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processes 0 i'zi ng these m cr obi oci dal conpositions
I nhibiting the growh of 5 m croorgani sns i n aqueous.systens. More
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OF THE | NVENTI LD OF l'iferation of m croorganisns and

resul t ant f ' J ' [ ccurs in
%ﬂ&i};iréo%éﬁt SJAJE:}pJTiSorF‘ ﬂlﬁe@“é@ gﬁ*}::%‘riénﬂiwi&’af

many aqueous systers, | ematic slinme produci ng 15 Croor gani sns
i ncl ude bact ercampagitianse and v Rredesaes of utigizine thekering bacteri a,

fungi and al 93@ crdBiBeidal corft ichs FBPUnhfIting R grdwtipids al
aqueous syst erns, I hcl udj ng cooling water systens, pulp and:ﬁgger mll

syst ens,5 pet r HEHAGFASHHLN [GEHRAUS RYFERARS callere RArticylax
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CKGROUND OF THE INV ON
The proliferation of microorganisms and resultant

formation of slime is a problem which commonly occurs in

many agueous systems. Problematic slime producing

15 microorganisms include bacteria, airborne microorganiSmé;
sulfate reducing bacteria, fungi and algae. Slime
deposits commonly form in many industrial agueous systems
‘including cooling water systems, pulp and paper mill
systems, petroleum operations, industrial lubricants,

20 cutting fluids, coolants, etc. The formation of slime
by microorganisms in these systems is a significant and
constént problen. _

. For example, slime deposits deteriorate cooling
towers made of wood and promote corrosion when deposited

25 on the metal surfaces of cooling water systems. |
Furthermore, slime deposits tend to plug 6r foul pipes
and valves and reduce heat exchange or cooling efficiency
on heat exchange surfaces.

Pulp and paper mill systems opérate under conditions

30 which encourage the growth of microorganisms and often

" results in fouling problems. Moreover, microorganisms
can form large slime deposits which can become dislodged
and show up in the paper product as spots, holes or
tears. This necessitates shutting down the paper making
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2 process to clean the equipnment 2 and results in | ost

production time. Slinme may al so be objectionable fromthe

st andpoi nt processftol ckehnntbe equipmentatand resbletseinelosti neries, 5
dairies and S | food and beverage process - water

syst ens. Nbrg%§§?c£§§ f%?hgredu0|n bacteria are ~often problematic

in waters used foflime mayoadaeybe obJeCth@nablq fropcthe| standpoint oi |
drilling in sfneiaannness aﬁarssﬁﬁeﬂtfontbﬁssre&aﬁﬂééﬁswiﬁéyfésfsul fates

present in he i.nj ect forminsoluble iron sulfide
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gal vani ¢ actwater systems. M&héoﬁéﬁlIé@lﬁ&t@ﬂréﬂu&&ﬁéEma@téﬁisaire
contan1nat|on ticants_and cutt%ﬁg I S a,common probl em
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found in nanyeueVerywofkpegrplenmsorIforsot&tdrulllng imegerseraY.to discard
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Accordi ngly, cause o ore ens I n I OUS Tndustria
procek@es, ﬁﬁh%r%ﬁ%eﬁtbendﬂ#tﬁﬁttﬁl%9%m 1nsolub1e iron sulfide
: deposits and may enhance corrosion of metals by : ‘

accelerating galvanic action. -
The proliferation of bacterlological contamination
in lubricants and cutting fluids is a common problem due
15 to the elevated temperature and unsanitary conditions
found in many metal wofking'plants; ‘It is often
necessary to discard these fluids due to microbiological

contamination.
Accordingly, because of the foregoing problems in
20 various industrial processes, numerous biocidal materials

have been employed to eliminate, inhibit or to reduce
microbial growth. Various oxidizing biocides have
enjoyed widespread use in such applications including
chlorine, chlorine dioxide and bromine. However, these

25  oxidizing biocides are not always éeffective for |
controlling microbiological growth. For example,
-oxidizing biocides are consumed by inorganic species such
as ferrous iron, reduced manganese, sulfides, etc. as
well as-organic compounds which are commonly found in

30 those systems. ' - |

' In addition, the effectiveness of a biocide is
rapidly reduced as a result of exposure to adverse
physical conditions such as temperature or contact with
incompatible water treating agents in the-5ystem.
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aqueous systems such as pulp and paper mill systems,

coolihg water systems, metal working fluids and petroleum

operations.
It is another object of this invention to reduce the
15 level of toxic biocides in industrial-water effluents.

It is an advantage of the present invention that the

biocidal compositions permit a reduction in the dosage

amount of biocide required to treat nuisance microbiota

in industrial waters, and significantly reduces the time
20 required to control microbiological organisms.

In accordance with the present invention, there have
been provided certain novel biocidal compositions which
are used to control or inhibit microbial growth,
comprising (i) a microbiocidal effective amount of an

25 oxidant selected from the group of mono- or di- '
peroxyorganic acids, halogen dioxides, monopersulfates,
halogens, halogen releasing compounds, perborates,
peroxides, persulfates, permanganates, percarbonates,
ozone, and water soluble salts thereof, and mixtures

30 thereof; and (ii) a microbiocidal effective amount of a
non-oxidizing microbiocide selected from the group
consisting of glutaraldehyde, limonene,
bis(trichloromethyl) sulfone, 2-(decylthio)-ethanamine,
dodecylguanidine hydrochloride, 2~-(2-bromo~2~-nitroethyl)
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. . the system (i) a microbiocidal effective amount of an
oxidant selected from the group of mono- or di-
peroxyorganic acids, halogen dioxides, monopersulfates,
15 halogens, halogen releasing compounds, perborates,
peroxides, persulfates, permanganates, percarbonates,
ozone, their water soluble salts, and mixtures thereof;
and (ii) a microbiocidal effective amount of a non-
~ -oxidizing microbiocide selected from the group consisting
20 of glutaraldehyde, limonene, bis(trichloromethyl)
sulfone, 2-~(decylthio)-ethanamine, dodecylguanidine
hydrochloride, 2-(2-bromo-2-nitroethyl) furan,
poly (oxyethylene (dimethy;iminio) ethylene
(dimethyliminio) ethylene dichloride), alkyl dimethyl
25 - benzyl ammonium chloride, alkylamidopropyl propylene
glycol dimethyl ammonium chloride phosphate, 2,4,4'-
trichloro-2'-hydroxydiphenyl ether, tetrakis-
hydroxylmethyl phosphonium sulfate, tributyltetradecyl
phosphoniumrchloride, 2-bromo-2-nitropropane-1, 3-diol,
30 2,2-dibromo-2-nitroethanol and sanguinaria extract.

DETAILED c _ _
The present invention is directed to certain novel
biocidal compositions comprising combinations of oxidants

1



ﬁydroxylnethyl phosphoni um sul fate, tributyltetradecyl phosphoni um

chl oride, 2-bronp-2-nitropropane-1, 3-diol, and
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provi ded in accordance with the present 10 |nvent|on is a nmethod for
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certain novel microblbcbdedaelecnpdsfromntheogpmup|qgnsbabingtOﬁns of

gé%?ggg§/1394 glutdFh9864¢882 1imonene, bis(trichloromethyl) sulfone,
2~ (decylthio)ethanamine, dodecylguanidine hydrochloride,
2-(2-bromo-2-nitroethyl) furan, poly(oxyethylene

15 (dimethyliminio) eﬁhylene (dimethyliminio) ethylene
dichloride), alkyl dimethyl benzyl ammonium chloride,
'aikylamidopropyl propylene glycol dimethyl ammonium
chloride phosphate, 2,4,4'-trichloro-2'-hydroxydiphenyl
ether, tetrakis-hydroxylmethyl phosphonium sulfate,

20 tributyltetradecyl phosphonium chloride, 2-bromo-2~
nitropropane-1, 3~diol, 2,2-dibromo-2-nitroethanol,
sanguinaria extract and opfionally in combination with
(iii) a surfactant/ dispersant} (iv) an anti-corrosive
agent and (v) an anti-scale agent. The above oxidants

25 and non-oxidizing microbiocides of this invention are
commercially available or may be easily syrthesized from
commercially available raw materials by kn..-n methods.

