- | - Controlled Foam Aqueous Quaternary Affiril011ikM1 and Phosphonium Compositions This
invention relates to a method for controlling foam formation in aqueous systems containing biocide'
guaternary ammonium and/or phosphonium compounds ("gnats"). This invention also relates to low
foam aqueous formulations comprising quaternary ammonium and/or phosphonium compounds and
the use of said formulations compounds in a method farkilling or inhibiting the growth of
microorganisms, algae and fungi. Several quaternary ammonium and phosplionium compounds
("quats") exhibinratieddfbionideuaoctiviQuand naop sequentlynhave PlesphuaddmCaatyaitgiedients in
disinfectants, preservatives, or other compositions for killing or controlling the growth of
microorganisms, such as bacteria or viruses, as well as.algae and fungi, far many years, However,
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solved by thq(ﬁlrﬁg%rggﬁﬂmgg%@%%%}ggg&qﬁﬁ?gg%%ﬁg% fgrgtgogﬁglsymrq_ssion of foaming in aqueous

systems containing at least o ccording e mvgntion, the problem has been
solved by the method of claim 1. Applicants have found that the addition of at least one anionic
surfactant to 8y g RArStemTsHIEI Med) Rivkrkonbe ¢siogickldsuEaeatsbyeahibitoniukedabidizidal
phosphaoniunacteinpet) ddnsatuantgl iieobeesnaeding deiadnaladiaie Bf asipRieSINdesadt itives,
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required, the col_‘rpanos|t|og§orresta|r;‘g %goutrQOagr 8 per?entt regpectlvely, of their active quat
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concentrations: ngapmore p?e rrea em d'lmeﬁ?, ﬁegm&ar tatio of anionic surfactant to quaternary

ammonium 35and/or phosphOnitim compound is from 0.00 to 0.05. - 2 - Preferably, the at least one
quaternary afhenenmohlemandiesqiiied bl dnépressminipoemibis waddc ted fide (ijethod fupohinshippieissipthe

formula [QRJRERBIRG i adodblisWiERiD dehiaiRiHR EER LT BosRERAISuRand le are independently
unsubsgjfuted or hyciroxy-substituted linear or branched C1,4 alkyl; --(CiirC11,0),,,CH2C1-12011, or

--(CH2CH(0-13)0)CH2CH(C1-13)01-1, where m in each molecule independently is an integer from 1
to 10: According to the invention, the problem has been solved by the method of claim 1. Applicants

have found that the addition of at least one anionic surfactant to an aqueous system containing
at least one biocidal quaternary ammonium and/or phosphonium compound in an amount cor-
responding to a molar ratio of anionic surfactant to quaternary ammonium and/or phosphonium
25 compound of from 0.001 to 0.2 (i.e., 0.001:1 to 0.2:1), preferably from 0.001 to 0.09, substan-
tially reduces the volume and lifetime of foam formed during the use of the aqueous system.

As anionic surfactants are known to decrease the biocidal efficacy of quaternary ammonium
compounds, the observed foam reduction achieved by addition of anionic surfactants at much
30 less than a molar equivalency is important from the quat performance perspective. Since only
small amounts of e.g. 0.1 or 0.02 molar equivalents of anionic surfactant are required, the com-
positions retain about 90 or 98 percent, respectively, of their active quat concentrations.

In a more preferred embodiment, the molar ratio of anionic surfactant to quaternary ammonium
35  and/or phosphonium compound is from 0.001 to 0.05.



R3 is an optionally substituted henzyl, ethylbenzyl, naphthylmethyl, or linear or branched Ci..22 alkyl
group; R4 is an optionally substituted benzyl, ethylhenzyl, methylnaphilayl, or linear or branched CE-n
alkyl group or -R5(0)(C61-14)R6, wherein nis 0 or 1; Rs is substituted or unsubstituted Ci_g
alkartediyl or -(CE12)p-0-(0:12),1- wherein p and q independently are integers from | to 8; R6 is
hydrogen or a substituted or unsubstituted, linear or branched C1-12 alkyl group; and X- is a
monovalent or one equivalent of a polyvalent anion; (i%aé compound having the formula,

