| A METHOD OF STABI LI ZI NG AN ALDEHYDE BACKGROUND OF THE | NVENTI ON [0001]
This invention relates generally to a stable aqgueous al dehyde sol ution or

m xtures of al dehyde solutions. 5 [0002] Al dehydes are wi dely used in nany
i ndustrial processes. Inportantly, due to the ability of an al dehyde
functional group of an al dehyde nolecule to react with free am ne groups
of, for exanple, a cell nenbrane of a m croorganism the al dehyde
denonstrates a biocidal effect by disrupting and ultimately killing the

m croor gani sm [ 0003] Aldehydes1are commonly used as preservatives,
sanitizers, disinfectants and 10sporoci dal agents. [0004] However al dehydes
(with the exception of formal dehyde and al dehydes with carbon chain | engths

of 2 to 4 carbon ato%}wﬁﬁi&)%ﬁ §?ﬂ§gﬁlN(§ﬁﬁ.egil?él—ll\YDﬁt | ow concentrati ons,
to adopt a cyclic nol ts in the al dehyde

nmol ecul e losing its biocidal efficacy. Furthernore, aldehydes (including
for mal dehyde and 15 al dehydes with carbon chain lengths of 2 to 4 carbon

at ons)gAdeRDUND MR IGENPION Which is prevalent at | ow concentrations,
have a tendency to diffuse 1nto the atnosphere causing a health hazard as
potent dermal and respiratory irritants. 2 [0005] Al dehydes at relatively
hi gher concentrations, left over a period of tinme, wll polynerize with

ot her [600idhYbis immEindon redates aepead g $s awidbid aquemisealdéhesle sl utio mnoe maikiuress
greater than 50C (and at | ess than 4C for al dehydes that have chain |engths
of | esdalkdehydebsaatidnen at ons). Once again this will result in a loss of the
bi oci dal effect. 5[0006] It is known in the art to take a product
cont ai ni ng an al dehyde sol ution and, before use, to dilute it. In doing so
the tendency of the aldehyde mol ecul e to polynerize is reduced. Raising the
pH%ulﬂ%@?ﬁe’KUP?ﬂﬁﬁ@r@aﬂ@@ Yiuseddn dexpdiedyelriat proaessese Inapariandlyi e ihtheeases
the reactivity of the al dehyde functional groups with the am ne groups and
t he agbiiti aft at alsiebydel finciona @rowpehae a@ldehygetineride tomast shthtfrre amiis 1 ity
of the al dehyde 10solution is conprom sed in so doing to the extent that

t he s@raisei, fosexamylesa epll membranseefer micreiganisMotheidafyde dlemonstiateamber of
probl ens associated with the use of an al dehyde sol ution as a bioci dal

pr odubtocidabeffent oy dissepiing ansientirhalely kilingitheumisraonganisraduct prior to use but
al so activate it. The resultant diluted and activated product is corrosive,
due to the high pH, and 15 unstabl e beyond a nonth. [0008] The invention at
| east &ﬁﬁiigﬂléﬁgfdresses t he af orenenti oned probl ens. SUMVARY OF | NVENTI ON
[ 0009 | SoRfS FBVIMPBY 4Seq AR Lresgietives. af Al dISINfRAIIS tansh
includes: 3 (a). an al dehyde conprising at |east one of the followi ng: a
mbHoaFBYRGHa! 887 5yr am 1), "a cyclic al dehyde (Diagram 2) and a di al dehyde
(D agran?) and a nonoal dehyde or a cyclic aldehyde in a 0.001%to 25% nl v
concentration: 5R - CHOOHC - R - CHOR3 - CHO Di agram 1Di agram 2Di agram 3
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at ons, %%ta.surfactda et erge t chasen . from.a e of OW ng:
I ,

an’al G rsP?J?xJ?a%ggéaF%vg Fafselnt l193??&198|W|®a$fyrs§ﬂ§nw,fhtsﬂa‘ﬁgir%ec Loy
i 5 ; nat e, i . t. twi i
c oot el R kg it Mool SRRCE: F IR R, it aRt WBOR B S AtShEE R ci ent

t H difi 1o brij Hof th | uti t it hi 6.0 t
ST MRy R RS Shablerdh? 35 w115 Dbk Bon etad Sty B s Mo o8y n: |

calciu cetate, magnesi um acetate, sodi um acet at sodi um acet at e

Cri - nyichte, reyalel o i SERRSAHBONS, e A HEEEARE BHuss Pish e oaP e exal ene
gl ycol, sodi um phosphate, sodiumtri-phosphate, potassium phosphate,

l'i t hi B?H%%Eﬁ%lﬁbba%ﬁﬁ% PREnEferaIkPRd res @t%&frﬁﬁgfse, cupric chlorate and
cupric sul phate. [0010] "Stable", in the context of the invention, refers
to an aqueous al dehyde sol ution capabl e of being stored for a period of at
| east six nonths w thout the al dehyde nol ecul es pol yneri zing or the pH
droppi ng bel ow 5. [0011] The stabl e aqueous al dehyde sol ution may incl ude
any of the follow ng al dehydes: 10 fornal dehyde, acetal dehyde,
propri onal dehyde, butral dehyde, pentanal dehyde, hexanal dehyde,

hept anal dehyde, octanal dehyde, nonanal dehyde, gl utaral dehyde,
succi nal dehyde, d yoxal TM 2-ethyl hexanal, i so-val eral dehyde,

chl or al dehyde hydrate, furfural dehyde, paraformnal dehyde. [0012] Preferably,
t he stabl e aqueous al dehyde sol ution includes any of the foll ow ng 15

al dehyde m xtures: gl utaral dehyde and d yoxal TM (et hane di al dehyde) ;

