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Bl Ol DAL COMPCOSI TI ONS AND TREATMENTS The present invention relates to

synergi stic biocidal m xtures of hydroxynethyl phosphonium biocides with
certain non- fwans$3834%i openetrants. GB 2 145 708 descri bes bPEUEEA#084es of
tetrakis (hydroxynethyl) phosphoniumsalts, which, together with their
parent base, tris(hydroxynethyl)phosphine, are referred to herein
collectively as "THP". US 4 778 813 describes the biocidal use of quatenary

anmoni um pol yners. 210 afpgen THP and
surfactant GB 2 228 680 ' and certain

al dehydes. EP 0 385 676 descri bes conposi tions which conprise THP, a

For the | TemrReavepief o Y ORRGe i Rl Bl st s Bl oaBibalih Vo
or gani C CpigEiasyWith estaftl eEodntih@bidpenesant$SB 2 257 043 describes the

application of THP to wood in conjunction with quatenary surfactants to
control sapstain. THP fornulations are increasingly w dely used as biocides

for wat er Gerepis 8 deschibty tididal Gses BErdlds (WQdRkymAKY SifoSphtaludh sfltsOwhich, pul p
and paper nmanufacture, drilling fluids and other aerogbic water systens, as

wel | as i tegethersvigibiheir yrentdase, Hisdwdmsymethyhphesphineoprgasiemsd RAemin
collectively as "THP". US 4 778 813 describes the biocidal use of quaternary ammonium

polymers. GB 2 178 960 describes synergism between THP and surfactant, GB 2 228 680
describes synergism between THP and certain aldehydes.

THP formulations are increasingly widely used as biocides for water treatment in treating
cooling water, process water e.g. in pulp and paper manufacture, drilling fluids and other
acrobic water systems, as well as in anaerobic systems such as oil field formation water,

' injeciidn water, produced water and water used in hydrostatic testing. Advantages include
rapid and effective bactericidal activity and environmental acceptability. Particularly in
systems where slime forming bacteria proliferate (e.g. in aerobic systems such as cooling
water) it has been found desirable to use THP formulations containing synergistic amounts of
a surfactant according to GB 2 178 960, in order to improve cost effective biocidal action. It
is believed that the surfactant aids the penetration of the biomass by the THP. However such
_forzﬁﬁlations cause foaming problems, Attempts to combine THP with other biocides (e.g.
aldeﬁydes), which do not cause foaming, have not been able to provide such effective
biocidal action against slime forming bacteria, and/or have detracted from the favourable
environmental profile of THP.

We have now discovered fhat cdmbinatioﬁs of THP with certain non-surfactant biopenetrants
provide strongly synergistic biocidal formulations which give excellent penetration of
- bacterial slime and improved activity against planktonic bacteria without causing excessive
‘foam. We have further discovered that mixtures of THP with a surfactant, and with a non-
surfactant biopenetrant give a marked ternary synergism, permitting improved biocidal
" efficiency with reduced foaming.
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I njection water, produced water and water used in hydrostatic testing.
Advant ages include rapid and effective bactericidal activity and

envi ronnmental acceptability. Particularly in systenms where sline formng
bacteria prolwHosases (e.g. in aerobic systems such as cool i pRkEdsds it has
been found desirable to use THP fornul ati ons contai ning synergistic anmounts
of a surfactant according to GB 2 178 960, in order to inprove cost
effective biocidal action. It is believed that the surfactant aids the
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have now dfoPRlyMEsydiqteepesasdisymansi ons of THP with certain non-surfactant

bi openetrants provide strongly synergistic biocidal fornulations which give
excel l ent penetration of bacterial slinme and i nproved activity agai nst
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algae which comprises applying thereto separately or together a biocidally active amount of
the components of a synergistic mixture as aforesaid,

The aqueous system may, for instance, be contaminated with bacterial slime and/or
planktonic bacteria. The invention is of use for treating aerobic systems such as cooling

‘towers and also for anaerobic systems, such as oil wells, e.g. during secondary recovery.

The THP is conveniently present in the formula_ltion as a salt, but is preferably used at a pH
sufficient to form the base. The salt is preferably the sulphate, chloride or phosphate.
However any water soluble salt may be used including the phosphite, bromide, fluoride,
carbonate, acetate, formate, citrate, borate, or silicate. In fact any counter ion which is
chemically compatible with THP may be used, the main criteria for selection being
economic. Oxidation of THP to tris(hydroxymethyl)phosphine oxide (THPO) should be
avoxded and oxidising agents for THP are preferably substantially absent. The composition
may contain oXxygen scavengers to minimise oxidation by atmospheric oxygen. The pH of
the composition may be below 3.5 to avoid THPO formation during storage but the pH on
addition to aqueous systems is preferably between 3.5 and 9 and more préferably less than 8,
e.g. 4to 7.5. High alkalinity, e.g. above 10, is preferably avoided. The pH of the aqueous
gfpem may optionally be adjusted by addition of alkali or acid as appropriate.
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surfactant biopenetrant give a marked ternary synergism permtting

| mpr.oved biocidal efficiency wwth reduced foam ng Qur invention provides a
bi ocidally synergistic mxture conprising THP and at | east one

THP- conpat i biweg svsamssur f act ant, bi openetrant synergi st togepdREPMpO8I9oNal |y
with a surfactant characterised in that the non-surfactant biopenetrant is
sel ected from quaternary ammoni um pol yners and copol yners, an al kyl
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However e use
bromi de, \f/éterchyl lels than 20% at a concentration of 0.1% by weight, Preferably the reductxon is less

than 15%, e.g. less than 10%, especially less than 5%.

The non-surfactant biopenetrant may for example be a quaternary ammonium polymer or
copolymer. The quaternary ammonium polymer may for example be any of those described
in US 4 778 813. Parficulaﬂy preferred is ﬁoly[oxyethylene(dimethyliminio)ethylene

. (dimethyliminio)ethylene dichloride]. This is a copolymer of NNN!N'-tetramethyl-1,2-
diamino ethane with bis (2-chloroethyl) ether, which is referred to herein as "WSCP". The
latter is the commercial name of the product used in example 1, which is sold by Buckman
Laboratories. However any other water soluble polymer containing a plurality of quaternary
ammonium groups may be used. Such compounds typically comprise a polymeric cation of

the formula:

R
| &
XJL_R N}X
R

ammonium group a monomeric residue or separately selected from two or more

wherein: each R is a divalent organic group constituting with the

comonomeric residues; each R} is an alkyl or hydroxy alkyl group, typically having from 1 to
4 carbon atoms and preferably methy! or ethyl; X is hydrogen or a monovalant inorgaixic or
organic end capping group; and n is from 2 to 3000, e.g. 5 to 2000, especially 8 to 1000, e.g.
10 t'i;':SO'O, most preferably 20 to 100. The counter ion may be any convenient THP-
compatible anion e.g. chlﬁride, sulphate, phosphate, bromide, fluoride, carbonate, formate,
acetate, citrate, lactate, tartrate, methosulphate, borate or silicate.
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carbonate, acetate, formate, citrate, borate, or silicate. In fact any

counter

PCT/ EP9S/ 08394 chem cally conpatible with the THP may be used,
criteria forweedssss on being econom c.
tris(hydroxynet hyl ) phosphifne oxi de ( THPO) shoul d be avoi ded and oxi di si ng
agents for THP are gr eferably substantially absent The conposition may

cont ai n Bxyayder examp r’i’gér%.etaﬂl)’lﬂhhloﬁywlﬁbt‘-; phdyaxyaikiggne halpalkylens; i ¢ oxygen.

pH of t
st or age

and 9 and nore preferably | ess than

ion which is - 2- WO 99/ 33345

the main
Oxi dati on of THP t oPCT/EP98/08394

The

SRR Mol DM ool System i s preferably between 3.5

R*-&gR4 to 7.5. High alkalinity e.g.

above 10 is preferably avoided. The pH df; the aqu optionally
be adjusted by addition of alkali or acid as ﬁfﬁﬁ%’?‘e‘é‘t may@&mél

alkylene, oxyalkylene polyoxyalkylene, haloalkylene, halooxyalkylene or
halopolyoxyalkylene group and R represents a covalent bond or an R? group. The polymer
may for example be a methylated polyethylene polyamine of the formula

® ®
CH, | N(CH;), CH,CH, | N(CH;); where nis 2 to 10.

n
Some other typical examples include:

Poly[hydroxyethyl ene(dnnethyhmxmo)eﬂ1ylene(d1methyhm1mo)methylene
- dichloride]

Poly[hydroxyethylene(dlmethylmnmo)-?.-hydroxypropylenc(dunethyhmnno)—
methylene dichloride]

N-[3-(dimethylammonio)propyl}-N[3-(ethyleneoxyethylenedimethylammeonio)
propylurea dichloride

-4-[1 -ms(z-hydroxyethyl)ammommn chlonde-Z-butenyl]poly[l -dimethyl-
. ammonium chloride-2-butenyl]tris(2-hydroxyethyl)ammonium chloride

The rion-surfactant biopenetrant may alternatively be a hydrotrope. Hydrotropes are
sometimes confused with surfactants because they are also amphiphilic. However
hydrotropes do not significantly affect surface tension at low concentrations, Hydrotropes
act as solubilisers. When present in relatively high concentrations (e.g. greater than about
1%) they increase the water solubility of sparingly or moderately soluble solutes.
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An essential conponent of the invention is a non-surfactant biopenetrant.
Surfactants are anphi philic conmpounds which, even when present in | ow
concentrati on¥opP¥3sft er (e.g. 0.1% by wei ght), substanti al | JCTEBPOEIHhe
interfacial free energy off a water/hydrophobe interface. Surfactants may be
identified by their effect on surface tension of water. Non-surfactants do

not appr eepubpd clas eldydintiopesdneludes water seluble elyeerehers. rideigbies! ethgris cal 1y the
reducti 0%&&:@?@?@&& sbfBR! BhpBindPof i Yo ;}%%ﬁﬁtcﬁﬁlg’?%ﬁﬁ%m\tk gns of the

order of es not anount to nore t out val'ue for pure
di sti| | ecnetiylpsthyl At pielfferatdp He prooided tiat the toaaluinpr ofahrbsn atoms panfCR,ORLOT

reduce surface tension . hy 50% q rre. For the_purposes of 1hi .
Cpecrti oorPutoss BOLFOTHA: FOre e Caot ATe LR A RS B IRy obly 45 8 e

surface t)gRsd iardehrbon gup Bich 1B She ddRipodRPfs Mated s61aHIE QIY. badyi, prop9l, efhylde by
wei ght. Preferably the reduction_is |ess ess.  than 10%

r than 15% .e.q. | .
especi al | refewbly méthy] agdp 1 %mHdﬂ-zgvtﬂf?fﬁ'é?]éfﬂtmﬂpdﬁmlﬁgﬁ? Seypictlyr L 8dinpl e be

a quater femm' OIMPREEIRKarRipleS MBIAHY dBThyledd Sy Edl HidnbMahyl ARE¥PNi um pol ymer
may for 2)%‘5%‘1‘8 e beyany of thoasjglsglescri bed Fr?USE‘Z 778 813.yParticuI arly

preferred is poly[oxyethyl ene(di nmet hylim nio)ethyl ene

di et hvl i m o . : L ‘ )
NN or ] 1Bt s 8P o ok S aocokind b ozl Wiis e lower

et her, whillyl and sulphanates o Water belnble saltsse.2.\s6dintn, patassivng atgroniugn erselteefmer ci al
name of tlpee re%%ﬁ&ni&%&ﬂaﬂe@uﬁﬁ&ﬁal)&e%e sx}fﬁ'm%]c, etﬁyl‘cb%lngengxulgﬁh%lféﬁ%umene

sulphonic acids are very effective. Generally, alkylbenzene sulphonic acids having up to four

or even five aliphatic carbon atoms show hydrotropicity but not significant surfactancy.
Above six aliphatic carbons, ¢.g. sodium octyl-benzene sulphonate, surfactancy predominates
over hydrotropicity. Naphthalene sulphonates are also useful as non-surfactant biopenetrants,
¢.g. alkali metal Cy.4 alkyl naphthalene sulphonates. Urea is also an effective hydrotrope.

