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POLYMERIC BIOCIDAL COMPOSITION AND METHOD
FOR MAKING SAME

- TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to a composition for reducing

(74

bacterial and fungal growth and repelling insects, and more particularly to
an ionomeric composition having a biocidal or insect repelling releasing
agent and method for making same.
BACKGROUND OF THE INVENTION
Chlorine dioxide (“ClO,") is a well known bleach, disinfectant,
10 fumigant and deodorizer [W. J. Masschelin and Rip G. Rice, "Chlorine
Dio;dde; Chemistry and Environmental Impact of Oxychlorine Compounds”,
Ann Arbor Science, Ann Arbor, Mich.] The biocidal uses of chlorine
dioxide in packaging alone is a market of several hundred million dollars
a year. Especially sought after are coatings which can release chlorine
15 dioxide at surface concentrations of parts per million ppn’i over several

months.
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TECHNI CAL FI ELD OF THE | NVENTI ON The present invention

rel ates generally to a conposition for reducing _5 . ... bacterial..and fungal
gréew h and repelling insects, and nor'e parti cul afr'r}yzstseiiiiz'i‘ HAS BEEAN| i onomeri ¢
conposi tion having a biocidal or insect repelling relRadiAggb | agent
and net hod for making sane. BACKGROUND COF "THE1'NVENTI ON

Chlorine dioxide ("Clerr]") is a well kn@an bl each, disinfectarRaterit0

fum gant and deodorizer [W J. Msschelin and Rip G RDegket £19437-0091

Di oxi de, Chemi stry and Environnmental Inpact of Oxychl orine Conpounds”,

Ann Arbor Science, Ann Arbor, Mch.] The biocidal uses of chlorine

di oxi de in packagi ng abpyendshetn HidSorafld HEYHREr PNSh % 758] NOK) Cdep, ar s

a year. Especially sought’ after are ctoati ng i ch can’rel ease chlorine 15

di oxi de at surfacd®88prcanlihtRI203815] sk tcergmeic heddsi HIP 317484, dinkdsral

mont hs. Busin K K., 1988; CA 111 P11975h], and in a calcium silicate wrapped in
non-woven cloth [JP 57,168,977, Enkler Busin.K.K., 1982; CA 98 P77552]

. to be used as a deodorant. Food preservation is an application where a gel

 form is preferred [JP Patent, Diamaru Kogyo Kaishi, Ltd., 1982; CA 97
22409].

Chlorine dioxide generating gels have also been used as topical

194 ]

applications for disinfection [A.J. Kenyon, S.G. Hamilton and D.M.
10 Douglas, Am.J.Vet.Res., 45(5), 1101 (1986)]). Typically the preparation
involves mixing component A (gel with suspended NaClO, ) with compon;ent
B (gel with lactic acid) immediately prior to use. a-hydroxy carboxylic acids
(citric, tartaric, malic, glycolic) are especially useful for generating ClO, by

the reaction:

15
H* + NaClO, > HCIO, + Na*
1)
SHCIO, > 4CI0, + HCl + 2H,0
20 [Ger.Offen. 2,817,942, H.Allinger, 1979; PCT ‘Int. Appl. WO, J. Mason,

1988, CA 110 P98205h]. Alternatively, NaClO, and lactic acid have been
separately encapsulated in polyvinyl alcohol and then mixed with water to
generate ClO, [Can. 959,238, Chemical Generators, 1974]. Formulations
involving sulfonic acids are also available [Europ. Pat. Appl. EP 287,074,
25 Alcide Corp., 1987; CA 111 P452991].

Food packaging with the incorporated disinfectant, chlorine dioxide,
brings up an important public health question pertinent to this practice:
Does chronic ingestion of residual levels of disinfectants result in a

significant genetic or carcinogenetic hazard to the human population? It is
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- 2- G derr] has been incorporated in polymer [JP

63,.296, 758, NOK Cor p, 1988; CA 111 P120181s] ¢ [JP
63,274, 434, Enkl er Busi n. K. K., 1988; CA 111 P%-

calciumsilicate wapped in non woven cloth [J ; | er
Busin. K. K., 1982; CA 98 P77552] 5 to be used as a deodorant Food
preservation is an application where a gel-3- . formis pref@atead [JIP
Pat ent, Di amaru Kogyo Kaishi, Ltd., 1982; CA 97 Docket #19437-0001

apparent from published pharmacokinetic studies aided by incorporation of
a chlorine radioisotope (*°Cl) that skin patch (Alcide gel) administration of
chlorine dioxide and chlorite result in prolonged systemic residence of
- chlorine containing residues [J. Scatina, M. S. Abdel-Rahman, S.E. Gerges,
5 - Y. Khan and O. Gona, Fund.Appl.Tox,, 4, 479 (1984)].

‘ Meier et.al. published a report on the effect of subchronic and acute
oral administration of chlorine, chlorine dioxide, sodium chlorite, and
sodium chlorate on the induction of chromosomal aberrations and sperm-
head abnormalities in-mice [J.R. Meier, R.J. Bull, J.A. Stober and M.C.

10 Cimino, Environ. Mutagenesis, 7, 201 (1985)]. Only the highly reactive
hypochlorite resulted in a weak positive effect for mutagenic potential. The
disinfectants failed to induce any chromosomal aberrations or increased
numbers of micronuclei in the bone marrow of mice. Other hazards which
have been associated with chlorine dioxide but were not incorporated in the

15 published study include hemolytic anemia and hypothyroidism. One of the
reasons for the relatively innocuous effect of ClO, is its inability to produce
halomethanes, unlike hypochlorite and chlorine [R. Vilagines et al.,, Proc.
AWWA Disinfect. Semin. 1977, paper 3, 24pp; CA 93 173513f]-

Recently, the US Patent No. 4,585,482 (’482) has used the gradual

20 hydrolysis of alternating poly (vinyl methyl ether-maleic anhydride) or poly
(lactic-glycolié acid) to generate acid which can release chlorine dioxide
from sodium chlorite. In the process a solution process is used to
encapsulate a polyalcohol humectant and water with the polyanhydride or
polyacid in a nylon coating. After sodium chlorite is permitted to diffuse

25 into the capsule through the nylon wall, an impermeable polystyrene layer
is coacervated around the nylon capsule. The capsules can be coated onto
surfaces to release chlorine dioxide and provide biocidal action for several

days to months.

e
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22409] . Chl orine di oxi de generating gels have al so been

‘used’as topical applications for disinfecti 0n;*-‘t@gr;&-g;ﬁl_éeay@nTWS‘,.gi
Harfilton and D.M 10 Dougl as, Am J. Vet.Res , 45(;55)“;“51' O (trgeB )N,
Typically the preparation i nvol ves mi xi ng componentEAAGEE wit|
suspended NaCl Jerr]) wth conponent B (gel with lactic acid)

I mredi ately prior to use. a-hydroxy car box§7‘l I ¢ aci.ds (CP@"FP&,
tartaric, malic, glycolic) are especially useful for gdnecketi#iP487-00etr] by
the reaction: 15 H+ + NaClJerr] --> HOJerr] + Na+
1) S5HClJerr] -->4CiJerr] + HGO + 2Herr]O 20

[Ger. O fen. 2,817,942, Didspitd iting exany 1:8778ntaBET of the °483ppateMDthere Aessume
1988, CA 110 P982 Stha.. Al tEr natiyvel Yy I\ECIhéI err] and lactic acid have been
separately encapsUFAEEAR: n P8y GRS UG HS| PIRACFSIBSHERS R¥AVIRBt T REPES t o

chemical reactions and physical processes with disposal problems are

required. Second, the chemistry is limited to batch processes. Third, a

wn

clear film cannot be produced. Finally, chiorine dioxide release starts
" immediately.
SUMMARY OF THE INVENTION
The object of the present invention is to improve over the prior art
by a method which is continuous, safer and has minimal number of
10 preparation steps.

The more specific objects of the invention are: to provide a low
cost, oligomer or polymer that can be coated onto surfaces as a film prior
to conversion to a chlorite beening substance. Also, the present invention
prowcies a non-toxic oligomer or polymer that can be safely canverted into

15 a chlorite bearing film by exposure to chlorine dioxide, generated on site in
gaseous form or in a non-aqueous solvent, eliminating the problem of
storage of unstable chlorites. In addition, the invention provides a chlorite
loaded film which will release chlorine dioxide over an extended period of
time by exposure to moisture and both disinfect and repel insects from the

20 surface onto which it is coated.

The present invention provides a long acting biocidal and insect
repelling composition which employs a chiorine dioxide liberating polymer
film which is converted to its stored chlorite form by exposure to chlorine
dioxide in the presence of an acid precursor. In the presence of water the

25 local pH in the polymer film is reduced, releasing the chlorine dioxide.

The present invention disclosed herein comprises a method for
making a composition which liberates a biocidal and/or insect repellant
agent which comprises the steps of synthesizing hydrogen "bonded amines

as a neat material and dissolving the amines into a hydrogen bonded
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generate ClJerr] [Can. 959, 238, Chem cal GCenerators, 1974]. Formul ations
I nvol ving sulfonic acids are al so available [Europ. Pat. Appl. EP 287,
25" " Alcide Corp., 1987; CA 111 P45299f]. Food packagl ng
with the incorporated disinfectant, chlorine dioxidpmgys susstT A DEER

| nportant public health question pertinent to this pract |R@;.emcp T
chronic ingestion of residual |evels of di S nf ect ants—TesTHt—ma—
significant genetic or carcinogenetic hazard to the human population? It is

10

25

matrix. Next, the amine is mixed with an incompatible phase containing
a hydrolyzable phosphate ester or anhydride. By exposing the mixture to
a gaseous chlorine dioxide, an ionomeric composition is created having an

iminium chlorite salt-bound to the ionomeric composition such that said

. lonomeric polymer releases chlorine dioxide when exposed to water for

" acting as a biocidal agent.

‘As part of the invention, a composition is disclosed which liberates
a biocidal and/or insect repelling agent which comprises a hydrogen bonded
amine blended therein. The amine is grafted into hydrogen bonded
matrices to create a mixture. An incompatible phase is mixed with the
amine mixture. A gaseous chiorine dioxide exposed to said mixture creates
an ionomeric composition such that the ionomeric composition releases
chlorine dioxide when exposed to water for acting as a repelling agent or
biocidal.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more readily understood by referring
to the following figures in conjunction with the detailed description:

FIG. 1a illustrates the preparation of an iminium chlorite-film; and

FIG. 1b illustrates the release of chlorine dioxide from iminium
chlorite film upon exposure of water. i
DETAILED DESCRIPTION

Referring to FIGS. 1a and 1b, chlorine dioxide is a stable free
radical that can undergo a redox reaction with organic amines to produce
chlorite ion and an aminium radical cation. The radical cation quickly
converts to an iminium cation by loss of a proton from the adjacent carbon
atom and oxidation by another chlorine dioxide molecule [D.H. Rosenbatt
et al,, JACS, 89(5), 1158, 1163(1987); C.K. Chen, A.G. Hortmann and M.R.
Marzabadi, JACS 110, 4829 (1988)]. The ionic species so created would

/_
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- 3- apparent from published pharmacoki netic studi es aided by

i ncor poration of a chlorine radioisotope ([err]CL) that skin patch
(Al cide'gel) administration of " chlorine dioxide and chlorite
result in prolonged system c residence of g»h#@rlgLeL”“;c ““““ Kf»{ at ;mﬂg
residues [J. Scatina, M S. Abdel - Rahman, S. E Gerges*“‘S ) o1 ACH] thn and
O ona, Fund. Appl.Tox., 4, 479 (1984)]. -6- IS V. SYRTCTERS ) e |

publ i shed a report on the effect of subchronic and acute or al

adm ni stration of chlorine, chlorine dioxide, sodiumchlorite, and
sodi um chlorate on the induction of chronosomal aberrations and sperm

head abnormal i ti gshase separatd ihttRlOIM?lrmbrodBmhmd?’Which would prbeiderhunettddtC. 10
C m no, Environ. Miutagenesis, 7, 201 (1985)]. % t he hi grhl y reactive
hypochl orite resUATPBEFtiER q thelAmosRigHo, mostyre qouihbe GoRcegiiated. pot ent i al .

