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treat nent of aqueous 5 systens and nore partlpularly!g§%q dal»
materials that are synergistic against mcroorganisns typically Tound in

i ndustrial aqueous systens such as cooling water systens, air washer
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and pul p and paper -m |l systens. 10 The formation of slime by

m croorgani sns is a problemthat is encountered in many industri al agueous

systens. In industrial cooling water systens, for exanple, the water {Used
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The formation of slime by microorganisms is a

problem that is encouhtered in many industrial aqueous
systems. In industrial cooling water sYstems, for
example, the water used is generally city water, and is
sometimes untreated river water for large systems. As’
such, the water is not sterile, with the result that
bacteria accumulate in the system. In addition, a
significant portion of bacteria is entrained in the air
as the system water cascades down the tower fan. This
commonly gives rise to a slimy deposit on the surfaces of
the system which come into direct contact with the
cooling water. Both once-through and recirculating
cooling systems employ large quantities of water as a
cooling medium, in which formation ¢ slime by -1(
microorganisms is an extensive and constant problem.

The slime formation not only aids in the
deterioration of the tower structure in the case of
wooden towers, but also may tend to clog up the equiphent
and make it less efficient if allowed to accumulate.
Slime carried through the cooling system plugs and fouls
lines, valves, strainers, etc. Bacteria carried through
the system in the water deposits on surfaces such as heat
exchanger surfaces to form slime masses which impede heat
transfer and greatly reduce the efficiency of the cooling
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the systemin the water deposits on surfaces such as heat exchanger _
surfaces to formsline nmasses which i npede heat transfer and greatly reduce
the efficiency of the cooling 2 system The sline deposits al so provide

. “an envi ronment conducive to the growth2of anerobic bacteria which thrive in

the | ow oxygen environment beneath the slime. These anerobic organi sms can
cause.pitting and corrosion of 5 metal surfaces. In pulp and paper ml|
systeus, sli e 15CT 0 s 195 «C QIR C : causes

fouling, pl t%g%;tfr?g{ o%h%grérfg‘geo%r g? t%?}sitoe%E ihlgés-ﬁq‘rry‘g'ltlg?qgnecqrres
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The slime is also.responSible for unsightly hlemshes in the final product,
whi ch r esul BRPROPdCe OrganiFnf, SaRd caussuPithing, aad gerrpsdion @fsed
probl gns hawmetadsshirfdces.15 . the extensive utilization of biocides in

cool ing water and_i n.pul p_and -paper .qi.l | _systens. .A_varJj et materi al s
‘have been used i%ns gﬁpéﬁﬁ%igggf ngiﬁhcF@ﬁ%ﬁﬂmkhFaﬁﬂﬁb?bgﬂ¥%$}ﬁ%ted

phenol s, or gdcrborgandsnsalis commond yoegsounteried andncawsds. Al | of these
compounds 2Bounind S pISAEIG, o Slleclont B G BOSRALL | M ol | e
its Specifiglﬁgxp@pppepopntraiped in the paper produced to cause
10 breakouts on the paper machines, which results in work
stoppages and the loss of production time. The slime is
- also responsible for uhsightly blemishes in the final
product,-which result in rejects and wasted output.
- The previously discussed problems have résulted in
15 the extensive_utilization of biocides in cooling water
énd in pulp and paper mill systems. A variety of
materials have been used in such applications including
chlorine, chlorinated phenols, organobromines, and _
_ various organo-sulfur_compounds..ﬂAll_of these compounds
20 are generally useful for this purpose but each is
attended by a variety of_impediments. For example,
chlorination is limited both by_its,épecific toxicity for
-slime-forming organisms at economic levels and by the
tendency of chlorine to react, which results in the
._i25  expenditure of the chlorine before its full biocidal
function is achieved. other biocides are attended by
odor probleﬁs and hazards in respect to storagé, use or
handling which limit their utility. To date, no one
compound or type-of compound has achieved a clearly '
30 ' established_predominance in respect to the applications
discussed. ; _ _ c _ _ _ '
The use df_biocides may?invqlve the continuous or
frequent addition to the systems béing treated and méy



slime-formng organi sns at econom ¢ |evels and by the tendency of chlorine
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5 ni & odri@FPerganisagudnusqyponsnsystemss anot her object of this invention
to provide a $p¢ogid 0gb4i Nggk Qi : lnakd f 2-
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obj ect ofdé 'Bthﬂﬁ?éth_&ﬁe&ﬁiﬁéoahde;gzPdQHﬂSﬁoCQ MR-adc§anobutane
2- (decyl t.hi ) - et haneanm pe,and_1, 2-dj brono- 2, 4-di cyanobut ane tor
simul ta , %%pﬁygfﬁggﬁtéﬁqﬁgﬁgpﬁ# BLETPATHARLAME AD AANEQUS h of
m crldbr geyssemssi n aqueous Syst emns.
It is a further object of this invention to provide a
product comprising 2-(decylthio)-ethaneamine and 1,2-dibromo-
2,4-dicyanobutane for simultaneous, separate or sequential use
in inhibiting the growth of microorganisms in aqueous systems. hd
15 In accordance with this invention, there have been
provided a biocidal composition and a method of use
thereof comprising a mixture of 1,2-dibromo-2,4-
dicyanobutane and 2-(decylthio)ethaneamine, and wherein
the composition is added to an aqueous system in an

