| 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 di%rupting and ultimately killing the

m croor gani sm [ 0003] Al dehydes 'are comonly 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%M@TY@D%)Ft§?Q§Q%N§ﬁﬁfﬁciﬁéWD€t | ow concentrati ons,
to adopt a cyclic nol i 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 oms BARKEBROUND PN INCERPION Which is prevalent at | ow concentrati ons,
have a tendency to diffuse into 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 [@00d@ hTide invehton rdates geperate &5 a stabid aquoerisaiddlyse ablutionmpe ndikurass
greater than 50C (and at | ess than 4C for al dehydes that have chain |engths
of | esfalibbydessatationen 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 al dehyde nol ecule to polynerize is reduced. Raising the
pH s u B0, e&'ﬂ?@yd@étﬁr@a’ﬂé@yt%@d an aeydiadegriak propesseielnapariapdy.i die imtheeases
the reactivity of the al dehyde functional groups with the am ne groups and
t he agdBiBYieftaualdphyrdalfinctigrad @roumeiar @ldeh derde tomast withtfree amis ity
of the al dehyde 10solution is conprom sed in so doing to the extent that

t he s@auPpOh fPrexaipie.sa edll reembranssf grmicretuganispoedldefyde demonstiatgeaber of
probl ens associated with the use of an al dehyde sol ution as a bi oci dal

pr odubtocidrbeffash by digoaying and ertinmately kilinaiiheunieraohganigraduct prior to use but
al so activate it. The resultant diluted and activated product is corrosive,
due to the high pH, and unstable beyond a nonth. [0008] The invention at
Ieast(ﬁﬁrtiﬁll addresses the aforenentioned probl ens. SUVMARY OF | NVENTI ON
[ 0009{90PR M%'é/ﬁ@ﬁowepfswméy Hsed 25| BresgIEHuRS. abaidiFpEe BintRciasts tanst
includes: . 3 (a), an al dehyde conprising at |east one of the followi ng: a
mbhoafRREASIER 398N gr 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 - R1- CHOR3 - C HO Di agram 1Di agram 2Di agram 3

and i n; = rpgen, a,str h [ocarhbon ai n between 1
and \i\@%ggjr lr)'%orwea\t'te&%d?hﬁ}gﬁan@tﬁ, R'%r ejécﬁ?}'gﬂd d%ﬁ@‘&%‘ﬁ%gﬁ? cﬁ'ﬁ*%ﬁy%eest \XYét n 2 and
12 carhb 10at o 0| th; -Rl= a drocar bon chai n bet ween, 2 d 12

car bo%argg%ﬁ%afrh r@@rﬁﬁ H)?ngr;[a 4 I'\Sf:afb%n c%%rlnP)cﬁwar%c%P@%q?yhf\?Pﬁaa@' @? n'8Wcar bon
atonms, (b .surfactant or detergent chosen from.any one .of ,the follow ng:
o TSR IF BHBPG 8 el BiRSEr GRiDR TR R YRS IR the HniBiee acrd,
sodi um 15|l ayryl ethyl .sul phate,_ sodiumla | ,sul phate, .a twn cha

cuat amRERy o s Heai sTiEo G T BsetRte el et LeaRarmANShvES S0 1 ci en
appunt  of pH . nodjfier tq brjn e pH of the solution to within a 6.0 to
1D Ty it Sarbon Shoib emcehe B s EtarBonaltras HesH8 S monAer 6lipdw ng:

cal cium acetate, magpesi um acetate, sodium acetate, sodi um acetate

Cri - NYRPRTRPTeYalert af G Seceaialions; haYe m BESRIAYAS JifusgyMisne At esPhetexal ene
gl ycol, sodi um phosphate, sodiumtri-phosphate, potassium phosphate,

lit hi‘iﬁ‘r‘ﬁb‘ﬁ@s%‘tﬁ)‘éﬁazgﬁq FePperidaraehard respHatogiM¥ABSe, 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




6 [0021] A twin chain quaternary amoni um conpound with sterically hindered
arnoni um groups nmay be added to the stable aqueous al dehyde sol ution for
its fungicidal and foam ng properties. [ 0022] To enhance the bi oci dal
ef fi cacy of the stabl e agueous al dehyde sol ution one or 5 nore of the
follow ng trace el enents may be added to the solution: calcium magnesium
zinc, copper, titanium iron, silver, sodiumand gold. [0023] Sodium
nitrite may be added to the stabl e aqueous al dehyde solution in a
concentration exceeding 0,005% mv f@r its anti-corrosive properties.

