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WD 2008/ 134778PCT/ ZA2008/ 000028 | A METHOD OF
STABI LI ZI NG AN ALDEHYDE BACKGROUND OF THE | NVENTI ON

WO O®81347Thi s invention relates generally to a BCHBA2008/000028
aqueous al dehyde sol ution or m xtures of al dehyde
sol utions. 5[0002] Al dehydes are wi dely used in many
i ndustrial processes. Inpoftantly, due to the ability
of an al dehyde functi onal Lroup of an al dehyde
nol ecule to react with free am ne groups of, for
exanpl e, a cell nenbrane of a m croorganism the
al dehyde dg at e B 0k dal , eff e by _di srupti ng
and u|tirrM THOB Ot STARIEIZING AN ALTIEH) [ 0003]
Al dehydes are commonly used as preservatives,
sanitizers, disinfectants and 10sporoci dal agents.

BACKGROIRA oFMBY aivaldrindes (with the exception of

for matdehyte and ardehydes with carbon chain | engths
of 2 to 4 carbon atons) have a tendency, especially at
| ow concentrations, to adopt a cyclic nol ecul ar
Co . I . | _
ooo1) LA IRHUGERAFTHS Sobe AR IR 6 micures
i i.ng formal dehyde and 15 al dehydes with carbon
OfamehygﬁgﬁhHﬁéggths of 2 to 4 carbon atons) when in a
mononeric form which is prevalent at |ow
concentrations, have a tendency to diffuse into the

[0002] Ai&%%%@ el i@&fyi Llﬁkféraﬁngrﬁgb{: Wn@%%ﬁél%r%ées"s%ts?%pgﬁéw, due to the

nd respi rator

- 2008/.134778PCI/ ZA2008/ 000028 2 005],_ Al dehydes a .
abilty of A1} 3P4k, RIRCHREA ST0He At rag FERLSE Ptlecti & Yerdafiifree amine
f time, will pol rize with other, al dehyde
aroups ofy e irie?. &.oof Geblan, LA ErDr Gaias T A ghpie darensirates a
o %reater_than 50C (and at | ess than 4C for al dehydes
biocidal qffest by diseurtingi and whgeakely kilingdbs nigwerganisiNoon at ons) .
Once again this will result in a loss of the biocida
effect. 5[0006] It is known in the art to take a
pr oduct containin? an al dehyde sol ution and, before
[0003] Aldehydes are geemqnly |ysedophgPresevatives nsrifiizerss disfidectants and
~al dehyde nol ecul e to polynerize is reduced. Raising
Spm@md@ﬁ@eﬁé-subsequently activates the al dehyde sol ution
The activation increases the reactivity of the
al dehyde functional groups with the am ne groups and
t he associ ated bioci dal effect upon cell nenbranes. _
[0004] Heweuesralgalaydesa byith tthe &quﬁéoal@Igfgra@lmaeuam%rald%hydes with
conprom sed in so doing to the extent that the
carbon ahalinutlérgihs sofodl {0 < sbrtorf @tome) dask datenden©0F§petiallyeat low
are a nunber of problens associated with the use of an
concentratiahsh o edopt @t tyslicasokechlarataldiguratiod wehich Nesultnliny tilo atdehyde
a user have to dilute the product prior to use but

moleculedbsifg ast biveitial éfficac]'/hGuﬁﬁéﬂhbl@bldﬂﬂydé@‘éin@mdirgcﬁ)hﬁéfdéﬁyde and
product is corrosive, due to the high pH, and 15

aldehydedngitiRBAboR Rt IchginéM2 td 0QBbord Beorh&\RREH F’rgﬁs%oﬁ@rﬁéﬁc form,

partially addresses the aforenenti oned prob

which is ?t ¥ oo Wﬁg%ggﬁygwﬂ%% aﬁgﬁdéﬁ%f& &iﬂplsjéd’grggfitﬁ%trﬁosphere

abl e aqueous e solution th I nc

e SRS VRR RO b B

nonoal dehyde (Diagram 1), a cyclic al dehyde (Di agram
2) and a di al dehyde (Di agrarn2) and a nonoal dehyde or
a cyclic aldehyde in a 0.001%to 25% n v
concentration: 5R - CHOOHC - Rl- CHOR3 - CHO Di agram
1Di agram 2Di agram 3 and wherei n: R =
hydrogen, a strai ght hydrocarbon chain between 1 and
12 carbon atons in length, or a branded hydrocarbon
chain between 2 and 12 carbon 10atons in length; -Rl=
a hydrocarbon chain between 2 and 12 carbon atons in
| ength; and -R3= a cyclic hydrocarbon having 5 or 6
carbon atons. (b) a surfactant or detergent chosen

T e 1
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5 [0014] The surfactant is preferably a non-ionic
surfactant such as an al cohol ethoxylate surfactant.
w(Q 0®25347The al cohol ethoxyl ate surfactant nay PCDEZAZI®S/B00028
to 9 ethoxyl ate groups depending on the conposition of
the stabl e aqueous al dehyde sol ution and the foam ng
properties 5required for a specific application of the
stabl e aqueous al dehyde s@l ution. [0016] The buffer is
preferably a m xture of sodium acetate trihydrate and
[0005] Aldehydesi ain retadivelyehigher [coDe@ptrationsaileft souert depgsiadopf tinee, will
st abl e aqueous al dehyde solution at |east at 5 or
polymerizalwitteother atdeHydasholeculest hgprotdss whicheacdeterpiesf airtabipgratures
included in the solution in a concentration of 10 at
greater thbﬁ‘%@t’C Qafd %t 156¥ thaPAB forTdigeidestnaf have creyn lengtiyofless than
nore of the foll ow ng conpounds: potassium
I 1A, 1059 Ef e Hibsgaeieet. and
SCaﬂxxl@%ﬂ%ﬁﬁ?ﬁ?%g?@ﬂ%g@gﬂwq%%Tg The pH nodifier is
preferably potassi um hydroxide in a one nol ar
sol uti on. [ 0020] The pH of the stabl e aqueous

[0006] |t<’i*el Risdisieh el a td)fékgﬁayprl@@uﬂlﬂd:diﬁé!hﬁ\gdan ahehir@e sbloBowaind, before
15manuf acture, within a 7.0 to 8 range.

