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formation of a partially quaternized ®organosilane conposition froma

t wo- conponent conposition of the starting nmaterials; the preparation 15 of
a stabi e aqueous solution conpri siﬂ@s@{u#fﬁ)ﬁnert and hydrol ysabl e
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sai d aqueous sol ution onto surfaces, yi el di ng an antim crobial coating.
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al i phatic urate anning 11-17 car enotes nethyl or
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n denotes an int eger value of 0-2 (and nore likely of 0-1), and T denotes a
35 bonded partner conprised of one or nore organosilane units and likely an
assenbly epigpraged of higher-order oligo- and polysil sesqui oxane

associ ations, as well as a substrate bearing hydroxyl groups or an

i nt er 2 nQablcenasyiahaosivsuptgahdselafesr(albobisnfed admdganosilyl quaternary amines) of

2011/ 1320%1%%%% @%?&l—olé)?ﬁn(%ﬂ )2%\1 (CH2):Si(OR)3s A’ are typically formed by quaternizing
the corresponding tertiary amine with an appropriate 3-chloropropyl organosilane reagent
(Rxn-1). The same quaternized structure has also been constructed via an alternative,
parallel synthetic pathway, using the corresponding alkylchloride to quaternize 3-

25  dimethylaminopropyl organosilane (Rxn-1"). Herein, the term “quaternizing” refers to the
act of alkylating a tertiary amine functional group. Such synthetic reactions have been
achieved in a molten state (i.e., neat) or in the presence of a solvent. In turn, said
organosilanes of the general form CH3(CH,)11.17(CH;3),N ' (CH,):Si(OR); A” may be
hydrolyzed  to the corresponding organosilantriol, Le., CH3(CH2)11-

30 17(CH3),N'(CH,):Si(OH); A", and will yield, upon thermal processing, antimicrobial
condensation products of the general form CHa(CHy);1.17(CHz)N'(CH,)3Si(OT)3.0(OH),
A", where (CHy);11.17 denotes an aliphatic saturated chain spanning 11-17 carbon units, R
denotes methyl or ethyl, A" denotes a leaving group, often a halide and most often
chloride, n denotes an integer value of 0-2 (and more likely of 0-1), and T denotes a

35 bonded partner comprised of one or more organosilane units and likely an assembly
comprised of higher-order oligo- and polysilsesquioxane associations, as well as a

substrate bearing hydroxyl groups or an intertwineable surface suitable for bonding.



5 As docunented in the prior art, elevated tenperatures and prol onged
reaction tinmes are inplenented in efforts to pronote maxi num quaterni zati on
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i ncl uded pentaerythritol, tris(hydroxymethyl)ethane,

tr|s(hydroxynethyl)nethane and simlar conpounds. 20
US6376696 and WOO00/78770 outline a process to prepare a quaternary ammonium silane

from tetradecyldimethylamine and 3-chloropropyltrimethoxysilane, in which the yield
during quaternization is quantitative and the product is dissolved and stabilized in an

35  aqueous solution containing methyltriglycol as active stabilizer.



U52005008613 relates to providing a series of novel solid phase carriers
coated with a quaternary ammoni um organosi |l ane. This docunent enphasi zes
t he surf awe appise@at i on of a quat ernary anmoni um or gano®CrABR®1&/031047 on as
opposed to the pronotion of solution-phase solubility and | ong-term
stability. This work is also technically distinguishable in 25 that
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preparation of an anti'm crobial polysiloxane.” As part of this enbodinent, a

di met hyl am nopr opyl organosilane is quaternized using an al kyl hal i de and

t he ensui ct 4s solvated in nethanol but t water. WO . .
2011/ 200 BRr RegoiRedur s Ts Bedst orobehe o PEbuy L Teserre papui i on
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key to retaining stability is the incorporation of a nonionic surfactant.

