4 MAY 2005 * PHOTO. N TI ATED REACTIONS This invention relates to
photoinitiated 'réactions, for exanple curing and pol ynerisation 5
reactions, and nore particularly to UV curing used in photopol yner

technol ogy, as well as to photoinitiated colour formng reactions. Wthin
the growing real mof UV curing technology, one of the nost i Npovbaps

applications is in photo 10 i ing _Ever since the birth of photography,
new and innovative ways of o f L sure to |ight have
been explored. Even the silver halide process itself, which still forns

the core of photography; as, ‘1%‘%.e§“@ét$1@6{@ﬂnj§é(} g, as for 15
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whi ch i s ablifdor hedhgdmnd . beEoarss omy edtiectbilbyht b8 photography, new and

innovative ways of obtaining images by exposure to
light have been explored. Even the silver halide
process itself, which still forms the core of
photography has undergone substantial change, as for

15 example when the introduction of T-grain emulsions took
place.

Although substantial improvements in photopolymer
technelogy have been made over the last 20 years, the
sensitivity of the processes i1s still very limited

20 compared to the photosensitivity of the silver halide
process. One of the major goals in photopolymer
sclence is to approach the sensitivity of silver
halide.

Two basic methods of increasing photopolymer

25 guantum yield beyond unity exist. The first of these
is most familiar as the acrylate chemistry used in most
commercial free radical U.V. cure systems. The
approach here is that of the chain reaction. Any
photon which is absorbed and becomes converted by the

30 initiator intoc a radical is capable of
converting many polymerisable molecules very quickly.
Thus the guantum yield for such processes is high, but
still not as high as that for silver halide.

The second basic form of photopolymer quantum

35 yield enhancement is exemplified by the cationic U.V.



30 initiator into a radical is capable of converting many pol yneri sabl e
nol ecul es very quickly. Thus the quantumyield for such processes is
high, but still not as high as that for silver halide. The second basic
form of phot opol yner quantum 35 yield enhancenment is exenplified by the
cationic U V. 4 MAY 2005 curing systems. In this instance, jRga ?Qﬁggbed
photon generates a catalytic nononer speeies which is capable o

catal ysi ng pol ynmerisations, cross-linking, or even nolecular cleavage.
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thecretically near infinite, the slow reactions limit
spatial resolution by reason of diffusion of active
species out of the imaged area.

A limitation in terms of photopolymer imaging has

15 always been the amount of time needed to deliver an
adequate number of photons to the area to be imaged.
The delivery of a large amocunt of random photons is
easy. High power lamps, simple reflectors and
conveyor belts used in combination enable this aim to

20 Dbe achieved. For imaging, the light needs to be
collimated and delivered in a controlled fashion. To
collimate the light output from any lamp involves a
substantial loss of intensity. The subsequent use of
optical components and even photo tools serves to

25 reduce the yield of available photons from even a very
powerful lamp to a remarkably low level.

It is within this environment that the usage of
lasers has developed. Although the amount of energy
that a visible or U.V. laser will deliver is relatively

30 low, the intrinsic collimation and the intensity of
photons delivered at a given wavelength make the laser
a useful light source. The use of computer guided beam
manipulation in combination with mirrors enables one to
eliminate photo tool usage, and further enhances the
35 amount of photons available for the photochemistry.
Nevertheless, these improvements have been only



substantial |oss of intensity. The subsequent use of optical conponents
and even photo tools serves to 25 reduce the yield of avail abl e photons
fromeven a very powerful lanp to a remarkably low level. It is within
this environnment that the usage of |asers has devel oped. Although the
anount of energy that a visible or U V. laser will deliver iﬁ/lﬁ'zﬁbé vel y
30 low, the intrinsic collimation and the intensity of photons délrvered
at a given wavel ength nake the laser a useful |ight source. The use of
conput er gui dé@CBERANCFhni Pl HFSGF LA2EBADPRAERM YiSth PAPEEEFES enabl es one

to elimnateaphoteilootissagesheand 1drt hel i @ahsmees st hendsvagount of

phot ons avail able for the photachem stry. . Nevertheless, these

i nprovenent s F&7&Bee u%erL;P/mf 5665 Mysvf%%?een%htﬁttae, GENE I PRESHE | maged
phot opol yner ptepessée agtauslt idifisliencyThé he¢ verotsathiedésprocéss achi eves

e?]g_re_rre quan]g lft@%gfciiﬁ@wnpw %mﬁarryaeggfchlt B§aﬁﬁrﬁaﬁm%mﬁ pr%Eggseg{‘ﬁ aﬁt ual
efficiency o e photochenistry i rel ative ow conpared_with chain
reaction procédsés§. Onfrft’ ¥ erbrﬂtkfy\ﬂ’ril’felrhgaiﬁi?/e?g%lioﬂle 1Enfr¥rLAPTS

devel oped thahathehe enemieibitd cavivoatabyyt to déved lopment: chemistry _
| mproves the quanbyll Vil d MISEEYSE1SL! Vihe DA% PaAN v adUCEDen the il ver

avai | abl e accelerates t ~devel'opnment reacti on, ichTn turn produces
more silver. PYREYCECsi Bt S PiiRfoR vedA2hbneratel er afesathenunber of silver
atons and18 veeyehbghefitiarddn gl @hiigh obht ahnehiiRiIde® hBeepr opagati on

whi ch occurs gqlggg. Thus a single photon can generate a great
number of silver atoms and a very high quantum yield is
obtained due to the propagation which occurs in the
development process.

15 It is an object of this invention to increase
significantly the efficiency of photochemical reactions
used in particular in photopolymer imaging.

According to one aspect of this invention, there
is provided a method of carrying out a photoinitiated

20 reaction which comprises applying a reactive substrate
selected from a polymerisable and crosslinkable
composition and a colour changing substance to a
support, activating, in selected locations cn the
support, a latent photoinitiator which contains a

25 methylene-1,3-dioxolane ring and yields a ketone
photoinitiator when activated and which has been
applied with the reactive substrate and subsequently
exposing the reactive substrate with the resulting
ketone photoinitiator therein to photoreaction

30 conditions wherein actinic radiation causes the
substrate to undergo polymerisation or crosslinking or
colour change respectively in said selected locations
on the support where the latent photoinitiator has been
activated.

35 In a second aspect, this invention provides a

method of for the photoinitiated polymerization of a



devel opment process. 15 It is an object of this invention to increase
significantly the efficiency of photochem cal reactions wused in
particul ar in photopol ymer imaging. According to one aspect of this
invention, there is provided a method of carrying out a photoinitiated

20 reaction which conprises applying a reactive substrate sgheg{/ofo5rom a
pol yneri sabl e and crossli nkabl e conp05|tan and a col our changlng
substance to a support activating, in selected |locations on the

support, a |at QLRI LT ALy IC ains A t,
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the coating at said selected locations; and

{(c} exposing the coating on the support to a
source of actinic radiation whereby polymerization of
the polymerizable material is initiated in said

15 selected locations on the support where the protected
ketone photoinitiator has been deprotected in step (b).

An understanding of the above-described concept
using silver halide emulsions has made it possible to
establish that a similar approach might be viable in

20 the field of photopolymer imaging. Although no
autocatalytic reaction of similar nature has yet been
commercially exploited, it has been found that a
similar amplification step can be introduced within the
photopolymer field.

25 While it is feasible to consider the inventive
principle as applying also to colour compounds or
chromophores per se, it is envisaged that the colour
change will take place during a crosslinking and/or
polymerisation process to enable areas at which

30 reaction has taken place to be identified. Leuco
crystal violet is an important chromophore in this
respect (latent colour formers are generally termed
"leuco dyes"). Other leuco dyes to which the inventive

N principle may be applied include leucoxanthene and

35 leucofluorans.