Suitable perc :des include inorganic peroxides such
as hydrogen peroxiae, sodium perokide, as well as organic

30 peroxides such .as benzoyl peroxide and the like.
Suitable halogen releasing compounds include hydantoins
such as 1,3-dichloro-5,5~dimethyl hydantoin, 1,3-dibromo-
5,5-dimethyl hydantoin or 1,3~diiodo-5,5-dimethyl

'~ hydantoin. Suitable mono- or di-peroxyorganic acids



5 and non-oxi di zing bi oci des which are added to an aqueous

systemin anounts effective to inhibit or control the grow h of

m cr oor g0 SMBIedN t he aqueous system More parti cul RATAYSISN4DI oci dal
conpositions of this invention 5 conprise conbinations of (i) an
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di chl i de), di ! i - 3
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2 -2 . - r1..3-diol,
D B br om-aﬂﬁaé’é#%t%éa%#&% ﬁ%%ﬂﬂgﬁﬁ%%« alc?d;gh%%ixm ly in
conbi nati on chldrine, brgmning, siedinecteledsiig mompounds, \§odium
anti -&Gorrosi t . ) lg i dant
U1 49" 0= iropersu1 80651 SO ke helFo0GE g Wl o dant

commer ci al | yRQRRPeEGALDeRatRy ROtassium Sonopexsukiateis a

comuer ci al | Yo el Pdd Co ATANBlfid S dDMiVTa B IRfSilable from  SUi _tabl@
perc[err]des_include |@?5g§nlc-perOX|des such as hydrogen peroxide,
sodi um per oFURPNL, S HFONE. o ganic 30  peroxi des such as benzoyl

per oxi de and the Th&ecombinatidividfiltire hdoge oxidans rhd agsunds i ncl ude
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Sui t abl e noriogidal -aetivdty jgadrich sis @reater than that of the
individual components which make up the mixtures. The
microbiocidal compositions of the present invention
possess a high degree of slimicidal activity which could
20 not have been p;edicted from the known activities of the
individual ingredients comprising the combination. The
enhanced activity of the mixture permits a significant
reduction in the total gquantity of the biocide required
for an effective tfeatment of an agqueous system. The
25 - enhanced biocidal effectiveness of the compositions of
the present invention was particularly surprising since
not all oxidants provide enhanced biocidal activity when
used in combination with non-oxidizing biocides. 1In
fact, some oxidants are actually antagonistic when used
30 in combination with non-oxidizing biocides, and result in
less biocidal effectiveness than the use of either
component alone. .
The biocidal combinations of this invention are
effective for controlling and inhibiting the growth and

4
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b|0C|daI ef fecti veress of the conpQsitio of t he present I nvention
was partlcuIaFPF genersy ﬁ& glllus, Penlcilllum, Candlda,

Saccharomyces, Aerobacter, Escherichia, Alcaligenes,
Bacillus, Chlorella, Spirogyra, Oscillatoria, Vaucheria,
Pseudomonas, Salmonella, Staphylococcus, Pullularia,

15 Flavobacterium and Rhizopus.

In accordance with the invention, an aqueous system
is treated to inhibit the growth of the microorganisms by
adding to the aqueous system at least one oxidant and at
least one non-oxidizing microbiocide. These components

20 are present in the system at the same time. While it is
possible to combine the oxidant and the non-oxidizing
biocide, it is generally preferred not to combine the
microbiocide with the oxidant too far in advance of being
added to the aqueous system because these materials may

25 - adversely react when they are brought into direct ccntact-
with each other in their concentrated forms.

The dosage amounts of oxidant and non-oxidizing
biocide which are added to an agueous system may vary
widely depending upon the nature of the aqueous system

30 being treated, the level of organisms present in the
agueous system and the level of inhibition desired. Aan
important consideration when dosing the oxidants of the
present invention are the levels of ferrous iron, reduced
manganese, sulfide, ammonia, organic constituents, and -
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effectlvely treate npositions of the Eresent
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system at |eaystgnetgxsmgngmanghgtox1dant demand should be determined ‘
for the aqueous system being treated in accordance with
the method of this invention. For purposes of this
invention, the dosage amount of oxidant which is added to
15 an aqueous system, i.e., a b1001da11y effective amount,
refers to the residual oxidant concentration in an
aqﬁeous system. Residual oxidant concentration can
readily be determined by one skilled in the art by
conventional means. _ .
20 : - In general, the dosage amount of oxidant may be from
0.1 ppm to 100 ppm, preferably from about 0.5 ppm to
about 45 ppm. The dosage amount of microbiocide in the
system may be from 0.1 ppm to 125 ppm, preferably about
0.5 ppm to about 45 ppm. When the microbiocides and
25 oxidants are present in the above amounts, the resulting
combination possesses a higher degree of effectiveness
against microorganisms than the individual components
comprising the combination. While larger quantities of
the microbiocides or oxidant may be used with no

30 detrimental effect, such large quantities increase the
cost of treatment and generally provide little additional
benefit. '

The biocidal compositions of the present invention
may optionally be used in combination with one or more
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organi ¢ gonsti hgfilbfiicindnionic, orV&npRotéPDE surfactants and polymers
PCT/ US95/ 13947 the |ike,

whi ch may r eacBUGR: ASAYuPKiPALEI BHELAGRALS, alkylﬁfyaaﬂ?éyﬁFhFﬁe present
i nventi on. "andehblﬁﬁnpomyether alcehels, t sodhamd@dbéiecygbcsubfaveen t he

oxi dant dosage ium n&ﬂ??ﬂ&néaﬂgt2§158§£€aa'sgﬁiHQ”&18899i”trat'0” after a -

5 prescrlbe conta ngerature
"Oxi dant Requi sukfasuceinats,t ectnépbgnqunpolyethoxne§hge°&m)e hylensir ed

to achigge 2 ghx@poreprepfiene oxidebEAdEnsABESifhi 98ng! cRaRhEAc | bed
contact -ti ne, erature. I nNce gve s~ of errous I ron,

10 reducedgﬁﬁﬁﬂﬂﬁﬁsemegﬁFPEngve?Elnﬁﬁn 93F9°§Ya fyacidf, sodium

sulfonate of condensated naphthalene-formaldehyde and
lignin sulfonate, alkyl benzene sulfonates and sulfates,
sodium linear dodecyl benzene sulfonate, propylene oxide-
15 ethylene oxide block copolymers such as, e.g., a
polyoxypropylene glycol polymer having a molecular weight
of from 1500-2000 which has been reacted with from 5-30%
by weight of ethylene oxide (commercially available from
BASF as the Pluronic and Tetronic surfactants), and the
20 like. Preferred fluorinated surfactants include those
manufactured by 3M such as FC-99, FC-100 and FC-129.
FC-99 is an anionic surfactant which is a 25% active
solution of amine-perfluoroalkyl sulfonates in water.
FC-100 is an amphoteric surfactant which is a 28% active
25 solution of fluorosurfactant solids in glycol/water.
FC-129 is an anionic surfactant which is a 50% solution
of potassium fluorinated alkyl carboxylates in water,
butyl cellosolve and ethanol. The dosage amount of -
surfactant/dispersant in the aqueous system is not
30 critical, per se, provided of course that it is added in
an amount effective to disperse the biomass or stabilize
a particular microbiocidal formulation. These dosage
amounts are typically from 0.5 to 500 ppm.



systemto system the oxidant denmand shoul d be determ ned for the

aqueous systembeing treated in accordance with the nmethod of this

i nvent i ORyo oéridpedour poses of this i nvention, the dosmoEusesnssay of

oxi dant which is added to 15 an aqueous system i.e., a biocidally

‘effective anount, refers to the residual oxidant concentration in an

aqueous system Residual oxidant concentration can readily be

determned by one skilled in the art by 10 conventional means. 20

. I'n general, the dosag unt of ox ggt naz be from mto 100
ons oOf '

. 0.1
ppm preferably fTBﬁ]BESggd615°ﬁBH?Fb aBBﬁtpﬁgsﬁBﬁ11“Yﬁﬁtg§§age
amount  of ”1ﬁé9baQ§deelﬂséheln combifgtiom wiyhbanf antiocdérppsitve 125 ppm

preferably about t bout

Ds 2o aampEesiaLy, SuAEePRS: ABeADaRE-aRLHR RatPRla cifbEAEE, BlEes nd
combi nati on aﬁesneteilnlhegheo,dpgosphatesfsuchlasnseéium agai nst

m croorgani s vi.du - AVra h
conblnétlon @%h§P§§P§QEghQ€%aE? ?Etfgggegggiﬁm-ngpﬁ?@?@ﬁégé:ggstof oxidant
may be used nhosphcnaces. QéerXEheﬁﬁsefﬁtét These| gpgronenke; PrEsbe

i ncrease theagqed Eocﬁaﬁ Oﬁrbﬁééinﬁﬂldaaﬂeéfnﬁféh|&o?f@#id& attatr by

addi ti onal f.th
present |nveﬁPPOHX1dant'na?hGpPPEﬁaFP§rB§1U§eﬂa ﬁrﬁﬁﬁbgagf# 83??% 8neeor
nor e wi€h9€hé48R2dant before being added to the system or may
PCT/U585/13947 . 9

surfat ants/BFsﬁQPEQnﬁspFSaﬁﬁégérthﬁl%ﬂ%%§°356°?6ve material 18 i 1e
di spersi bi | i ggnerdl3dyabddedytof theesystem innpacdosagei ameuntr afil §re8ns. (

Sui tabl e SUVB?StEBtBb% based on the total amount of oxidant and anti-
corrosive material in the mixture. More preferabiy, the
amount of the anti-corrosive material is at least 1% of

15 the total amount of oxidant and anti-corrosive material

~in the mixture. : ' _

The biocidal compositions of this invention may also
be used in combination with other biocides which further
enhance the synergistic effectiveness. For example,.