G yoxal TM chl or adehyde tri hydrate; acetal dehyde and d yoxal TM

Y . . ' I Y N 1




[0018] The pH nodifier may be any one or nore of the foll ow ng conpounds:
pot assi um hydr oxi de, sodi um hydroxi de, sodi um phosphate and sodi um

bi carbonate. [0019] The pH nodifier is preferably potassium hydroxide in a
one nol ar sol ution. [ 0020] The pH of the stable aqueous al dehyde
solution may be maintained, at the time of 15manufacture, within a 7.0 to
8.5 range. 6 [0021] A twin chain quaternary amoni um conpound w th
sterically hindered arnonium groups nay be added to the stable aqueous

al dehyde solution for its fungicidal2and foamni ng properties. [0022] To
enhance the biocidal efficacy of the stable aqueous al dehyde solutlon one
or 5 [A908] cAldetiydes catl witivglyt higher spaprtadionRyIcHeORIdR PR RE tigig, udilon:

cal cium magnhesi um zinc, copper, titanium iron, silver, sodiumand gold.
[0023pol$mtdrlzmmmthtotharealddwdbeﬂa@d@la&t@ mmsgtwmfeamat% %{Ita@ﬁ?@éu@él ution
in a concentration exceeding 0,005% mv for its anti-corrosive properties.
[ 0024reateyiban 5RAC (adad ted than 1 fastaldshydes theb haveaslomin Jarethsopfiesohas. g. as
cupric 10chl orate or cupric sul phate. [0025] Zinc may be added to the

st abl & carhoamiems). Qeloy dgamdhistwilb resaltdn a dossafthe Pieeidallatiest.e, zinc chloride or
zinc sul phate. [0026] The stabl e aqueous al dehyde sol ution may be dil uted
either wwth distilled or potable water, an al cohol or a solvent to produce

a biocidal dispersant with a greater 15bj oci dal Fﬁ{?}\i (gac%/ {’:lt l%rf
t eprpeQD08} éEISthwnt'%@%W&Eﬂ fakg QURreHuct sopkRe 28 gldehy dm SPIHIYKa eI‘ifteed
state. 7 aliquot of water, at a tenperature of between 40C to 50C,.

al dehyeR ﬁosd'&lt‘? dnd daing sedhactendsnay ehihesaldeRyde, Arolenuley &9 e (i 'ﬁ a
conpl exing reaction, for at least 15 mnutes whilst ma nin %

t enpefestuged Bakingethesdid supssoeently %‘FttYét?éethﬁna'gP@G%yag’”é‘Eﬂf r&q ‘8le ex
solution, and a second aliquot of water is added after at |east 15

M nut sraases ds raagaviiy @féh@c?édejwﬂeéémﬁﬂawwﬁw“@dh%@mﬂ'ﬂ\e SEPUPSI AW U?GC to
stop the conpl exi reaction. [0028] The al dehyde may be a non dehyde

( Di agasspcipied @ic@io@gleﬁfaet ey gelhmermbranes, %9\@@\(%’ taﬁoﬁswm ohagt g@ﬂﬁ)’«‘ in a
0.001%to 25% m v concentration: R - CHOCHC CHOR3 - CHO 10D agr am
110 agselti@Disaghnopisad i shdpiegio e atw}tdh@gaﬁ SBIIUU%.” $ondy gRblerorsdEidloon
chain between 1 and 10 carbon atons in length or a branded hydrocarbon
chai nd@t ween 2 and 12 carbon atons in |ength; 15-Rl= a hydrocarbon chain
between 2 and 10 carbon atons in length; and -R3= a cyclic hydrocarbon
having 5 or 6 carbon atons. [0029] The surfactant may be at | east one of

the foll owing: an al cohol at e sul

quat e F0S7) Hi A1 hCaTREG cﬂ’“g%%“%aé%?ﬁ%ﬁ@ éﬂ?&s%ﬁm'ge*ygﬁés"fu%n

DESCRI PTI ON . OF THE DRAW NGS % ap(g fgjﬁ %{}vent n,is furthgD ¢ SCI’I bed
by wa$s éfb'%{%ﬁmr%dqﬁtwtroé‘fye‘i“?ﬁ%%“ g h WiedhD AFAUTH PIRERIUS uiﬁs\??hl ch:
Figure 1 illustrates a comerci al vai |l a Pe mass s ectrg ﬁ%g laof
ot aneibia T e Ao gog e e dPiRuE 5 SaRPr UechiyoLha

acet al dehyde treated in accordance with the invention; Figure ZB

i 19 ustingie §b§M0@<§§M@H portion of the mass spectroscopy scan of Figure 2A;
10 Figure 3Aillustrates a mass spectroscopy scan of untreated acetal dehyde
and a surfactant; and Figure 3B illustrates an expanded portion of the nass

spect scan of F e oDl NENT [ 0031]
A <t abtBE ctheaiEehPhat ! Satialy SiTese b ara mg’ﬁﬁi@%@@

manuf actured, 15 in a concentrate solution (i.e. conprising al dehyde
conpounds in the range 2 to 10% mv), by first addi ng a non-ionic

surfa gt hoxylate (with 3, 7 or 9 ethoxylate groups), to
wat e % ARYOF F}\‘\(P'g)'tﬁalm\?ture bet ween 40 and 50C foll owed by an al dehyde or
an aI dehyde m xture chosen from Table 1 (hereinafter referred to as "the

al dehyde"). 9 Table 1: al dehyde al dehyde m xture Preferred surfactant 1.
G yox oo telihddrtiof §iyigeh eIl adidoox pldehgdd s@utidl thakimcludids:  al cohol

et hoxyl ate 9 3. A yoxal Tm chl or al dehyde tri hydrate al cohol ethoxylate 9
4. succi nal dehyde



al cohol ethoxylate 7 5. G ut ar al dehyde/ succi nal dehyde al cohol ethoxyl ate
7 6. A yoxal Tm succi nal dehyde al cohol ethoxylate 9 7. acetal dehyde

al cohol ethoxylate 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 conplex with the preferred al cohol ethoxylate (as indicated
in Table 1 al ongside the rel evant al dehyde) for a period of between 15 and
30 mnutes. This produces an aldehyde surfactant sol ution, whilst

mai ntai ning the 5 tenperature of t he3 body of water betmeen 30C and 70C.
During this period of heating the al dehyde conpl exes with the al cohol

et hoxyl ate substantially to conpletion (see Figures 2 and 3). [0033]