Exenpl i f ymsthapplsofuiion. scope of the prior art, Rxn-1 & Rxn-2, as well as
Rxn-1' and Rxn-2 10 collectively depict the process of quaternizing,

hydrol yzi ng and solubilizing (with stabilizers) the organosilane, yielding
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organosi lyl hydrolysate. O the two parallel synthetic pathways, the forner
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conpounds, and/ or po >Prrer S; possi bl e pH adjustnent Rxn-2
solution of the trioxasilylbicycloctyl intermediate species is obtained. Stabilizers included
pentaerythritol, tris(hydroxymethyl)ethane, tris(hydroxymethyl)methane, and similar
compounds.
20
US2005008613 relates to providing a series of novel solid phase carriers coated with a
quaternary ammonium organosilane. This document emphasizes the surface application of
a quaternary ammonium organosilane solution as opposed to the promotion of solution-
phase solubility and long-term stability. This work is also technically distinguishable in
25  that solid-phase carriers are used to support the surface-bonded quaternary ammonium

organosilane coating. Carriers form no part of the invention.

JP2091008 relates to obtaining an antimicrobial, water-soluble powder, comprising of a
colloidal suspension formed by a combination of a quaternary ammonium organosilane

30  hydrolysate, a perspiration suppressant salt, starch, clay and saccharoses.

US20080181862 relates to the preparation of an antimicrobial polysiloxane. As part of
this embodiment, a dimethylaminopropyl organosilane is quaternized using an alkylhalide
and the ensuing product is solvated in methanol but not water.

35



Cl HO OH(aqueous phase) To nmaxim ze the transformation of tertiary am nes
and organosil ane reagents into the 20 correspondi ng anti m crobi al
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To maximize the transformation of tertiary amines and organosilane reagents into the
20  corresponding antimicrobial quaternary ammonium organosilane (Rxn-1), temperatures in
excess of 100°C are typically employed. In practice, the typical maximum attainable
conversions have been reported on the order of 90-95% with respect to the limiting
reagent (Rxn-1). As rapid precipitation has defined the major problem during aqueous re-
constitution of such products, prior efforts to improve aqueous-phase stability have
25  reported the use of one or more of many potential stabilizing additives. Stated more
comprehensively, these stabilizers may be classified as sugars, soaps/surfactants, water-
compatible co-solvents, silanol group chelators and hydrophilic polymers (Rxn-2). In
some cases, pH adjustments have been necessary as a precondition to optimizing the
benefits of said stabilizers. In the case of Rxn-1’, an alkylhalide is made to react with 3-

30  dimethylaminopropyltrimethoxysilane, affording the same quaternary organosilane



10Brief Description of Invention This invention defines a nethod to prepare
an antimcrobial, partially quaternized anmoni um or ganosi | ane conposi tion,
whose comporents202ehen ful ly dissolved in water, displapcsaBioaadabili zati on
and long storage-life. Herein, the tefm"partially” is used to 15 denote
the significantly | ess-than-quantitative formation of the quaternized
anmoni 4m osi e P rd . | at i ceact |l B)ﬁ{é—E',Z- and
Rxn- 2-5{' )gfogﬁgk. '?l éll}m S’efwésﬁ’m Eidzoiﬂﬂegrglth‘r%e as{t&eﬂslﬁ% (I)Iga? ﬁéa?léﬁitteé%g%%u%on et'ge\}veen
wat er andptshed po edactempictidreatqulgghelyniozatri reacti@acdmperatians, sineh AeO0°C hat

t he conponents of these products collectively afford a stable aqueous
sol uti on, awgﬁlym&g@@%mfaﬁwlﬁ’e?#tﬁwﬁwﬁl?llt?ﬁ“?ﬂ" need of 20potentially

costly i n%r edients in order to yield.a.Apkket abl e aqueQus concentrate.
Anot her objeetive ofabhi.s jmestion i sntenoutNyre~a mettiod T8 resglyve the

i nstabi | ity apd.short shelf-1jfg, probl emof tkeL,aqueoys\ quaternary amoni um
organosi | ane hydrol ysates. The approach expressed herein is to exploit the
seenm ngly unrel ated concept of cutting 25short the quaternization reaction,
whi ch bestows stability to the water-reconstituted conponents of the
conpos? t i Brief Deggrintinay ofdpjvertionve of this invention is to define a
cost-effective and technically facile nethod to prepare a stabl e agueous

sol uti on cont ai ni ng quat erni zed amoni um 300r ganosi | ane hydrol ysat es.