[ISOR20R2/R220Q4X- (Il rein Q is nitrogen or phos hor 6 2, R3s and R2
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branched (26.22 dfk?i‘chﬂ‘i%*’ﬁ\élﬁi ﬁe&qﬁ‘\‘élé(r‘%i"b’r%fﬁ%?fe@@) 2 Wkyl and X- is chloride. Still more

preferably, the quittinanpptinnabpisuvstintio bpmydphioylkareeb mapbtindoetbtherfboehy ler ipmdapditt X-
(), wherein Q is agdsfiined alaye, both Rl and R2 are methyl, R3 is a 30linear or branched C6-22

alkyl, R4 is benzylliar I|n§+e?9£l§;§£§%%ﬂ(f§%eggyplﬁg®Q§ll l-ga%h topqﬁlfgj,agl)grgdﬁed

nitrogen. - 3 - In anot err ment d/or (II s selected from the group

consistify of 14(. 1C®122 Alkyber %‘Hd’bl O)n(CeHa) R eormdia S :
: Ris substltuted or unsubstltuted C\-s alkanediyl or —(CHz)p,—O—(CHy)q— wherein p and q

independently are integers from 1 to 8;
R® is hydrogen or a substituted or unsubstituted, linear or branched C,-y2 alkyl group;
and X~ is a monovalent or one equivalent of a polyvalent anion;

15 (i) a compound having the formula R'PRPRYRZEQ'X™ (1), wherein Q is nitrogen or
phosphorus, R R¥ R?, and R? are independently linear, branched, cyclic or any
combination thereof saturated or unsaturated hydrocarbyl groups, X is a monovalent or
one equivalent of a polyvalent anion, and the sum of the carbon atoms numbers of RY,
R?, R?' and R ranges from 10 to 50;

20 (iii) a polymeric quaternary ammonium or phosphonium biocide; and

(iv) a mixture of two or more quaternary compounds of any of (i) to (iii).

More preferably, the quaternary ammonium and/or phosphonium compound has the formula
[QR'R’R*R*" X (1), wherein Q is as defined above, both R' and R? are Ci alkyl, R® is a
25 linear or branched Cg; alkyl, R* is benzyl or a linear or branched C,_; alkyl and X" is

chloride.

Still more preferably, the quaternary ammonium and/or phosphonium compound has the
formula [QR'R*R’R*]* X~ (I), wherein Q is as defined above, both R! and R? are methyl, R* is a
30 linear or branched Cgy, alkyl, R* is benzyl or a linear or branched Ce¢2 alkyl and X is

chloride.
Most preferably, Q is nitrogen.

35  Particularly preferred are ammonium and phosphonium compounds such as alkyldimethyl-
benzylammonium chloride or tributyl-tetradecylphosphonium chloride.



In still another preferred embodiment the at least one anionic surfactant is a sul foliate. 5 In another
preferred embodiment the at least one anionic surfactant is a diester. In a particularly preferred
embodiment, the at least one anionic surfactant is selected from the group consisting of diarrtyl
sulfosuccinate, dihexyi suifosuecinate, dioctyl sulfosuccinaie, ditri- to decyl sulfosuccinate, the
potassium, sodium and calcium salts of any of the foregoing and any mixture of any of the foregoing,
sulthsuccinates and salts. In one most preferred embodiment, the at least one anionic surfactant is

selected fromfhe grabpcoasiatiBaRI ANy beulipsuRaingta Rachbe (Wf?tqé%iél@&tép%lm @edgfakgium
salts thereof tSSwftorlat%gE(sﬂoﬁer mos&q erred embodiment, the at least one anionic surfactant is
selected fronfthe W hsisting o(f-)ﬂl%‘ety sulfosuceine and the potassium, sodium and calcium salts

theleof. 20In still another most preferred embodiment, the at least one anionic surfactant is selected
from the grodp stihsisting pletiardyhiudosaccintaieleast she amidagssurfacsodiism aubdrcatcium salts
thereof. @f the above suifosuccinate salts, the sodium salts are particularly preferred. 25 The above

sulfonates hgave been observed to substantially,reduce foaming whi aintaining a high level of quat
activity. qu%flé]rogg?f/,p {ﬁiega%8%%3%?&%%%8}:11&%50 r%?ﬁ"B?ict%ui% %@r‘ﬁ,arﬁgrsepe%referably from 0.5 to
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mixture of any of the foregoing sulfosuccinates and salts.

