d, 2H, J=0.0257), 2.43(s, 3H), 349 35Lm, 1H), 4.0s,
1H), 407-439(m, 1H), 7.30(d, 2H, J=0.0207), 7.76(d. 2H, J-0.0206)

=
fe} = ‘ @]
O OH 1l N u
H + Hac‘@S*CI Y HO 0-§ CH
('5 0°C 24h stir

(CHDp-m}

. 0 OO
N —/ .87
HO“AQQOH + H3c—©-—§.—c1 —- S

o Q°C 24h stir 7N

(BCDp-m)

3

s O
| 0 L oy
N ;
o OOt e 0o L e LTS
| s 0°C 24h stir o
HO

(IPDHp-m)

3

Scheme 3. Synthesis of mono-type acid amplifiers.
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3-1-9. 4,4’ -di(vinylbenzenesulfonatyl)--cyclohexane (CHDv d) ¢4

250 mL 3¢ F+t Fek~ A9 14-cyclohexanediol(CHI)) 0.04 moli4.65g)-g& W11, &uj
2 pyridine 150 mL& ¥ol mRkAIZIW Al & a¢ ¥ ice bathS o] &3t dbgzo] &
EE 0T ol3t® WYHAAAIE ofZI(An b W IelA 3-1-2e0M 3 e F1hA
4 -vinylbenzene—1-sulfonyl chloride 0.08 molt16.4g)-8 ol 0 U ~5 Tl A 24 A 7hE<E W

uhslA A gEE A1 ZITh ool el eo]gt Ryt wk8- & Feolr] s WS Avdsigvh 4hS3o)
U9 29 chloroform(CHCL) .2 4~5¥ £33 ¥ 5% A58l o 2 53 M Hs
AF3EE o o AF3te] gol & pyridined A A A, old pHE £ 43

pyridine?} & o825 #oldl gt pyridine® &4 AlA & MpSO4E o]l £3lo] 1%
AAs 2, Gd TR BE ddd oy gg olekE B2 o8 QA Adse 3
A Habol AE A A 44 -dilvinylbenzenesulfonatyl) - cyclohexane (CHDv- )3 939dr}

[Scheme 4, m.p: 126 T, Yield: 45.0 %].

"HNMR(CDCls, ppm) @ 1.6186-1.6474(m, 4H), 1.8422 - L856(m, 41D, 46163(m, 2H),
D.4452-54726(d, 2H, ]J=0.0274), 58741-59176(d, 2H, J=0.0435), 67048 6.7483(dd,
Z2H, J=0.0440), 7.5198-7.409(d, 4H, J=0.0211), 7.8107-7.8318(d, 4H, J=0.0211)

3-1-10. 4,4’ -di(vinylbenzenesulfonatyl) 1,1’ bicyclohexane (BCDv d) 343

Aot e WHo 2 4 4'-bicyclohexyidiolBCD) 0.04moli81 gk SvHA 4 vinyl
benzene-1-sulfonyl chloride 0.08mel{164g)3®  $HAdale] g el bzl 4
4.4’ -di(vinylbenzenesulfonatyl)-1,1' ~bicyclohexane(BCDv-d1 & <12t} [Scheme 4, m.p: 205
T, Yield : 43.0 %].

FINMR(CDCl, ppry) - 09076-0.9674(m, 6HD, 13597 14432(m, 4H), 1663 16308
(m, 4H), 1.9215-1.9454(m, 4H), 4.3280-43409(m, 2H), 54329-54603(d, 2H, J-
0.0274), 58656-59134(d, 2H, J=0.0436), 6.7046 6.74%(dd, 2H, ]=0.0269), 75146
7.5357(d, 4H, J=0.0211), 7.8234-7.8442(d, 4H, J=0.0211)
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3-1-11. 4,4"-di(vinylbenzene sulfonatyl)—isopropylidene
dicyclohexane (IPDHv-d) $HA

et 22 WRWes 44 -isopropylidene dicyclohexanol(IPDH)  0.04 mol(9.62 ) it
4-vinylbenzene-1-sulfonyl chloride(& 7HA) 0.08 mol(16.4 g)& 3438l 84 dhukel AL =
A 44'-dilvinylbenzene sulfonatyl)-isopropylidene-dicyclohexane(IPDHv -d) & 191U}
[Scheme 4, m.p: 141 C, Yield: 495 %]