[ 0024] Copper may be added to the stable aqueous al dehyde solution e.g. as
cupr i [p008L idetaties aat reladively bighphaoacentations, [Bftnevaray PRsioddabdme WHe

st abl e aqueous al dehyde solution e.g. as zinc perchlorate, zinc chloride or
zi nc poliphatewith @iRE] aldétydst rableculague pieseas ddtisiacesigratesAl tapersdurgs| ut ed
either with distilled or potable water, an al cohol or a solvent to produce
a bi ogiedtsr titirsF*Cs@nt ahiesh tbargd ¥afasraldebyiles thabhaed ehajadgngtits efders than
tenperatures than the stabl e aqueous al dehyde solution in an undil uted

st at e5 carboalatams)t Onte aghiarthisatill eesub ipa tass f éhedbioidahasient. 40C t o 50C, t he

al dehyde is allowed to interact with the surfactant or detergent, in a
conpl exing reaction, for at |east 15 m nutes whilst naintaining the
tenperature between 40C to 50C to produce an al dehyde-surfactant conplex
s Ut 100R6] drie kaowBbHE &l icuhbe agtTodeat ePiainagiAB dloghyds Satniaaq. beors
mnutes to cool the al dehyde-surfactant conplex solution to bel ow 40C to
st op Ysfe teodisiteit hry doingc 60 dhe tpodersy qfh@eaﬁ*ééhxﬁt?en}?é%ﬁu%‘et%m %L dEnyde
(Diagram 1), dialdehyde (Diagram 2) or a cyclic al dehyde (Di a%r amg3) in a
0. 001msitieec25BAIRINg thenkeld raubaedwrntly Ractivaigediie aldghydecplon. theoaethatiehr am
10 agram 2D agram 3 and wherein: R = hydrogen or a straight hydrocarbon
chai ninbesases fhelreagtivityofdhe tehyde fengtinnalegigups with 3he pENMR 8raPa rBaiBon
chain between 2 and 12 carbon atons in |ength; 15-Rl= a hydrocarbon chain
bet weagsopiatasd bivoidebeffest wpasnsell manehgnes. Howevershe stakilty i d the AdRYABoNn
having 5 or 6 carbon atons. [0029] The surfactant may be at | east one of
tHe fodliton isgomarpraiseditoso deoihg iy thetextenitihaidhanelutien sy pabledpr squeralct ant |
sul phoni ¢ acid, sodium |l auryl ethyl sul phate, sodium 8 |auryl sul phate, a
tw n dd@i n quat ernary ammoni um conpound and cocopr opyl di am de (CPAD). BRI EF
DESCRI PTI ON OF THE DRAW NGS [0030] The invention is further described
by way of exanple with reference to the 5 acconpanying draw ngs in which:

Figure 1 illustrates a comercially avail abl SS _spect roscopy an of
acet al098R) dbererpigua @umker of pEablems asspGaied Wéfgéggwae @259 aiehydBfsorition

acet al dehyde treated in accordance with the invention; Fi gure C?K)B

i | | usay ateasidah Podysh e opbrdqesra eserthaue i dlute Jae Priichpierde e Bt elsgur e 2A:
10 Figure 3Aillustrates a mass spectroscopy scan of untreab,eg igetngl dehyde
and aadivefedt ThAstresulisat tilujed andciivatedpiogtieis SArexRiiedofor P98 W¥he nass
spectroscopy scan of Figure 3A. DESCRI PTI ON OF PREFERRED EMBODI MENT [ 0031]
A st aistalde heyansl an@elyde sol ution, according to the invention, is

manuf actured, 15 in a concentrate solution (i.e. conprising al dehyde
conpounds in the range 2 to 10% mv), by first adding a non-ionic
surfactant _i.e. alcoh et ho at with 3,.7 or 9 ethoxylate groups), to
wat er 0983k élja'et"&"eé\“'i’%ﬁg@r"ﬁftQﬂ’ﬁglb'&q%é%??eﬁg’%ﬁ@r%@ti‘ogﬁp(9\5\%)%8%&/‘ an al dehyde or
an al 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.
a yoxwm al cohol ethoxylate 7 2. dyoxa | TM al cohol

et hox T chl or al dehyde tri hydrate al cohol ethoxylate 9

4, succinaldehyde al cohol ethoxylate 7

[0009] The invention provides a stable aqueous aldehyde solution that includes:



5. d ut ar al dehyde/ succi nal dehyde al cohol ethoxylate 7 6. d yoxa

Tm succi nal dehyde al cohol ethoxylate 9 7. acetal dehyde al cohol ethoxyl ate
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 al dehyde-surfactant solution, whil st

mai ntai ning the 5 tenperature of the3body of water between 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]

] ELL‘”Z%?;? ?Qi(aidﬁaiéia%%w fcéﬁ&ﬁ%{vai%%%taﬁ%“ﬁ“ﬁé’rrfsf@&i o PR oo™
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compl 533:‘356‘? eact heﬁeramt ﬁa@@%h@*ﬁh%@%d i Q&abﬁeag @2*&%@%%&@@@8?@?334] A