N e S
10 3

o T Sl D S R A B B

: |
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towthin 7.0 to 8.5 P01a55| um hydroxide is used in a one nolar solution.
10 [0035] Fi nal I‘fP“&e'[‘)t(ﬁ ©8r mi xture conprising sodium acetate trihydrate and
pot assi um acetate is added to the al dehyde-surfactant conplex solution to
produce a stabl e aqueous al dehyde solution in the concentrate sol ution.
[ 0936] Sodi um acgt trihydr d ssi um gget each have a
%centratl on |rC1I$tra1(E gbuffer 66111{% 3!?(3 g’? et ween@% Zgggto 0.500 grans/liter.
This concentrated solution is diluted when added to the al dehyde-surfactant
conpl ex sol uti O'be?ra\Mﬁhi n thsiagange 0. 005% to Midgmm¥. [0037] The buffer
m xture maintains the pH of the concentrate during the shelf life of the
st abl e aqueous al dehyde solution, i.e. at |least 6 nonths from manufacture,
at | east above 10n%H ﬁS rein [0038] The concentrate solution of the stable
aqueous al dehyde SoVTR"P0h i ncl udes the fol I owi ng contents in the foll ow ng
concentrations: (a) al dehyde -0.01%to 25% nl v; (b) al cohol et hoxyl ate
-0.1%to 25 %nv; and 15(c)the buffer m xture - 05%to,ﬁ 1%&) 40039] To
enhance the bi ocR dalyeogradystErghtnaydsecaspen &aﬁ‘@oﬁ%twgﬁﬂe ICREO, one
or more of the fabhowh Whgltl 379 HhRIRM 6 RoTeIRSn befivednCDARENE Icafiohn not
exceeding 5ppm to the solution: calcium mnagnesium zinc, copper,
t1®ani um iron, ¥PMmedtleagi; gold. 11 [0040] To produce a b| oci dal product
capabl e of appl ication, by a variety of neans, to a variety of surfaces,
the concentrate solution of the stabl e aqueous al dehyde solution is diluted
wi th potabl e wat@;=tathydraduom chafh beteesatand tshcabole bipdes innergliy. D01% t o 8%
m v concentration. 5[0041] The dispersant finds application as an additive
to degreasing agents, detergents, thickeners, fragrances, colorants, skin
condi ti oners and I g, This list is
exenpl ary and isFﬁy ﬁée%nog%%azﬁ%rtgﬂ@%@»@rgocgg&%%@t he ot her hand, the
concentrate sol ution wnth al dehyde in a concentration in excess of 10% m v

Ilgaladfeﬁzggr ggq»)ﬁ? 3 SH allr;[tér?t orldﬂétergenthct{[oger% oM BF(I)); toné r(])‘? th t%m)wmaqgﬁ Adhol

ethoxylate surfactant, a nonylphenol surfactant, sulphonic acid, sodium

15 lauryl ethyl sulphate, sodium lauryl sulphate, a twin chain quaternary

ammonium compound and cocopropyldiamide (CPAD);

(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



[ 0043] An end user, on receipt of the concentrate solution, nerely has to
dilute the concentrate solution by a required dilution ratio for ready

i ncorporation with other appropriate additives, to produce products such as
anti-mcrobi al hand soap, hand sanitizers, nedical equipnent disinfectants,
di shwashing |iquids, and |aundry detergents. 15 Once again, this list is
exenpl ary and is by no neans exhaustive. [0044] The concentrate sol ution
finds further application, incorporated with other nediuns such as paints,
resins etc, to provide a sustained rél ease of the biocidal efficacy. [0045]
It is believed that the dispersant and the concentrate solution, in the
variety of applications exenplified above, have |lower volatility, |ower

eff1 cacy at (Do CUoralfrBLR L bfd Tt Sho dloRB, o Him  Seele oy e
o ol it 10 R AT 50 5

i nvention (i.e. sdrractant i n a

configuration), and which is used in co ragl pcatj ( abl e 2,
Table 3 and Tablaé:ega)‘e.' o ‘6‘64@]%*??% s{%f%%aéﬁr}%ﬁﬁ%?%%ﬁ%déﬁg% ¥ |onn}_ i ke
an unconpl exed al dehyde, is incoppatible with certain uphi L.t rogen
cont ai ni ng chen‘ip(g‘é?fs‘gI¥ BrcIPALn ?r}—prg%)srpi»la%ﬂpﬂggsg%g@og%gtﬁ E@L“?’g%‘?%h@‘é’

i nconpatability needs to be kept in, consi.deration . f Lating with any
alBehyde bi oci dé‘”‘[%ﬁhﬂ?ra%éiﬁ&Sé”pf‘.at“prCBB'f‘C 8?'0%%?%{%]'?6&&3%%%048] To
denonstrate conpl exing of the al dehyde with the surfactant a conparison is
made between Figure 1 and Figure 2. [0049] FromFigure 2 it is evident that

ther g6 "idbich &irAhe! ArtshXHne RREhlich KRS oA dqieb(S dBHGuL SoRltdhge

(m2z) e acetal dehyde 1 ndicative peaks woul d appear (see Figure 1) if

P iy ARG s it s o

spectr ant "‘and the al in Figure
unco M r. onparing Figure 2 with Figure 3 it can be
seennﬁﬂgégﬁﬂﬁbégg%ﬁﬁgd@%gﬁpéﬁﬁﬁNg'have shifted to the right with respect to

the spectra of Figure 3, indicating the conplexing of the al dehyde with the
surfactant. 13 [0051] The sanple of Figure 2 was produced by adding 50ml

acet ajode iy de(stfe BhMIoUsCaldSIRE selutidn TR\EIRcide S0 6f trafo(@wing almblyees:al
filtered water, 0,9% niv al cohol ethoxylate 7, 13,7g potassium acetate,