Anot her ofphBclivegtio dehihe bniemtibtion pfephe defdntienierobRl, hpsitibily pjuaRatieed

st abl e aqueous_ sol uti on contai ni.ng quaterni zed ammoni um or.ganosi | ane

hydr ol ysaf@80njn AEENOTIBES FPMPRPIHQH, adoshFemEpRINSt when fullytdipe et inpagires

Pyl oxy! - SR Rl R T RGBS iR B Pt R, S PRI e o
addi t i ¥ esdeno?OtiR0digniTid 24RO REIHhhB2DAMOGI ofmGtion of the quaternized ammonium
organosilane product during the alkylation reactions (Rxn-2-1 and Rxn-2-1"). The term
“self-stabilizing” relates to the interaction between water and the products of the
quaternization reaction, and the fact that the components of these products collectively

afford a stable aqueous solution, which bypasses any further manipulation or need of

20  potentially costly ingredients in order to yield a marketable aqueous concentrate.

Another objective of this invention is to outline a method to resolve the instability and
short shelf-life problem of the aqueous quaternary ammonium organosilane hydrolysates.
The approach expressed herein is to exploit the seemingly unrelated concept of cutting
25  short the quaternization reaction, which bestows stability to the water-reconstituted

components of the composition.

Another objective of this invention is to define a cost-effective and technically facile
method to prepare a stable aqueous solution containing quaternized ammonium

30  organosilane hydrolysates.

Another objective of this invention is to define a method to prepare a stable aqueous
solution containing quaternized ammonium organosilane hydrolysates, without resorting
to established stabilization strategies based on the use of simple sugars, surfactants,
35 multiple hydroxyl-containing molecules, and hydrophilic polymers as mandatory

additives.



5Det ai | ed Description of Invention This invention relates to the
preparation of a neat conposition conprised of quaternized ammoni um
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"(CH2)1 _6Si (ON)3,(OH)" X. 25The innovative aspect of the invention is
related to a previously conducted series of in-



house i nvestigations, whereof certain features of the prior art were
re-evaluated. In forcing the quaternization reaction, |ong-chain alkyl
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that the resultant composition of each trial reflected a different product conversion. While

those trials substantially approaching maximum quaternization still afforded unstable



9 5al kyl organosilane reagent is made to react with a tertiary am ne. The
| etter mdepicts an integer from1l-6, n depicts an integer from8-14, Zis
acet oxy awg/2ori/iaeozoal koxy group with a carbon | ength of PCTAB20Q0/H0& 74 or OH,
the latter being the end result of hy8rolysis, and X is a |eaving group
termnally bonded to (CH2) m and conprising of one or nore of chlorine,
brom f , d 10
phospiiat e SEVAR; RO K EHRS b c R B Fo L RS PP b ed 3,
wat er acceisdiusgichiomberialxh@. wdsmottdfdetoseaxbltycﬂmyﬂvtehewmlrrac)cmﬁseﬁtl?étmngoﬂup Jo a

termnally_fu i llze di met hyl am no an.osilan 's de to.react
W S R e B ol otS AT AR Py Caratirany et belony IR Se il or St o
an int egefoywfdr %dllcﬁeoﬂ%fs%orﬁm kentgaes <f5r2%b§’tﬂe4baslzsséfsth@¢i%hﬁﬁ§ r&RLBral @y

al koxy group with a carbon length of 1-4, Q OH, "the latter
group bei figmedhsjadtobiqeoss mloulmst HoareaeiX thes loavdr dimit n@squ@uablhzemon wab hyt
bonded,to the dr.oc on a ri sing of one

