2 3 JUL 2004 1 i Polynerisation Process The present invention relates t&
process for making water soluble or water swellable polyners, by 73 JUL2 h
pol'ymeri sation of water soluble ethylenically unsaturated nonomer or
mononmer blend. In particular the invention relates to processes of making
sai d pol ymers contai ni ng IOM/concentr%tions of residual nononer. Vter

sol ubl e and water swell able polyners are used in nunerous industri al
applications, for instance, flocculants, coagul ants, rheol ogy nodifiers,

di sper sanpslymerigtioaRoceesnt s and binders. O particular inportance are

hi gh ol ecul ar wei ght water sol uble polyneric floccul ants which may be
used as retention or drainage aids in paper nmaking or to floccul ate
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waters, textile industry effluents red mud from the Bayer Alumina process and

suspensions of coal tailings etc.

It is standard practice to prepare water soluble or water swellable polymers by
polymerising water soluble monomers using a suitable initiator system. The
polymers are usually provided either as a solid particulate product or as a reverse
phase dispersion or emulsion. Typically particulate polymers are prepared
introducing initiators into an aqueous solution of the monomers and polymerising

- to form a polymer gel which is then cut into smaller pieces, dried and then ground
to the appropriaté particle size. Alternatively the polymers are produced as beads
by suspension polymerisation or as a water-in-oil emulsion or dispersion by water-
in-oil emulsion polymerisation, for example according to a process defined by EP-
A-150933, EP-A-102760 or EP-A-126528.

It is known to produce water soluble and water swellabie polymers using a variety
of initiator systems. For instance it is common practice to polymerise water soluble
monomers using redox initiator couples, in which radicals are generated by
admixing with the monomer a redox couple which is a reducing agent and an
oxidising agent. It is also conventional practice to use either alone or in

combination with other initiator systems a thermal initiator, which would include



adm xing with the nonomer a redox couple which is a reduci ng agent ﬁrhgl_qmi, .
oxidising agent. It is also conventional practice to use either alz) € or in
.conbination with other initiator systens a thermal initiator, which would
include 2 3 JUL 2004 2 any suitable initiator conpound that rel eases
radicals at an el evated tenperature. (O her initiator systens include photo
and radiation induced initiator syster?s, whi ch require exposure to
radiation to rel ease radicals thereby effecting polynerisation. O her
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| ast ten to fifteen years it has al so becone increasingly inportant to
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There have been various proposals in the literature for reducing residual free
ménomer concentrations in polymers, especially polymers of acrylamide. For
instance in US-A-4806732 and US-A-4996251 polyacrylamides are treated with
an amidase enzyme which is active towards acrylamide. However, although it was
possible to achieve very low levels of free acrylamide, the enzymes proposed in

these patents cannot consistently especially at elevated temperatures.

WO-A-97 29136 describes an amidase enzyme which is particularly effective at
high temperatures and thus can be applied to the hot polymer gel substantially
immediately prior to the drying stage. However, although this enzyme has shown
particular advantages over other known amidases, it is still nonetheless difficult to

consistently achieve low residual ievels of acrylamide on an industrial scale.

Therefore there exists a need to be able to conveniently and consistently provide
water soluble or swellable polymers with no or extremely low levels of residual

monomer, especially acrylamide monomer.



Therefore there exists a need to be able to conveniently and consistently
provide water soluble or swellable polymers with no or extrenely qu%gmm
levels of residual nonomer, especially acrylanide nonomer. 2 3 J 04 3
There al so exists a need to achieve this in an industrial scale process and
in particular in a process which doe?%not require additional |ong

resi dence stages in the production process. According to one aspect of the
i nventi on we provide a process of preparing water soluble or water
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preparing water solull e or kg er swel | abl e pol yner conprising the steps,

(a) form ng an aqueous mxture conprising, (i) a water soluble
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| (b) effecting polymerisation by subjecting the agueous mixture formed in
step (a) to polymerisation conditions to form a polymer of said monomer or
monomer blend, wherein ultra violet initiator is distributed throughout the
polymer,

~ (c) subjecting the polymer formed in step (b) to ultra violet light radiation,
¢haracterised in that the polymerisation step (b) is conducted substantially in the

absence of ultra violet radiation.