In one most preferred embodiment, the at least one anionic surfactant is selected from the group
consisting of dihexyl sulfosuccinate and the potassium, sodium and calcium salts thereof

15 sulfonate.

In another most preferred embodiment, the at least one anionic surfactant is selected from the
group consisting of dioctyl sulfosuccinate and the potassium, sodium and calcium salts thereof.

20 In still another most preferred embodiment, the at least one anionic surfactant is selected from
- the group consisting of diamyl sulfosuccinate and the potassium, sodium and calcium salts
thereof.

Of the above sulfosuccinate salts, the sodium salts are particularly preferred.

25
The above sulfonates have been observed to substantially reduce foaming while maintaining a

high level of quat activity.

Preferably, the aqueous system contains from 0.1 to 100 ppm, more preferably from 0.5 to
30 50 ppm, of the biocidal quaternary ammonium and/or phosphonium compound.

Another object of the invention is a low foam formulation comprising at least one biocidal
quaternary ammonium and/or phosphonium compound and at least one anionic surfactant,
wherein the molar ratio of anionic surfactant(s) to quaternary ammonium and/or phosphonium

35  compound(s) is from 0.001 to 0.2, preferably from 0.001 to 0.09 and more preferably from
0.001 to 0.05.



- 4 - Preferably, the low foam formulation comprises 5 to 80 wt.%, more preferably 10 Co 50 wt,%,
based Oil 100 wt.% total formulation, of the at least one biocidat quaternary amnion:urn and/or
pliosphonium compound. The low foam formulations of the present invention are stable single phase
clear solutions. Preferably the low foam formulation contains at least one performance additive such
as a dye or perfume. oStill another object of the invention is a method for killing or inhibiting the g;
rowth of microorganisms, zooplankton, algae and/or flfngi comprising applying the above formulations
to an aqueous system or to a porous or hard surface. In a preferred embodiment the porous or hard
surface is wodiglsmblyl Be astamdompatie hremprisgsehib Sairteh: TrRETEFGTEIANSH R!2s8dvA%ta wood
preservative timstitiraliitiva’prefdrfedinetodinieint thisdsromalbivoitlid gsse s nadisiofestantdiosanitizer
for hard surfaggspiBrethadaipsinareferred embodiment the aqueous system is selected from the group
consisting of coofi)ng waters, waste waters, waters used on oil fields for injection, test or recovery
purposes, recreational pool or spa waters, ballast water, and pulp or paper-making slurries. 25Most
preferably, thEMS¢RIE RAESRIAHOBD Bfiffty RASTER! Hmfagpwa'tafta?ﬁ?e%?&ﬁaﬁﬁﬁﬁ@%ﬁf&? 9Water.
Particularly preferred is the application as algaecides in pool or spa waters. 30 Preferably, the
aqueous systaatceasiatins 8o M dnliéenhittipRrurpiriesatlysfiam fifdenahcp pavint éhadiacikieye or
quaternary ajmanium and/or phosphonium compound. The invention is further illustrated by the
following non-limiting examples. 35 Examples Method: Test solutions were prepared from the selected
guaternary ammonium compounds and the selected anionic surfactants in 20 'C. tap water (pH - 7-8,
Total HafdneSd =angthgoobigsinefsthe invention is a method for killing .or inhibiting the growth of
microorganisms, zooplankton, algae and/or fungi comprising applying the above formulations

to an aqueous system or to a porous or hard surface.

In a preferred embodiment the porous or hard surface is wood, metal or plastic.

15
In another preferred embodiment the formulation is used as a wood preservative.
In still another preferred embodiment the formulation is used as a disinfectant or sanitizer for
hard surfaces. '

20

In yet another preferred embodiment the aqueous system is selected from the group consisting
of cooling waters, waste waters, waters used on oil fields for injection, test or recovery
purposes, recreational pool or spa waters, ballast water, and pulp or papermaking slurries.

25  Most preferably, the aqueous system is cooling water, ballast water or recreational pool or spa

water.
Particularly preferred is the application as algaecides in pool or spa waters.

30  Preferably, the aqueous system contains from 0.1 to 100 ppm, preferably from 0.5 to 50 ppm, of
the biocidal quaternary ammonium and/or phosphonium compound.