oo 1 Croe e R R b P heRen NGy bs RS s fn b s, 4

phosphat ec&hﬁl@fs‘diéll’yemte?&tlng OWher &l bk $1aShed fm@ amdtltiislcBmpodlibd 1 2pmipfisddhran
maxi mum', e.g. 52-57%/x + z z Rxn-2-1
of the target quaternary amine, a substantial portlon of unused starting materials, and
potential minor byproducts thereof - had dissolved into water, forming an aqueous
solution at room temperature, which displayed a much better aqueous-phase storage
15  stability than what might have been anticipated on the basis of the information available
in the prior art. Accordingly, the distinguishing step or feature of this invention was
readily definable in that a stable formulation had been obtained, without resorting to the
use of additives or further chemical manipulations. Such findings only applied at product
conversions not significantly exceeding 57% yield on the basis of the limiting reagent. In
20  our experience, a product conversion that yielded 45-65% of the quaternary ammonium
component gave acceptable results, with the optimum range being 52-57%. Tests
indicated that %5wt aqueous stocks had retained their solubility, surface applicability,
post-cure bond fastness and antimicrobial activity even after being allowed to age for 24-

30 weeks at room temperature. Furthermore, cured forms of the quaternized ammonium

25  organosilane hydrolysate displayed antimicrobial activity following 40 repeated washings.

As part of the detailed description of the invention, Rxn-2-1 & Rxn-2-2, as well as Rxn-2-
I’ & Rxn-2-2’°, depict two independent and parallel synthetic routes. To impose
quaternization, the starting composition, i.c., a mixture of the two starting materials, is
30  gradually and partially transformed via heat application. Accordingly, the “y” term in
Rxn-2-2 and Rxn-2-2° denotes the mole fraction, i.e., a number from 0-1, of the
components found in the resulting post-reaction composition. As can be seen, both
syntheses will yield the same partially quaternized organosilane component. Other
components noted in the final composition will differ among the two synthetic pathways.
35  While the illustrations specifically depict the reaction of stoichiometric amounts of

precursors, there is some flexibility in the choice of reagent ratio, as will be pointed out

subsequently in the text. In the first synthetic route (Rxn-2-1), a terminally-functionalized
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possi bl e, depending on"the naturé of the reaction and conditions.

Rei t er at i nlglorine, bOororiegiiodine poihgroupsevitly drsoll fosiase, pubdtes tphodpleomteraidal
interest cprresponds to ( 11- 21?1+( CH2 Si 3 X-, ere
el O S e T s B S R R
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carbon units. That being as it may, the significant amount of sol vated
starting facapnalizedgimetihdamineptyydoyganesilenedustmadede magt v thapdimsar- 2- 2')

nonet hel eﬁ?drm:aa%or?bga%%igsai ﬁlr?mgrgllgaving group. Again, m depicts an integer from 1-6, n is

an integer from 8-14, Z is acetoxy and/or any alkoxy group with a carbon length of 1-4, Q

15 is X or OH, the latter group being a hydrolysis product, and X is a leaving group
terminally bonded to the hydrocarbon and comprising of one or more of chlorine,
bromine, iodine, and groups with a sulfonate, sulfate, phosphonate, and phosphate
structure.

20

5 (CHym ”conversiop is signficantly less
\/Si\/ Z\X N \N/\/(CHa)V than maximum", e.g. 52-57% Rxn-2-1
V4 V4 /
e N
} Z\Si/(CHZ)I<1
Z\ _/(CHz)g ;\}CHa)V /\ X
y NN oy -
‘ ‘ / (CHa)n
NN
y = 0-1 . / /
l + H,0 Rxn-2-2
( Ho\Si,(CHz)rg A
: HO/ \OH = O
HO\Si/(CHz)EI:;X/\/(CHa)n\/ Lond +Q*XOI‘ H |
y /\ N + (L-y)K <
HO OH / (CHan
NN TN
\ / k4
In either parallel approach, the principle of deliberately limiting product conversion was
applied, thereby attaining yields that were considerably less than that of the prior art. In
25  either parallel approach, the same benefits were realized; the composition, once

appropriately reconstituted in water, was inherently self-stabilizing at room temperature



15 in pronoting the solution-phase stability of the quaternized
organosil antriol end-product. Thus, all conponents of the post-reaction
conposi t iw 20i1/182020t he scenari o after Rxn-2-2 and Rxn- 2PRT)IBIaens1747
significance in bringing out the noveld features of this invention.
"conversion is signficantly less xCHa)rsi,,...",,, than maxi nunf, e.g.