IS easea  © ™ CCRINE e o RaldHER ARSI BRSO,
hazards which will cleave to an amine and an aldehyde. Each aldehyde has the potential
5 . to convert three chlorite anions to two chlorine dioxide molecules and a
' chloride anion with oxidation of the aldehyde to a carboxylic acid. The
production rate of chlorine dioxide is of course enhanced by low pH.
" These protons can be supplied by the hydrolytic conversion of the
anhydride or other acid generating moities to carboxylic acid or inorganic
10 acids. All reacted groups can remain grafted to the polymer backbone after
chlorine dioxide evolution and thus would not be released into the
environment.

The above mechanism presents an easy a direct way to convert

chlorine dioxide to chlorite in a polymer film and release it by stored
15 moisture.

Chlorine dioxide can be continuously produced in 0.5% solution in
water on a commercial scale. A water solution of chlorine dioxide will
preferentially partition into a carbon tetrachloride phase "with an
equilibrium constant of 1.6 at 25°C [Int.Crit.Tab., 3, 419 (1928)]. Thus an

20 efficient system for continuously reacting chlorine dioxide with the initial
copolymer 1'_11v6]ves exchanging the chlorine dioxide from the water phase
into an unreactive, hydrophobic solvent and expose the copolymer film to
the organic solution saturated with chlorine dioxide. Since the diffusion
constant and solubility for chlorine dioxide in the hydrophobic phase of the

25 polymer phase will be much faster than water, the small amounts of
moisture in the organic phase will be inconsequential.

The long acting chilorine dioxide releasing film of the present
invention employs a "chiorine dioxide liberating compound" which is defined

as the monomeric, oligomeric or polymeric iminium chlorite described
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have been associated with chlorine dioxide but were not incorporated in the

15 ° publ i shed study include henol ytic anem a and hypot hyroi dism One
of ‘the ' reasons for the relatively innocuous effect of CIJerr] is
its inability to produce hal onet hanes, unl i eehtorte and
chlorine [R Vilagines et al., Proc. AWNA d)iﬁ‘ﬂﬁﬁgﬁp' L B R, \1977,
paper 3, 24pp; CA 93 173513f]. -7-  Recently. FH&EAHES. nt
No. 4,585,482 ('482) has used the gradual 20 hydr ol ysi s of

alternating poly (vinyl nethyl ether-maleic anhydride) or poly
(lactic-glycolic acid) to generate acid which can rel ease chlorine dioxide
from sodium chl ggdvee.Thd Eréch%dpraﬁﬁﬁ‘é% theSRhidhin® BhIBk e €46 isl Gissohad
encapsul ate a pol yal cohol hunmectant and water with the pol yanhydride or
pol yacid in a nylydregen i bapdeds pbgommend uen @elonenie matrxerari sesgnded dex f use

fayer 0 s SRR G S SRR Mool R BT e 70

coated onto matrbt bf 36€antifle (BLR 3RSy 6B!iara Morfbingericd forf WhidoMiafebe
bi oci dal action-for several - days to nonths.
5 - polymerized with or without grafting subsequent to coating onto the desired
substrate. A

In order for the amine functionality to react with chlorine dioxide to
produce an iminium chlorite salt which may ultimately evolve chlorine
dioxide, the amine nitrogen must be enclosed in a hydrogen bonded matrix

10 The matrix must contain a sufficient molecular density of hydroxylic, -OH,
or amide, -NHC(O)-, H,NC(O)- groups, or amine, H NR, , x=1,2.
Possible matrices include formamide, acrylamide-isopropylacrylamide
mixtures, water, glycerin, ethylene glycol or other oligoalkanols or
oligoamides or primary or secondary oligoamines with sufficiently short

15 apolar sections. Amine precursors to iminium chlorite salts can be of the
form H N(R), ,, x=0,1,2, where R may be alkyl, cycloalkyl, pyridyl, benzyl,
which can be dispersed as a separate phase in an apolar or polar non-
hydrogcn'.bonded matrix, which may be a monomeric, oligomeric or
polymeric hydrocarbon.-

20 Chlorine dioxide will react with the amines when amines of this type
are dissolved to make one phase solutions in aliphatic or aromatic
hydrocarboné or even in very polar solvents, such as dimethylformamide,
dimethylsulfoxide, organic esters or acetonitrile, but in most cases no
chlorite is formed and no chlorine dioxide can be released by acidification.

25 Neat primary and secondary amines with short non-hydrogen
bonding groups will produce iminium chlorite: which can release chlorine
dioxide. However, neat tertiary amines with non-hydrogen bonding groups
will react with chlorine dioxide, but will not produce a salt from which
chlorine dioxide can be evolved.

. ——
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-4- Despite the many advantages of- the 482 patent,

there are sone limtations. First, a large nunber of processing

st eps invol vi ng numer ous chem cal reacti dngrandephyskgat:vpr ocesses
wi t h di sposal problens are required. Secc)nd t fver @epi stryl i s
limted to batch processes. Third, a 5 cl ear~firm-cannot “be’“"br oduced.

Finally, chlorine dioxide rel ease starts -8 , Patent
Docket #19437-0001

An alternative strategy to assure reaction of the amine to form an
iminium salt from which the chlorine dioxide can be released is to bond a
hydrogen bonding group directly to the amine nitrogen. Thus, amines of
the form HXN‘RyzR (x=0,1,2; R=CH,CH,OH, -CH,CH,C(O)NH, ) are

5 especially preferred. Neat tertiary amines of this form will form chlorite

3-x-y

salt from which chlorine dioxide can be released. _

An effective chlorine dioxide introduction and reaction to chlorite
occurs when the film is exposed above the T, (glass transition temperature)
of the microphase in which the amine is dissolved. )

10 The iminium chlorite salts can be induced to release chlorine dioxide
by exposure to a hydrolyzed "acid generating compound” which includes
carboxylic acids, esters, anhydrides, acyl halides, phosphoric acid and its
trimethylsilyl esters, dialkyl phosphate and phosphate trimethylsilyl esters
and sulfonic acids and hydrolyzable sulfonic esters and chlorides.

15 The acid anhydride can be in the form of a random copolymer of
maleic anhydride and styrene or numerous other alkenes. Trimethylsilane
esters of phosphates of the form Me,SiOP(O)(OR), (R = non hydrogen
bonding groups, alkyl, aryl) are especially useful. Comonomers and R
groups are selected so that the acid generating compound will preferentially

20 dissolve in the non-hydrogen bonded phase @nd will not react with the
amine containing hydrogen bonded phase and will not exude or extract into
the environment. This may be accomplished by grafting the R group to the
apolar polymer phase or increasing the molecular weight of the R groups.

Upon exposure to moisture the anhydride will form a dicarboxylic

o
un

acid and the trimethylsilyl phosphate ester will form hexamethyldisiloxane
and phosphoric acid or phosphoric acid ester. These acid species will
migrate, due to interphase dispersal and compatiblization, to the hydrogen
bonded phase to release chlorine dioxide from the iminium chlorite salt.

The apolar phases containing the acid generating compound include low
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I medi at el y. SUMVARY OF THE | NVENTI ON The obj ect of

the'present invention is to inprove over the prior art by a net hod
whi'ch i s continuous, safer and has m'ni mal nunber of 10 prepar ation

st eps. The nore specific objects of the |n__e_n.L1_na_.aLe———{~e-~—
provi de a | ow cost, oligomer or polymer that cah s 8EaRHADRERN
surfaces as a filmprior to corrvBrsion to a chlioritkiFeaFEng
substance. Al so, the present invention provi des a non-toxic

ol i gomer or polyner that can be safely converted into 15 a chlorite

bearing filmby exposure to chlorine dioxide, generated on site in

gaseous form or Irﬁblﬁn%?a yedyRas Svag@ draidcticPolyprogieny THeehyar Sdineibnatd
storage of unstable orites. In addition, the invention provides a

chlorite phasssetegainingrhedmisimchloritesadizaleo adis oy 3 hemerien! eRSUBPEr an
ext ended peri od SHI «dl:5i nf ect
and repel insect ghq‘traoﬁ?P%aé af&fhm? o?%va?%rp g a%S(th § f&ﬁﬂi%hlm%oﬁ' ﬁjcoggbp 9&18
The present i nve@tgh&@n%%h@@gn@' | ong acting biocidal and insect
repel ling conp05|t|on i ch enpl oys a chlorine dioxide |iberating polyner
5 The chlonte contalmng film can be manufactured as a hot melt
"adhesive or coating composition and hermetically sealed until use. In
applications involving the simple coating of boxes, the polymer can be a low
molecular weight form, heavily plasticized (e.g. by waxes or chlorinated
waxes) so that the film could be applied as a tacky hot melt to the surface
10 of the dry cardboard at the end of the cardboard manufacturing line.
The present invention is further illustrated by the following

Examples.

EXAMPLE 1

15 This example illustratés the utility of primary and secondary
hydrogen bonding amines as precursors to iminium chlorite in hydrogen
bonded matrices. Hydrogen bonded matrices include the neat amine or
amide type solvents. Hydroxylic solvents such as water, ethylene glycol and
glycerine were also useful but had the disadvantage of reacting with the acid
20 ~ generating compound. Chlorine dioxide is?released by exposure to

hydrolyzed phosphate acid precursors.
Convenient 'non-aqueous media for the chlorine dioxide in larger
scale practice are chlorinated paraffins of 70% chlorine content and C,-C,
fraction . These materials are non-toxic (suitable for food
25 packaging), non-reactive with chlorine dioxide, and low viscosity, low vapor
pressure liquids at room temperature. Their complete insolubility in water
and high density of 1.30-1.36 g/cc would enable their easy separation from
the chlorine dioxide saturated water phase. These compounds are also

useful as fire retardant and plasticizer additives for hydrocarbon polymers.
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filmwhich is converted to its stored chlorite formby exposure to chlorine
di oxide in the presence of an acid precursor. In the presence of water the

25° ‘local pHin the polyner filmis reduced, releasing the chlorine
di oxi de. The present invention di scl osed: ErELN- O LRES ja
met hod for maki ng a conposition M|1§h | i berat es®a Di agipfglrand/ ore
I nsect repell ant agent which conpri‘Ses the:st eps« 0f - syﬂthes'r—zr ng
hydrogen bonded am nes as a neat material and dissolving the

am nes into a hydrogen bonded
Their solubility parameter of 9.1 (cal/cc)'/? suggests that they would dissolve
as much or more chlorine dioxide than carbon tetrachloride (8.6 (cal/cc)!/?).
The chlorinated paraffin is specially desirable because of its low fire danger.
Its low vapor pressure would also permit it to be used in the vacuum loop
5 " of the chlorine dioxide generator in the place of water.

In smaller scale laboratory practice, volatile pentane was found to
be more suitable. Thus 2.85X10"* mole neat diethanolamine was expdsed
to 6X10°% mole chlorine dioxide in pentane.  The mixture remained two
phase as the chlorine dioxide was completely absorbed in the amine to form

10 a very viscous clear solution containing the iminium chlorite. Characteristi’c
infrared absorbances for the chlorite anion were visible in the IR around
830 cm’!. Absorbances for protonated amines were also visible.
(Monoethano! and triethanol amines could both be converted to the
iminium chlorite by a similar process).

15 The above process, utilizing the neat amines, was successful for
virtually any primary or secondary amine which could be reacted as a phase
separate from the chlorine dioxide solution. |

This iminium chlorite solution was stable for at least one week at
room temperature and exhibited a pH of 9. Up to one mole of chlorine

20 dioxide per three moles of diethanol amine could be absorbed before the
pH approached neutrality, precluding any more chlorine dioxide abSorption.
Long term stability of the solution was assured provided that the pH
remained above 7-8, otherwise a slow decomposition of the iminium
chlorite with a sustained release of chlorine dioxide would occur. Water

25 appeared to enhance the release rate.