use, to dﬁQtQS 1%&6@@6%@%%@9@3%8 tRe [Q@@:ﬂdep\n‘lfo‘lédﬂjléﬂﬁ@' lymerize is

guat er nary nmmont um conpound w th st'erically hindered

reduced. z{d}qﬁége el ﬁ/ ?gﬁfaﬁ%% :?réclé qu?lél'y?%l $%Igﬁ16iﬁ.8’1*ﬁe activation
lncreasesptﬁe r%rg&lé\ﬁ S bqf th% qqﬁ%]}/ ng&ﬁbest \F\’/gﬁ(ﬁa% %lmol ré ol I (‘r}lrg@’ and the
sssocete phoal Shedy b ﬁﬁgﬁ@b%?n%@t RN R AN C

iron, silver, sodiumand gold 0023]  Sodj um ni
solution lmﬂ@@r@aa@w $@ dping t@t’f%?éte&hﬂ@&) $'Hté¢fwe°f§¥aﬁfﬁbﬁeot%f several
in a concentration exceeding 0,005% mv for its
days. anti-corrosive properties. [ 0024] Copper may be
added to the stable aqueous al dehyde solution e.g. as
cupric 10chlorate or cupric sul phate. [0025] Zi nc may
be added to the stable aqueous al dehyde sol ution
[0007] Therezaigca peintier &f sreblemsrasseniatad wih dge 2sgofan ?J'Plﬁh\é?e solution
[0026] The stabl e aqueous al dehyde sol ution may be
as a biocitial ptasidickiNdieniywoes diuser haeel todilyettae peodust eFior ignuse but also
al cohol or a solvent to produce a biocidal dispersant
activate iMThb rasgtaea tiduted Hridoadtidaledgirbductdy catrosiveedue to the high pH, and
tenperatures than the stable aqueous al dehyde sol ution
unstable b8ydHd alRfbnthit ed state. WO
2008/ 134778PCT/ ZA2008/ 000028 7 al i quot of water, at a
tenperature of between 40C to 50C, the al dehyde is
allowed to interact wwth the surfactant or detergent,
[0008] The idveieion|aeida3e partrdly addrestes tha afoesrméntidnext prablems.
whi | st mai ntaining the tenperature between 40C to 50C
to produce an al dehyde-surfactant conpl ex sol ution,
and a second aliquot of water is added after at Ieast
SUMMARY GF INVERTEONO0 cool the al dehyde-surfactant conpl ex
solution to bel ow 40C to stop the conpl exi ng reaction
[0028] The al dehyde nay be a rnonoal dehyde (D agram
1), dial dehyde (D agram 2) or a cyclic al dehyde
[0009] T(hEIlﬁ%rﬁHmQSrowdeﬁa&téﬁ]é%qheo%é{ldehyde:sduhm theat iirptudeR: -
CHOOHC - - CHOR3 - CHO 10D agram 1Di agram 2Di agram 3
and mhereln. R = hydrogen or a straight hydrocarbon
chain between 1 and 10 carbon atonms in |length or a
branded hydrocarbon chain between 2 and 12 carbon
atons in length; 15-Rl= a hydrocarbon chain between 2
and 10 carbon atons in length; and -R3= a cyclic
hydr ocar bon having 5 or 6 carbon atons. [0029] The
surfactant nay be at |east one of the follow ng: an
al cohol ethoxylate WD 2008/ 134778PCT/ ZA2008/ 000028 8
| auryl sul phate, a twin chain quaternary anmoni um
conpound and cocopropyldlan1de (CPAD). BRI EF

L
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1. A yoxal Tni gl ut aral dehyde al cohol ethoxylate 7 2.
d yoxal TM al cohol ethoxylate 9 3.

w@2opds 347181 chl or al dehyde tri hydrate al cohol etPORZAZ08000028

9 4. succinal dehyde al cohol ethoxylate 7 5.

G ut ar al dehyde/ succi nal dehyde al cohol ethoxylate 7 6.
d yoxal Tml succi nal dehyde _al cohol ethoxylate 9 7.

acet al dehyde al cohol etﬁoxylate 9 8.

acet al dehyde/ d yoxal TM al cohol ethoxylate 9 9.

gl ut ar al dehyde/ par af or mal dehyde al cohol ethoxylate 9

[0032] The al dehyde is allowed to I with the

$3b ah raldemio romPEPREt laast cns”ph S selulhe: ' paoaidenyde
al ongsi de the rel evant al dehyde) for a peri.od ﬂf )

bet wediagnasn dnda ayclg Aldesyde fﬁ?i@rﬁmo%)u%% aggjaldehyde (Diagram2)
al dehyde-surfactant solution, whilst maintaining the 5

t enpandt armoondaltabydsody af cywlic ealdpbydedn @dtoah% E5% miv
During this period of heating the al dehyde conpl exes

wi t hcohesrditatiohol et hoxyl ate substantially to

conpletion (see Figures 2 and 3). [0033] Foll ow ng

this period, a further anount of water, at a

tenperature of |ess than 25C, is added to the

al deRyrd€HIr f act ar@HEonRh exCHOI uti on Ro—reldlce the
tenperature of 10 the solution to bel ow 30C thereby to
stop the conplexiq% reacti on of the al cohol ethoxylate

wi t hDizgragl Hehyde.Dipg@BaR A pH nodi f i B¥agragich as

pot assi um hydroxi de, is then added in a sufficient

guantity to adjust the pH of the

succignghgehyide- surfact ant conpl ex solution to within

7.0 to 8.5 Potassium hydroxide is used in a one nol ar
solution. WD 2008/ 134778PCT/ ZA2008/ 000028 10 [ 0035]
Finally a buffer m xture conprising sodi ym acet ate

Eri hytiFaPUiTZREN o3t SERhidieEaiBen Shalf desiWegn h@nd 12 carbon
al deBygifs $iichgf, dta KTARRLE Ny&RIcHFHPcHan BEREHE2 @nd 12 carbon
st abl e aqueous al dehyde sol ution in the concentrate

sol utitens in lepgthg6] Sodi um acetate trihydrate and

pot assi um acet ate each have a concentration in the

S5buffer mxture of between 0.250 to 0.500 grans/liter

Thi s -R%Q%gw&ta?&orﬁéﬁéiﬁ ib@fivdeh gliahbt1ecarben armskenh 1bAgth; and

t he al dehyde-surfactant conplex solution to within the
range 0.005)/0 to 0,1 )/0 mv. [0037] The buffer

m xture maintains th H of the gconcentrate during the

shel FRT A€YBHC *ﬂ@ogﬁfgeﬁé‘aé{kﬁ‘@£%ggﬁﬁ°&%8m§ol uti on,

i.e. at least 6 nonths from manufacture, at | east

above 10pH 5. [0038] The concentrate sol ution of the
Stpablesatattmtsoradetefypde chadan from anmcomesles thehllowing: an alcohol
followi ng contents in the foll ow ng concentrations:

(a) aeehyse siideidnt, 60 ndhpRENG! SlirfacdamoRelphonic acid, sodium
et hoxylate -0.1%to 25 % v; and 15(c)the buffer

m xt “ad f QQ%%] a0 seAbimneRaihNGuat
biocﬂ%@?rg¥ |c%geh%$’gﬁﬁmyﬁgéPgﬁaqueéﬁs’aldehydea Quaternary
sol ut ] i . el ement s

are iRt odhpBE af cbOmrbBU RN AE (GPARE. =TT

the solution: calcium nmagnesium zinc, copper,

titanium iron, silver and gold.