A further category of non-surfactant biopenetrants comprises syntans. The latter include a
variety of resins and prepolymers which are used in the tanning industry as an alternative to
tannin or chrome.

Animal skins comprise a layer of collagen, and tanning agents react to cross link reactive
sites within the collagen. One effect of this reaction is to increase the minimum temperature
at which the leather tends to shrink in hot water.
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Laboratories. However any other water soluble polynmer containing a
plurality of quaternary anmoni um groups nmay be used. Such conpounds
typically conprise a polynmeric cation of the fornmula: [err] [err]

wherei n: eachw®s¥m34 di val ent organi c group constituting w gda/Edeeosseanoni um
group a nononeric residue ‘or separately selected fromtwo or nore
conononeric residues; each Rerr] is an al kyl or hydroxy al kyl group,

typi cal | yFéethe plgpdse(oﬁﬂﬂs dpecificatian bsynta' is Bedxo e te fspithdtic\orguiceonpoundst hyl ;X

S hydrogen nova anic o ani c._end cap rou and n
i s from 28 568’5’“ HegY ’h‘f ilﬁgeﬁg‘bg’mé’g"ﬁ%&“ﬁls Nakis ‘P?fe%g"ﬁf' %Hﬁg‘egmmﬁge 500,
nost  pref gf Rithet. For &xamplQhe RS ifeRidas By viabi? soMe ?Sly?déy epa¥epy ent THP-

conpati bl e anl on, e. orjde, sul phate, phosphate romi de, fluoride,
car bonat e COROBfMERKS %‘é'E'@[]dlﬁ hyde, which w@abl%W@SIHG&Q%%WSWWUI phat e,

borat e or cgjd gé:?ﬁ{dewhxclffompnsé@t ﬁ%t%@g’ﬂrﬁ e fo
PCTMEPMB/ 08394 exanpl e err ?T(yT ene, oxyal kyl ene,

pol yoxyal kyl ene, haI oal I8H dne,

M— CH; where each M is an aryl group such as a phenyl, naphthyl or
anifine group substituted with one or more hydroxy! and/or sulphate, sulphone or
sulphonimide groups or a nitrogenous comonomer such as a dicyandiamide, urea or
melamine residue. As used herein the term "syntan" also includes resin syntans which are
homopolymers and copolymers of unsaturated carboxylic acids or their salts, esters, amides
or nitriles, e.g. acrylic acid, methacrylic acid, acrylamide, acrylonitrile, maleic acid, fumaric
acid, itaconic acid, aconitic acid, crotonic acid, isocrotonic acid, citraconic acid, mesaconic

- acid, angelic acid, tiglic acid and cinnamic acid. The copolymers may also comprise other
vinylic comonomers such as styrene. Also included are acetone condensates with, for
- example sulphones and sulphonamides, and dicyandiamide based resins. Particularly
- prefeired are: sulphonated aryl formaldehyde copolymers; condensates of THP with nitrogen
comiioiinds; phosphono polyacrylate or maleate telomers such as those described in EP 0 491
. 391; or phosphono ethyl phosphino telomers as described in EP O 861 846.

The suiphonated aryl formaldehyde copolymer may for example be sodium naphthalene
sulphonate formaldehyde condensate, sodium phenol formaldehyde concentrate, or sodium
- resorcinol formaldehyde condensate, or a condensate of formaldehyde with a sodium alkyl

benzene or naphthalene sulphonate having less than 5 carbon atoms.
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hal ooxyal kyl ene, hal opol yoxyakyl ene or a Rerr] [err] [err] group
wherein R err] may be a (Jerr] al kyl ene, oxyal kyl ene pol yoxyal kyl ene,

hal oal kyl ene, hal ooxyal kyl ene or hal opol yoxyal kyl ene group and R err]
represents a Wo9Mdd4t bond or an Rlerr] group. The pol yner REI/EPRBO8R4anpl e
be a net hyl at ed pol yet hyl ene pol yanine of the fornula [err] where nis 2 to
'10. Sone ot her typical exanples include:

Pol y( hy dr THP ebidghsatesaiyresntay 2 of more phasblydresas¢nis, se dong as thephospherusy | ene
di chl ori de

Pol yl hydr 6‘1@%’%@/1537%?30 lub%e}.} conce?%a)"olﬁ O%atéera%tx%/% cl) cn:eF HChr%}\toﬁglqofur% ni o) -

et hyl enecgthgouhdy cotiejn a total of at least 2 hydroxymethyl groups, usually at least one per

N-[3(d|rreth ni o N h ene e t hyl

propyl ] uPE%f' %‘?’En;ﬂr% %‘Xr[ai:lyab?eftsé?% ‘#9 E}%tgﬁ‘i}%f Fﬁ'fglﬂ afor.

chlori de ?gkéh s‘jﬁinihdthe lbspiinks)at Wity be of the formula -R-, -R-O-, -R-

chl ori de- uten tris( ydlg;3 et hyl mmnl um 8 e The n sur fact ant

bi openet - BhR-, ‘Er’?&aﬁ el %F’Wé OF YR O &!}Wﬂ Cial B‘b%tgméf“é‘{ Rolfet i mes

conf used el B fid b R6dd remb @A BEHR HyBR¥erfdt6ma bsAdat® it fiom 1V er
polyamide or an amine or di or polyamine, such as urea, a C;.20 alkylamine, dicyandiamide,
thiourea or guanidine. Such compounds with 2 or more, e.g. 3, hydroxyalkyl groups per
phosphorus atom may be made by self condensation of THP salts with a compound of
general formula R"H; such as urea, or a C, ;o 20 alkylamine, e.g. by heating at 40 to 120°C.

The THP condensate may be prepared in situ by adding THP and a minor proportion of (for
example) a condensable comonomer such as urea, melamine, an amine or dicyandiamide,

simultaneously or consecutively to the system to be treated. Thus, for example, urea or aryl
sulphonate hydrotrope may function as hydrotropes or comonomers for the in situ formation

of syntans or in both capacities, in accordance with our invention.
The phosphono telomer may be a compound of the formula

H[CHRCHR]},-PO3M>
wherein at least one R group in each unit is a COOM, CH,OH, sulphono or phosphono group
and the other r group which may be the same as, or different from, the first R group, is
hydrogen or a COOM, hydroxyl, phosphono, sulphono, sulphate and/or hydroxy substituted

C1.7 alkyl or C,.7 alkenyl group, and each M is a cation such that the phosphonated oligomer
is water soluble and n is greater than 1, e.g. up to 10. '
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hydrotropes do not significantly affect surface tension at |ow
concentrations. Hydrotropes act as solubilisers. Wien present in relatively
hi gh concentrations (e.g. greater than about 1% they increase the water
solubility ofweps3sssgl y or noderately sol ubl e sol utes. e 1289808346
TIOM39 An inportant class of hydrotropes for use according to our invention
conprises the | ower al ky aryl sul phonates Water soluble salts, e.g. sodium
pot assi unit ispesathle tmusgicotsloimess, 0. dfreaboe forrhydh,dnit iy whioh the fEHRCIFRoNI C,

xyl ene su |Ce | phoni ¢ ar. cu e sul phonic acids are
very eff e%:h?{ﬁ\%ghgt@g%{eﬂggt f‘g"et ai Efyiﬁ%g‘é”ﬁgegm%ﬁ% Hﬁgée&%‘gg‘ﬂ%ﬁ Bp to four
or even fwhieh ahapdtatal valosofnoieast3o For aample wyischite 8 phasphonated trierior
significant, surfactancy. ove six_ aliphatic carbon . 9. sodium octyl
benzene i@glff’r‘i SRBemeL ?ﬁ?ﬂ?ﬁ?ﬁﬂ%ﬁ%ﬂfﬂ%@ l?ﬁv“b‘l’mt@gﬁ %’5"%&9@] fad at

Napht hal eggst 618 [THTROBSCHECOOM]grouwgsef ul as non-surfactant biopenetrants,
e.g. alkali netal [err] alkyl naphthal ene sul pnhonates. Urea is al so an

ef fective hydrorope. A further category of non-surfactant biopenetrants

conpri sespNAfiayprefthed drabhdiphdnBieh USontery GFhALi¥ a8k, 5186d Bm@Rd Prepol ymers
which are used in the tanni R? i ndustty as an alternative to tannin or
chrome. H(CHCO;M.CHCO,M),PO3M; where n is greater than 1 and M is a cationic species such

that the compound is water soluble, and especially mixtures of such compounds with

phosphonosuccihic acid or its water soluble salts.

Particularly preferred are mixtures of phosphonosuccinate salts and an oligomer of the above
formula when n=2, such as may be prepared by reacting sodium phosphite with a small molar
excess of sodium maleate in a concentrated alkaline aqueous solution at elevated
terrfj)efaturés in the presence of a free radical source such as hydrogen peroxide.

Other phosphono telomers which are useful according to the invention include phosphono
acrylate telomers, e.g. of the formula:

M;0;P[CH,CHCOOM],H
where n may be 2 to 60, preferably 3 to 30, e.g. 4 to 20.
1-Phosphono-2-phosphino ethane can be reacted with salts of telomerisable unsaturated acids
such as maleic and acrylic to make syntans which are useful in the present invention. Other

phosphono carboxylates of usé include phosphonosuccinates and salts of 2-phosphono-1,2,4-
tricarboxy butane. -
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Ani mal skins conprise a |layer of collagen, and tanning agents react to
cross link reactive sites within the collagen. One effect of this reaction
is to increase the mninmumtenperature at which the | eather tends to shrink
in hot water WOR8#99/ 33345 PCT/EP98/08394

PCT/ EP981 08394 For the purpose of this specification "syntan" is used to
refer to thetic or ani.c.corrgou ds capable of reacting with collagen to

f or m cr os1€ IopeRctIagt sherglstisnot asvaily pigsenting grrateravgight spnpeatragionthan ther . For
exanpl e tmmtaﬁhmg'hrlﬁ%u&e&mWﬁWt@rwég}{t%mea oH@}fWIEI . B PR B ¥n 100:1
A i

copol yneri si ng faqr dehﬁde, whi ch is capable o creasi ng the shrink
r esi st ancre Sehpigallynossibly sut commerciallyiadesitablea The proportionds prefietablydlesstthan
formula [ i

napht hyl -y Rl bERELE e R Tl ekt Yhugll REPRLZ04 Bl Wihep o,

sul phat e, 10% esprsinadly dess than 3B mithodgh varpspatl amoumtsvnty boeffeotiee woprfianer such

Syt an SR HGHBhAEs oE6ERe BhalEl-AE A TP e o B WBR0H TS bt copol yirer

of unsat ugrestecthare®.5%xgdpedalhcgrelteraiant1®®i r salts, esters, am des

The biocide is typically supplied as a 10 to 75%, e.g. 20 to 60%, especially 30 to 50% by
weight aqueous splution of THP containing from 0.1 to 10%, e.g. 0.2 to 5%, especially 0.5 to
2% of the synergist, based on the total weight of the solution.