20 preferred biocidal combinations include glutaraldehyde
with isothiazolone. The ratio of these biocidal
combinations can range from 1:10 to 10:1 on a weight
basis. A preferred isothiazolone is a mixture of 5-
chloro-z-methyl-4-1soth1azol1n-3-one and 2-methyl-4-

25 isothiazolin~3-one. , '

The biocidal compositions of the present invention
may also be used in combination with an anti-scale
material. Suitable anti-scale materials include, but are
not limited to, polyacrylates such as sodium

30 polyacrylate, phosphonates such as hydroxyethylidene

' diphosphonic acid, etc. The anti-scale material is
generally added to the system in a dosage amount of from
0.5 to 50% based . on the total amount of oxidant and anti-
scale material in the mixture.



di spersants include, but are not limted to, cationic, 5 noni oni c,

ani onic, or anphoteric surfactants and pol yners such as fluorinated
sur f act antWO 9s/18®Rar yl pol yet her al cohol s, pol yet her PETAIRI5M347

sodi um dodecyl sul fate, <.+ sodi um nonyl benzene sul fonate, sodium

di octyl sul f osucci nate, octyl phenoxypol yet hoxyet hanol, ethyl ene 10
and/ or propyl ene oxi de condensates with | 33%] chai ned al cohol s,

mer capt ans, ani nes, carboxylic acids, sodi sul fonate of

condensat od, napht Nyl Ml W e W Sy 'Y B R 81
sul fonate, prddgudide foumi@and ;ay s mmdmm B s icheat idgnsiduch as,

e.g., a Gl XY PIEYRE gg% ght
of from 1500- 2000 ;)\A%(m has %@Zrﬁ%% éﬁq %romrg% g}mﬁplaﬁ{olyd%el ght
of ethyl ene ofddd caxFdensincludinahaldr shay, pyrophsildtene Pl uronic

and Tet s0ni ¢ Yidtdlatidcus edrH hqu?dl.-ated IsllqeicaDr HAd ik fdlwdataé#e%l% 0

surfactants include those ciu as 9
S S | oty Sarbapab o BoAe ol AT b Skt
sol ution of amm@qmédwwmainqlmmﬁdwms rofnetitelrs :.nvent:Eﬁ:-r 1Géhike an
I horosurf act hivasinid mokdey, hail R Suedined ny Gpbaethd’the .
sur f act ant V\hlpﬂopartacm)%fscnmcrbiomde topfabota &0 (perfdenty ioratmared kyl
car boxylspat es i f I Q§é1.1| 1A GRIR s e
anount yj'g]? A e@ﬂaéctffﬂu&%}(gﬂsﬁ A 3’ ous syg!tc’éu | S ér%t%%é}o
critical, per PRECeRtH\EQIEP Fercant of H-'dte stlul gplqmunds of Hhifhount
effective to Cizﬁa@fts&d hg ]pé'f%%ﬁnﬁ)rtcﬁtﬁ'ﬂéﬁ’&nt of ome wtmcﬁlé Finely
m cr obi oci dal rHJda hese dosac% unts are ;épl atl I]}/ from
0.5 to 500 pp ed so r}\fb nt to flve percen ting
PCT/U895/1394§gent and one percent to five percent of a dispers1ng

15 agent. :

The oxidants of this invention may also be used in

the form of liquid concentrates. These are prepared by

diluting or dissolving the oxidants and/or microbiocides

of this invention in a solvent together with one or more
20 surface active agents.

The following examples are provided to illustrate
the present invention in accordance with the principles
of this invention, but are not to be construed as
limiting the invention in any way except as indicated in .

25 - the appended claims. All parts and percentages are by
weight unless otherwise indicated.

The synergism of the two-component microbiocidal
combinations of the present invention was demonstrated by
testing a wide range of concentrations and ratios of

30 compounds, generated by two-fold serial dilutions in a
ligquid. The liquid medium is composed of deionized water
supplemented with inorganic constituents to simulate an
industrial water. Work was performed with the bacterium
Enterobacter aerogenes or a mixed bacteria culture



10 The bi oci dal conpositions of the present invention

may al so be used in conbination with an anti-corrosive mat eri al

Sui t abl e vembé/r4098 r osi ve material s include, but are nPCT/US9SI8¥A t O,
phosphat es such as sodi um 5 tripol yphosphate or tetrapotassi um
pyrophosphate , phosphonat es, carboxyl ates, -etc. These conponents nmay
be added to help protect mld steel fromcorrosive attack by :

t he oxidant. The anti-corrosive nateri al %ay be bl ended with the

oxi dant before be stem. or ded separately.

dded_t d
e anti Ceor PoussatingopF aphPetOBaS L HRPholRls  (EaohsRinhla, Eodir

dosage anounpsetidbmonas aeruQiﬁoSa,58ﬁﬂbaaeﬂ1bnstbubtblis'athenfunguSX|dant

and anti - LVEs er| rl e. ef . _the
Srount of t rAsERFRiidaE BIGREE bl £Brl Bhe ThXbUEP ciPEFeRIE’ Fuibhkis, S
anmount of oxPHafcenadesmus- quadﬁgceedﬁatehlélorganlsmSnwené m xture.

The Dbigcidal pg Eaeéhtaemseoaftﬁhssénﬁ9?icamlynroahaoln indusaslaied in
conbi nation w ot her hance t

synergi stic EFFGEFrveﬁ@gg goPeEigﬁﬁIEaniﬁg Irom 2eff cBOBFE PR I
conbi nat i onsiheabattogsubsr shbehitares to agathsuspabeszwepae. The ratio of

t hese bi oci dal o i nati n f 1 1; 1Q; . i ght
basis. A prngppgﬁtho?ﬁnﬁ?ﬂ?Sﬁggﬁggg' Egﬁggé %ﬁaliiégtiﬂg QO&dgglgngelg
chl oro- 2- netpgtmdttsnghtheograwﬁhonﬁ umslnleechybn13525 For bacteria

I sot hjgzol i ntﬁeogﬁgr was Tryptic Thgybi eersrgdai 88”&961- bOngngf fBPefﬁﬁﬁe“t

i nventl on ? used X |na?|on Wth an anti-sc

mat eri al . saotabpebaxtroseaveaﬁﬁtExtaﬁgtrncvnyﬁorau;neﬁelatlons not (

linited to, RQOLKPA’ ¥bat8SogUSImAsated VAASStriaPOWNEErY | Wéfe RAQEPNONAL €S
such as hydroxyeth etc The anti-scale

material is Such K@Ené}ilFﬁsﬁaﬁ@§u€6°F%ea§és?£i1?ﬁpﬁsﬂﬁﬁﬁgg amount of from

0.5 to 50% bapgdnismshwetrot nadenwith theozamendensittpndf-organismscal e

naterigl In 529 Hl%tuﬂfter inoculation of the simulated industrial
waters these cell-densities were in.thé.thbusands per ml
for fungi-spores, and algae, and in the millions per ml
for bacteria.: Eollowing the bacteria-biocide contact in
liquid medium and subculture to agar, organic nutrients

20 in the form of sterile Tryptic Soy Broth was added to
~each tube or well of the bioassay followed by
reincubation to determine the viability of any surviving
organisms expressed as turbidity (growth). No-growth of
bacteria resulted in clear medium without turbidity.

25 Various end-points of colony formation were employed
for the calculation of synergies from 90 percent to 100
percent reduction as compared to untreated controls.

' The test results for demonstration of synergism of
biocide combinations are illustrated in the following

30 examples. : _ _

Each table in the examples is organized to show
synergy by illustrating (1) the concentration of each
test material acting alone required to produce a given
end-point of growth prevention or colony-forming-unit
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The oxidants of this invention may be in solid or uid formand .
may be di IWO8HM492h a solid or |iquid carrier. Povvde H8YS/H¥947
prepared with a finely divited solid carri’erss including talc, clay,
pyrophyllite, 5 di at omaceous earth, hydrated silica, calcium si i cat e,
or magnesi um car bonate. Powders may_{ypically contain 1 to - 15
percent of the mcrobiocides of this i nvef?t] on, while a wett abl e

powder nmay be th CI de
o about 50 patRaditdon e WA to Bnereatell SRS Card (s

powder conpri Mmrewlre%mmtﬁ@nsenfemeotmm ttaste corrpounds
of this mait@¥qRhigon, 45 percent to 75 percent of one or nore finely
divided solids, one percent to five percent of a wetting " agent, and
one percent to five percent of a dispersing 15 agent . The
oxi dant g of t iExamplecnti on may al so be used in the formof |iquid

concentrates. Thesg are red.b | | u ar d| ssol vi

oxi dants and/ or %‘Pdﬁl 53@&&3‘ Shcx’s SHIET &gﬁ%e %hylaee

t oget her wit hamﬂeliaoz msing (the baxtidrmiomm a'nuezmbagmms .aerogenes and Te
fol | ow ng exa a%tgﬁ\é Q‘ﬁ\qt‘ﬁ'é | lustrate the present invention
i n accordance W e princi of this invention, but are not to
be construed as limting the invention in any way except as
indicated in 25 t he appended clains. ‘Al parts and percentages are by
wei ght unl ess ot herw se i ndi cat ed. The synergi sm of the

t wo- conponent mi crobi oci dal . conmbinations of the present invention
was denonstrated by :



testing a wide range of concentrations and ratios of 30 conpounds,

generated by two-fold serial dilutions in a liquid. The liquid

medi um i swosepwezl of dei oni zed wat er suppl enent ed VIPCHUSISABHANI C
constituents to sinulate an - i ndustrial water. Wrk was perforned

wi th the bacterium Ent er obact er aerogenes or a m xed bacteria
culture WO 96/ 14092