The latent photoinitiator is most commonly to be a

protected photoinitiator whose protection is removed in



photoinitiator is a ketone photoinitiator which is protected by a

nmet hyl ene 1, 3-di oxol ane structure; (b) deprotecting the protected ketone
photoinitiator in selected |ocations of the support 10 thereby to provide
an active ketone photoinitiator in the coating at said selected

| ocations; and (c) exposing the coating gn the support to a 4 MY 2e09f
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35 | eucofluorans. The latent photoinitiator is nost commonly to be a

@d photoinitiator whose protection is renoved in -4A- 4 MAY 2005 a

: B whi ch takes place under prelinminary conditions. Such prelinmnary
condi ti ons preferably include the use of a photoinitiator as such which,
when exposed to actinic radiation, is able to interact mnthﬁgﬁkg% Egtent
photoi ni'ti ator to cause the latent 10515 20 25 30 35 4 8
photoinitiator to be-converted to its underlying photoinitiator. The
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energy source of actinic radiation may be employed in a

first or preliminary photoreaction, which can be

10 utilised in achieving an imagewise exposure of the
substrate, and a high dosage of aqtinlc radiation is
applied as a flood in connection with a second -
photoreaction in which the substrate is polymerised
and/or crosslinked. Prefe#ably, laser direct imaging

15 is used in applying the low energy source of actinic
radiation.

Such method embodying this invention thus uses an
amplification step, in which a second photochemical
reaction is carried out subsequently to a preliminary,

20 . preferably photochemical reaction. Recent work has

~ indeed been carried out by Bradley et al Journal of

Photochemistry and Photobiology A: chemistry 100 (1996)
109-118, having been centred around the development of
vinyl-dioxolane based monomers as a hore amenable

25 alternative to vinyl ethers conventionally used as
monomers for cationic U.V. curing. Such a material is
(2,2'-diphenyl-4-methylene-1,3-dioxolane) ;-

30
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The vinyl dioxeclane structure can be produced from

38




and/ or crosslinked. Preferably, laser direct imaging is is used in

—.applyi ng--t he-1-oew energy-source-of actini¢ radiation. 'Such nmethod
enbodying this invention thus uses an anplification step, in which a
second photochem cal reaction is carried out subsequently to a

- prelim preferably photochem cal reaction. Recent wo L ndeed
been ca?ﬁ%gzgﬁt by Bradl ey et al Journal of Photochem strylig/#fg%aoog
Phot obi ol ogy A: chemi stry 100 (1996) -109-118, havi ng been centred around
t he devel opnent of vinyl -di oxol ane based nononers as a nore anmenabl e 25
alternative to vinyl ethers conventionally used as nononers for- cationic
U. V. curinga Batbna phadterirelciator starting material although
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polymerisation but rather occurs via a ROMP-like (Ring
' Opening Metathesis Polymerisation) process in which a
10 . ketome is produced which is to act as photoinitiator in

the second photoreaction.
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15
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20 Ph .
i ‘The vinyl-dioxolane behaves as a ketal-protected
carbonyl compound and the process gemerates a N :
polyketone as the dioxolane ring 18 opened, generating
the theoretical parent ketome .for- the dioxolane ring.
25 In the reported experiments, the ketcne used was
benzophenone, a well known photoinitiator of acrylate
polymerisation. . . . ‘ _
It has simllaxly been found that the free radical .l
" polymerisation of the same compound results in ths : :
30 photogeneration of the theoretical parent ketoune.
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t he second photoreaction. Ph 0 Ph Phxpb . PhXPh is 20 PIL Ph ph)~Ph O
The vi nyl - di oxol ane behaves as a ketal -protected carbonyl conpound and the
process generates a pol yketone as the dioxclane ring i s opened,

generating the' theoretical parent ketone -for. the dioxolane ring. 25

in the repg&hgﬂngperlnents the ketone used was be”ZODhenoqumf¥?ﬁ%een

known phot or of acrylate polynerisation. it has sim

found that the free radical polynerisation of the same conmpound results
in the 30 photogeneration of the theoretical parent ketone. R R--rO ph
11hXph PhX13h 35 SUBSTI TUTE SHEET (RULE 26) WO 02/12350 4 MAY 2005 -7 O
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- Poly(ketone)

15 The dioxolane ring opening reaction is applicable
to formation of a whole rangé of ketonic functional
initiator and co-initiator species ranging from such
simple well known materials as benzil dimethyl ketal
through to exotic materials such as di-iodo butoxy

20 fluorone (a visible active photoinitiator used for
gtereclithography). When made in the form of the
required vinyl—dioxolanes, the resulting compounds act
as "latent photoinitiators®, capable of bheing activated
by low doses oflU.Vi'light on formation ofzcatalytic

25 quantities of acid from cationic initiators or by
ongoing radical reactions. Examples of such compounds
are:
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O O 10 is The dioxolane ring opening reaction is applicable to formation
of a whole range of ketonic functional initiator and co-initiator species
rangi ng fromsuch sinple well known naterials as benzil dinethyl ketal
through to exotic materials such as di-iodo butoxy 20 fluorone (a vi si bl e
active pho%&5& %;Qtor used for stereolithography). when madg %d form
of the require V|nyI di oxol anes, the resulting conpounds ac as at ent
photoi nitiators",. capable of belng activated by |ow doses of U V.Iight
on formation of catalytic 25 quantitigs of acid fromcationic initiators
or by ongoing radical reactions. Exanples of such conmpounds are
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2-benzyl-2-N,N-dimethylamino -
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0
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0 O Canphorqui none [ 4-(4-nethyl phenylthi o) phenyl ] phenyl ketone 0 O

4- phenyl beazophenone 2-ethyl anthraqui none BuOO --clo O Di-iodobutoxy
fluorone SUBSTI TUTE SHEET (RULE 26) 4 MAY 2005 O her conpounds which can
be used are various benzoin ethers, as well as diethoxyacetophenone and 1-
hydr oxy- cycl oxhexyl - phenyl ketone, and 2-hydroxy- 2- 4 MAY 2005

met hyl - 1- phenyl - pr opan- 1-one and et hers -fhereof. 5 Such enhance

phot opol yneri sati on net hod enbodying this invention typically involves an

initial irradiatioptRéracdhddire@nt@liBhNgaR KAtUN Gréachdiops oduci ng)
phot oi ni ti ator, acrxlate an V|né%#g|oxolane based | atent photojnitiator.
This irradiati QFPEE1Pa8ERES P iLcFEnEL e HPANAE S GPYRBPIE of M2 d T n thi s
step may be mhyidmakyangchothealusehanylvkstosd t \aridneregsepxwhi€h is a
prinme limt on Lon R equ t 0 i mage- wi se
exposure, the §%§?3n1ga%ﬁ%%£?ﬁgggg%i?rgg%a%égi%gﬁﬁgslﬁ%%?g%?ymavejength

| ong enough’to 15 av8fll fenangd phetergsyachisatiorc getbadcenpedyidior, but

adequat e to phathalysavéheidmidymt@nikoinedi$somd haitebkeavage of the
di oxol ane ring.. Thisa£lood %rgqpiation LS. no ang t herefore

. irxrad 101, © 11, ontainin tai g% %h%ﬁs?a 1 .

can invol ve far "higher %osages oﬁlflgﬁ? I réiatlver Short time. An
producing} photoinitiateor, acrylate and vinyl-dioxolane
based latent photoinitiator. This irradiation is fast

10 and efficient, as the polymer formed in this step may
be minimal and not cause any viscosity increase, which
is a prime limit on reaction rates. Subsequent to the
low energy image-wise exposure, the system can be flood
irradiated with light of wavelength long enough to

15 avoid further photolysis of the cationic initiator, but
adeguate to photolyse the initiator formed from the
cleavage of the dioxclane ring. This flood irradiation
is not image-wise and therefore can involve far higher
dosages of light in a relatively short time. An

20 application for this example is that of laser direct
imaging of photoimageable coatings. The technology
eliminates the bottleneck of having to deliver all the
pelymerisation energy via the laser in an imagewisge
fashion. An example of this technology is summarised

25 in the flow scheme of Fig. 1 of the accompanying
drawings.