The invention is further illustrated by the following non-limiting examples.

35  Examples
Method:
Test solutions were prepared from the selected quaternary ammonium compounds and the
selected anionic surfactants in 20 °C tap water (pH = 7-8, Total Hardness = 160-300 ppm as



- 5 - Cii.003 and Total Alkalinity - 150-250 ppm as CaCO3). 150 trd., of each test solution was added
to a 250 mt.. stoppered graduated mixing cylinder, the solution was agitated by inverting the cylinder
ten times and the foam volume measured immediately after agitation and again after 30 seconds
settling time. Also measured was the time for total collapse of the foam ("time in no foam"). All gnat
concentrations in ppm or percent are on a weight basis and refer to the actual content of active
ingredient, unless otherwise indicated. Example 1 (Reference Example) An alkyl (67% Ct2, 25% C14,
7% C16, 1% CaOis paineihy thdkadidasnmcitictficchparide Da(ARBAG) Berqifaéh80-65Bsoliatinga wies.,

Allendale, ledwaﬁ@%lgst)e[@l@&@pw@%ema&w AHatey 0o AMMRNLINiRMROA or f9am &valation,
ks shown in lz\able | below, ADBAC pr. ed a slubstantlal amount E{.fg):ilm &eener@t{'n and'nitiaj foam
€ r ten times the volume red i meéaef, oilgnpxéra}xoanl eaoaa "I‘I}]ré

volume of 25 mLcélr\n ?nalntalnlngaf ant of toam a’ﬁer‘%??ssuecpn S. Al
behavior of R ATERIg SE By sgIBIatHiRdety A iBYRfRyiors (aetR i ih SnetHy e
dichloridé] is i GrmBl ckinguat_edoratosieminteppationpéréant  akdamphisgi §iN oasis aalb cefestedhe

Example 2 Thewpifesitehibeasiienicridiacantsodiusmdirahdistiéasuceinate (NaDOSS) on ADBAC
foaming was determined as deaihed above. The results are shown in Table ! below, The 20 addition of

only a 0.1 mglar equivalent of NaDOSS relative to the active quat reduced the initial foam volumes by
85 percent frEPB% L @eferspeelaAmRlel nplication of only a OM molar equivalent of NaDOSS
resulted in marelplByin (GAMET toadd Yolume BhEcomidiets loam |dssailitihsmylsesendem? SHgrdmle 3
The ability of( NBBRSSBargantt BJwsB, aliviss corGenNalions, ONgL AesNSdaEa Mo NUFBpeaRRSINES, as
they are frequeithatliZRmhin WA ebKBEITP R ABRIFBUANR RHCAS ST RITALROS! FlARPCISE ARAS
tested at qua cancentras\t*ﬁns of g O%%m utsmflgl he methodalogy Of'"i‘)é%ﬂfle 2. For co(r%.pgls N purposes
one test wasS&HSFh & HIETHAHRISA P SENGRHNE A A BN T BieT Btotit has
been found tAWANADESS Bdneé faamaisndlowwwsds.ofs gosarancontisl foamintgbehavissraidha
concentratiopoExaniptmat poigakeetinliste: @onic/Bmitdcjarid seditmedijiaxidisidfbgencidgatdoride]
(NaDFISS) aRdsadigmydiirdecybaniiasytainaie INR RIS Mgk Qlsryeried @ daam reducing agents

using the methodology of Example 2. The results are shown in Table I below. It has been found that
NaCillSS concentrations as low as 1.1 pprn controlled foaming of 10 ppm (mat (corresponding to a
molar ratio oEXAMPe Surfactant to guat of 0.10) while concentrations as low as 0.2 ppm still showed a
6 - small effebhe Siffetarafe thdtsrhanie iseshctintarvddumittiddad TS atwomde (ikalils?RSpfoh 7ASPBAC
(correspondingdfrg MelaldRiiatanipaksyERakRNeoTtRIakaliR 1) aRgvhAPIablEe sRREENEIThe
NaDHSZ wagBigdg S oufiy 40Pl EMEP A SIS R TR IO AL IGRIY CRAGRAVH NS educed the initial

foam volumes by 85 percent from 25 mL to 4 mL. Even the application of only a 0.02 molar

equivalent of NaDOSS resulted in merely 6 mL initial foam volume and complete foam loss

within 10 seconds.