PCT/ US95/ 13947 ‘ ' 14 12 consi sting
of Enterobacter aerogenes, Escherichia I, Pseudononas aer ugi nosa,
and Bacillus subtilis; the fungus géﬁgé%éHgillus niger; and for the

al gae, Chlorella vulgaris, . _ or Scenedesnus quadracauda. All organi snms

were 5  representajj f t MR L0 | adu i al
waters. Contact perio éxggﬁgg%$€?§ﬁ1§Bé§éﬁ%%?é9§ﬁ% t8 Aéﬁ&?ﬁ%ubations of
subcul tures to agar su@@icEmhikeition of Enbtevwbactentaerogenmesures, tines,

and |iggting conditions per i Houtd ‘Rt h of visible col onies.
For bacteria 10 the agar was Tryptic SO%L for algae CHU 10, and for

f ungi PotatglEE¥¥$gg§h¥@SsLuE#Lract.—éhh#ﬂﬂ#linoculations

within tests of sinmulated ggdustrial waters were guade ~such that al
test-solutions and all expogures of orgapisns were nmade with the
sanme density of organisns 1 per m. Aft eré®Bocul ation of the

simul ated industri al 4waters these cell-densities were in the
thousafgs per m for fungi-spores, and algae, and in the mllions
per m for bacteria. Follow ng the bacteria-biocide contact in

| i quid nmedi um and subculture to agar, o/Zghlie 2hutrients 20 in the fornw

of sterile Tryptic Squtivd iBiers df¢hdehtrations30) Alchiever vell of the

bi oassay foll owed by e ] . N
- "100% Inhibition of Four Mixed Bacteria Species,

4 Hours Contact

15 Glutaraldehyde, Mg/l - H,0,, Mg/l
100 B 0
0 100
3.8 50
| 7.5 | | 25
20 15 3.1
Example 2

This example demonstrates synergies between
25 glutaraldehyde and H;0, using the green algae Chlorella
vulgaris and Scenedesmus quadracauda.



rei ncubation to determne the viability of any surviving or gani sns

expressed as turbidity (growh). No-growh of bacteria resulted in
¢l ear nedi IMORPA4082t turbidity. 25 Vari ous end- poi nPETESM/EP$hy
“formation were enpl oyed for the calculation of synergies from 90
percent to 100 percent reduction as conpared to untreated controls.
The test results for denonstration of syner%. m of bi oci de -
conbinations are illustrated in the foll ow 5§ exanpl es.
Each table in the exanples is organized t ﬁfgm5 synergy by
illustrating (1) the concentration_ of eac%g‘““f test material acting
al one required to proddetivegBieaide COHCGﬂEriﬁiﬂBSoFoghﬁhEﬁVﬁréQ@ﬁt|on or
col ony-form ng-unit WO 96/ 14092 rnhibition
PCT/ US95/ 13947 i_nhi bitjon
as conpared to unt @G EGHL%VE19ar]S Plus, Inknown IAé\ﬁé'rllraé'é' ifasferia
concentr&tions of the conbined test 23 Houra @ontlatt Exanple 1
Thi s exanpl e shov%sg%g;g&% Egt @gm gl ut ar al deg)bde !P and Herr]derr]
"using the bacteri genes and xed bacteria
cul ture. ' >320 :
0 40
5 20
10
Table 4
Active Biocidal Concentrations to Achieve 100% .
' Inhibition
of Scenedesmus quadracauda
15 . : 4 Hours Contact
G aralde e H:0., Mg' [1
80 o
0 40
5 5
20 '
Example 3

The data (Table 5) indicate hydrogen peroxide as
. synergist with a combination of glutaraldehyde and Kathon
25 886F(4:1 active) using the green algae Chlorella vulgaris.
Kathon 886F is a mixture of 5-chloro-2-methyl-4-
isothiazolin-3-one and 2-methyl-4-isothiazolin-3-one.
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14 Table 1 Active
Bi oci de Qwo®emdooati ons to Achi eve 100% | nhPETAUBFL3A7
Ent er obact er aerogenes, 5 . 4 Hours Cont act
G ut ar al dehyde, M/ | Herr]Jerr], M/1 : 64
0 0 200 4
g:s ;g . Yabl e 2 Acti ve
i oci de ncentrations to Achi eve 100% | nhi bi tion of Four
M xed Bacteria Species, Table 5 4 Hours Contact 15
G utaral dehyde. My/|Active Biocide Cohfentt&fions, tdipitchieve 100% -
100 0 0
100 38 : Inhibition 50
7.5 of 2ghdeorella vulgaris 15
3.1 Example 2. - 2 HOBES E¥RERE€ denpnstrates synergles

5
bet ween 25 gl ut ar al dehyde and H202 u5|ng the green algae Chlorella
vul gari s and Scenedesnus quadracauda.

Glutaraldehyde/Kathon, Mg/l  H,0,. Mg/l

416 0
0 100
10 104 6.3

52 12.5

Example 4

This example demonstrates synergies between limonene
15 and oxidizing biocides using a mixture of four bacteria

species.
Table 6
Active Biocide Concentrations to Achieve 100% Inhibition
20 of Four Mixed Bacteria Species,

4 Hours Contact

d-Limonene, Mg/l H,0 1 Peracetic Acid, Mg/l

- >2,000 0 : ]
0 300 . 0
25 - ' .0 = o . 23.5
31 : 75 : o
31 0 11.8
Xa e 5

30
This example demonstrates synergies between 2-

(decylthio) ~ethanamine (DTEA) and the oxidizing biocide
hydrogen peroxide employing a mixed bacteria culture
(Table 7).
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15 Tabl e 3 Active Biocide
Concent r at Weres/1d892Achi eve 100% _ PCT/USHH3M7t i on
of Chlorella vulgaris plus Unknown Ancillary Bacteria 5 _

23 Hours Cont act G ut ar al dehyde, M/ | . Herr]Jerr], M/I
>320 0 0 :

40 5 17 20 10 '

Table 4 Active Bi oci dal ntrations to Achi eve 100%

I nhi bt tion of gggﬁgdgsnus guadr acauda 15

4 Hours Cont adctive Bioci@eitCondeftinatdondgy/tioc Achieve 1aq%rFnidhitiony/ |

28 5 of 9our-Mixe§_Bacteriag858cies, Exanpl e 3
The data (Table 5) indicate hydrodefouisoGantass synergist with a

conbi natgon of gl utaral dehyde and Kathon 25 886F(4:1 active) using the

gfgﬁroﬁggg?ng?Lg{?L[a vulgarls: Kat hon 886F is %Ig1xturflof
100 4]
0 100
25 3.1
10
Example 6

This example demonstrates synergies between 2,2~
dibromo-2-nitroethanol and the oxidizing biocide hydrogen

peroxide.
15 Iable 8
Active Biocide Concentrations to Achieve 100%
Inhibition.
of Four Mixed Bacteria Species,
4 Hours Contact
20 2,2-Dibromo-2-nitroethanol, - Hy0,,
__Mg/) Ma/l
7.8 ' o]
o >200
3.9 3.1
25
Example 7

This example demonstrates synergies between
poly (oxyethylene (dimethyliminio) ethylene (dimethyliminio)
30 ethylene dichloride) (WSCP) and the oxidizing biocide
hydrogen peroxide. In this test th< bacterium Enterobacter
aerogenes was employed as the test organism.



I sot hi azol i n- 3-one and 2-net hyl -4-i sot hi azol i n- 3- one. MD 96/ 14092
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Tabl e 5 w0 96/14092 Active Biocide Concentrations to APETASISA1E7,

I nhi bition of Chlorella vulgaris 5

2 Hours Cont act G ut ar al dehyde/ Kat hon; My/I . Herr]err], M/l
416 : 0 0 100
10 104 18 5.3 52
12.5 Exanpl e 4 Thi s exa q denonstrates synergi es between

| i nonene 15 and oxi di zi ng bi oci des ust 1 Xxture of four bacteria

speci es. Active Biocide Concentratdiing ¢o Achienet iL®9%Bj oci de

Concentrations to AChievfnﬁgg%@iaﬁjg%tﬁﬁfbfgbacte{kfero%gpes of Four M xed
' T 4. Hours

Bacteria Speci es, nt act

d- Li nonene, My/| Herr]derr] MM Hours gentaesti c Acid, M/l

5
Wscep, Mg/l H,0,, Mg/l
' 2 0
0 30
1 5
10 | |
Example 8 (

_ This'exaﬁple démonstrates synergies between tetradecyl
dimethyl benzyl ammonium chloride and the oxidizing biocide
15 hydrogen peroxide.

. +Iable 10
Active Biocide Concentrations to Achieve 100%
Inhibition
20 o of Enterobacter aerogenes
. 4 Hours Contact
Tetradecyl Dimethyl Benzyl H,0,,

Ammonium Chloride, Mg/l Mg/l

20 0
25 0 100
2.5 20

5 10

30 | | | |

This example demonstrates synergy between tetrakis-
hydroxylmethyl phosphonium sulfate and hydrogen peroxide
(Table 11).



