WO 2008/140871 A1 |00 00 00O OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O O OO OO

International Bureau

(43) International Publication Date
20 November 2008 (20.11.2008)

(10) International Publication Number

WO 2008/140871 Al

(51) International Patent Classification:
BOI1D 39/18 (2006.01) A41ID 13/11 (2006.01)

(21) International Application Number:
PCT/US2008/058975

(22) International Filing Date: 1 April 2008 (01.04.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/909,872 3 April 2007 (03.04.2007) US

(71) Applicant (for all designated States except US): MEAD-
WESTVACO CORPORATION [US/US]; MeadWest-

vaco Corporate Center, 11013 West Broad Street, Glen
Allen, Virginia 23060 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SOTENDAHL,
Steve [US/US]; 500 Creamery Road, 500 Creamery Road,
Hinsdale, Massachusetts 01235 (US). KROON, Eric J.C.
[US/US]; 29 Crestview Circle, Longmeadow, Massachu-
setts 01106 (US). WALSH, Reed [US/US]; 91 W. Village
Square Road, Centerville, Utah 84014 (US).

(74) Agent: CAPELLI, Christopher; MeadWestvaco Corpo-
ration, One High Ridge Park, Stamford, Ct, Connecticut
06905, (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(81)

(34)

(54) Title: DEVICE FOR TREATING INHALED AIR HAVING AN ANTIMICROBIAL SHEET

FI6.2

140

Q

s
o~
3%

140

(57) Abstract: Antimicrobial papers are described for use in medical heat and moisture exchanger (HME) devices.



WO 2008/140871 PCT/US2008/058975

DEVICE FOR TREATING INHALED AIR HAVING AN ANTIMICROBIAL SHEET

BACKGROUND

[0001] This invention deals with medical heat and moisture exchanger (HME) devices
used to assist patients on respirators or persons breathing through tracheostomies. A

variation on such & device is 2 heat andmoisture exchanging filter (HMEF).

[0002] During use of aTespirath,‘air is inhaled thfough an endotrachial (or
.endbt;acheal) tube that 'bypésse_:s the 'n_ose; mouth and upper respiratory tract. .Air I(_iiréctly
\ inhaled this way isnot heated or humidified in the normal fashion before it reaches the
| lungs. ,The.éir is dry and cool, aﬁd may démage'the lungs.— Theréfore steps are taken to '

heat and humidify respiratory gases befofe inhalation.

[0003] Persons 'bréathing through a_'tracheostomy (stqma)"iJ’ahal—e air directly into their
trachea, S0 it does not pass through pass 'fh;'ough the noSé and sinuses, and therefore lacks
the normal humidiﬁcation and 'heafhlg benefits gaihed by a;iriﬁhale&through these |
caviﬁes. There, persons with tracheostomies may also benefit ffom having air 'hgafed,

" humidified, or filtered before it is irhaled.
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[0004] Two types of devices are commonly used for heating and humidifying inhaled
air in these situations. One is a powered mechanical device or “active humidifier” that
actively heats and humidifies air. Such a device 'prdvides good levels of heat and

moisture, but can be expensive, has a higher risk of failure, and has some operating

problems.

[0005] The second type of device is a passive HME that absorbs heat and moisture
from exhaled breath and transfers it to inhaled air. An HME is usually made out of a

hydrophilic media (paper or sponge) placed in a plastic housing

[0006] Many _HMEs‘als.o include media of various types that act as a barﬁer 1o
bacteria and viruses, using various mechanical (ﬁltratiéh) and other separation means.
© Since most of these antimicrobial barrieré act .via filtration, they usually increase the
r_ésistaﬁce fo air flow in the HME which can make breathing more difﬁcult and require
adjﬁstmenfts on the respirator. An HME media with anfcimichbial properties cquid
eliminate'thé need for an .extré antimiéroi)ial Barrier, thus reducing air flow resistance.
Additionally, if a seﬁarat.e mi'crbbiﬁl ﬁlter‘were not needed, it Would make the HME

simpler to manufacture. This would reduce manufacturing costs.

- [0007] Some HMESs are used for mulfiple days. During thattime the HME media
" could become contaminated with microorganisms. These organisms could multiply in the
. warm, moist HME media and be detrimental fo the health of the Iﬁatient. Amedia with

- antimicrobial properties would prevent this occurrence.
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SUMMARY

[0008] In one embodiment, a device is disclosed for treating inhaled air. The device
includes a housing. Within the housing are one or more packing layers comprising a sheet

material. The sheet material has antibacterial or antiviral properties.