Preferably in general, cationic acid-producing
photoinitiators such as sulphonium and iodonium salts
and salt-form orgonometallic compounds are utilised in

30 achieving conversion of the latent photoinitiator
although a-sulphonyloxy ketones can also be used as
cationic acid-producing photoinitiators. These
compounds are exemplified by the fellowing compounds:

N bis[4- (diphenylsulphoni¢)-phenyl]sulphide,

35 bis-hexafluorophosphate or bis-hexafluoroantimonate

optionally in combination with a mono-or-poly-[4-{



20 application for this exanple is that of |laser direct imaging of
phot oi mageabl e coati ngs. The technology elimnates the bottl eneck of
having to deliver all the polynerisation energy via the laser in an

i magewi se fashion. An exanple of this technology is summarised 25 in the
flow scheme of Fig. 1 of the acconpanying draw ngs. Preferap\pay 8005
‘general , cationic acid-producing phototlfitiators such as sul phoni um and
i odoniumsalts and salt-form orgononetallic conpounds are utilised in 30
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tetrakis-{-penta-fluocorophenyl)borate, as well as
2-hydroxy-2-phenyl-3-
toluenesulphonyloxypropiophenone.

15 A wide range of formulations is possible.
Generally, for the cationic acid-producing
photoinitiator, the amount may be in the range of from
0.25 to 3% by weight of the material to be acted on.
For the latent initiator, the practical working range

20 is from 3 to 10% by weight of the material to be acted
on.

The present invention permits products to be
obtained which dramatically increase the productivity
of imaging processes dependent on actinic radiation

25 curing. Practical experience has shown that it is
particularly convenient to work in the UV range. With
vinyl-dioxolane latent photeinitiators and the
aforementioned acid-producing producing
photoinitiators, one can use UV-radiation of a

30 relatively short wavelength in the first photochemical
reaction and UV-radiator of a longer wavelength in the
second photochemical reaction, or vice versa.

A second procedure embodying this invention is in
the field of photoimageable inks for seguential build

55 up (SBU) technology where cationic systems are to be



2- hydr oxy- 2- phenyl - 3- t ol uenesul phonyl oxypr opi ophenone. 15 A w de range of
formulations is possible. GCenerally, for the cationic acid-producing
photoinitiator, the amount nay be in the range of from 0.25 to 3% by

wei ght of the material to be acted on. For the latent initiator, the
practical wyplisker ange 20 is from3 to 10% by wei ght of theyRpAghpgs to
be acted on. The present invention permts products to be obtalned which
dramatically increase the productivityti-of i nmagi ng processes dependent on
actinic radiation 25 curing. Practical experience has shown that it is

particul arly COFRFETFEAt 9D SRoEReih adHantagecangelhyalice®  vi nyl - di oxol ane
| atent phot oi nptdgairal 8sandriibepradedic s bminonRedasd dppr oduci ng produci ng

phot of ni t1 at or sy e 16ap i enb\edadliall Ul 8y a0 gl atiyely shor

wavel ength in t e flrs %{) 10t ochemcal reactio F OV-Tadicat or of a
| onger wavel enghth "RReEhe® JELEh FaphbE dtatenitiaf #W@Pﬁﬁ,r@ﬂ vice versa. A
second pfocedrlpakedodyrmgist hsgpropyenkioantions (drxe.fi el d of

phot of mageabl enisksnt fénse AWERARLUIL) o504 d S8 Lochagkgoy wher o

cationic syste pretferre ue to their
advant ageous p%%sfm 8§Pnb‘tmbﬁ t7 es 25THPS %Eé%r%alﬁénﬁlﬁﬂsreéf’% t he
versatility ofatehgenerfivwrsobftdnist rav@lnatenfoOnmtdbni¢he materi al s which
can be made i pAydle@XSh@IER:," LY podsbhOGKEd ok OFHE XS be SAPrRRY! 1R oxant hone
(1TX). 10 a self-sensitising system is apparent and provides a
means of increasing guantum ylelds Initial '
1rrad1at10n of the- iodonium salt dlrectly in an 1mage—'
wise fashion results in production of a small amount of
acid polymerisation catalyst. The resulting film is
i5 sengitive to an autcaccelerative reaction when flood
irradiated with near visible radiation. This enhanced
sensitivity opens thHe way for using laser direct
imaging with photoimageable SBU dielectric. BAn example
., of this technelogy is summarised in the flow scheme of
20 Fig. 2 of the accompanying drawings. :

A thifd example of the same concept relies on the
radical cleavage of the dioxolane. If a free radical
initiator sgensitive only to short wavelength light is
formulated together with acrylic monomers, acrylic pre-

25 polymers, and a latent initiator, the latent initiator
being sensitive to longer wavelength, the resulting
mixture can be expoged to give an autoaccelérgting
reaction. '

Another example of the use of a latent

30 photoinitiator is in the printed circuit board
industry. As the volume of beoards produced has
increased dramaticaliy,_so have concerns over the
environmental impact of board magufacturing processes,
especially with regards to the emission of vapours

35 which are difficult to contain or collect and

reprocess. A process responsgible for generating



Thi oxant hones are particularly suitable as sensitisers for iodonium
salts. As the iodoniumsalts thenselves are generators of acid catal ysts
for cationic polynerisation, the possibility of their being used in 10 a

self-sensitising systemis apparent and provides a neans.,. of.
I ncr easi ng n yilelds. Initial irradiation of the iodopju | t
directly in‘%laﬁm}z#g]ge-' w se fashion results in production o Mz;mé%%

anount of acid polynerisation catalysy,_ The resulting filmis is
sensitive to an autoaccel erative reaction when flood irradiated with near
vi si bl e radi atbyanithiveapenhantediomedsi they/idgplopadsod heywayrifis usi ng

| aser direct | Walo MYV ph | a ' [ exanpl e  of
this technol ogéé%lhau%%%ﬁsgdgf%ﬁi{%%f Pié(\?vt%(?l% %%ﬁ%$cstf&défg@ of the
acconpanyi ng d %sﬁzsl R AIPESGRTR ERefPEhd Ss SABP kS ¥pEcde@d es on the
radi cal cl eavagieciok flheuii doohahe:idnf whifl emor adi daled HAi 4d advem sensitive
only to ghort y@\b%aagémI;Jhgleaséésitfi%%aaéﬁg.toglﬁggfwiswth acrylic
nononers, acrylic glre 2%5\}@10I \émers, ana,aa latént 1pitiator, the | atent
initiator bei TESEREI TF V&t 5°F oiftfe A eV SRYERT 19&1FRiWting mixture
can be exposeceitdeyi b¥ zavepusoszdmiratat pngroeBact sgivenAnatwes exanpl e of
the use of a |aleRtidR PHQRhNLES 3OEnd Smddk RS Piiddsed & rcuit board

i ndustry. As tchoe \égl u Oxofcogggégosr %r Ogé‘rﬁgn(l‘ha'? i) chrcgg%gd dramatically, so
have concerns OVEr the “ervi T OnRENEAr T Wpact Of - BOAr Pt &€t uri ng
processé8, espBEMAKE§edith theghlws sebenh ofeRiigsi drefotheapours

accompanying drawings. _ ‘ .