>2. 000 0 ' 0 0

300 0 25 0 _ 0

23.5 WO 96/14092 31 75 PCYUS95/13947

31 _ -0 11.8 Example 5 30 Thi s
exanpl e denonstrates synergi es between 2- (decyl t hi 0) - et hanam ne
(DTEA) and the oxidi zi ng bioci.de hydr ogen peroxi de enpl oying a m xed
bacteria culture (Table 7). 96/ 14092

PCT/ US95/ 13947 _ 17

Table 7 Active Biocide Coricentrati5aR1€eldhchi eve 100% I nhi bition

of Four M xed Bacteri aclfiam ®&iocide Concentrations to Achiedeiauocs Contact
EOO DTEA, My/ | 0 InhihitionH[err]qoerr] My/ |

100 . 25 of Four Mixed Bacteria Specdes,l10 Exanpl e 6

Thi s exagmpl e denonstrates synergi es RQEWRAIE Dotitact di brono-2-nitroethanol

and the oxidi zing biochge h dro%Fn .
etrakis-Hydroxylmethyl - H0,,
Phosphonium Sulfate, Mg/l Ma/l
31.2 0
0 100
10 15.6 50
Example 10

This example shows synergy-between
tributyltetradecyl phosphoniun chloride and hydrogen
15 peroxide (Table 12). '
: Table 12
Active Biocide Concentrations to Achieve 100% Inhibition
of Four Mixed Bacteria Species,
4 Hours Contact

20 Tributyltetradecyl ' H;0;
Phosphonium Chloride, Mg/l Ma/i
31.3 - 0
0 200
7.8 3.1
25
Example 11

This example demonstrates synergies between 2-
bromo-é-nitropropane-l,3-diol and hydrogen peroxide
(Table 13). | |

30



per oxi de. 15 Table 8 Active
Bi oci de Concentrati ons to Achi eve 100% _

| nhi bi ti OWO 96/14092 _ of Four M xed Bacteria Sperivses/13947

4 Hours Contact 20 2, 2- Di br ono- 2-ni tr oet hanol , Herr]Jerr],
My/ | My/ | . 7.8 0
0 >200 3.9 3.1 25
Exanple 7 Thi s exanpl e dermonst r& es synergi es between

pol y(oxyet hyl ene (di nmet hyli m ni o) ethwigglégtfethylininio) 30 et hyl ene
di chl oride) (WSCP) and the oxidizing bi hydr ogen peroxide. In this
test the bacteri um EActiveaBiecide Cenceptrations topAchddves100& t est

organi sm VO 96/14092 _
PCT/ US95/ 13947 - . Inhibition 18
Table 9 Act1vefBFeurdvlssﬁcBnptarnanSpeglnsh|eve 100%
| nhi bi tg on of Enterobacter aerogeneg Hours Contact 4 Hours
Contact 5 W5CP Ng Herr]Qerr] M/l
2 2-Bromo-2-Njtropropane- = . H,0, _
. 1,3-Diol, Mg/l Mg/l
62.5 " 0
0 100
10 7.8 _ 25
' 15.6 6.3 (
Example 12 . . .
This example demonstrates synergies between
15 cocamidopropyl propylene glycol dimethyl ammonium

chloride phosphate and hydrogen peroxide (Table 14).

R Table 14 .
Active Biocide Concentrations to Achieve 100%
20 , Inhibition
of Enterobacter aerogenes
_ 2 Hours Contact
Cocamidopropyl Propylene Glycol H,0,

Dimethyl Ammonium Chloride Phosphate Mas/l
25 : Mg/l '
' 78 )
o . : : 200
39 2.5
30 Example 13

This example demonstrates synergies between 2,4,4'-
trichloro-2'-hydroxydiphenyl ether and hydrogen peroxide
(Table 15).



0 30 1

5 10 Exanpl e 8 Thi s exanpl e denonstrates synergies
bet ween t VOGP di met hyl benzyl ammoni um chl ori de an@8CTSIYUIINT zi ng
bi oci de 15 hydrogen per oxi de. Tabl e 10
Active Biocide Concentrations to Achieve 100% ' .

I nhi bition 20 of Ent ﬁgacter aer ogenes

4 Hours Contact Tet r adecyl t hyl Benzyl H202,
Ammoni um Chl oride, My/1I M/l e 15 ' 20

0 25 0 00

2.5 : ' . Aggive Biocide Concentrations to Achieve 100% 10
Exanple 9 30 Thi s exanpl e dem355154g¥b§ynergy bet ween tetrakis-
hydr oxyl et hyl phosphonlun1sulfate and hydrogen QerOXId (Tabl e 11).
WO 96/ 14092 of Four Mixed Badteria Pperigss 13947

5 4 Hours Contact
2,4,4'-Trichloro-2'~- H,0,
' Hydroxydiphenyl Ether, Mg/l
Mag/1
500 0
10 _ o 150
31.2 75

Example 14

15 The data (Table 16) show hydrogen peroxide as a
synergist with sanguinaria extract against a mixed bacteria
culture.

Iable 16
20 Active Biocide Concentrations to Achieve 100%
Inhibition
of Four Mixed Bacteria Species,
4 Hours Contact

Sanguinaria Extract, : H0,,
25 Ma/l Ma/l
31.2 0
0 200
3.9 25
7.8 3.1
30
Example 15

This example demonstrates synergies between
poly (oxyethylene(dimethyliminio) ethylene(dimethyliminio)
ethylene dichloride) (WSCP) and potassium monopersulfate.



19 Table 11 Active

Bi oci de Concentrations to Achieve 100%

| nhi bi ti o%yo 96/14092 - of Four M xed Bacteria SpesdypGsos/ifva?

4 Hours Contact Tet r aki s- Hydr oxyl net hyl Herr]Jerr]
Phosphoni um Sul fate, M/ | My/ | . 2 :
0 0 100 10

15.6 _ 50 ' 22Exanpl e 10 : Thi s
exanpl e shows synergy between tributyltetradecyl phosphoni um chloride
and hydrogen 15 peroxide (Table 12). ZIable 17 Tabl e

12 Act i ve B ool O 1t I Ruert ARG €106 VDige 93

of Four M xed Bacteria Speci es,

urs Cont act

20 Tri butyl tetradecyl Inhibition yerrjQgerr]

Phosphoni um Chl oride, My/| of Four MixedVBdcteria Species,

0 0 - 200
7.8 3 3.1 25 15 Hours congact |

- 31.3
Thi s

exanpl e denonstrates synergies between 2- - Potassizm Monopersailfate,

- 3-di ol and hydrogen peroxh&ggh_ﬂgglgbre 13). .30 Mg/l

16 . : _ 0
0 ' >4
10 . 8 ' 0.5

Example 16

This example shows synergies between glutaraldehyde and

sodium hypochlorite.

15
Table 18
Active Biocide Concentrations to Achieve 100%
Inhibition '
of Four Mixed Bacteria Species,
20 : : ' 4 Hours Contact -
' Sodium Hypochlorite,
Glutaraldehyde, Ma/l | — Mg/l as Cl,
25 _
0 >1

25 ' 12.5 0.016

Example 17

This example demonstrates synergies between
30 glutaraldehyde and bromine.

L}



WO 96/ 14092

20

Pi oci de CWOQ6r14092i ons t o Achi eve | 100% PCT/US95/13947
I nhi bition of Four M xed Bacteria Species, 5
4 Hours Cont act 2- Brono- 2- Ni t r opr opane- Herr]Jerr].
1,3-Diol. M/I My/ | 62.5
0 0 23 100 10
7.8 25 15.6 6.3
Exanpl e 12 _ Thi s exarrpl e d%%% es synergi es between 15
cocam dopropyl propyl ene glycol dinethyl amonium chl ori de
phosphat e and hydr oge X b
Fabl e 14 R hgﬁ?é%%é%%é&ﬁ? ipns 0, ACHLRYE, 1998006 20
| nhi bition f Inhikiddan er aer ogenes
2 Hour s gCont act Cefam:depnmah B&@E&ff&esﬁa&iéé H202
Di met hyl  Ammoni um Chl ori de Phosphate . Ng My/ |
78 0 Houtr's Contact 0
200 GlutaraldeB¢de, Mg/l : BPohine, M
50 0
o |
10 3.1 0.125
Example 18
. The experimental results*(Table.ZO) indicate peracetic
15 acid as a synergist with glutaraldehyde using a mixed
bacteria culture.
‘Table 20
Active Biocide Concentrations to Achieve 100%
20 Inhibition
of Four Mixed Bacteria Species,
4 Hours Contact
Glutaraldehyde, Mg/l Peracetic Acid, Ma/l
- 50 B o
25 o L 25
6.3 6.3
E e 19
30 Additional combinations showing synergistic

PCT/ US95/ 13947

Tabl e 13 Active

microbiocidal activity are as follows:
(1) Bis(trichloromethyl) sulfone and potassium
percarbonate.



30 Exanpl e 13 _ Thi s exanpl e denonstrates synergi es between i
2,4,4" - trichloro-2'-hydroxydi phenyl ether and hydrogen peroxide
(Tabl e 15W0 96/14092 WO 96/ 14092 PCT/US95/13947 <

PCT/ US95/ 13947 21
Tabl e 15 Active Biocide Concentrations to Achi eve 100%

I nhi bition of Four M xed Bacteria Species, 5
4 Hours Cont act 2,4,4' -Tri%éhl oro-2' - H202

g%groxydlphenyl(EsheBbgeﬁglgugg?gine hydrochloride y%élsodium 150
31.2 perborate. Exanpl e 14 15 The data (Table

R o oA 8B SUARREAT' sl SRBOLBRG. 2 7o
_ (4) Glutaraldehyde and potassium permanganate.
5 (5) Glufaraldehyde and chlorine dioxide.
(6) Tributyltetraderyl phosphonium chloride and sodium
© . persulfate. S oL
(7) Bis(trichloromethyl) sulfone and
diperoxydodecanoic acid.
10 (8) .d-Limbnene, hydrogen peroxide and peracetic acid.
(9) Glutaraldehyde, hydrogen peroxide and sodium
nonylbenzene sulfonate. ‘
(10) Glutaraldehyde, peracetic acid and a
_ polyoxypropylene glycol polymer having a moleculaf
15 weight of 1,650 which has been reacted with 25% by ,
weight of ethylene oxide (Commercially available from
BASF as Pluronic L62).
(11) d-Limonene, hydrogen peroxide and sodium dioctyl
sulfosuccinate.
20
Example 20

In this experiment 4,5-dichloro-1,2-dithiol-3--

one(Dithiol) was evaluated under the éxperimental conditions

25 and found that no synergy existed in inhibition between
Dithiol and hydrogen peroxide. The results (Table 21)
demonstrated no synergy, but a very strong éntagonism
between the two test-materials, indicating that not all
microbiocides may be combined with an oxidant for

30 controlling the growth and deposition of slime forming
microorganisms in water.



