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killing nlcroorganlsns and, nore particularly, to a nmethod of 5
operating a desiccant air condltloner solas to treat
nicroorganisn}laden air in a manner which substanti al
concentration of m croorganisns in the treated

Background of the Invention 10 There is
awar eness of, and concern for, the health effects attendant contact
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manuf acturing, formulation and encapsul,ailon _sites; hospital
. The present invention relates to a method for

-killing microorganlsms and, more particularly, to a method of

5 operating a desiccant air conditioner so as to treat
microorganism-laden air in a manner which substantially
reduces the concentration of microorganisms in the treated
air. ) _

Background of the Invention

10 There is a growing public awareness of, and concern
for, the health effects attendant contact with air-borne
microorganisms. The concern is particularly acute as regards
the air quality in enclosed spaces, such as home and
workplace. Workplaces including breweries; pharmaceutical

15 manufacturing, formulation and encapsulation sites; hospital
critical areas such as surgery and intensive care units; and
semicohductor manufacturing sites are all very susceptible to
disruption by the presence of various airborne microorganisms.

As many homes and workplaces are already equipped

20 with air conditioning systems, it would be convenient if means
were available for operating an air- condltloner in a manner
lethal to airborne mlcroorganlsms

Open cycle air-conditioners are known in the art and
are based primarily on the Munters Environmental Control

25 system (MEC) unit as described in U.S. Pat. No. 2,926,502. As
set forth in this patent, the basic open-cycle air-conditioner
operates by dehumidification and subsequent cooling of air
wherein moist hot air is conditioned by basically a multi-
stage process to produce cool air.

30 : In open-cycle air-conditioning systems, a basic
multistep approach is used. 1In the inlet path, outside air is
'subjectéd to removal of moisture through a moisture transfer
wheel, with the dried air being cooled by means of a heat
exchanger wheel with the subsequent addition of moisture by an
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10 One of the major advantages of this type of system
is that a constant supply of fresh, filtered air is delivered ‘
to the space toc be conditioned as opposed to the recirculation
of air as is found in standard heating and cooling systems.

The basic principle of the MEC system is that dry

15 warm air can be simultaneously cooled and humidified by
contacting it with water vapor. However, in geographic areas
where the air is both warm and humid, it must be dried before
it can be cooled by evaporation. The efficiency and the
effectiveness of an open-cycle air-conditioning system depends

20 upon the ability of the unit to dehumidify the warm moist air
input, and upon the effectiveness of the heat exchanger wheel
or unit. '

As to the heat exchanger wheel, operation depends
upon the opposite'faces remaining at different témperatures.

25 This means that there must be a significant temperature
gradient across the wheel in the axial direction. Proposed
use of highly thermally conductive material such as metal
results in the temperature gradient through the wheel being
substantially less, with poor heat exchange and low . '

30 effectiveness. 1In the open-cycle air-conditioner system, the
heat created by the drying of the air by the moisture transfer
wheel must be removed by the heat exchanger wheel. However,
migration of the heat axially in the direction of flow of the
air through the wheel must be kept to a minimum. If the heat

35 does not migrate, the air stream to be treated exiting from
the heat exchanger wheel will not be sufficiently cooled to
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evapor at i kg t so as to further cool the air before it ter s
theparea to géﬁggﬁdltloned In the return cycle, the é?VU%§§§

t hrough an exhaust path which includes a further evaporatlve elenent
the heat exchanger wheel, a-heating 5 . zelement, and th

wheel , after which the air ' is exhausted to the at sT;bﬂ%lSélEETﬁr*AtSn%E‘:N
return cycle, also. call ed the outlet path, air pasgi ng tHFOAMIEDR he
noi sture transfer wheel acconpl i shes the regeneration of the Wheel By

driving noirengies ttier efysirem pyractical for aigneopditiienidicoresdond ages of
this type Q;ec%)(x%tse@he evagordth AN HANbes am%f de %uéﬂd%eﬁ%’ ai r

I s. delivered to the space.to be conditione éﬁ_%t)pose tot
reci rcul at fggher tempergture tos am, FiFemntalilis Wfqt
-systens.  humidity. The basic principle of the MEC systemis that dry