In the face of.iﬁcréasinglyustringent regulatory
requirements, control technology to reduce or eliminate
vapour emissions will become necessary. A few

15 manufacturers have ventured to introduce water
reducible LPISMs into the marketplace, but they appear
to be technically irnferior to traditional solvent based
product.

Use of a photoacid generatiﬁg initiator {cationic

20 . initiator) in conjunction with a dioxolane blocked
acrylate initiator permits formulation of a 100% solids
LPISM. This system has the advantage of producing no
emissions. Such a 100% molids formulation which can be
made tack-free on exposure to acid catalysis, but

25 remains developable, can be made by following the
teaching of the present invention. The LPISM thus
produced can be U.V. dried, being heated to_complete
the solidification process and to ensure compleste de-
blocking. Subsequently it can be re-exposed to image

30 the formulation and still be developed and finally
cured in a fashion familiar to the industry. The use
of dioxolane blocked latent photoinitiators preserves
the radical initiator during the imaging step whilst
the coating iz U.V, dried.

35 A variety of approaches can be used to effect the
U.V. drying. Vinyl ethers, cycloaliphatic epoxies and



35 which are difficult to contain or collect and reprocess. A process
responsi bl e for generating WO 02/ 12350 4 MAY 2005 -12 organi c vapour

em ssions is the application, by various coating nethods, of Liquid

Phot oi mageabl e Sol der Masks (LPISM. In-this process the PCB is

conpletely coated wth a liquid fornulation which can be dr‘ipﬂﬂ} Bod? oven
5 to produce a photosensitive coating. .lnagew se exposure of the coating
and subsequent devel opi ng, either by_ggueous carbonate or organi c sol vent
allows formation of openings in the mask for purposes of conponent or
connect or pl aceratabe. cdipsimtiectnollegyused 0 pelipmariisabtlei n t he fl ow schene

of Fig. 3 of thaveaegOMnanL-Ag: FAW, NGSe di shbR {86818 iacr easingly
stringent regul ator#. re%l rerrfnts,,, C%ﬁ%’% t echnal og¥ to reduce or
elinmnate vapdifen ¥ ohd % 1R4en &8R8RS, 1saVERRNer5 URBinuf act urer s
have vent ur ed 4o reattbric@sihas erand bditdisice rePLSMeleat et Wweight ket pl ace,
but theysappealy cheibgid echbtead Idan Bi&s iy ukeat r adhkippakcsokvent based
product. Use o a.ﬁlfotoacl d e&ere_)ttlglg | ti 1(éltor (cationi 20- initiator)
in conjuncti oMW ER-& & 56! oCKRH HRFULRY FRFTT &F0r pernits

formul ati on ofreack0byo wlgrdsatimigveoqiitiongsviih Rabydimxyadvant age of
produci ng no RiFlcESLLAS .soIueht A ckDYes oldrds. . f ogual akéwibivi,Clagan be made

tack-f Ci tglysis, hut 25 remai ns devel opabl e, can
ey T LY 6l Lo :



teaching of the present invention. The LPISMthus produced can be U. V.
dried, being heated to-conplete the solidification process and to ensure
conpl ete de- bl ocking. Subsequently it can be re-exposed to i mge 30 the
fornmul ation and still be developed and finally cured in a fashion
famliar to the industry. The use of dioxol ane bl ocked Iate 05

phot oi ni ti 3BPE2t eserves the radical initiator during the n% W5t ep
whilst the coating is U V. dried. 351&-variety of approaches can be used
to effect the U V. drying. Vinyl ethers, cycloaliphatic epoxies and WO
02/ 12350 4 MAY 2005 -13 oxetane conmpounds can be used as pol yneri sabl e
solvents. Alternatively, use of such materials as cross |linkers for
functionalised resins is viaple. oBf OReactive resins, and buil ding

resin nol ecul ar me;ghgq)by Bat i oni on can also be used. Finally, it
is possible to us€ a 9inyl ethef

fUnctfonal resin and react it under
cationic conditions with a hydroxy i onal solvent, or vice versa.

Such technol.ogy. nayWWb@“Pepresevkgg?ﬁ Vool O | OWi Ng: WD 02/ 12350 4 MAY

2005 OR OR OR HJ~-¥=* 511 6R r as sorki vw oftr pobuff RO OR
RO OR .
: R R
Epaey compoutl Solid polysther

An exarmple of an acid catalysed control i i
nn]eouhrweag’atblﬂdmrem

T T . L L &3

\\l\llﬂ’ \Ok
| :

Aneumnpb ofanacl:’wmlyaﬂd absorption of
solvent by reaction with-polymer.

SUBSTITUTE SHEET (RULE 26)



EpW conpond sow pol yeffiff as sohgm L onmetsm owmd Sofia poly~ as sobea
TH 2m ---------- VRI- )~lo Ft + p ~-o A =a* of anacid cd*sed canim | ed
014 0OTO~04x AA-OHI1 rlI A -=Pic O an acid aat mrscd ab=pti nof

sohr edbym®=v&?0d y=- SUBSTI TUTE SHEET (RULE 26) WD 02/ 12350 4 MAY 2005
The overal lwgsgi266 such LPI SM technol ogy is sumrari sed by waynvp{y esgsmpl e
in the flow schenme of Fig. 4 of the acconpanying drawi ngs. Simlar,
applications are found in the manufactig-e 51 of flexographic printing

pl ates and other inmaged printing systens. As a further exanple, the

t echnol ogy can be ThgppNeeelt otsehet f $wdhd LETSN i tsichheleatt ii¥e . phot oi niti ators.

ghe i n]tc:_r easeg smgeiﬁq tyesey i ol tekainpl S iﬂ@&ﬁé_%l!’tﬁl sBB&Ye L2 g&@ﬁils have to
e eomy 9ULed £ o Ak gaen, a0y 10 an eccesdnaly |
‘With this' Similar, applications are found in the manufacture
 5- of flexographic printing plates and other imaged
printing SYSEems.

As a further example, the technology can be
applied to the field of visible active Photoinitiators.
The increased usage of these initiators means that many

10 areas have to be configured as red light zones, these
providing an exceedingly diffiecult environment to work
in. Visible active formulations can be made with this’
technology so that they only become visible sensitive
after U.V. irradiation. Substantial production and

15 handling benefits ensue from this.

Yet another application is in conjunction with
high intensity excimier lamp technology. The near
monochromatic output of the excimer lamps would be
easily capable of photolysing low concentrations of

20 short-wavelength sensitive cationic initiators in very
thick clear films. _

A low concentration of any initiator, whilst
necessary for controlling optical density in thick
coatings, is not normally adequate to effect

25 polymerisation. Thus the curing of thick films is
limited to certain initiators which undergo
photobleaching e.g. acylphosphine oxides. With correct
formulation, use of a low concentration of cationic
initiator in conjunction with a dioxolane blocked free

30 © radical initiator results in the ongoing, in-situ
formation of free radical initiator. Thus, because the
dioxolanes are blue shifted with respect to their
parent initiator, optical demsity can be controlled,
only a small proportion of free radical initiator being

35 produced at any one time. This, in conjunction with
the cold running of these lampsg, would enable the use
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compounds which can be used are the thermally
unblockable blocked superacids produced by King
Industries. A thermal unblocking variant on this
technology can be useful for a number of the examples
given here, especially the 100% solids LPISM and the
improved handling for vizible initiated processes
' In summary, the chemistry outlined here provides
for the synthesis of a deactivated photoinitiator by a
prescribed synthetic method, for example by reaction of
a carbonyl group to form a vinylic functionalised
dioxolane ring, for example, by use of a leuco carbonyl
group present in the form of a vinyl functionalised
dioxolene ring as latent photoinitiator.