FINMR(CDCl;, pprm) 0.6225-0.6836(m, 6H), 09494 1.0096(m, 4IT), 1.0940-1.1533
(m, ZH), 1.3365-1.4285(m, 4H), 1.6153 1.6472(m, 4H), 19463 1.9683(m, 4H), 4.3181
~4.3414(m, ZH), 54339-54613(d, 2H, J=0.0274), 58713 59153d, 2H, J=0.0440),
6.7060-6.7770(dd, 2H, J=0.0440, 0.0274), 75170-75381(d, 4H, J-0.0211), 7.82%%6
C18A93(d, 4H, J=0.0207)
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O
HOQOH + c-s \O\ @A
C N\ Tecaoms o \.

O

(CHDv-d)

) vl
| O

9 \N \/S\‘o
o) N 59C Ar 24n stir 5.

= (BCDv-d)

S
HOMOH + o s@—\ﬁmm LI oo
N 59C Ar 24h stir

(IPDHv-d)

Scheme 4. Synthesis of di—type acid amplifiers.
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3-1-12. 1,4-ditosyloxy cyclohexane (CHDp-d) ¥4

20mL 37 &> EebAol 1 4-cyclohexanediol(CHD) 0.04 mol(4.65 g) & & al, &l
pyridine 150 mL-& Fof WHHAZ|HA &3]3 T ice bathS ol galo] 0°C ofshil W§7ha)
71538, ok 2 9MAD 7t 971l A p-tolucnesulfonyl chloride(pTSC) 0.08 molt15.24 o)
wol Aol 24 AZEE e WS A WHg A 21t ofuf Wel] 9@ K} w8 Zols] 9]
s Wg abdatglnt. vhgeo] Euid B3 chloroform(CHCE) ©. 2 4~58 F3 6 9 59 <
VR ow 3 MHSy AFER W o d"sted el )it pyridines A8

o, o= pH
MgSOaE o] &8tef #& A7ata, gk Zirsle] 8 walch vl 148 o ek )
22 AaAgste] A Fel abF A 1 4-ditosyloxyl cyvelohexane(CHDp- d): ¢1¢l}
{Scheme 5, m.p: 158 C, Yield: 400 %].

mlu

= Aol pyridine®] #BFE oW BAstA). pyridines] x4 A &

'HNMR(CDCl;, ppm) ¢ 1.5962-1.6347(m, 4HD, 1.8304 1.8570(m, AH), 2.4405(s, 6H),
A45908(m, 2H), 7.3132- 7.3346(d, 4H, )=0.0214), 7.7479 7.7639(d, 4H, J-0.0210)

3-1-13. 4,4’ -ditosyloxy—-1,1'-bicyclohexane (BCDp-d) %4

st 22 o 44 -bicyclohexyldiol(BCD) 0.04 molig.] g3 p-tolucnesulfony]
chloride(pTSC) 008 mol(15.24 g) & gAdatel g el 23214 44 ditosvioxy
-1.1"-bicyclohexane(BCDp-d}-& BT} [Scheme 5, m.p: 143 C, Yield: 44.3 5]

HINMR(CDCls, pprm) : 0.9367-09651(m, 6H). 1381 1.4072(m, AHD, 1630 16775

(m, 4H), 19110-1.9352(m, 4H), 24246(s, 6HD), 4.2987 4.3213(m, 2H}, 7.2977 7.3153
(d, 44, J=0.0207), 7.7514-7.7721{d, 4H, J=0.0207)

3-1-14. 4,4’ ditosyloxy isopropylidene dicyclohexane (IPDHp--d)
&

-39 .



9o} Ze wyog 44 -isopropylidene dicyclohexanol(IPDH)  0.04 molt9.62 g) ot
gAste] g Eule] AFAA

p-toluenesulfonyl chloride(pTSC) 0.08 mol{15.24g)S &
4,4' ~ditosyloxy isopropylydene dicyclohexane(IPDHp-d)E < 2t} [Scheme 5,

T. Yield : 41.0 %1.

'HNMR(CDCla, ppm) : 0.6300-0.6915(m, 6H), 0.9523-1.0118(m. 4H), 1.1277-
1.2659(m, 2H), 1.3616-1.3893(m, 4H), 1.6172-1.6490(m, 41D, 1.9443-1.9665
(m, 4H), 2.4330(s, 6H), 4.3070-4.3296(m, 2H), 7.3052-7.3251(d, 4H, J=0.0199),