Alternatively the composition may be supplied as a solid formed by coating THP onto, or

absorbing it into, a powdery granular or porous acid substrate such as adipic acid.

' The mixture is typically used at a dosage of 1 to 1500ppm by weight THP based on the
weight of water to be treated, usually 2 to 500, especially 5 to 250, é.g. 10 to 150.

According to a })articular embodiment it has been found that mixtures of the aforesaid
biopenetrant synergists with surfactants and THP salts provide an enhanced synergism. Such
mixtures can provide even more effective biocidal activity, at substantially lower levels of
both biocide and surfactant than are required for conventional mixtures of THP salts and
surfactant.

Ow__inyenﬁon a_c_cordingly further provides a biocidally synergistic mixture comprising:
(A) THP, (B) at least one non-surfactant biopenetrant; and (C) a surfactant.

'lfhe:_ira_x\./_.gn_tior’l ft}_{the_r provides a me_thod of treating water with a biocidally active amount of
. said synergistic mixture.
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or nitriles, e.g. acrylic acid, nmethacrylic acid, acrylam de,
acrylonitrile. maleic acid, fumaric acid, itaconic acid, aconitic acid,
crotonic acid, isocrotonic acid, citraconic acid, nmesaconic acid, angelic
acid, tiglic g dssag cinnam c acid. The copol yners nmay a|39c££FEW§§§ ot her
vinylic conononers such as/ styrene. Al so included are acetone con&ensates
with, for exanple sul phones and sul phonam des, and di cyandi am de based

oSS o Sl otot oo SRS oRtB1ca L AMANRIRGHB6N Bk ERAE DD,

copol yners; condensates of THP wi'th nitrogen c ou osp
pol yacr y| sy@oadenyipplkyl eyolaaikylarg. alkydiaryh or mpresemplexs eryil fasdn petrai@n® 491 391;

or phosph x | 3BH Il Ls R 6. The
sul phonat 3@8%"?‘3%“6?%%%??#3 g"@opol yﬁ%?érr?ggsl? (#r) 9@3@&%“& lggo Egﬁ?fgﬁi%
napht hal es®msapdehydreplilic maietie (Othier hydroghotsagrevpssdudehimpthe inlenfi@raral dehyde

concentra resorci nol formal dehyde condensate, or a condensate
of formal ég f/i?é(agﬁo ‘&Bzg' sodi um al kyl benzene or napht hal ene sul phonat e
having | ess than 5 carbon atons. WO 99) 33345

ong as. i HE BHEEHRUPACIOE SRR rore: Gituale bt adies o SR ROSHEF R of at
| east 0. 5 st bf salphdSik of mbho esterifibd MIPKPIIQEMS, e.g. an alkylbenzene sulphonate, alkyl
sulphate, alky] ether sulphate, olefin sulphonate, alkane sulphonate, alkylphenol sulphate,
alkylp}ienol ether sulphate, alkylethanolamide sulphate, alkylethanolamidether sulphate, or
alpha sulpho fatty acid or its ester each having at least one alkyl or alkeny! group with from 8
to 22, more usually 10 to 20, aliphatic carbons atoms.

The expression "ether" hereinbefore refers to compounds containing one or more giyceryl
groups and/or an oxyalkylene or polyoxyalkylene group especially a group containing from 1
to 20 oxyethylene and/or 65cypropylene groups. One or more oxybutylene groups may
additionally or alternatively be present. For example, the sulphonated or sulphated surfactant
may be sodium dodecyl benzene sulphonate, potassium hexadecyl benzene sulphonate,
sodium dodecyl dimethyl benzene sulphonate, sodium lauryl sulphate, sodium tallow
sulphate, potassium oleyl sulphate, ammonium lauryl monoethoxy sulphate, or
monoethanolamine cetyl 10 mole ethoxylate sulphate.

Other anionic surfactants useful according to the present invention include alkyl
sulphosuccinates, such as sodium di-2-ethylhexylsulphosuccinate and sodium
dihexylsulphosuccinate, alkyl ether sulphosuccinates, alkyl sulphosuccinamates, alkyl ether
sulphosuccinomates, acyl sarcosinates, acyl taurides, isethionates, soaps such as stearates,
- palmitates, resinates, oleates, linoleates, and alkyl ether carboxylates. Anionic phosphate
e | estéis’and alkyl phosphonates, alkyl amino and imino methylene phosphonates may also be
- used. In each case the anionic surfactant typically contains at least one aliphatic hydrocarbon
g chain l_laving from 8 to 22, preferably 10 to 20 carbon atoms, and, in the case of ethers, one or
7 more gljceryl and/or from 1 to 20 oxyethylene and/or oxypropylene and/or oxybutylene
- . groups.

=-10-
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conpounds contain a total of at |east 2 hydroxynethyl groups, usually at

| east one per’ phosphorus atom and preferably at |east 2 hydroxynet hyl
groups per phosphorus atom The group or groups joining the phosphorus
atonms toget hegowwsase of the formula -R-, -R O, -R OR, rBrirbsRssn
-RR-R where Ris an alkylene group of 1 to 4 carbon atons and R' is the
resi due fornmed by renoval of two hydrogen atons, bonded to nitrogen, froma
di or polyam de or an anmine or di or polyanmne, such as urea, a [err]

al kyl am ne, di cyandj am de, thiou Such th 2 or
more, e. gPreferred fHWBWHTfR‘i"‘I‘mﬁ?’Sﬁ?f&“‘Bé? mp%ﬁ%ﬁfg %ﬂ)’r’qgrga zam “by sel f
condensat igQfe 8f poldsumlithfunyyichidiugh, GRERIIHAL afin@aRE rxﬂénotmamu@n{: err] such as
urea, or a[erri@lk am ne, by heating at 40 to 120[err]C. The THP

condensat dietapolemingy msﬁaae«darmesq?m apines RNtAHBIng HP‘%FRY%“‘FH B‘P °a6li’°(9|cﬁ5?‘{‘?’on of
(for exa"’%@)ﬂk?l (‘:‘%F%@’E}J ﬁﬁﬁﬁ@ﬁ%‘iﬁﬁn such as urea, nelam ne, an am ne or
si mul tane

di cyandi am de, y or consecutively to the systemto be treated.
Thus, for exanple, urea or aryl sul phonate hydrotrope nay function as

hydrotr Opel%e%ﬁrfac?agpmgggnét?ongﬁ}{ %o’ixlf%?n bibonkibibs Lgﬂngﬁih ant Vit aBsiok | N both

capacities, acco nvent i on osp ono telonmer may be
a conpoundurfictinomaf de,red. a . mﬂe of a mlopo ef di- liwer alkanolamive,Rugydup in

AP Nee - ONEAI TP B R R N
include tertiary acetylenic glycols, polyethoxylated alcohols, polyethoxylated mercaptans,
polj(éﬂtoxylated carboxylic acids, polyethoxylated amines, polyethoxylated alkylolamides,
polyethoxylated alkylphenols, poiyethoxylated glyceryl esters, polyethoxylated sorbitan
esters, polyethoxylated phosphate esters, and the propoxylated or ethoxylated and
propoxylated analogues of all the aforesaid ethoxylated nonionics, all having a Cg.»» alkyl or
alkenyl group and up to 20 ethyleneoxy and/or propyleneoxy groups. Also included are
‘ polyoxypropylene/polyethylene oxide copolymers, polyoxybutylene/polyoxyethylene
copolymers and polyoxybutylene/polyoxypropylene copolymers. The polyethoxy,
polyoxypropylene and polyoxybutylene compounds may be endcapped with, e.g. benzyl

groups to reduce the foaming tendency..
Compositions of our invention may contain amphoteric surfactant.

The amphoteric surfactant may for example be a betaine, e.g. a betaine of the formula:-
R;N'CH,COO', wherein each R is an alkyl, cycloalkyl, alkenyl or alkaryl group and

preferably at least one, and most preferably not more than one R, has an average of from 8 to
20, e.g. 10 to 18 aliphatic carbon atoms and each other R has an average of from 1 to 4
carbon atoms. Particularly preferred are the quaternary imidazoline betaines of the formula:-

-11-



hydrogen or a COOM hydroxyl, phosphono, sul phono, sul phate and/or hydroxy
substituted [err] alkyl or [err] al kenyl group, and each Mis a cation such
that the phosphonated oligomer is water soluble and n is greater than 1,
e.g. up to 10v09933345 WO 99/ 33345 PCT/EP93/083%94
PCT/ EP98/ 08394 It is possible to use coteloners, e.g. of the above fornula,
but in which the [CHRCHR] n chain contains at |east two [ CHRCHR) groups
derived fromdifferent noers &% in which n has a total value of at
| east 3. For exanple we }i ncl ude a}}phosphonat ed trinmer or higher cooligoner
of mal eate and acryl ate lcont aining at |east one [CH2 CHCOOM and at | east
one [ CHCOOM CHCOOM gronp. Partiepl_arg 2@?91‘ erred are phosphonat ed

a

ol igoners of maleic acid,\of trhgyfornu err] where n is greater than 1
and Mis a cationic speci\eSQ h tIhat t he conpound is water soluble, and
especially m xtures of such rorrpoqnds wi th phosphonosuccinic acid or its

wat er soluble salts. ParticularlRpreferred are m xtures of
phosphonosucci nate salts andgan oligonmer of the above

whetein R and R’ are alkyl, alkenyl, cycloalkyl, alkaryl or alkanol groups having an average
of from 1 to 20 aliphatic carbon atoms and R preferably has an average of from 8 to 20, e.g.
10 to 18 aliphatic carbon atoms and R"p_rcferably has 1 to 4 carbon atoms, Other amphoteric
surfa'c;tants for use according to our inventién include alkyl amine ether sulphates,
sulphobetaines and other quatemary amine or quaternised imidazoline sulphonic acids and
thieir salts, and Zwitterionic surfactants, e.g. N-alkyl taurines, carboxylated amido amines

such as RCONH(CH,),N* (CHzCH;CH;)zCH1C0-2, and amino acids having, in each case,.

"hydrocarbon groups capable of conferring surfactant properties (e.g. alkyl, cycloalkyl alkenyl
or alkaryl groups having fiom 8 to 20 aliphatic carbon atoms). Typical examples include
2-tallow alkyl, 1-tallow amido alkyl, 1-carboxymethyl imidazoline and 2-coconut alkyl
N-carboxymethyl 2 (hydroxyalkyl) imidazoline. Generally speaking any water soluble
amphoteric or Zwitterionic surfactant compound which comprises a hydrophobic portion
including Cg.z0 alkyl or alkenyl group and a hydrophilic portion containing an amine or
quaternary ammonium group and a carboxylate, sulphate or sulphonic acid group may be

- used in our invention. |

Compositions of our invention may also include cationic surfactants.

: T3
B 2 T3 PN TR
.:f_::,.ﬁ_';‘;'_'_.-
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formul a when [err] such as may be prepared by reacting sodi um phosphite
with a small ‘'nol ar ‘excess of sodium nmal eate ma concentrated al kal i ne
aqueous solution at elevated tenperatures in the presence of a free radical
source such asolysisegen peroxi de. O her phosphono tel oners wbrekospsssusef ul
according to the inventioniinclude phosphono acrylate teloners, e.g. of the
formula: [err] where n nay be 2 to 60, preferably 3 to 30, e.g. 4 to 20.