The technology is useful in the following -
applications.- _

1. Primary and Secondary imaging (PCB industry)

2. U.V. initiated sengitisation of visible
initiators

3. Making visible active formulations easy to
handle. '

4. Controlling the cure of thick £ilms.

5. Improving shelf life of U.V. curing
formulations.

The following exampleé illustrate the preparation
of dioxolanes which can be used in the method of this

invention:



5 yielding acid noieties. Any blocked acid of sufficient strength, for
exanpl e a bl ocked tol uene sul phonic acid, especially p-toluene sul phonic
acid, will, on unblocking,catalyse the breakdown of the dioxolane ring
on the latent photoinitiators. Exanples of such 10 conmpounds whi ch can be
used are the thermally unbl ockabl e blocﬁpd super aci ds produgagaPyols ng

| ndustries. A thermal unblocking variant 'on this technology can be useful
for a nunber of the exanples given here, especially the 1001; solids

LPI SM and t he Hxapwdeedl handling for visible initiated processes In

sunmmary, the c@ygtﬁggysogfI2nggdyQLQbpqquqQEﬁetﬁinﬁgyifgﬁgghes|s of a

deacti vat ed phot0|n|t|ator prescrlbed synt’heti c "net hod, for exanple
by reaction of Phgnyld Bﬁh??tﬁﬁ%ﬁﬁ?1%33reﬁﬁ¥a F%ylic functionalised 20
di oxol ane ri ng, forlmmanniappbyauae obn#d dteilieo ofakbooyhl graup present in

the form of sa %J$hemga ddi? usekgfglgnﬁi ggrf%ta%%ent

phot0|n|t|ator t echnol ogy oW ng- applications..
25 1. Primary éﬁ@aSéééﬁdﬁ?Wdﬁmﬁﬁhnqe@PCBdﬁﬁ@d§F?%PllEWlUQV initiated

sensitisation efateirshbke 2§ mtd atserg ﬁetNﬁKﬂ)k’i@thi‘Hl@ hagliyeph&ymul ations
easy to handl 30 4. ft I)ln gﬁ ro f tth% Oi i mpr ovi ng
shel f life of G &ar? Cg g nﬂl%tl 8! Qﬁqgﬂﬂ Adoxafpf2sPi Il ustrate
t he preparatioﬁoluenesulphonlc acid monohydrate and 200ml teluene.
10 The reaction mixture obtained was heated to reflux
under atmospheric pressure until the reaction was
complete (water collected).
The resultant reaction mixture was cooled and
washed with 200ml molar sodium carbonate solution and
15 then water. The organic layer was then dried over
magnesium sulphate, rotary evaporated and distilled
under reduced pressure.
The purified intermediate was taken and dripped
into a refluxing solution of potassium t-butoxide (22g)
20 in tetrahydrofuran (50g) contained in a 250ml two
necked round bottomed flask fitted with a dropping
funnel and condenser. After adding the intermediate
over a period of 1.5 hours the mixture was refluxed for
a further hour. The resultant reaction mixture was
25 extracted with ether, washed twice with water, dried
over magnesium sulphate and rotary evaporated to leave

a clear oil of the above captioned target substance.

Example 2
30 synthesis of Bis-methylene (1,3) dioxolane derivative

of camphorquincne
Into an apparatus consisting of a 500ml round
bottomed flask equipped with a Dean and Stark
apparatus/condenser, were added the following
35 materials: 37.4g camphorquinone, 50qg (+/-)-3-chloro-
1, 2-propanedicl, 0.2g p-teoluenesulphonic acid



of di oxol anes which can be used in the nethod of this 35 invention: -17-
4 NMAY 2005 Exanple 1 Synthesis of 2-phenyl-2N-[4-(4-nethyl phenylthio)
phenyl ] - 4- met hyl ene- 1, 3-di oxol ane Into an apparatus consisting of a 500m
round 5 bottomed flask equi pped with a Dean and Stark

appar at us/ condenser, were added the followng materials: 254878y 2005

(4- (4- met hYYQPHRERHY t hi o) phenyl ] phenyl ketone, 9.21g

(+/-)-3-chloro-1, 2-propanedi ol , 0.25 p- toluenesul phonic acid nonohydrate
and 200m toluene. 10 The reaction mixt%re obtai ned was heated to refl ux

under at MOSPGIJLHPERIOUIEAGbbd: HABLEAC LD Y8%.c:80RLRLG (vt er
collected). The reSultant reaction mxture was cooled and washed with
200m nol ar sGRGAPESr Hrhdteated |t FEALEhFRIEE AHIFPRATET . The organic

| ayer was t henpmhsiseteoveriimaye esdauni snlyrmbenplatariyaesmpor at ed and
distilled undgyiieeduged pressure. The purified internediate was taken and

dripped _into a refl uxing.solution of potassiumt-butoxide (22g) 20 in
tetrahydfofuran (5 r(,eg.ﬂ%‘é?l?'lted’eﬁﬁt’aonzg@ﬁ}:u?‘?/\d'aﬁeﬁ?@(fdr 8BAd bottoned fl ask

fitted with awhsopgi with fa9dnedl nelrd sodidendgpdrogdn errbotiteg t he

internedi ate MeEidnReld @leffwaked . NOMHS frhenid Xlayes was thehl uxed for a
further hour. The.resultant reacti gnh%nfxture was 25 e%rdactgd with ether,
L 3

washed twi ce \EROVAIET “GPFad™ &7 n&SFEY SUPBRETE %Rt ot ary

evapor at ed t o dighkéled under reduced pressure. 7
10 The purified intermediate was taken and dripped

inte a refluxing solution of potassium t-butoxide (50g)
in tetrahydrofuran (200g) contaired in a 500ml two
necked round bottomed flask fitted with a dropping
funnel and condenser. After adding the intermediate

15 over a period of 2 hours the mixture was refluxed for a
further two hours. The resultant reaction mixture was
extracted with ethef, washed twice with water, dried
over magrnesium sulphate and rotary evaporaced tc leave
a clear oil of the above-captioned target product.

20



a clear oil of the above captioned target substance. Exanple 2 30

Synt hesis of Bis-nethylene (1,3) dioxolane derivative of canphorqui none
Into an apparatus consisting of a 500mM round bottoned flask equi pped
with a Dean and Stark apparatus/condenser, were added the follow ng 35

material s: 37.4g canphor qui none, 50g (+/-)-3-chloro- 1,2-prqpﬁggg3gb 0. 2g
p-t ol uenesul phoni ¢ acid WD 02/ 12350 4 MAY- 2005 nonohydrate an Iﬁ
benzene. The reaction m xture obtai ned was heated to refl ux under
at nospheric pceaszMsSe: until the reaction was conplete (water collected).
5 The resultant reaction m xture was cool ed and washed with 200m nol ar
sodi um hydr ogen.carbeeated sdldddimonmnduthenphateinitikeedr gaactidmyer was
then dried over magnesi um su| phate, rotar¥ evaﬁorated and . distilled

e

under reduced pres&tEN FETRRESHUARALEA "Onfef FRY B SHESF4kEn and dri pped

into a refl gxi ng s@lUti-08d0fr et aSS 1umMetriBHb0Xi &ed (BAg)s1inkable
t et rahydrof uran (200g) contained in a _500m two, necked round bottoned

flask fitted with &HPeppEag” FithrielccdRdLcGRABKLRY . SURTENCEdEPNg t he

intermediate over R pekt0da8fiathaly,s ihheebxt s el yms ilafsl uxednéor a
further two hours. The resultant reaction mxture was extracted with
et her, washed tw cSURPPKEtwasetat et adnotedei tiagpesirifrs AophatBSahd rotary

evaporated to | eaveqd,shaal 0 Ly Afxdheahous- 538ty aNed Lakaebner oduct .