1ﬁo 79fo$rﬂgidléﬁ¥cﬁé3?t abstaldehiydr atppdprivhdidengded teidRehjdy, 1peniandidedydd [ 0052]
The sanple of Figure 3 was a sanple of acetal dehyde (99% mv), nixed with

an al ﬁé%!éﬂblo%hi?&etsy' ﬁégzlﬁar?alééﬂyfdéct aetanMidehoyé, babRshatddyest editaraldepyaet hod of

the invention. [005 The rethod, materials and equi pment used in this

exanp 0 im0 AGLARIL s Gvafidhibienided 2hordabhrit hfakts,
tine-%%F?Fﬁgﬂﬁd%Tgkﬁﬁ%%séQgﬁggtP%ﬁ%%gy%gfgﬁﬂﬂggﬂFL phase: é%?%O§H20:NbCN
0.1% ] Ld; /mn; injection volune: 10 mcro- 10 liter;
sanpl%@%&%$% Fﬁ%gé#@“%ﬁ B§Eg1into the TOF;, TOF: positive ionization; gas
Tenp 300C, drying gas 8L/ mn; nebulizer 35 psig; Vcap 3500V; fragnenter
140V; skinmer 60V; ref masses: 118. 086255 and 922. 009798. [0054] The TCE
syst efpoi 2] UReféralily, coahitasiei suesus haldeldal solatiom inziide&Sinysofutheefollodingn
automat ed cal i brant delivery systemto continuously introduce | owlevel

r ¢ er gRERyJBSHRRIED t @lashievgdacand aGoralds @sisingniaidehyley; Cheoxalidl ysi s,
the drying gas flow was set at 8L/mn, with gas tenperature at 300C. The
nebul k&iadeRydes etrityarak Psdetalastloeapihd aGlyoalMage pasf@baléhyde Framgnent er
setting of 140V was used with ski mer 60V. The nass range was set to

100- 350 rat&nydict Blutdralash Ry sicaaRireaisaldé and ENMXal™ rindrsnatinaldélydznce mass
correction was used. 14 [0055] Stability tests, as above, were repeated on
sanpl es of the al dehydes (1 to 21) indicated in the table below. The
results showed the sanme conpl exi ng phenonena. [0056] Exanple 2: Biocidal

ef f i CHOY3] tes stable [06T]s Eddahydeesautenduetesablysnelgdes Soritsurfactant a@r Bur eau
of Standards (SABS) nethod 5 (i.e. SABS1593), a Kel sey Sykes nodified
suspedstejent st 0.1%® 28% hoocgacensratiosed i n the test was Bacillus subtilis
var glob!. The results of the tests are tabul ated bel ow Table 2: Al dehyde
1 Aldehyde 2 (% mv) Surfactant Suspension Contact tinme Result 1

gi ut aral dehyde 1.50/0 G yoxa | TM 8% al cohol ethoxylate 7 2 hrs 4 hrs 8 hrs
PASS PASS PASS 2 d YOXal TM 16% 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 ethoxylate 9
2 his



4 hrs 8 his PASS PASS PASS 4 succi nal dehyde 3% al cohol ethoxylate 7 2 his
4 hrs 8 hrs FAIL PASS PASS 5 gl utaral dehyde 1% succi nal dehyde 2% al cohol

ethoxylate 7 2 his 4 his 8 hrs PASS PASS PASS 6 d yoxol TM 8% Succi nal dehyde
1% al cohol

3%

al cohol

ethoxylate 9 2 his 4 hrs 8 his PASS PASS PASS 15 7 acet al dehyde
ethoxylate 9 2 hrs 4 hrs 8 hrs PASS PASS PASS 8 acet al dehyde 2%

A yoxal TM 8% al cohol ethoxylate 9 2 his 4 hrs 8 his BORDER PASS PASS PASS 9
acet al dehyde 1% par af or nal dehyde 1%5

10

15

[0014] The surfactant is preferably a non-ionic surfactant such as an alcohol 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.



al cohol ethoxylate 9 2 his 4 hrs 8 hrs BORDER PASS PASS PASS 10 d yoxal T™M
10% al cohol ethoxylate 3 2 hrs 4 hrs 8 hrs PASS PASS PASS 11

furfural dehyde 5% al cohol ethoxylate 3 2 his 4 hrs 8 his BORDER PASS PASS
PASS 12 furfural dehyde 5% al cohol ethoxylate 9 2 his 4 hrs 8 hrs PASS PASS
PASS 13 gl ut aral dehyde 3% al cohol ethoxylate 3 2 hrs 4 his 8 hrs FAI L PASS
PASS 14 2-et hyl hexanal dehyde 10% al cohol ethoxylate 3 2 hrs 4 his 8hrs
FAIL FAIL PASS 15 2-ethyl hexanal dehglde 10% al cohol ethoxylate 9 2 his

[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
5 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

10 chlorate or cupric sulphate.

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

perchlorate, zinc chloride or zinc sulphate.