Although higher levels of ultra violet radiation may be employed generally step (c)
is conducted using fairly low levels of ultra violet radiation intensity, for instance up

to 1 Watt/cm?, usually below 500 milli Watts/cm?.

According to a further aspect of the invention we provide a process of preparing
water soluble or water swellable polymer comprising the steps,
(a) forming an aqueous mixture comprising,
(i) a water soluble ethylenically unsaturated monomer or biend of '
monomers and,
(i) an ultra violet initiator,
(b) effecting polymerisation by subjecting the aqueous mixture formed in
step (a) to polymerisation conditions to form a polymer of said monomer or

monomer blend,



mononers and, (ii) an ultra violet initiator, (b) effecting pol sation
by subjecting the aqueous m xture formed in step (a) to polwﬁaﬁﬂgg I on
.conditions to forma polymer of said nonomer or nonomer blend, 004 2 3
3\3.1 4 (c) subjecting the polymer fornmed in step (b) to ultra violet |ight
radiation at an intensity of up to 500 mlli Watts, characterised in that
the polynerisation step (b) is conductéd substantially in the absence of
ultra violet radiation. The advantage of being able to use relatively |ow
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exposure to high levels of ultra violet radiation may be detrimental to deliberately

cross-linked polymers in that the additional cross-linking would be uncontrolled

and could also lead to a loss of performance. Thus for a cross-linked

superabsorbent polymer excessive exposure to ultra-violet cross-linking may result

in excessive cross-linking which could impair the absorbency charactersitics.

Thus it is preferred that very low levels of UV radiation intensity are used, for
instance up to 100 milli Watts/cm?. Generally the levels of intensity will be above 5
or 10 milli Watts/cmZ. Intensities of below 50 milli Watts/em? are generally

preferred, for instance in the range of 30 to 40 milliWatts/cm?.

The water soluble or water swellable polymer is prepared by polymerisation of a
water soluble monomer or water soluble monomer blend. By water soluble we
mean that the water soluble monomer or water soluble monomer blend has a
solubility in water of at least 5g in 100 m! of water, measured at 25°C. The |
polymerisation step (b) may employ conventional polymerisation techniques,

provided that these do not result in exposure to ultra violet light.

The polymerisation step (b) may be effected by subjecting the agueous monomer
solution to any conventional polymerisation conditions which do not involve

exposure to ultra violet radiation. Desirably this may be achieved by the use of



wat er sol.ubl e nononmer or water sol uble nononer blend. By water soluble we
mtan that the water soluble nononer or water sol uble nononer bl en@“hggs]_ #004
.solubility in water of at least 5g in 100 ml of water, neasured at 25C. The
pol yneri'sation step (b) may enpl oy conventional polynerisation techniques,
provi ded that these do not result in exposure to ultra violet light. The
pol ynerisation step (b) may be effecteéd by subjecting the agqueous nononer
solution to any conventional polynerisation conditions which do not involve
exposur e temaxl initiatars @ingfonrtheimei ioitiatmesTypibaly tadox indlatase ingHAe@ed by t he

use of 2 3 JUL 2004 5 redox i.nitiators and/ or. .fthermal, initiators.
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The ratio of “reduci ng agent to oxidizing agent may be from10:1 to 1:10,
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I ncl ude any suitable I nitiator conpound that releases radicals at an
el evated tenperature, for instance azo conpounds, such as

azobisi sohut yroni tril 4, -azobi s-(4- | erel =bd)  (ACVA) .
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1, 000 ppmThenealmitatorsovolddnegudegny sudaklel iaﬁilaéarmﬂwla%w?cgg]@ﬁ#\@ass cording
to the pr ?é:aelggls at an elevated temperature, for instance azo compounds, such as
azobisisobutyronitrile (AZDN), 4 4-azobis-(4-cyanovalereic acid) (ACVA). Typically
thermal initiators are used in an amount of up 10,000 ppm, based on weight of
monomer. In most cases, however, thermal initiators are used in the range 100 to

5,000 ppm preferably 200 to 2,000 ppm, usually around 1,000 ppm.