25 Example 3
The ability of NaDOSS to control foam at low concentrations of quaternary ammonium
compounds, as they are frequently utilized in water treatment applications such as swimming
pool algaecides, was tested at quat concentrations of 2 ppm using the methodology of Example
2. For comparison purposes one test was performed without addition of NaDOSS. The results
30 are shown in Table 1 below. It has been found that NaDOSS concentrations as low as 0.05 ppm
can control foaming at 2 ppm quat concentration.

Example 4

The alternative anionic surfactants sodium dihexyl sulfosuccinate (NaDHSS) and sodium ditri-
35  decyl sulfosuccinate (NaDTSS) were also tested as foam reducing agents using the method-

ology of Example 2. The results are shown in Table 1 below. It has been found that NaDHSS

concentrations as low as 1.1 ppm controlled foaming of 10 ppm quat (corresponding to a molar

ratio of anionic surfactant to quat of 0.10) while concentrations as low as 0.2 ppm still showed a



Table 1 Example 5 As shown in the preceding examples, NaDOSS can be applied separately to
guat-containing solutions to achieve the desired foam reduction. However, for practical reasons, in

particular to ease of application, k is desirable to provide single formulations (concentrates) containing
the quats and the anionic surfactants in an optimized molar ratio. Therefore the phase stability of two
as tested. The results are shown in Table 2

formulations containing Barquar 50-658 and NaDOSS

below. Table 2 NaDOSS/Quat Molar Ratio 0.02 Quill Content r, 49.2 NaDOS$ Cot nt rid Appearance

Single phase, clear]

small effect. Similar results have been obtained with NaDTSS at concentrations of 1.7 ppm
(corresponding to a molar ratio of anionic surfactant to quat of 0.10) and 0.4 ppm, respectively.
NaDHSS was preferred as it produced clear solutions at all tested concentrations.

5 Table 1
Example No. Quat SUIICNALS Sull'onate/Qfxat Foan[lr;;?]lume Time to No
Type Amount Type Amount Molar Ratio Initial 30s Foam [s)
[ppm] {ppm]
1 50-65B 10 — — 0 25 10 >30
1 WSCP 10 — — 0 0 0 <1
2 50-65B 10 |NaDOSS| 1.3 0.1 4 0 5
2 50-65B 10 NaDOSS| 0.26 0.02 6 0 10
3 50-65B 2 — e 0 20 0 20
3 50-65B 2 NaDOSS| 0.05 0.02 10 0 5
4 50-65B 10 NaDHSS 1.1 0.1 10 0 8
4 50-65B 10 |NaDHSS| 0.2 0.02 20 4 >30
4 50-65B 10 NaDTSS 1.7 0.1 10 0 4
4 50-65B 10 |NaDTSS| 04 0.02 20 2 >30
Example 5

As shown in the preceding examples, NaDOSS can be applied separately to quat-containing
solutions to achieve the desired foam reduction. However, for practical reasons, in particular
10  ease of application, it is desirable to provide single formulations (concentrates) containing the
quats and the anionic surfactants in an optimized molar ratio. Therefore the phase stability of
two formulations containing Barquat® 50-65B and NaDOSS was tested. The results are shown

in Table 2 below.

15

Table 2

NaDOSS/Quat Molar Ratio

Quat Content [%]

NaDOSS Content [%]

Appearance

0.02

49.2

1.2

Single phase, clear

0.10

46.1

5.8

Single phase, clear

It has been found that clear phase-stable formulations containing NaDOSS and ADBAC in
molar ratios of 0.02 and 0.10 can be prepared. Test solutions with 10 ppm quat were prepared
from these formulations and showed essentially the same foaming behavior as those of