Bis (2-ethyl hexyl) phosphate (BCHP) is very soluble in pentane and
other apolar media but is quite insoluble in highly hydrogen bonded
solvents or ionomeric solutions such as formamide or the iminium chlorite.
Thus, 3.0X10"* mole BCHP solution in 1 ml pentane was added to the
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- 5- mat
contai ni ng
the mixture to

rix. Next, the amne is mxed with an inconpatible phase
a hydrol yzabl e phosphate ester or anhydride. By exposing

a gaseous chlofine dioxide, an ionomeri¢.conpos

is created having an i miniumchlorite salt-boyntHisGHERS 1l{§nmwr
conposition such that said 5 i ononeric polymer rlel easBEPIGHIEDY | ne
di oxi de when exposed to water for Adt | ng as a biocidal agent. -

As part of the invention, a conposition is disclosed which |iberates
i nsect repelling agent which conprises a hydrogen bonded

am ne bl ended therein. The amine is grafted into hydrogen bonded 10

a bi oci dal and/or

matrices to creat
am ne m xture.

an i ononeric COITp

eniaium xhiorge vAth wnnmmahn@laeldpmsleedt&dfpﬁﬁ@ew éth unler

MO SAE R R épqré‘ﬁﬂﬁéﬁh@dcorrpo& tion rel eases

chlorine dioxide when PKpaRebHa0e Hahelr d0he BCHP Yad SufbiclfPE) alde YRR

release of chlorine dioxide in the absence of water. However, the addition

~ of 0.05 ml water accelerated the release rate. The initial release in the

" absence of water could be eliminated by dissolving the BCHP in mineral oil

10

25

or other higher molecular weight hydrocarbon to minimize the interfacial
acid concentration and decrease the diffusion rate through a viscosity
increase. . ’

Further improvements in the dry chemical stability of the two phase
solution was achieved by dissolving the same amount of diethanol amine in
formamide or a mixture of polymerizable acrylamide-isopropylacrylamide
prior to chlorine dioxide exposure. Interestingly, the double bond in the
acrylamides were stable to oxidation by chlorine dioxide. In these cases the
phase segregation of the BCHP was complete enough that the BCHP could
be added to the pentane solution of chlorine dioxide during the conversion
to chlorite. |

The acrylamide-isopropylacrylamide melt could be preoligomerized
in the presence of the amine by means of heating to 60-70°C in the
presence of ca. 0.01% azobisisobutyronitrile initiator. Provided that the film
was sufficiently plasticized by the amine, formation of the iminium chlorite
upon exposure of the film to the pentane-chlorine dioxide solution was still
possible. .

Otler secondary, hydrogen bonded amines could be easily formed
by the acetic acid catalyzed, addition of primary amines to Michael type
substrates such as acrylamide and N,N methylene bisacrylamide. The
secondary amines that could be converted to iminium chlorite in formamide
or monomeric or oligomerized acrylamide-isopropylacrylamide mixtures

include N,N methylene bis-{1-(N-cyclohexylamino) 2-carboxyamido] ethane
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bi oci dal . 15 BRI EF DESCRI PTI ON OF THE DRAW NGS The

present invention can be nore readily understood by referring to
the following figures in conjunction'with the detail ed description:

FIG la illustrates the preparation of an imniumchlorite film and
FIG Ib illustrates the rel ease of chl orine2 di oxi de fromimnium 20
chlorite fil mupon exposure of water. -12- DETAI LED DESCRI PTON

Referring to FIGS. la and Ib, chlorine dioxide is a stable free

radi cal that can undergo a redox reaction with organic am nes to produce
chlorite ion and an am niumradi cal cation. The radical cation quickly 25
converts to an i ahdildfN-bahzydaming) Zesasbaxyamidsy ethene f rlémazrﬁwlﬂ'd?@gf@ﬁpe@ar bon

atom and oxi dati gn anot her..chl.ori.ne.di oxi de nol I . H R tt

et al., JACS, 89%5)‘% f@gﬁl}ngﬂlgg(cyggaﬂ)gruaem ATNER S“‘i’cgi iﬁ%ﬁw&%ﬁ%ﬁ%gﬁ R

Mar zabadi, JACS 118 782f8akkB8iane TBENIN Rh&hPRAE B cBAarBIdRAERAd WY Be
converted to iminium chlorite species in the same hydrogen bonded

matrices.

wy

Glassy polymer amine films which reacted only slowly with the
chlorine dioxide could be induced to react to iminium chlorite in under 2
minutes provided that they were plasticized with at least 10 wt% low
molecular weight amides.
10 '
EXAMPLE 2

This example illustrates the use of tertiary, hydrogen bonding amines

as chlorite storage media in hydrogen bonded matrices in the presence of
15 hydrolyzable trimethyl silylphosphate esters. ‘

Unlike primary and secondary amines which possess active
hydrogens, tertiary amines will not react with anhydrides or trimethylsilyl
phosphate esters. This permits the tertiary amines to be rather more
intimately mixed with the "acid generating compound" providing for some

20 processing advantages. i

1-(N-dipropylamino), 2-carboxyamido ethane (DPACAE) was made
by reacting 0.2 mole di(n-propyl)amine with 0.1 mole acrylamide in the
presence of a small amount of acetic acid in 10 wt% solution methanol.
The reaction was carried out for 3 hours at 70°C. After vacuum

25 evaporation of the excess amine and crystallization in the presence of
pentane, a white low melting solid was obtained (T, =60°C) which tended
to lose amine and form acrylamide upon prolonged heating above the

melting point.

This Sheet Has Been Replaced

L

e
e e




Pphase separate into ionic mcrodonmains which would provide hunmect ant
propertles so that atnospheric noisture could be concentrated.
In‘the presence of water, at a sufficiently |ow pH, the ininiumion

wi I'l cleave to an am ne and an al dehyde. Each al dehyd¢ thas sther pRT «I%E}t:g,
to convert three chlorite anions to two chlgi ne di oxijde nygchtgs and ja

ol

1-(N-Dimethylamino), 2-carboxyamido ethane (DMACAE) was
made by reacting 0.2 mole dimethylamine (as 40 wt% solution in water)
with 0.1 mole acrylamide inh 10 wt % solution in methanol. The reaction
was carried out for 1 hour at room temperature. After vacuum evaporation
5 '_ of excess amine, methanol and water, the DMACAE was taken up in
methylene chloride, dried with magnesium sulfate and isolated as a low
melting (T, = 45°C) hydroscopic solid.
. Both DPACAE and DMACAE crystallized only slowly and thus
could be studied in the liquid state at room temperature. However, neither
10 neat iiquid formed iminium chlorite. 10-30% wt% solutions in formamide
or acrylamide-isopropyl acrylamide readily formed iminium chlorite when
exposed to chlorine dioxide.
Since the amide functionality is unreactive to anhydrides (acetic,
propionic or succinic anhydride or anhydride containing polymers) or
15 trimethylsilyl phosphate esters (tris-trimethylsilyl phosphate; O-trimethyisilyl
bis-(2-ethyl hexyl) phosphate) at room temperature, DMACAE and
DPACAE in formamide or acrylamides can be’ mixed With these acid
generating compounds without reaction.
4-dimethylamino pyridine, tetramethylene ethylene diamine, and N,N
20 dimethylamino cyclohexane also would form $table iminium chlorites in
hydrogen bonding amide solvents. However, since both o.f these tertiary
amines had considerable solubility in pentane, extraction of the amines into
the apolar phase was avoided by layering the chlorine dioxide solution on
the amide solution. None of these tertiary amines would form iminium
25 chlorite when reacted in the pentane phase. However, they would react
with the chlorine dioxide.
In practice it is still desirable to dissolve the silyl esters or anhydrides
in an apolar hydrocarbon oligomer and disperse the apolar phase in the

polar matrix containing either the amine or the imine chlorite. Even
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chl.oride anion with oxidation of the al dehyde to a carboxylic acid. The
production rate of chlorine dioxide is of course enhanced by | ow pH

Thése protons can be supplied by the hydrolytic conversion of the
anhyd@ride or other acid generating noities to carboxylic acid or |norgan|c

10 acids. Al reacted groups can remai n graf ferht e:tbepoingaer|
backbone after chl ori ne. di oxi de evol uti onfand tkes.Aae8Dl d n be
rel eased into the envi ronnent . 4 Theé abOVEé nechani sm
presents an easy a direct way to convert -14- chl orine dioxide to

chlorite in a polyner filmand release it by stored 15 noi st ure.
Chl ori ne di oxi de can be continuously produced in 0.5%solution in

wat er ‘on a commercial scale. A water solution of chlorine dioxide wll
preferential |y pathough tre silyt esters@adisahydrédesaishnesireaies witntestisytamiag they

Thus an 20 o B0 ety G ATRb R shiht otrekgnEctle YRR oA

di oxide with the jeBkhdrated chlorine diogkRRO! yner involves exchanging the

chl orine dioxi de frfomthe water phase into an unreactive,
hydr ophobi ¢ sol vent anWhizptise préfisrredpoinpediménts noft ¢he invention and their
5 ' advantages have been disclosed in the ‘above detailed description, the

invention is not limited thereto but only by the spirit and scope of the

appended claims.
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the organic solution saturated with chlorine dioide. Since the diffusion

constant and solubility for chlorine dioxide in the h hobi.c_phase of
t he 25 pol yner phase will be rmuch faster than wateas stker snabhen
amount s of noi sture in the organi c phase w |l {be i mgBhseguenti al .

The I ong acting chl ori ne di oxide releasing filmof the present
i nvention enploys a "chlorine dioxide |iberajsng conpound” which is defined
as the nonomeric, oligoneric or polyneric imniumchlorite described

Some important featurés of the irivention are summarised in the following

paragraphs.

The method for making a composition which liberates a repelling or biocidal
S . agent comprises the steps of:

synthesizing hydrogen bonded aniincs as a neat material;

dissolving said amines into hydrogen bonded matrices;

mixing the amine with an incompatible phase; and

exposing said mixture to gaseous chlorine dioxide to create an

10 ionomeric composition having an iminium chlorite salt-bound to said

ionomeric composition such that ionomeric polymer releases chiorine dioxide

when exposed to water for acting as a biocidal agent.

The method may further comprise the step of creaﬁng said chlorine

15 dioxide gas by dissolving chlorine dioxide in an organic solvent. The chlorine
dioxide may be incorporated into n-pentane or other hydrocarbons or low

melting chlorowaxes as a vehicle for reaction of the amine containing films to

the iminium chlorite containing films.

20 The method may further comprise the step of selectively forming a film

of ionomeric composition on a substrate.

The step of forming a film may comprise the steps of:

—_—_— applying said ionomeric composition as a tacky hot melt to the
This Sheet Has Been Rep
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-7- above. The precursor amne to the imniumchlorite salt is

di ssolved in a hydr ogen bonded ol i goneric or polyneric matrix or
suspended or enul sified in an apol ar oligoneric or polynerlc
matrix. Alternatively, the matrix or the am =t S in a
nmononeric formwhich may be 5 pol yrrerlzed W th o{ I Q‘Acﬁaﬁ’# ng
subsequent to coating onto the desired — Subst

In order for the amine functionality to react with chlorine dioxide to
produce an i m ni um subbtedté;taddsalt which may ultinmately evol ve chlorine
di oxi de, the ami ne nitrogen nust be enclosed in a hydrogen bonded matrix 10

or amde, NGO - ﬁ}&%@?&"*@”@%ﬂ? RN

Possi bl e matrices includ mam I am de-i sopropyl acryl am de
m xtures, water, gl GRBFRH E’8 %‘ﬂ%“ﬁ Lor other oligoal kanol's or

5 The method may further comprise the step of lowering the pH of said

ionomeric polymer to less than 8.0.

The composition which liberates a repelling or biocidal agent may
comprise:
10 a hydrogen bonded amine grafted or mixed into hydrogen bonded
matrices to create a mixture;
an incompatible phase mixed with the amine mixture; and
a gascous chlorine dioxide exposed to said mixture to create an
ionomeric composition such that said ionomeric composition releases chlorine

15 dioxide when exposed to water for acting as a repelling or biocidal agent.

The hydrogen bonded amine may comprise a primary, secondary or
tertiary hydrogen bonded amine and may be a monomeric amine, a polymeric
amine or a mixture thereof.