Quanti ty 0’ ad) A 2nBOBPABRNIRs CE, R PG AT SD: F oD RN Boda el el ut i on

towthin 7.0 to 8.5 Pqiassiun1hydroxide is used in a one nolar solution.
10 [0035] Fi nal ISPNSeH{ACEr i xture conprising sodi um 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 aget trihydr, _anpd_ ssi um gget each have a
cg%centration iﬁstﬁ%%gbuffer(ﬂﬁgtﬁgé g?i et ween Zggeﬁo 0.500 grans/liter.
This concentrated solution is diluted when added to the al dehyde-surfactant
conpl ex sol uti omihgam 1 hi n t Hagrarge 0. 005% to @iddmy. [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 %Rﬁhv§Tah0038] The concentrate solution of the stable
aqueous al dehyde sol'ution includes the follow ng contents in the follow ng
concentrations: (a) aldehyde -0.01%to 25% mv; (b) al cohol ethoxylate
-0.1%to 25 % v; and 15(c)the buffer m xture -0.05%to 0’196£%V't{0039] To
enhance the bi od? Fahy@&pgetasstioht fydsecasren shaigobrivaeachie toIcatiosn, one
or nmore of the fRbl,oW RAgl 8F8 PARIBRINMRIrdERbSHIERAR bbfive@nCOAGENL Icaiopn not
exceedi ng 5ppm to the solution: cal ci'um nmagnesium zinc, copper,

t1Q ani um iron, aemgérieastd; gol d. 11 [0040] To produce a biocidal product
capabl e of application, by a variety of means, to a variety of surfaces,
the concentrate solution of the stable agqueous al dehyde solution is diluted
wi th potabl e wat-Ri= thygfoedibon chalhi Isgiwesaltand t2hcanbotehtpdes interayti). 00@1% t o 8%
m v concentration. 5[0041] The dispersant finds application as an additive
to degreasi ng agents, detergents, thickeners, fragrances, colorants, skin
condi ti oners andpa. Let | &40 i al . This list is

exenpl ary and isRBygg%&EE gg&é& éL@%p@%3%¥écfg%ﬁb Sﬁﬁ'the ot her hand, the
concentrate solution with aldehyde in a concentration in excess of 10% nmv
is a favoured conposition in which to t;ansgort thf stﬁﬁle aqueoE$

10al dehyde st utd SHfactasd£8relRio-i $hasen MoBhMeRRs Bt e fofeinguai 8lvePgk e
solution, nerely has to di]Jute the concentrat olution by a.required
dilution ratio feihoxyBIRIFUTAEND AR AAAYIRNENINSY; ??Z?”taBHPBB?%a?%d’a efitves, to
produce products such as anti-m crgbial hand soap, hand sanitizers, medical
edui pnent  di si nf@dyastyl sydRigstodeM agnil guiPhale PatiMBr ShaiRBIBRIARY. 15
Once again, this list is exenplary and is by no neans exhaustive. [0044]
The concent r at e 2¥NORIHBTEOMBRISATIOIEPPRRYRIARUES §nTAPNcor porated with ot her
medi ums such as paints, resins etc, to provide a sustained rel ease of the
bi oci de! efficacy. [0045] It is believed that the dispersant and the

concentrate lutiqQn, i.n the vari f. applicatian i.fied ve,
have | ower v@gaﬁ ?‘ﬁ]cﬁ}e,mlaéﬂ%w Pﬁ?ipﬁ %98@%%2%”93@9&;? O%S%BM'Q,P '?(i" @B%gr eat er
stability and biocidal efficacy at roomtenperatures relatively to an

al dehyde (e.g. &P 8paeeaHl or Q@ yoxal TM that has not been subjected
to the method of the invention (i.e. at |least not bound to a surfactant in

a conplex configuration), and which is used in conparative applications
(see Table 2, Table 3 and Table 4).



5 [0046] The stabl e aqueous al dehyde sol ution, |ike an unconpl exed

al dehyde, is inconpatible with certain unhindered nitrogen containing

chemi cal s such as triethal am nes and cocoam des. This inconpatability needs
to be kept in consideration when fornulating with any al dehyde bi oci de.
[0047] Exanple 1: Proof of Conplexing: 10 [0048] To denonstrate conpl exi ng
of the al dehyde with the surfactant a conparison is nade between Figure 1
and Figure 2. [0049] FromFigure 2 it is evident that there are no free
acet al dehyde spectra between 0 to 100 mass to charge (mz) where
acet al dehyde i ndi cative peaks woul d appear (see Figure 1) if "free"