20 Example 2.




0.10 46,1 5.8 Single phase, clear It has been found that clear phase-stable formulations containing
NaDOS'S and ADBAC in molar ratios of 0.02 and 0.10 can be prepared. Test solutions with O ppm
gnat were prepared from these formulations and showed essentially the same foaming behavior as
those of 20 Example 2. -7.. Example 6 Sodium dioctyl sulfosuccinate (NaDOSS) and sodium dihexyl
sulfosuccinate (NaDHSS) were tested in a dynamic regcirculation foam test designed to simulate
cooling applications. The dynamic foam test consisted of recirculating a 1.5 liter water sample through
a large gradugtgd,3igyinder at a flow rate of 5.7 literimin (1.5 GPM). The water conditions were: total

e e Soam o] Shieh A AU 5 A QA D JAMREEE FhluaR e

Master SO|UtIOI’]S (0] Imulations ere a as necessary 1o achieve orte
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After 5 Minutdgri@ni}y Efarz @5t 8ddsisked-of @RirewhfitgDOSH ik4rOvater sample through a large graduated

5  cylinder at a flow rate of 5.7 liter/min (1.5 GPM). The water conditions were: total hardness (as
CaCOs) 280 ppm, total alkalinity (as CaCO;) 164 ppm, temperature 22 C, and pH =7.3.
Master solutions of the test formulations were added as necessary to achieve the reported
concentrations. The results are compiled in Table 3 below.

10 Table 3
Sample Stabilized Foam Height After 5 Minutes (cm)
LF 7.25-8.0
LF + 0.02 mol NaDOSS 4.0
LF + 0.02 mol NaDHSS 6.0

Both tested compounds significantly reduced the foaming properties of 90 ppm active dioctyldi-
methylammonium chloride (Bardac® LF 18, Lonza Inc.). As shown in Table 3, the addition of
NaDOSS at a molar ratio (sulfosuccinate/Bardac® LF 18) of 0.02 provided a 50% foam
15  reduction, from 8 cm to 4 cm, while addition of NaDHSS at the same molar ratio provided a

25% foam reduction.

Example 7

The phase stability of two formulations containing Bardac® LF 18 and NaDOSS were tested.
20  As shown in Table 4 below, formulations containing NaDOSS at molar ratios of 0.02 and 0.05

are compatible, providing clear, single phase solutions.

Table 4

NaDOSS/Quat Molar Ratio|Quat Content [%]|NaDOSS Content [%]| Appearance
0.02 51.0 1.5 Single phase, clear
0.05 50.0 3.6 Single phase, clear




LE + 0.02 mol NaDHSS 16.0 Both tested compounds significantly reduced the foaming properties of
90 ppm active dioctyldimethylammonium chloride (Bardac(r) LE 18, Lanza Inc.). As shown in Table 3,
the addition of NaDOSS at a molar ratio (sulfosuccinate/Bardac(r) LE 1S) of 0.02 provided a 50% foam
(5 reduction, from 8 cm to 4 cm, while addition of NaDHSS at the same molar ratio provided a 25%
foam reduction. Example 7 The phase stability of vo formulations containing Bardac(r) LF 18 and
NaDOSS were tested. 20 As shown in Table 4 below, formulations containing NaDOSS at molar ratios
of 0.02 an@l@i@ssare compatible, providing clear, single phase solutions. Table 4 0.02 0.0551.0
50.03.6 1.5 'rigle phase, clear NaDOSS/Quat Molar Ratio Quat Content rlol NaDOSS ctP4i
Appearance ?ng|ep%§@@@ﬁﬁ°icwmwﬁedq@mem}@r W@é}ﬁ%ﬁﬁ%éyﬁﬁ’aﬁ%@ém&m
containing at least of&] lﬂﬁ B'HFE?rﬁ Hr/ R ERMRRHRGUd SR thod
comprising the addlt‘f($ BEP %Bfﬁ?ar%tﬁ‘ tdP Zh[BAIR JGer

surfactant to quater Hnlonlc GSQGF ac ern omaB 1 B8 o?bugldld
ethod of Claim W ereln arr
PSR SR

aqueous system. 2, IO o) anlonlc diester surfactant to

quaternary a@.monlwm@éﬁaam&maﬁﬂIl4,rmm%ppmdrh%fa@%900&14%%lésTé\eme%PfoC'a'm 1
or Claim 2, wherein guetatiaash@ReAUMEIAGO phosphonium compound is from 0.001 to 0.05.
ammoniumand/orphosphoniumcompoundisselectedfrom (i)a compound having the formula
[QR1IR2R3R4* X (I)Iwehenethod of Claim 1 or Claim 2, wherein the at least one quaternary
ammonium and/or  phosphonium compound is  selected from