(c) a sufficient amount of a pH modifier to bring the pH of the solution to within

a 6.0 to 8.5 range; and
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WD 2008/ 134778PCT/ ZA2008/ 000028 11 [0040] To produce a

bi oci dal product capable of application, by a variety
Wo@R00REB3MT38 to a variety of surfaces, the conceP@T/anz008/000028

solution of the stable aqueous al dehyde solution is

diluted with potable water to produce a di spersant

with al dehyde in a 0.001%to 8% niv concentration.

5[ 0041] The di spersant fi fids application as an

additive to degreasing agents, detergents, thickeners,

fragrances, colorants, skin conditioners and a variety

of ant|- cr obi aj Th|s |st exenp
@ b3 his é&%\péséﬁfguse? st OT?)OQL il mst Rt eetate,
the concentrate sol ution with aldeh de in
concBagnasivBhaseiaiex sedisnmaceipin, ﬁpq|urr§agatgf§vtgmygaate potassium
conposition in which to transport the stable aqueous
10al dettptte $thiumi @eetate048ppianendlygsker hexalerecelygel opodium
the concentrate solution, nerely has to dilute the
conc phosyatate, sniditt onphysphate quotassiuai phaspbate; fthien fbosphate,
ready incorporation with other appropriate additives,
t 0 pripdypeecHitat) Cire sulpiatescupric chibrateodnd budrimsliploatp,
hand sanitizers, medical equipnment disinfectants,
di shwashing |iquids, and |aundry detergents. 15 Once
again, this list is exenplary and is by no neans
[0010] “Stablatisinithe.cdn@d4if thedneantiventrefets tesahuadusoutiaidshyde solution
further application, incorporated with other nediuns
capable of Belhgastoral ok 9, periedl dTsat edast shomphthel withaut this bisiehgde molecules
rel ease of the biocidal efficacy. WO
ggggl v ﬁé&%@ /000028 12 properties, greater
polymeriz ﬁ§§§1§§%$LIOCI§§| ef fi cacy at room tenperatures
relatively to an al dehyde (e.g. acetal dehyde and/ or
d yoxal TM that has not been subjected to the nethod

[0011] TRE sfeﬂﬁe hguEsid élﬂeﬁydé?solaf ol ARStinBI0le Ay A thedfollowing aldehydes:
surfactant in a conplex configuration), and which is

formalde@%gd EF&Q%&%@E (eﬂgi%ﬁbhélééhyﬂés (%ﬁﬁafﬁ%ﬁ&t@e 2, ﬁﬁ‘ﬁérfm@ehyde

The stabl'e aqueous™al dehyde

hexanald?lﬁ}q‘g' oﬁ‘e%%rlléﬁﬁe einc &Bhﬁﬁ@ﬂ){@é defy, dr‘?é?}aldegn de, glutaraldehyde,

Cofrpat Cer arn unht nder e tro

N e T T,

consi der t|o n formul ating with any aldehyde
furfuralde@yg%,mﬁga %(an‘pl e 1: Proof of Conplexing: 10
[ 0048] To denDnstrate conpl exi ng of the al dehyde with
the surfactant a conparison is nmade betmeen Figure 1

o121 IS ok oL SV o B bt Wi Sctowm
s | g 535 LA,

was present. 15 [0050] Figure 3 exhibits the separate
chloradehysies Biwdrate; ofcetalsebyde actnent Girexal e al @éfﬂfa@al%l&vde and
in Figure 2, but unconplexed with each other. By
glutaraldef(ydpagiutajalaegyde afdwuctingidghyde and Glyexal Weansksuccinaddehyde.
the spectra of Figure 2 have shifted to the right with
respect to the spectra of Figure 3, indicating the
conpl exi ng of the aldehyde with the surfactant. WO
[0013] The0stablel 7RRROTS Zaiebyd® teueidn Prefeosy Maldesntbiee sutfactant or
Figure 2 was produced by addi ng 50mL acet al dehyde (10%
detergentiihvg 0119 #52%5% rafv coritpnieaiio. sol ution (2.51 bacteri al
filtered water, 0,9% niv al cohol ethoxylate 7, 13,7g
pot assi um acetate, 13,7g sodium acetate trihydrate)
and heated to 30C for 15 mnutes. 5 [0052] The sanple
of Figure 3 was a sanple of acetal dehyde (99%ni/v),
m xed with an al cohol ethoxylate 7 surfactant w thout
bei ng subjected to the nethod of the invention. [0053]
The nethod, nmaterials and equi prent used in this
N exanple are as follows: Agilent 1299LC; Agilent 6210
Agllent 6210 tlne of - fllght (TCF) mass spectroscopy,

o N N1 ~ A N7
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al cohol ethoxylate 9 2 hrs 4 hrs 8hrs PASS PASS PASS 3
d yoxal Tm 8% chl or al dehyde tri hydrate 10% al cohol

weehsngd7a e 9 2 hrs 4 his 8 hrs PASS PASS PASSP@I/ZA2008/000028
succi nal dehyde 3% al cohol ethoxylate 7 2 his 4 hrs 8
his FAIL PASS PASS 5 gl ut aral dehyde 1% succi nal dehyde
2% al cohol ethoxylate 7 2 his 4 hrs 8 hrs PASS PASS
PASS 6 d yoxol TM 8% Succital dehyde 1% al cohol

ethoxylate 9 2 his 4 his 8 hrs PASS PASS PASS WD
2008/ 134778PCT/ ZA2008/ 000028 15 7 acet al dehyde 3%

al cohol ethoxylate 9 2 hrs. 4 h 8
[0014] The surfactant is prgferably a non-lronic sur!fe?ctanthstuschpa'%ssgnPé%c‘?b%‘nol ethoxylate

surfactant.

[0015] The alcohol ethoxylate surfactant may include 3 to 9 ethoxylate groups depending
on the composition of the stable aqueous aldehyde solution and the foaming properties

required for a specific application of the stable aqueous aldehyde solution.

[0016] The buffer is preferably a mixture of sodium acetate trinydrate and potassium

acetate.

[0017] To maintain the pH of the stable aqueous aldehyde solution at least at 5 or above
for at least 6 months, the buffer is preferably included in the solution in a concentration of

at least 0.05% m/v.

[0018] The pH modifier may be any one or more of the following compounds: potassium

hydroxide, sodium hydroxide, sodium phosphate and sodium bicarbonate.
[0019] The pH modifier is preferably potassium hydroxide in a one molar solution.

