;e3etqTF2R6TP[~. | I . i iil.~ . [/ : ULIt_ -1 TITLE "ANTI M CROBI AL

POLYMERI C COVPOSI TI ONS' 5 FI ELD OF THE INVENT/ 10 The present i fvieriiibn'iil
relates to antimcrobial polyneric conpositions. Mre partlcufarly, the

antim crobi al polynmeric conpositions of the present inventi i

conpounds having a polyacrolein sub-unit with its aldehyde group Mmmum‘mmmmwm
free, hydrated, hemi-acetal or acetal -florm and having biostatic a

bi oci dal properties. The invention is directed to conpositions cont ai niggs
t hese pol yneric conpounds and the biostatic and/or biocidai uses

conposi tions. BACKGROUND ART The broagypgsed antinicrobiai propertmwmnmmmmmmmn
polynmers (hereinafter called the 15 "subject polyners") having t %Pn
repeati ng polymeric BiAHR aN its hydrate

hem -acetal or acet a%glerrI]CF?%plresen}ﬁAERﬁE M?rérr%ﬁnohl—éf H H RO OR RO O"OR
HHHHROOROROO~-OFORNn H/OHH\O O or )i 117 (" Vier ~ W

_2 whdrein Ris hydrogen or alkyl and n is an integer of one or nore, have
been denonstrated previously r rnati onal Patent

Publ i cati on WO 88/ 04671 ). Tﬁggggé?§3¥%%g$¥%§gggﬁgsc i bed therein include

yol y(2-propenal , 2propenoic aci-d). 5 It has al so been noted previously

(e semrRneesal BabEs! AkeBUR) | SRR, RBKAE Lok bueng: dipe o

yol y( 2- proaptengdry, St mhwﬂérbﬁlaﬂilﬁleh@rl@aédmﬁbélﬁomlt@ e @ké@httlﬁvéﬂf&ﬂxw
groups, by heating the dry poly inair, to 100C and preferably t

bet ween g@etaarh&omnd& QB0 12, PohBETatncit Hak w'ﬂb P @udRycagaiRuPy e | s
! 0 b t
an eddti e et LRRENHTRIR BPoel R A7 (R B Sp T g oeer

11686 95,pr0mvt|éaps1éd§ irdeatiords sirectad id yomboisuhens tdoneaﬁmmgcthysremlymermpl yol s
- but not solubility in aquequs nedi a, fO||OMAn% heating tgo 75C. It was
further COHIRAMMDSIRLD @@H@@%{@Eﬁﬁnﬂ@&bﬁ@c'ﬂ@éﬁ%g) t Be%@mﬁpﬁ@f)nﬁ reatment with
sodi um hydroxi de gave rise to aqueous 15 solubility and apparently as a
result, increased antimcrobial activity. To increase the stability of
conpositions containing the sub K R¥el rose & Huxham
(I'nternational Patent Application PCT/AU99/00578) have formul ated
conpositions with anionic surfactants. Additionally, this prior art

reveal ed Tthederopd-tsassidantonipusiialipyapertiea of potyreerns (heraicaftircaledplosi ti ons,
the ﬁgbl eglgb,g&l L%Terq'\%rg}?\ﬁavmg the repeating polymeric unit:

; or this unit in its hydrated, hemi-acetal or acetal form, represented by the formulae

H

H H H RO o
r\ jl\/j\/\ rRO” o7 “oT “or
OR RO n H
~ ~
H or 0 @]
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desirable that the subject polyners should not be unstable, vyi el di s RS
acrolein) as this nononmer is very irritating to the eyes, lungs, tissues
and skin. It is one object of the present invention to provide nethods of
preparing 25 conpositions, these nethods producing a new configuration of

t he subject polymers and in particul ar- ?f yol y(2-propenal, 2-propenoic
acid), and which have enhanced anti m crobial activity. 7 .t~ .~ 1
"111~~.~ -7 v: :, t- ', ~1. -3 1t is a further object of the present

i nvent i onyh&@ep! ®idayaRIgRAdS! ka]yPéﬁBaﬁ i ANCPRERST! &1 BRE ort M RRIBE8Nn
produci ng a new configuration of the subject polyners and in particular of
pol y( 2- prdgrearstrated ppgyensiy (Meirdpe ahdl.wHntdinatenalr Patendi RublicationcWibi al
activity. |\S still further object, of .the.present invention to

provi de” HTRbES ot ThRepuprrIoP RN FsS HeoHRS hEG I HRe Ty BaEPRRER Zrew
confi gur atropBn@t ddng. subj ect pol yners and in particular of poly(2-propenal,
2- propenoi ¢ acid), and which contain less free acrolein. It is a yet still
further object of the present invention to provide conpositions 10

cont agni NG hasNA¥s GRizhi Asteat haliodklyt MePesY, apterRlionE PateAt PuBlieaidd wwbar of
pol y(2 prgenal ,. 2-propenoi c acid) which are efficacious disinfectants or
ant i sept i {38 1¥h)othgh oy Rrsoperali 2-prepeoalc aeidkés farmed wieexther algiehyds

ot herw se rd ~conprise” or varigtio u . C rises" o

" conpri s@‘[Bng\ﬂ\f\%logﬁ%pﬁﬂﬁ@@ gl 995’31%0315'{? %}%egqrﬁglllﬁéf’@ﬁggﬁ'Sgagtpaqaééo)mt eger
or group @bupst i ptdl]ﬁn &l disi 12 f fiol PCQgroup
of int egegf}sprl OCﬁ%%tlU ﬂﬂ.éa]:rw(SFHE I N?/ﬁléﬁ#%{l@?rolga%_?gg ?;ﬁcée?é?w@ttﬂ t{é?l‘gg%? gge(r:lt

i nventi ordtthdP8 Cs Prwas dedher retedothat dhei igstbingneolymer datsatiieobi dilute

acti gt r [ fro el wherein the polynmer has
been\{gxiy I ug%u?%é{% ’{ogeef%ﬁq%ﬁqg%%cé&&'ﬁg{;?%ﬁ%@ﬁﬁ%ol ymer conpri gi né 20
car boxyl groups, said nmethod conprising: providing a solution of the

oy ps, sa np! SOl Ut
cont ai ni f et SRGoRUR aRBTBICACIAGRIRER balloh 550l RuBe bR cnguq
from the |gpse) GamRsedEbNBilid) opgieéfglhﬁjecpebwﬁ{éwIw@@wls/c%lﬁ R GORIIRDQh S

and heating the solution at” a tenperature’in the rdange of from40 to 150C
for a 2 REPWOUsINediaf falioming healingtove ©hdét was furtharshiimedibat subseqient he

20 vo- 118 ¢ FRRtngto rerC st MRLRATRER ool RRLE SablenBePBige of
70 - 180C.solutfility dnd apparentifas a reslit; idcRasbearaimicrobiid aealyyrers ire heated

for a period of between 1 to 1,400 hours, thereby increasing antim crobi al
activity of the polymers. St~I| preferably) the polyners_ are heated for a

period of Thaicresse & s@bAG Bpé'éﬁnposikiBnQ%nféi’rﬁiﬂEQﬁe s0BjdchpBRiars, Mefose

polymers -as heated in the presence of one or nor e of yet hyl ene

gl ycol, phllyerhasn (ntrenasionat H?@t@uyAppmt'@pnBCJMUBB/QQ@t7§5)3|faVQnMW@16d
stabi 11Uy, o SN Gitn A M- 4 PR Bt AN tidnal{PUE dride W AbVeRRddY iR et

basic compositions, in contrast to acidic compositions, the subject polymers have

20 faster antimcrobial activity, but are less stable. It is particg_l,arlxo

20 faster antimicrobial activity, but are less stable.