(i) a compound having the formula [QR'R?R°R'" X (), wherein
Q is nitrogen or phosphorus;

R' and R? are independently unsubstituted or hydroxy-substituted linear or
branched Cia alkyl; -(CH,CH.0),,CH.CH,OH, or -
(CH2CH(CH3)O)CH.CH(CH3)OH, where m in  each molecule
independently is an integer from 1 to 10;

R® is an optionally substituted benzyl, ethylbenzyl, naphthylmethyl, or
linear or branched Cs-», alkyl;

R* is an optionally substituted benzyl ethylbenzyl methylnaphthyl or
linear or branched C.,, alkyl or -R*(O),(CsH,4)R®, whereinnis 0 or 1 ;

R° is substituted or unsubstituted C..s alkanediyl or -(CH2)p-O-(CHz)q-
wherein p and q independently are integers from 1 to 8;

R® is hydrogen or a substituted or unsubstituted, linear or branched Cy.2
alkyl;

and X is a monovalent or one equivalent of a polyvalent anion;

(i)  acompound having the formula R*R®®R?'R#*Q*X" (Il), wherein
Q is as defined above,
R, R, R?', and R? are independently linear, branched, cyclic or any
combination thereof saturated or unsaturated hydrocarby! groups,
X" is a monovalent or one equivalent of a polyvalent anion,
and the sum of the carbon atoms numbers of R'®, R?, R?' and R* ranges
from 10 to 50;

(ii) a polymeric quaternary ammonium or phosphonium biocide; and

(iv) a mixture of two or more quaternary compounds of any of (i) to (iii).



Q is nitrogen or phosphorus; 131 and R2 are independently unsubstituted or hydroxy-substituted linear
or branchedClAalkyl;-(CH2CH20)",CH2CH20E-1,or (CH2CH(C113)0)",CH2CH(CH3)0H, where m in
each molecule independently is an integer kern 1 to 10; R3 is an optionally substituted benzyl,
ethylbenzyl, naphthylmethyl, or linear or branched G§-22 alkyl; f-i4 is an optionally substituted benzyl,
ethylbenzyl, methylnaphthyl, or linear or branched 1 22 alkyl or -R5(0),(C61-14)R0, wherein nis O or

1 RS5 is substituted_gr unsybstitut -1-8 Ika | ar: CI 12)r.-0- w
niopendent) are i %%ﬁ&ﬁ% S gq °“£§ri“§@ '* uf’g&ﬁ‘aéé?
branched C1.17 alkyyag m%a%@ 25LH qugwa 506 i e/xﬁ a%a 7550)

having the formula R} 33R265idR ¥ wherein 0 |s as defined above, 1419,R21, and R22
are independently linear, branched, cycllc or any combination thereof saturated or unsaturated
hydrocarbyl ggoups, Pheinathtanovalamh G one, edgiate)t ¢&f schaliadtent ahograupdcheisting of the
carbon atoms numb&G@3R'3HR2A; B2 @Hed H22 ranges from 10 to 50; a polymeric quaternary
ammonium or phosphonium biocide; and (iv)a mixture of two or more quaternary compounds of any of
(i) to (iii). 9 46The s cepbiod| ghasy whé&Bimena iR deMae b MBotine F O 3ianifdiesten R2
R3R4]+ X-, Q is as GeffAe@M '@Paﬁ%'fQ"BE’th R1 and R2 are C 1-4 alkyl, R3 is a linear or branched

06-22 alkyl, R4 is benzyl or %Q-rla’l r. brPa% ?{g ang X- is chloride, 5,[ Th% acﬁgﬁg Iof Claim
3 or 4, whereln X- ISse ecte rom 2 gup con 0 %amyl egécf (i&di dihexyl
sulfosuccinate, dloctyl sulfo- succmate, dltrldecyl sulfosuccinate, the potassium,

sodium and calcium salts of any of the foregoing, and any mixture of any of the
foregoing sulfosuccinates and salts.

8. The method of Claim 7, wherein the at least one anionic diester surfactant is
selected from the group consisting of dihexyl sulfosuccinate and the potassium,
sodium and calcium salts thereof.

9. The method of Claim 7, wherein the at least one anionic diester surfactant is
selected from the group consisting of dioctyl sulfosuccinate and the potassium,
sodium and calcium salts thereof.