The water soluble or water swellable polymer prepared according to the process
of the present invention may be cationic, anionic, nonionic or amphoteric. It may
be substantially linear or alternatively branched or cross-linked. Cross-linked or
branched polymers are prepared by incorporating a branching or cross-linking
agent into the monomer biend. The cross-linking or branching agent may be for
instance a di- or multifunctional material that reacts with functional groups pendant
on the polymer chain, for instance multivalent metal ions or amine compounds
which can react with pendant carboxylic groups. Preferably, however, the cross-
linking or branching agent will be a polyethylenically unsaturated compound, which
becomes polymerised into two or more polymer chains. Typically such cross-
linking agents include methylene-bis-acrylamide, tetra allyl ammonium chloride, tri-
allyl amine and polyethylene glyco! di acrylate. The polymers may be highly

crosslinked and therefore water insoluble but water swellable. Alternatively the




of the present invention may be cationic, anionic, nonionic or anmphoteric.

It may' be substantially linear or alternatively branched or cross-liqkﬁﬁt
.Cross-linked or branched polyners are prepared by incorporating a 2004
branching or cross-linking agent into the nononer blend. The cross-Ilinking
or branching agent nmay be for instan a di- or multifunctional materi al
that reacts with functional groups peridant on the polyner chain, for
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| i nki ng agents include nethyl ene-bis-acrylam de, tetra allyl ammonium
chloride, tri- allyl am ne and pol ?/et hyl ene gl ycol di acrylate. The
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ani oni ¢ pol t he, copaol yner of sodium acrylate with acryl am de.
Cat i oni c Sﬁwﬁr‘gﬂhﬁ iFF)] Grmed from one or nore ethylenically unsaturated

cationic monomers optionally with for instance a nonionic nononer,

preferably acrylanm de. The cationic nononers include di ?I kx at q al kyl
(met h) acOdtianisspolymers may be formed from one or more ethylenically ufisaturate

cationic monomers optionally with for instance a nonionic monomer, preferably
acrylamide. The cationic monomers include dialkylamino alkyl (meth) acrylates,
dié]kylamino alkyl (meth) acrylamides, including acid addition and quaternary
ammonium salts thereof, diallyl dimethyl ammonium chloride. Preferred cationic
monomers include the methyl chloride quaternary ammonium salts of

dimethylamino ethyl acrylate and dimethyl aminoethyl methacrylate.

Amphoteric polymers include at least one cationic monomer {(for example as
defined above) and at least one anionic monomer (for example as defined above)

optionally with a nonionic monomer, especially acrylamide.

Non-ionic polymers include polymers of any suitable non-ionic monomers, for
instance, acrylamide, methacrylamide, N-vinylpyrrolidone and 2-hydroxyethyl
acrylate. Preferred non-ionic polymers comprise acrylamide especially acrylamide

homopolymers.

Preferably, the water soluble or water swellable polymers comprise acrylamide.




di al.kyl ami no al kyl (nmeth) acrylam des, including acid addition and
quatermary amoniumsalts thereof, diallyl dinethyl amonium chl @r3i gig. 200
.Preferred cationic nononers include the nmethyl chloride quaternary

ammoni umisal ts of di methylamino ethyl acrylate and di methyl ami noethyl
met hacryl ate. Anphoteric polyners incl7ude at | east one cationic nononer
(for exanple as defined above) and at' | east one ani oni c nononer (for
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Typically an agueous solution of water soluble monomer may be polymerised by
solution polymerisation to provide an aqueous gel or by reverse phase
polymerisation in which an aqueous solution of monomer is suspended in a water
immiscible liquid and polymerised to form polymeric beads or alternatively by
emulsifying aqueous monomer into an organic liquid and then effecting emulsion
polymerisation. Examples of reverse phase polymerisation are given in EP-A-
150933, EP-A-102760 or EP-A-126528. Preferably the polymer is prepared by

solution polymerisation.