al dehyde was present. 15 [0050] Figure 3 exhibits the separate mass spectra

of the surfactant ,and the al dehyde used in Figur - hut with
each ot her. @/ &o ﬁ?'i G H G W?th%ﬁﬁgﬁfetgg fot"g\gg 'bceéﬂés?g@ggtkﬁgaé?eqt he
spectra of Figure 2 have shifted,.to the right w .shectra
of Figure 3, indiTEEPHY ?T’?Qat@oﬁ%q‘%%a}?&?%?’ %ﬁ&lnéﬁ%}ﬁ{%gﬂ&ﬁﬁé’t ééQ{Sﬁr act ant .
13 [0051] The sa of Figure 2 was produced b ddi,ng 5 acet al dehyde
(10% n v) to 45(3‘%!3@6}’ gthuﬁ'ﬁeﬁpg(tat%op[f&y%qe( g?@f}{bg(?{(aé?’?% 8@}% e?oe(%" r{ﬁj\lat er,
0,9% m v al cohol ethoxylate 7, 13,7 ot assium acetate, .13 7 sodi_um

acet (;at e trihydr é’f‘@?p%‘%{i Sr?@&%@f’"?'&é??%épef 8P@PEH ﬁﬂﬂs@g?teSm%mgTong‘@?eSanpl e
of Figure 3 was a sanpl e of acetal dehyde . 99%rﬂveSd m xed wi th an al cohol
ethoxyl ate 7 suPiSRSAHIORS REGSU a(f?g Cg%‘}@&'?@ae? PHRIIGRY ‘of the
invention. [0053] The method, materials and equi pnent used in this exanple
are as follows: Agilent 1299LC, Agilent 6210 Agilent 6210 tinme-of-flight
(TOF) « Lroseapy. : k ; : : 0 mc
aci d;[oﬁm §%%% ’nﬁ/ t?1118n(%m|tér7ﬁ(t:e0(f:{ﬁl? %H{V\%Sﬁﬂﬁes@fe{%%nggr%ﬁgfgg HN%e’eﬁIy ;Qe ;Saér;{gilggs wer e
directly,in od X . J OfM oo 0GC,
dryi nttgapéglse %LL{)% ‘?nngnét%eg@lbféf]?zo-eg?g%g?g;ea&o cag%%o‘g@&?&%é;%ﬁ?g% rﬁﬁ%ul%gkl nmer
60V; ref masses:, 11 22.009798. [0054] The TOF systemis used
in cM%ﬁ?%’%OW?ﬁ%agrggé%gr%B& |g'zer ESI source and an automated cali brant
delivery systemto continuously introduce | owlevel reference masses 15 to
achi eve accurate nass assignnent. For the analysis, the drying gas flow was

set ooty ﬁéh_@isltéﬁﬂllé qugel"oilsté%@%@ts‘éfﬁioﬁtmépﬂgudg Ry e M foGNinyatdehgtied:0 35

psig and ‘capillary voltage was 3500V. A Fragnenter setting of 140V was used

ith ski oV. ;
Wd @Hh%fg?ﬁy(]@, aE&Fidtggﬁéieor ag%&%ﬁm%% dd 0 H@aRBAMNEN Z pehidhaldehyde,

transi en scan equa 00 nternal reference nass correction was

A hextfaliBfnR), étRaldidonybES! Doid . BRI 9as ed gRRarsIERY@s of th

glsgehfg/e eéal% 0’2% |é1'*cﬁk§catyg§’si %C% eldlf:égg?% bel oﬁv‘.aIi Thé r'gsgl tsrgglho&/ed ?he ©
i 0 . H H d B :

>ane gﬁﬂeg@és hik, g&gigggenﬁuc{f‘gfa@g Sl b%% al&é%B%hlcﬁélﬁbﬁﬁ:@’ hhEke:

[ 005 ing a South rrcan Bureau of” Standar

( SAB j 93), a Kel sey Sykes nodified suspension test.
The i)‘"cfg%g)ci% %fg’s&ﬁrﬂ@gﬁ% n e test was Bacillus subtilis var globi. The
results of the tests are tabul ated bel ow. Table 2: Al dehyde 1 Al dehyde 2 (%
m v) Surfactant Suspension Contact tinme Result 1 glutaral dehyde 1.5% d yoxa
| TMBba gy ¢odrelandl hAYEtaIE abudolis ildehytis shiltion NAGEePARE GABS RIGdngxal TM
16% al cohol ethoxylate 9 2 hrs 4 hrs 8hrs PASS PASS PASS 3 d yoxal Tm 8%

gﬂ;ﬂsgré}a&%%d@n&tmé@y dr ghgardR¥ndc ol Elybrny alethahe? dltilgetydby; s GlydxasmPASS

chloradehyde trihydrate; acetaldehyde and Glyoxal™; paraformaldehyde and

glutaraldehyde, glutaraldehyde and succinaldehyde and Glyoxal™ and succinaldehyde.

[0013] The stable aqueous aldehyde solution preferably includes the surfactant or

detergent in a 0.1% to 25% m/v concentration.