It is particularly desirable that the subject polymers should not be unstable,
yielding acrolein, as this monomer is very irritating to the eyes, lungs, tissues and
skin.

It i1s one object of the present invention to provide methods of preparing
25 compositions, these methods producing a new configuration of the subject
polymers and in particular of poly(2-propenal, 2-propenoic acid), and which have

enhanced antimicrobial activity.



in these alcohols. Preferably, polyethylene glycol is present during the

preparation of the polyners in the amount of between 50 and 99% b? wepght ., 5
t

10 Still preferably, polyethylene glycol is present during prepardtt on ‘of&s
the polyners in the anobunt of between 64 and 95% by weight. In a further
formof the invention, base or alkali ig_added to the polynmers before

and/ or during heating, thereby enhancing the antimcrobial activity of the
polymers. Preferably. the addition of the base or alkali brings the pH of
the pol yneis 4 bgb e 1hangedenStivehtiBh ebepaih IS 8.
Sodi um hydI!O)((?ll er%rree{y %J\g%t he Bars]@eaggle£ eInnl g fgt PﬁfUlr%’eurnEﬁgPB odrfn?%pgbhg

i nvent i oontpesitieleatess rmetbedacpadkicmgrenarew cenfigunation exf tHeerstyedthe
polymers are |ess Ii.keI}/,t? rpres nt a source of tissue or dermngl

irritati GRIYDErsPRRE &7 RBIYCUIaNR Rfﬁv(ﬁn%rppﬁgai. i RiCReN @il @NdovBigbrhaitent | y
in the dr i 80 and 100C. Still preferably, the polyner is
initiall ;8&1@&%@@@%@2%&}%@@0 ly ¢,s: (~1 ~~? -5 1n accordance with the
present invention there is further provided an antim crobial conmpound or
conposd tion pr r . net SCLI i_nabove.
In ac?orétg'%c%ngﬁ)?‘ﬁﬁﬁ%ig%%gggmh%{/%gﬁ |¥ %\Jéﬁ ﬁ'gﬁ égfdiﬁg@mﬁlrﬁd‘ u%h@férgpéwaed a
5 preser‘campcmitttmmomeometbwgspﬁddunirgr epareRdl dpnfigueation radr theofsubint
met hods descri bed herei nahove. I n accordance with the present invengi on

there isPPMMeLS @NCr in (RRIFICWAR\ATH BAIYAZ BT APeNa c taRIORSINOM ECptand cwhigbund
or conposhhiHn | |y or in part by the nethods described

her ei nab%gg{.aqqoéggraﬁ?%r%g[)%ﬁ the disinfectant or antiseptic conpound or
conposition has a pH greater than 6, thereby enhancing anti m crobi al

activity n it I e S [Ma)V ' . ar i.de

met hods #toirs fn &g%gggggp&otﬁﬁb aOfﬁ@\% @%’tnsﬁngdﬁg%':‘@rb 5‘% Qﬁhgdgugﬁ)rﬁ@ggé&gpgmr S
i ncl ugdi ngopinyitig rr nperednfigrgticrpeiibiecs dect) palptierd and i pattiutursoft gty @t r om
whereby the 15 conpositions, exhibit increased antimcrobial activity,

and or | REIRENGAC Y ARRIE woigh Yhieh eemeticaciousIintactanieqranisepies, ki ng

t he polyners and/or their conpositions nore suitable as preservatives,

and/ or active i rb(g!redi ents in disinfectants and/or, antiseptics, under

aci di ¢ of NFRHGNOWR IR BperiticatignsTunesi-de reutexiRIsquitssoothernise, NUENWOEN 20
Since th b e t - ) RN { Qn

2 pr openg g o BT e REBhTACATRDcbRPIERS: b taiprid SPEERARBIstond to, ¢
conposi t inply the lireclusioniofa stabed hiegeri or gnodpsafrigtegess bhenof thiel exebusiom obur

| abor, at or i s, of. %uanti tati vet. determining this instability by standard

" accePer SPEFINRIINIGTET & PR Qf el Rper at ure, ie. at 40C. However, to our
greatest surprise, the elevated 25 tenperature of "ageing" yol y(2-propenal,
2-propenoi c acid) in aqueoRESCUOSUREJEJIH: IMNENTION ene gl ycol sol utions at

40C, t I d the d LD i ni ' ti Vi - i.n fact,
cokal vy RetaEBHE Y e PR bRl L PRec b o Mol ¢
yoly(2- Flrtb@@ma?micrgbia: Qptvityi gf aqjo@mer:[s@givﬁmafmnh_ eaci‘?la{nharmdo_(ﬂ&) .wh'lé![néi\?m t_h'eRdi ng
is tota contradictory. and, unexpected in view o e prior ar i C
predicts F%Wé‘i‘ert ﬁ%s Prea ‘%l’ﬁ‘fﬁf%?’rﬂb?%itptﬁ rfarg ﬁgumdlﬁgg@c{geina&%mgf SPER"3GEi ng",
ie. aeccel@psdgfgloups, Sdid meéthdd Bbpadihgl activity. 5 Henceforth, the process

of providing increased antim crobi ol ogical actjvity by the formation of a
new conf i gur at iREPVIEINGt Asaldligneet theoPyiferd Q%‘&‘Plﬁ‘qpﬂ@f‘l%Ics?(’lﬂ"ﬁﬂgpﬁ‘f‘fgp?‘yl -

2-pr Open‘Z%rGU;?sclrfj)a’mfx&réeéo?lﬁéiﬁﬂat@atéﬁ and YWPRYdB&YlicVedivéit in@hding iy BRbbisrer S
referred To as "super-activated polynmers”.” Even nore surprising, in view of
prior artselacted framethe @reumeansistingrad polypls: Pelyetiviangalyes pad atfgeelgsand

pol yet hyl ene ¢l i I J ol , npl e
2(c). Also, su&é%ﬁé ?ﬁ%g{)gugﬁn angéﬁﬁg{%ﬁeﬁg tﬁ%ﬁ?’&‘a‘”ﬁd m’%s@&?eﬁ@&ﬁ? see
ExanpRé 4eriod sufficient to improve the antimicrobial activity of the acrolein polymer.

Still preferably, the polymers are heated in the range of 40 to 115°C

Still further preferably, the polymers are heated in the range of 70 — 90°C.