o7 = Mg e o by 2 M s 01
step of theonstivend i §mownt of saer Rapize fromrtd tRRRD-fAld Bn)l prafbreblyafirdrnd8t 1o
quaterni ZS&fold by weight, to yield a solution of quaternized hydrolysates, solvated starting
materials, and hydrolyzed starting materials. Minor additional by-product components are
also possible, depending on the nature of the reaction and conditions. Reiterating the
10  original point, the hydrolysis product of commercial interest corresponds to CH3(CHa,)i1-
17(CH3),N'(CH,)1.6Si(OH);: X, where “a” is 1 or 2, (CH,),.s denotes a carbon chain length
between 1-6 and CH3(CH,)11.17 denotes a saturated or unsaturated alkyl chain of 12-18
carbon units. That being as it may, the significant amount of solvated starting materials
and their hydrolysis products (see Rxn-2-2 and Rxn-2-2’) nonetheless play a decisive role
15  in promoting the solution-phase stability of the quaternized organosilantriol end-product.
Thus, all components of the post-reaction composition (i.c., the scenario after Rxn-2-2

and Rxn-2-2") bear significance in bringing out the novel features of this invention.

"conversion is signficantly less

Z__ (CHym CH i ", e.g 52-579
\/Si\ 2 NCH2 4 X/\/( a)V than maximum", e.g. 52-57% Rxn-2-1'
zZ Z
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\/s TSN,
-
z__ _(CHym £ (CHa)n z Z
y{ . Chdh } v (1)1 N -
2 I
=0-1 X/\/(CHa)V
y_ ) ~ 7/
J + H,0 Rxn-2-2'
r N
HO_  _(CHpm
\/sl\ SNens
.
HO ,(CHz)m + (CHa)n HO OH
Sy SN TN +  (1-y)< s
y /\ / N +
HO OH (CHayn
N
Q=Xor OH

20  Inthe first step of the invention (i.e., see Rxn-2-1 and Rxn-2-1"), the partially quaternized
ammonium organosilane composition was prepared by incubating the corresponding neat
organosilane and tertiary amine components at elevated temperatures. The percent
conversion prior to termination of the quaternization reaction - a key feature of the
synthesis - was significantly less when compared to the prior art (Rxn-1 and Rxn 1°). In

25  fact, the optimal product conversion to promote self-stabilization in water was found to

vary from 52-57% when calculated on the basis of the limiting reagent. Forcing the
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30
Hard water is to be avoided as the solvent of reconstitution, as the ions appear to have a
detrimental effect on stability. Conversely, distilled water is unnecessarily pure for such
an application. A grade of water that maintains adequate performance has been the
deionized grade. After the reaction is cut short, the partially quaternized composition
35  should be cooled and fed into a vat of vigorously stirred water without any unnecessary
delay. As the composition readily absorbs atmospheric moisture, failure to act expediently

results in crosslinking of juxtaposed components in the neat composition, yielding a



12 S5water-insoluble material within a short period of exposure to air. The
optimal reconstitution tenperature appears to be in the range of 13-40C and
pr ef er ablwoabiwiseeent enperature (i.e., 24C). Both conponeaTdaB2a10/e5174Mat er
and the quaternized conposition, are Qonbined within this tenperature
range. Excessive tenperature duri ng the act of dissolution spoils the
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protected from.|light st.ant irrin the t ed to
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been quantéddishs (Mi€lglsd Afet djthAngicgigiesed optinal ; in a typical case, heating
from 24-28h woul d afford a percentage conversion of 52-57% Over the course

of heating, a gradual discoloration of the nolten conposition was noted.
Upon retu 5 roomtenperature, a dark-yellow, clear viscous nass
was obt ai ﬁghmggﬁél e 2: The % conversion cal cul ati on using sodi um
tetraphenyl borate as a titrant A sanple (0.3-0.5g) of the partially
quat erni zed mass, was massed and . dj ssolved jn 100nl of distilled water.
Twent {0 i Expmple & Hnthenis of gherar iy quateguipsd Apeanivg ¢ 2amsims eg9sitioand