15 ~gwarmair can beugl il tsarée‘?%f«)e&’ 1%0‘?:'h%d i gy f 'ﬁ%&ylve air

contacting it wth water vapor ,  I'n_geog raphlc area Wher e
the air is cenditianingEyaken that rﬁa@tatt?e adm &P B Sre aCCOmpllJtSh:aEh be

cool ed by eNARM=AHUIGN rEaﬂl&f fdrplﬁmshea%rtd&tratmrﬁfgﬁqm% of an
open-cycl e gir conditionin stem de ends on ”1 % A of the
Unit Lo deMRRRGREATENR, MHAFe Chy Ereatment is docomplis fenout

exposing the air to toxic chemlcals.. The present invention
10 solves this need by providing a desiccant air conditioning
system which employs a zeolite dssiccant. Use of the present
_invention results in a safe and highly effective method for
substantially reducing air-borne misroorgasisms; while at the

same time providing temperature control and dehumidification
18 of air.

Summary of the Inventiog
_ Briefly stated, the present invention is directed a
method for substantially reducing a concentration of
microorganisms in air compfising passing air having the
20 concentration of microorganisms through a desiccant air
conditioning system having an inlet path, an outlet path and a
moisture transfer whesl_comprisihg zeolite. The moisture
transfer wheel is positioned in the inlet and outlet paths and
is movable such thst the desiccant zones move between the
. 25 inlet and outlet paths_to degenerate and regenerate the
- zeolite. _ | _ o
Another aspect of the invention is a method for
substantially reducing a concentration of microorganisms in
air comprising passing air having the concentration of |
30 | m1croorganlsms through an open-cycle air- condltlonlng system
The system includes a rotatable heat exchanger wheel, a
rotatable desiccant carrying moisture transfer wheel, a heater
disposed between the heat exshanger wheel and moisture
~ transfer wheel, an evaporator positioned on a side of the heat
35 : exchanger wheel opposite from the heater, and means for
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i nput, and upon the effectiveness of the heat exchanger wheel or

unit. WO 95/35144 As to the heat exchanger wheel, operp¢irososienands
upon the opposite faces remaining at different tenperatures 25 Thi s
means that there must be a significant tenperature fent across

the wheel in the axial direction. Propo$ed usq-QASQEghI thermal |y
conductive material such as netal re uTH§’ n;lthbenper ture gradient
t hrough t he wheel being subst anti al | y at exchange

d-| 30 ffect l.n t.h | t he-
oo o 30t Ghest, 8RR ORI Wt ] R StiLaR 1o
nust be r eyparesidy wisehein gamémaliby mateﬁman and outhtgrmtmm of
the heat axially in ih&ﬁ é’ftééﬁbﬁ é%%@flﬁ\%tlcn ifid ddvihedpe

wheel nust be kept to a mninu does not mgrate, the
air streamubstantiabledredueing 3 reprcentrakinn b misreprganishRein i | |

not be. SL”Jlf”égﬂpﬁ&éiﬁgfﬁhéé&ng the air having the concentration of

microorganisms through an open cycle air- condltlonlng system.
The system 1nc1udes a rotatable heat exchanger wheel a
rotatable zeolite carrylng m01sture transfer wheel, a heater
dlsposed between ‘the heat exchanger ‘wheel ‘and moisture

10 transfer wheel an evaporator pos1tloned on a side of the heat
exchanger wheel opp031te from the heater, and means for ‘
passing air through the heat exchanger wheel and the moisture
transfer wheel 1n an 1nlet path and an outlet path.

Another aspect of the 1nvention is a method of

15 ° controlling an open-cycle desiccant air conditioning system
having a rotatable heat exchanger wheel, a rotatable desiccant
carrying m01sture transfer wheel a heater dlsposed between
the heat exchanger wheel and moisture transfer wheel, an
evaporntor pos1tloned on a 51de of the heat exchanger wheel

20 oppos:. - from the heater,'and means for pa551ng air through
the he ¢ exchanger wheel and the moisture transféer wheel in an
inlet path and an outlet path to substantlally reduce a
concentration of mlcroorganlsms in air forced through the air
condltlonlng system, comprising the steps of:

25 (a) 1nlet1ng air to the system where the air
has a temperature within the range of about 0°F to about
120°F, and a vapor pressure of about 1 torr to about 25 torr;