Additionally, it has been found that prior) dry heating of the subject

pol ymers between 80-85C gives polyners, see Exanple 1, which areasspluble in
aqueous 15 nedi a and suitabl e for-subsequent super-activation. “* SEp 201y
Super-actwation is facilitated by the presence of polyethylene glycols or -
pol yol s or al kanols see Exanple 3, - we believe) since the presence of the
pol yet hyl ene gl ycol or polyol or al kanol4 protects and stabilises the
carbonyl groups of the polyners, possibly by formation of acetals, from

al kal i ne degradation by the 20 Canni zarro reacti on. An added advant age of
super - act i pajte@ibly, he hedlybrsob e hebiedefdrGa IpRFidd GOPEREeRaNtoathed iguryhi ch
is a source of tissue and dermal irritation, see Exanple 6. It is

enphasi sedtNerRlty gp@singantiraciopialiastivity ebthgipalymets.and additi onal to any
increase of antimcrobial activity which may result, nmerely fromnore

pol ynmer 25 being avail able in any aqueous test-nmediumas the result of

i ncreased Stilf preterably, thg golyners atg/beaipdifon a petiod of betwegiol § kb0 boots.as was
denonstrated in | apsed Australian Patent Application AU A-11686/95
(hereinafter "11686/95"). The inventors have repeated exactly the method
descri bed imong demn 9% the dnvandan thelpalyineks, -21obeatedhiat theutresguemof one or

super - acti i f rtially sol e L ratively, ve 5
o 1o acitrs Shatveiieha i dofdoicaighd) el TR I G hdR S 1\
shoul d be estardtedhstbbitiveor sneTcedcantinaitiobial dictivitgt Weredes irvagaplglpresentf rom
116861 95 conRIeter soluble - in contrast to super-activation begi nning
with pol ynBrthese &90hoeat ed between to 80 - 85C. The optimumtime to

achi eve super-activation of solutions of yoly(2-propenal, 2 10 propenoic
aci d) depends inversel){ upon the tenperature, see Exanple 7. It wll be
appar ent t RERfer@bbh Polysithdens alvseiis Eesait Augpg the prerargien of te polymers in
super act wWaiHeOhhho 851G Hetlvb ¥n WH S df ¢k Iy tv@éiﬁﬂt.i n the presence of hydroxylic
sol vent and/ or Base, ut obvi ously, tl¥i S y be inpractical due to the

| onger tine periods required. 15 The inventors have found pol yners
super-g¢ti J R i £Or i i ;

vt or - Based b adaory: BENREAME LT s Frad?f o S BB ERREN ki ersin,
di si nf ect atitesaroouninfitetween 64 leand 9656 thyeweidhant age of - enhanced
antimcrobial activity, see Exanple 8. Furthernore, the inventors found
that the antimcrobial activity of such disinfectants or antiseptics was
i ncreased hyaifagheafen20f the inkhentiomy Haskoor alkalins addédve tpHpblynees bafmien
Exanpl e 8. Th/e idnvenH Oﬁ Wi bl Bovr%/??le d.es;gi bed wi tB. refer.ten ghto Iseveral
Exanpl es, @AYCHILHTES NEaHR. hereby ronRneRadas pRHYGTREa Al &93 & RRY RS-

BI OCI DAL TEST Dilute sanple with 1 % aqueous sodi um bi carbonate to obtain

the requirgd. 25 ,concentration nl.ess specified to,the coptrar 0.125% i n
pol ymer). &ﬁféiﬁb?&&%%a%&a%ﬁ I%gtgﬁ téafr?pf"g el S g?e{ P jogltlh% l5"i"?1€38u|0at e
with 018 nbe@feekO7 and 308 suspensi on of Ps.aerugrnosa and m x. At specified
time-intervals, transfer 1 nL of

Still preferably, the pH is about 8. Sodium hydroxide may be the base added.

In a still further form of the invention, the release of free acrolein monomer is
inhibited, thereby the polymers are less likely to present a source of tissue or
dermal (rritation.

20  Preferably, the polymer is initially heated, predominantly in the dry state, to
between 80 and 100°C.

Still preferably, the polymer is initially heated to about 85°C.



O? -g_ inoculated sanple to 9 nL of |etheen broth and vortex. Plate out
serial 1 in 10 dilution Pour with tryptone soya agar. |ncubate 3nqay$napyw
37C. EXAMPLE 1 The exanpl e describes a nethod of preparing a

pol y(2-propenal, 2-propenoic 5 acid) by oxidation of a solid acrolein
polynmer in air. This poly(2-propenal, 2 propan0|c acid) is the preferred
nmet hod of preparing a starting naterlal for use in the nethod of the
invention. Water (720 nL at anbient tenperature, about 20C) and acrol ein
(60g; freshly distilled, plus hydroquinone added to 0.25%w w) were placed
in an operNHSEREFANGR Wit #heapmﬁ-at BueBiRL there il qmey P19Vided)an @@gwcr@maﬂ r ed

ot ing tho GHTPe tho5 Lomp R RheR A b B HET of e fohhed ¥efie

typi cal ofhetrbmabyadeoqw none anion and within a mnute, the col our had

di sappeared and the clear solution becane mlky. About 1 mnute |ater,
precipitation of a white crystalline, flocculent polynmer began, and

appear ed 15 conpidaneewmwtthi thel 5prgfemti munesgionTheerpr éxi giillt Mrmaﬁlasrd\,indiécmaéd and

washed with wate héZSO rg}_‘) dried at roomt ratureuonfllter ers
~—for 2 QayPEFFYREVSSRNPAURL PTSHRMERRFIAN Brangf é{yqeﬂ'e PhMre & ”ﬂ)eef‘?‘?t $hes
and heat edyaticriBO&h2réiagbSe. Thi s heating was continued at the foll ow ng

schedul es : 50C/ 15 hours; 65C/ 4 hours; 75Cl118 hours; 84Cl124 hours. 20 It is
envi saged that this method nay be scal ed-up to include, eg the stepw se

addi tion af agsatbghde Wit a3h&!REgshtvRveRtion anerd o Iy@wes@ubmrtﬂar Préiaed a

drying. Typically) a solution of the resulting poly(2-propenal, 2-propenoic

aci d) was Q&nfﬂcé@‘ar@damse@dd|Cng1mglndf0ft¢mmm&b'jlcl§tpf§nﬂrwrmhollwqrhnﬂaﬂby ng
over 15-3Q,mn t % Wl w, agueous sodi um car bonate sol ution (100
oS o EnehBls diSafbdd AéHindyBoes - (

and t ch solutions were perfectly clear - in
contrast to attenpted di ssol utions, using alternatively, poI yrrer derived

from Exa . .compare I r VPLE 2
(o st e el rbBcnsTecs B e R By D8 BL ZBpityron ag 4 P
pol yet hyl efreatsr Yicarh 6( tHeREDY edihoriypasimierateal agttitvity. 319 of a 0. 71% sol ution
of sodi um carbonate. A portion of the solution (apparent pH=5.8) was
retained at room 2 4 ~C~" ?_ ~i;2