10 photeinitiator when activated and which has been
applied with the reactive substrate and
subsequently exposing the reactive substrate with
the resulting ketone photoinitiator therein to
photoreaction conditions wherein actinic radiation

15 causes the substrate to undergo polymerisation or
crosslinking or colour change respectively in said
selected locations on the support where the latent

photoinitiator has been activated.

20 2. A method according to claim 1, wherein the latent
photoinitiator is a methylene-1,3-dioxolane
precursor of diphenyl ketone, 2,2-dimethoxy-2-
phenyl acetophenone, diethoxyacetophenone, 1-
hydroxy~cyclohexyl-phenyl ketone, Z-hydroxy-2-

25 methyl-l-phenyl-propan~l-one, Z2-methyl-1-[4-
(methylthio)phenyll-2-morpholinopropan-l-one, 2-
benzyl-2-N,N-dimethylamino-1-{(4-morpholinophenyl) -
l-butanone, isopropyl thioxanthone,
camphorquinone, [4-(4-methylphenylthio)phenyl]-

30 phenylketone, 4-phenyl benzophenone, Z2-ethyl

anthraquinone or di-iodchutoxy flucrone.



20 -19- 4 MAY 2005 CLAIMS 1. A nethod of carrying out a photoinitiated
reaction which conprises applying a reactive substrate 5 selected froma
pol ynmeri sabl e and crosslinkable conposition and a col our changi ng
substance to a support, activating, in selected |ocations on the

support, a latent photoinitiator whichggantains a methyl eneg A18ydpgxol ane
ring and yields a ketone 10 photoinitiator when activated and whi ch has
been applied with the reactive substrate and subsequently exposing the

reactive subsgyat gcgea% ing é(l%thrpel ngEm gﬁé%@égr 1_H:er einto
i 1

phot or eacti on con tlons erein actini ¢ radiation’ causes e substrate
t o undergo poIynerIanﬁnUD@h0t01n1053t¢1ﬂqauymmiogeﬁomn ghaangmumtesgect i vel y

in said selected catj Qns ort h | at ent

phot oi ni ti at or has%"ge"gtr? %gt ﬂ@gt %Q w%ocﬁgt & W%I% 3%15% di ng to claim1,
wherein the latent photoinitiator is a nethylene 1, 3-di oxol ane precursor
of di phenyl ton i met ho en acet ophengne, .

G et hoxyasdt obhendhdietiod FRFEREL RS SO PXaREy POKEL Tt ifiPoxy- 2 25
met hyl - 1- phenyl - prsfapollvaee i sdd nehdydr ch[dlsslmked composition

(et hyl t hi o) phenyl Jor phol i_no an-| - gne
benzyl - 2- N, N-dlnet4RH%%ﬂsn& te d ASEB+ qquﬂ§h§ﬁ§FY1ni Pk dRevisgopr opy!

thi oxanthone, canpiydiitienefiethb4ei¥stRityy IRheBYk £ 16R) Phei inic

radiation using a photomask to activate the
10 photoinitiator in unmasked regions under conditions
such that the composition does not undergo

polymerisation and/or crosslinking.

5. A method according to any preceding claim, wherein
15 the latent photoinitiator is a protected
photoinitiater and its protection is removed in a
photoreaction which takes place under preliminary

photoreaction conditions.

20 6. A method according to claim 5, wherein the
preliminary photoreaction conditions include the
presence of a cationic photoinitiator which yields

an acid catalyst for the unblocking of the latent

photoinitiator.
25
7. A method according to claim 6, wherein the
preliminary set of conditions includes the presence
of an iodonium or sulphonium salt or a salt-form
organometallic compound or an a-sulphonyloxyketone.
30

.

8. A method according to claim 7, wherein the cationic

photoinitiator is selected from;



30 phenyl ket one, 4-phenyl benzophenone, 2-ethyl anthraqui none or

di -i odobut oxy fluorone. -20- 4 MAY 2005 3. A nethod according to claim1l
or 2, wherein the latent photoinitiator is enployed in an anount of from
3 to 10% by wei ght of the substrate. 5 4. A method according to any
preceding claim wherein the polynerised and/ or crosslinkeds&paPaspsi on
attains its distribution by carrying ourZPnagemﬁse exposure of the
substrate conposition to actinic radiation using a photomask to activate
the 10 phot oi ni ti at obi$ M-utthigdicad lsedbbosianddreraddgiutbbade, she$r t hat t he
conposition does not, un o] (0] Lsati @ r k nki 5. A
nmet hod according to %%§£%Eé§§§| ﬁ§%§§%Fn§£m§eﬁ2?%&8?§%5%23F5@§%€@E
photoinitiator is a ppoietdiEd; iphebmbhhétadorwiditd a trenprorepblpnid-s

renoved in a hot oreacti o ich. tak | ace under_ prelim
photgreagtion gondit?g?%ﬁyéﬁﬁ%%dighﬁgyﬁidggi% ?%%%ﬂ;W%%a%hggkggfymherein t he
prel i m narysphot or eaghboph£LN b hera fi o6k ose: intmater esence of a cationic

photoinitiator which yields an acid catalyst for the unbl ocking of the
| atent photoinitiator. 25 7. A nethod according to claim®6, wherein the

prelimnary set of cppdiiions(dnelugasokhetipyBsaes1)ehilpnohodoni um or
sul phonium salt or a salt-form_ organonetallic conpound or an
(err)-sulphonyloxykePBﬁ%YllSUlPhlde bis-hexafluorophosphate

10 bis[4~(di(4-(2-hydroxyethyl)phenyl)sulphonio)-

phenyllsulphide bis-hexafluorcantinomate

n°-2,4-(cyclopentadienyl) [(1,2,3,4,5,6-n)-
(methylethyl)~benzene]-iron(II)hexafluorophosphate

15
4-isopropyl-4-methyl diphenyliodonium or diphenyl
iodonium hexafluorophosphate or tetrakis
{pentafluorophenyl) borate, or

20 2'-hydroxy-2-phenyl~3~toluenesulphonyl-
propiophenone

9. A method according to claim 6 to 8, wherein the
cationic photoinitiator is employed in an amount of

25 from 0.25 to 3% by weight of the substrate.

10. A method acceording to any one of claims 5 to 9,
wherein the respective photoreaction conditions
include application of actinic radiation at two

30 distinct wavelengths.