The process of the present invention requires that an agueous monomer mixture
is first formed comprising (i) a water soluble ethylenically unsaturated monomer or
blend of monomers and (i} an ultra violet initiator. In addition the agueous '
monomer mixture may also contain other components, for instance redox initiators
or therma! initiators or other compounds that may assist with the polymerisation
step (b). The agueous monomer mixture may also comprise other ingredients, for

instance chain transfer agents which may be required to regulate the chain length.




sol wtion.polynerisation to provide an aqueous gel or by reverse phase

pol ynmerisation in which an aqueous sol ution of nononer is suspeg?g@Lhmaa
.water inmmscible liquid and polynerised to form polyneric bead

al ternatiyvely by enulsifying aqueous nononmer into an organic liquid and
then effecting emul sion polynerisatign. Exanples of reverse phase

pol ynerisation are given in EP-A- 150933, EP-A-102760 or EP-A-126528.
Preferably the polymer is prepared b solution polynerisation. The process
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m xture, in order that it is evenlbg%ca stributed throughout the resulting
pol yner. PABPRYSIBISPATR ofi PPACTISOP& ' nitiator is soluble or dispersible in

the aqueous nononer or nononer blend. W have surprisingly found that

effective polyners can be produced by the process of the present
i nvent i onWeheveisorpiisingiydound thateffective palymais éandresproduced by the

process of the present invention, wherein an agueous monomer biend which also
contains an ultra violet initiator is first subjected to polymerisation in the absence
of ultra violet light in which the ultra violet initiator remains substantially inert and

then subjecting the polymer to ultra violet radiation.

Preferably the ultra violet initiator is a compound of formula:

R, ©

j R24‘—H—~(: :}—— R, -

OH

wherein R; and R, are each independently C1.3 alkyl or together form a Ca.s
cycloaliphatic ring, Rz is H, C4.2 alkyl or -O(CH2CH>),OH and n is 1-20. An

especially preferred ultra violet initiator is the compound defined by the formula,

CH, O

Ho—{—‘“—@ O-CH,CH,-OH

CH,




contains.an ultra violet initiator is first subjected to polynerisation in
the absence of ultra violet light in which the ultra violet initiator '
.remains substantially inert and then subjecting the polyner to ul tirlaJUL 2004
violet radiation. Preferably the ultra violet initiator is a conpound of
formula: " R O OH wherein RL and R2 are each independently Cl1.3 al kyl or
together forma Ca_e cycloaliphatic gi ng, R3is H C7_2 alkyl or
-Q(CH2CH2) nOH and n is 1-20. An especially preferred ultra violet

i ni tiat orknewh Be Tep{bHydrayethey)-phenyb2 thydmxya2-raeidyHO-ROCERper ot CH3 2

3J UL 2004 9 known as 1-[4-(2-Hydroxyetho -phen ~2- hydraxy- 2- -
1-pro pan&JPRliggas gﬁ%‘ﬁ-l"ﬁi@%égl @U&@&(rrlay ég’ég&ﬁ%%w ﬁlﬁe?rﬁg élrg %y a tr)n;t !
Specialty Chem cals. Another especially preferred UV initiator is the
conmpound of the formula, CH3 known as 1 -phenyl-2-hydroxy-2-nethyl-1
- pr opane- Anethee espppiaile preferderldd initatot istthetasopound phther fospul.ba Speci al ty
Chem cals. Desirably the ultra violet initiator is used in an anmount up to
10, 000 ppm by wei ght of nononer. However, for economc reasons it is
usual 'y prefefzeggnot to use nore than about 5,000. Suitable results are
?Lten obt ai ne en the—yltra violet initiator is included in an anmount in
e range - y nore preferabl 10 '
o p y 0 to 2,500 ppm especially
formed in the_! pol yne
be done by pa@g'bng t he

known as 1-phenyl-2-hydroxy-2-methyl-1-propane-1-one supplied as Darocure ®
! 1173 photoinitiator by Ciba Specialty Chemicals.

ation step (b) to ultra violet radiation. This may

Desirably the uitra violet initiator is used in an amount up to 10,000 ppm by weight
of monomer. However, for economic reasons it is usually preferred not to use
more than about 5,000. Suitable results are often obtained when the ultra violet
initiator is included in an amount in the range 50 to 3,000 ppm, more preferably

100 to 2,500 ppm, especially 500 to 2,000 ppm.