20

The matrices may comprise aliphatic amides, aromatic amides, aromatic
alcohols, aliphatic alcohols and mixtures thereof and may be selected from
formamide, acrylamide—isopropylacrylamide mixtures or their polymerized

products, neat primary or secondary amines and their polymerization products
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ol i goam des or primary or secondary oligoamnes with sufficiently short 15
apol ar sections. Amine precursors to inmniumchlorite salts can be of the
formHerr]N(R [err], x=0,1,2, where R nay be al kyl, cydTgaEkk¥ksr PYETAYLS
benzyl , whi ch can be di spersed as a separate phase i@@gc%ol'“é‘r or
pol ar non- hydr ogen bonded matri x, which may bea nonofrerte;

ol i goneric or pol ymeric hydrocarbangy 20 Chl ori ne
dioxide will react with the am nes when am nes of this type are

di ssol ved to make omih pEgRehise) lisdptdhytaciylardide RRAN,N MéthPlefdBishérylamide, and
hydr ocarbons or even in very pol ar solvents, such as dinethylformam de,

di met hyl sul f oxi de, g%%?lﬁ%&ﬂﬁﬁén%g?ye&)[ .o?éclﬁgfe?ﬁégﬁlig:%lcoﬁ{)‘% ggfe})&{f%}g of A GBovt?

chlorite is forned chlori dio ere

acidification. 25 Neat primary and secondary am nes with short

non- hydr ogen bondi ng groups w Il produce imniumchlorite which can

rel ease chlorine di oxi de. However, neat tertiary amnes wth

non- hydr ogen bondi ng gr otjjssncompatible phase maygeraprisicthydrohyzgblephosnhate; egter oput

wi Il not produce a salt from which chl ori ne di oxi de can be evol ved.
5 -  anhydrides and may consist of grafted anhydride or phosphate ester phases

blended with or grafted to hydrocarbons such as polypropylenes, polyethylenes,

or polystyrenes.

The ionomer composition may be meltable to create a film on a

10 substrate,

The chlorine dioxide is incorporated into n—pentane or other
hydrocarbons or low melting chlorowaxes as a vehicle for reaction of the

amine containing films to the iminium chlorite containing films.

15
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- 8-
amne to fo an

be ‘rel eased i ggd
am ne nit rogﬁﬁl
(x=0,1,2; R=

10

15

20

An alternative strategy to assure reaction of the

imniumsalt fromwhich the chlorine dioxide can
hydr ogen bondi ng group directly to the

0 T
Rl B aao! the formHl e ﬁ:.p:&.er.qa[we,rm_t_]_a[_g_rr]
HMMH mf -CH err] CH er re] X [3) NH% e; r PYSAEEET Has sren

REPLACE

CLAIMS

1. A method for making a composition which liberates a repelling
or biocidal agent when exposed to water and which comprises the steps of:

forming a mixture of (a) a soluti<;n of a hydrogen bonded amine in a
hydrogen bonded matrix and (b) an incompatible phase containing groups
which are hydrolyzable to acid groups on exposure to water; and

exposing said mixture to gaseous chlorine dioxide to form iminium

chlorite in the composition.

2. A method as claimed in Claim 1, further comprising the step of
creating said chlorine dioxide gas by dissolving chlorine dioxide in an organic

solvent.

3. A method as claimed in Claim 1 or Claim 2, further comprising

the step of lowering the pH of said ionomeric polymer to less than 8.0.

4. A method as claimed in any one of Claims 1 to 3, wherein said
chlorine dioxide is incorporated into n—pentane or other hydrocarbon or low
melting chlorowaxes as a vehicle for the reaction to form the iminium chlorite

containing product.

5. A method as claimed in any one of Claims 1 to 4, further
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[

1



especially preferred. Neat tertiary amnes of this formwll formchlorite
salt fromm_ch_em—eH%—fH—om de can be rel eased. An

effective ﬂ i ntroduction and reaction tofchhogiiter HAS BEEN
occurs whe E“m“mﬂm“ﬂm mosed above the T[err] (gl ass|transgipLagED
t enperature c t he m crophase in which the amme 15 dissolved. 10
The imniumchlorite salts can be i nduced toig el ease chl ori ne di oxi de
by exposure to a hydrolyzed "acid generating conpound” which includes
carboxylic acids, esmeprisingathaystp dfscleativgly foaminges fillphefstheosontpositiod @nd its
trimethylsilyl esters, dialkyl phosphate and phosphate trinethylsilyl
esters andgpstkdt@ni ¢ aci ds and hydrol yzabl e sul fonic esters and
chl orides. 15 The acid anhydride can be in the formof a random
copol ynmer of mal ei ¢ anhydri de and styrene or nunerous ot her
al kenes. Trinethyl sil ane esters of phosphat es of the form
Me[err] Si OP(O (OR)[err] R = non hydr ogen ondi.ng .groups, alkyl,
aryl) are especially us ‘QH?FHT%‘ i iRClaim 5, Whefe@f? %8?"@#’5 f%’@?‘@%t ed
so that the acid generati ng conpound will preferentially 20 di ssol ve
in the non-hyérogert Blmgenppsesdbe steps off | | not react with the am ne
cont ai ni ng hydrogen bonded phase and will not exude or extract into

applying said composition as a tacky hot melt to the substrate; and

controlling the operating temperature to avoid the decomposition

temperature of any chlorite present.

10 7. A composition adapted to liberate a repelling or biocidal agent
comprising chlorine dioxide, said composition comprising 2 mixture of two
substantially incompatible phases wherein:

the first phase comprises an admixture of an iminium chlorite and a
hydrogen—bonded matrix and

15 the second phase comprises groups which are hydrolyzable by

atmospheric moisture to acid groups.

8. A composition as claimed in Claim 7, wherein the first phase

includes an oligomeric or polymeric component.

0. A composition as claimed in Claim 8 or Claim 9, wherein the

second phase comprises a polymer containing said hydrolyzable groups.

__——— " 10. A composition as claimed in any one of Claims 7 to 9 which is
ot Has Been Replaced
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the environment. This may be acconplished by grafting the R group to the
apol ar m ynaseor—inereasi ng the nol ecul ar wei ght of the R groups.
Updn expoﬁuﬂlm :

acid and t

ulﬂnt the anhydride will form a di cgboxyH+e—25 o
phosphate ester will formh xEFFFéb’I‘]Eq_Hl £1%5%An

and phosphoric aci d' or pﬁosphorl c acid ester. These aci d_specR

m grate, due to interphase dispersal and campgti blization, to the hydrogen

bonded phase to rel ease chlorine dioxide fromthe iminiumchlorite salt.

The apol ar phases cagltailoitd erebtoe el 6n @e0Bdtatd. ng conmpound i ncl ude | ow

i-“_ﬁ'c

11. A composition as claimed in any one of Claims 7 to 10, wherein

the iminium chlorite is derived from a hydrogen bonded amine.

12. A method as claimed in Claim 1 or a composition as claimed
in Claim 11, wherein said hydrogen bonded amine is selected from primary,

secondary and tertiary hydrogen bonded amines.

10 13. A method or composition as claimed in Claim 12, wherein said
amine is selected from monomeric amines, polymeric amines and mixtures

thereof.

14. A method or composition as claimed in any one of Claims 1 to
15 13, wherein said matrix is selected from aliphatic amides, aromatic amides,

aromatic alcohols, aliphatic alcohols and mixtures thereof.

15. A method or composition as claimed in Claim 14, wherein said

hydrogen bonded matrix comprises formamide, an acrylamide-

20 isopropylacrylamide mixture or polymerized product; a neat primary or
secondary amine or polymerization product thereof with acrylamide,
isopropylacrylamide or N,N methylene bisacrylamide; glycerine, ethylene

glycol, a polyhydroxylic alcohol or a mixture of the above.
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mel ti ng pol yethytene—waxes or atactic pol ypropyl ene. The hydrogen bonded

phase cont ai ni Irmll“mnﬂmm lorite salt also acts as a hunect ant
ensuring nm‘ ‘ i'¥kal anount of water is a »b@dﬁf-@f*:t%@”‘
hydrol ysis of the ®acid" * generating compound". | BHiS SHEEL A Lr%
chlorite containing filmcan be manufactured as a hot nglt _REPLACED

adhesi ve or coating conposition and herneticg Ly sealed until use. In
applications involving the sinple coating of boxes, the polyner can be a

low nol ecul ar V. ghtA fhetivod die:am'g)_bsiti@xh astlaimotsid aﬁ??_oﬁe oP Tl & o OF
chl ori nat ed waxes) so that the filmcould be applied as a tacky
hot melt to the surffe@erkth said hydr@l{zabErE4 aF% fhpar
cardboard manufacturing I|i nef Y ;,Z n:egr P ce preﬁggﬁ{w(?ﬁ@g%tiggﬁ&f’%ﬂg
further illustratedgy ah@%nﬁﬂrildg‘gr&x%s Exanpl es.

5 : 17. A method or composition as-claimed in Claim 16, wherein said

incompatible phase comprises a grafted anhydride or phosphate ester
component blended with or grafted to a hydrocarbon such as a polypropylene,

polyethylene or polystyrene.

e
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EXAMPLE 1 15 This exanple illustrates the utility of primary

and secondary hydr ogen bondi ng am nes as precursors to i m nium
chlerite in hydrogen bonded matrices. Hydrogen bonded matrices

i ncl ude the neat am ne or am de type solverts Hydr.oxylic-s6] vent s
such as water, ethylene glycol and gl yceri enviesetEl S6SusEU)  but
had-t he di sadvantage of reacting with the acid 20 gRERBASEPNg
conmpound. Chlorine dioxide is released by exposure to hydr ol yzed
phosphat e aci d precursors. Conveni ent non- aqueous nedi a for
the chlorine dioxide in |arger . scal e practice are chlorinated
paraffins of 70% chlorine content and (Jerr]-(err] fraction

These materials are non-toxic (suitable for food 25 packagi ng),

non-reactive with chlorine dioxide, and | ow viscosity, |ow vapor
pressure liquids at roomtenperature. Their conplete insolubility in water

and high density of 1.30-1.36 gsTRWOT GFeTHE BDISOEBOSUSESY separation from
the chlorine dioxide saturated water phase. These conpounds are al so

POLYMERIC BIOCIDAL COMPOSITION AND METHOD
FOR MAKING SAME

A process incorporating chlorine dioxide precursors into a polymer
or oligomer film that is coated onto various substrates. Controlled release

is accomplished by absorption of moisture from the environment. An

w

amine (primary, secondary, or tertiary amines substituted with 2-hydroxy or
2-carboxyamido ethylene groups) is dissolved or suspended into a melt
consisting of monomers capable of strong hydrogen bonding. An apolar
phase containing a water hydrolyzable acid anhydride or silane terminated
acid is then blended with the polar amine containing phase to produce a
10 two phase system of arbitrary degree of dispersion. Reacting dry chlorine
dioxide or chlorine dioxide solutions in apolar solvents with the oligomer or
polymer film produces an iminium chlorite salt. The chlorine dioxide is
released when the iminium chlorite loaded polymer is hydrated by ambient

moisture.
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useful as fire retardant and plast|C|zer addi tives for hydrocarbon

pol,yprers. - 10-
Thei r solublllty paranmeter of 9.1 (cal/cc)[err] sug at--they
as much or nore chlorine dioxide than carbon tetrac?Y%¥$§%E‘%HﬁsB“EN
(cal/cc)[err]). | REPLACED

2CI0,

Hydrogen
Bonded Phase

H
|

H
N

Apolar Phase

Figure 1a. Preparation of iminium Chiorite Film.
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R =

The chlorinated paraffin is specially desirable because of its lowfire
danger~ Its | ow vapor pressure would also permt i Qe MEE:d
thé vacuumloop 5 of the chlorine dioxide generatof in kh?L mfe 0
wat er . In smaller scale | aboratory practi ce,—votat+t+e
pent ane was found to be nore suitable. Thus 2.85X10[err] nole neat
di et hanol am ne was exposed . to 6X10[err] nole chlorine dioxide in
pent ane. The m xture renai ned two phase as the chlorine dioxide -
was conpl etely absorbed in the amine to form 10 a very viscous clear
sol ution containing the imniumchlorite. Characteristic infrared
absorbances for the chlorite anies s i[ble in the IR around

830 cnferr]. Absorbances fg¢protqna®ed am e
(Monoet hanol and tri et hangt” amn | d both be
imniumchlorite by a sifmlar B cess)‘ 15
utilizing the neat am fes e hEu

or secondary am ne wh¥ch coul d jbe r%?ctéd as a phase
the chlorine dioxide/sol ution. Ii Clo, This imni
sol ution was stable/for at |east one2 week™at i

were al so visible.

onverted to the

The above process,

virtually any primary

separate from
rite

nper ature and

RySH-O—8IRy

OSI(R)g

Figure 1b. Releaze of Chiorine Dioxide from iminlum Chiorite
Film Upon Exposure to Water.