In accordance with the present invention, there are provided methods for the

preparation of a new configuration of the subject polymers including poly(2-
propenal, 2-propenoic acid) and of compositions therefrom, whereby the
15 compositions exhibit increased antimicrobial activity, and/or increased stability
and/or contain less free acrolein, thus making the polymers andfor their
compositions more suitable as preservatives, and/or active ingredients in

disinfectants and/or, antiseptics, under acidic or basic conditions.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

20  Since the prior art recorded some instability of poly(2-propenal, 2-propenoic acid),
as evidenced by loss of antimicrobial activity of its compositions, the routine
procedure in industry was then followed in our laboratories, of quantitatively
determining this instability by standard “accelerated ageing” at elevated
temperature, ie. at 40°C. However, to our greatest surprise, the elevated

25 temperature of “ageing” poly(2-propenal, 2-propenoic acid) in aqueous or in
aqueous-polyethylene glycol solutions at 40°C, not only slowed the decrease In

antimicrobial activity — but in fact, actually increased antimicrobial activity of the



_g_ tenmperature while the remai nder was heated at 60C for periods of 12 or
25 days. Sanples were diluted with 1 % sodi um bi carbonat e and spbrmtbedmf,or
bi oci dal testing at polymer concentrations of 0.125%w w. Surprisingly, “fhe
sanpl es whi ch had undergone "accel erated agei ng" showed i nproved
antimcrobial activity, as 5 can be seenzby reference to Table 1: Table 1
Cftu/m * (Pseudononas aerugi nosa) Sanpl e, heated0 minl0 mn |15 m n30 m n60
m n25 days at roomtenperature 7.8x106 4.1 x106 6.1 x105 9.8x104 <1012 days

1066, 6 x 109HL0BIEPoNa, B SHGD SO i P uReP SR D02 ) &Y ool Yo pekiseisal
2- pr openoi Gotafy BdniraHctor éﬂh‘(ﬁ@xh?ct%@@n HlewPbt tﬂejpr%%%héﬂg) ?&E&W‘ﬂg i

stand overni ght. Sodi um aur ate was I ntroduced at vel 0. 05%
and t he solnaeuoriewa;wrat@redushoew teadhtd—rCacceter@tHdSaggaln@brie.i aecelovated dissreld at
bot h roomte{’rp_‘ raé tar.}d 60C. Biocidal Tests were carried out on 0.125%
pol ymer solfi EAREH™Y - 9% NaHCO3 used as the diluent. The " aged" 15
sanpl e showed a surprlsing i nprovenent in performance, as can be seen by
reference -10 Table 2 SampleCfu/m. *
(Pseudosond kBt 138 £780%s oPIVFTAS eFRre RHEnGIgROBBERLBRVEY by the

t enper at ur e@ntationlfIGEndw Xohfi§braBion ol h=SUHE0t pofmiers ui:ﬂ@dm ohZ2Hpditl, days
at 60C + 13 days atRT_ * Col o%ﬁ formng uni ts/dr?taﬁ gA)soI uti on of

por - act | ZaBHOPOPIRED). (e Teit et B0l SUPARCENERSY aNE2BS RAlKm e T athto
PEG200 wtggag‘gﬁé}o&twétegﬁéélwl%r@f this solution was treated with conc. NaCOH

to pH 8.1 es were hea at 60C and submtted for biocidal testing.
The sanpl e exposed to nore basic conditions unexpectedly gave 10 superi or

bi oci dal or mance, as can be seen reference to Tabje 3: Table 3
Clu/m * (%é’&ﬂd&%%a%”ﬁ@?'ﬁ@: st‘é{?‘Saﬁf)lFé'@' rﬁ%ﬁ}ﬁ HMERE 1 a\‘ﬁwﬁ@“’h‘i? niRes: 8,

12 day$060%t|\?ét?6n]19%u%o&i%%%et gnélggféol %I%ti&péﬁgﬂ@@d By(b%sﬁ%ﬁdﬁ@ﬁg 0 X

1 06-10 '< 10< 10pH 8 x 1063. 3 1051. 3 02 t~ 10 *
Col ony for meﬁdﬁmmnleﬁ(m 15 EXAI\/PLE 3 (a) 5~o0 solutions of polyners of a
range of degrees of super-activation, apparent pH 5.7, were prepared
simlarly to Exanple 2(a), but varying the percentage of PEG 200. 7 ~ Cc~

BO(12 -11 Aiso, super-activation is promoted by heat and moaisture, alone, see Example 4.

Additionally, it has been found that prior, dry heating of the subject polymers
between 80-85°C gives polymers, see Example 1, which are soluble in aqueous

15  media and suitable for subsequent super-activation.

Super-activation is facilitated by the presence of polyethylene glycols or polyols or

alkanols see Example 3, — we believe, since the presence of the polyethylene

glycol or polyol or alkanol protects and stabilises the carbonyl groups of the

polymers, possibly by formation of acetals, from alkaline degradation by the
20 Cannizarro reaction.

An added advantage of super-activation is that it gives rise to less, contaminant

acrolein which is a source of tissue and dermal irritation, see Example 6.

It 1s emphasised that super-activation is quite distinct and additional to any
Increase of antimicrobial activity which may result, merely from more polymer

25 being available in any aqueous test-medium as the result of increased



Sanmpl es were heated at 60C and stabilities were nonitored over tine.

Physi cal stability was considered to have failed with the occurrence of
precipitation or gel ling. UV neasurenents were made on a 0.0% 2041 a8z
concentration in 1 sodium carbonate solution. A decrease of the ratio of
absorption at 268 nm: 230 5 nmis considered synonynous with a decrease in
chem cal stability. Results are shown if Table 4. Table 4

Conposi ti onABCDPEG 200 (% by wei ght) 0506495Physi cal StabilityTi meABCD4 days
60CFai | PassPassPass1l days 60CFail Fai | PassPassChem cal StabilityRatio 260 -
270 peak abygdrdpaniiety20Bthe 28y merakuctb ser yas cadm osstEORO ndal,as’sed Austrahan

60C1. 381 4 1, 4 27 C-0.97 1.0918
days’ 80C. oFREN eleal uPASTIEHRe Rershar “TeeiT., e, ByBfiors tavey
spectral respédtsd dragsthedhehbleleBeshdd me1 g6 and tr%EGf@rbwli ?Srbaha khdty

hi gher PEG content results in greater [ai/SI cal and chemi cal lities.