_ (b) exltlng 1nlet air from the molsture
.transfer wheel where the alr has a vapor pressure of no more

30 than 5 torr, and

(c) draw1ng outlet air hav1ng a temperature

not exceedlng 200°F through the moisture transfer wheel.
| Accordlng to a preferred embodiment, the desiccant
according to the invention is a zeolite. The zeolite is a

35 crystalline.titaniumsilicate molecular sieve-zeolite having a
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render thgﬂ§é§$en1practlcal for air conditioning reasons because the

evapor at or 4ot be capabl e of reducing the hi gheRCHESBO7 B0ure to
an. acceptabl e | evel of tenperature and hum dity. 5 There.
is aneed in the art for an-effective aig . condi ti oni hat
treats air so as to acconplish a substantial reductign’t ST o —
concentration of air-borne ~microorgani sns, where thet eatﬁmpﬁAéésﬁtEN
acconpl i shed w thout - “exposing the air to toxic chem cals. nt

i nventi on pore sdigleves wppsroxdeatielypBoningistgom caaditecamd ai rcomposiiticm
system whi G @ERO%E ﬁ\ozl%o'fatt%o%e%'fc bfesu%% ‘%foltl'&‘%zsprese“t

i nvention results in a sa e and mg % fective nethod for
substantial Iy reduci Ag %air &tn&anPér $éPgany sFAO: :wif FeCat t he same

tl me pr OV:c dﬁm@h elienperiat wte leaadits Qineamitdezlwmia?b:l&igcat vallebive ofoh,aiy .is
nnaéy of the In t| ' . Brle te esent

i nvention If§ (TI Ize\({,;t (}% and r%etlh (frfogll’ SlEbSt ant'i ttl% eoédﬁﬁ%

concentr at |ccbuartafcterlzedmbofr @ay Famayhpawdes rdlcfémaqtmqmg mxmg tmmrtmvu ng

the 20 RRCANHA! i @el@tﬁwrﬁﬁs@nﬁﬁﬂéy Y0kt %’%‘t@\c%@i 'If’dﬁle I
cond|t|0n|ng]§ysten1haV|ng an inlet path, an outlet path and

TABLE 1
10
' XRD POWDER PATTERN OF ETS-10
(0-40° 2 theta)
SIGNIFICANT d-SPACING (ANGS.) - 1/1,
15
14.7 = .35 W-M
7.20 = .15 W-M
4.41 = .10 ' | W-M
3.60 = .05 - Vs
20 3.28 = .05 W-M

where VS = 60-100; S = 40-60; M = 20-40; and W = 5-20.

Brief Descrigtibn of the Drawings '
The foregoing summary, as well as the following
. detailed description of the preferred embodiment of the
25 invention, will be better understood when read in conjunction
' with the appended drawings. For the purpose of illustrating
the invention, there is shown in the drawing an embodiment
which is presently pfeferred. It should be understdod,
however, that the invention is not limited to the precise
30 arrangements and instrumentalities shown. In the drawings:

' 'Fig” 1 is a diagrammatic perspective view of an
open cycle air condltlonlng system in accordance with the
present 1nventlon,

Fig. 2 1s a greatly enlarged cross-sectional view of
35 a core of a moisture transfer wheel used in the air
conditioning system shown in Fig. 1; .
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noi sture transfer wheel conprising zeolite. The noisture transfer
wheel is waskbsrped in the inlet and outl et paths and PCHEsddRYRBl € such

that the desiccant zones nove between the 25 inlet and outlet paths to
degenerate and regenerate the zeolite. Aot her aspect
of the invention is a method for - 8ubst a '

concentration of mcroorganisms in air i r havi ng
thedconcentration of 30 m croor gani sms t hr gug : ycle air

condi ti oni ng system Jhe s sten1| rot t.abl heat e nger -
wheel , a rotatEdfe %e’sﬁ &ré)r/ﬁ r‘ﬁjr SI-‘ls‘,s'tlev enak S & Xfrﬁé