7.7633-7.7844(d, 4H, J=0.0207)

7
! L eRve
1]
HOGOH + m—s@—cm ..... 3 O\ %
O Ar 24h 1. stlr

(CHDp-d)

O R

|I \/S\\O
HO oH + c—-8 CHy ——— 0. 0 0
' Ar 24h .t str ‘\S\\O

CH,

=
Q Q @o’ 0
0 Ar 24hr.t. stir //

0]

Ay
HsC ©  (IPDHp-d)

Scheme 5. Synthesis of di-type acid amplifiers.
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Fig. 12. '"HNMR spectrum of 4-vinylbenzene—1-sulfonyl chloride (VSC) and
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Fig. 13. DSC graph of 4-hydroxycyclchexyl-4-methyibenzenesulfonate (CHDp—m)

and 1,4—ditosyloxyl cyclohexane (CHOp—d).
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3-3. Al =24 2 54 FA

3-3-1. Al59 £4

UV e 213 monomer, FAAA, 424, 28]3 2] 7bA] ¢ts Sl s 42 =
(0]

YA g2 £33 Aae HM7EH EANE 4557 Yl B2 monomerilis o]

s

2 733%% monomer 34-epoxycyclochexylmethyl-34-epoxycyclohexane carboxylate
(UVR-6100) (Aldrich Chem. Co., 98.0 %), 37/1Al A+ Bis[(4-diphenylsulphonio) - phenyl]

ulphide bis—hexafluorophosphate(UVI 6900, Union Carbide)& A&t uvh o] 3% A i el
R4 e Fig, 140 JEREom, UV el o1@ ol e sl W7 E S Fig 150k CEh)
At

3 olgE L3 AL AlEstd e T AE e Table 39 Jepuigded, o
23 Z4 & A 81 Table4~9% Bol A3t}

3,4-epoxycycichexyimethyl

Bis [{4-diphenylsulphcnic)-phenyl]
3,4—epoxycy8$g?g1a8§]carboxylate sulphide bis-hexafluorophosphate

{UVi-6900]

Fig. 14. Structures of compounds used in this paper.
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ArsS*X" + ZH L Ar,STX™ + 7. +HX + Ar -

HX + M —

= H-M* X~

H-M* + nM

H-AM), —M*X
ZH = hydrogen donating agent

M = monomer

Fig. 15. The mechanism for initiation of cationic polymerization.

Table 3. The product name and CAS No. of pigment.

Product name CAS No.
Cyan Panax blue BS-7000 1‘ 147-14-8
Magenta Panax Carmine HF-S03 5281-04-9
Yellow Panax Yellow 2GL 5468-75-7

Fig. 16o1= UV/vis spectroscopy(SITIMADZU. 2101PC)1E o] &Ehed o] Al o

gzt E4E4S el Y A4EA A 2 monomers 300 nm o) el g4k e elef i
7 dolvbA] Ztom Fol2d FUNAIAE of 30nmAtE S5 Youhba s ot
2 qlo) welad B Ao A AlRsEE UV 9ol 3 3 AHxenon lamp)dll AL+ monomer
o} AbEAA 7 22} = ol B Rte) ERF Al AlE B vt lelnbA] ok & st vl

[}
gol AHAo Feishal wres o 5 alck

. 45 .
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Fig. 16. Absorption spectrum of compounds applied in this paper.
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Table 4. The ratio of monomer, Pl, AA{CHDv-m, CHDv—d) and pigment.

Sample | Monomer| Pl | __Aicndampllfa o] Cyan | Magenta' VYellow
CHOv-m | CHOv—d |
M1 g | ox | ox | ox 1« x
SM-2 x 1003g| «x « y y «
SM-3 | 1g < | 003g @ x y y o
CsM4 | 19 | 003g| _ >< E x . J
SM-5 1g |003g| 0039 x x x < |
SM6 | 1g |003g| x 0039 | x | x <
SM-7 | 1o |003g| x <« | 003g  x N
SM-8 1g 0.03¢g X x b ] 0.03g ><
sM9 | 1g |003g| x x x x . 003g
SM-10 | 1g |003g! 003g « | 003g | x | «x
sM-11 | 1g |003g| 003g | x | x | o0wg | x
SM-12 | 1g 1003g| 0.03g x x | x| oosg
sM-13 | 1g |003g| «x 003g  003g | x | x|
SM-14 | 1g |008a| x | 003g x| 003g | x
SM-15 | 1g |003g| x 0080 | x | x  003g

. A7 .