[0020] The pH of the stable aqueous aldehyde solution may be maintained, at the time of

manufacture, within a 7.0 to 8.5 range.
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PASS 8 acet al dehyde 2% d yoxal TM 8% al cohol et hoxyl ate

9 2 hrs 4 hrs 8 hrs BORDER PASS PASS PASS 9
waewsasdehyde 1% par af or mal dehyde 1% al cohol ePEZx2@8/@00028

9 2 hrs 4 hrs 8 hrs BORDER PASS PASS PASS 10 d yoxal

TM 10% al cohol ethoxylate 3 2 hrs 4 hrs 8 hrs PASS

PASS PASS 11 furfural dehyde 5% al cohol ethoxylate 3 2

hrs 4 hrs 8 hrs BORDER PASS PASS PASS 12

furfural dehyde 5% al cohol ethoxylate 9 2 hrs 4 hrs 8

hi s PASS PASS PASS 13 gl utaral dehyde 3% al cohol

ethoxylate 3 2 his 4 hrs 8 hrs FAl L
[0021] A twin chain quaternary ammonium compound with sterically hindered armonium

groups may be added to the stable aqueous aldehyde solution for its fungicidal and

foaming properties.

[0022] To enhance the biocidal efficacy of the stable aqueous aldehyde solution one or
more of the following trace elements may be added to the solution: calcium, magnesium,

zinc, copper, titanium, iron, silver, sodium and gold.

[0023] Sodium nitrite may be added to the stable aqueous aldehyde solution in a

concentration exceeding 0,005% m/v for its anti-corrosive properties.

[0024] Copper may be added to the stable aqueous aldehyde solution e.g. as cupric

chlorate or cupric sulphate.

[0025] Zinc may be added to the stable aqueous aldehyde solution e.g. as zinc

perchlorate, zinc chioride or zinc sulphate.

[0026] The stable aqueous aldehyde solution may be diluted either with distilled or
potable water, an alcohol or a solvent to prbduce a biocidal dispersant with a greater
biocidal efficacy at lower temperatures than the stable aqueous aldehyde solution in an

undiluted state.

[0027] The invention also provides a method of manufacturing a stable aldehyde-

surfactant complex solution wherein at least one aldehyde is added to a surfactant in a first



10

15

PASS PASS 14 2-ethyl hexanal dehyde 10% al cohol

ethoxylate 3 2 hrs 4 his 8h rs FAIL FAIL PASS 15
wQ2@shgd77hexanal dehyde 10% al cohol et hoxyl at ePOI/2A%108/000028

4 hrs 8 his FAIL PASS PASS 16 nonanal dehyde 150/ 0

al cohol ethoxylate 3 2 his 4 hrs 8 hrs FAIL PASS PASS

WO 2008/ 134778PCT/ ZA2008/ 0}30028 16 17 nonanal dehyde

15% al cohol ethoxylate 9 2 hrs 4 hrs 8 hrs FAIL PASS

. ASS 18 chl oral dehyde, hydrate 20% _al cohol et hoxyl at
aliquot ofyWatery &t § IHTBOE A CEAPINISRSO B ke SR e MtoP AP REAR foallowed to
. hydrate 20% al cohol ethoxylate 9 2 hrs 4 hrs 8 hrs _
interact wpiﬁ the surfactant or detergent, in a’complexing reaction, for at least 15 minutes
whilst maintaining the temperature between 40°C to 50°C to produce an aldehyde-
surfactant complex solution, and a second aliquot of water is added after at least 15

minutes to cool the aldehyde-surfactant complex solution to below 40°C to stop the

complexing reaction.

[0028] The aldehyde may be a monoaldehyde (Diagram 1), dialdehyde (Diagram 2) or a

cyclic aldehyde (Diagram 3) in a 0.001% to 25% m/v concentration:

R-CHO OHC -R-CHO Rs - CHO
Diagram 1 Diagram 2 Diagram 3
and wherein:

R = hydrogen or a straight hydrocarbon chain between 1 and 10 carbon
atoms in length or a branded hydrocarbon chain between 2 and 12 carbon
atoms in length;

-R¢= a hydrocarbon chain between 2 and 10 carbon atoms in length; and

-Rs= a cyclic hydrocarbon having 5 or 6 carbon atoms.

[0029] The surfactant may be at least one of the following: an alcohol ethoxylate

surfactant, a nonylphenol surfactant, sulphonic acid, sodium lauryl ethyl sulphate, sodium
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PASS PASS 20 par af or mal dehyde 3% al cohol ethoxylate 9
2 hrs 4 hrs 8 hrs FAIL PASS PASS 21 fornmal dehyde 10%
Wab@ehad77&t hoxyl ate 9 2 hrs 4 hrs 8 hrs FA L PASSZRAB$000028

[ 0058] The sanme al dehydes as used above (i.e. 1 to 21)

were re-subjected to the test, with the rel evant

surfactant added, but w thout pH adjustnent and

vvithout the addition of a“H nodifier and a buffer.

t he al dehydes failed the 8 hour cont act time with

lauryl SU'Ph@ee?cB/}ﬁf‘l @iﬁ"&)qu@tQIFQFYaPB"Eﬁ%ém( SRMPPUNd BNd,£egpPROPYIdiamide

"borderline" pass. 5[0059] As evident fromthe above
(CPAD). t he invention appears effective at inproving the

bi oci dal efficacy of al dehydes. [0060] Exanple 3:

Stabili ty tests. WD 2008/ 134778PCT/ ZA2008/ 000028 17

Tabl e npl e | e nunber Description of sanple (% mv)
BRIEF DE&@R!P'HIQN QEkTh-IEfDRAWINGSn h 25C T enp 25C pH 25C pH

25C pH 25C pH 25C pH 25C pH %l dehydem v %l %al %al

Yal %al

[0030] The invention is further described by way of example with reference to the
accompanying drawings in which:

Figure 1 illustrates a commercially available mass spectroscopy scan of acetaldehyde;
Figure 2A illustrates a mass spectroscopy scan of acetaldehyde treated in accordance with
the invention;

Figure 2B illustrates an expanded portion of the mass spectroscopy scan of Figure 2A;
Figure 3A illustrates a mass spectroscopy scan of untreated acetaldehyde and a
surfactant; and

Figure 3B illustrates an expanded portion of the mass spectroscopy scan of Figure 3A.

DESCRIPTION OF PREFERRED EMBODIMENT

[0031] A stable aqueous aldehyde solution, according to the invention, is manufactured,
in a concentrate solution (i.e. comprising aldehyde compounds in the range 2 to 10% m/v),
by first adding a non-ionic surfactant i.e. alcohol ethoxylate (with 3, 7 or 9 ethoxylate
groups), to water heated to a temperature between 40° and 50°C followed by an aldehyde

or an aldehyde mixture chosen from Table 1 (hereinafter referred to as “the aldehyde”).