11. A method according to claim 10, wherein a low

enerqgy source of actinic radiation is employed as



30 8. A nethod according to claim7, wherein the cationic photoinitiator
is selected from -21- 4 MAY 2005

bi s[ 4- (di phenyl sul phoni 0) - phenyl ] sul phi de, bi s- hexafl uorophosphate or

bi s- hexaf | uoroanti nonate optionally in conbination with a

mono- or - pol y-[ 4- (phenyl t hi odi phenyl ) g4l phoni um hexaf | uoro Snphe3phet e or
hexaf | uoroanti nonate bi s[4-(di (4-(2-hydroxyethyl)phenyl) sul phoni o-
phenyl ] sul phi de bi s- hexaf| uor ophosphate 10

bi s[4-(di (4-(2-hydroxyeth Vil ) LP): ] is :
bis-hexafluoroant'ﬁ%ﬁa?g X&%gg%gfy%%%%ggggh?%ﬁ?%ﬂ??%lf?%kg?égﬁ?Sf%-rl)-
(et hyl et hyl ) - benaghékvinondh | Inemeafisgoesphesphaaed alhigh dosage
4-isopropyl -4-met hyl _diphenyl iodqni um LRheny i O ium

hexaf | uorophospha{‘]"xeé grgk?Ié?r;laﬁélcglaqg(lﬁglntag)gjﬁgggo%%eényﬁ])OQgg;léste, or 20

2' - hydr oxy- 2- phenylombri skd elne sthep ramglequpno pplopthersm: idn A nmet hod
according tto claim6 to0.,8, wherein the cationic photoinitiator is

enpl oyed i an anﬁﬁﬁ?lgfonﬁs from0.25 to 3% by wei ght of the substrate.
10. A method according to any one of clains 5 to 9, wherein the
respective photoreaction conditjons incluyde_ application of actinic

in
radi ati on at 4w AS@eHPQ?iﬂ%?OWQ%Rﬂ(EﬁgFﬁg?mll?'AWWEE?ﬁﬂj¥%§?5rding to claim

10, wherein a | oWdirect imaging is used in applying the low energy
source of actinic radiation, to achieve thereby a

10 predetermined distribution of reactive substrate to

be polymerised and/or crosslinked in the subsequent

photoreaction conditions.

13. A method according to any preceding claim, wherein

15 the actinic radiation is UV-radiation.

14. A method according to any one of claims 1 to 4,
wherein the latent photoinitiator is a protected
photeoinitiator and its protection is thermally

20 removed under preliminary conditions.

15. A method according te claim 14, wherein the
preliminary conditions include the presence of an
initiator compound which is thermally decomposable

25 to yield an acid catalyst for the unblocking of the

latent photoinitiator.

16. A method according to claim 15, wherein said
initiator compound is a blocked p-toluene sulphonic
30 acid.

17. A method according to any preceding claim, wherein

the substrate is an acrylic substrate.



energy source of actinic radiation is enployed as -22- 4 MAY 2005 part of
the prelimnary photoreaction conditions in achieving an i nagew se
exposure and a high dosage of actinic radiation applied as a flood is
conprised by the subsequent photoreaction 5 conditions. 12. A nethod
according to claim 11, wherein laser direct imaging is usedyi i ng
the | ow energy source of actinic radiatién, to achieve theréggAgﬁ@bg
predeterm ned distribution of reactive substrate to be polynerised and/or
crosslinked in tHe sdbsegbedt fophdiemdativionttandd t pangnertiZatAomebhod
according to any pre%ediggmckﬁg gmeEka 15 thg.qgtinic radiation is
W-radiation. 14. A fePRod™gEcdt |ndn¥5 aﬁ§eoﬁ%p 115 s SHERS T ! wherein
t he | atent photoi niticamptris$ng: protected photoinitiator and its
protection is thermally 20 renoved under prelimnary conditions. 15. A

met hod according to claim 14, wherein the prelimnary conditions include

the presencg of an u@btpg@ﬁidﬁgﬁnp@aqtmhgcanighétyapp@r&y deeepposabl e 25
to yield an acid catalyst for the unblocking of the _|atent
photoi nitiator. 16. ARELABICARRIOYIASGCoPELEPRT 152P Ihet it ra&edand

initiator conmpound ig aabbpekgkbisimliuere rsulbRbpeaf +130 R&ds 17. A nethod
according to any preceding claim wherein the substrate is an acrylic
substr at e. photoinitiator is a ketone photoinitiator which is

protected by a methylene 1,3~-dioxclane structure;

10

(b} deprotecting the protected ketone

photoinitiator in selected locations of the

support thereby to provide an active ketone

photoinitiator in the coating at said selected

15 locations;: and

{c) exposing the coating on the support to a
source of actinic radiation whereby polymerization
of the polymerizable material is initiated in said

20 selected locations on the support where the
protected ketone photoinitiator has been

deprotected in step (b).

19. A method according to claim 18, wherein in step
25 (b), the protected ketone photoinitiator is
deprotected by an imagewise exposure of the
coating to a source of radiation capable of
effecting deprotection of the protected ketone
photoinitiator.
30
20. A method according te claim 192, wherein the

imagewise exposure employs a photomask.



-23- 4 MAY 2005 18. A nethod for the photoinitiated polynerization of a
pol yneri zabl e substrate applied to a support, conprising: 5 (a) providing
a coating on the support, which coating conprises the polynerizable
substrate and a latent photoinitiator, wherein the |latent photoinitiator
is a ketone photoinitiator which is pzotected by a nethyl engMAY 2005

1, 3-di oxol ane structure; 10 (b) deprotecting the protected ketone
photoinitiator in selected |ocations of the support thereby to provide an

active ketong; phat pkbhbhad&ortdidd1@cCeahing: & walrtitehee!t gdurde
| ocations; and (c) exposing the coating on the support to a source of
actinic radiati onohh&pabyt pon yfad £oi 6he PaIPRLFOIRASUEEDLE Aaterial is

initiated in said;20 saLRSGE eI QGAUFORSCOR: L NEaGUARQYL. Where the
protected ketone photoiniTiator has been deprotected in step (b). 19. A

nmet hod according to claim 18, wherein in step 25 (b), the protected

ket one photkoinj tiat i ; i gﬂy% expo t he
coating tosa:g%ur%é%%Fh§%d%§$%%%§%éggb éagﬁ i%?fecléﬁﬁlégb%gggc?%%n of the
protected ket one tpkotoabing atorexpB@ed- t20a Wighetdwhagc odr dihgnio cl aim

19, wherein the radiation applied as a flood.

23. A method according to claim 22, wherein the
10 imagewise exposure is composed of uv radiation of a
first wavelength and the flood exposure is composed
of a uv radiation of a second wavelength different

from the first wavelength.

15 24. A method according to claim 18, wherein the coating
on the support further includes a cationic acid-
producing photoinitiator which on exposure to a
source of radiation yields an acid catalyst for the
deprotection of the protected photoinitiator.

20

25. A method according to claim 24, wherein the
cationic acid-producing photoinitiator is a
iodonium or sulphonium salt or a salt-form
organometallic compound or an «-sulphonyloxyketone.

25

26. A method according to claim 24, wherein the

cationic photoinitiator is selected from;

bis[4- (diphenylsulphonio) -phenyl]sulphide, bis-
30 hexafluorophosphate or bis-hexaflucrcantimonate

optionally in combination with a mono-or-poly-[4-

{(phenylthiodiphenyl] sulphonium hexafluoro

phosphate or hexafluoroantimonate



i mgewi se exposure enpl oys a photomask. -24- 4 MAY 2005 21. A nethod
according to claim 19, wherein the source of radiation used for the

i mgewi se exposure is a |ow energy source of actinic radiation. 5 22. A
met hod according to claim 18, wherein in step (c) the coating is exposed
to a high dosage of actinic radiationapplied as a flood. 23pMAYphod
according to claim?22, wherein the 10 i ragew se exposure i s conposed of uv
radiation of a first wavelength and the fl ood exposure is conposed of a
uv radi ation of a second wavelength different fromthe first wavel ength.
15 24. A nethod according to claim 18, wherein the coating on the support
further includes @isdﬂkéﬂi¢4at2{hYQﬂogd§chHg pheol rsulidcoviovhi ch on

exposure to a sou e i gE; yst for the
deprot ecti on of tﬁb E ?g%ﬁ&%qggyﬁi%g%%ag?aé% : nmet hod according to
claim 24, wherein the cationic acid-producing photoinitiator is a

i odoni um OF’OSL” phon LtEP zg %4 OEA@ ﬁyfﬁ' t - fgkn’i f;%jafﬂne#l}l I | c&ﬁorrpounq or an

a- sul phony xyket dY8cE wherein the
cationic photoinlgm@hgn Bﬁlphﬂ&ﬁﬂbﬁi-mbﬁﬁfluoroantinomate

bi s[ 4- (di phenyl sul phoni o) - phenyl ] sul phi de, bis 30 hexafl uorophosphate or
bi s- hexaf |l uoroanti nonate optionally in conbination with a

nmono-or - pol y-[4- pn®-2,4- (cyclopentadienyl) [(1,2,3,4,5,6-n)-
(methylethyl) -benzene] -iron (II)hexafluorophosphate
10
4-igsopropyl-4-methyl diphenyliodonium or diphenyl
iodonium hexafluorophosphate or tetrakis

{(pentafluorophenyl) borate, or

16 2'-hydroxy-2-phenyl-3-toluenesulphonyl -

propiophenone

27. A method according to claim 18, wherein the
cationic photoinitiator is employed in an amount of

20 from 0.25 to 3% by weight of the substrate.