1- Phosph oﬁm—cﬁﬁmﬁ@spfaimot ma fom exampie bear akydérashoniumisak ah\tisg ofotdl ef atieast sabl e

nsat ur at ' ns which are
352f urrl nset“ﬁ‘?ﬁﬁﬂéé S%W%rglph%chc@f °B%g’|§h§h 8‘{@5' §es o:‘ use
|b ncl ude pmgaamﬂmsmcsalt na‘yﬂsallyMk)&aimsmﬁrh sﬁrﬁﬂmﬁeﬂbﬁmﬁc&dlﬂg tddurcar boxy
ut ane.

33345 . . . . .
PCT/ E8334'“'ﬁ?é‘°5 g%‘ﬁéwéﬂ atfpost Prtelptively jong aliphatic chaing pes molecyle (28 chaipseat er
wei ght Cq{h‘}ﬁx@tah%%rﬁgb «Wm mreerbwaonﬁle&éhguﬂﬂanﬁwmrs &%ﬁ%ﬂﬁx{sﬁdd}‘i\% dy wei ght

based on THP, e.qg. even 100: 1 are technically possible but

conmmer ci athyep Telatanely %haﬁlcbamﬂlféd geupsdiavingd tp 4 cpiben atomsiegehy e gamethylor ethyl
groups, preferably methyl groups. Typical examples include dodecy] trimethyl ammonium
salts. Benzalkonium salts having one 8 to 20 C alkyl group two 1 to 4 carbon alkyl groups

and a benzyl group are also useful.

Another class of cationic surfactant useful according to our invention comprises N-alky!
pyridinium salts wherein the alkyl group has an average of from 8 to 22, preferably 10 to 20
carbon atoms. Other similarly alkylated heterocyclic salts, such as N-alkyl isoquinolinium
salts, may also be used.

- Alkylaryl dialkylarﬁmonium salts, having an average of from 10 to 30 aliphatic carbon atoms
are useful, e.g. those in which the alkylaryl group is an alkyl benzene group having an
average of from 8 to 22, preferably 10 to 20 carbon atoms and the other two alkyl groups.
usually have from 1 to 4 carbon atoms, e.g. .methyl gfoups. .

Cﬂxer classes of cationic surfactant which are of use in our invention include alkyl
imidazoline or quaternised imidazoline salts having at least one alkyl group in the molecule
with an average of from 8 to 22 preferably 10 to 20 carbon atoms. Typical examples include
alkyl methyl hydroxyethyl imidazolinium salts, alkyl benzyl hydroxyethyl imidazolinium
salts, and 2 alkyl-1-alkylamidoethyl imidazoline salts.

Another class of cationic surfactant for use according to our invention comprises the amido
amxnes such as those formed by reactmg a fatty acid having 2 to 22 carbon atoms or an ester,
L glycende or simiar amxde forming denvatwe thereof, with a di or poly amine, such as, for
' '"'example, et_hylene dxam;x_x_e or dxethylen___e _t_na_mme, m_ such a proportion as to leave at least

°. one free amine group. Quatemised amidd_ amines may similarly be employed.

-13-



50% by wei ght based on the weight of THP, nore usually |less than 20%
typically less than 10% especially less than 5% Although very snall
anounts may be effective we prefer to use proportions of biopenetrant
greater than Wosissssased on the wei ght of THP, usually greapEFridiase®- 5%
especially greater than 1% The biocide is typically supplied as a 10 to
75% eg. 20 to 60% especially 30 to 50% by wei ght aqueous sol ution of THP

cont ai ni ng\lliyfl phosPhchidm aﬂcDHﬁdr@cyﬁlk D% sﬁh@mﬁ%saﬁsslﬂ@ﬁxb%lnét -alkyl @roapai the
synergi st ed o t he tot t he sol ution. ter nat ively the

conposi t i JH gﬁ’ﬁﬂm‘@a a’sgrauemyelsp bﬁmasyat@mspffgctwnmt o, or
absor bi ngmv@nﬁdato a powdery or granular or porous acid substrate such as
adi pic acid. The mixture is typically used at a dosage of 1 to 15Cppm by
wei ght THP based on the weight of water to be treated, usually 2 to 500,

especi al | YypicdIfy tﬂé&hoﬁicgurfé'c@aniﬂi %?Qmwgﬁag% Ghbg cén%g?\gﬂ%ra{q ?gxtn‘?c'bed' ment

it has been found that m xtures or esai ene ergl sts
wi th sur f nised gupisuatiyronprisiog pnnmgeteatam, o leitines @de sxytwara@«yﬂ; proufitieabh ni Xt ur es

can provi ﬁj‘g‘gﬁgﬁa‘mﬁgﬂfé’ﬁﬁﬁ# t’ CI dal activity, at substantially | ower

| evel s of de an lT‘ﬁ\an are required for conventional
m xtures of THP salts and surfactant Qur invention accordl ngly further

provi des b| ocC da)]6 JSIIC xture co risi THP; (B) at | east
one non- s ?‘g : ‘X%Bﬁtﬁ Whte S g{‘n%%%’é "(r]'gjh O VRIEh
so!ub:lity, such as formate, acetate, lactate, tartrate, cxtrate, chloride, nitrate, sulphate or an
a!kylsulphate ion having up to 4 carbon atoms such as methosulphate. It is preferably not a
surface active anion such as a higher alkyl sulphate or organic sulphonate.

Polyfluorinated anionic, nonionic or cationic surfactant may also be useful in the
compositions of our invention. Examples of such surfactants are polyfluorinated alkyl
sulphates and polyfluorinated quatemary ammonium compounds.

Compositions our invention may contain a semi-polar surfactant such as an amine oxide, e.g

- an amine oxide containing one or two (preferably one) Cg.5; atkyl group, the remaining
substituent or substituents being preferably lower alkyl groups, e.g. C,4 alkyl groups or
benzyl groups

Particularly preferred for use according to our invention are surfactants which are effective as
wetting agents, typically such surfactants are effective at lowering the surface tension

between water and a hydrophobic solid surface. We prefer surfactants which do not stabilise
foams to a substantial extent.

; Mﬁfhlres of two or more of the foregoing surfactants may bé used. In particular mixtures of
| L ”'__non-‘i"éiié 'eurfactéhts with cationi¢ and/or amphoteric and/or semi polar surfactants or with
i G ~;inio''n'f"t?'él';n"'fa't':t"ai'ﬁts—ivhéxy be used. Typically we avoid mixtures of anionic and cationic
< surfactants, whichare often less mutually compatible.
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The invention further provides a nethod of treating water with a biocidally
active anount of said synergistic mxture. 9- WO 99133345
PCT/ EP98/ 08394 Surfactants for use in our invention typically contain

hydr ophobi ¢ gy@ugsassuch as al kenyl, cycl oal kenyl, al kyl, cygéfippdsibassaryl .
al kyl /aryl or nore conplex aryl (as in petrol eum sul phonates) noieties

having from8 to 22, preferably 10 to 20, typically 12 to 18 carbon atons

and a hydrpegbiablyGhéTPHR taid ﬂ\@sbﬂctﬁyﬂ'&gﬁbﬁi@ ifa BIAVO SreighCdodEtthatich dfffOm
i nvention are polysil oxane rb(é)}gg& The surfactant may anpl e consi st
; e

f
subst ant i d1000 & 1¢09:1; more, PO, tgically E‘Bﬂéﬂ)l@llsm%gtéé(f@ drdhtec or

nmono est erdpfi 84 £ykdhoii bspeaiallfs:i 18141, an al kyl benzene sul phonate, al kyl
sul phat e, 53{‘&3? egjher sufpghatfel, ol eflln sul phonat e, al kane sul phonat e,

al kyl phenol sul phate, al kyl phenol ether sul phate, al kyl et hanol am de

cst or- oatrERER AT ATRARLER (AT Bk Dbl d 20T it fhday 35pf) 07 1 °

nor e usualtbyt,000 ppm, €6, 5 pEm PhE0ippmespdsiaily 16 ta2f0. ppm.

The composition may additionally contain other biocides, water dispersants, antifoams,

solvents, scale inhibitors, corrosion inhibitors, oxygen scavengers and/or flocculants.

Our invention includes aqueous solutions containing a biocidally active concentration of a
composition of the invention. Such solutions may be water systems or aqueous based
products containing functional ingredients as described in GB 2 145 708. Our invention also
includes anhydrous, and concentrated aqueous, formulations adapted to provide the aforesaid

products on dilution with water.

Scale or corrosion inhibitors which may be added to the water to be treated in conjunction
with the present invention include phosphonates, polymaleates, polyacrylates,
poly_methaérylates, polyphosphates, phosphate esters, soluble zinc salts, nitrite, sulphite,
benzoate, tammin, ligninsulphonates, benzotriazoles and mercaptobenzothiazoles all added in
conventional amounts. The scale and/or corrosion inhibitors may be added to the water
separately from or in association with the phosphonium compound and surfactant. There
may be added to the water to be treated oxygen scavengers, flocculants such as
polyacrylamide dispersants, antifoams such as silicones or polyethylencoxylated antifoams or

other biocides such as tin compounds or isothiazolones.

P
Wy 13
. ___'.??_rfg
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The expression "ether" hereinbefore refers to conpounds containing one or
nore glyceryl groups and/or an oxyal kyl ene or pol yoxyal kyl ene group
especially a group containing from1 to 20 oxyet hyl ene and/ or oxypropyl ene

groups. One Qo bhdHssssoXybutyl ene groups nmay additionally or l;tl.,t,ﬁ,rgg} byvely be
present. For exanple, the sul phonated or sul phated surfactant e sodi um

dodecyl benzene sul phonate, potassium hexadecyl benzene sul phonate sodi um

dodecy!  dHHE ixedE8RE bl BRI Snay OGNl vy BRI o L Ll | o

sul phat e, potassi um ol eyl hoXy “sul phate, or
nonoet handlopmaetantyngrigisty @ndmnenaélty hhnsyi‘faatmt smapﬂtﬁy ® thOwhter S)atwm ibe

f t | Kyl
st phosac aERchtn ARERT S BREDY B BhGEN mad VF BieriRa BE MRS And sodi um
gl Peﬁ)c/)!ssglcnwmdahatrﬂware mismylb lr?hhd&mﬁdwrpmﬂ?ngmt o S’ateﬁdrlﬁgﬂ;r écgwsf?nrt]sa Cos acvl
i :
t ;ulrol deg ‘;g‘é‘gﬁ?ﬁ @h‘a‘f’%’éolf‘y‘i’ E %lﬁi‘#“ggf)&é%h‘ﬁt?@?’ ordiéqpms%/rg{ 3 esi nat es, Y

ol eates, lpolyelecmélgs. nmbaay KMP ishReible GathRaRliesuefactafid bPME Quii&ﬁﬁr?hat e esters
and al kyl phosphog%f: al kyl amino .and imno nethyl ene phosphopates may

al so be udEgRonym 06%{%‘“%@%%%%@ With ep-Jenic fusisrtants may &g ns at

| east one @uiigwith Galty sl seReitpon chain having from8 to 22, preferably 10 to
20 carbon atons, and, in the case of ethers, one or nore gI yceryl and/ or

from1l to 20 oxyet hyI ene and/ or oxypropyl ene and/ or oxybutyl ene groups.
The microorganisms to be treated are usually bacteria, fungi, yeasts, and algae that grow in

aquatic environments,. Included in this classification are sulphate reducing bacteria, e.g.
Desulphovibrio, which may occur in oil installations, iron bacteria, e.g. Gallionella and slime
forming bacteria, e.g. Pseudomonas, which last are particularly roublesome in aerated

aqueous systems.