[0026] The stable aqueous aldehyde solution may be diluted either with distilled or
potable water, an alcohol or a solvent to produce a biocidal dispersant with a greater
15  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



4 his 8 hrs FAIL PASS PASS 16 nonanal dehyde 15% al cohol ethoxylate 3 2 hrs
4 hrs 8 his FAIL PASS PASS 16 17 nonanal dehyde 15% al cohol ethoxylate 9 2
hrs 4 hrs 8 hrs FAIL PASS PASS 18 chl oral dehyde hydrate 20% al cohol
ethoxylate 3 2 his 4 his 8 hrs FAIL PASS PASS 19 chl oral dehyde hydrate 20%
al cohol ethoxylate 9 2 his 4 hrs 8 hrs FAIL PASS PASS 20 par af or mal dehyde
3% al cohol ethoxylate 9 2 his 4 hrs 8 hrs FAIL PASS PASS 21 fornal dehyde

10% 7
aliquot of water, at a temperature of between 40°C to 50°C, the aldehyde is allowed to
interact with 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
5 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
10 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;

15 -R4= a hydrocarbon chain between 2 and 10 carbon atoms in length; and

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

[0028] The surfactant may be at least one of the following: an aicohol ethoxylate

surfactant, a nonylphenol surfactant, sulphonic acid, sodium lauryl ethyl sulphate, sodium



al cohol ethoxylate 9 2 hrs 4 hrs 8 hrs FAIL PASS PASS [0058] The sane

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 without the
addition of a pH nodifier and a buffer. Al the al dehydes failed the 8 hour
contact tinme with the exception of glutaral dehyde (sanple 13) with a
"borderline" pass. 5 [0059] As evident fromthe above the invention appears
effective at inproving the biocidal %fflcacy of al dehydes. [0060] Exanple
3: Stability tests. 17 Table 3 SanplPe nunber Description of sample (%
mv) Start Iwk 2wk Inth 2mh 3nth 25C T enp 25C H25C H 25 H 25C pH
25C plpBYyippate, %lttﬁ'éh%@mq}*%ﬂabyaﬁmﬁmm%lCO%HOU“B () §0 °Pr0py%'%6t§%4oc 40C

(CPAD).

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The invention is further described by way of example with reference fo the
5 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;

10 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 agueous aldehyde solution, according to the invention, is manufactured,
15  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”).



(accel erated stability test) pH pH pH Yal %l Yal 14
oxal
10%5.38 5.37 5.36 5.37 5.33 Slightly cloudy 10.58 10.62 10.61 Y

10

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 fo 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. 65



5.25 5.15 2 2-ethly hexanal 10%5.76 5.73 5.75 5.76 5.70 M I ky top

?l e?r bf)'étﬁmdm xed all 10.35 10.35 10.4 mlk 5.53 5.47 10.4 3
ur fural dehyde 10% 6.91 6.85 6.89 6.93 6.80 Q ear yellow top dar

bottom M xed all creany brown 9.85 9.81 9.75 y P dark brown

10
[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
5  puffer 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

10 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% m/v;
(b)  alcohol ethoxylate - 0.1% to 25 %m/v; and
15 (c) the buffer mixture - 0.05% to 0,1% m/iv.

[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 5ppm, to

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



6.57 6.35 9. 87 4 gl utaral dehyde 10% 5.3 5.45 5.32 5.43 5.33
Clear 10.97 10.89 10.95 (Terg 3) 11.02 5.11 5.09 5
acet al dehyde 10% 6. 47 6.45 6.51 6.531
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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% m/v

concentration.

5 [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

10 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.

15 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



6.4

Clear 10.32 10.28 10.33 10. 36 6.12 6.06 6

f or mal dehyde 10% 7.09 7.12 7.17 7.20 6.90 Clear 9.97 9.84 9.99

6. 85

10

15

12
properties, greater stability and biocidal efficacy at room temperatures relatively to an
aldehyde (e.g. acetaldehyde and/or Giyoxal™) 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.

9.

98



6.73 7 butyral dehyde 10%5.22 5.3 5.28 5.36 5.20 Smel | s slight cloudy
top 10.1 10.02 10.00 18 bottomclear mxed all cloudy 10.05 5.04 5.02
8 nonanal 10% 6.38 6.44 6.43 6.53 6.35 White top cloudy bottom m x mlky
10. 65 10.63 10.7 10.45 6.16 5.98

13
[0051] The sample of Figure 2 was produced by adding 50ml acetaldehyde (10% m/v) to
450ml of a “premix” solution (2.51 bacterial filiered water, 0,9% m/v alcohol ethoxylate 7,
13,7g potassium acetate, 13,7g sodium acetate trihydrate) and heated to 30°C for 15

minutes.

5 [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 .
1299L.C; Agilent 6210 Agilent 6210 time-of-flight (TOF) mass spectroscopy; LC: mobile
phase: 50:50 H20:MeCN + 0.1% formic acid; flow: 0.2 ml/min; injection volume: 10 micro-
10 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
15 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,



9 chloral hydrate 2%6.32 6.35 6.3 6.41 6. 29 Slight cloudy 2.18 2.19

2.18 2.18 6.00 5.87 10 paraf or mal dehyde 10% 7.43 7.36 7.42
7.56 7.30 Cl oudy ppt 10.19 10.15 10.17 10. 16
14

[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
S5 (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 giutaraldehyde Glyoxal™ 8% alcohol ethoxylate 7 2 hrs PASS
[s)
1.8% 4 hrs 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
] 9,

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
8 Glyoxol™ 8% Succinaldehyde 1% | alcohol ethoxylate 9 | 2 hrs PASS
4 hrs PASS
8 hrs PASS