21, ~ c=1 2u@mue(%)suwea¢tmangwqﬁy1%aaﬁ I gelunleapelymefsieangsnistativeld gaye

di ssol v ng fy L ACI i 9 f.um

bi car bosiat Soarig RAIKER RURRREIRG) IR RIRPAcRE (8 ERalnff o TR

Sol uti on Cnotesd pltfm:iaemh lBypdi-astdlavicn gdidOgototendepothe( BeWmmeinaﬂn 126@6/96enoi c
acid) in PEG 200 1&64 at. 65 - 70C. Then a.5 solution of lrfn
carbonat e FRATREE 5(038%@) RAONYASEIP SURET-ZFHAIOR(DSHNRY r‘i‘@th7p°|)§'ﬁ‘8r IR 5.5
at the endnghiddsetiveeatdeot @590, 0d of 31 days Al sanples were stored at
40C. At various time intervals sanples containing equivalent to 0.125%

pol ynmer were submtted for biocidal testing. Results are shown in Table 5:

e

C0303080 7 3pAsPehoicl AGiHP aepdtdsvmvandely- upod tiie aémpetat(re; BeeExzmhple 27. PItORENOI C
aci d) was heat ed in elther a dry or a hum d, enclosed chanber both at 600

for 3 daysbPesaprareshdhar evern W%@tyf@@fn dpraperaiures mavbgi ¥sed fRoISYRET,
respecti vebgnmgﬂ %EB@&?I whEn Yadiraté "thé‘Aﬂré%eréréf\Wd nyllE%f IJHHt%th/&
nd subm t e al ‘F C1

content) a eval uat on I OClI
-13 Tabl e base, but obwously, this may be |mpract|cal due to the Ionger t:me penods

f 200

required.

15 The inventors have found polymers super-activated as described herein, suitable
for preservatives in water-based products or processes, and as well, as active
ingredients 1n disinfectants or antiseptics having the advantage of “enhanced
antimicrobial activity, see Example 8. Furthermore, the inventors found that the
antimicrobial activity of such disinfectants or antiseptics was increased by increase

20 in their pH, for example above pH 6, see again Example 8.

The invention will now be described with reference to several Examples, which

should not be construed as limiting the scope thereof.

BIOCIDAL TEST

Dilute sample with 1% aqueous sodium bicarbonate to obtain the required
25  concentration (unless specified to the contrary, 0.125% in polymer). Weight 19.99
of diluted sample into a sterile jar and inoculate with 0.1 mL of 107 — 10°

suspension of Ps.aeruginosa and mix. At specified time-intervals, transfer 1 mL of



Cfu/nml * (Pseudononas aerugrnosa)0 mn5 mnl0 mnl5 mn30 mn ~60

m nPol yner (dry)4 9 x 106-7.6 x 10~5.9 x 1041.2 x 102 |<10POI?yme¢,z 7002
(humdified)1l.1 x 10'6 x 1063.4 x 1033.7 x 103<10- * Col ony torm ng
units/nL 5 The pol ynmers exhi blted car bog and/ or carboxyl absor ptlon m t he
| . R between 1700 - 1730 cm', carbonyl “groups (e.g. with Schiff's reagent)

and have MuoeuRded @afiplans Ol of ¢etheA Brothl dricelordsx. S PENE ol iceaRY Y i®rouUPS
ca.5 nole % These paraneters are simlar (but not the same) as those of

yol y(2- pr opytians. R viofidh gyetogei seya agarexaubete 8 days dlsivi @at e experinments,

a sanple of polynmer was prepared an@%@ssol ved in ethane diol) exactly
as described in Exanple 5 of 11686/ of this material was further

heated at BAE damé dussrives fohletiochof phépzhingsalpabj(Rigrypemalagusopensiedi a
remain i ncoppl ete).. . . The sanpl es r,e C ared for antl crobial 15
activiy, BSANGY HEOalioM ek AIStihariEn RAYNSR Aot THRAURPEPENEbR-cd by
heating, i [ élpéy% bi al
noti vi Ty, SoPRHRRs aieh iy i prRrSRAIRibifF P Brerd et SRR Plgtefil ) ol
(Pseudormnuisﬂ'@e methaoboh e emfen’em Waﬂeri&@:mloat amthiernt témpﬂratune ndifouti n15

m n30 mn 6 10 102<10<10l ne4 4.2
1051.5 x (1‘& &i %O‘i“ir@%?a%rée%gw'%mé%B l:}y Oﬂﬁ%ﬁﬁﬂqffefb?oziéég%ouré
80C4. 6 X 1QAG) Qveq-elgfafsb@qr%lp opefobeakerf AitAifda Ui /dilbbE&AIVPhid 6veijg of
pol y(2 ropenal Ero penoi ¢ acid) was di ssol ved in PEG 200 (640g) at 65 5

70C. ﬁr@gn vigarausle stiged omeehanically. s baeurd- @AYl siigoys sogium mydeadde (2bdg) was
dded. Th t t
added T ATk oy DRSS SL00B s AR AR ot

det er m neda cyeaowtﬁymal bf/th@hwr@qum@aeeamm&narwhtmawhtusutar thesbolour ihadTabl e

8: Table 8 10 i ys stored at 20CAcrol ein Cont KB Super - Act i vat edNot
Super - Acuq'atae%@rﬁai andathe sipasagalyion pgcame 80' ol 1 pojoyte. jafepxavPLE

ey
var yi mgs t | cemplate odthin 15- 30 minutes. The precipitate was filtered and washed with
water (250 mL), dried at room temperature upon filter papers for 2 days (yield
25g), then spread as a thin layer in glass petri dishes and heated at 40°C/8
hours. This heating was continued at the following schedules : 50°C/15 hours;
65°C/4 hours; 75°C/18 hours; 84°C/24 hours.
20
It is envisaged that this method may be scaled-up to include, eg the stepwise

addition of acrolein, in a closed vessel, and followed by more rapid drying.

Typically, a solution of the resulting poly(2-propenal, 2-propenoic acid) was
25 prepared by adding 2g of the subject polymer, with stirring over 15-30 minutes,
to a 1% w/w aqueous sodium carbonate solution (100 mL), and then diluted as
required. Such solutions were perfectly clear — in contrast to attempted
dissolutions, using alternatively, polymer derived from Example 5 of 11686/95;
compare Example 5, hereinafter.
30
EXAMPLE 2
(a) 5g of poly(2-propenal, 2-propenoic acid) was dissolved in 64g polyethylene
glycol (“PEG") 200 and combined with 31g of a 0.71% solution of sodium

carbonate. A portion of the solution (apparent pH=5.8) was retained at room



Sanmpl es were subjected to the standard Biocidal Test to confirn1the
increased kill rate and results are shown in Table 9. Tablf arp 5

Super -activationOpti mum Ti meTotal Kill Tenperature (C) Range ('Hdlgrs)zqq"ne

(m nut es) Room Tenper at ur e>1400<10401400<1060120 -170<108016-24<10100I
4_7<10 ' 1151 -3<10 10 The anount of tirmg. required for super-activation is
seen to be inversely proportional to tenperature. Al solutions of polyners
derived fron1the superactivation process were conpletely mscible, in al
proportions, h a ue s sol ve 1 a

pol y( 2- prbepsaﬂ%r@ urg. RSP ea)waé%?i@érlv@e%%np%&?)égofﬁ@g%% dayssc,
prior to Biaxidiss WdrB dh?m&g wvfh 3@9'%@1&1@@?@&}%%@aﬁézﬁju?xfrmé@tf%F bichiéﬂ t he
solution was heated to 100eC for 4 hours, and 36g sodi um |l auryl sul phate

7g ECOTERIEStTgGt pelmesrtanceatatiansneh)0. 4260624/ W. e Burprisingly, athe,éam@ Wdutéd The

27y B B dlerligaagiind, Rl iR S OROGEREEVAR of

partl nyl acas bgidendgeterengataiTaglei nf ections in hospitals), and Sal m)nel | a
chol eraesuis (a gram negative bacterium of particular significance
regarding infections in food preparation areas), respectively using the
Associ ation of Agricultural Chem stsTa@bfd ¢ial 5 Methods of Anal ysis (1995)
991.47, 991.48, (Hard Surface Carrier Test Method). Results are shown in
Tabl e 10: Table 10 M cro-organi snPositive TubesS aureus2/ 60PassS.