10. The method of any of Claims 1 to 9, wherein the aqueous system contains from
0.1 to 100 ppm, of the biocidal quaternary ammonium and/or phosphonium
compound.

11. A single-phase liquid low foam formulation comprising at least one biocidal
quaternary ammonium compound and at least one anionic diester surfactant,
wherein the molar ratio of anionic diester surfactant(s) to quaternary ammonium
compound(s) is from 0.001 to 0.09.

12.  The formulation of Claim 11 comprising 5 to 80 wt.%, based on 100 wt.% total
formulation, of the at least one biocidal quaternary ammonium and/or
phosphonium compound.

13. The formulation of Claim 1 or Claim 12 containing a dye or perfume or other
performance additive.

14. A method for killing or inhibiting the growth of microorganisms, algae and/or
fungi, said method comprising applying the formulation of any of Claims 11 to 13
to an aqueous system or to a porous or hard surface.

15. The method of Claim 14, wherein the porous or hard surface is wood, metal or
plastic.

16. The method of Claim 15, wherein the formulation is used as a wood preservative.



6. The method of any of Claims 1 to 5, wherein the at least one anionic diester surfactant is a
sulfonate. 7. The method of Claims 6, wherein the at least one anionic diester surfactant is selected
from the group consisting of diamyl sulfosuccinate, dihexyl sulfosuccinate., dioctyl sulfo- succinate,
ditridecyl sulfosuccinate, the potassium, sodium and calcium salts of any of the foregoing, and any
mixture of any of the foregoing sulfosuccinates and Haits. 8. The method of Claim 7, wherein the at
least one anionic diester surfactant is selected from the group consisting of dihexyl sulfosuccinate and
the potassiun /sodidmeamgitaidiomGlaits tHerabEroinTthe futhodtohCRinset wheralisittfeciaheast one
anionic diester surfa3AaERy Sederebtdasame group consisting of dioctyl sulfosuccinate and the
potassium, sqdium and calgium a&% thereof. 10. The method of any of Claims 1 to 9, wherein the
agueous sysﬁe%n coﬁt%?n@?fgﬂgifl F'Tb i exm?f&ﬂtﬁ%%?&&%%‘r SR .ﬁ%ﬁ’\%ﬂ?ﬁéﬁﬁ/gﬁ)”p

hosphonium com cons%stiglgc% S lﬁg ﬁa CRalan wagers ‘(’fﬁ Jv {%ﬁé %%rg]' tj%ll X §|[ I8 §:t'8ﬂe
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biocidal quaternary g O URRHY RAIA and at least one anionic diesfer sur acgmt, w eré’m@he
molar ratio of anionic diester surfactant( s) to quaternary ammonium compound(s) is from 0.001 to
0,09. 12. ThetfarmulBtimetckhiot Claromgyising SriaB0 gl dousasetean i b wiklpowetak fayangation, of
the at least one biocidétgaatecreatjoaal pooiionsaditephosphonium compound. 13. The formulation of
Claim 1 or Claim 12 _containing a dye or perfume or other performance additive. 14. A method for
killing or inhitfifing th@gr‘é\ﬁ/wpgf%é@& Srisrhd, UNGARIMHE FIANARYS SARIGMetRBERESHBAS A Ebplying
the formulation of ary HPETiH<Me RGH QU S HANCRISBPHLM 6’?‘?@95&5%“9’8#’%?8@8%%. 15. The
method of Claim 14, wherein the porous or hard surface is wood, metal or plastic. 16. The method of
Claim 15, wherein the formulation is used as a wood preservative. - 10 - 17. The method of Claim 14,
wherein the formulation is used as a disinlectant or sanitizer for hard surfaces. 18. The method of
Claim 14, wherein the aqueous system is selected from the group consisting of cooling waters, waste
waters, waters used on oil fields for injection, test or recovery purposes, recreational pool or spa
waters, ballast water, and pulp or paper- making slurries. 19. The method of Claim 18, wherein the
aqueous system is cooling water, ballast water or recreational pool or spa water. 20. The method of
Claim 18 or 19, wherein the aqueous system contains from 0.1 to 100 ppm, of the biocidel quaternary
ammonium and/or phosphonium compound.