The water to be treated may be industrial cooling water, e.g. for power stations or chemical
plants or for steel or paper or brewing and may be used in closed circuit or in open circuit
involving evaporation in cooling towers. Altematii'/ely the water may be process water,
especially process water containing significant sources of nutrients for microorganisms such -
as process water for paper making plants and breweries. Injection water or drilling fluids for
oil fields or water produced from oil fields or water used in reverse osmosis plants, e.g. to

provide industrial processes or boiler feed water, may be treated.

Other aquatic environments which may be treated with the synergistic biocidal mixtures
according to the method for the invention are cooling or process water in board mills,
fertiliser manufacture, oil refineries, primary metals manufacture, e.g. steel or copper,
' 'pgtrochemicals, rubber manufacture, textile and fabric industries, industriél gas manufacture,
minerals recover, glass and ceramic manufacture, food industry, leather manufacture, heavy
.. . and light engineering, including metal fabrication and automotive engineering, furniture

i, manufacture, electronics industry and surface coating and adhesives manufacture and other
" manufacturing industries.



-10- WD 99/ 33345
PCTI EP98/ 08394 Preferred anionic surfactants are sodiumsalts. Qher salts
of commercial interest include those of potassium Ilithium calcium
magnesi um angsd/sseas nonoet hanol am ne, di et hanol am ne, tri epdEEesasione,
al kyl am nes containing up/to seven aliphatic carbon atons, and al kyl
and/ or hydroxyal kyl phosphonium The surfactant may optionally contain or
[conSi st | Eleﬁfpfdc_eﬁtiiﬁaI?mﬁpﬁedbwlbshe Jaaaerlxdnoaﬁ gbﬂlihﬁmidll :whaf:‘,tvﬁﬁr imﬂ%mksﬁp, e.g. a

err] al kanol am de, .of. a, rono or.di,- | ower al kanol am ne, such a cpgonut
nonoet han dl’%’gle‘?‘ndd‘ﬁ’é‘?“%rﬁ‘?ﬂ‘ﬁl beating pndaizcanditigpng AYSIRES B AT 2§90 e
present, iatddtifc teblidg FpipeRficdtaid Qadbdls, ShintiRing batBOhndes Relitgatfel fot saprol s,
pol yet'hoxyl'at ed mer capt ans, pol yet hoxyl ated carboxylic acids,
pol yet hoxydndmeging fPEIRES. pol yet hoxyl at ed al kyl ol ami des, pol yet hoxyl at ed
al kyl phenol s, pol yet hoxyl ated gl yceryl esters, polyethoxylated sorbitan
esters, polyethoxyl ated phosphate esters, and the propoxylated or,
et hoxy!| at ethednyenipwis@lsp apnlisabletethoepntrel affmigtobial ¢nntantinationan 4 wide nxigtyafed
noni ont Cs’aq%j:Au aeel %d@ct%.els&]exﬁxl\;hé( Lor%ﬂosﬁi{&F?Wﬁe ﬁ(f&gig ﬂ'ﬂl? vdRddeA 69
et hyl eneoxy ana’ or ropyl'eneoxy ‘gr oups. $0 Thel uded are

variety of solutions and emulsion compositions such as paints, cutting oils, bitumen and tar

emulsions, adhesives, weedkillers and ins;cticides, as well as to solid or concentrated
compositions for addition to water in the preparation of such products. The irvention,
therefore, further provides aqueous based products which are subject to microbial spoilage to
which has been added a bacteriostatic or bactericidal quantity of a THP salt, a biopenetrant
synergist as aforesaid and, optionally, a surfactant. Typically such compositions consist of
aqueous solutions, suspensions or emulsions of at least one functional ingredient, together
with a minor proportion of a composition of the invention, sufficient to inhibit growth of

microorganisms therein.

The systems to which the invention is particularly applicable are those involving the
circulation or storage of substantial quantities of water, under conditions favouring the
multiplication of bacteria, especially hardy bacteria such as P Aeruginosa, e.g. conditions
involving maintaining or periodically raising the water to super ambient temperatures
favouring bacterial proliferation, or maintaining nutrients for the bacteria in the water

systems.

The invention will be illustrated by the following examples:-

Example 1
THPS/WSCP mixture was compared with two commercial THP/anionic surfactant products
for control of legionella pneumophila.
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pol yoxypr opyl ene/ pol yet hyl ene oxi de copol yners,

pol yoxybut yl ene/ pol yoxyet hyl ene copol yners and

pol yoxybut yl ene/ pol yoxypr opyl ene copol yners. The pol yet hoxy,

pol yoxypr opylg ‘39’%9% pol yoxybutyl ene conpounds nmay be endcappeghodbdsth €- O
benzyl groups o reduce the foam ng tendency. Conpositions of our invention
may contain anphoteric surfactant. The anphoteric surfactant may for

exanple b ETﬂQf HOG a betaine of the formula:- [err] wherein each R
is an al ky C yT, al kenyl or alkaryl group and preferably at |east
one, and most preferably not nore than one R __has an average of from8 to
20, e.g. [RarameteB al i ph eqa,gar bon at onms and each other R has gn average of
from 1' Lo LR atosis WHO‘F&hdaXder i HaffEeguatennary
i m dazol i pe”betal nes of Q{Hi .ia%—:,.mg h % Z‘ érrftgul bhate
PCT/ EP98/ (W S 10 8 reynNTr AR eyetqgal kyl ,
al karyl or PR nol gr oupk, . ?Hl_(é nsnwégj enqltﬁ’{’ l?n L), 0 20 ali|phatic
car bon at grs—and—Rprefe rgpr;pa%gné“ W d Daydnes; At 26-—¢.g. 10 to 18
al i phati ¢ *ﬁ'o%nfnr%ﬁJ?LJaas-L—dt-o—uaubw—a&-en. . 5. O her
anphot er i ¢ \pH adjuster oric acid/borax buffer'as contained in the test
Medium
Test organism L pneumophila sg 1 (NCTC 11192)
Test volume 10ml
Contact temp 21 £ 1°C
Contact times 0, 3, 4 and 6 hours
Inoculum level To gtve an initial concentration of approximately
. 1x 105 cfw/litre
Preparation of Resuscitate test organism from Iyophilised culture.
inoculum Prepare 48h plate culture on BCYE agar. Hold at
- 14°C overnight. . Suspend in 10ml of test medium.
Test method Add Im! of biocide stock solution to 8ml of test
Medium. Control contains 9ml of test medium only.
At time Oh add 1ml of inoculum. After the
Appropriate contact times remove 1ml and make serial
10 x dilutions.
Enumeration method By performing Miles and Misra dilution counts
: onto BCYE agar plates.
Replication Spot 33 microlitres of each dilution in triplicate onto
" |dry BCYE agar plates to obtain 2 mean count of
surviving legionellae.
Plate incubation 37 £ 1°C
temperature
Plate incubation 7 days
riod
Expression of results |Give number of control and surviving legionellae and
the log 10 reduction in numbers of biocide-treated cell
suspensions compare to the appropriate controls.
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surfactants for use according to our invention include al kyl am ne ether
sul phat es, sul phobet ai nes and ot her quaternary am ne or quaternised _
i m dazol i ne sul phonic acids and their salts, and Zwitterionic surfactants,
e.g. N al kyl wowsssmes, carboxylated am do ami nes such as [ erci/eresnd3®m no
aci ds having, in each case!. hydrocarbon groups capable of conferring
surfactant properties (e.g. alkyl, cycloal kyl alkenyl or al karyl groups

having from8 to 20 ali phdtijcicaron afdns). Typical exanples include
2-tallow al kyl, 1-tall ow gnilgb al Kyly 3sicar boxynet hyl in dazoline and
2- coconut al kyl N—carboxyngg‘lzz (ydiixyal kyl ) im dazoline. Generally
speaki ng any wat er sol ubl g=dmtphotgric o¢r| Zwitterioni c surfactant conpound
whi ch conpri ses a hydrophdky[cTportfromimnicl uding [err] al kyl or al kenyl
group and a hydrophilic pag@igpn_cdntai piing an am ne or quaternary anmoni um
group and a carboxyl ate, s §ha%e ozsjﬂ honi c ‘acid group may be used in
our invention. Cbnposition&fﬁ1 our| invention may al so include cationic
surfactants. -12- VO 9345
PCT/ EP98/ 08394 =~ =
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The cationic surfactant may for exanple be an al kyl ammoni um salt having a
total of at least 8, usually 10 to 30, e.g. 12 to 24 aliphatic carbon
atons, especially a tri or tetra- alkylamoniumsalt. Typically

al kyl ammoni unygushsagd ants for use according to our inventi opoaspsgoefes or at
nost two relatively long aliphatic chains per nolecule (e.g. chains having

an average of 8 to 20 carbon atons each, usually 12 to 18 carbon atons) and

two or thrrgeexahplé bt ihveintalse Bdvwedahietior SerfidRinde 3y Edierkioh® FHIEAr bon at ons
each, e.g. nmethyl or_ethyl groups, preferably nethyl groups. Typical

exanpl es A&tk fpylaEons, Pr‘%ﬁg? Ripne andrie THPAlang in redugigplagkionc basresia t s
having one 8 to 20 C alkyl group two 1 to 4 carbon al kyl groups and a
benzyl group are also useful. Another class of cationic surfactant useful
accor di ng The examplp gaverdess thendalirfheifeamingwbservpd using sudfactantieontaining wherei n t he
al kyl gromoﬂP average of from8 to 22, preferably 10 to 20 carbon
atons. O her simlarly al kylated heterocyclic salts, such as N al kyl

i soqui noliniumsalts, nmay al so be used. Al kylaryl dialkylamonium salts,
havi ng an vera of from10 to 30 aliphatic carbon atons are useful, e.g.
those in Me al kylaryl group is an al kyl benzene group having an

aver age  ofAd aquso sbimtid® conpriaing 156% THParid 2% W SCPrairaddddasalgiiac Yebds ot her two

Qner 0 adueeed PR Pual e R, Whes Shedr DR e BTE A RO ST on

i ncl ude alrkdtiction in bacterial counts, compared with a control, after two weeks incubation.

At 500ppm the solution gave a total kill.

Example 3 :

An aqueous solution ‘E:omprising 50% THPS and 2% methy! carbitol (dicthylene glycol
monomethyl ether) was added to alginate beads infected with sulphate reducing bacteria.
When dosed at 250ppm, the solution gave a 100 fold reduction in bacterial counts, compared
with a control, after two weeks incubation. A mixture of 50% THP and 2% cationic
surfactant was inactive ﬁt this concentration. At 500ppm the so]ﬁtion gave a total kill.

The example of the invention also showed supérior performance to conventional THP
surfactant formulations, to methyl carbitol and to THP alone in controlling both sulphate

reducing and planktonic aerobic bacteria.

The example gave less than half the foaming observed using surfactant containing
formulations. '

The mixture also gives effective control over fungi and algae.