Table 5. The ratio of monomer, Pl, AA (BCDv-m, BCDv-d) and pigment.

Sample | Monomer| Pl ACinr'm"ﬂer =1 Cyan ' Magenta| Yellow
BCOV-m | BCDv-d i

sM-16 | 1g | 0.03g| 003g M e e
sM-17 | 1g |003g| x | 003g | «x J x| ox
SM-18 | 1g |003g| 0.03g x | 003g i «x x
SM-19 | 1g | 0.03g| 0.03g x x i 003g | x
sM-20 | 1g |003g| 003g | x | x | x | 003g
sM-21 | 1g |003g| x | 003g | 0.03g | x | x
S22 | 1o |003g| x | 003g | x | 0o3g | x
sw23 | 1g |003g| x 0.03g x|l oo3g

Table 6. The ratioc of monomer, PI, AA (IPDHv-m, IPDHv—d) and pigment.

Sample | Monomer| PI Acid amplifier Cyan i Magenta | Yellow
IPDHv—m | IPOHv—d |
SM24 | 1g |003g| 0.03g x x % x
SM25 | 1g | 003g| x 003g | x| x x
SM26 | 1g |003g| 0.03g x voaug;E_ Cx x|
SM-27 1q 0.03g| 0.03g X X 0.03g X
sM-28 | 1g |003g| 003g x x x | 003g
SM-29 | 1g |003g| x 003g  003g | x | x
SM-30 | 1g 003g, x | 003g | x | 003g  x
sM-31 | 1g |003g| 003g | x x | 0.03g

.48 .



Table 7. The ratio of monomer, Pl, AA{CHDp-m, CHDp-d) and pigment.

- 49 .

Sample | Monomer! Pl 7A9£1 ﬁmP_[i_f_iSf ——  Cyan Magenta% Yellow
CHOp-m | CHDp—d |
SM-32 | 1g |003g] 003g | x | x « «
SM-33 | 1g |003g| x | 003g | x < x|
SM-34 | 1g |003g| 003g | x | 003g  x P
SM-35 | 1g |003g| 0.03g < | ox lomg !l ox
SM-3 | 1g |003g 003g | x x | x| 00ag
SM-37 | 1g |003g| «x 0.03g | 003g @ x x|
SsM-3 | 1g |003g! x | 003a | x | 003g | x
SM-39 | 1g |003g  x 003g | x x | 0.03g
Table 8. The ratio of monomer, Pl, AA (BCDp—-m, BCDp-d) and pigment.
Sample | Monomer | Pl Aoid emplfer Cyan MeLgentaE Yellow
BCOp-m | BCOp—d, | ]
M40 | 19 [0039) 008 | x x|k
SM-41 | 1g [003g| x 0.03g x x x|
SM-42 | 1g |003g| 003g | x| 003g | x | x
| sM43 | 1g |003g| 0.03g x < | 0ommg x|
SM-44 | 1g | 003g| 008g | x x | x  003g
sw45 | 1o |003g| 0030 | 0035 | x ‘ <
SM-46 | 1g |003g| x 003g | x  003g x|
w47 | 19 [0®a| x [000 | x | x| o080



Table 9. The ratio of monomer, P!, AA (IPDHp—m, IPDHp—d) and pigment.

Sample | Monomer AAgidfgmpIirﬂgrww Cyan | Magenta| Yellow
IPDHp—m | IPDHp—d
SM-48 | 1g |003g| 003g x % x x
SM-49 | 1g 003g| x | 003g | x x x
SM-50 | 1g |0.03g| 003g x | 003g | x x|
SM-51 | 1g |0.03g| 0.03g x x | 003g | x
sM-52 | 1g |003g| 003g | x x| x | 003g
SM-53 | 1g |003g| x 003g | 003g @ x | x |
SM-54 | 1g |003g| x 003g | x | 003g | x
SMS5 | 1g |003g| x 003g | x | x 0.03g
1% Anel ARIT FAsI] fele] Fig 175 2ol A g 575 o Sere] 4 epoln

(In)& ol &ste] WgotelolE YA AFHE FHY +

sample =8 FAE o 30um A2 A AHE A zls

UV Ink
es /

Al electrod

Distance between electrodes
:2mm

Fig. 17. Sample cell.