PASS 4 succi nal dehyde 3% al cohol ethoxylate 7 2 hrs 4 hrs 8 hrs FAI L 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% Succi nal dehyde 1% al cohol ethoxylate 9
2 hrs 4 hrs 8 his PASS PASS PASS 15 7 acetal dehyde 3% al cohol ethoxylate
9 2 his 4 hrs 8 hrs PASS PASS PASS 8 acet al dehyde 2% d 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 mal dehyde 1% al cohol et hoxyl a5te 9 2 hrs 4 hrs

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

surfactant.

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

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

[0016] The buffer is preferably a mixiure of sodium acetate trihydrate 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

10 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

15  manufacture, within a 7.0 to 8.5 range.



8 hrs BORDER PASS PASS PASS 10 d yoxal TM 10% al cohol ethoxylate 3 2 his 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 hrs 4 hrs 8 his PASS PASS PASS 13 gl ut aral dehyde 3% al cohol ethoxylate 3
2 hrs 4 hrs 8 hrs FAIL PASS PASS 14 2-ethyl hexanal dehyde 10% al cohol
ethoxylate 3 2 hrs 4 hrs 8h rs FAIL FAIL PASS 15 2-et hyl hexanal dehyde 10%
al cohol ethoxylate 9 2 his 4 his 8 %rs FAI L PASS

[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 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 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



PASS 16 nonanal dehyde 150/0 al cohol ethoxylate 3 2 his 4 hrs 8 hrs FAIL
PASS PASS 16 17 nonanal dehyde 150/ 0 al cohol ethoxylate 9 2 hrs 4 hrs 8
hrs FAI L PASS PASS 18 chl oral dehyde hydrate 20% al cohol ethoxylate 3 2 his
4 hrs 8 hrs FAIL PASS PASS 19 chl oral dehyde hydrate 20% al cohol ethoxyl ate
9 2 hrs 4 hrs 8 hrs FAIL PASS PASS 20 par af or mal dehyde 3% al cohol
ethoxylate 9 2 hrs 4 hrs 8 hrs FAIL PASS PASS 21 fornal dehyde 100/0

al cohol ethoxylate 9 2 his 4 hrs 8 hr7s FAI L

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

-R3= 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



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

re-subjected to the test, wth the relevant surfactant added, but w t hout

pH adj ustnent and without the addition of a pH nodifier and a buffer. All

t he al dehydes failed the 8 hour contact tinme with the exception of

gi ut aral dehyde (sanple 13) with a "borderline" pass. 5 [0059] As evident

fromthe above the invention appears effective at inproving the biocidal

ef fi cacy of al dehydes. [0060] Exanplg 3: Stability tests. 17 Table 3

Sampl e ' nunber Description of sample (% mv) Start Iwk 2wk I nmth 2nth 3nth
0, 0

5/2|C ;EeFur}y}gsfulgz}%?e,paH (tgyg]cfﬁzﬁnzc?u%t I‘E@éSgﬁ%H%‘é%? &Iﬁnpzo%%dpelx_rlld cc{glgp?ggﬁggr%c}/e al

(CPAD).

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The invention is further described by way of example with reference to 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 aqueous 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 1 d yoxal
10% 5.38 5.37 5.36 5.37 5.33 Slightly cloudy 10.58 10.62 10.61 Y

5.25 5.15
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

10

[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] Foilowing 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. 65



2 2-ethly hexanal 10%5.76 5.73 5.75 5.76 5.70 Ml ky top clear bottom
m xed all 10.35 10.35 10.4 mlk 5.53 5.47 10.2 P 3

furfural dehyde 10% 6.91 6.85 6.89 6.93 6.80 Cl ear yellow top dark brown
bottom M xed all creany brown 9.85 9.81 9.75

10
[0035] Finally a buffer mixture comprising sodium acetate trinydrate 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  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% mi/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 pHS.

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

following contents in the following concentrations:

(a) aldehyde - 0.01% to 25% ml/v;
(b) alcohol ethoxylate - 0.1% fo 25 %m/v; and
15 (c)  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 5ppm, to

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



6.57 6.35 9. 87 4 gl utaral dehyde 10% 5.3 5.45 5.32 5.43 5.33
Cl ear 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 6.4

10

15

11
[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/iv

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
s_anitizers, 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 foxicity and corrosive



Cl ear 10.32 10.28 10.33 10. 36 6.12 6.06 6 formal dehyde 10%
7.09 7.12 7.17 7.20 6.90 Clear 9.97 9.84 9.99 9.98 6. 85

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).

5 [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:

10  [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 O
to 100 mass to charge (m/z) where acetaldehyde indicative peaks would appear (see

Figure 1) if “free” aldehyde was present.

15 [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.