20 amount effective to exhibit microbial growth.
The present invention is directed to a combination

of two types of biocidal materials that give rise to
synergistic effects against microorganisms in aqueous
systems such that the extent to which the micro-organisms

25 are killed exceeds that which one would expect from using
the sum of the individual components of the composition.
More specifically, this invention is directed to a
combination comprising 2-(decylthio)ethaneamine and 1,2~
dibromo-2, 4-dicyanobutane in an amount effective to

30 inhibit microbial growth. This combination has proven to
be particularly effective in inhibiting the growth of
Enterobacter aerogenes ATCC 13048 in aqueous systems.

2-(decylthio)ethaneamine is manufactured by the Dow

Chemical Company under the name DTEA or XU40304.01L
35



15 In accordance with this invention, there have been provided a

bi oci dal conpositi-on and a met hod of use thereof conprising a m xture of

1, 2-di*bronp- 2,’4- di cyanobut ane and 2-{(decyl t hi 0) et haneam ne, and wherein
the conposition is added to an aqueous systemin an 20 anount effective to
exhi bi t adcomgliing te divwS. PRtenty dkentd ial6@6lon ils@-dHdnmmd-0 a conbi nati on

of W0 ByReaRlydidthliale WM Sidrilendtiifedn® etk \Chemialg ot ¢ of [ ect s

agalynst i croorganl SN I n aqueous systens extent to which the

m cro-oPJYHSIAN by faddan Garporadden acqorging thdSuBrtelect from

usi ngf t wal lSlgnﬂ];]amajlr}dIWIMBQQme ,92% dnee 3;@399@53 on. More
specifically, . this invention is.di.recte ati-on: corrprlsmg _

2- (décylthlo)éFh§Hé§H1 éﬁﬂmfs} lﬁpﬁr %bg%4f 3ﬂy € in an amount
effecti gemeuraaayl ndudt teﬁﬁaatz&eahr@mutildedﬂhcs amratgumsomyfsa:enpr oven to be
particu t er Qhagt er aer ogenes
ATCC 13 81%199 #sf%t (’:'{#?ﬁ%&y %e%z?mmng tys& inuf act ured by
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manuf acture D vi si on g orat 1 on accordi ng to
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growth. The 2-(decylthio)ethaneamine is generally added .
to the system in a concentration of 0.7 to 1.2 ppm (by weight) -
while the 1,2-dibromo-2,4-dicyanobutane is generally added in a
. concentration range of 4.0 to 12.0 ppm (by weight). The total
15 biocide concentration in the aqueous systems is generally in -
- the range 5 to 14 ppm (by weight), and is preferably 5 2 to
13.2 ppm (by wéight). . .
‘The following examples are provided to- 111ustrate
_ the invention in accordance with the principles of this
20 invention, but are not to be construed as limiting the
invention in any way except as-indicated in the appended
claims. all parts and percentéges_ére by weight unless
otherwise indicated.



5 The bi oci dal conpositions of this invention are generally nost
effecti ve when added to an aqueous system having a pH greater than 7,
preferably between 8 to 9. The individual biocide conponents of this
conposi tion nay be added to the systenPindividually or may be pre-mxed 10
and are added in an amount effective to inhibit mcrobial gromh. The

2- (decyl thio)ethaneam ne is generally added to the systemin a
concentration of 0.7 to 1.2 ppn1(by iIe t he T
1, 2-di brono- 2, 4- dlcyanobutane iS in a concentration range

of 4.0 to 12.0 pEhensls RS 931T§decﬂﬂaﬁh%%lﬁ &Beﬂ%%?o%“%ohc%ﬂiw?%‘l n the
aqueous systzems-d \ﬂidnelwlefaeewmstédtﬁoééls Pim vegaihat and is
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i nvents on, Mdllowsnot to be construed as limting the invention in any way
except as indicated in the appended clains. Al parts and percentages are
by wei ght unl ess ot herw se indicat ed. 5 Bl ends of