10

(%al ) 40C 40C 40C (accelerated stability
test) pH pH pH Yal %l Yal 1 d yoxal
waomsa3Ba 5. 37 5.36 5.37 5.33 Slightly cl ouryT/Z820©8000028

9
Table 1:
aldehyde aldehyde mixture Preferred surfactant
1. Glyoxal™/glutaraldehyde alcohol ethoxylate 7
2. Glyoxal™ alcohol ethoxylate 9
3. Glyoxal™/chloraldehyde trihydrate | alcohol ethoxylate 9
4. succinaldehyde alcohol ethoxylate 7
5. Glutaraldehyde/ succinaldehyde alcohol ethoxylate 7
6. Glyoxal™/succinaldehyde . alcohol ethoxylate 9
7. acetaldehyde alcohol ethoxylate 9
8. acetaldehyde/Glyoxal™ alcohol ethoxylate 9
9. glutaraldehyde/paraformaldehyde alcohol ethoxylate 9

[0032] The aldehyde is allowed to complex with the preferred alcohol ethoxylate (as
indicated in Table 1 alongside the relevant aldehyde) for a period of between 15 and 30
minutes. This produces an aldehyde-surfactant solution, whilst maintaining the
temperature of the body of water between 30°C and 70°C. During this period of heating
the aldehyde complexes with the alcohol ethoxylate substantially to completion (see

Figures 2 and 3).

[0033] Following this period, a further amount of water, at a temperature of less than
25°C, is added to the aldehyde-surfactant complex solution to reduce the temperature of
the solution to below 30°C thereby to stop the complexing reaction of the alcohol

ethoxylate with the aldehyde.

[0034] A pH modifier, such as potassium hydroxide, is then added in a sufficient quantity
to adjust the pH of the succinaldehyde-surfactant complex solution to within 7.0 to 8.5

Potassium hydroxide is used in a one molar solution.



10

15

10. 62 10.61 10. 65 5.25 5.15 2 2-ethly
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[0035] Finally a buffer mixture comprising sodium acetate trihydrate and potassium
acetate is added to the aldehyde-surfactant complex solution to produce a stable aqueous

aldehyde solution in the concentrate solution.

[0036] Sodium acetate trihydrate and potassium acetate each have a concentration in the
buffer mixture of between 0.250 to 0.500 grams/liter. This concentrated solution is diluted
when added to the aldehyde-surfactant complex solution to within the range 0.005% to

0,1% m/v.

[0037] The buffer mixture maintains the pH of the concentrate during the shelf life of the
stable aqueous aldehyde solution, i.e. at least 6 months from manufacture, at least above

pH 5.

[0038] The concentrate solution of the stable aqueous aldehyde solution includes the

following contents in the following concentrations:

(a) aldehyde - 0.01% to 25% mlv;
(b)  alcohol ethoxylate - 0.1% to 25 %m/v; and
(¢)  the buffer mixture - 0.05% to 0,1% m/v.

[0039] To enhance the biocidal efficacy of the stable aqueous aldehyde solution, one or
more of the following trace elements are added, in a concentration not exceeding Sppm, to

the solution: calcium, magnesium, zinc, copper, titanium, iron, silver and gold.

H
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[0040] To produce a biocidal product capable of application, by a variety of means, to a
variety of surfaces, the concentrate solution of the stable aqueous aldehyde solution is
diluted with potable water to produce a dispersant with aldehyde in a 0.001% to 8% mliv

concentration.

[0041] The dispersant finds application as an additive to degreasing agents, detergents,
thickeners, fragrances, colorants, skin conditioners and a variety of anti-microbial products.

This list is exemplary and is by no means exhaustive.

[0042] On the other hand, the concentrate solution with aldehyde in a concentration in
excess of 10% m/v is a favoured composition in which to transport the stable aqueous

aldehyde solution.

[0043] An end user, on receipt of the concentrate solution, merely has to dilute the
concentrate solution by a required dilution ratio for ready incorporation with other
appropriate additives, to produce products such as anti-microbial hand soap, hand
sanitizers, medical equipment disinfectants, dishwashing liquids, and laundry detergents.

Once again, this list is exemplary and is by no means exhaustive.

[0044] The concentrate solution finds further application, incorporated with other mediums

such as paints, resins etc, to provide a sustained release of the biocidal efficacy.

[0045] It is believed that the dispersant and the concentrate solution, in the variety of

applications exemplified above, have lower volatility, lower toxicity and corrosive
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properties, greater stability and biocidal efficacy at room temperatures relatively to an
aldehyde (e.g. acetaldehyde and/or Glyoxal™) that has not been subjected to the method
of the invention (i.e. at least not bound to a surfactant in a complex configuration), and

which is used in comparative applications (see Table 2, Table 3 and Table 4).

[0046] The stable aqueous aldehyde solution, like an uncomplexed aldehyde, is
incompatible with certain unhindered nitrogen containing chemicals such as triethalamines
and cocoamides. This incompatability needs to be kept in consideration when formulating

with any aldehyde biocide.

[0047] Example 1: Proof of Complexing:

[0048] To demonstrate complexing of the aldehyde with the surfactant a comparison is

made between Figure 1 and Figure 2.

[0049] From Figure 2 it is evident that there are no free acetaldehyde spectra between 0
to 100 mass to charge (m/z) where acetaldehyde indicative peaks would appear (see

Figure 1) if “free” aldehyde was present.

[0050] Figure 3 exhibits the separate mass spectra of the surfactant and the aldehyde
used in Figure 2, but uncomplexed with each other. By comparing Figure 2 with Figure 3 it
can be seen that the spectra of Figure 2 have shifted to the right with respect to the

spectra of Figure 3, indicating the complexing of the aldehyde with the surfactant.
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[0051] The sample of Figure 2 was produced by adding 50ml acetaldehyde (10% m/v) to
450ml of a “premix” solution (2.51 bacterial filtered water, 0,9% m/v alcohol ethoxylate 7,
13,7g potassium acetate, 13,7g sodium acetate trinydrate) and heated to 30°C for 15

minutes.

[0052] The sample of Figure 3 was a sample of acetaldehyde (99% m/v), mixed with an

alcohol ethoxylate 7 surfactant without being subjected to the method of the invention.