Hoetlt ot

chol er aesyi-st—+66Pass—1oAdiustrert—of—thts—formutat+on—to—htgher—pHs;
i ncreases |the antim CI’ObI al activi Ou/mig (ReewdamedabgenigndBapci dal Test .

Resul ts ane choyw n Ahline 11 /a) gnrl 1 1 \Lh\ : Tab| a 1 / r\\ Act 1 vz1 + y

A2 QIIUV\III LI IMUI \oxe) = == \ A>3 L } I_\\ll.l \ALl

agai nst St §amyploclozated ayr ewsmimi t i al 1@Coumt , | 3 16 b6 ¢f LGOTln;m pal goenin350
ppm 10 pH=manutes cfu/m 20 m nutescfulm 30-mnutes—ciulm-45-—m-nut-es
cfu/m 60 m2awsas afrodmil 5.6 ~2. 8x1054. 4x1042. Bx103~ 205107.2 ~2.17 X
103<10<10¢118mpO@tde~3. 2 ¥ 103<10<10<10<1010.5 ~1.1 x 102 |<10, |<10l <1QI

<10 15 78x10° | 41x10% | 6.1x10° | 9.8x10° <10
12 days at 60°C 7.7x10° | 1.4x10° | 9.8x10° <10 <10
25 days at 60°C 1.0x10” | 1.3x10° | 6.6 x 10 <10 <10

* Colony forming units/mL

10 (b) 1g poly(2-propenal, 2-propenoic acid) was dissolved in 200 ml of 0.1%
_ Na,C03; and allowed to stand overnight. Sodium lauryl sulphate was introduced at
a level of 0.05% and the solution was acidified with HCl to pH 5.9. Portions were
stored at both room temperature and 60°C. Biocidal Tests were carried out on
0.125% polymer solutions, with 1% NaHCO; used as the diluent. The “aged”
15 sample showed a surprising improvement in performance, as can be seen by

reference to Table 2:



G
Initial

0S8.6 x 1

Count ,

3.7 x 106 cfu/m:

046. 2 x 10240< 107. 2

pol ymer 350

ppm

~J~.r tlyiy -17 Table 11 (b) Activity agai nst Pseudorronas aerugi nosa
pH 110 mnutes cfu/m 20
m nutes cfu/n 30 minutes cfu/m 45 minutes cfu/n 60 ninutes cful n§Ep 68

9 x 1
~58x 1059.1 x 1, 044.3 x 103< 10< 10g

9. 5x1058. 2x104. 6x102<10<1010.5 "4.5 x 1023.0 x 103<10<10<10 5 (b) 1200g of

pol y(2-pr

openal ,

2- propenoi ¢ acid) was dissolved in 7680g of PEG00 at 60C

and then 96g Na2COs in 3024g water was added. The sol uti on was heated at

100C for
draft coo
ti mes/ wee

expect ed
had on av

6 hours.
ling tower,
K.

to be hal ved every 3 -
er age,

resi

dual

The fornul ati on was added to the basin of an induced
to a 10 concentr&®ton of 300ppm (30ppm pol yner) 3
Dosing was carried out at evening to allow contact tines of
8-12 hours before operation recomrenced;
6 hours of operation.
tenperature 27C, pH'8P®2 conductivity 3000 uS. M crobial

concentrati on was
Recircul ati on wat er

counts were determ ned and corrpar ed to an adj acent i denti cal 15 tower
whi ch was—doesed—wi-th—abtodi-spersant; showr—~-r—TFabl
~~1~~ -18 Tabl e 13aGfnlé nLTr eat ent Ti @May?éﬁggméa&r% P'@Bﬁ‘:l’)r ol
Tower 12. 4 X0 22-0x10631 410633 3—x 193425 xT1063- 146
x1042. 6x1/06155. 1x1041. 1x106165.|1 x Q042 9 » ‘U'Bm*n Col orpyminor ri N8O oin t S
The data | ndi cate the treatment—progt anme— 'antarnet—the ﬂ“r’izu obt-al—cot
Wi thin t helQeaygeatirpes tempeelug |St ahexr1@° 36665304 th) 108 WAd| bel ¥ t hat
t he adj acelit’)5 tower cont ai ni brodispergant—(wirth—was—fopnd—tobe
unusual | y| i nadequate during the de?8idiOng coﬁeﬁxﬂ%mp of<ibhe yery<Hdt,
summer perlg{é_%{y 6con@ t E5¢gys at
* Colony forming units/mL
5 .
(c) A 5% solution of super-activated polymer was prepared as in example (2a)
but replacing PEG200 with PEG1000. A portion of this solution was treated with
conc. NaOH to pH 8.1. Samples were heated at 60°C and submitted for biocidal
testing. The sample exposed to more basic conditions unexpectedly gave
10  superior biocidal performance, as can be seen by reference to Table 3:
Table 3
Cfu/ml * (Pseudomonas aeruginosa)
Sampie 0 min 5 min 10 min 15min | 30 min
pH 5.8, 12 days 60°C 3.8x10° | 27x10° | 1.5x10° | 3.3x10° | <10
pH 8 1, 7 days 60°C 9.0 x 10° - 10 <10 <10
pH 8 1, 17 days 60°C 83x10° | 3.3x10° | 1.3x10? <10 <10
* Colony forming units/mL
15 EXAMPLE 3

(a)

5% solutions of polymers of a range of degrees of super-activation,

apparent pH 5.7, were prepared similarly to Example 2(a), but varying the

percentage of PEG 200.

12:

nmL
ts
in



) Modifications and variation such as would be apparent to the skilled
addressee are considered to fall within the scope of the present invention.
rr,-nY ~~Cj~L~11 19 CLAIMS 1 A nethod for inproving $heSEp 2002
antimcrobial activity of a polyner derived from acrol ei n nonoher wherein

t he pol yner has been oxidized in air to 5 forman oxi di sed acrol ein pol yner
conpri sing carboxyl groups, said nethod conprising: providing a solution of
t he oxi di zed acrol ei n pol yner conprising carboxyl groups in a mxture
contai ning water and a hydroxylic sol vent including an al cohol selected
fromthe group consisting of polyoisq;10 polyethylene glycols and al kanol s;
and heating the solution at a tenperature in the range of from40 to 150C
for a period sufficient to inprove the antim crobial activity of the

acrol ein & ' { | ai ei aj.d oxi di sed
pol ymer é%ﬁ%??%?ﬁg;§%§8%§§Eséf§ﬁ%§&¥@5%%BﬁgaRgﬁhﬁkﬁkﬁﬁ%@%%fFﬂgi@%mg a solid
acr ol ei n spagdiftyrewad nomdiderad tarhadeelaiitd dvithetneeocurneace of froecipitaioboory| gr oups.