The process involves the step of subjecting the polymer formed in the
polymerisation step (b) to ultra violet radiation. This may be done by passing the
formed polymer under ultra violet lamps. For instance the polymer may be passed
from the reactor vessel and then irradiated with a suitable dose of ultra violet light
and then passed to a drying section. Alternatively the polymer may be exposed fo
ultra violet radiation in the reactor vessel. Preferably the polymer is subjected to
the ultraviolet fight in the drying section. Thus in this preferred form of the
invention ultra violet lamps are mounted such that the polymer is exposed to ultra
violet light whilst inside the drying equipment. More preferably the drying
equipment is a fluid bed dryer and the ultra violet lamps are mounted inside the

dryer.

It has further surprisingly been found that a water soluble or water swellable

polymer in which the amount of residual monomer is below 100 ppm is obtainable




formed polynmer under ultra violet |anps. For instance the polyner may be
passed” fromthe reactor vessel and then irradiated with a suitabl®2} Jukaiiof
.ultra violet light and then passed to a drying section. Alternatively the
pol yner nmy be exposed to wultra violet radiation in the reactor vessel -
Preferably the polymer is subjected tg the ultraviolet light in the drying
section. Thus in this preferred form P the invention ultra violet |anps
are nmounted such that the polyner is exposed to ultra violet |ight whilst

i nsi de t hby dne praresswfihe presavidirventione naliding Bey &f Jiegorefpesifient is a
fluid bed dryer and the ultra violet |anps are nounted inside the dryer.

It has fuPPWOIBERS: i singly been found that a water soluble or water
swel l abl e polynmer in which the anount of residual nonomer is bel ow 100 ppm
is obtainable 2 3 JUL 7004 10 by the process of the present invention,

i ncl udi ngAgoyrdifig tda furiher agmssitof the mvbotiomret provideca methgd 1d redycing Mg

aspect of the invention we provide a t hod of reduci.ng,.t resi dual
monomer  cERIHR! mﬁ”%”\ﬁépepteg‘&l‘%ﬁlv@tﬂ g&'\HB ' {qr&me‘gagﬁ ‘5@%’?9@’[”
subj ecti n?té%)j@%}iﬂﬂﬂ?/a nghtbtdlﬁa Vightatrakifatipaiimtheoprésenicbafriresienosolef an

ultra vio e ultra violet initiator may be applied to the
surface ofniidter.ftherelira yioley irstiatanthay beappliedtciber sutasesefrthadermedt he

ot ati onpobe SEplevedta si e Suiteid TaB PolfFer bl URLL 1 (s
violet i nbhg@?ﬁﬁ? Itt)lﬁ? Eﬁiﬁ%rltb 5 Aidned atipitiont liea pedfenrsd fent dfthistdeprect of

preferably d "t hroughout the pol yner before being subjectgd to
i rradiati thre myvention dhe ulitaeviolat gitiatonis actoally absgroeddnigaiherPAWMghEEAF wat er

swel llabl e ol r . f.orned cont ainin | A deat or
o o ATE L 8 TR RO bR Bl ikt L O
of carryi tadibltion b & Stolet]i hRCRIrHaneSy thé Watdresdlitietorasgtec sweflabilbe
i nvention. Preferably the matghod of reduci ng resjdual mononer is al_%)l ied to
pol yners @blymer may be formed containing the ultra violet initiator distributed throughout

the polymer. This may be for instance as a result of carrying out a process in

accordance with the first aspect of the invention.

Preferably the method of reducing residual monomer is applied to polymers of
acrylamide and said acrylamide polymer contains residual acrylamide monomer.
More preferably the polymer of acrylamide is a relatively high molecular weight
polymer and has an intrinsic viscosity of at least 4 dl/g, often at least 7 or 8 di/g,
for instance at least 12 dl/g. in some cases it may be highly desirable for the
polymer of acrylamide to have an [V as high as 20 or 30 di/g or even higher.
Especially preferred are polymers of acrylamides which have an IV in the range 8
to 18 dl/g.