[0053] The method; materials and equipment used in this example are as follows: Agilent .
1299LC; Agilent 6210 Agilent 6210 time-of-flight (TOF) mass spectroscopy; LC: mobile
phase: 50:50 H20:MeCN + 0.1% formic acid; flow: 0.2 mi/min; injection volume: 10 micro-
liter; samples were directly infused into the TOF; TOF: positive ionization; gas Temp
300°C; drying gas 8L/min; nebulizer 35 psig; Vcap 3500V; fragmenter 140V; skimmer

60V ref masses: 118.086255 and 922.009798.

[0054] The TOF system is used in combination with a dual-nebulizer ESI source and an
automated calibrant delivery system to continuously introduce low-level reference masses
to achieve accurate mass assignment. For the analysis, the drying gas flow was set at
8L/min, with gas temperature at 300°C. The nebulizer was set to 35 psig and capillary
voltage was 3500V. A Fragmenter setting of 140V was used with skimmer 60V. The
mass range was set to 100-3500 m/z with transients/scan equal to 10000. Internal

reference mass correction was used.
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[0055] Stability tests, as above, were repeated on samples of the aldehydes (1 to 21)

indicated in the table below. The results showed the same complexing phenomena.

[0056] Example 2: Biocidal efficacy tests:

[0057] Tests were conducted using a South African Bureau of Standards (SABS) method
(i.e. SABS1593), a Kelsey Sykes modified suspension test. The microorganism used in

the test was Bacillus subtilis var globi. The results of the tests are tabulated below:

Table 2:
Aldehyde 1 Aldehyde 2 Surfactant Suspension Result
(% miv) Contact time
1 glutaraldehyde Glyoxal™ 8% alcohol ethoxylate 7 2 hrs PASS
0,
1.5% 4hrs PASS
8 hrs PASS
2 Glyoxal™ 16% alcohol ethoxylate 9 | 2 hrs PASS
4 hrs PASS
8hrs PASS
3 Glyoxal™ 8% chioraldehyde alcohol ethoxylate 9 | 2 hrs PASS
1 0,

trihydrate 10% 4 hrs PASS
8 hrs PASS

4 succinaldehyde 3% alcohol ethoxylate 7 | 2 hrs FAIL
4 hrs PASS
8 hrs PASS
5 glutaraldehyde 1% | succinaldehyde 2% | alcohol ethoxylate 7 2 hrs PASS
4 hrs PASS
8 hrs PASS
6 Glyoxol™ 8% Succinaldehyde 1% | alcohol ethoxylate 9 2 hrs PASS
4 hrs PASS
8 hrs PASS
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7 acetaldehyde 3% alcohol ethoxylate 9 2 hrs PASS
4 hrs PASS
8 hrs PASS
8 acetaldehyde 2% Glyoxal™ 8% alcohol ethoxylate 9 2hrs BORDER
PASS
4 hrs PASS
8 hrs PASS
9 acetaldehyde 1% paraformaldehyde | alcohol ethoxylate 9 2 hrs BORDER
1% PASS
4 hrs PASS
8 hrs PASS
10 Glyoxal™ 10% alcohol ethoxylate 3 2 hrs PASS
4 hrs PASS
8 hrs PASS
11 furfuraldehyde 5% alcohol ethoxylate 3 2 hrs BORDER
PASS
4 hrs PASS
8 hrs PASS
12 furfuraldehyde 5% alcohol ethoxylate 9 2 hrs PASS
4 hrs PASS
8 hrs PASS
13 glutaraldehyde 3% alcohol ethoxylate 3 2 hrs FAIL
' 4 hrs PASS
8 hrs PASS
14 2-ethyl alcohol ethoxylate 3 2 hrs FAIL
0,
hexanaldehyde 10% 4 hrs FAIL
8hrs PASS
15 2-ethyl alcohol ethoxylate 9 2 hrs FAIL
[s)
hexanaldehyde 10% 4 hrs PASS
8 hrs PASS
16 nonanaldehyde alcohol ethoxylate 3 2 hrs FAIL
0,
15% 4 hrs PASS
8 hrs PASS
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16
17 nonanaldehyde alcohol ethoxylate 9 2 hrs FAIL
[¢)

15% 4 hrs PASS
8 hrs PASS

18 chloraldehyde alcohol ethoxylate 3 2 hrs FAIL

0,

hydrate 20% 4 hrs PASS
8 hrs PASS

19 chloraldehyde alcohol ethoxylate 9 2 hrs FAIL

0,

hydrate 20% 4 hrs PASS
8 hrs PASS

20 paraformaldehyde alcohol ethoxylate 9 2 hrs FAIL

0,

3% 4hrs PASS
8 hrs PASS

21 formaldehyde alcohol ethoxylate 9 2 hrs FAIL

0,

10% 4hrs PASS

8 hrs PASS

[0058] The same aldehydes as used above (i.e. 1 to 21) were re-subjected to the test,
with the relevant surfactant added, but without pH adjustment and without the addition of a
pH modifier and a buffer. All the aldehydes failed the 8 hour contact time with the

exception of glutaraldehyde (sample 13) with a “borderline” pass.

[0059] As evident from the above the invention appears effective at improving the biocidal

efficacy of aldehydes.

[0060] Example 3: Stability tests.
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Table 3
Sample Description of sample (% | Start 1wk | 2wk [ 1mth | 2mth | 3mth
number
m/v)
o 25°C 25°C | 25°C | 25°C | 25°C | 25°C
25°C Temp oH oH oH oH oH oH
%aldehyde m/v | %al %al %al %al %al
(%al)
40°C 40°C | 40°C
(accelerated
stability test)
pH pH | pH
Y%al %al Y%al
1 Glyoxal 10% 5.38 537 | 536 |5.37 |533
Slightly cloudy 10.58 | 10.62 | 10.61
10.65
525 | 5.15
2 2-ethly hexanal 10% 5.76 573 |[575 |576 |5.70
Milky top clear 10.35 | 10.35 | 10.4
bottom mixed all
milk 5,53 | 547
10.4
3 furfuraldehyde 10% 6.91 6.85 | 6.89 |6.93 |6.80
Clearyellowtop | 9.85 | 9.81 | 9.75
dark brown
bottom Mixed all
creamy brown 6.57 16.35
9.87
4 glutaraldehyde 10% 5.3 545 |[532 |5.43 |533
Clear 10.97 | 10.89 | 10.95
(Terg 3)
11.02 511 | 5.09
5 acetaldehyde 10% 6.47 6.45 | 651 |6.531|64
Clear 10.32 | 10.28 | 10.33
10.36
6.12 | 6.06
6 formaldehyde 10% 7.09 712 | 717 | 7.20 |6.90
Clear 9.97 |9.84 |9.99
9.98
6.85 |6.73
7 butyraldehyde 10% 5.22 5.3 528 |536 |5.20
Smells slight 10.1 | 10.02 | 10.00
cloudy top