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 filtered water, 0,9% m/v alcohol ethoxylate 7,
13,79 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,l 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 mi/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 ES! 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 parafornnal 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
5 (ie. 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
(% mhi) Contact time
1 glutaraldehyde Glyoxal™ 8% alcohol ethoxylate 7 2 hrs PASS
¢
1.8% 4hrs PASS
8 hrs PASS
2 Glyoxal™ 16% alcohol ethoxylate 9 | 2 hrs PASS
4 hrs PASS
8hrs PASS
3 Glyoxal™ 8% chloraldehyde alcohol ethoxylate 9 | 2 hrs PASS
T 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% | alcoho! ethoxylate @ | 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
15
7 acetaldehyde 3% alcohol ethoxylate 9 2 hrs 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 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-sthyl alcohol ethoxylate 3 2 hrs FAIL
0,
hexanaldehyde 10% 4 hrs FAIL
8hrs PASS
15 2-ethyi alcohol ethoxylate 9 2 hrs FAIL
0,
hexanaldehyde 10% 4 hrs PASS
8 hrs PASS
16 nonanaldehyde alcohol ethoxyiate 3 | 2 hrs FAIL
0,
15% 4 hrs PASS
8 hrs PASS




Clear 2.97 2.98 3.00 3.02 5.99 5.74 13 3% furfural dehyde +
Terg 7.32 7.27 7.29 7.25 7.18 3 Gly brown ppt top bottom cl oudy 2. 84
2.86 2.84 7.01 6.91 2. 89

16
17 nonanaldehyde alcohol ethoxylate 9 2 hrs FAIL
0,
18% 4hrs PASS
8 hrs PASS
18 chioraldehyde alcohol ethoxylate 3 2 hrs FAIL
0,
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% 4 hrs PASS
8 hrs PASS
21 formaldehyde alcohol ethoxylate © 2hrs 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.

5 [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
2,80 2.78 2.79 7.27 7.02 15 3% gl ut ar al dehyde + Terg 6. 47
6.45 6.38 6.34 6.31 3 Clear oily ppt on top 2.98 2.97 2.86

17
Table 3
Sample Description of sample (% | Start 1wk | 2wk | imth | 2mth | 3mth
number
m/v)
o 25°C 25°C | 25°C | 25°C | 25°C | 25°C
25°C Temp oH oH pH pH oH oH
%aldehyde m/lv | %al %al %al %al %al
(%al)
40°C 40°C | 40°C
(accelerated
stability test)
pH pH pH
Y%al %al %al
1 Glyoxal 10% 5.38 537 |536 {537 |5.33
Slightly cloudy 10.58 | 10.62 | 10.61
10.65
525 {515
2 2-ethly hexanal 10% 576 573 |575 |576 |570
Milky top clear 10.35 | 10.35 | 10.4
bottom mixed all
milk 5.53 | 5.47
10.4
3 furfuraldehyde 10% 8.91 685 [6.89 693 |6.80
Clear yellowtop | 9.85 | 9.81 | 98.75
dark brown
bottom Mixed all
creamy brown 6.57 | 635
9.87
4 glutaraldehyde 10% 5.3 545 | 532 [543 |5.33
Clear 10.97 | 10.89 | 10.95
(Terg 3)
11.02 5.11 | 5.09
5 acetaldehyde 10% 6.47 645 |[651 |6.531 64
Clear 10.32 | 10.28 | 10.33
10.36
6.12 | 6.08
6 formaldehyde 10% 7.09 712 717 | 720 |6.90
Clear 9.97 | 9.84 |9.99
9.98
8.85 | 6.73
7 butyraldehyde 10% 5.22 5.3 528 |536 |5.20
Smelis slight 10.1 | 10.02 | 10.00
cloudy top




3.00 6.24 6.05
2.86 2.76 2.89
Terg 5.65 5.4 5.43 5.45 5.50

Cl ear

16 3% 2- et hyl
2. 99

hexanal

6.01 5.91

18
bottom clear 5.04 | 5.02
mixed all cloudy
10.05
8 nonanal 10% 6.38 644 |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 68.35 |63 6.41 |6.29
Slight cloudy 218 | 219 |[2.18
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 | 6.98
1 3% Glyoxal + tergitol 6.26 6.28 6.3 6.32 | 6.15
(Terg) 3 Clear oily ppton [ 297 |3.01 |2.99
top 6.00 | 5.86
2.98
12 3% Glyoxal + Terg 9 6.33 6.32 |6.33 [8.34 |6.19
Clear 297 | 298 |3.00
3.02
592 | 574
13 3% furfuraldehyde + Terg 7.32 727 (729 (725 |7.18
3 Qily brown ppt 2.84 | 286 {284
top bottom
cloudy 7.01 |6.91
2.89
14 3% furfuraldehyde + Terg | 7.59 755 |7.56 |751 | 7.41
9 Clear yellow 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 | 298 |297 |2.86
fop
3.00 6.24 |6.05
16 3% 2-ethyl hexanal + Terg | 6.20 8.15 | 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 |550
9 Cloudy 297 1290 |2895
2.99
569 | 556
18 3% nonanal + Terg 3 clear | 6.50 849 | 646 |6.45 |6.31
Ciear oily top 295 |29 |287 |
bottom clear mix
cloudy 8.19 |6.00
2.89