‘“Table 16 20 Active Biocide Concentrations to Achi eve 100%

I nhi bition of Four ‘M xed:Bacteria Speci es,
;4 Hours choaemosz . - Sangw nar.i a Extract Pqﬂ[@ﬂ}l%'érr]
25 My/ | o y 31.2
0 0 200
3.9 25 . 7.8 3.1
30 Exanpl e 15 Thi s exa?r?l e denpnstrates synergies
bet ween pol y(oxyet hyl ene(di met hyl i m gi ef hyl ene(di et hyl i m ni o)
et hyl ene dichl ori de) (V\SCP) and pot assi uﬁ?—ﬁ%ﬁeﬁ:r sul fat e. WO
96/ 14092 PCT/ US95/ 13947
22 . . t Bi oci de
Concentrations to Acﬁ°%°3y95°5§?’/“g Unl{[ Etx?v:wal on Tryptic 339 hkir
| nhi bi tion after 4~Hour Expesure \tqcCombinationspefi B, apd
15 Hour sg Cont act i Pot assi um
Dithiol
Monoper sul fate \ECP. JT\/gl'ﬁo . . My/ |
16 o Four Mixed Bacteria Species
: Number of Colony-Forming-
TIreatment —Unit Survival
Dithiol 15.6 ppm . . 0
10 o Dithiol 15.6 ppm + >2 x 10°
H,0, 25 ppm
Dithiol 62.5 ppm + _ >2 x 10°
H,0, 25 ppm

H0, 25 ppm >2 x 10°
15 o



0 >4 10 8

0.5 Exanpl e 16 —ThFs-oxarpli-e=ghows synergi es between
gl ut ar al dgbYeResrd sodiun1fﬁﬁw%§H§ETﬁéSBE£N pcnu&“ngug
Tabl e 18 ~ Acti vell BiociRRPLASEent r af]i ons t oAchieve—100%—

I nhi bition . - . . of Four MYX cteria- Sﬂgscgh

4 Hours Contact n Replaced
Hypochl orite, d ut ar al dehgée. M/ | #”"
Clerr] - 25 .

0 IH_EILE_S_I.-_A;IALS:_ >1 25 12, 5

0.016 1. h@ciZblocidal comﬁaéitféﬁnébﬁ gggpﬁgtrates synergies
bet ween 30 glutaraldeh%g g 8”&9 B

PCT/ US95/ 13947 (1) cro 1oc1 ally effectlve amount2gf an oxidant

Table 19 for inhibiting the growth of microorganisms selected from
5 the group consisting of mono- and di-peroxyorganic acids,
halogen dioxides, monopersulfates, halogens, halogen
releasing compounds, perborates, peroxides, percarbonates,
persulfates, permanganates, ozene;:and mixtures thereof; and
~ (ii) a microbiocidally effective amount of microbiocide
10 for inhibiting the growth of mieroorganiSms'selected from
the group consisting of glutaraldehyde, limonene, '
-bis(trichloromethyl) sulfone, 2-(decylthio)-ethanamine,
dodecylguanidine hydrochloride, 2-(2~bromo-2-nitroethyl)
furan, poly(oxyethylene (dlmethyilminio) ethylene
15 (dimethyliminio) ethylene dichlorlde), alkyl dimethyl benzyl
ammonium chloride, alkylam1dopropy1 propylene glycol
dimethyl ammonium chloride phosphate, 2,4,4'-trichloro~2"'-
hydroxydiphenyl ether, tetrakis-hydroxylmethyl phosphonium -
sulfate, tributyltetradecyl phosphonium chloride, 2-bromo-2-
20 nitropropane-1,3—diol, 2,2-dibromo-2-nitroethanol, and
sanguinaria extract. '

2. A method of inhibiting or controlling the growth

~and deposition of slime-forming organisms in aqueous systems

25 which comprises adding to the aqueous system a microbiocidal
combination comprising:

(i) a microbiocidally effective amount of an oxidant
for inhibiting the growth of microorganisms selected from
the group consisting of monopersulfates, halogens, halogen

30 releasing compounds, perborates, peroxides, percarbonates,
perorganic acid, chlorine dioxide, persulfates,
permanganates, ozbne, and mixtures thereof; and

(ii) a microbiocidally effective amount of microbiocide
for inhibiting the growth of microorganisms selected from

Ty



“Acti ve Biocide Concentrations to Achieve 100%.

| nhi bition * This Sheet Has Been Ref} ﬁcecl:”"*—M‘*pd‘Ba“T Q-8 Speci es, _
;2 Hours Cmom«m ral WEM&ETM}MS BEEN PCT/USHSITB94E,
Ng/l . REPLACED . 0
3.1
0 125 - Exanple 18 The experi ment al results (Tabl e 20)

i ndi cate peracetlc 15 acid as a synergi sB7wi th g{utaraldehyde using a m xed
bacteria cu Tabl e 20

Acti ve BIOC+B% QﬁﬂEEn??B?%ﬁFéngo°§cﬁ%@§§r§b69§2@e' 11monene,
I nhi bition bis(trichloromethyl) sulfénd| 34x@dcithis)sethsfiagine,

ﬁhr?urs quagﬁécylguanidine hggigéﬁig£gggydgé(ggﬁkomd—z-nltraegﬁcf 'C Act d.

0 furan, poly(oxyethykene (dimethyliminio) ethgléne

6.3 5 (dim5¥ﬁ§?iﬁlﬁgo) ﬁQh lene é@@hibfﬂ&%%? Q?kﬁftaﬂﬂétﬁ99“%§§zyl

synergl stic m cr obi oci d trvit are as
Bi s(trichl oMBRARAYR) CBipFide, aﬂhkm@ms@nﬁppyl propylene calyendt e.

dimethyl ammonium chloride phosphate, 2,4,4'-trichloro-2'-
hydroxydiphenyl ether, tetrakis-hydroxylmethyl phosphonium
sulfate, tributyltetradecyl phosphonium chloride, 2-bromo-2-

10 nitropropane-i,3-diol, 2,2~-dibromo-2-nitroethanol, and
sanguinaria extract.

3. A method according to Claim 2 wherein the aqueous
system is a pulp and paper mill water systemn.
15 '
4. A method according to Claim 2 wherein the
micrborganisms are sulfate reducing bacteria and wherein the
aqueous system is a petroleum operation system.

20 5. A method accbrding to Claim 2 wherein the
microorganisms comprise algae, bacteria, and fungi.

6. A method according to Claim 2 wherein the
microorganisms are aerobic bacteria.
25
7. A method according to Claim 5 wherein the aqueous
system is a cooling water systen. -

8. A method of controlling or inhibiting the growth
30 and deposition of slime forming microorganisms in water
which comprises adding to the water:
(1) A microbiocidally effective amount of an oxidant
or oxidizing biocide for inhibiting the growth of
microorganisms selected from the group consisting of

* [% L M s *



WO 96/ 14092 ’ PCT/ US95/ 13947

24

(2) Dodecyl uanldlne hysreehloride and sodi um

per bor at e wo 9614092  Thi Tﬂ‘ Def ran andpeFesysnasd? |
(4) dutaral dehyde ‘a W I rRENADE: (5) -Qutaral dehyde
and chlorine d|0X|de TThutytetsadelflyl phosphoni um chl ori de
and sodi um persulfate . (7) Bis(trichloronethyl)
sul f one and dlperoxydodecan0|02a0|d 10 (8) d-Linopnene,
hydr ogen peroxi de and peracetic acid. (9) dutaral dehyde,

hydr ogen peReRePRRrsnlfates  nperborates, Wm%r@n@ uperparkonates,

(10) QG ut arghdglehyde, peracetic acid and a. : . . pol yoxypropyl ene gl yco

pol yrer

havi n I 650 whi ch_h b ted
o th 6o py 0 (D) e%émﬁ#%#oawﬁﬁegﬁ%ammﬁSq»:yaaiva.eFQb{E""?rﬁm

BASF as
sodlun1g
In this
eval uat e
exi sted

10

15

20

25

30

Pl imbetcbié@ide for . inhi%itjing- thangnemth hy £l reterodrgarises and
4 lagea tron th{ 46 b ing or siufAfFlrall qpg the
d memblmmblenp@i|qﬁnﬁ%ﬁalﬂnhwd¢oﬁ%-thqwmhztmﬂthylma-no syner gy
in { OOER14281iRE3V6RE and 2-methyl-4-isothiazolin-3-one.

9. A method of controlling or inhibiting the growth
and deposition of slime forming microorganisms in water
according to claim 2 wherein the oxidant is selected from ‘
the group consisting of monopersulfates, perborates,
peroxides and.percarbonates, and the microbiocide is
glutaraldehyde.