2- (decyl t hi 0) @Hdeeydthiand 1, 2- di brl)n%-dthIDW'cyanobut ane Symergyal uat ed

for synergi _rﬁﬂ%#_ﬁrrgbacter 3048. Thmts are
as 5 f ol TOWS ec i 0) rom)- Syner gy

et haneari ne Al Az @dl cyanobutBhe B ndex

10 0.70 2.00 0.35 10.0 20.0 0.50 0.85%
0.70 2.00 0.35 20.0 20.0 1.00 1.35
0.70 2.00 0.35 30.0 20.0 1.50. 1.85 ~
0.70 2.00 0.35 60.0 20.0 3.00 3.35
1.50 2.00 0.75 10.0 20.0 0.50 1.25

15 1.50 2.00 0.75 20.0 20.0 1.50 1.75
1.50 2.00 0.75 30.0 20.0 1.50 2.25
1.50 2.00 0.75 60.0 20.0 3.00 3.75
2.00 2.00 1.00 10.0 20.0 0.50 1.50
2.00 2.00 1.00 20.0 20.0 1.00 2.00

20 2,00 2.00 11.00 30.0 20.0 1.50 2.50
2.00 2,00 1.00 60.0 20.0 3.00 4.00
4.00 2.00 2.00 10.0 20.0 0.50 2.50
4.00 2.00 2.00 20.0 20.0 1.00 3.00
4.00 2.00 2.00 30.0 20.0 T}.SO 3.50

25 4.00 2.00 2.00 60.0 20.0 3.00 5.00



1 The comblnathn is synergistic

0.70 2.00 0.35

Al A2 A Bl B2 B 10
10.0* 20.0 '0.50 0.85* 0.70. 2.00 0.35 20.0 20.0 1.00
1.350.70 2.00 0.35 . 30.0 20.0 1.50 1.85 0.70 2.00
0. 35 . 60.0 20.0 3.00 6 3.35 1.50 2.00 0.75 10.0
20.0 0.50 1.25 15 1.50 2.00 0.75 20.0 20.0
1.50 - 1.75 1.50 2.00 O. 75 - 30.0 1.50
225 1.50 200 075 60. 0 3200 3.75 2.00 2.00
1. 00 8 0. 50 2.00 2. 00 '1.00 20.0
20.0 - 1.00 - 3 ecylth2°00 20 2106'd2h50mor 00 SYBey9IY 20. 0
1.50 ethdne@min@0 2.00 120@-dicyanoblit@ne 20. 0 3. QG8dex
4.00 4.00 % 00 %200 A 10.0 20 0 g 50 ' . 2.50 4.00 2.00
2. 00 20. 0.01.00 4.8 2.00 200 30. 0
20.05 1.50.60 2 00 03390 25 44000 32 00 .00 - @BRO 20.0
.3.00. 55080 mpl e 2 25( gecyhighipo) 1 2 br ono-
Syner gy etﬁanean1ne 059 2,4 gﬁcyané@upa 0.27 dgghAl A2
_ - 0.0 2.082 0.30 B5 120060 39.60 0-40 IBR 30.0
0.13 0.g0 | BRo@. 6@. 48 00 0. 3Q 0 30.0800.130.0 0.2%pR | BR
.0.60 2.00 0.3 2.0 30. 0.4Q | BR 0. 80 2 go 0.40
4.0 30.00-88. 13-00 0.45 | BR 0. 86 -0, "030.8 400-27 8.0 9-83% 0.27
0. 6706 0.80 2.00 0.40 12.0 30.0 0.40 0.80%.
1.20 2.00 0.60 4.0 - 30.0 0.13 0.73%
: 1.20 2.00 0.60 8.0 30.0 0.13 0.87%
g 1.20 2.00 0.60 12.0 30.0 0.13 1.00
15 - Example Legend
Synergy Index = A + B
_ Where: _
20 A = Al / A2
' B = Bl / B2
Where:
Al = Concentration of 2- (decyl;hlo)ethaneamlne (ppm '
./ 25 Al) in mixture - '
Az = MIC endp01nt of 2 (decylthlo)ethaneamlne
Bl = Concentration of 1, zedlbromo-z,4-d1cyanobutane
(ppm Al) in mixture
. B2 = MIC endpoint of 1, 2-d1bromo-2 4-d1cyanobutane
30 '
When:
A + B = 1 The comblnatlcn is addltlve
A + B > 1 The comblnatlon is antagonlstlc
A+ B <



10 0.80 2.00 0.40 12.0 30.0 0.40 - 0.80* 1.20

2.00 0.60 4.0 30.0 0.13 0.73* 1.20 2.00 0.60

8.0 30.0 0.13 0.87* 1.20 2.00 0.60 . 12.0 30.0 0.13
1.00 15 Exanpl e Legend Synergy Index = A+ B -
Where: 20 A= Al/ A2 B=Bl1/ B2 Were: Al = Concentration of