7.14 6.98 11 3% G yoxal + tergitol 6.26 6.28 6.3 6.32 6.15 (Terg) 3
Clear oily ppt on 2.97 3.01 2.99 top 6.00 5.86 2.98 12 3%
G yoxal + Terg 9 6.33 6.32 6.33 6.34 6.19 Cl ear
15
7 acetaldehyde 3% alcohol ethoxylate @ 2hrs PASS
4 hrs PASS
8 hrs PASS
8 acetaldehyde 2% Glyoxal™ 8% alcohol ethoxylate 9 2 hrs 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 2hrs 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-ethy! alcohol ethoxylate 3 2 hrs FAIL
o,
hexanaldehyde 10% 4 hrs FAIL
8hrs PASS
15 2-ethyl alcohol ethoxylate 9 2 hrs FAIL
Q,
hexanaldehyde 10% 4 hrs PASS
8 hrs PASS
16 nonanaldehyde alcohol ethoxylate 3 2 hrs FAIL
0,
15% 4 hrs PASS
8 hrs PASS




2. 97
7.32
2.84

2.98 3.00 3.02 - 5.995.74 13 3% furfural dehyde + Terg
7.27 7.29 7.25 7.18 3 Gly brown ppt top bottomcloudy 2.84 2.86
7.01 6.91 2.89
16
17 nonanaldehyde alcohol ethoxylate 9 2 hrs FAIL
0,
15% 4 hrs PASS
8 hrs PASS
18 chloraldehyde alcohol ethoxylate 3 2 hrs FAIL
hydrate 20% 4 hrs PASS
8 hrs PASS
19 chloraldehyde alcoho! ethoxylate 9 2 hrs FAIL
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 fo 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.




14 3% furfural dehyde + Terg 7.59 7.55 7.56 7.51 7.41

9 Clear yellow 2.81

3.00 6. 24

2.80 2.78 2.79 7.27 7.02 15 3% gl ut aral dehyde + Terg 6. 47
6.45 6.38 6.34 6.31 3 Clear oily ppt on top 2.98 2.97 2.86
6. 05
17
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 pH oH oH
%aldehyde m/iv | %al %al %al %al %al
(%al)
40°C 40°C | 40°C
(accelerated
stability test)
pH pH | pH
%al Y%al %al
1 Glyoxal 10% 5.38 537 | 536 |537 |5.33
Slightly cloudy 10.58 | 10.62 | 10.61
10.65
525 |5.15
2 2-ethly hexanal 10% 576 573 | 575 |578 |5.70
Milky top clear 10.35 | 10.35 | 104
bottom mixed all
milk 553 | 547
10.4
3 furfuraldehyde 10% 6.91 6.85 |6.89 |6.93 |6.80
Clear yellow top 9.85 1981 {975
dark brown
bottom Mixed all
creamy brown 6.57 16.35
9.87
4 glutaraldehyde 10% 5.3 545 | 532 [543 |533
Clear 10.97 | 10.89 | 10.95
(Terg 3)
11.02 511 | 5.09
5 acetaldehyde 10% 6.47 6.45 |6.51 |8.531/64
Clear 10.32 | 10.28 | 10.33
10.36
6.12 | 6.06
6 formaldehyde 10% 7.09 712 (7147 | 7.20 |6.20
Clear 9.97 |9.84 |999
9.98
8.85 | B.73
7 butyraldehyde 10% 5.22 5.3 528 |536 |5.20
Smells slight 10.1 10.02 | 10.00
cloudy top




16 3% 2- et hyl

hexanal

+ Terg 6.20 6.15 6.10 6.08 6.11

3 d ear

2.86 2.76
+ Terg 5.65 5.4

2.89 2.99 6.01 5.91 17 3% 2- et hyl hexanal
5.43 5.45 5.50 9 Cloudy 2.97 2.90 2.95 2.99
18
bottom clear 5.04 | 5.02
mixed all cloudy
10.05
8 nonanal 10% 6.38 644 | 643 |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 |8.3 6.41 |6.29
Slight cloudy 218 |2.19 | 218
2.18
6.00 | 5.87
10 paraformaldehyde 10% 7.43 7.36 | 742 | 756 |7.30
Cloudy ppt 10.19 | 10.15 | 10.17
10.16
7.14 16.98
11 3% Glyoxal + tergitol 6.26 6.28 |6.3 6.32 | 6.15
(Terg) 3 Clearoily ppton |2.97 301 |2.99
top 6.00 | 5.86
2.98
12 3% Glyoxal + Terg 9 6.33 832 {633 |634 |6.18
Clear 297 | 298 |3.00
3.02
599 | 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 1756 |7.51 | 741
9 Clear yelliow 2.81 1280 |278
2.79
7.27 | 7.02
15 3% glutaraldehyde + Terg | 6.47 6.45 |6.38 |6.34 |6.31
3 Clearoilyppton |2.98 |297 |2.86
fop
3.00 B8.24 |86.05
16 3% 2-ethyl hexanal + Terg | 6.20 6.15 | 6.10 [6.08 |6.11
3 Clear 286 276 |2.89
2.99
6.01 | 5.91
17 3% 2-ethyl hexanal + Terg | 5.65 5.4 543 (545 |5.50
9 Cloudy 2.97 | 290 |295
2.99
569 | 556
18 3% nonanal + Terg 3 clear | 6.50 649 |6.46 |6.45 |6.31
Clear oily top 295 296 |287 |
bottom clear mix
cloudy 6.19 | 8.00
2.89




5.69 5.56

oily top bottom cl ear
19 19 3% nonanal

18 3% nonanal

_ + Terg 3 clear 6.50 6.49 6.46 6.45 6.31
m x cloudy 2.95 2.96 2.87
+ Terg 9 clear 6.41 6.4 6.38 6.42 6.32