The ultra violet initiator may be any suitable ultra violet initiator as given herein
before. It is preferred that the ultra violet initiator is water soluble or at least water

dispersible. Preferably the ultra violet initiator is a compound of formula,




acryl am de and said acryl am de pol yner contains residual acrylam de
mononeY. More preferably the polyner of acrylanmide is a relativeld3 QUghio;
.ol ecul ar wei ght polynmer and has an intrinsic viscosity of at |east 4

dl /g, often at least 7 or 8 dl/g, for instance at least 12 dl/g. In sone
cases it may be highly desirable for the polynmer of acrylamde to have an
IV as high as 20 or 30 dl/g or even higher. Especially preferred are

pol ymers of acrylam des which have an IV in the range 8 to 18 dl/g. The
ultra violet |ml®| ator may be any suitable ultra violet initiator as given
herein before. ||t i ferred that the ultra violet initiator is water
sol ubl e oR2 5 diRrspersi bl e. Preferably the ultra violet
initiator is d conmpoy f formula, 2 3 JUL 2004 11 OH wherein R, and R2
are each |ndep6%dently Cl 3 alkyl or together forma C4.8 cycloaliphatic
ring, R3is H~Cl 2 alleyl or -QUCH2CH2)" OH and n is 1-20. Most

pr ef er abl t i For® B CH O
HO CH3 O%h%?%g%oéﬁ%‘%g toera'rt%ﬁ Iga%—%{dﬁﬂy@dﬂmwg@fo ovanBa exanpl es
i |l ustrat ey¢lbaliphatzningR; b, (éfgealhplton-ﬁt(@hti@ﬂ'lzir@fﬂ randrryta/\?a-)?O Mastt the

scope o t;:>peefeI rLI); rt}'ie ultra woleét |nmator Qhélr &%on%onpnd  formula,
CH, O
H O-CH,CH,-OH
i CH3

or a compound of formula

CH, O
o)
CH,

The following examples illustrate the invention, but are not intended to in any way

limit the scope of the invention.




Test. 1 Two tonnes of aqueous nononer mxture is prepared conprising 90% by
wei ght® acryl am de and 10% by wei ght di net hyl am noet hyl acryl atz nmghmh
.chloride quaternary ammoni um salt and having a total nononer c r?cenltra[[ion
of about 7 30% Nitrogen gas is passed through the aqueous nediumin order
to renove dissolved oxygen or other \fgl atile reactive species. 4.5 ppm
potassi um bromate KBr8 and 9ppm sodi Gm sul phite Na2SC3 is conbined with

t he agueous nonomer and m xed thoroughly. Polynerisation is allowed to
proceed f &xatnmesours and the resulting polyner is dried using a fluid bed
dryer. Tesrt E This is repeated but subjecting the gel to ultra violet

radi ati on 120 minutes duri ng the drying process using a W flood system

from Star W&ﬁnﬂ@g% alqueB0s indnorRér mgév}é%{néh@d J&ﬁpﬁgﬂb\@%%lweight

irradiation wl y obtained using a Sol artel Sol arscope, nodéel 1 with a
mul ti di r eativderaidepamnd dD%uby meight dimetndaminasthyl serylate meghyl shigrile These

RGN T e R IR ————
42959) in 30%@\“%585%‘1'35% paHEEd threehh tie Bauoldhelimihidriier ®0lewidven

viscosity and residual acrylam de nbnoner ‘are assessed and the results are
shown i n Tidsobvet oxyganiuotbenvoiatieTepttivel spraies M. b pm gotassinmibres@teat i on

1% sol uti %r gla%%i é&é.% Fé%%%udrh‘as'ulérﬁ%”&éégc‘)‘% i\éi cso%ot%'ntex v&i%P?h’EAgédéoqjg r‘{’]%né%fﬁ
and mixed thoroughly. Polymerisation is allowed to proceed for two hours and the

resulting polymer is dried using a fluid bed dryer.

Test2

This is repeated but subjecting the gel to ultra violet radiation for 20 minutes
during the drying process using a UV flood system from Starna using an intensity
of A2X10'4pW!cm‘°‘lnm. The equivalent irradiation will by obtained using a Solartell
Solarscope, model 1 with a multidirectional probe, using an intensity of 25milli
Watts/cm?®. These tests are repeated using various amounts of 1-[4-(2-
Hydroxyethoxy)-phenyl]-2-hydroxy-2-methyl-1-propane-1-one (lrgacure ® 2959) in

the monomer mixture.

Tests 3106
The solublity, solution viscosity and residual acrylamide monomer are assessed

and the results are shown in Table 1.