diluted with another 50mL of distilled water. Five mliliters of pH 10
buffer conprising 30 100ml 0.2M Na2HPO4 and 6ml 0. 25M Na3PO4 was added.
Br omophenbhrnnh uBMBI(Utbreaml (didethytps)armas @ddied. witht & typgel aosiposixibngof

i mut s, Bheaoime G CERLPAC IR TGAE Sl arEd g e Reisiemliseioatod | n
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was added unti | ue col or was observe have conpletely transfered
35 t 02Q hehwwplityayerthe Tideal osasonaed sprotecieds frest |h@1t eWithc condamg stmng,h ¢he

fol | ow 9, mci)%%[ture vas rarnpe2(P to]'{lj538 01211%3 ccz:o-l;/e erBrI%pOe]fa?t{lroeS\gJ'gsA'rIZaln%lned until the percent
conversion had been quantified (vide infra) and deemed optimal; in a typical case, heating
from 24-28h would afford a percentage conversion of 52-57%. Over the course of
heating, a gradual discoloration of the molten composition was noted. Upon returning to

25  room temperature, a dark-yellow, clear viscous mass was obtained.
Example 2: The % conversion calculation using sodium tetraphenyl borate as a titrant

A sample (0.3-0.5g) of the partially quaternized mass was massed and dissolved in 100ml
of distilled water. Twenty mililiters of the solution was delivered to a second vessel and
diluted with another 50ml of distilled water. Five mililiters of pH 10 buffer comprising
30  100ml 0.2M Na,HPO4 and 6ml 0.25M NasPO4 was added. Bromophenol blue solution
(12 drops) was added. With vigorous mixing, chloroform (30ml) was added and the
reaction was allowed to sit for several minutes. Once the phase separation was complete,
a blue color was noted in the bottom layer. With gentler mixing, sodium tetraphenyl
borate (0.01M) was added until the blue color was observed to have completely transfered

35  to the top layer. The % conversion was estimated according to the following equation:
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does not pamade mi g@tw).f or 4-5 nont hs when stored at RT and which resists
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Appl i cati Soluadnd hp teelfwt%t alerd iprapdredr mathdss naamdry ibot tiedd stbragn stabilitgxwad es
The sel f-stabil.i Zryd organosi |l antri ol .soléj%xi/@w prepared in exanple 3 is

di | uted 20RFEF-dmPH &L PR CPATTFAIIHO >tank. Textiles are dipped into
the medium and | ater renoved. The textiles are passed through rollers in
order 13 o EghmpredoBilotdalcepepastidd qfibd.Owktdstdifystabilieseaqrcganssiutienovrfitied s are
cured by drying the textiles in hot air (80-90C). 30 WO

2011/ 13200¢CI9HE2010/ 051747 14 5Exanpl e 6: Application of the
self-stabilized organosilantriol solution to inorganic surfaces The

sel f - st abFhinzied DMZANOBiah@ntim@hylsédodinin (Brsopagpdandy GRami43 3bafd d3l ut ed
20-fold in water. Ceramc tiles are either dip-coated in the nedi um or
sprayed uflpropranyityicthexyselgne Thal tke) svergrsgaled dpside; | 316 ptaides stagbeeagiar.

(80-90C) . With constant stirring, the temperature was ramped to 115°C. This core temperature was

20  maintained until the percent conversion was identified as 53%. Still sealed, the reaction
medium was allowed to cool to room temperature. The product (5kg) was poured onto a
rapidly stirring solution of deionized water (45kg) at room temperature. Foaming and a
white hazy appearance were noted initially, thereafter subsiding to yield a clear, stable

solution.
25  Example 5: Application of the self-stabilized organosilantriol solution to textiles