This Sheet Has Been Replaced
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I m dazol i ne or quaternised imdazoline salts having at |east one al kyl
group in the 'nolecule with an average of from8 to 22 preferably 10 to 20
carbon atons. Typical exanples include al kyl nethyl hydroxyethyl

I m dazol i ni unweadsxss4s al kyl benzyl hydroxyet hyl im dazoli ni uRCTRP2883%Nd 2
al kyl - 1- al kyl am doet hyl i ni dazoline salts. Another class of cationic
surfactant for use according to our invention conprises the am do am nes
such as tflthsmple(# med by reacting af atty acid having 2 to 22 carbon atons or

an ester, m | ar orm ng deriva vet neof, with a di
or poly a tfgﬁ ggm “‘ff& 5%1?'1%% BEHPENTE &P 8’"6‘? lg ‘g?'}?yl ene

triam ne, shlthﬁidt‘eV!oﬁnd)ﬂéh@@é &drﬂ&s&ﬁaﬁ&dsﬁﬁé&‘@:s@%ﬂﬁ&?m ¢He8ofutior gave 09T oup.
Quat erni sed am do am nes may sinmlarl - 13- \D, 99/ 33345

b |
PCT/ EP98/ deld seduptionin bagterial cormts afienige Wﬁ‘ﬂﬁes % rrgim%we AL SBWpALhe ﬁ‘?H"é%ﬂ g§CRavi ng

one [err] ahiih, FhOVMESE fobh @endrRed Whél Ay vadBubbied maswga.ltkeféysmups may al so
be used as cationic surfactants_in our invention. pi cal L% the cationic

sur f act antcontaipitige? SQpgm nhthe Activg binsidal miiwe e hh‘ﬁthiawl% TR plongie| y

Example 5

The alginate bead test of Example 1 was repeated using general heterotroph bacteria and a
residence time of two hours. For comparison we used the most commonly used commercial
THP biocide product which is an aqueous solution comprising 50% THPS and 2% of an
anionic surfactant available commercially under the Registered Trade Mark "DOWFAX"
2A1,

Various mixtures each comprising 50% THPS and 2% of biopenetrant were compared at
250ppm and at 125ppm dosage. The log reduction in bacterial counts is given in the table.

TABLE
"BIOPENETRANT FUNCTIONALITY | LOG REDUCTION
Comparative Surfactant :
250ppm ' 3.7
125ppm 3.0
Sodium xylene sulphonate Hydrotrope
250ppm 4.7
125ppm 2.7
| THP/urea condensate *Syntan"
250ppm 5.00
125ppm 3.70
Formaldehyde/dihydroxyphenylsulphono "Syntan"
poly condensate
250ppm : 4.0
125ppm : 2.7
Urea Hydrotrope
250ppm ' 6.7
125ppm 4.0
=21-
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i oni sed group, usually conprising a nitrogen atom and either one or two
al kyl groups each having an average of from8 to 22 carbon atons. The

ani onic portion of the cationic surfactant may be any anion which confers
wat er sol ubi lyd yysagdch as formate, acetate, lactate, tartrgapgmp At e,
chloride, nitrate, sulphate or an al kyl sul phate ion having up to car bon
atons such as nethosul phate. It is preferably not a surface active anion

such as apfth@@se Rk bisherethitdR iR iNennIBHNE ﬂﬂ:&lee Bftfcfial fda'vu} Edh%dr&fit ed
ani onic, nonionic or cationic surfactant may al so be useful” in

conposi t | Witkthgsuréagtant inba-gamparativeensmele, yxd @mwbstanﬁaéldﬂ%sn fopming

pol yfl uorinated al kyl sul phates and pol yfl uori nat ed quat ernary anmoni um

conpounds. Conpositions our invention nmay contain a sem -polar surfactant
such as aExsmpleé oxide, e.g. an amine.oxide containing one or two
(preferab. I oL [ enai uhst

substit uen BSC%E g’}"n%%pr&rf‘ Léﬁ%’l ﬁ%\%}@;swgﬁm ‘{]\Xﬂga e "rc[ogsg?tﬂﬁ{%lwbr oups

or benzyl swfactamsind E%rdlethxlémrglxcomeﬂmeﬂgdeﬁnm 'Ilhemlmmcgade mgatbnlogur i nvention

are surfactants
sur f act anteaucyions
a hydrophobi c solid surface.
foans to a substantial extent.
surfactants may be used.

Gremess an oo e o

Sl i

it

54 el B cGpbfaie i mouhy

In part| cuI ar

[ nts y such

g’é’é‘ %ﬁ%%g'gget en water and

We prefer surfactants which do not stabilise
M xtures of .two or nore of the foregoing

m xtures of

N

Ntk egl
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non-ionic surfactants with cationic_and/or anphoteric and/or sem polar
surfactants or with anionic surfactants nmay be used. Typically we avoid

m xtures of anionic and cationic m Wilich are often less nmutually
conpati bl e. - V\D 99/ 33345 Im"llﬁﬂﬂ HHI,I | |I PCT/EPS8/08394

PcTi EP98/ 08394 E?re?erabl y the THP and the Surfaltant are present in a

rel ative wei ght concentration of from 1:1000 to 1000:1, nore usually 1:50
to 200:1, typically 1:20 to 100:1, nost preferably 1:10 to 50:1, e.g. 1:1
to 20:1 especially 2:1 to 15:1. Ef f eELABMSdoses of the mixture are
typically fromO. 5 ppmto 2,000 ppm nore usually 2 ppmto 1,000 ppm e.g.
5 ppmto 500 pp lally 10 to 250 Slt itionally
contain otRer bf*dd Y SYRRTRipUC i é’ﬁﬁ‘é‘nﬁﬁf" Pglﬁ tﬁeggaéa&g%al e

i nhi bitors, cor nmsswfactantblbpmgtﬁm;artﬁt(mwnalbca\sm@mﬁ and/ or floccul ants. Our
i nvention includes aqueous solutions containing a biocidally active
concentration of a co 03|t|o of ’téﬁ'g |nvent on utions. may be

wat er syst éns . of* OHPeSien &P st { ¥hewsin Fﬂ‘i”h@}“h‘iﬁ&ﬁ'%&?‘ ™gr edi ent s
as described i ncéiapri’seiéﬁolj’rﬁﬂr orQ@opolyymerchdvinga plhsitity of quaternary ammonium

groups, a hydrotrope and/or a syntan.

3. A composition according to claim 2 comprising as biopenetrant a compound

having a polymeric cation with the formula R

e "I

R wherein each R is a divalent
organic group constituting, with the ammonium group, a monomeric residue, or is
separately selecfed from two or more cornonomenc resxdues and each Risan alkyl

dﬂtul{;aroxyaﬁcyl group, X is hydrogen or a monovalent i inorganic or orgamc end
he cappmg umt and nis from 3 to 3000

Bigio.

4. A composition according to claim 3 wherein the non-surfactant biopenetrant is a

'm'et_hylgted polyethylene polyamine comprising a polymeric cation of the formula:
CH3[N®(CH;);,CH:CH,J:N®(CHs)s
- where n is from 2 to 10.

taf A ccmposmon according to any foregoing claim wherein the non-surfactant

Blopenetrant comprises poly[oxyethy]ene(dlmethyhm:mo)emy!cne
(d:_mpthyhmlmo)ethylene dichloride).

composition according to any foregoing claim wherein the non-surfactant

r I;iopmeu'ant comprises a water soluble glycol ether.
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I ncl udes anhydrous, and concentrated—agueous;—fornmul ati ons adapted to

provi de the aforesaid products i ' ' wat er. Scal e or corrosion
i nhi bitors which may be added tlmg ﬂ ' ﬂm e treated in conjunction
with the preggbassayention incl c @S, pol ymal eapesep9s/nsios

pol yacryl ates, pol ynethacryl ates, pol yphosphates, phosphate esters, soluble
zinc salts, nitrite, sulphite, benzoate, tannin, |igninsulphonates,

benzotri azoj es aNhnMREEBRLRBRAMERS BbiRrOWRsrein shid dterkilicd hasahy RAhuieNal
anounts. The scal e and/or corrosion inhibitors nay be added to the water

separately fromor in association with the phosphoni um conpound and
surfactant. There may be added to;¥§@R%9§: RO be treated oxygen
scavengers, flocculants such as pol yacryl'am de di spersants, antifoans such
as silicones or polyethyl eneoxyl ated antifoans or other biocides such as

tin conmpounds Ofﬁ;ﬁﬂe&%a@h R%Qlln&ﬂﬁ%r ngﬁ%éé?, Op?%&i&é&%ﬂ?t the total number of carbon

PCT/ EP98/ 08394 e mXxture accor ur 1nvention nmay be prepared in
situ by adding tadwnspéePmolequle dpaspovexesedrdt R'Sya aver bydrocgron@prupskchl thit t he

sur f act ant separtﬁégéxﬁohﬁd&%m%@%e&\éﬁigmé&.be treated. Alternatively and

preferably the conporrents may rem xed, erther alone,

8. A composition according to claim 7 wherein the non-surfactant biopenetrant
comprises diethyleneglycol methyl, ethyl or propyl cther.

9. A composition according to any foregoing claim wherein the non-surfactant
biopenetrant comprises an alkyl benzene or alkyl naphthalene sulphonate having
less than 5 aliphatic carbon atoms.

107" A 'é;&xpésiﬁ:dn; according to any foregoing claim wherein the non-surfactant
" biopenetrant comprises a condensate of formaldehyde, acetone and/or THP with a
phenol, aryl sulphonate, sulp_hone or sulphonamide, or urea, melamine, C; v 14

alkyl amine or dicyandiamide.

11" A composition according to any foregoing claim wherein said biopenetrant

comprises urea and/or a urea THP condensate.

12. A composition according to any foregoing claim where said biopenetrant is a

phosphono polycarboxylic acid,

13. A composition according to any foregoing claim consisting of an aqueous solution
wherein the concentration of THP is from 10 to 75% by weight of the sotution and
the concentration of non-surfactant biopenetrant synergist is from 0.1 to 10% by
weight of the solution.
TR
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provided that they are mscible i'nthe desired proportions, or with water
or other solvents including [err] E“ﬂﬂnlm\ﬂﬂti | yhydri c al cohol s,

ket ones, or dispersants such as pgm WliTypically THP is miscible
W th cati oni ov@a¥33a4st ant s 'pf t he quat érnary" anfmoni um and p hesSHsERSAI083%: t vy pe,
but mxtures with non-ionic surfactants may require dilution with water or
sol vents, e n compasijioniasepsdingtopay foregringrlaimeaddisiontllycompisegiaa, f ungi ,

yeasts, and al %ﬁ?‘fa&&]ﬁ“ grow in aquatic environnents,. Included in this
classificationare sul phate reduci ng bacteria, e.g. Desul phovibrio, which
may occur in oil installations, iron bacteria, e.g. Gallionella and sline

form ng bacteriga, e.d..Pseudanopas,. igh l,agt are particularly troubl esone
in aerat _'e'd_%aq'ueg.ﬁgmg%ﬂ°€ﬁ§?°r$ﬂ%{z\lﬁzﬁl‘_'€_\rwt"§’w aﬁeéﬁﬁf%&tﬁfrﬁén‘i ‘H&&‘E&h‘m

cool i ng wat er, grofortibrosf fMS0:1 & BRO0BASeddn thEREighedf the THPS or for steel or
paper or. brewing and may be used in closed circuit or in open circuit

i nvol ving evaporation li_n_ g_:oQI ing towers. Alternatively the water may be
process wajgr’, gm%ﬂﬁeaﬁﬁ@@s@s@?&%sﬁg?év@h@hmﬁr%}héoeqﬁefomurces of
nutrients for mcroorgani snms such as procéss water for paper making plants
and breweries. onfamipgtign, whitheeomprisesradding thereto,(ipgpsher or seppuately, theds or wat er
produced from o} h&ds ( 880 H568ido . is plants, e.g. to
provi de ‘i ndust réldgr&%%lo%gsaggsm\ﬁggrx %no#ﬁégnﬁgg‘éé%g%ﬁn%%ay e treated. O her
aquatic environments which may be treated with the synergistic biocidal

M XLUTES 17, | A method according to claim 16 wherein the total weight proportion of THP and

- - biopenetrants dosed to the system is from 2 to 1000ppm.