100188Go0od881 2 0 20 199 Good 452 35000194Good964 450020182Fair |
SR 200

520000176Fai r/ good960 6200020166Good47 C.

.Vi sconet er

at a shear

nmeasured using a Met
rate of 30-5, nmeasured at 25 Exanples 7 to 12

Exanmples i1 to 6 are repeated but using a an aqueous sol ution of acrylanm de
nmononer. Vi scosity and residual acryI%n'de concentrations are shown in

Tabl e 2.

Table 2 TestUV initiator

UV irradi ation

1% sol uti on Resi dual

(ppm (m n)viscosity (cP)#Acrylam de (ppm 10028532 202024412 3500026552
4500202438 52000028639

Table 1
Test UV initiator | UV irradiation | 1% solution Solubility Residual
(ppm) (min) viscosity (cP)" Acrylamide (ppm)
1 0 0 188 Good 881
2 0 20 189 Good 452
3 500 0 194 Good 964
4 500 20 182 Fair/Good |57
5 2000 0 176 Fair/good | 960
'. 6 2000 20 166 Good 47

measured using a Mettler viscometer at a shear rate of 30®°, measured at 25°C.

Examples 7 to 12

Examples 1 to 6 are repeated but using a an aqueous solution of acrylamide

monomer. Viscosity and residual acrylamide concentrations are shown in Table 2.

Table 2
Test UV initiator | UV irradiation | 1% solution Residual
(ppm) (min) viscosity (cP)# Acrylamide (ppm)
1 0 0 28 532
2 0 20 24 412
? 3 500 0 26 552
4 500 20 24 38
5 2000 0 28 639
6 2000 20 24 32

# measured using a Mettler viscometer at a shear rate of 2507, measured at 25°C.




62000202432 # neasured using a Mettler visconeter at a shear rate of 250-5,
nmeasured at 25C. 2 3 J UL 2004 14 Cains 1. A process of prepari Q% y@%ﬁ]m
sol ubl e or water swell able polyner conprising the steps, (a) formg
aqueous m xture conprising, (i) a water soluble ethylenically unsaturated
mononer or bl end of nononers and, (ii)_i an ultra violet initiator, (b)
effecting pol ynerisation by subjecting’the aqueous m xture forned in step
(a) to polynerisation conditions to forma pol yner of said nonomer or
nmonomer bl(aichs wherein ultra violet initiator is distributed throughout the
pol ymer, (.c) subjecting,the polyner forned in ste to ultra violet

P Ght r aciiad i ok Prageas A6 PERRAIRS WRtarsQlun o" Bt are Bhie Spbaberkdiisthe
conduct edtﬁéug%tpgnt ifally in the absence of ultra violet radiation. 2. A
process according to claim11 in which the polynerisation step (b) is

ef fected by sui(&pfdreinpby meuiesas inowturaicomatrsing, sel ected from the group
consisting of redox.initjato an hernmpl initiators. 3. A proces
according to claim i')@fwaeéisﬁ’i”}"? R ’Eﬁaquh'é”ﬁ%'f' rrilqpcgpgbor%l)enﬁﬁ

subj ected.to ultravi | radiation at an intensity of up to 500
mlliwatts. 4. A prggééﬁmgt:éggé%i ng to any of claims I to 3 in which the

pol ymer is forned f(ii)oan altra/Vialet dtiatr, A process according to any of clains

L L e e SRS SRl o LS ¥ 2E0RP Y PP bR g

by step (a) to polymerisation conditions to form a polymer of said monomer or
monomer blend, wherein ultra violet initiator is distributed throughout the
polymer,

(c) subjecting the polymer formed in step (b) to ultra violet light radiation,
characterised in that the polymerisation step (b) is conducted substantially in the
absence of ultra violet radiation.

2. Aprocess according to claim 1 in which the polymerisation step (b) is
effected by suitable polymerisation initiators, selected from the group consisting of
redox initiators and thermal initiators.

3. A process according to claim 1 or claim 2 in which the polymer in step (c) is
subjected.to ultraviolet light radiation at an intensity of up to 500 milliwWatts.

4, A process according to any of claims 1 to 3 in which the polymer is formed
from acrylamide.