The self-stabilized organosilantriol solution prepared in example 3 is diluted 20-fold in
water and transfered to a tank. Textiles are dipped into the medium and later removed.
The textiles are passed through rollers in order to squeeze out the excess liquid. Lastly,

these organosilantriols are cured by drying the textiles in hot air (80-90°C).
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10Exanpl e 7: Application of the self-stabilized organosilantriol solution
to organic surfaces The self-stabilized organosilantriol solution prepared
i n exanplwo2oig3eizbut ed 20-fold in water. Cardboard is eprapmdo/osivsd ful |y
wetted and fully dried in hot air (80490C). Exanple 8: Antim crobial

activity findings Material Colony count Kill percentage Satin, unwashed 1
.4 Sati ngshi i ngs
97 §§ 1@%& |ngsA %a%gﬁ 5??%3%&29%@#&%@3ﬁ%ﬂnﬁa&%@ﬁ E%ﬁggsggé ﬁh

Bacterlalagﬁmmmh and

The self-stabilized organosilantriol solution prepared in example 3 is diluted 20-fold in
water. Ceramic tiles are either dip-coated in the medium or sprayed until fully wetted. The

tiles are then fully dried in hot air (80-90°C).
10  Example 7: Application of the self-stabilized organosilantriol solution to organic surfaces

The self-stabilized organosilantriol solution prepared in example 3 is diluted 20-fold in

water. Cardboard is sprayed until fully wetted and fully dried in hot air (80-90°C).

Example 8: Antimicrobial activity findings

Material Colony count Kill percentage
Satin, unwashed 1 97.4
Satin, 20 washings 6 84.6
Cotton, unwashed 1 97.8
Cotton, 20 washings 1 97.8

15  Washings were conducted as per standard wash-fastness tests. Bacterial growth and
quantification were carried out as per standard methods. In the above table, the pathogen
used was Staphylococcus aureus. All quantification data was referenced against native

fabrics, which were similarly washed and inoculated.

Example 9: Application of the partially quaternized ammonium organosilane

20  composition to compatible liquid precursors of thermosetting polymers

The partially quaternized ammonium organosilane prepared in example 1 is added in the
amount of 500ppm to a stirred polyol mixture comprising polyurethane flexible foam
precursors. After stirring at RT for 15 minutes, toluene diisocyanate and catalyst is added
and the mixture is allowed to set.

25



guantification were carried out as per standard nethods. In the above
tabl e, the pathogen used was Staphyl ococcus aureus. All quantification data
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and preferably 52°to Wth respect "to t | ifmti1ng reagent.
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Caim3, characterized in that said organosilyl quaternary am ne
conpodl tion i starmowst it apedueis fanyesminycosesspendiBpicca yidd lnddi St o €t bieki ze

an organosilyl at.ernar i ne, produyct ..obt ai ned according to Caim4,
characteri zed P%%F'nggégé?%$ gh&??FéﬁO&EQPB?WﬁfVQQWine conposition is
reconstituted over a tenperature range of 13-40C and preferably 24C 356.

Met hod to synt hesize an organosilyl quaternary am ne product obtained
according 3 Method to synthesize an organosilyl quaternary amine product according to

Claims 1 or 2, characterized in that said composition is transformed at a

25 temperature in the range of 85-130°C and preferably 113-118°C.

4. Method to synthesize an organosilyl quaternary amine product obtained according
to Claim 3, characterized in that said organosilyl quaternary amine composition is

reconstituted using only water.

30
5. Method to synthesize an organosilyl quaternary amine product obtained according
to Claim 4, characterized in that said organosilyl quaternary amine composition is
reconstituted over a temperature range of 13-40°C and preferably 24°C.
35 6. Method to synthesize an organosilyl quaternary amine product obtained according

to Claim 5, characterized in that said organosilyl quaternary amine composition is

reconstituted in an amount of water ranging from 9- to 39-fold and preferably



to daim5, characterized in that said organosilyl quaternary am ne
conposition is reconstituted in an anount of water ranging from9- to
39-fol d awo 2prigf3eczabl y WO 2011/ 132020PCT/ 1B2010/ 051747 pCé/1Btnens118- to
20-fold by weight, to yield an aqueou® sol ution, which is stable at room
tenperature for at |east tw weeks. Met hod to synthesize an

7.
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7. Method to synthesize an organosilyl quaternary amine product obtained according
to Claim 6, characterized in that the thermally cured form of reconstituted

10 solutions is antimicrobial and resistant to repeated washings.
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