10. The method of Claim 8, comprisihg a ratio of at
least 10 parts of the microbiocide and 90 parts by weight of
_ the oxidant to 90 parts by weight of the microbiocide and 10
parts by weight of the oxidant.

11. A microbiocidal composition comprising:

(i) a microbiocidally effective amount of an oxidant
or oxidizing biocide for inhibiting the growth of
microorganisms selected from the group consisting of
monopersulfates, halogens, halogen releasing compounds,
perborates, peroxides, percarbonates, perorganic acid,
chlorine dioxide, persulfates, diperoxydodecanoic acida,
permanganates, ozone and mixtﬁres thereof; and

(ii) a microbiocidally effective amount of a
microbiocide for inhibiting the growth of microorganisms
selected from the group consisting of glutaraldehyde,
limonene, bis(trichloromethyl) sulfone, 2-~(decylthio)-
ethanamine, dodecylguanidine hydrochloride, 2-(2-bromo-2-
nitroethyl) furan, poly(oxyethylene (dimethyliminio)

L]



“Di t hi ol and hydr ogen perOX|de The- results (Tabl e 21) denonstrated no

synergy, but a very BiigSh ‘‘between the two test-materials,.
~i ndi cat i ngwé béri4onpt al &_courbi ned mmchnmmwnurﬂant
“for 30 controlling th u ‘ t 1”%%%?:%@ f ormi ng

m cr oor ganl sne in water.

PCT/ US95/ 13947 25

Tabl e 21 Col .ony- For mi ng- @R t SurV|vaI on Tryptlc Soy Agar
after 4-Hour Exposure_to Conbi nitlons of H[erB%q err] 5

Di t hi ol ethylene (dlmethyllm nig) ethyiene EFB;951§$EC|§§kY1

Nunmber of C@iméyhy?rBefigyl ammonium chlorlde, ilﬁﬁlaﬁmaopropyl
Unit Survival

0 10 propylefftﬂ}nglSdémﬁbﬁyi ammon1 chlorlde phgﬁanEGEerr]

Herr]Jerr2,2p4pptirichloro-2'-hydroydiphéng?. &then) +tetrakis-

;Fe?r%o err+y3§0x¥1methyl phosphonkhﬁréhg¥§£% gél?ﬂggltetradecyl
phosphonium chloride, -bromo-z-nltropropane-l 3-diol, 2,2-
dibromo-2-nitroethanol, and sanguinaria extract; and

(iii) a surfactant/dispersant.

10 12. The composition of Claim 11, comprising:
- (i) at least 0.1 ppm of said oxidant
(ii) at least 0.1 ppm of said microbiocide, and
(iii) about 5 ppm of said surfactant/dispersant.

15 13. The composition of Claim 11, comprising 0.5 ppm to

45 ppm of said oxidant and 0.5 ppm to 45 ppm of said
microbiocide.

14. The composition of Claim 11, wherein the
20 surfactant is a fluorinated surfactant.

15. The composxtion of Claim 11, further comprising an
anti-corrosive material.

25 16. The composition of Claim 11, further comprising an
anti-scale material.

17. The composition of Claim 15, wherein the anti-
corrosive material is tetrapotassium pyrophosphate or sodium
30 tripolyphospate.

18. The composition of Claim 16, wherein the anti-
scale material is sodium polyacrylate.

) 0 AR 4



WO 96/ 14092 I'N THE CLAI MS: 1. A mcrobiocidal conposition

conpri si ng: (i) a mcrobiocidally effective anobunt of an oxi dant
for inhi biybigdgHadere 9r owt h. of nlcroorganlsns sel ected fron1réahﬁ§ygbgpp
consi sting of nono- and di- peroxyorganlc aci ds, hal ogen di oxi
nmonoper sul fates, hal ogens, hal ogen relea5|ng conpounds, perborates,
per oxi des, percarbonates, persul fates, permanganates, ozone, and

'm xtures thereof; and (i) a mobiocidally effective anount of

m crobi ocide 10 for inhibiting the growh of m croorgani sns sel ected from
the group con5| 4m®i.ng Thie gompmsditdeny df, Qliadmane whereim thier mdlldalrmmtshyl )

| f [ tsh d hli d
b oS %%s%‘eif%:yanf%@‘%?&?n 1%2&%?%“?&‘3' R ARt
et hyl ene 18ongpersmlifiatien; ohydspegenl perodide: apd benzy!
anmoni um Chba&h%ge%d%wﬂa%@rw t&@ommmwa@ is glditdRhidenyd@®ni um

chl ori de phosphat -trichl oro- hy roxydlphenyl et her,
tetraki®- hydroxyl net hyl phosphonlun1' - sulfate, trlbutyltetradecyl
phosphonlunlchlindeThé—hu@ﬁ@h&od&ﬂalnbbhhﬂhandﬁﬁrbeNQEQEials )

method of ERREBAELNG OF denetodo: Rareoy: henhede Ritropiacids, apr”
sl i me- fornBDgparganbmﬂwenqh&qaéboxidynmemp 29 pht&B‘anpeﬁghs a@fiding to the
agueous Syg&ﬁ gp&ﬁ%pkﬁph%a?aftgf% ﬁ £03f93§RPhﬁh” thre;n. (') a

m cr obi oci | Ve. ano ant Itin

gr owt hL&f n1crodﬂ@an| sxidangq §ﬁﬂe°teﬁh£rgﬂo§bec§ﬁ§P§tPﬁgséﬁtlng
monoper sul gt %ta&%h%ﬁ m.%noi@lz@m&aia I gb@3 " ge%meedsrlyaebgehat es, (
per oxi des, percarbonat

peroxide and sodlum percarbonate, and
(ii) said microbiocide is selected from the group
consisting of glutaraldehyde and the combination of
15 glutaraldehyde, 5-chloro-2-methy1-4-isoth1azolln—3-one and
2-methyl-4-isothiazolin-3-one.

21. A microbiocidal combination of materials

comprising at least 10 parts by weight of microbiocide and
20 90 parts by weight of oxidant to 90 parts by weight of
microbiocide to 10 pérts by weight of oxidant, wherein:

(i) said oxidant is selected from'thé-group'consisting
of potassium monopersulfate, sodium pérborate, hydrogen
peroxide and sodium percarbonate, and

25 . (ii) said microbiocide is selected from the group
consisting of glutaraldehyde.

s Sheet Has Been Re‘laced
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rorgani c acid, chlorine dioxide, persulfates, per mj BT oT
ggdmﬁ?xtures thereof: and - : (i1) a mcrobiocidally* ?ﬂgca%ggii ! !
of m crobi oci de for inhibiting the growth of mcroorgani sns sel ected
from - WO 96/ 14092 PCT/ US95/ 13947 2 2 MAR 1997
27 . t he group consisting of glutaral deh X | i monene,
bi s(trichloronethyl) sulfone, 2-(decylthio)® thanan1ne
dodecyl guani di r éLde 2- (2-brono-2-nitroethyl) furan
pol y(oxyet hyl eF nio) ethylene 5 (dinethylimnio) ethylene

di chl oride), alkyl H?nethymibnnbybcidalammnpnsﬁhiﬂﬂ(nbuh:isiﬂgd:anldopropyl

I I I i ngt agfg sg%gﬂﬁﬁ
QTZPZ'e?EIghYSOO (17! W?fﬁfér e %ﬁ? égier tetrakl s- )Kﬁ an ox ???t
phosphoni um %L&?ﬁ&%;t Kgbﬁg% ImﬁﬁﬁﬁﬂﬂﬁﬂﬂiﬁﬂﬁﬂﬁQ*¢QR9d from
2- br ono- 2- 510 thetgnqmppamsisﬂiulgobf moro-i dd i -pett )qaﬁg:ﬁa adcidk,

2 wh
e havoous ~HTSlen diextass, donoPBBLIPSE Hldhg, Galdasn o "

4. A nethod mhaﬁmt@ommmm. vpexkorates, peraxictesyr gmr&aﬁbca'raates,
sul fate redump&m@&éé\ W&I&é@e ozoné‘qgaﬁﬁJ§t§é% é;ofée{ OI,ﬁ:e

tem nmet hod accor a|n1 i N
operatlon.sys © (fﬁ) a microbioé&dally effective amount of microbiocide

10 for inhibiting the growth of microorganisms selected from
the group consisting of glutaraldehyde, limonene,
bis{trichlorométhyl) sulfone, 2-(decylthio)=-ethanamine,
dodecyléuanidine hydrochloride, 2-(2-bromo-2-nitroethyl)
furan, poly(oxyethylene (dimethyliminio) ethylene

15 (dimethyliminio) ethylene dichloride), alkyl dimethyl benzyl
ammonium chloride, alkylamidopropyl propylene glycol
diméthyl ammonium chloride phosphate, 2,4,4'=~trichloro-2'-
hydroxydiphenyl ether, tetrakis-hydroxylmethyl phosphonium
sulfate, tributyltetradecyl phosphonium chloride, 2-bromo-2-

20 nitrqpropane-l,s-diol, 2,2-dibromo-2-nitroethanol; and -
sanguinaria extract.