—

—_—
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20 di oxi de per three noles of diethanol am ne could be absorbed éefom 1

the pH approached neutrality, precluding any nore chlorine dioxide
absorption. Long termstability of. the solutio assued
provi ded tshat the pH remai ned above 7-8, ot her i BEPLACEMGNT 9'4L[T
deconposition of the imnium chlorite wthasstaﬁ@d"
chl orine di oxi de would occur. Water 25~ 1 - appeared t
rate. Bi s (2-ethyl hexyl) phosphate (B P |s very ’@“@I
i n pentane and ot her apolar nedia but is quitefihseluble_in _hi
hydr ogen bonded solvents or iononeric solution
or the imniumchlorite. Thus, 3.0X10[err] nole
m pentane was added to the

POLYMERIC BIOCIDAL COMPOSITION AND METHOD
FOR MAKING SAME

TECHNICAL FIELD OF THE INVENTION
The present invention relates generally to a composition for reducing
5 bacterial and fungal growth and repelling insects, and more particularly to
an jonomeric composition having a biocidal or insect repelling releasing
agent and method for making same.
BACKGROUND OF THE INVENTION
Chiorine dioxide ("ClO,") is a well known bleach, disinfectant,
10 fumigant and deodorizer [W. J. Masschelin and Rip G. Rice, "Chlorine
Dioxide, Chemistry and Environmental fmpact of Oxychlorine Compounds",
Ann Arbor Science, Ann Arbor, Mich.] The biocidal uses of chlorine
dioxide in packaging alone is a market of several hundred million doHars
a year. Especially sought after are coatings which can release chlorine
15 dioxide at surface concentrations of parts per million ppm over several

months.



-11- imniumchlorite with vortex mXxing and the pent ane punped

of f under vacuumuntil a two phase di spersionjyresut

The interphase transfer of the BCHP was sufficient to n%ﬁf ébé\w%NToﬁﬂEET

rel ease of chlorine dioxide in the absence of water Hofwever, the addit|i on
5 of 0.05 nl water accelerated the release rate. Thge |2ut|)g@| 198! gade
in the absence of water could be elimninated by {lissolving thg BCHP
in mneral oil or ot her higher nol-gcul ar wei ght “hydrocarbomto

m nimze the interfacial acid concentration apd decrease the
diffusion rate through a viscosity I ncrease. 10

Further inprovenents in the dry chemcal stability of the two phase
ClIO, has been incorporated in polymer {JP 63,296,758, NOK Corp,

1988; CA 111 P120181s] and ceramic beads [JP 63,274,434, Enkler

BusinK.K., 1988; CA 111 P11975h], and in a calcium silicate wrapped in

non-woven cloth [JP 57,168,977, Enkler Busin.K.K., 1982; CA 98 P77552]

5 to be used as a deodorant. Food preservation is an application where a gel

' form is preferred [JP Patent, Diamaru Kogyo Kaishi, Ltd., 1982; CA 97
22409].

Chlorine dioxide generating gels have also been used as topical

applications for disinfection [AJ. Kenyon, S.G. Hamilton and D.M.

10 Douglas, Am.J.Vet.Res., 45(5), 1101 (1986)]. Typically the preparation

involves mixing component A (gel with suspended NaClO, ) with componént

B (gel with lactic acid) immediately prior to use. a-hydroxy carboxylic acids

(citric, tartaric, malic, glycolic) are especially useful for generating ClO, by

the reaction:

H* + NaClO, --> HCIO, + Na*

1)
SHCIO, > 4CIO, + HCl + 2H,0

20 [Ger.Offen. 2,817,942, H.Allinger, 1979; PCT Int. Appl. WO, J. Mason,
1988, CA 110 P98205h]. Alternatively, NaClO, and lactic acid have been
separately encapsulated in polyvinyl alcoho! and then mixed with water to
generate ClO, [Can. 959,238,'Chemical Generators, 1974]. Formulations
involving sulfonic acids are also available [Europ. Pat. Appl. EP 287,074,
Alcide Corp., 1987, CA 111 P452991).

Food packaging with the incorporated disinfectant, chlorine dioxide,

W
W

brings up an important public health question pertinent to this practice:
Does chronic ingestion of residual levels of disinfectants result in a

significant genetic or carcinogenetic hazard to the human population? It is



sol uti.on was achi eved by dissolving the same anount of diethanol amne in
farmam de or a mxture of polynerizable acryl ani de-i soprdp

prior to chlorine dioxide exposure. Interestingly, the dqu %ﬁﬁﬁf@ﬂ/ﬁmdﬁ-’%T
acrylam des were stable to oxidation by chlorine dioxide.} Ijn these cases

the 15 phase segregation of the BCHP was conpl ete gndugB4tBat 1t%fe
BCHP coul d be added to the pentane sol ution of dghliorine di oxi de
during the conversion to chlorite.3- The

acryl am de-i sopropyl acryl am de nmelt could be preoligonerilzed in

t he presence of the ami ne by nmeans of heating to 60-70[err]C in the 20
presence of ca. 0.01% azobi si sobutyronitrile initiator. Provided that the

film was afb‘gbﬁfdrﬁ'fﬁhﬁ gﬁblﬁ&lhéayhﬁhﬁ%lﬂ% tfc@ﬁ:d@é?é‘@e%%ﬁn%ﬁo?ﬁ'néﬁ] dhe

imniumchlorite n exposure of e filmto t pent'ane- orlne
di oxi de sol uti on axidorsng tddxoxsotope (**pbsthabilen patch (Alcide gel) adrrﬂnlslteamon of

secondary, hydro bon ed. am n ouI d be easily fornmed 25 e
acetic acid cat af%g%é O(a 8 ‘?cﬁh HEnRES Yt dfi Bratonggd Wﬁfﬁ%’é‘l rPs)}?)%‘CC -th

IR i e e R -
5 Y. Khan and.O. Gona, Fund.Appl.Tox., 4, 479 (1984))].

. Meier et.al. published a report on the effect of subchronic and acute
oral administration of chlorine, chlorine dioxide, sodium chlorite, and
sodium chlorate on the induction of chromosomal aberrations and sperm-
head abnormalities in-mice [J.R. Meier, R.J. Bull, J.A. Stober and M.C.

10 Cimino, Environ. Mutagenesis, 7, 201 (1985)]. Only the highly reactive
hypochlorite resulted in a weak positive effect for mutagenic potential. The
disinfectants failed to induce any chromosomal aberrations or increased
numbers of micronuclei in the bone marrow of mice. Other hazards which
have been associated with chlorine dioxide but were not incorporated in the

15 published study include hemolytic anemia and hypothyroidism. One of the
reasons for the relatively innocuous effect of ClO, is its inability to produce
halomethanes, unlike hypochlorite and chlorine [R. Vilagines et al., Proc.
AWWA Disinfect. Semin. 1977, paper 3, 24pp; CA 93 173513f]-

Recently, the US Patent No. 4,585,482 (*482) has used the gradual

20 hydrolysis of alternating poly (vinyl methy! ether-maleic anhydride) or poly
(lactic-glycolié acid) to generate acid which can release chlorine dioxide
from sodium chlorite. In the process a solution process is used to
encapsulate a polyalcohol humectant and water with the polyanhydride or
polyacid in a nylon coating. After sodium chlorite is permitted to diffuse

25 into the capsule through the nylon wall, an impermeable polystyrene layer

‘ is coacervated around the nylon capsule. The capsules can be coated onto
surfaces to release chlorine dioxide and provide biocidal action for several

days to months.



or nononeric or oligonmerized acryl am de-isopropyl acryl am de m xt ures

i ncl ude N, N nethyl ene bis-[I-( N-cycl ohexyl am no) 2-car boxyp
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Despite the many advantages of the '482 patent, there are some
limitations. First, a large number of processing steps involving numerous
chemical reactions and physical processes with disposal problems are
required. Second, the chemistry is limited to batch processes. Third, a

S clear film cannot be produced. Finally, chlorine dioxide release starts
immediately.
SUMMARY OF THE INVENTION

The object of the present invention is to improve over the prior art

by a method which is continuous, safer and has minimal number of
10 preparation steps.

The more specific objects of the invention are: to provide a low
cost, oligomer or polymer that can be coated onto surfaces as a film prior
to conversion to a chlorite beaning substance. Also, the present invention
prowdes a non-toxic oligomer or polymer that can be safely converted into

15 a chlorite bearing film by exposure to chlorine dioxide, generated on site in
gaseous form or in a non-aqueous solvent, eliminating the problem of
storage of unstable chlorites. Iﬁ addition, the invention provides a chlorite
loaded film which will release chlorine dioxide over an extended period of
time by exposure to moisture and both disinfect and repel insects from the

20 surface onto which it is coated.

The present invention provides a long acting biocidal and insect
repelling composition which employs a chlorine dioxide liberating polymer
film which is converted to its stored chlorite form by exposure to chlorine

dioxde in the presence of an acid precursor. In the presence of water the

38
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local pH in the polymer film is reduced, releasing the chlorine dioxide.
The present invention disclosed herein comprises a method for

making a composition which liberates a biocidal and/or insect repellant

agent which comprises the steps of synthesizing hydrogen "vonded amines

as a neat material and dissolving the amines into a hydrogen bonded
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a gaseous chlorine dioxide, an ionomeric ¢omposition is created having an
iminium chlorite salt-bound to the ionomeric composition such that said

ionomeric polymer releases chlorine dioxdde when exposed to water for

" acting as a biocidal agent.

As part of the invention, a composition is disclosed which liberates
a biocidal and/or insect repelling agent which comprises a hydrogen bonded
amine blended therein. The amine is grafted into hydrogen bonded

matrices to create a mixture. An incompatible phase is mixed with the

amine mixture. A gaseous chlorine dioxide exposed to said mixture creates
an ionomeric composition such that the ionomeric composition reteases
chlorine dioxide when exposed to water for acting as a repelling agent or
biocidal.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more readily understood by referring
to the fol]owing figures in conjunction with the detailed description:

FIG. 1a illustrates the preparation of an iminium chlorite. film; and

FIG. 1b illustrates the release of chlorine dioxide from iminium
chlorite film upon exposure of water.
DETAILED DESCRIPTION

Referring to FIGS. 1a and 1b, chlorine dioxide is a stable free
radical that can undergo a redox reaction with organic amines to produce
chlorite ion and an aminium radical cation. The radical cation quickly
converts to an iminium cation by loss of a proton from the adjacent carbon
atom and oxidation by another chlorine dioxide molecule [D.H. Rosenbatt
etal, JACS, 89(5), 1158, 1163(1987); C.K. Chen, A.G. Hortmann and M.R.
Marzabadi, JACS 110, 4829 (1988)]. The ionic species so created would
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to | ose am ne and form acryl am de upon prol onged heati ng above the
mel ting point. phase separate into ionic microdomains which would provide humectant

properties so that atmospheric moisture could be concentrated.
In the presence of water, at a sufficiently low pH, the iminium ion
will cleave to an amine and an aldehyde. Each aldehyde has the potent{al
5 to convert three chlorite anions to two chlorine dioxide molecules and a
chloride anion with oxidation of the alcié‘hyde to a carboxylic acid. The
production rate of chlorine dioxide is of course enhanced by low pH.
These protons can be supplied by the hydrolytic conversion of the
anhydride or other acid generating moities to carboxylic acid or inorganic
10 acids. All reacted groups can remain grafted to the polymer backbone after
chlorine dioxide evolution and thus would not be released into the

environment.