+ Terg 6.20 6.15 6.10 6.08 6.11
17 3% 2- et hyl
9 Coudy 2.97 2.90 2.95

hexanal

+

3



2.99

5.69 5.56

18 3% nonanal

6. 31 Clear oily top bottomclear m x cloudy 2.95 2.96 2.87
6. 00 2.89 19 19 3% nonanal + Terg 9 clear
19
19 3% nonanal + Terg 9 clear | 6.41 6.4 6.38 |6.42 |6.32
Milk top cloudy 286 |283 |287
bottom mix milk
5 85 6.06 | 5.86
20 3% of 2% chloral hydrate + | 6.64 .65 |6.55 6.7 8.35
Terg 3 Clear oily top 012 | 011 | 0.12
bottom clear
0.1 6.17 | 5.99
21 3% of 2% chloral hydrate + | 6.61 6.58 |B.53 |6.62 |6.30
Terg 9 Ciear 0.12 |0.10 | 0.11
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. 10.
(gas) 0.06 | 10.54
23 3% paraformaldehyde + 8.04 789 1778 {765 |[7.85
Terg 9 Clear slight smell | 2.99 |2.97 | 295
3.01 7.89 | 7.72
24 3% acetaldehyde + Terg 9 | 8.08 797 |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 | 783 |7.55 |760
Clear smell 3.06 | 299 |3.00
3.1
7.46 | 7.36

+ Terg 3 clear 6.50 6.49 6.46 6.45

6. 19

[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.



6.41 6.4 6.38 6.42 6.32 MIlk top cloudy bottommx mlk 2.86 2.83 2.87
2.85 6.06 5.86 20 3% of 2% chloral hydrate + 6.64 6.65 6.55 6.7 6. 35
Terg 3 Clear oily top bottomclear 0.12 0.11 0.12 0.1 6.17 5.99

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.



hydrate + 6.61 6.58 6.53 6.62 6.30 Terg 9 Cear 0.12

21 3% of 2% chl or al
0.10 0.11 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)

10

15

20

25

21
CLAIMS

1. A stable aqueous aldehyde solution that includes:

a) an aldehyde comprising at least one of the following: a
monoatdehyde (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 branched hydracarbon chain between

2 and 12 carbon atoms in length;

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

length; and

-R3= a eyclic hydrocarbon having 5 or 6 carbon atoms.

b} an alcohol ethoxylate surfactant;

<) a sufficient amount of & pH madifier to bring the pH of the solution

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 claim 1 wherein the

aldehyde comprises at least one of the following: formaldehyde,

acetaldehyde, proprionaidehyde, butraldehyde, pentanaldehyde,



23 3% par af or mal dehyde + 8.04 7.89 7.78 7.65 7.85 Terg 9 Cear slight
smell 2.99 2.97 2.95 3.01 7.89 7.72 24 3% acet al dehyde + Terg 9 8.09
7.97 7.86 7.78 7.90 Clear slight snell 2.99 2.98 3.00 3.01

22
hexanaldehyde, heptanaldehyde, octanaldehyde, nonanaldehyde,
glutaraldehyde, succinaldehyde, glyoxal, 2-ethyl hexanaldehyde,
iso-valeraldehyde, choloraldehyde hydrate, furfuraldehyde,

5 paraformaldehyde.

3. 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;

10 acetaldehyde and glyoxal; paraformaldehyde and glutaraldehyde,

glutaraldehyde and succinaldehyde and glyoxal and succinaldehyde.

4. A stable aqueous aldehyde solution according to anyone of claims 1 to 3
which includes the surfactant or detergent in a 0.1% to 25% m/v

15 concentration.

5. A stable aqueous aldehyde 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 according to anyone of

claims 1 to 5 which includes the buffer mixture in at least a

0.05% m/v 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 I’gsty tests i.e. a 2 week period at
the el ected tenperature (40C) is equivdent to a 6 nonth "shelf-life"

iod at 25C 6 | deh I h ' I
Exerpl ary of & he ok aNRBLEO6 ApgeLPopLIa Aenyat Ll BoarE.AbE. ™ Y
tati f the_i ti . 0063] The.th | . t
Vel 'abl ¢ at the ti GesRSrol e bt moguey cuBaemApre o & PHCioalRes  'Cacy
tests. [0065] Th | d . I [ i . 1 to 25
were fested Tor vi riRRaAm R odd ey BrdPHiaPeTtRet Sutely Flasizes)
whi ch uses a bacterj oPhaa_e gltI} virus standard to represent envel oped and

non- envel oped vi r usSUELEGAIEP Y B 5 sanpl es passed the test. 21 CLAI NS

5

8. A stable aqueous aldehyde solution according to anyone of claims 1 to

7 wherein the pH modifier is potassium hydroxide in a one molar

solution.