15 3% gl ut aral dehyde + Terg 6.47 6.45 6.38 6.34 6.31

3 dear

hexanal

oily ppt on top 2.98 2.97 2.86
W@ 2@58/134778.6 3% 2- et hyl

3.00 6.24

+ Terg 6. 20 6. 1BCGZAL08/000028

6.08 6.11 3 Clear 2.86 2.76 2.89 2.99
18
bottom clear 5.04 | 5.02
mixed all cloudy
10.05
8 nonanal 10% 6.38 6.44 | 6.43 |6.53 |6.35
White top cloudy | 10.63 | 10.7 | 10.45
bottom mix milky
10.65 6.16 | 5.98
9 chloral hydrate 2% 6.32 6.35 |6.3 6.41 |6.29
Slight cloudy 218 | 219 | 218
2.18
6.00 | 5.87
10 paraformaldehyde 10% 7.43 7.36 | 7.42 |7.56 |7.30
Cloudy ppt 10.19 | 10.15 | 10.17
10.16
7.14 |6.98
11 3% Glyoxal + tergitol 6.26 6.28 | 6.3 6.32 | 6.15
(Terg) 3 Clear oily ppton |2.97 |3.01 {299
top 6.00 | 5.86
2.98
12 3% Glyoxal + Terg 9 6.33 8.32 |6.33 |6.34 |6.19
Clear 2.97 |298 |3.00
3.02
5.99 | 574
13 3% furfuraldehyde + Terg | 7.32 727 729 | 725 |7.18
3 Qily brown ppt 284 | 286 |2.84
top bottom
cloudy 7.01 |6.91
2.89
14 3% furfuraldehyde + Terg 7.59 755 | 756 |7.51 |7.41
9 Clear yellow 2.81 280 |278
2.79
7.27 | 7.02
15 3% glutaraldehyde + Terg | 6.47 6.45 |6.38 |6.34 |6.31
3 Clear oily ppton | 2.98 |2.97 |2.86
fop
3.00 6.24 |6.05
16 3% 2-ethyl hexanal + Terg | 6.20 6.15 | 6.10 |6.08 |6.11
3 Clear 2.86 |2.76 |2.89
2,99
6.01 | 5.91
17 3% 2-gthyl hexanal + Terg | 5.65 5.4 543 | 5.45 |5.50
9 Cloudy 297 290 |295
2.99
569 | 5.56
18 3% nonanal + Terg 3 clear | 6.50 B.49 646 |645 |6.31
Clear oily top 295 296 |287 |
bottom clear mix
cloudy 6.19 | 6.00
2.89
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19 3% nonanal + Terg 9 clear | 6.41 6.4 6.38 | 6.42 |6.32
Milk top cloudy 2.86 | 283 |2.87
bottom mix milk
5 85 6.06 | 5.86
20 3% of 2% chloral hydrate + | 6.64 6.65 |B8.55 |6.7 6.35
Terg 3 Clear oily top 012 | 0.11 | 012
bottom clear
0.1 6.17 | 5.99
21 3% of 2% chloral hydrate + | 6.61 6.58 |6.53 |6.62 |6.30
Terg © Clear 0.12 |0.10 | 0.1
0.13
6.17 | 6.00
22 3% sodium perborate tetra | 11.01 10.98 | 10.85 [ 10.9 | 10.81
hydrate + Terg 9 Clear
10.06 | 10.54
(gas)
23 3% paraformaldehyde + 8.04 789 | 7.78 [ 765 |7.85
Terg 9 Clear slight smell | 2.99 (297 |2.95
3.01 7.89 |7.72
24 3% acetaldehyde + Terg 9 | 8.09 797 |7.86 |7.78 |7.90
Clear slight smell | 2.99 |2.98 | 3.00
3.01
7.82 | 7.73
25 3% formaldehyde + Terg 9 | 7.82 779 | 763 |7.55 |7.60
Clear smell 3.06 |2.99 |3.00
3.1
746 | 7.36

[0061] The tests conducted at 40°C are accelerated stability tests i.e. a 2 week period at

the elected temperature (40°C) is equivalent to a 6 month “shelf-life” period at 25°C.

[0062] The aldehyde samples chosen for this test are merely exemplary of the vast

number of possible aldehyde and mixed aldehyde permutations of the invention.

[0063] The three month results were not available at the time of filing.
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[0064] Example 4: Virucidal efficacy tests.

[0065] The same aldehyde samples as used in Example 3 (i.e. 1 to 25) were tested for
virucidal efficacy using a standard SABS method (SANS1288) which uses a bacteriophage
with virus standard to represent enveloped and non-enveloped viruses Each of the

samples passed the test.
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A stable aqueous aldehyde solution that includes:

(@

(b)

(c)

(d)

an aldehyde comprising at least one of the following: a monoaldehyde
(Diagram 1), a dialdehyde (Diagram 2) and a cyclic aldehyde (Diagram 3)

in a 0.001% to 25% m/v concentration:

R~ CHO OHC - Ry - CHO R3;— CHO
Diagram 1 Diagram 2 Diagram 3
and wherein:

R = hydrogen, a straight hydrocarbon chain between 1 and 12 carbon
atoms in length, or a branded hydrocarbon chain between 2 and 12 carbon
atoms in length;

-R4= a hydrocarbon chain between 2 and 12 carbon atoms in length; and
-R3s= a cyclic hydrocarbon having 5 or 6 carbon atoms.

a surfactant or detergent chosen from any one of the following: an alcohol
ethoxylate surfactant, a nonyiphenol surfactant, sulphonic acid, sodium
lauryl ethyl sulphate, sodium lauryl sulphate, a twin chain quaternary
ammonium compound and cocopropyldiamide (CPAD);

a sufficient amount of a pH modifier to bring the pH of the solution to within
a 6.0 to 8.5 range; and

a buffer comprising at least one of the following: calcium acetate,
magnesium acetate, sodium acetate, sodium acetate tri-hydrate, potassium
acetate, lithium acetate, propylene glycol, hexalene glycol, sodium
phosphate, sodium tri-phosphate, potassium phosphate, lithium phosphate,

zinc perchlorate, zinc sulphate, cupric chlorate and cupric sulphate.
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A stable aqueous aldehyde solution according to claim 1 wherein the aldehyde
comprises. at least one of the following: formaldehyde, acetaldehyde,
proprionaldehyde, butraldehyde, pentanaldehyde, hexanaldehyde, heptanaldehyde,
octanaldehyde, nonanaldehyde, succinaldehyde, Glyoxal™, 2-ethyl hexanaldehyde,

iso-valeraldehyde, chloraldehyde hydrate, furfuraldehyde, paraformaldehyde.