28. A method according to claim 18, wherein the
deprotected ketone photoinitiator is a sensitizer
for the cationic photoinitiator used whereby a
25 gself-sensitizing and auto-accelerating system is

obtained.

29. A method according to claim 24, wherein the
protected ketone photoinitiator is a protected
30 thioxanthone and the cationic acid-producing

photoinitiator is an iodonium salt.



(phenyl t hi odi phenyl ) sul phoni um hexafl uoro phosphate or

hexaf | uor oanti nonate -25- 4 MAY 2005

bi s[ 4- (di (4-(2-hydroxyet hyl ) phenyl ) sul phoni o- phenyl ] sul phi de

bi s- hexaf | uor ophosphate 5 bi s[4-(di (4-(2-hydroxyethyl)phenyl)sul phoni o) -
phenyl ] sul phi de bi s-hexaf | uoroanti nomate- ria-2, 4-(cycl opent adgf¥YIons
[(1,2,3,4,5,6-rl)- (nmethylethyl)-benzenel-iron(l1)hexafl uorophosphate 10
4-isopropyl -4-met hyl di phenyl i odoni um or di phenyl i odonium

hexaf | uor ophogphatze iait b8t hakbsdidP ey afllauer ephend te 0L collt 14§
21- hydr oxy- 2- phenyl - 3-t ol uenesul phonyl - propi ophenone 27. A net hod

accordi ng to cl ai MM &hewsEPRPRt t Herthies iloailedphot of F8 i%RGC3ls enpl oyed in

an amount of 20 fiam;Qc25 (A3 MRiBOLot essuhst rate. 28. A nethod
according to claim 18, wherein the deprotected ketone photoinitiator is a

sensitizer for thadiationi ¥iphds dirfie iraddralselionheteisieryozsction
sel f-sensi i zi ng gpd %g&giggggégi3ﬁhngﬁ§ﬁ§gggbts obt ai ned. 29. A net hod
i 2, protecte

according to claim?2 ereirn t etone photoinitiator is a
protected 30 thioxanthone and the cationic acid-produci ng photoinitiator

|s an iodoniupy sall 805 MVaARPTo 2Qaift T8 A ACGO HNALR 653 M 18,
wherei n the coating
on the support includes an initiator compound which
is thermally decomposable to yield an acid catalyst
10 for the deprotection of the protected

photoinitiator.

32. A method according to claim 31, wherein said
initiator compound is a blocked p-tcluene sulphonic

15 acid.

33. A method according to claim 18, wherein the

polymerizable substrate is an acrylic substrate.

20 34. A method according to claim 18, wherein the ketone
photoinitiator, after deprotection is selected

from;

2,2-dimethoxy-2-phenyl acetophenone;

25
2-methyl-1-[4- {methylthio)phenyl] -2-morpholino propan-1-
one;
2-benzyl-2-N,N-dimenthylamino-1- (4-morpholinophenyl) -1-
30 butanone;

isopropyl thioxanthone;

camphorquinone;



on the support further includes a free radical initiator which on
exposure to a source of radiation yields free radicals for the
deprotection 5 of the protected photoinitiator. 31. A nethod according to
claim 18, wherein the coating on the support includes an initiator
conmpound which is thermally deconposapte to yield an acid cgtl@bgsjgoslo
for the deprotection of the protected photoinitiator. 32. A nmetho
according to claim 31, wherein said initiator conpound is a bl ocked
p-tol uene sul phonic 15 acid. 33. A nethod according to claim 18, wherein
the polynerizable substrate is an acrylic substrate. 20 34. A nethod
accordi ng to cl ai fit18-ngirer Bphernyhehidpbaey Preepy Hiaticator , after
deprotection is selected from 2,2-dinethoxy-2-phenyl acetophenone; 25
2-met hyl - 1- [ 4- (et hy] t hi_o) phenyl ] - 2- nor phol i no propan-1- one;

2-benzyl - 2- N, N-di ﬁéﬁ??ﬂﬁ‘lla o2 -e{iﬁl-“?w‘or phol i nophenyl )-1- 30 but anone;

i sopropyl ®hi oxant hone; canphorqui none; -27- 4 NMAY 2005

[ 4- (4- et hyl phenyI2t_QL}9‘)1pgggl¥ll__Jqullggyé'_k%g,lgne; 4- phenyl benzophenone; 5

di-iodobutoxy fluorcne
10 35. A protected ketone photoinitiator selected from:

2,2-dimethoxy-2-phenyl acetophenone;

2-methyl-1-{4- (methylthio)phenyl] ~2-morpholinoc propan-1-

15 one;

2-benzyl-2-N,N-dimenthylamino-1- (4-morpholinophenyl) -1-

butanone;
20 isopropyl thioxanthone;
camphorquinone;

[4- (4-methylphenylthio)phenyl] phenylketone;

25
4-phenyl benzophenone;
2-ethyl anthraquinone; and
30 di-iodobutoxy fluorone

in which the ketone moiety is protected by a

methylene 1,3 dioxolane ring structure.



2-et hyl anthraquinone; and di-iodobutoxy fluorone 10 35. A protected

ket one photoinitiator selected from 2, 2-dinmethoxy-2-phenyl acetophenone;
2-met hyl - 1- (4- (et hyl t hi o) phenyl ] - 2- nor phol i no propan-1- 15 one;

2- benzyl - 2- N, N- di ment hyl am no- | - (4- nor phol i nophenyl )-1- butanone; 20

i sopropyl thioxanthone; canphorqui none; 4 MAY 2005

[ 4- (4- met hyl phenyl t hi 0) phenyl ] phenyl ket-é®e; 25 4-phenyl benzophenone;

2- et hyl ant hraggi ngne; O-~dl 4 u y UQE One. i i.ch.t he ketone
noiety is prot ggt e?ﬁ @?tgegrr%tgh@%lnnlé&g?% %ﬁgxg{‘%n(gf r{iﬁaglrf{sgtml&gufj’%f 4 NAY
2005 -28 36. A methi5dea8 B FERPILT dify 2oréinEed| @i sait Peazd, angher ein
the support is a prihet edacingubt finardhppadt theacppdiirg on the support is
a liquid photoi mag . sk., 5 37, Aprinted circuit board (PCB)
manuf acturing pr o%%?lgg\}\ﬁlg%%%ln%?suo edseramgtﬂe(p in which a solder mask is
formed on & PCB by a nethod as clainmed in claim36. 10

37. A printed circuit board (PCB) manufacturing
process which includes a step in which a solder
mask is formed on a PCB by a method as claimed in

claim 36.
10