2- (decyl t hi o) et haneam ne (ppm 25 Al) in mxture A2 = M Cv
endpoi nt of 2-(decylthio)ethaneam ne Bl = Concentration of <

1, 2-di brono- i_—edi cyanobutane (ppm Al) in mxture B2 = M C endpoi nt of
1, 2-di bromo- 2,;4-di cyanobut ane 30 When: A + B = 1 The conbination is
additive A + B > * The  ceniSymexioon is antagonistic A+ B < 1 The

conbi nation is syRggRgi st iC i%icant s~ = I NSignificant
Bacterial Reducti g% Insx% % can ﬁa“ dldt@o%rlfnConcent ration
ppm Al 5= Parts peMIFﬁ |1 ﬁnmmi@ﬂm\/é% rym(‘g:ncentration

ppm Al = Parts per million - Active ingredients

(



5 CLAI M5 1. A m crobioci dal conposition
conprising 2-(decylthio)ethaneam ne and 1, 2-di brono- 2, 4- dlcyanobutane in an
anount effective to inhibit mcrobial growth wherein t he

2- (decyl t hi 0) et haneam ne and 1, 2- 10 di br ono- 2, 4- di cyanobut ane are in a
wei ght ratio of 0.7- 1.2:4-12 respectlvely 2. A conposi tion according
to claim1l substantially as herelnbefore descri bed. 3. A product

conpwg3|ng 2- (decylthio)- 15 ethaggﬁggﬂg%and

2: di'br ono- 2, 4- di cyanobut ane for si us, separate or -sequential use

hi b h h f A
'pPOAL‘CL ling e Tooer o 5B AU LAMEOLEs S OEB B ding | )
5. A methodsily 1¢0i &) dfkhd 41Fi S8 X4 gf%ﬂa%fgeﬁgg? étagg%ggaa%%%g e

syst ens conpr|3|ng adding to the system decylt m ne an
1, 2-di br ony?, oy LASHURD WK SEE] ¥ @oafwﬂslefﬁf&bwaiogkamw Whieb@igr owt h

of m cr oor gani sns. 25 A nethod according to claim5
wherein a rdhd Lq-e(dﬁcy’:’tt(tdmyéﬁrm:@éaﬂfmemng 2aad 1, 2-di brono- 2, 4-
di cyanobutane is added to the system 7. A nmet hod according to claim5b

or 61ahermdiuﬂumaxnunnﬁiayaﬁabntanemaréained weighpHrgtéat of 807- than 7.
1.2:4412 respectively.-

2. A éomposition.according_tb claim 1

. subsﬁahtially as hereinbefore_described.

3. A product comprising 2-(decy1thi6)-

15 ethaneamine and 1,2-dibromoéz,4-dicyanobutané for .
simultaneous, separate or sequential use in inhibiting the

_growth of microorganisms ih'aqueOus systems.
4. A product according to claim 3
sﬁbstantially as hereinbefore described.

20 : 5. . A method of 1nh1b1t1ng the growth of
microorganisms in aqueous systems comprising addlng to the
system 2-(decylthio)ethaneamine and 1,2-dibromof2,4—

S 'dicyanobutane in a amount effective;ko inhibit the growth

bf microorganisms.

25 | ‘6. A method according to claim 5 wheréin a
mixture of 2-(decylthio)ethaneamine-ahd 1,2~-dibromo-2,4~
dicy&nobutané’is‘added to the system. |

7. A method'according'to claim 5 or 6
wherein'the.aquéous system ié.maintained at a pH_greater

30 than 7. | |

8. A method according to claim 5 or 6



8. A nmet hod according to claim5 or 6 9 wherein the aqueous system.is
mai nt ai ned at a pH between 8 and 9. 9. A net hod according to any one of
claimse 5 to 8 wherein the 2-(decylthio)ethaneam ne and 1, 2-di brono- 5

2, 4-di cyanobutane are in a weight ratio of 0.7-1.2:4-12 respectively. 10.

A nmet hod according to any one of clains 5 to 9 wherein the agueous system
Is a cooling water system 11. A met hod9according to any one of clains 5
10 to 9 wherein the aqueous systemis a pul p and paper neking systenT.
12. A et hitereioorthe(aaueeus | systembisanainthined aér @ phetstoeen 8

descri bed.
and 9.

9. A method according to any one of claims 5
to 8 wherein the 2-(decylthio)ethaneamine and 1,2-dibromo-
5 2,4-dicyanobutane are in a weight ratio of 0.7-1.2:4-12
respectively.
10. A method according to any one of claims 5
to 9 wherein the aqueous system is a cooling water system.
11. A method accqrding to any one of claims 5 -
10 to 9 wherein the aqueous system is a pulp and paper making
system.
12. A method according to claim 5

substantially as hereinbefore described.