. heat er mo i ki wapo Stechrieef eve arhddie rm;ataéodqhaamomesblwnaﬁdm dtansing;
transfer wheel, an eﬁ"fgf’gr?tﬂ :-.P%ﬂ‘%] ch:rﬁra eﬁ Qﬁ'dgs-té&éﬁﬁ{aleﬁrlew of

exchanger mheel opposi rom-t eat’er, neans for
08 JUL | Mehe m01sturezpransfer wheel shown 1n Flg 3 taken along 11nes

5 4- 4 of Fig., 3; and _
 Fig. 5 is a greatly enlarged cross- sectlonal view of
the moisture transfer wheel and hou51ng shown in Fig. 3 taken
along lines 5-5 of Fig. 3. - |

Detailed Description of the Preferred Embodiments
10 Certain terminology is used in the following ' ‘
description for convenience only and is not limiting. '
Turning now to the drawings, Fig. 1 illustrates a
.schematic of the basic open-cycle air-conditioning system of
the present invention. A moisture transfer wheel assembly 11
15 constitutes the exterior or outside element of the system. As
will be noted and discussed later, the assembly 11 is
'separated into two sections so as to provide an.intake path
and an exhaust path through the assembly 11, as indicated by
the arrows. A heat exchanger wheel assembly 13, also
20 partitioned so as to provide intake and exhaust paths is
‘located substantially adjacent to the moisture transfer wheel
assembly 11, separated only by a solar heat regeneration coil
19. Auxiliary soiar heating coil 21 may be placed in the
system for use in cold months when it is de81rab1e to heat the
25 . interior of the area rather ‘than to cool it. The solar coils
include-fluid_pipes which_are_interconnected w1th standard
solar heating units (not shown) The basic unit terminates in
a pair of evaporator elements 15 and 17 separated by a | '
_partition 6 with the. arrows 1nd1cat1ng the intake air into the
30 building and the air exhausting therefrom. A supply blower 23
" and a exhaust blower 25 are provided so as to implement the
necessary air movement within the system. This particular
open-cycle air conditioner system is disclosed in U.S. Patent
4,594,860, the entire disclosure of which is hereby
35 incorporated herein by reference. Accordingly, further.
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passi ng a\,\,ﬁ?’é’t#’?’%‘gh t he heat exchanger wheel and the noistur

t ransf er general |y separate inlet and outl et pathsPCT’US”S""7'760

A further aspect of the invention is a nethod for ~substantially
reduci ng a concentsation of* n1croorgan|sn$ in 5 -zair conprising passing
the air having the concentration of n1croorganisns t hrough an
‘open-cycl-e air conditioning system The systemincludes a rotatable
heat exchanger wheel, a rotatable zeolite carrying noisture transfer

wheel , a hedeseriptiondofpehed sheuvearet b€ Rhat openhapgie wheeckonddtioner

noi sture 10 ransfer I n_ev rat or. 05|t oned.on_a:si,de_of the
heat sksfioar bt e sol PEEBRaRR. RE REBVerY SRavnalas Rt
passi ng alrIEMLbagb the heat exchanger wheel and t he noisture

transfer wheel in an hgl ek RRLA ﬁBQwﬁn thsetggétgf pystem provides Anot her
aspect_of the invention is a nethod o ntrollin open-cycl e

desi ccant aFPMe¥Adi PfqkhRg ey stuxe fr°m k&ei AgtakeoRata Vethéamoéﬁéﬁéﬁger

wheel , a rOt&hﬁbEerd&hbéQaabsembly Qarrywm@nnmbibuueet&an&EmbveheQEomathe
heater di spgsed

gﬁgme%m era ? exchan %r whee Z d nnlsgure
transfer wh&af! P EV&B&?a Sr gﬁsaﬁFbﬁQ Sh g Sld 5t 3tie HReat
exchanger_wﬁsbsequentlwppogled fipom phassisogt through heats efkchapgesi winealr
through — aggbh®ifeds em&@m%w&%elth@n@emarqeu%u6@ fthan%% Whsela sl

an inlet path and_an out [ et th, to substantially reduce a

concéH%ratl§NaBPrﬁF8F08#§EﬁP§n§5|ﬁ srmP&FEQJetﬁPoﬁﬁﬁ fh& athus reducing
condi ti oni nghey temperature furg hiere asidepuppllyidd cool air to the (a)

inleting aip ohaltq%n%éSEQQQWhe&%etQ&h%hst air passes through evaporator

element 17 and through heat exchanger wheel assembly 13 so as
to remove heat from the heat exchanger and raise the

15 temperature of the exhaust air. The temperature of the
exhaust air is further raised by means of the solar heating
element 19 so as to provide high temperature air in the
exhaust path resulting in regeneration of the moisture
transfer wheel assembly 11. The air from the moisture

20 transfer wheel assembly 11 is exhausted into the atmosphere.