2. A method of inhibiting or controlling the growth

and deposition of slime-forming organisms in aqueous systenms
25 which comprises adding to the agueous system a microbiocidal
combination comprising:
(i) a microbiocidally effective amount of an oxidant
for inhibiting the growth of microorganisms selected from ‘
the group consisting of monopersulfates, halogens, halogen
30 releasing compounds, perborates, peroxides, percarbonates,
perorganic acid, chlorine dioxide, persulfates,
permanganates, ozone, and mixtures thereof; and

(ii) a microbiocidally effective amount of microbiocide
for inhibiting the growth of microorganisms selected from

A



m"croo'r'gani snms conprise al gae, bacteria, and fungi. 6. A nethod

actording to daim2 wherein the m croorgani sms ar @, a8 '-:'-'%CS“?_EE?

25 7. A method according to Caimb5 wherein {he A k-l
systemis a cooling water system 8. A nethod of controlli ng| or

i nhi biting the growth 30 and deposition of sline form fhg{mMZ2éWRGEBWsns |n
wat er whi ch conprises adding to the wat¥r: li) A

m crobi ocidally effective anount of an oxidant or qxidrzing biocide for .
i nhi biting the growt h of m croorgani sns sel ected frljom the grous

consi sting of WO 96/ 14092 PCT/ US95/ 13947

28 nonoper sul f at es, perborates, peroxides and percarbonates, .and

(i) a nicrobi ogedgroup w‘n%i%@ihg ggggltamaemfdeanmoneﬁbcsi@aheﬁlbéanéfrfyn

inhi biting the growth of mcr sel ected fromthe grod

consi sting of gSmeI%@epﬁwlahethammlne dmdanylmamnehygmﬂl’mrmméh@ie
> ot hyl - 4.1 sot o atrgefi PG boll G786y (dimatyiginieb 1WIAN8 ng o
inhibiting the giimetiyliminio) ethylene dichloride), alkyl dimethyl benzyl ammonium
5 chloride, alkylamidopropyl! propylene glycol dimethyl ammonium chloride
phosphate, 2, 4, 4'-trichloro-2'-hydroxydipheny! ether, tetrakis- |
hydroxylmethyl phosphonium sulfate, tributyltetradecyl phosphonium
chloride, 2-bromo-2-nitropropane-1, 3-diol, 2,2-dibromo-2-nitroethanol, and
sanguinaria extract. |

10
3. A method according to Claim 2 wherein the aqueous system is

a pulp and paper mill water system.

4, A method according to Claim 2 wherein the microorganisms
15  are sulfate reducing bacteria and wherein the aqueous system is a
petroleum operation system.

5. A method according to Claim 2 wherein the microorganisms
comprise algae, bacteria, and fungi. '
20 _ |
6.  Amethod according to Claim 5 wherein the aqueous system is
a cooling water system.

7. A method of controlling or inhibiting the growth and deposition
25  of slime forming microorganisms in water which comprises adding to the
water:

A



10 and deposition of slinme form ng nicroorganisnms in fer accordi ng
to claim2 wherein the oxidant is selected from t he : S of
m)nopersul fates, perborates, per oxi des and percarbo EEE;JLS, ""'NT M
m.crobi ocide is ~glutar al dehyde. 15 10. Thelnethod of Cl ain §
conprising a ratio of at | east 10 parts of the nicrpb| od 44ARNE9D0
parts by weight of * the oxidant to 90 paggs by weight bf_the

m cr obi oci de and 10 parts by wei ght of the oxidant.] 20 11. A
m cr obi oci dal conposition conpri sing: : (1) am Watell

ef fective anount of an oxi dant or oxidizing biocide for inhibiting the
grow h of m cr oor gani sns sel ected fromthe group consi sting of 25

monoper sul fates, hal qjens 4 ﬂﬁ;‘r@%&d&ﬁg%ﬁg% éﬁgﬁﬁorl ne 1danPSf Bﬁaﬁﬁﬁé

per oxi des, percarbonates per-organi c IOXI
persul fates, di jpiocidg tﬂmdabdmtmg:tlmogrdwth of moomagmm eelecmmemathd gmup ures

t her eof ; and é m CI’O&I OCi da ef fecti \ag amount of
ni cr obi oci de forcof‘ﬁﬁﬁ'ﬂ tqfr@of‘ﬂ%er&l" ales: B? Pﬁo?%f&?ﬂ Reand peregr ﬁs-f rom:

t he group consi ng of gl utaral dehyde, | i ronene, bis(trichloronethyl)
sul fone, 2-(decylthio)- et hanam ne, dodecyl guani di ne hydrochl ori de,

2- (2- brono- 25 nitroethyl) furan, poly(oxyethylene (dinethylimnio)
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29 . ethylene (di k& hy?d 'm‘?'i?‘a'}m@?ﬂyﬁﬁﬁet“tﬁ ampeypt ok migropigcide fory; et hy|
benzyl ammoni umighibiingdRe gid¥iH SFThiéPdorgaMisms selected from the group consisting of

glutaraldehyde and the combination of glutaraldehyde, 5-chloro-2-methyi-4-
isothiazolin-3-one and 2-methyl-4-isothiazolin-3-one.

10
' - 8. The method of Claim 7, comprising a ratio of at least 10 parts
of the microbiocide and 90 parts by weight of the oxidant to 90 parts by
weight of the microbiocide and 10 parts by weight of the oxidant.
15 9, A microbiocidal composition comprising:

(l) a microbiocidally effective amount of an oxidant or oxidizing
biocide for inhibiting the growth of microorganisms selected from the group
consisting of monopersulfates, halogens, halogen releasing compounds,

20 perborates, peroxides, percarbonates, perorganic acid, chlorine dioxide,
persulfates, diperoxydodecanoic acid, permanganates, ozone and mixtures
thereof; and '

(i)  a microbiocidally effective amount of a microbiocide for
25  inhibiting the growth of microorganisms selected from the group consisting of
glutaraldehyde, limonene, bis(trichloromethyl) sulfone,

* c L M 1 *



propyl ene gl ycol dinethyl anmonium chl oride phosphat e, p—— .

2,4, 4% -trichl oro-2'-hydroxydi phenyl ether, tetrakis- i@PhASM éHIEET
phosphoni um sul fate, tributyltetradecyl phosphoni umichl ori de,

2- brono- 2-ni tropropane-1, 3-diol, 2, 2- di br ono- 2- ni ft rljoed MR 19997nd
sangui naria extract; and (i) a surfactant/dy spersant

12.  The conposition of Caim1l, conprisi (Hr—at—teast u. 1 lppm
of said oxi dant - (ii) at least 0.1 ppm of sai d| ni cr obi oci de, _a
(iii) about 5 ppm of said surfactant/di spersant. 15 13. The
conposition of ClLaim11l, conprising 0.5 ppmto 45 ppm of sai d oxi dant
and 0.5 ppmto 45 ppm of said m cr obi oci de. 14. The :
conposi tion of Ql-(afeﬁyllﬁso) V\bﬂrfanamnﬁé}QiofdécylguahmﬁahydmehmriﬂbpQr(zrta-bmb-z

surfactant. nposi tion of O aimll, further conprising
an anti - cor nsm%ylh{%m BFP'V (oxy;eshylene (dimsthyliripio) edndenei on of O ai m

11, further co he
conposition of n@‘ﬁﬂ@“ﬁlé’?@ﬁaﬁ? HW%&W ‘ﬂh'e %ib\?gzﬁa%né#éfurﬂ-
t et rapot assi um philopidepalk bﬁnﬁd@ rdwﬂpwpﬁl@letglycwdimbmahﬁnomum chloride 18.
The conposition of Caim1l erein scale material is sodium
pol yacryl ate$ phosphate, 2, 4 4’-tr|chloro-2'-hydroxyd|phenyl ether, tetrakis-

hydroxylmethyl phosphonium sulfate, tributyltetradecyl phosphonium

chioride, 2-bromo-2-nitropropane-1, 3-diol, 2,2-dibromo-2-nitroethanol, and

sanguinaria extract; and
10 (ili) a surfactant/dispersant.

10.  The composition of Claim 9, comprising 0.5 ppm to 45 ppm of
said oxidant and 0.5 ppm to 45 ppm of said microbiocide.
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group consi sting of glutaral deh}/ d th@.mm DK\EEOES, FG GB, GE, HU, IS, P,
G ui| 2 Ietsemiags Fias Beg:or o- 3L ik 493 G1.1095, o LK Lk, LS, LT, LU, LV, MD,
2-mgt hyl - 4-i sot hi azol i n- 3- one. W&W%
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sel ¢@hfLpplidatM WRE GRASE R egmt rusdsy: 11144f  pot R ¥R ¥Bnoper sul f at e, sodium
per Hor at egveﬂiydrﬂ&gaiancas,mpﬁiwmqtm&a(né, odi um per car bonate, and 25 (i)
sai d microbiocide is selected fromthe griwblighed  consisting of
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(54) Title: SYNERGISTIC BIOCIDAL COMBINATIONS /
(57) Abstract

The present invention is directed to microbiocidal combinations and processes for mhlbmng thegrowm of microorganisms, The
novel combinations and processes of the present invention show unexpected activity against microorganisms, mcludmg bacteria, fungi
and algae. Specifically, the microbiocidal combinations comprise (i) an oxidant or oxidizing biocide such as potassium monopersulfate,
sodium perborate, hydrogen peroxide or sodium percarbonate, (i) a non-oxidizing microbiocide such as glularaldehydc and optionally (iii)
a surfactant/dispersant, (iv) an anti-corrosive nmenal, and (v) an anti-scale material.
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