3. A net . acqaoyr, di to claim?2 erein I al ein | yner npri sing
% car bon Dt aob Ayt Sudie VR4 RN £ a3t PP ol A b e

bet ween 80Giuamdarbobile shlutibn mal deareseadtick rgiotad abbarptior? at@Es aimn 230e acr ol ei n
pol ymer conprising carboxyl groups has been forne heating in air at a

P erebat VB Roporsabigd hiamots MR o dersaabod IRy SAPIY aRFRa s el n t he
pH of theghsaihvemabless:in the range of from7 to 9. 30 6. A nethod according
to claim1 wherein the pH of the solvent is about 8 7. A nmethod according
to claim2 or claim3 wherein the solvent includes an alkali selected from
an al kali hydroxide) al kali carbondableahd m xtures thereof 35 -, 20 8. A
met hod according to claim2 or claim3 wherein the alkali is sodium

hydr oxi de[_Sodi um,. carbonate of m xture thereof 9 met hod gccording jt o
claimi, cheMRAS™YO%ed in that thefsolufion Ps 5 heat&d in|the Pangd of 40
to 115C 1 t according to clarm I, characterised nm that the

sol ution géﬁégﬁhggg% t)range of970-115C. 2010 11. A%wet hod agﬁording to
claim?9 1?be|n }ge ﬁglutlon S heated jo about I1IQ0OC. 1Z. met hod
accor di ng| t8YS@! BREIBY claink 1 to 3, ¢haracterised in that the sollution
i s heated #prea.perlod of Dbeteen to 1,400,hours, threby 15 increasing
antim crobi al activity of thejpol rs. 113. net hod according To any one

of the prag%gyggoqiains) characteghﬁed it n tﬁ&% the selution igheated for a
S.

period in|the’range of from4|to hour

11 days 60°C Fail Fail Pass Pass

Chemical Stability Ratio 260 — 270 peak absorbance

228 — 235 peak absorbance

Time A B C D

0 days 60°C 1.38 1.41 1.43 1.46
4 days 60°C 0.98 1.04 1.21 1.27
11 days 60°C - 0.97 1.03 1.09
L 18 days 60°C - 0.89 0.92 1.04
ES days 60°C - - 0.84 1.04

Both physical and UV spectral results demonstrate the positive effect of PEG on

10 stability; higher PEG content results in greater physical and chemical stabilities.



20 14. A nethod according to claim 11, characterized in that the hydroxylic
sol vent is polyethylene glycol and is present in the solutio ll rtgn(;ﬁ unt
of between 50 and 99% by wei ght of the solution. 15. A net ho ac %
claim 14, characterized in that polyethylene 25 glycol is present in the
solution in an anount of between 64 and1 5% by wei ght of the solution. 16.
A nmet hod according to any one of the précteding clains, characterized by the
addition of base or alkali to the polyners before and/ or dur | ng 30 heati ng,
t hereby enhancing the antimcrobial activity of the polyners. 17. A nethod
accordi ng (Pb anyeoiwdowna siuiwiec AdanyBoverienireratast b dissobéng #e af ity @he

| f t
C oo OerR iy SRS AT RPRET, 1 9 6. 18 061 Sl BSlaTEhe SudReig T e
met hod of tarry(Aremdod.5t(Be withedikde mm;IcLISnlmtmrwl ngvasﬂpr}mpawit b%ﬁls\tselwhgsis?:g gct ?nt
or antiseptic_or conposition repar.e 0 ar nmet hod o
any one o1l‘o Pady( al%P%m 1Y OPoRC idn iy %@épa“@SH’%ﬁl%ﬁoné Q&erﬂ?ﬁf‘i@e of
pol y(25pr opgit@h, oﬁnarwﬁm Ear%%hg’?e P Wakst (80 e@%wé QBdQ@tM‘eeﬁPeQPen‘P Hror e

al cohol s selected fromthe group consisting et hyl ene g

pol yol s ariginghé, aud wmﬁ;smmendmtt@mmmoedyd 106311 slaysprot ect ed
carbonyl groups. 21. An antimcrobial according to claim20 wherein the
protected carbonyl groups are acetals. ' , 22. An antim crobial according
to clai m Al shmplEsnwehe stdred radl 40°€. p éit ywaribys dinee diteoalls sa&pleﬂmcontammg

anti m crobi al oy dj aim 22 whey el e al cah S _po | ene
a'ycol Cof Heepuatiniar balgi robi s eapa ket BatRahlastiebe RERH A
ant i sept i Ghoum@EasSidbi®p: conpri sing the antim crobial according to claim21.
25 An antim crobial according to claim?22 wherein the antimcrobial is
present in a conmposition conprising in the range of from64 to 95% by

wei ghtjgof pol yet hyl ene gl ycol . 26. AnTamgign crobial according to claim25
wherein the pH of the conposition is between 7 and 9

. AR AF% AF. A-A@—A@Y-AIFEA .A..A,&%A9JA." -ASY—AAA—A

. A, NS. A% AyL.|A a
Ul c”aU] ca] cal] cg] é(f c ]’Q?a 65;’&?%%%@%’3%‘}%5)#1:%3%'% Ra] ca] cd] ca] ca] ca
JcalUc a]c al c #té monag aasugINged| yrj |
ztoje [V]ca] ¢al ca] ca] cal c ] c"a] ca] calcalcalcalcalcal c
Solution A Solution B Solution C

0 30 30 30

7 30 60 -

14 - - 10

31 60 60 10

EXAMPLE 4

1g of poly(2-propenal, 2-propenoic acid) was heated in either a dry or a humid,
enclosed chamber, both at 60°C, for 3 days. Solutions of the dry polymer and the

15 humidified polymer, respectively were prepared at 0.125% w/v (with correction for
moisture content) and submitted for evaluation by the Biocidal Test :



aljc aUc a]Jc a]JcaJca]ca]ca]ca]ca]calca]lca]ca]ca]lcaV]calcalcaljab
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CCHE+EEEF{ GGG I 1 1 JJIVII JJIJLLLL
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ANaNkNKP_PI PqPyPPPQQQIR
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11" 10%& (PA4988H ¥ sugt]zN notﬂw@ h%_eo poly(2-propenal, 2-propenoic
109%& () - !ga;ic9$10%3e&' ()-G"10%& () - 0%&' ()-'&10%& () -
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YL$10%=& ()-ZIl ~_=118&10%|,| & ()-&10%& ()- 10 10

10 EXAMPLE 5

AL\\'I'II\I\I\I'

]ca]c

In duplicate experiments, a sample of polymer was prepared and then dissolved In
ethane diol, exactly as described in Example 5 of 11686/95. Half of this material
was further heated at 80°C for 24 hours (following which, solubility in aqueous
media remained incomplete). The samples were compared for antimicrobial

15 activity, using the standard Biocidal Test. Both of the samples treated by heating,
ie. super-activation showed a clear enhancement of antimicrobial activity, as
shown in Table 7:



10910%& () - 6Z10%& ()-! N %109 ()-jdB~ =!11'10% | & ()-3@ 910%| & () - 9!
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10%| & ()-L! 10%| & () -y10%| & ()-}"<~_=!!f, | %610%ig4g& ()- M | 1604|0200
$109% | & ()-1!10%4 & ()-1 10%| & ()-!' 10% | & ()-3aavK@! 104| 104|
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Table 8
10

Days stored at 20°C Acrolein Content (ppm)

Super-Activated | Not Super-Activated

; 0 274 144
7 - 126
16 34 103
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?igc% i]{ &S( %{%WIOQ&U§]HL§ELII§ 1078Ra R pdstRe 18 B&N (N, o6 lpati@®s Glgnticance
regarding infections in hospitals), and Salmonella choleraesuis (a gram-negative
bacterium, of particular significance regarding infections in food preparation
areas), respectively using the Association of Agricultural Chemists Official

5 Methods of Analysis (1995) 991.47, 991.48, (Hard Surface Carrier Test Method).

Results are shown in Table 10:

Table 10

Micro-organism

Positive Tubes

S aureus

2/60

Pass

S.choleraesuis

1/60

Pass

10  Adjustment of this formulation to higher pH®, increases the antimicrobial activity, as
monitored by the Biocidal Test. Resuits are shown in Tables 11(a) and 11(b):

Table 11(a)

Activity against Staphylococcus aureus

Initial Count, 3 x 10° cfu/ml; polymer 350 ppm.

! | 10 20 30 45 60
pH . minutes minutes minutes minutes minutes
! cfu/ml cfu/mi cfu/ml cfu/mi cfu/ml
5.6 2.8x10° 4.4x 10 2.3x10° © 20 <10
7.2 | 2.7x10° <10 <10 <10 <10
89 | 32x10° <10 <10 <10 <10
] 10.5 1.1x10° <10 <10 <10 <10

15
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Table 11(b)

Activity against Pseudomonas aeruginosa

Initial Count, 3.7 x 10° cfu/ml; polymer 350 ppm.

! 10 20 30 45 60
| pH minutes minutes minutes minutes minutes
cfu/ml cfu/mi cfu/ml cfu/ml cfu/ml
5.6 29x 10° 8.6 x 10° 6.2 x 102 40 <10
7.2 5.8 x 10° 9.1 x 10* 43x10° <10 <10
89 9.5x10° 8.2 x 10* 4.6 x 10° <10 <10
10.5 4.5x10° 3.0x10° <10 <10 <10

(b) 1200g of poly(2-propenal, 2-propenoic acid) was dissolved in 7680g of
PEG200 at 60°C and then 96g Na,COs in 3024g water was added. The solution
was heated at 100°C for 6 hours. )

The formulation was added to the basin of an induced draft cooling tower, to a
10 concentration of 300ppm (30ppm polymer) 3 times/week. Dosing was carried out
at evening to allow contact times of 8-12 hours before operation recommenced,
residual concentration was expected to be halved every 3 — 6 hours of operation.
Recirculation water had on average, temperature 27°C, pH 8.5, conductivity 3000
uS. Microbial counts were determined and compared to an adjacent, identical,

15  tower which was dosed with a biodispersant, daily. Results are shown in Table
12:
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* Colony forming units/mL

The data indicate the treatment programme maintained the microbial counts within

the guidelines of AS/NZ Standard 3666.3(Int):1998 and below that in the adjacent
5 tower, containing biodispersant (which was found to be unusually inadequate

during the demanding conditions of the very hot, summer period of the test).

) Modifications and variation such as would be apparent to the skilled addressee are
considered to fall within the scope of the present invention.
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&NS#1093( 3 (§-§ x]11111]1 OBL4 / &NS#1098(3& () -3 / Ksi QQU&NS#1098(3& ()-3
&NS#1098(3& ()-3 &NSH#1093(3& ()-3 &NS#1093(3& ()-3 1111111 _/ L4

aNS#10%( 38 ()3 1) TS RoRERA Y COMAERATVBRTE 0y MY s BObBT s
E&NSH109B(3&' () -3 &NRY LRPAREIR dndnore SR BUBE IBIyerdhas been oxidized in air to
5 form an oxidised acrolein polymer comprising carboxyl groups, said
method comprising:
providing a solution of the oxidized acrolein polymer comprising
carboxyl groups in a mixture containing water and a hydroxylic soivent
including an alcohol selected from the group consisting of polyois,
10 polyethylene glycols and alkanols; and
heating the solution at a temperature in the range of from 40 to
150°C for a period sufficient to improve the antimicrobial activity of the

acrolein polymer.

15 2. A method according to claim 1 wherein said oxidised polymer comprising
carboxyl groups is formed by a method of heating a solid acrolein

polymer in air at an elevated temperature to form carboxy! groups.

3. A method according to claim 2 wherein said acrolein polymer comprising
20 carboxyl groups has been formed by heating in air at a temperature
between 80°C and 100°C.

4, A method according to claim 2 wherein the acrolein polymer comprising
carboxyl groups has been formed by heating in air at a temperature of
25 about 85°C.

5. A method according to claim 1 wherein the pH of the solvent is in the

range of from 7 to 9.
30 6. A method according to claim 1 wherein the pH of the solvent is about 8.

7. A method according to claim 2 or claim 3 wherein the solvent includes
an alkali selected from an alkali hydroxide, alkali carbonate and mixtures
thereof

35
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10.

11.

12.

13.

14.

15.

16.

17.

heated in the range of 40 to 115°C

A method according to claim 1, characterised in that the solution is
heated in the range of 70-115°C. —

A method according to claim 9 wherein the solution is heated to about
100°C.

A method according to any one of claims 1 to 3, eharacterised in that the
solution is heated for a period of between 1 to 1,400 hours, thereby
increasing antimicrobial activity of the polymers.

A method according to any one of the preceding claims, characterised in

that the solution is heated for a period in the range of from 4 to 60 hours.

A method according to claim 11, characterized in that the hydroxylic
solvent is polyethylene glycol and is present in the solution in an amount
of between 50 and 99% by weight of the solution.

A method according to claim 14, characterized in that polyethylene
glycol is present in the solution in an amount of between 64 and 95% by

weight of the solution.

A method according to any one of the preceding claims, characterized
by the addition of base or alkali to the polymers before and/or during

heating, thereby enhancing the antimicrobial activity of the polymers.

A method according to any one of the preceding claims, characterised in
that the release of free acrolein monomer by the acrolein polymer is

reduced.

]
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22. An antimicrobial according to claim 21 wherein the alcohol is

polyethylene glycol.

23.  An antimicrobial according to claim 22 wherein the alcohol is
polyethylene glycol of molecular weight of from 200 to 1000.

24 A disinfectant or antiseptic composition comprising the antimicrobial

according to claim 21.

25 An antimicrobial according to claim 22 wherein the antimicrobial is
present in a composition comprising in the range of from 64 to 35% by weight of
polyethylene glycoal.

26.  An antimicrobial according to claim 25 wherein the pH of the composition
Is between 7 and 9