6.19 6.00

19
19 3% nonanal + Terg 9 clear | 6.41 6.4 6.38 | 6.42 |6.32
Milk top cloudy 2.86 1283 |287
bottom mix milk
585 6.06 | 5.86
20 3% of 2% chloral hydrate + | 6.64 B8.85 |6.55 |6.7 6.35
Terg 3 Clear oily top 0.12 [0.141 |0.12
bottom clear
0.1 6.17 | 5.99
21 3% of 2% chloral hydrate + | 6.61 .58 |6.53 |6.62 |6.30
Terg 9 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 8:2; 10,06 | 10.54
23 3% paraformaldehyde + 8.04 789 |778 |765 |7.85
Terg 9 Clear slight smell | 2.99 |2.97 |2.95
3.01 7.89 |7.72
24 3% acetaldehyde + Terg 9 | 8.09 797 {785 |7.78 |7.90
Clear slight smell | 2.99 | 298 | 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 | 299 |3.00
3.1
7.46 | 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.

5 [0063] The three month results were not available at the time of filing.

C ear
2.89



MIk top cloudy 2.86 2.83 2.87 bottomm x mlk 2.8

) ) .85 6.06 5. 86
t20 3%0;){ 2%f:hl oral hydrate + 6.64 6.65 6.55 6.7 6.35 Terg 3 Clear oily
op bottomclear 0.12 0.11 0.12 0.1 6.17 5.99 21 39 0
hydrate + 6.61 6.58 6.53 6.62 3%of 2%chloral

20

[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

5 samples passed the test.



6. 30 Terg 9 Clear 0.12 0.10 0.112 ~ 0.13 6.17 6.00 22 3%
sodi um perborate tetra 11.01 10.98 10.85 10.9 10.81 hydrate + Terg 9
Cl ear 10.06 10.54 (gas) 23 3% par af or mal dehyde + 8.04 7. 89
21
CLAIMS

1. A stable aqueous aldehyde solution that includes:

a) an aldehyde comprising at least one of the following: a
monoaldehyde (Diagram 1), a dialdehyde (Diagram 2} and a cychc
aldehyde (Diagram 3) in a 0.001% to 25% m/v concentratlon

R-CHO OHC - Ry— CHO Rs -~ CHO
Diagram 1 Diagram 2 Diagram 3

10 and wherein:
R = hydrogen, a sftraight hydrocarbon chain between 1 and 12
carbon atoms in length, or a branched hydrocarbon chain between

2 and 12 carbon atoms in length;

-Ry= a hydrocarbon chain between 2 and 12 carbon atoms in

15 length; and

-R3= a ¢yclic hydrocarbon having 5 or 6 carbon atoms,

b} an alcohol ethoxylate surfactant;

c) a sufficlent amount of a pH madifier to bring the pH of the solution

20 to within a 6.0 to 8.5 range; and

d) a buffer mixture comprising at least sodium acetate or sodium

acetate tri-hydrate and potassium acetate.

2. A stable aqueous aldehyde solution according to c¢laim 1 wherein the
25 aldehyde comprises at least one of the following: formaldehyde,

acetaldehyde, proprionaidehyde, butradehyde, pentanaldehyde,



7.78 7.65 7.85 Terg 9 Cear slight snell 2.99 2.97 2.95 7.89 7.72
3.01 24 3% acet al dehyde + Terg 9 8.09 7.97 7.86 7.78 7.90 C ear

slight snell 2.99 2.98 3.00 3.01 29
hexanaldehyde, heptanaldehyde, actanaldehyde, nonanaldehyde,

glutaraldehyde, succindaldehyde, glyoxal, 2-ethyl hexanaldehyde, iso-

valeraldehyde, choloraldehyde hydrate, furfuraldehyde,

paraformaidehyde.

3. A stable aqueous aldehyde solution according to claim 1 wherein the
aldehyde is selected from one of the following: glutaraldehyde and
glyoxal (sthane dialdehyde); glyoxal chloraidehyde trihydrate;
acetaldehyde and glyoxal; paraformaldehyde and glutaraldehyde,

10 glutaraidehyde and succinaidehyde and glyoxal and succinaldehyde.

4. A stable agqueous aldehyde solution according to anyone of claims 1 to
3 which includes the surfactant or detergent in a 0.1% to 25% miv
concentration.

15

5. A stable aqueous aldshyde solution according to anyone of claims 1 to

4 wherein the alcohol ethoxylate surfactant includes 3 to 9 ethoxylate

groups.

20 6. A stable aqueous aldehyde solution accarding to anyone of claims 1 to

5 which includes the buffer mixture in at least a 0.05% miv

concentration.



7.82 7.73 25 3% formal dehyde + Terg 9 7.82 7.79 7.63 7.55 7.60 Cl ear
smell 3.06 2.99 3.00 3.1 7.46 7. 36 [ 0061] The tests
conducted at 40C are accel erated st abi [’g ty tests i.e. a 2 week period at
the el ected tenperature (400 is equiv 3ent to a 6 nonth "shel f-1ife"

period at 25C. [Q062]. The al deh ge sanpl es cho 0 i e nerely
exenpl ary of the A adttabie#Hieods 3 8@5@&9@“%’ a%ﬁ?ﬁfgg {gn{i‘y%éé#@ﬁﬁe Vde
pernmutations of the_invention. 5[0063] The.thr t I £ not
avai | abl e at the ti%evhereinthe phi L‘f’é%e']( e%af]se%ﬁgﬁﬁgsg%i‘:g %ﬁ‘%cﬁ%%@ffi cacy
tests. [0065] The sane al de e sanples as used in | . 1 to 25)
were tested for virRRIPSFHM ewq?%%ng%qe'% Ey‘g?ﬂ%%a%ﬁéﬁg@kﬁ%ﬁﬁééd %@ANSlZSS)
whi ch uses a bacteri oPhag_e g’f)th virus standard to represent envel oped and
non- envel oped vi r us¥SUBRKARBONARe 5 sanpl es passed the test. 21 CLAIMS 1.