10 9. 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 fo anyone of claims 1 to
15_ 9 which includes one or more of the following frace elements: calcium,

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

11.A stable aqueous 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.



1. A stabl e aqueous. al dehyde sol ution that includes: a) an al dehyde
conprising at |east one of the follow ng: a 5nonoal dehyde (Diagram 1), a
di al dehyde (Diagram 2) and a cyclic aldghyde (Diagram 3) in a 0.001%to 25%
mv concentration: R - CHOOHC Rl- CHOR3%4” CHO Di agram 1D agram 2D agram 3

10and wherein: = hydrogen, a strajght -hydrocarbpn j 1 and 12
carbon atoms in | EhtRoleaaugoys 3#8&@@%%@%3%%@?5@%%%%@{ Q/g{é‘)r{]gag%and 12
carbon atons in length; . . .-Rl= a hyd - i 0. het ween 2
and 12 carbon at ons 14 Whigh) échdgs sedym %@ed"c@&oﬁ%errﬁégé'gﬁg bggé%é ng 5 or
6 carbon atons. o b) an al cohol ethoxylate surfactant;

c) a sufficient ann@ﬁ?séﬁnﬁ}pH nodi fier to bring the pH of the solution
20to within a 6.0 to 8.5 range; and d) a buffer m xture conprising at |east
sodi um acetate or sodium acetate tri-hydrate and potassi um acet at e. 2.

A stabl e aqueous al dehyde soql ution according tpo clai rein.the

25al dehy&e conpr i ¥e %¥°'$%a§§p%?fg’f d‘l’ah"f @C?L{Sjgfotaf r‘lsé?ab!goar]qﬁé? rgse%\l/c%(gy&
acet al dehyde, propriqnai dehyde, butral dehyde ent . :

hexanal dehyde, hept a*E#8RAFRAING: Oaﬂré%’loﬂgﬁﬂ/cfga,"iﬂ%ﬁa a@%@%@l‘g@ g{sﬁﬁeﬁ dehyde,
succi nal dehyde, glyo§gl, 2- et hyl hexanal dehyde,
iso-valeraldehyde,éﬁ%FBraldehyde hydrate, furfural dehyde,

5par af or mal dehyde. 3. A stabl e aqueous al dehyde sol uti on according to claim
1 wherein the al dehyde is selected fromone of the follow ng:

gl utar al dehyde ang gl %ﬁéjgﬂg éﬁé%%‘@ogéﬁfﬂﬁiy@e*‘é‘"g' WOX@ict hhGudsdeday de

trihydrate; 10acetal de raf or mal dehyde and

gl utar aygehyde, gl uianalieiyde.oas, BueitaieBmAmoand gl yoxal and

succi nal dehyde. . st abl e aqueous al dehyde sol uti on according to
anyone of clainms 1 to 3 which includes the surfactant or detergent in a
0.1%to 25% m v 15concentration. 5. A stable aqueous al dehyde sol ution
according to anyone of clains 1 to 4 wherein the al cohol ethoxylate
surfactant includes 3 to 9 ethoxylate groups. 20 6. A stable aqueous

al dehyde sol ution according to anyone of clains 1 to 5 which includes the
buffer m xture in at least a 0.05% nm v concentration. 23 7. A stable
aqueous al dehyde sol uti on according to anyone of clains 1 to 6 wherein the
pH nodi fier conprises at | east one of the follow ng: potassium hydroxi de,
sodi um hydr oxi de, sodi um phosphate and sodi um bi carbonate. 5 8. A stable
aqueous al dehyde solution according to anyone of clains 1 to 7 wherein the
pH nodifier is potassium hydroxide in a one nolar solution. 109. A stable
aqueous al dehyde sol uti on according to anyone of clains 1 to 8 which

i ncludes a twi n chain quaternary amoni um conpound with sterically hindered
anmoni um gr oups. 10. A st abl e aqueous al dehyde sol ution according to
anyone of clains 1 to 159 which includes one or nore of the follow ng trace
el enents: cal cium magnesium zinc, copper, titanium iron, silver, sodium
and gold. 11.A stable aqueous al dehyde sol ution according to claim10
wherei n copper is included as cupric chlorate or cupric sulphate. 20 12. A
st abl e aqueous al dehyde sol ution according to claim 11l wherein zinc is

i ncluded as zinc perchlorate, zinc chloride or zinc sul phate. 24 13. A

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

whi ch includes sodiumnitrite in a concentration not exceeding 0.005% Wt.
514. A bi oci del dispersant which includes the stabl e agueous al dehyde
solution according to anyone of clains 1 to 13, diluted with distilled

wat er . 15. A bi oci de, dispersant according to claim 14 which

i ncl udes the 10di al dehyde in a 0.001%to 8% ntv concentration.