The above mechanism presents an easy a direct way to convert

chlorine dioxide to chlorite in a polymer film and release it by stored
15 moisture.

Chlorine dioxide can be continuously produced in 0.5% solution in
water on a commercial scale. A water solution of chlorine dioxide will
preferentially partition into a carbon tetrachloride phase "with an
equilibrium constant of 1.6 at 25°C [Int.Crit.Tab,, _3_, 419 (1928)]. Thus an

20 efficient system for continuously reacting chlorine dioxide with the initial
copolymer invblves exchanging the chlorine dioxide from the water phase
into an unreactive, hydrophobic solvent and expose the copolymer film to
the organic solution saturated with chlorine dioxide. Since the diffusion

constant and solubility for chlorine dioxide in the hydrophobic phase of the

[S*]
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polymer phase will- be much faster than water, the small amounts of
moisture in the organic phase will be inconsequential.

The long acting chlorine dioxide releasing film of the present
invention employs a "chlorine dioxide liberating compound” which is defined .

as the monomeric, oligomeric or polymeric iminium chlorite described
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above. The precursor amine to the iminium chlorite salt is dissolved in a
hydrogen bonded oligomeric or polymeric matrix or suspended or
emulsified in an apolar oligomeric or polymeric matrix. Alternatively, the
matrix or the amine itself may be in a monomeric form which may be
polymerized with or without grafting subsequent to coating onto the desired
substrate.

In order for the amine functionality to react with chlorine dioxide to
produce an iminium chlorite salt which may ultimately evolve chlorine
dioxide, the amine nitrogen must be enclosed in a hydrogen bonded matrix
The matrix must contain a sufficient molecular density of hydroxylic, -OH,
or amide, -NHC(O)-, H,NC(O)- groups, or amine, HNR, , x=1.2.
Possible matrices include formamide, acrylamide-isopropylacrylamide
mixtures, water, glycerin, ethylene glycol or other oligoalkanols or
oligoamides or primary or secondary oligoamines with sufficiently short
apolar sections. Amine precursors to iminium chlorite salts can be of the
form H N(R), ,, x=0,1,2, where R may be alkyl, cycloalkyl, pyridyl, benzyl,
which can be dispersed as a separate phase in an apolar or polar non-
hydrogen‘ bonded matrix, which may be a monomeric, oligomeric or
polymeric hydrocarbon..

Chlorine dioxide will react with the amines when amines of this type
are dissolved to make one phase solutions in aliphatic or aromatic
hydrocarbons or even in very polar solvents, such as dimethylformamide,
dimethylsulfoxide, organic esters or acetonitrile, but in most cases no
chlorite is formed and no chlorine dioxide can be released by acidification.

Neat primary and secc;ndary amines with short non-hydrogen
bonding groups will produce iminium chlorite which can release chlorine
dioxide. However, neat tertiary amines with non-hydrogen bonding groups
will react with chlorine dioxide, but will not produce a salt from which

chlorine dioxide can be evolved.



coul d be studied

10 ° neat liquid formed iminiumchlorite. 10-30% w % sol utions in

f or mam de
chl ori te when

am de functionality is unreactive to anhydrides (acetic, pr opi onijfc

or succinic anhyd

trinmethylsilyl phosphate esters (tris-trime®hylsilyl phosphate;

O trimethylsilyl

t enper at ure, DMACAE and DPACAE in formam de or actylam des can bhe

m xed with these

in the liquid state at roomtenperature. However, neither

or acryl am de-i sopropyl acrylam de read Tump
exposed to chl orine dioxide. Q/EHL%EM nce e

ri de or anhydride containing polyners) of [L524 DEC 1996

bi s- (2-ethyl hexyl) phosphate) at room

acid generati ng conpounds w t hout reaction.

4-di et hyl ani no pyri di pg; ah@traat@thylegyeo abdyé 8oL dh T the andhe NHHEQn

di met hyl am no cyc
hydrogen bondi ng
am nes had consi d
into t he
sol ution on
forn1ininiu?

10

15

20

| ohexane also would Tormstable imniumchlorites in
amindemsgitvisomsvhicl wees ehlorige dieddsotan lof relhesed is ¢o boad 3%

Rt atire drota reRn 875 afiad AGraste. chrts FREV Dt de
the fdifh AINE 2RO Utk 00,1 Nenecf ciNOE ¢ B EHECYORIH) farevoul d
especially preferred. Neat tertiary amines of this form will form chlorite

salt from which chlorine dioxide can be released.

An effective chlorine dioxide introduction and reaction to chlorite
occurs when the film is exposed above the T, (glass transition temperature)
of the microphase in which the amine is dissolved.

The iminium chlorite salts can be induced to release chlorine dioxide
by exposure to a hydrolyzed "acid generating compound” which includes
carboxylic acids, esters, anhydrides, acyl halides, phosphoric acid and its
trimethylsilyl esters, dialkyl phosphate and phosphate trimethyisilyl esters
and sulfonic acids and hydrolyzable sulfonic esters and chlorides.

The acid anhydride can be in the form of a2 random copolymer of
maleic anhydride and styrene or numerous other alkenes. Trimethylsilane
esters of phosphates of the form Me,SiOP(O)(OR), (R = non hydrogen
bonding groups, alkyl, aryl) are especially useful. Comonomers and R
groups are selected so tﬁat the acid generating compound will preferentially
dissolve in the non-hydrogen bonded phase and will not react with the
amine containing hydrogen bonded phase and will not exude or extract into
the environment. This may be accomplished by grafting the R group to the
apolar polymer phase or increasing the molecular weight of the R groups.

Upon exposure to moisture the anhydride will form a dicarboxylic
acid and the trimethylsilyl phosphate ester will form hexamethyldisiloxane
and phosphoric acid or phosphoric acid ester. These acid species will
migrate, due to interphase dispersal and compatiblization, to the hydrogen
bonded phase to release chlorine dioxide from the iminium chlorite salt.

The apolar phases containing the acid generating compound include low
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melting polyethylene waxes or atactic polypropylene. The hydrogen bonded
phase containing the iminium chlorite salt also acts as a humectant ensuring
that a critical amount of water is absorbed for the hydrolysis of the “acid
generating compound".

‘The chlorite containing film can be manufactured as a hot melt
adhesive or coating composition and hermetically sealed until use. In
applications involving the simple coating of boxes, the polymer can be a low
molecular weight form, heavily plasticized (e.g. by waxes or chlorinated
waxes) so that the film could be applied as a tacky hot melt to the surface
of the dry cardboard at the end of the cardboard manufacturing line.

The present invention is further illustrated by the following

Examples.

EXAMPLE 1

This example illustrates the utility of primary and secondary
hydrogen bonding amines as precursors to iminium chlorite in hydrogen
bonded matrices. Hydrogen bonded matrices include the neat amine or
amide type solvents. Hydroxylic solvents such as water, ethylene glycol and
glycerine were also useful but had the disadvantage of reacting with the acid
generating compound. Chlorine dioxide is?released by exposure to
hydrolyzed phosphate acid precursors.

Convenient non-aqueous media for the chlorine dioxide in larger
scale practice are chlorinated paraffins of 70% chlorine content and C,-C,
fraction These materials are non-toxic (suitable for food
packaging), non-reactive with chlorine dioxide, and low viscosity, low vapor
pressure liquids at room temperature. Their complete insolubility in water
and high density of 1.30-1.36 g/cc would enable their easy separation from
the chlorine dioxide saturated water phase. These compounds are also

useful as fire retardant and plasticizer additives for hydrocarbon polymers.

1
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Their solubility parameter of 9.1 (cal/cc)'/? suggests that they Would dissolve
as much or more chlorine dioxide than carbon tetrachloride (8.6 (cal/cc)!/?).
The chlorinated paraffin is specially desirable because of its low fire danger.

Its low vapor pressure would also permit it to be used in the vacuum loop

Uy

of the chlorine dioxide generator in the place of water.

In smaller scale laboratory practice, volatile pentane was found to
be more suitable. Thus 2.85X10"! mole neat diethanolamine was exposed
to 6X10°% mole chlorine dioxide in pentane. The mixture remained two
phase as the chlorine dioxide was completely absorbed in the amine to form
10 a very viscous clear solution containing the iminium chlorite. Characteristic

infrared absorbances for the chlorite anion were visible in the IR around
830 cm''. Absorbances for protonated amines were also visible.
(Monoethano! and triethanol amines could both be converted to the
iminium chlorite by a similar process).

15 The above process, utilizing the neat amines, was successful for
virtually any primary or secondary amine which could be reacted as a phase
separate from the chlorine dioxide solution.

This iminium chlorite solution was stable for at least one week at
room temperature and exhibited a pH of 9. Up to one mole of chlorine

20 dioxide per three moles of diethanol amine could be absorbed before the

pH approached neutrality, precluding any more chlorine dioxide absorption.

Long term stability of the solution was assured provided that the pH

remained above 7-8, otherwise a slow decomposition of the iminium

chlorite with a sustained release of chlorine dioxide would occur. Water

(28]
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appeared to enhance the release rate.

Bis (2-ethyl hexyl) phosphate (BCHP) is very soluble in pentane and
other apolar media but is quite insoluble in highly hydrogen bonded
solvents or jonomeric solutions such as formamide or the iminium chiorite.

Thus, 3.0X10"* mole BCHP solution in 1 ml pentane was added to the
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iminium chlorite with vortex mixing and the pentane pumped off under
vacuum until a two phase dispersion resulted.
The interphase transfer of th;: BCHP was sufficient to induce a slow
release of chiorine dioxde in the absence of water. However, the addition
5 of 0.05 ml water accelerated the release rate. The initial release in the
" absence of water could be eliminated by dissolving the BCHP in mineral oil
or other higher molecular weight hydrocarbon to minimize the interfacial
acid concentration and decrease the diffusion rate through a viscosity
increase. '
10 Further improvements in the dry chemical stability of the two phase
solution was achieved by dissolving the same amount of diethanol amine in
formamide or a mixture of polymerizable acrylamide-isopropylacrylamide
prior to chlorine dioxide exposure. Interestingly, the double bond in the
acrylamides were stable to oxidation by chlorine dioxide. In these cases the
15 phase segregation of the BCHP was complete enough that the BCHP could
be added to the pentane solution of chiorine dioxide during the conversion
to chlorl:te.
The acrylamide-isopropylacrylamide melt could be preoligomerized
in the presence of the amine by means of heating to 60-70°C in the
20 presence of ca. 0.01% azobisisobutyronitrile initiator. Provided that the film
was sufficiently plasticized by the amine, formation of the iminium chlorite
upon exposure of the film to the pentane-chlorine dioxide solution was still
possible.

Other secondary, hydrogen bonded amines could be easily formed

[3%]
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by the acetic acid catalyzed, addition of primary amines to Michael type
substrates such as acrylamide and N,N methylene bisacrylamide. The
secondary amines that could be converted to iminium chlorite in formamide
or monomeric or oligomerized acrylamide-isopropylacrylamide mixtures

include N,N methylene bis-[1-(N-cyclohexylamino) 2-carboxyamido] ethane
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and 1-(N-benzylamino) 2-carboxyamido ethane. Linear polymers formed
by the coupling bifunctional primary amines such as 1,3 diamino propane
and 1,2 diamino ethane to N,N methylene bisacrylamide could also be
converted to iminium chlorite species in the same hydrogen bonded
matrices.

Glassy polymer amine films which reacted only slowly with the
chlorine dioxide could be induced to react to iminium chlorite in under 2
minutes provided that they were plasticized with at least 10 wt% low

molecular weight amides.
EXAMPLE 2

This example illustrates the use of tertiary, hydrogen bonding amines
as chlorite storage media in hydrogen bonded matrices in the presence of
hydrolyzable trimethyl silylphosphate esters. '

Unlike primary and secondary amines which possess active
hydrogens, tertiary amines will not react with anhydrides or trimethylsilyl
phosphate esters. This permits the tertiary amines to be rather more
intimately mixed with the "acid generating compound" providing for some
processing advantages.