Glass
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A ARE FASY] A8 Fig. 189 (9 o] UV 13242 xenon lamp,
=500 W, 347 @49 1300 nm o]k, @Al UXL -500D-0, Ushio Denki, Tokvo, Japan) @}
Electrometer{M.617, Keithley Co.), GPIB interfaces card(NI Co.}, “722]3. PCUBM Co.) %5
< o83t 54 FAE rAstd o], PR(Labview 6.1 Program, NI Co)w 24 &4
L2 38E dAlste] 325 Aot PTe| FY3} Hg A Abole] LaE of it
AFHA DG 2girh) ef=glsle] dA4sdnh £ AE Atelel] o apghae] il vlo) ool
o)% Zatg HisAgon, Al#Eae] el 20emiz argstel Sl el g
Al 24 [L.390C Light Bug(Internationa! Light Co.)8 283120} Fig 18¢] (b o] &
A AAe FA IR g el Aol

A 22 g AR 4 e Fig.19°ﬂ LrERUQITE, o] s Rriahe =g ol

e #HFEA Y clectrometer) & So) 2. AH{2HE GPIB interfaces cardir o] 83}o] PO
2 ¢lo] Eolud, dolHe] 1EE Ao} shestns A akd Ao Alhe] & el it
AFaS L gro s vy HA7to g gl Roln i 3d oy rmdl dlolu] el s
Halter AFste 2]le] &L 3193

7bHak Al AAsd ok

ol =3 7, i rgle) 4R 7hehe) wis o

=

Jbi
».9.

K
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DC Power Supply A i |
: ||
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Interference Filter

UV lamp
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Fig. 18. Apparatus for measurement of conduction current in UV curable
layer.
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Fig. 19. UV curing measurement program (Labview 6.1 Program).
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ol & Asld UV vlt]¥Yd < A(vehicle)oll d3iA UV ZAF A 7bx) Fedol w2 A4F Heghs

Z4%ta, o] A HeoleE o s dislste Fitg
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N
g
Wl
1
il
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vehicle2] A7) A 8o} 3 Halell ofal] 24 =& HE Fig 2000 Yeh oz dAjgk, £4d0]
A Badast Ax Y, 3 Aol wE AFEsie 7 98 WastA Ul e 41
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(1) 353 monomer{cycloaliphatic epoxide)9t 2-& A&
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Fig. 20. The change of current with UV irradiation time

(DC-Clear 109L).

Y AF ARG Fig 21~240] vepdvh Fig 219 #4535 monomerteveloaliphatic
epoxide)t o] A7) A= FAALE 100V A9 Q7 Fub UV £4) Foll /2] Wiz g
v Ao viepyich ohrh 27710 0024 AS7E dhaski o AR w15 k] 9l
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UV 2] 9j3 ol 2ol ws}ug oWzkel AR 27k Ao Assith

2 T34 monomer®t AFSAAE TEE Alg o] AYIHEL W sk el Fig 238

N

# 3% monomer?hel 4 A#el Fig. 215 #ol Afwslh Aol gt Hoz vy
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Fig. 21. Current change with UV irradiation time (SM-1).
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Fig. 22. Current change with UV irradiation time (SM--2).
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Fig. 23, Current change with UV irradiation time (SM-3).
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4-1-2. A AAE A7k Ao Adfust

stel A3 A3} BFF monomero] FINAIAE BT Aol Ayt ol o g3 37
ol A% FHLs dEES B & QUSich of AME wigow ooz ¥ 9l 7o
M oA FAe AEAA s Edsle dFwEs Zelrnay

(1) 1,4—cyclohexanediol& FTARER 3 H7F8E vehicle?) AT}
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Fig. 31. The definitions of current changing rate and curing velocity.
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Fig. 36. The relation of curing rate with UV irradiation time (SM—4, 24, 25, 48, 49).
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Fig. 72. The relation of curing rate with UV irradiation time (SM-8, 20, 23, 44, 47).
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Fig. 74. The relation of curing rate with UV irradiation time (SM-9, 26, 29, 50, 53).
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Fig. 76. The relation of curing rate with UV irradiation time (SM-9, 27, 30, 51, 54).
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Fig. 78. The relation of curing rate with UV irradiation time (SM-9, 28, 31, 52, 55).
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