5. A process according to any of claims 1 to 4 in which the polymer has an
intrinsic viscosity of at least 4 dl/g.

6. A process according to any of claims 1 to 5 in which the polymer formed by
solution polymerisation.

7. A process according to any of claims 1 to 6 in which the ultra violet initiator
is soluble or dispersible in the aqueous monomer or monomer blend.

8. A process according to any of claims 1 to 7 in which the ultra violet initiator

is a compound of formula:




sol ytion polynerisation. 7. A process according to any of clains 1 to 6 in
which-the ultra violet initiator is soluble or dispersible in t he jaqyemols
.nmononer or nononer blend. 8. A process according to any of clains f o7 1in
whi ch thg ultra violet initiator is a conpound of formula: 2 3 JUL 2004 15
R2 ROCOH wherein RL and R2 are eaqg | ndependently C1_3 al kyl or
together forma C4_$ cycloaliphatic r*ng, R3 is H, Cl.2 alkyl or
-Q(CH2CH2) " OH and n is 1-20. 9. A process according to claim8 in which
the ultra violgtOinitiator is a conpound of fornula: CH3 O H O CH2CH2- OH
CH3 10. A prodeSs$| acgprging to claim8 in which the ultra violet initiator
I's a conpeund CiH3 0 CH3 11. A process according to any of
clains 1 t6 st ep (%) i s conducted sinmultaneous with a drying
stage. 12. A reduci ng the residual nonomer content in a water
soluble or wa swel | abl e pol yner by subjecting the polymer to ultra

violet iryadigliRnahd /) Kre HRESSe ey )L bRy SAoBEHdbIAGE
cycloaliphatic ring, Rz is H, Cy.2 alkyl or -O(CH;CH2)»OH and n is 1-20.

9. A process according to claim 8 in which the ultra violet initiator is a

compound of formula:
CH, O

\ Ho—'—J—-@f O-CH,CH,-OH
|

CH,

10. A process according to claim 8 in which the ultra violet initiator is a
compound of formula:
CH, O

CH,
11. A process according to any of claims 1 to 10 in which step (c) is conducted
simultaneous with a drying stage.
12. A method of reducing the residual monomer content in a water soluble or
[ water swellable polymer by subjecting the polymer to ultra violet irradiation in the
presence of an ultra violet initiator.
13. A method according to claim 12 in which the polymer is a polymer of
acrylamide of intrinsic viscosity above 4 dl/g.
14. A method according to claim 12 or claim 13 in which the uitra violet initiator

is a compound of formula:

R, O

OH

wherein R, and R; are each independently C4.; alkyl or together form a Ca.s




13. A method according to claim 12 in which the polymer is a polyner of -
acrylam de of intrinsic viscosity above 4 ding. 14. A nethod accordi hg JUb 2004
claim12 or claim13 in which the ultra violet initiator is a conpound of
formula: OH wherein RL and R2 are each independently Cl_3 al kyl or together
forma C44 2 3 JUL 2004 16 cycloaliphggic ring, R3 is H Cl_2 alkyl or
-QCH2CH2) ,OH and n is 1-20. 15. A nethod according to claim 14 in which

the ult | et tiat CH3 O CH2CH2
-OH 16. r,%cy\&;;)ahgdjalgé‘%@:ggi?gés If‘gcngeﬁﬁ‘l?qufguE)zCWh@Eh) maﬂgf‘rﬁ Vet et initiator

'S a und Of QEQC%W gg’togl %4 Fr17wn@hﬁﬁg(1ﬁt?§ vﬁ:ﬁ@t%ﬁ!?a?lﬁ 5 Cl a' o |

V\/nere|nt ation a Intensity of up to 5

mlli V\atéo}nb@ﬁ@l@fﬁﬁhﬂqaj n step (c), 18. A process according to cl a| m 17
in which the ultra violet light radiation is at an intensity of up to 50
mlli watts. CH; O : »

H O-CH,CH,-OH
CH,

16. | A method according to claim 15 in which the uitra violet initiator is a

compound of formula:
CH, O

CH,

17. A process according to claim 1 wherein the ultra violet light radiation at an

intensity of up to 500 milli Watts is subjected in step (c),

18. A process according to claim 17 in which the ultra violet light radiation is at

an intensity of up to 50 milli Watts.