1-(N-dipropylamino), 2-carboxyamido ethane (DPACAE) was made
by reacting 0.2 mole di(n-propyl)amine with 0.1 mole acrylamide in the
presence of a small amount of acetic acid in 10 wt% solution methanol.
The reaction was carried out for 3 hours at 70°C. After vacuum
evaporation of the excess amine and crystallization in the presence of
pentane, a white low melting solid was obtained (T, =60°C) which tended
to lose amine and form acrylamide upon prolonged heating above the

melting point.
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1-(N-Dimethylamino), 2-carboxyamido ethane (DMACAE) was
made by reacting 0.2 mole dimethylamine (as 40 wt% solution in water)
with 0.1 mole acrylamide in 10 wt % solution in methanol. The reaction
was carried out for 1 hour at room temperature. After vacuum evaporation

of excess amine, methanol and water, the DMACAE was taken up in

n

methylene chloride, dried with magnesium sulfate and isolated as a low
melting (T, = 45°C) hydroscopic solid.
Both DPACAE and DMACAE crystallized only slowly and thus
could be studied in the liquid state at room temperature. However, neither
10 neat Hquid formed iminium chlorite. 10-30% wt% solutions in formamide
or acrylamide-isopropyl acrylamide readily forrmed iminium chlorite when
exposed to chlorine dioxide.
Since the amide functionality is unreactive to anhydrides (acetic,
propionic or succinic anhydride or anhydride containing polymers) or
15 trimethylsilyl phosphate esters (tris-trimethylsilyl phosphate; O-trimethylsilyl
bis-(2-ethyl hexyl) phosphate) at room temperature, DMACAE and
DPACAE in formamide or acrylamides can be mixed with these acid
generating compounds without reaction.
4-dimethylamino pyridine, tetramethylene ethylene diamine, and N,N
20 dimethylamino cyclohexane also would form stable iminium chlorites in
hydrogen bonding amide solvents. However, since both of these tertiary
amines had considerable solubility in pentane, extraction of the amines into
the apolar phase was avoided by layering the chlorine dioxide solution on
the amide solution. None of these tertiary amines would form iminium
25 chlorite when reacted in the pentane phase. However, they would react
with the chlorine dioxide.
In practice it is still desirable to dissolve the silyl esters or anhydrides
in an apolar hydrocarbon oligomer and disperse the apolar phase in the

polar matrix containing either the amine or the imine chlorite. Even
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though the silyl esters and anhydrides do not react with tertiary amine they
will react with the iminium chlorite reducing the ultimate yield of
regenerated chlorine dioxide.

While the preferred embodiments of the invention and their

advantages have been disclosed in the 'above detailed description, the

n

invention is not limited thereto but only by the spirit and scope of the

appended claims.
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Some important features of the invention are summariseci, in the.following

paragraphs.

The method for making a composition which liberates a repelling or biocidal
agent comprises the steps of:

synthesizing hydrogen bonded amines as'a neat material;

dissolving said amines into hydrogc;x. bonded matrices;

mixing the amine with an incompatible phase; and

exposing said mixture to gaseous chlorine dioxide to create an
ionomeric composition having an iminium chlorite salt-bound to said
ionomeric composition such that ionomeric polymer releases chlorine dioxide

when exposed to water for acting as a biocidal agent.

The method may further comprise the step of creating said chlorine
dioxide gas by dissolving chlorine dioxide in an organic solvent. The chlorine
dioxide may be incorporated into n—pentane or other hydrocarbons or low
melting chlorowaxes as a vehicle for reaction of the amine containing films to

the iminium chlorite containing films.

The method may further comprise the step of selectively forming a film

of ionomeric composition on a substrate.

The step of forming a film may comprise the steps of:

applying said ionomeric composition as a tacky hot melt to the
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controlling the operating temperature to avoid the decomposition

temperature of any chlorite present.

W

ionomeric polymer to less than 8.0.

The method may further comprise the step of lowering the pH of said

The composition which liberates a repelling or biocidal agent may

comprise:

10 a hydrogen bonded amine grafted or mixed into hydrogen bonded

matrices to create a mixture;

an incompatible phase mixed with the amine mixture; and

a gaseous chlorine dioxide exposed to said mixture to create an

ionomeric composition such that said ionomeric composition releases chlorine

15 dioxide when exposed to water for acting as a repelling or biocidal agent.

The hydrogen bonded amine may comprise a primary, secondary or

tertiary hydrogen bonded amine and may be a monomeric amine, a polymeric

amine or a mixture thereof,

20

The matrices may comprise aliphatic amides, aromatic amides, aromatic

alcohols, aliphatic alcohols and mixtures thereof and may be selected from

formamide, acrylamide~isopropylacrylamide mixtures or their polymerized

products, neat primary or secondary amines and their polymerization products
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with acrylamide, isopropylacrylamide and N,N methylene bisacrylamide, and

glycerine, ethylene glycol, or polyhydroxylic alcohols or mixtures of the above.

The incompatible phase may comprise hydrolyzable phosphate ester or
5 anhydrides and may consist of grafted anhydride or phosphate ester phases
blended with or grafted to hydrocarbons such as polypropylenes, polyethylenes,

or polystyrenes.

The ionomer composition may be meltable to create a film on a

10 substrate.

The chlorine dioxide is incorporated into n—pentane or other
hydrocarbons or low melting chlorowaxes as a vehicle for reaction of the
amine containing films to the iminium chlorite containing films.

15
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CLAIMS
1. A method for making a composition which liberates a repelling
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or biocidal agent when exposed to water and which comprises the steps of:
forming a mixture of (a) a solutic:m of a hydrogen bonded amine in a
hydrogen bonded matrix and (b) an incompatible phase containing groups
which are hydrolyzable to acid groups on exposure to water; and
exposing said mixture to gaseous chlorine dioxide to form iminium

chlorite in the composition.

2. A method as claimed in Claim 1, further comprising the step of
creating said chlorine dioxide gas by dissolving chlorine dioxide in an organic

solvent.

3. A method as claimed in Claim 1 or Claim 2, further comprising

the step of lowering the pH of said ionomeric polymer to less than 8.0.

4. A method as claimed in any one of Claims 1 to 3, wherein said

chlorine dioxide is incorporated into n—pentane or other hydrocarbon or low

melting chlorowaxes as a vehicle for the reaction to form the iminium chlorite

containing product.

S. A method as claimed in any one of Claims 1 to 4, further
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comprising the step of selectively forming a film of the compesitien-ea—a

substrate.

6. A method as claimed in Claim S, wherein said step of forming

n

a film comprises the steps of:
applying said composition as a tacky hot melt to the substrate; and
controlling the operating temperature to avoid the decomposition

temperature of any chlorite present.

10 7. A composition adapted to liberate a repelling or biocidal agent
comprising chlorine dioxide, said composition comprising a mixture of two
substantially incompatible phases wherein:

the first phase comprises an admixture of an iminium chlorite and a
hydrogen-bonded matrix and

15 the second phase comprises groups which are hydrolyzable by

atmospheric moisture to acid groups.

8. A composition as claimed in Claim 7, wherein the first phase
includes an oligomeric or polymeric component.
20.
9. A composition as claimed in Claim 8 or Claim 9, wherein the

second phase comprises a polymer containing said hydrolyzable groups.

10. A composition as claimed in any one of Claims 7 to 9 which is
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meltable to create a film on a substrate.

11. A composition as claimed in any one of Claims 7 to 10, wherein

the iminium chlorite is derived from a hydrogen bonded amine.

12. A method as claimed in Claim 1 or a composition as claimed
in Claim 11, wherein said hydrogen bonded amine is selected from primary,

secondary and tertiary hydrogen bonded amines.

10 13. A method or composition as claimed in Claim 12, wherein said
amine is selected from monomeric amines, polymeric amines and mixtures

thereof.

14. A method or composition as claimed in any one of Claims 1 to
15 13, wherein said matrix is sélected from aliphatic amides, aromatic amides,

aromatic alcohols, aliphatic alcohols and mixtures thereof.

15. A method or composition as claimed in Claim 14, wherein said

hydrogen bonded matrix comprises formamide, an acrylamide-

20 isopropylacrylamide mixture or polymerized product; a neat primary or
secondary amine or polymerization product thereof with acrylamide,
isopropylacrylamide or N,N methylene bisacrylamide; glycerine, ethylene

glycol, a polyhydroxylic alcohol or a mixture of the above.
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chlorite @nd a"hydroben- gl

cont ai ni ng a conponent tha T}yg?rg@“” e|by atnospheric o} stous erto«can
acid, the first and second “h°°°s betrg—+A-1 nti mate contact{apd T
I nconpati ble with one another, the first phase being capabl g bf—reteasttg

ﬁmﬂ'm di si nfection, reducing bacterial and fp

et 4‘.':]’lm_t_.)vvth'
conpri si ng: a first phase contai hi #fé’téﬁv-i"??i?ﬁTnﬁbEﬁT
| ""“““:é‘knd a second phpase

chl ori ne di oxi de upon hydrol ysi s of the hS/aFGI yzabl e conmpongnt on exposure
A conpp |t|§ Cﬁl‘dln 1, .whereinT I .St and

to water.

second phases are m xed

glﬁn as cmmcd in any one of Qﬁaxms 1to
14, wherein said hydrolyzable groups are selected from hydrolyzable phosphate

ester and anhydride groups.

5 17. A method or composition as claimed in Claim 16, wherein said
incompatible phase comprises a grafted anhydride or phosphate ester
component blended with or grafted to a hydrocarbon such as a polypropylene,
polyethylene or polystyrene.
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3. - A conposition according to claim1 or claim?2, wherein t

he |mn|um

chlérite is formed froma prinmary amne, a secondary am ne, tertrary:
‘am ne havi ng hydrogen bondi ng groups. 4. A conposition acgg?lfﬁcﬁﬁﬁﬂ“{) i’ﬁt‘?&ﬂ
claim3, wherein the imnium chlorite is forned from nonoetthgnol am ne,
di et hanol am ne, triethanolanm ne, a liggar polyner of 1,3-dijam r 20T

1,2- diami noet hane and N, N- et hyl ene g?sécryl am ne, 4- "PRIDEC

di met hyl am nopyri di ne, tetramnethyl ene ethyl ene di am ne, N, M Hrethyt-arr-ae’
cycl ohexane, 1- (N-dipropyl am no)-2-carboxyam do ethane or

1- (N-di net hyl am no) - 2- car boxyam do et hane. 5. A conposit

I on accordi ng

to any one of clains | to 4, wherein the hydrol yzabl e conponent is
selected froma carboxylic acid, an ester, an anhydride, an acyl hali de,

phosphoric acid, a

ABSTRACT OF THE DISCLOSURE

POLYMERIC BIOCIDAL COMPOSITION AND METHOD

FOR MAKING SAME

A process incorporating chlorine dioxide precursors into a polymer

or oligomer film that is coated onto various substrates. Controlled release

1s accomplished by absorption of moisture from the environment. An

wn

amine (primary, secondary, or tertiary amines substituted with 2-hydroxy or

2-carboxyamido ethylene groups) is dissolved or suspended into a melt

consisting of monomers capable of strong hydrogen bonding. An apolar

phase containing a water hydrolyzable acid anhydride or silane terminated

acid is then blended with the polar amine containing phase

to produce a

10 two phase system of arbitrary degree of dispersion. Reacting dry chlorine

dioxide or chlorine dioxide solutions in apolar solvents with the oligomer or

polymer film produces an iminium chlorite 'salt. The chlorine dioxide is

released when the iminium chlorite loaded polymer is hydrated by ambient

moisture.

FIGURE 1




trinethylsilyl phosphate ester, a dial kyl phosphate, a sulfonic acid, a

sul fonic acid ester, and a sulfonic acid chloride. 6. A cQmpOSI
according to claimb5, wherein the hydrolyzable conponent is igﬁﬁaﬁ®E@FMLSHEET
or phosphate ester blended with or grafted to pol ypropyl ene, pollyethyl ene

or pol ystyrene. o1 2 4 DEC 1996
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-19-, 7. A conposition according to claim5 wherein the
trimethylailyl phosphate ester is (CHerr]SIOP (0) (OR[err] , wherein Ris

a non-hydrogen bonding group, alkyl or aryl. 8.

according to claimb5, wherein the anhydride is a copolyner o tettc
anhydride, and styrene or an alkene. _ 9. A conposition accnrji994 TS
one of claims 1 to 8, wherein the secdnhd phase contains atagt|c4™ ¥= V7

pol ypropyl ene or a low nelting
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pol yet hyl ene wax. | 0. A conposition according to any one of clains 1 to
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L. A composition for disinfection, reducing bacterial and fungal
growth, and repelling ingects comprising:

a first phase containing an iminium chlorite and a hydrogen-
bonded matrix; and

a second phase containing a component that is hydrolyzable by
atmospheric moisture to an acid, the firat and second phases being
in intimate contact and indompatible with one another, the first
phase being capable of releasing chlorine dioxide upon hydrolysis
of the hydrolyzable component on exposure to water.