[0009] In certain embodiments, the sheet material includes a cellulosic material. In
certain embodiments, the sheet material includes fibers treated with copper oxide. In
certain embodiments, the sheet material includes N-halamine siloxane. In certain |

embodiments, the sheet mateﬁal includes organosilanes coritaining quaternary salts.
BRIEF .DESCR_T_PTION OF FIGURES

[0010] FIG. 1 illustrates an exerplary method of making fibrous web including

antimicrobial or antiviral properties in an embodiment according to the invention;

- [0011] FIG. 2 illustrates another exemplary method of making fibrous web including

antimicrobial or antiviral properties in.an embodiment according to the invention; and

[0012] FIG. 3 is an isometric view of a heat and mass transfer device haVing '
antimicrobial or antiviral properties.
DETAILED DESCRIPTION

- [0013] There ar\esevérail methods to impart'antimicrobial properties to an HME

media. It would be advantageous to provide both antibacterial and antiviral functio‘nality .
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[0014] In one embodiment, the media comprises copper oxide treated cellulose fibers.
These fibers are pretreated by a multistep, electrodeless, chemical plating process that
deposits nodules of copper oxide onto the cellulose fibers. This process is commercially
available under the CUPRONT™ name from Cupron, Inc. The treated fibers with the
permanently attached copper are added to a furnish of untreated fibers so that the treated
ﬁbers comprise frem O.i% 10 20% of the 'total. fiber furnish. The use of copper oxide
treated fibers in this way provide cellulose-based ﬁrn'shed media with antibacterial and

antiviral properties.

[0015] FIG. 1 illustrates an exemplary method for making the arrtirnicrobial HME .
material using a paper machine. A forming wire 410 in the form of an endless belt passes
over a breast roll-415 rhat Totates proximate to a headbox or prirnary'headbox 420. The
headbox provides a ﬁber slurry in water with a fairly low consis_tency (for example, about .
- 0.5% sohds) that passes onto the moving forrmng wire 410. Durmg a first distance 430

water drains from the slurry and throuc,h the formmg wire 410, formmg a Web 140 of wet
fibers. The slurry during distence -430 may yet have a wet appearance as there is free
wate_r on its surfaee. At sorne‘point‘as drainage continues the free water may or may not |
 disappear from the surface, and over distance 431, water may .contirrue'te drain .although :
the surface appears free from water. Eventually‘rhe web is carried (for example by
transfer felt. or press felt not shown) through one Or more pressung devices such as press -
ro'lls 421 _that helpto furtber dewatering the web, usua’lly with the apphcatlon of pressure, :

vécuum, and sometimes heat. - After pressirig, the web is dried. Typically one or more



WO 2008/140871 PCT/US2008/058975

[0016] As an example coppe1 omde treated fibers may be added to the slurry in an
earher stage of the slurry preparatlon or before or in the headbox 420, or shortly after
leaving the headbox. Addition at ‘these locations provides good mixing throughout the
slurry. Standard papermaklng practice is to Try to achieve uniform’distribution of sohds in
the slurry, leading to good “formation” of the paper product If the antimicrobial or
antiviral fibers have different physical or chemical properties from the-usual paper fibers,

‘ 'additives may be used to achieve desired results, such as keeping all materials uniformly
in .suspension. The point at which fibers are added rnay influence their orientation in the

web.

[0017] Copper oxido .treated fibers may bo added when the Wob being formed has just
left the headbox, and is fairly fluid, for example in the first distance 43 O'.l Material added
at this point, whether iquid or solid, may be less likelyto distribute evenly because the
slurry of fibers is becoming set. Therefore migratiou of the copper oxide treated fibers

acrossthe web or into the web may be somewhat limited.

tOOl 8] Cop;')_er.oxide treated fibers "rna'y be added when the web being formed is
further away from the headbox, and Tess fluid, ‘l‘or example irl the second distande 431,
_"Materials added.at this poin’rmdy'bo expe(zcvtedto remain closerto the.surfdco of the web.
:Bes'i'des addition'in or'before the headbox 420, possible application metlnods for‘coprler
: oxideltreated fibers inolude?_ for :exam'p_le, a ourtuin coater 44_'0, or a sprdy coater 450, or a

‘ -secorldury'headbox :(not shown).
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[0019] In another embodiment, cellulose fibers a‘re' treated with N-halamine siloxane. -
An N-halamine siloxane system is commercially available as HALOSHIELD® from

HaloSource, Inc., and provides both antibacterial and some antiviral action.