A st abl e _aqueous al dehyde sol ution that includes: a) an al dehyde
conpri si ﬁg at |l east one of the follow ng: a 5nonoal dehyde (Diagram1l), a

di al dehyde (D agre(?mz\ %Qab%nadqu%oﬁg glld'eﬁyde solution according to anyone of claims 1 to
7 wherein the pH modifier is potassium hydroxide in a one molar

solution.

10 8. A stable aqueous aldehyde solution according to anyone of claims 1 to
8 which includes a twin chain quaternary ammonium compound with

sterically hindered ammonium groups.

10. A stable aqueous aldehyde solution according to anyone of claims 1 to
18 9 which includes one or more of the following frace elements: caicium,

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

11.A stable aqueocus aldehyde solution according to claim 10 wherein
copper is included as cupric chlorate or cupric sulphate.
20
12. A stable aqueous aldehyde solution according to claim 11 wherein zinc

is included as zinc perchlorate, zinc chioride or zinc sulphate.



al dehyde (Diagram 3) in a 0.001%to 25% m v concentration: R - CHOOHC - R1-
CHOR3 CHO Di agram 1D agram 2D agram 3 10and wherein: R = hydrogen, a

strai ght hydrocarbon chain between 1 ang412 carbon atons in length, or a
branched hydrocarbon chain between 2 anff"12 carbon atons in | ength;

] E.li :aahgsgf)icgr ﬁ;ﬂa%@%@%ﬁ?‘fﬁ? 3 eg?%?soﬁigg%%g&gfgo@ow of oo By a”db)

an al cohol ethoxylate syrfactant; . S 1L wamount of
a pH nodifier to brf'ﬁd”’?'?fé 'rﬁfﬁlt'dﬁfs sy, SYtie; 182 f@?g%a?%'?ﬁog eg(bgé%%% 5
range; and d) a buff@rﬁyix ure conprising at |east sodium acetate or sodi um
acetate tri-hydrate0 R °6B@assiun1acetate. 2. A stable aqueous

al dehyde sol ution according to claim21 wherein the 25al dehyde conpri ses at
| east one of the follow ng: fornmal dehyde, acetal dehyde, proprionai dehyde,

but radehyde, pent | dehyde,. 22 hexanal deh ]

act anal dényde, noﬂgga?‘agﬁédg‘?p%ﬁﬁ apte J gﬁg%rt}g@?\%d%gﬁl%gﬁem%eoxal ,
2- et hyl hexanal dehyde,..i soval gr al dehyde, .c r.al dehy ;
furfural dehyde, par ﬁcﬁ%tf%ﬁf@@}?e%o Bn r’gﬁfsctlpag'hgéi gjqﬁ?é’o{ﬂ@tég%gﬁy e ut i on
according to clain1'é pherein the al dehyde is selected fromone of the
fol | ow ng: glutaralg %Vde and gl yoxal (ethane clial dehyde); gl yoxal

chl oral dehyde trihydrate; acetal dehyde and gl yoxal ; parafom al dehyde and
gl ut ar al dehyde, 10gl ut ar al dehyde and succi nal dehyde and gl yoxal and

succi nat dehyde. 4 ; € JROLEANS 2BAlHGhY 08 srlt 1P wRET aRdlidd i anyone
of clains 1 to 34§%$; k?ﬁ%l&%gs theasurﬁa%tant or detergent in a 0.1%to

25% r ni gconcent r at iyt i a A0 ARI8% AAHEMENRIRNY de sol ution accor ding
to anyone of clains 1 to 4 wherein the al cohol ethoxylate surfactant
includes 3 to 9 ethoxylate groups. 206. A stabl e aqgueous al dehyde sol ution
according to anyone of clains 1 to 5 which includes the buffer mxture in
at least a 0.06% nmv concentration. 23 7. A stable aqueous al dehyde

sol ution according to anyone of clains 1 to 6 wherein the pH nodifier
conprises at |east one of the foll ow ng: potassium hydroxi de, sodi um
hydr oxi de, sodi um phosphate and sodi um bi carbonate. 5 8. A stabl e aqueous
al dehyde sol ution according to anyone of clains 1 to 7 wherein the pH

nodi fier is potassium hydroxide in a one nolar solution. 109. A stable
aqueous al dehyde sol ution according to anyone of clainms 1 to 8 which

i ncludes a twin chain quaternary anmoni um conpound with sterically hindered
anmoni um gr oups. 10. A st abl e aqueous al dehyde sol ution according to
anyone of clainms 1 to 159 which includes one or nore of the follow ng trace
el ements: cal cium magnesium zinc, copper, titanium iron, silver, sodium
and gold. 11. A stable aqueous al dehyde sol ution according to claim10
wherein copper is included as cupric chlorate or cupric sul phate. 20 12. A
st abl e aqueous al dehyde sol ution according to claim1l1l wherein zinc is
included as zinc perchlorate, zinc chloride or zinc sul phate. 24 13. A

st abl e aqueous al dehyde sol ution according to anyone of clainms 1 to 12

whi ch includes sodiumnitrite in a concentration not exceeding 0.005% niv.
514. A bl oci dal di spersant which includes the stabl e agqueous al dehyde
solution according to anyone of clains 1 to 13, diluted with distilled

wat er . 15. A bi oci dal dispersant according to claim14 which

i ncl udes the 10di al dehyde in a 0.001%to 8% n v concentrati on.