2. A composition according to claim 1, wherein the first and
gecond phases are mixed to form a dispersion.

3. A composition according to claim 1 or claim 2, wherein the
iminium chlorite is formed from a primary amine, a secondary
amine, or a tertiary amine having hydrogen bonding groups.

4. A composition according to claim 3, wherein the iminium
chlorite is formed from monocethanolamine, diethanolamine,
triethanclamine, a linear poclymer of 1,3-diaminopropane or 1,2-
diaminoethane and N,N-methylene bigacrylamine, 4-
dimethylaminopyridine, tetramethylene ethylene diamine, N,N-
dimethylamino cyclohexane, 1-(N-dipropylamino) -2-carboxyamide
ethane or 1-(N-dimethylamino)-2-carboxyamido ethane.

5. A composition according to any one of claims 1 to 4, wherein
the hydrolyzable component is selected from a carboxylic acid, an
ester, an anhydride, an acyl halide, phosphoric acid, a
trimethylsilyl phosphate ester, a dialkyl phosphate, a sulfonic
acid, a sulfonic acid ester, and a sulfonic acid chloride,

6. A composition according to claim 5, wherein the hydrolyzable
component is an anhydride or phosphate ester blended with or
grafted to polypropylene, polyethylene or polystyrene.
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second phase containing a conponent that is hydrol yzabl e by atnospheric
noi sture to an acid, the first and second phases being i.n intimte contact
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7. A composition according to claim 5 wherein the trimethylsilyl
phosphate ester is (CH,;);5i0P(0) (OR); wherein R is 2 non-hydrogen
bonding group, alkyl or aryl.

8. A composition according to claim S, wherein the anhydride is
a copolymer of maleic anhydride, and styrene or an alkene.

9. A compogition according teo amy one of claims 1 to 8, wherein
the second phase contains atactic polypropylene or a low melting
polyethylene wax.

10. A composition according to any one of claims 1 to 9, wherein
the hydrogen-bonded matrix includes formamide, acrylamide-
isopropylacrylamide, glycerine or ethylene glycol.

11. A method of disinfecting, reducing bacterial and fungal
growth, repelling insects from and/or decdorizing a substrate
comprising:

exposing a substrate to a composition that releases chlorine
dioxide in the presence of moisture; and

exposing the subgtrate to moisture to release chlorine
dioxide from the composition into the atmosphere surrounding the
substrate, the composition being comprised of a first phase
containing iminium chlorite and a hydrogen-bonded matrix, and a
second phase containing a component that is hydrolyzable by °
atmospheric moisture to an acid, the first and second phases being
in intimate contact and incompatible with one another.

i2. A method according to claim 11, wherein the gubgtrate is
coated with the composition and the coated substrate is exposed to
chlorine dioxide.

13. A method according to claim 12, wherein the substrate is
coated with a film comprised of the composition.

14. A process for preparing a compogition comprising:
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providing a first phase containing an amine and a hydrogen-
bonded matrix and & second phase containing a component that ie
hydrolyzable by atmospheric moisture to an acid, the first and
second phases being in intimate contact and incompatible with ona

another; and
exposing the phases to chlorine dioxide that reacts with the

amine to form iminium chlorite within the first phase, the first
phase being capable of releasing chlorine dioxide upon hydrolysis
of the hydrolyzable component.

15. A process according to claim 14, further including the step
of applying the first and second phases to a substrate to form a
film before exposure to chlorine dioxide.

l16. A process according to claim 15, whexein the film is exposed
to chlorine dioxide by contacting the film with a gaseous chlorine
dioxide atmosphere.

17. & process according to claim 16, wherein the chlorine dioxide
is digsolved in an organic solvent that does not absorb water
before being exposed to the film.

18, A process according to claim 17, wherein the organic solvent
is wax.

19. A process according to any one of the claims 15 to 18,
further including the step of exposing the film to moisture after
the film is contacted with chlorine dioxide to hydrolyze the )
hydrolyzable component and release chlorine dioxide from the filh.

20. A process according to any one of claims 14 to 19, wherein
the amine is selected from a primary amine, a secondary amine, and
a2 tertiary amine having hydrogen bonding groups.
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15. A process accordl ng t

wherein thalfi IHngmceaposmbngchbo&nﬁ&:ﬁh @f dﬂ:abrys contiastongwiie

Wi th a gasglishydtblbatle BRHARnt! TRSPPE & ed From a carboxylic acid, an
ester, an anhydride, an acyl halide, phosphoric acid, a
trimethylsilyl phosphate ester, a dialkyl phosphate, a sulfonic
acid, a sulfonic acid eater, and a sulfonic acid chloride.

22. A procese according to claim 21, wherein the hydrolyzable
component is an anhydride or phogphate ester blended with or
grafted to polypropylene, polyethylene or polysytrene.

23. A process accoxrding to claim 21, wherein the trimethylsilyl
phosphate ester is (CH,),SiOP(Q) (OR), wherein R is a non-hydrogen
bondirng group, alkyl or aryl.

24. A process according to claim 21, wherein the anhydride is a
copolymer of maleic anhydride, and styrene or an alkene.

25. A process according to any one of claims 14 to 24 wherein the

hydrogen-bonded matrix includes formamide, acrylamide-
isopropylacrylamide, glycerine or ethylene glycol.
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L. A composition for disinfection, reducing bacterial and fungal
growth, and repelling insects comprising:

a first phase contailning an iminium chlorite and a hydragen-
bonded matrix; and

a second phase containing a component that is hydrolyzable by
atmospheric moisture to an acid, the firect and second phases being
in intimate contact and incompatible with one another, the firsc
phase being capable of releasing chlorine dioxide upon hydrolysis

of the hydrolyzable component on exposure ko water.

2. A composition according to claim 1, wherein the first and
gecond phases are mixed to form a dispersion.

3. A composition accozding te claim 1 or claim 2, wherein the
iminium chlorite is formed from a primary amine, a secondary
amine, or a tertiary amine having hydrogen bonding groups.

4. A composition according to claim 3, wherein the iminium
chlorite ig formed from monocethanolamine, diethanolamine,
triethanolamine, a linear polymer of 1,3-diaminopropane or 1,2-
diaminoethane and N,N-methylene bisacrylamine, 4-
dimethylaminopyridine, tetramethylene ethylene diamine, N,N-
dimethylamino cyclohexane, 1-(N-dipropylamino)-2-carboxyamide
ethane or 1-(N-dimethylamino)-2-carboxyamido ethane.

5. A composition according to any one of claims 1 to 4, wherein
the bydrolyzable component ig selected from a carboxylic acid, an
ester, an anhydride, an acyl halide, phosphoric acid, a
trimethylsilyl phosphate ester, a dialkyl phosphate, a gsulfonic
acid, a sulfonic acid ester, and a sulfonic aéid chloride.

k1
§. A composition according to claim 5, wherein the hydrolyzable
component ig an anhydride or phosphate ester blended with or
grafted to polypropylene, polyethylene or polystyrene.
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7. A composition according to claim S wherein the trimethylsilyl

phosphate ester is (CH,),SiOP(0) (OR), wherein R is a non-hydrogen
bonding group, alkyl or aryl.

8. A composition according to claim S, wherein the anhydride is
2 copolymer of maleic anhydride, and styrene or an alkene.

9. A compogition according to any one of claims 1 to 8, wherein
the second phase contains atactic polypropylene or a low melting
polyethylene wax.

10. A composition according to any one of claims 1 to 9, wherein
the hydrogen-bonded matrix includes formamide, acrylamide-
isopropylacrylamide, glycerine or ethylene glycol.

11. A method of disinfecting, reducihg bacterial and fungal
growth, repelling insects from and/or decdorizing a substrate
comprising:

exposing a substrate to a composition that releases chlorine
dioxide in the presence of moisture; and

exposing the substrate to moisture to release chlorine
dioxide from the composition into the atmosphere surrounding the
substrate, the composition being comprised of a first phase
containing iminium chlorite and a hydrogen-bonded matrix, and a
second phase containing a component that is hydrolyzable by )
atmospheric moisture to an acid, the first and second phases being
in intimate contact and incompatible with one another.

12. A wmethod according to claim 11, wherein the substrate is
coated with the composition and the coated substrate is exposed to

chlorine dioxide.

13. A method according to claim 12, wherein the substrate is
coated with a film comprised of the composition.

14. A process for preparing a composition comprising:



21.,.A process according to any one of clains 14 to 20, wherein the

hydrolyzable conponent is selected fr-oma carboxylic acid, _.an_ester,

anhydri de—an—acyt—hal-i-des—phosphoric acid, a trinethyl si

ester, a di almmwllm}“m sul foni c aci d a sulfonic ac oﬁwgéﬁméﬁﬁélﬁﬂ
sulfonlc aci ! ﬂulf A process according to clai , Wherein thg
hydr ol yzabl e torfpohent i%s an anhydride or phosphate ester [l anaédAﬂRt t98r

grafted to pol ypropyl ene, polyethyl ene=38-pol ysytrene. 3. process
according to claim2l, wherein the trimethylsilyl phosphgte ester is

(CH err]SiOP(O) (OR)[err] wherein Ris a non-hydrogen bondiag—group. al kyl
or aryl. 24. A process according to claim?21, wherein the anhydride Is a

praviding a first phase containing an amine and a hydrogen-
bonded matrix and a second phase containing a component that ig
hydrolyzable by atmospheric moigture to an acid, the first and
second phases being in intimate contact and incompatible with ona
another; and -

exposing the phases to chlorine dioxide that reacts with the
amine to form iminium chlorxite within the first phase, the first
phase being capable of releasing chlorine dioxide upon hydrolysis
of the hydrolyzable component.

15. A process according to claim 14, further including the step
of applying the first and second phases to a substrate to form a
film before exposure to chlorine dioxide.

16. A process according to claim 15, whexein the film is exposed
Lo chlorine dioxide by contacting the film with a gaseous chlorine
dioxide atmosphere.

17. A process according to claim 16, wherein the chlorine dioxide-
is dissolved in an organic solvent that does not absorb water
before being exposed to the film.

18. A process according to claim 17, wherein the organic solvent
is wax.

19. A process according to any one of the claims 15 to 18,
further including the step of exposing the film to moisture after
the film is contacted with chlorine dioxide to hydrolyze the
hydrolyzable component and release chlorine dioxide from the fiiﬁ-

20. A process according to any ome of claims 14 to 19, wherein
the amine is selected from a primary amine, a secondary amine, and
a tertiary amine having hydrogen bonding groups.
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21. A process according to any one of claims 14 to 20, where

the hydrolyzable component is selected from a carboxylic acid,

ester, an anhydride, an acyl halide, phosphoric acid, a

in
an

trimethylsilyl phosphate ester, a dialkyl phoaphate, a sulfonic

acid, a sulfonic acid ester, and a sulfonic acid chloride.

22. A procese according to claim 21, wherein the hydrolyzabl
component is an anhydride or phosphate ester blended with or
grafted to polypropylene, polyethylene or polysytrene.

e

23. A process according. te claim 21, wherein the trimethylsilyl

phosphate ester is (CH,),8i0P(Q) (OR), wherein R is a non-hydro
bonding group, alkyl or arvl.

gen

24. A process according to claim 21, wherein the anhydride is a

copolymer of maleic anhydride, and styrene or an alkene.

25, A process according to any one of claims 14 to 24 wherein the

hydrogen-bonded matrix includes Eormamide, acrylamide-
isopropylacrylamide, glycerine or ethylene glycol.