A stable aqueous aldehyde solution according to claim 1 wherein the aldehyde is
selected from one of the following: glutaraldehyde and Glyoxal™ (ethane
dialdehyde); Glyoxal™ chloraldehyde trihydrate; acetaldehyde and Glyoxal™;
paraformaldehyde and glutaraldehyde, glutaraldehyde and succinaldehyde and

Glyoxal™ and succinaldehyde.

A stable agueous aqueous aldehyde solution according to any one of claims 1 or 3

which includes the surfactant or detergent in a 0.1% to 25% m/v concentration.

A stable aqueous aldehyde solution according to claim 4 wherein the surfactant is a

non-ionic surfactant.

A stable agueous aldehyde solution according to claim 5 wherein the surfactant is

an alcohol ethoxylate surfactant.

A stable aqueous aldehyde solution according to claim 5 or 6 wherein the alcohol

ethoxylate surfactant includes 3 to 9 ethoxylate groups.



10

15

10.

11.

12.

13.

14.

7.86 7.78 7.90 Clear slight snell 2.99 2.98 3.00

3.01 7.82 7.73 25 3% f ormal dehyde + Terg 9
wWQ2@813477® 7.63 7.55 7.60 Clear smell 3.06 PCP2AR08000028

3.1

23

A stable aqueous aldehyde solution according to any one of claims 1 to 7 wherein

the buffer is a mixture of sodium acetate trihydrate and potassium acetate.

A stable aqueous aldehyde solution according to claim 8 which includes the buffer

in at least a 0,05% m/v concentration.

A stable aqueous aldehyde solution according to any one of claims 1 to 9 wherein
the pH modifier comprises at least one of the following: potassium hydroxide,

sodium hydroxide, sodium phosphate and sodium bicarbonate.

A stable aqueous aldehyde solution according to claim 10 wherein the pH modifier

is potassium hydroxide in a one molar solution.

A stable aqueous aldehyde solution according fo any one of claims 1 to 11 which
includes a twin chain quaternary ammonium compound with sterically hindered

ammonium groups.

A stable aqueous aldehyde solution according to any one of claims 1 to 121 which
includes one or more of the following trace elements: calcium, magnesium, zinc,

copper, titanium, iron, silver, sodium and gold.

A stable aqueous aldehyde solution according to claim 13 wherein copper is

included as cupric chlorate or cupric sulphate.
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W@ r@bha7agjueous al dehyde sol uti on accordi ng t oPERZAZN08000028
of clains 1 to 7 wherein the buffer is a m xture of
sodi um acetate trihydrate and potassium acetate. 9. A
st abl e aqueous al dehyde sz% ution according to claim$8
whi ch includes the buffer~in at |east a 0,05%n v

s GRRTS b 87 2ghS Eo  ETOU S S0 B0 e i

nodj fier conprises at |east one of the foll ow ng:
CONSBRERENIM hydr oxi de, sodi um hydr oxi de, sodi um

phosphat e and sodi um bi carbonate. 11. A stabl e aqueous

al delRydeH8ol ut i onOhteomii-igi®o cl ai mR0- GH& ein the pH

nmodi Plagramd pot asBiagiamy2ir oxi de i n a RiagramBar

solution. 1012. A stabl e agueous al dehyde sol ution

accoﬁlﬂ;ﬁ wheredn: any one of clains 1 to 11 which includes

n !

ot ertcant o Bedd St ety AR SRR Sy an 10 carbon

aqueatumsahd«a’lgm@rsaolbmhdedl hydmmadborgchiain deywesre2 @ind 12 carbon

cl ai%.t? 121 which includes one or nore of the

foll ¢ el enents: cal ci um nmagnesi um zinc,

150anmera, hydré&tboichain®stweeh 2eind FPEAMEH 6ms M ;éngﬂm and
A stabl e aqueous al dehyde sol ution according to claim

13 viteT & WCH%BM@VPC?@Q“H@%@ 05§ Gl atopM-or ate or
cupric sul phate. WD 2008/ 134778PCT/ ZA2008/ 000028 24
15. A stabl e aqueous al dehyde sol uti on according to

A nedtBodnol matueictiing? b tabls aqEJ@bugamea@délsnmti@ﬂradbb&nﬁg € claim
zinc chloride or zinc sul phate. 16. A stable aqueous

20 Wh@?éIMC{ﬁeSéﬂrféEta?ﬁ iR QB4 NGNd Bf ARY feﬂﬁ/wg% Gh34188hok é’tﬁoxylate

whi ch includes sodiumnitrite 1n a cohcentration

X 0, : b
S“"%*anﬁ TR BRcRo b ArARY, <O fioflec il Rt 130F1 3R supnate
t ng .of cl.ains dwth
sodifiy P ISshBraE S58R pfiafl aaﬁfleav%fye@m?ma@caomwnd and
to cl '.mﬁ? ﬁ?fiﬂ i ncludes the al dehyde in a 0,001%to
COCQ%W@'% gd ion. 19. A nethod of manufacturing a
st abl e al dehyde surfactant conpl ex sol uti on wherein
10at | east one al dehyde is added to a surfact ant in a

wat at a te rature
iSq g st ling! B st Soulol Bl bE Siom%&n Sifing o claim
surfact r at |east 15 m nutes_whil

20 ﬁ{-li%ﬂt‘é( ﬁi%?‘f%é’ Shpainiaiied, SR A diectlie ayihinoa 7.0 to 8.5
produce an al dehyde-surfactant conplex solution, and

rang$erei n a second aliquot of water is added after at
| east 15 mnutes to cool the al dehyde-surfactant
15conpl ex solution to bel ow 40C. 20. A nethod of
manuf acturing a stabl e aqueous al dehyde sol ution
wherei n the al dehyde conprises at | east one of the
foll ow ng: a nonoal dehyde (Diagram1l), a 25
di al dehyde (Diagram 2) and a cyclic al dehyde (D agram
3) in a 0.001%to 25%rn/v concentration: R - CHOOHC -
R - CHOR3 - CHO Di agram 1Di agram 2Di agram 3 5and
wherein: R = hydrogen or a straight hydrocarbon chain
between 1 and 10 carbon atons in |ength or a branded
hydr ocar bon chain between 2 and 12 carbon atonms in
| engt h; R1= a hydrocarbon chain
between 2 and 10 carbon atons in length; and 10-R3= a
cyclic hydrocarbon having 5 or 6 carbon atons. 21. A
nmet hod of manufacturing a stabl e aqueous al dehyde
sol ution according to claim 20 wherein the surfactant
Is at |least one of the follow ng: an al coho
et hoxyl ate surfactant, a nonyl phenol surfactant,
sul phoni ¢ acid, sodium |l auryl ethyl sul phate, sodium
| auryl sul phate, a twin chain quaternary anmoni um
conpound and 1SCocopropyId|an1de (CPAD) 22 A nethod