Ay = - - . s emm e e
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————
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according to the nmethod, for the invention are cooling or process water i
board mills, fertiliser manufacture, oil refineries, primary netals
manufacture, e g. steel or copper, JQetrpghey cals,,rubper ngpufagture,
textile and fabric industries, ghg\strfals gasg mantifactlre, smpgrag s
recover, glass and ceram c manufactures fPot§ Mdusiry,s| eat mey mequf acture,
heavy and | ght engi neering, in€luding hetat® fabrftat?fdh and®*autonotive
engi nWOPRPB43f urni ture nmanufacture, el ectronics i ndust PFTERSOS4 ace

coating and adhesi ves manufacture and ot her manufacturing industries. -16

WD 99133345 _ PCT/ EP98/ 08394
The process is al 8 AND FREATMENTSher nal wat er, water

in donestic. industrial and institutional central heating and air

condi tioning systens and water used for hydrostatic testing of- pipelines
and VgRs ﬁesemsweﬁﬂ@mmtbwgimmeawimmmyamwm phasghotiirne
engi nes. The invention is also applicable to the control of nrcrobial
cont ahiogiges withicartzin ppardoaming brgpepstragtfucous based products. For exanpl e
conpositions of the invention nmay be added to a

GB 2 145 708 describes biocidal uses of tetrakis (hydroxymethyl) phosphonium salts, which,
together with their parent base, tristhydroxymethyl)phosphine, are referred to herein
collectively as "THP". US 4 778 813 describes the biocidal use of quaternary ammonium
polymers. GB 2 178 960 describes synergism between THP and surfactant. GB 2 228 680
describes synergism between THP and certain aldehydes.

EP 0 385 676 describes compositions which comprise THP, a synergistic amount of a
thiocyanate biocide and a glycol ether as solvent for the latter.

US 3644 083 describes the use of THP with nitrogenous organic compounds as flame
retardants.

GB 2 257 043 describes the application of THP to wood in conjunction with quaternary
surfactants to control sapstain.

THP formulations are increasingly widely used as biocides for water treatment in treating
cooling water, process water ¢.g. in pulp and paper manufacture, drilling fluids and other
aerobic water systems, as well as in anaerobic systems such as oil field formation water,
injection water, produced water and water used in hydrostatic testing. Advantages include
rapid and effective bactericidal activity and environmental acceptability. Particularly in
systems where slime forming bacteria proliferate (e.g. in aerobic systems such as cooling
water) it has been found desirable to use THP formulations containing synergistic amounts of
a surfactant according to GB 2 178 960, in order to improve cost effective biocidal action. It
is believed that the surfactant aids the penetration of biomass by the THP. However such

formulations cause foaming problems. Attempts to combine THP with other biocides (e.g.
-1-
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vari ety of solutions and enul sion conpositions such as paints, cutting

oi I's, bitunen and tar enul sions, adhesives, weedkillers and insecticides,
as well as to solid or concentyatgd cqposjtions §or «additson §o water in
the preparation of such producges= 2sThes i gventi on,*s heteforg, ¥0rther

provi des aqueous based products W8i ch arse g¢bffects to i ¢robral *Spoil age to
whi ch has been added a bacterivstatic ¥ b¥cterittdal®quanflty®bf a THP
sal t, W@ $BB3Yénetrant synergist as aforesaid and, opti on2F¥EES/B8384f act ant .
Typically such conpositions consist of aqueous sol utions, suspensions or
enmul sions of at |east one functional ingredient, together with a m nor

pr opoaldehyrdes) whichalenos cause foasming Have Rothren ghle ta pravide sgh effectivehi bit growt h

par {1 BipeeP SR REsibilSifle ol bBMERE BRaP VY Ellal BESUBMER B | o o
subst w&&&h&mpﬁdﬂém_ wat er, under conditions favouring the '

mul tiplication of bacteria, especially hardy bacteria such as ‘P Aerugi nosa,
e.g. conditions involving rmaintaining or periodically raising the water to

SUDET \ARAR ot SUBRERNEE SORBNHDLLE F1BE Rl BliflBhlsh 5k Mbpeflrants

mai nt ai utrients for t cteria in the water systens. "The 1 nvention
will  lppoviidd stenphi sytledgistic biocidal formutationscwhivhgive exgellanp penetratieire! WSCP i xt ur e
RS O e and hprovol acivily Hgaibl Pt bactiti SRS Lali WL Sive

foam. We have further discovered that mixtures of THP with a surfactant, and with a non-

surfactant biopenetrant give a marked ternary synergism, permitting improved biocidal

efficiency with reduced foaming.

Our invention provides a biocidally synergistic mixture comprising THP and at least one
THP-compatible, non-surfactant, biopenetrant synergist together optionally with a surfactant
characterised in that the non-surfactant biopenetrant is selected from quaternary ammonium
polymers and copolymers, an alkyl benezene or alky! naphthalene sulphonate having less
than 5 aliphatic carbon atoms and/or a phosphono polycarboxylic acid. -

According to a second embodiment the invention provides a method of treating aqueous
systems contaminated, or liable to contamination, with microbes such as bacteria, fungi or
algae which comprises applying thereto separately or together a biocidally active amount of
the components of a synergistic mixture of the THP with either a non-surfactant biopenetrant

as aforesaid or a syntan.

The aqueous system may, for instance, be contaminated with bacterial slime and/or
planktonic bacteria. The invention is of use for treating aerobic systems such as cooling

towers and also for anaerobic systems, such as oil wells, e.g. during secondary recovery.

The THP is conveniently present in the formulation as a salt, but is preferably used at a pH
sufficient to form the base. The salt is preferably the sulphate, chloride or phosphate.
However any water soluble salt may be used including the phosphite, bromide, fluoride,

carbonate, acetate, formate, citrate, borate, or silicate. In fact any counter ion which is
H
-2.
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for _control of |egionel|la pneunophila. -17- WO 99/ 33345
PCTMEP98108394 METHODOLOGY Par anet er Details Test nmedium

Sterile WHO Standard hardnesg wajer (fotgal hardpess.342nmelitee[err]) plus
3ng litre[err] iron as ferri ¢esud ph3tes Bi ofi dess °o ¢ $tock sol utions
10 x the concentration to bestestedArg prepared i neWHO st*@andded har dness

wat er pH 8.0° 0.2 pH*adj &ster °*** ***Boric achi*d/ bor ax
buf f B0 9983¥6nt ai ned in the test Medi um Test organi sm PCTEPR#ME¥Mrophil a sg 1
(NCTC 11192) Test vol une 10m Contact tenp 21 1ferr]C

chemicaily compatible with the THP may be used, the main criteria for selection béing
economic. Oxidation of THP to tris(hydroxymethyDphosphine oxide (THPO)should be
avoided and oxidising agents for THP are preferably substanhally abserlf_.’ The compfi;ition
may contain oxXygen scavengers to minimise oxidation by atomospheric oxygen. The pH of
the composition may be below 3.5 to avoid THPO formation during storage but the pH on
addition to aqueous systems is preferably between 3.5 and 9 and more preferably less than 8.
e.g. 4 to 7.5. High alkalinity e.g. above 10 is preferably avoided. The pH of the aqueous
system may optionally be adjusted by addition of alkali or acid as appropriate.

- 2A-
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Contact times 0, 3,4 and 6 hours | noculum ]l evel To—grveam 1 m
concentration of approximately x 10[err] cfu/litre Preparation of
Resuscitate test organismfrom| yoph| lised culture. inoculum

Prepare 48h plate culture onBCYE.aga : .Fbid W 4[elr] C2over,mrghte, Suspend
inl OM of test nmedium Test nethod o & °*Add.lm sof diqci*des oLerk

solution to 8m of test Medium sCorkrofeebniel ns 9% o, tes@ fregium only.

At t Wa99BB34add 1m of inoculum After the Approprlatep(g 8394 es renove
1m and meke serial 10 x dilutions. Enunmeration .nethod By perforrri ng Mles
and Msra dilution counts onto BCYE agar plates. Replication Spot 33
mi cr Aini impestantfclass ofihyfirbtmepes fori use aedopding tor @ur dnteption GormrTises thgdewer at es to

(i[b'[e?:ﬂ?%%fﬂ?ﬂ}&m% \%texs' lsjorlgﬁl\é 'sﬁg L Sgéoﬁﬂl%, lp@&ssxﬁhaﬁrﬁmbﬂﬁﬂp&ts!aﬂgof 37.
benzene sulphonic, toluene sulphonic, xylene sulphonic, ethyl benzene sulphonic or cmnene
sulphonic acids are very effective. Generally, alkylbenzene sulphonic acids havmg up to four -
or even five aliphatic carbon atoms shown hydrotropicity but not significant surfactancy.

Above six aliphatic carbons, e.g. sodium octyl benzene sulphonate, surfactancy prgdominates
over hydrotropicity. Naphthalene sulphonates are also useful as non-surfactant biopenetrants,
e.g. alkali metal C).4 alkyl naphthalene sulpnhonates. Urea is also an effective hydrorope.

A further category of non-surfactant biopenetrants comprises syntans. The latter include a
variety of resins and prepolymers which are used in the tanning industry as an alternative to
tannin or chrome.

Animal skins comprise a layer of collagen, and tanning agents react to cross link reactive
sites within the collagen. One effect of this reaction is to increase the minimum temperature
at which the leather tends to shrink in hot water.




Pl ate i ncubation 7 days period Expression of results G ve nunber of
control ‘and surviving |legionellae and the | og 10 reduction I'n nunbers o7

bi oci de-treated cell suspensions conpare to the appropriate controls. WO
99/ 33345 20 0o o e et os oo et
PCT/ EP98/ 08394 [err] WO Q043835 ¢ e o IR

PCTJEP98/ 08394 The exanpl e of sthe i nvgpti (:):n: al snghgf@d' sapérités

per f swowng®st o conventi onal THP surfact ant formil at i ONBCTEWNOBP al one and
to THP alone in reducing planktonic bacteria. The exanple gave |ess than
hal f the foam ng observed using surfactant containing formnulations.

The biopenetrant synergist is not usually present in a greater weight concentration than the
THP, although higher concentrations ‘by weight based on THP, e.g. up to 10:1 or evexi; 100:1
are technically possible but commercially undesirable. The proportion is preferably'l."é_'e'é than
50% by weight based on the weight of THP, more usually less than 20%, typically less than
10%, especially less than 5%. Although very small amounts may be effective we prefer to
use proportions of biopenetrant greater than 0.1% based on the weight of THP, usvally
greater than 0.5%, especially greater than 1%. '

The biocide is typically supplied as a 10 to 75%, e.g. 20 to 60%, especially 30 to 50% by
weight aqueous solution of THP containing from 0.1 to 10%, e.g. 0.2 to 5%, especially 0.5 to
2% of the synergist, based on the total weight of the solution.

Alternatively the compositioxi may be supplied as a solid formed by coating THP onto, or
absorbing it into, a powdery or granular or porous acid substrate such as adipic acid.

The mixture is typically used at a dosage of 1 to 1500ppm by weight THP based on the
weight of water to be treated, usually 2 to 500, especially 5 to 250, e.g. 10 to 150.

According to a particular embodiment it has been found that mixtures of the aforesaid
biopenetrant synergists with surfactants and THP salts provide an enhanced synergism. Such
mixtures can provide even more effective biocidal activity, at substantially lower levels of

both biocide and surfactant than are required for conventional mixtures of THP salts and
surfactant.