[0020] The fibers may be treated with up to 5% of N-halamine siloxane in-severall
ways. Infhe one ernbodifneﬁt shown in FIG. 2, N-'halamine may be applied in an aqueous
or dilute alcohol based solution after the W.Ct end of the paper mgchine witﬁ an applicator
471. The application may be a spray coater, size press, roll lcoater, rod coatet, blade
coater, or any other typiéal coating device. Subsequent drying of the paper, for example
Wiﬂ’l dryer 463,' completes the attachment of the siloxane portion of the N-halamine on the

fiber.

[0021] In another embodiment the N-halamine may be added to the fiber in thé wet
end of a fourdrinier paper machine.‘The N-halamine may be added to the fiber furnish at
the thick stock or thin stock, or leewhere before headbox 420, or may ble. sprayed onto the
- web further down the machine, for éxample using an applicator such as a curtain coater

440 or spray applicator 450.

[OQZZj Attachment of the N-halamine may be mé.de pérrnaneht duriﬁg thé sub's'equent
| _ dryin_gprocess 461,462, 463. Chion’ne in Vaﬁous forms, most“commonly sodium or
calcium hypochlorite (bleach), may be added to 't.}lle wet end .'system as ‘w,.éll. Tﬁe_ chloriné
atoms eittach té the N—halamine and are stabilized for an extended period of time. Thé |

. p
.chlorine then provides antimicrobial action.
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amounts may be the same as the N-halamine siloxane above, and as shown in FIG. 2.
Application may be in the wet end, for example in or before headbox 420, or on the
fourdrinier area, for example with a curtain coater 440 or spray 450. Application may also
be after some dryirlg has occurred, for example with an application device 471, provided
that additional drying oceurs after the application, for example with dryer 463.
Antimicrobial organosilanes with quaternary functionality are available as MICROBE

SHIELD® from Aegis Environments.

[0024] FIG. 3 isan isometric view of a heat and mass transfer device 100. The HME
has a first port 102 and second port 104 through which atr may pass bidirectionally
-through the HME (for exantple Tepeatedly and altemately flowing in thr'ough first port 102
-and out through second port 104, then in through second port 104 arld out through first |
port 102). HME 100 has a housing 106 contaim'h_g amedia 108 for accomplishing heat
ahd rnass transfer. For example, as shown in FIG. 3 for a rectangular shaped HME 100, |
the media 108 may be a stack of corrugated paper treated with antimicrobial and or
antiviral agents according to‘.one of the embodiments descrihed above For low air ‘ﬂow-
Tesistance, the flutes (corrugations) in the media 108 are preferably ahgned in the air ﬂow
d1rect10n 50 that the air will ﬂow through the open area of the flutes. In order to prevent
the flutes or corrugations from “nesting” or collapsing uporr one another, ﬂatpaper layers
may be used between the corrugated layers The geometry of the HME may vary and may
_ be rectangular cylmdncal or any other form sultable for an HME. In all cases, the medra

108 may be prov1ded Wlth antimicrobial and /or antiviral properties as disclosed herein. -
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[0025] The invention disclosed here is not limited to paper based HMEs. In principle,

any sheet material may be used to make the HME.

[0026] In any embodiment, a humectant (substance to help retain moisture) may be

added to-the sheet material._

[0027] Whilst the above embodiments describe an exchanger for use in respiratory
applications, it should be understood that the invention applies to the use of such a device

for other applications in which heat and mass transfer are also useful.
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9
CLAIMS
What is claimed is:
1. A device for treating inhaled air, comprising:

a housing;

within the housing one or more packing layers comprising a sheet material,
wherein the sheet material is provided with at least one of an antibacterial and

an antiviral property.

o _ \ ,
2. The device of claim 1, wherein the sheet material includes a cellulosic
material.
- 3. The device of claim 1, wherein the sheet material includes fibers treated with
,copper oxide.
"4, The device of claim 3, wherein the fibers treated with copper oxide comprise
from 0.1% 10 20% of the total ﬁber ‘weight.
5. The device of claim 1, wherein the sheet material includes N-halamine |

siloxane.
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6. The device of claim 5, wherein the sheet material includes up to Sw% of N-
halamine siloxane.

7. The device of claim 1, wherein the sheet material includes organosilanes
containing quaternary salts.

8. The device of claim 7, wherein the sheet material includes up to Sw%
organosilanes containing quaternary salts.

9. The device of claim 1, wherein said packing layers are treated with a

humectant.
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