Our invention accordingly further provides a biocidally synergistic mixture comprising:
(A) THP; (B) at least one non-surfactant biopenetrant as aforesaid; and (C) surfactant.

The invention further provides a method of treating water with a biocidally active amount of

said synergistic mixture.




Exanpl e 2 An aqueous sol-ution conprising 50% THPS and 2% WBCP was—attes
al ginate beads infected wth sul phate reduci ng bacteria. Wen dosed at
250ppm sol ution gave a 100 fol d reductjon |n bacterial counts, conpared
with a control, after two weekssd n@ubatlonq At 50033pm1 he sowtr'b,n gave a
total kill. - 20- VO 99/ 33345 ° s ool o o "eet a0l

Xl i/P908lt94~ Exanple 3 The alwgi nate 'bead deest ofuexarrpl ese2” and 3 was

r epeaVed¥8¥shg sodi um napht hal ene sul phonat e/ f or mal deh PEEEESMM4sat e as the
synergi st As 250ppm the solution gave a 100 fold reduction in bacterial
counts after two weeks incubation. At 500ppm the solution gave a total

kill. The volume of foam generated when air was bubbled through the system

t f ot t d t h at THP
o O The Skt O fyebich 5 SoFed sterief peorkiatfodorvarton bR g uei ng
gener girktahPopmatation) (" WECH dlonedifd t8 THP alone in reducing planktonic bacteria.

‘The exaxﬁple gave less than half the foaming observed using surfactant containing
formulations.

bk ol < N )
B AT IRats e )

Example 2
An aqueous solution comprising 50% THPS and 2% WSCP was added to alginate beads

infected with sulphate reducing bacteria. When dosed at 250ppm, solution gave a 100 fold
reduction in bacterial counts, compared with a control, after two weeks incubation.

'At 500ppm the solution gave a total kill.

-20-



residence tinme of two hours. For conparison we used the nost €t

comrer ci al THP bi oci de product which is an aqueous sol ution conprising 50%
THPS and 2% of an anionic surfactant available commercially under the

Regi stered Trade Mark "DOWFAX' 281..dari0bs, Mxtures egeh cowprl séNg 50%

THPS and 2% of bi openetrant were.cbrﬂ)ar ad af 2:5Qppn;and- at Z?Kpmdosage

The log reduction in bacterial céunts i8.gtveyt in Lma

Bl OPEXRBPRAIS FUCTI ONALI TY LOG /@Q&@Sﬁ%ar ative
Surfagiﬁﬁl 350ppm : 3.7
125ppm < 3.0 Sodium

xyl e n'éhesalglpm rbeadbtest of examplepil and 8 vins eepRBEA psing sodium naphthalene
4.7 12

cond ogatelformaldehyde condensagi/ﬁtg?]synf%%pﬁs 250ppm the solution gave a 1(?0 7 THP urea

5. 00 fiPRAGMIon in bacterial counts after two weeks mcubauon. At 500ppm the solutxon gav% a7 0
For mal dehyde/ di hydr ox Phenyl su " Synt
total kill. The volume of foam generated when air was bubbled through the system

containing 750ppm of the active biocidal mixture was half that using THP alone.

Example 4

The alginate bead test of Example 1 was repeated using generally heterotroph bacteria and a
residence time of two hours., For comparison we used the most commonly used commercial
THP biocide product which is an aqueous solution comprising 50% THPS and 2% of an
anionic surfactant available commercially under the Registered Trade Mark "DOWFAX"
2A1.

Various mixtures each comprising 50% THPS and 2% of biopenetrant were compared at
250ppm and at 125ppm dosage. The log reduction in bacterial counts is given in the table.

. TABLE
BIOPENETRANT FUCTIONALITY | LOG REDUCTION

Comparative Surfactant

250ppm 3.7

125ppm 3.0

Sodium xylene sulphonate Hydrotrope

250ppm 4.7
| 125ppm 2.7

THP/urea condensate *Syntan"

250ppm 5.00

125ppm 3.70

Formaldehyde/dihydroxyphenyisu "Syntan"

Iphono poly condensate

250ppm 4.0

125ppm 2.7

Urea Hydrotrope 67

250ppm .

125ppm 4.0

- 21~




| phono poly condensat e .250ppm

4.0 125ppm 2.7 Uea
Hydr ot r ope -250ppm .. 6.7
125ppm $e o0 *"20°% A 0es 21-0"% JMOW99/ 33345

PCT/ EP9s/ 80394 | n each case t%h& i openet’salite of ot he si nwehisiddheShoved

i nproved biocidal activity c@ nparedewi thefhe sibef adwant i«? tsh@ conparative

exanWa9933#§ gave substantially |ess foamng. - 22-  PQWERSSPS3845
PCT/ EPn8/ 08394 .

In each case the biopenetrant of the invention showed improved biocidal activity compared

with the surfactant in the comparative examplé, and gave substintially less foaming, .

-722-
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CLAI M5 1. - rocidally synergistic m xture conprising THP, at Teast one
THP- conpat i l n 4int bi openetrant and, optionally, a surfactant,

characteri s\%‘@‘ﬁmlmr“m Mlbi openeter anted S & pol yner o0s copebynes, having a §
plurality ofsquaternarys anfroni ubtdreoupd, @ahd/oor ahsal kY1 bdnz@de dr al kyl '

napht hal ene sul phonate having | &ss sthab 5 allplatit catbon &fdns sand/ or a
phosphono pol ycarboxylic acid. 2. * A tbnpbsitiofi®actdldind*to®¢laiml

conpr M BE3HS bi openetrant a conpound having a pol yneri BB%%%i t h t he
formula Rerr] [err] R V\herem R is a divalent organic group
constituting, with the amoni um . a nononeric residue, or is

separately selected fromtwo or nore conononeric residues and each Ris an
al kyl 10r hydbiexidaliksynegpisticpnixitre sorhyrikingEHPpat leastronecVAPeompatiblegani ¢ or

organic end capping unit and n js from3 to,.3000., 3. . .. A.cqnposition
accor di ng mnéﬂm%mmmtﬂé%%@@mm%%%%ﬁ%ﬁﬁé

nmet hyl at ed ] RS ,ﬁ-aml "ﬁ,‘aﬁ,ati.,.og of _the
fornul a: [ebr?ﬁeﬁ%erke Ri |Hsaﬁ%r¥omg {0 io.hﬁgg@l of Guates

ammonium groups, and/or an alkyl benzene or alkyl naphthalene sulphonate”
having less than 5 aliphatic carbon atoms, and/or a phosphono polycarboxylic acid.

2. A composition according to claim 1 comprising as biopenetrant a compound
having a polymeric cation with the formula R!

|7 @
X-ER N}X
I n
1

R

organic group constituting, with the ammonium group, 2 monomeric residue, or is

wherein each R is a divalent
separately selected from two or more comonomeric residues and each R is an alkyl
or hydroxyalkyl group, X is hydrogen or a monovalent inorganic or organic end

capping unit and n is from 3 to 3000.

3. A composition according to claim 1 wherein the non-surfactant biopenetrant isa
methylated polyethylene polyamine comprising 2 polymeric cation of the formula:

CH;[N®(CH;).CH,CH;]:N®(CH3)s

where n is from 2 to 10.

4. A composition according to any foregoing claim wherein the non-surfactant
biopenetrant comprises poly[oxyethylene(dimethyliminio)ethylene
(dimethyliminio)ethylene dichloride].

-23-
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4. . A conposiyy
non-surf act an'f”ﬂl’
pol y[ oxyet hyl ere

- to any foregoing claimwherein the
g;ﬂuﬁi[@%m”rﬂ npri ses .

i met Iam i 0) et hyl ene (di met hyl i m ni o) et hyl ene
dichloride]. - 23 - WO 99/ 33345 .5 .*°..°". oL se o
t EPOMB394* 5. A conposi tion agcorying tpeany foregoi mg cleai decobsi sting

of an_aqueous sol ution wherein tQe cpncepiraglon of.:‘.I'HE:i s' fr*éh 102to 75%
by wehe9/33345t he sol uti on and the concentration of non- &0T/ERSbs9e®

bi openetrant synergist is from0.1 to 10% by wei ght of the solution. 6.

A conposition according to any foregoing claimadditionally conprising a
sur f adt ant A7compositioncarpardinig) to any faregaingiclaino codsasting df anbpesusisdiittyns ur f act ant
is present i.n a. weight praportiqn.of fram5Q:1 to 1:200 based on the wei ght
of Phe: Tripwigrotn thoednteabR oF TP 2 fomUieov ey Sykboking solpioniadk i i i

Or T eMDVE hdEdRbrittaribh /i A6 Sérbichin biYeidirabP SRklpR 5s A6 000! 1061 B O L et her

or separately, t
weight of the solution.

6. A composition according to any foregoing claim additionally comprising a
surfactant.

7. A composition according to claim 14 wherein the surfactant is present in a weight
proportion of from 50:1 to 1:200 based on the weight of the THP.

8. A method for treating aqueous systems to prevent, inhibit or remove microbial
contamination, which comprises adding thereto, together or separately, the
components of a biocidally synergistic mixture comprising THP, at least one THP-
compatible non-surfa;:rant biopenetrant and, opﬁoha.lly, a surfactant, characterised
in that said biopenetrant comprises a polymer or copolymer, having a plurality of
quaternary ammonium groups, an alkyl benzene or alkyl naphtalene sulphonate
having less than 5 aljphatic carbon atoms and/or a syntan.

9. A method according fo claim 8 wherein the non-surfactant biopenetrant comprises
a condensate of formaldehyde, acetone and/or THP with a phenol, aryl sulphonate,

sulphone, sulphonamide, urea, melamine, C; 4 14 alkyl amine or dicyandiamide.

10. . A method according to claim 8 or 9 wherein said biopenetrant comprises urea
and/or a urea THP condensate.

11. A method for treating aqueous systems to prevent, inhibit or remove microbial
contamination, which comprises adding thereto, together or separately, the

components of a composition according to any claims 1 to 7.
- 24-
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conmponents of a biocidalTy Synergistic mxture conprising THP, at | €3

THP- conpaﬂulnﬁ""ﬁ ant bi openetrant and, optionally, a surfactant,
characteri m H mbl openet rant conpyd ses a, polymer gr cgpol yner,
having a pldrafity of dquaternaryetfifoni Imegtodps, #h atkyl bengene or al kyl
naphtalene sul phonat e havi ng Ies§ tRan $ & iMatic parupn'atons aﬂd/or a
synt an, A net hod accordi ng®to *cl ai 8 ttherei 1*% ht**non- sur fect ant
blopeﬁ@??%ﬁqﬁkonprlses a condensate of formal dehyde, acBt FFas%8 or THP

wi th a phenol, aryl sul phonate, sul phone, silphonam de, urea, nelam ne,

Cerr] akyl am' ne or di cyandi am de. 10. A nmet hod according to claim8 or
9 wherein said biopenetrant conprises urea and/or a urea THP condensate.

L o A e OB ) S sﬁéf@%gh%g&msf emove

separately, Tmhand:bmpam&amsdoiedaodm*qystsmns&mm:mdrooomgnto any cI ains 1to 7.
- 24- "WD 99/ 33345
PCT/ EP9s/ 08394
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12.

: A net hod according to any of clains 8 to 1
wei ght proportion of THP and bi openetrants dosed to the syst

O ot

| wherein tR& totar 1 &

2 to 1000ppm - 25 -
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