The two elements of the system which primarily
govern the coefficient performance (COP) of the system are the
moisture transfer wheel assembly 11 and the heat exchanger
‘wheel assembly 13. With the exception of the specific

25 material used in these wheels, they may be constructed in
substantlally the same manner.

Turning now to the construction of the moisture
transfer wheel assembly 11, it comprises a moisture transfer
wheel 32 and a housing 38, as illustrated in FIG. 3. The

30 moisture transfer wheel 32 comprises a core 10 and a rim 34.
The ccre 10 is comprised of a plurality of adjoining parallel
channels 14, as illustrated in FIG. 2. According to a
preferred embodiment of the core 10, each of the channels 14
is generally in the form of a hexagon 1n cross section and

35 1ncludes an internal surface area 16. It is also preferred
that the channels 14 be formed from a plurallty of stacked



has a tenperature within the range of about O[err]F to about

120[ er r | Fswepgdissgqqvapor pressure of about 1 torr to about 2 : ‘

(b) exiting |nfg{ air fromthe noisture ~ transfer mhegFE&ﬁ%mg7ghe air
has a vapor pressure of no nore 30 than 5 { T

(c) drawing outlet air having a tenper@ ure | THIS%FT %ﬁﬂ 200[e,rr] F
t hrough the noi sture transfer wheel. - ReR

preferred enbodi nent, the desiccant -according To the |nvent|on is a

zeolite. The zeolite is a, 635 stalllne titani unsilicate nol ecul ar

si eve zeol LB¥eKgyPhgmaterial 12. " The laygre of ;Baberippro2i Afit Ehg 8
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core 10 and yet provide the core 10 with sufficient structural
5 1ntegr1ty to be self supporting. 1In the first preferred
' embodlment, it 1s preferred that the layers of material have a
thickness of about 0.0015 inches. It is understood by those
'skilled in the art that the exact thickness of the walls
" formed by the lsyers of material 12 could vary, dependlng upon
10 the partlcular appllcatlon of the core 10 and exlstlng
manufacturlng technlques, w1thout departing from the sp1r1t
and scope of the 1nventlon For 1nstance, the thickness of
the walls £ormed by the layers of material 12 could be in the
range of about 0. 001 to 0.006 inches | ,
15 - Each of the channels 14 1nc1udes a centrally
- disposed longltudlnal axis 18. The channels 14 are preferably
sized such that a distance between and along 10ng1tud1nal axes
of adjacent channels is generally uniform (i.e., the adjacent
channels 14 are equldlstantly spaced_from each other and
20 extend generally parallel with respect to each other). In the
first preferred embodiment, it is preferred that the distance
betWeen the longitndinal axes 1B be in the range of about
0.050 to 0.125 inches. Thus, the channels 14 of the present
) invention, due to the1r hexagonal cross-sectional
25 configuration, are closely adjoined to increase the available
 transfer surface per unit of volume. | ' '
~ In the'present embcdiment, it is preferred that the
layers of mater1a1 12 be comprised of a non- metallic, high-
strength, temperature -resistant, low thermal conduct1v1ty
30 mater1a1 such as Nomex0 aramid in paper form. The process of
assembllng the layers of material 12 in the form of the
~channels 14 is well understood by-those skilled in the art.
: An example of a commercially available product which meets the
criteria of the present invention is Aeroweb® HMX-20 without
35 the re3111ent res1n coatlng, manufactured by Ciba Composites
of Anaheim, Callfornla, a division of Ciba Geigy Corporation
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5 fromy £5, and z is fromO to 100, the zeolite bejn
characterlzeglgy an X-ray powder diffraction pattern haVIngPCﬂUS%mPW@ | i nes

and rel ati ve IntenSItIes as set forth in Table 1 bel ow:

TABLE 1 10 : - XRD PONDER PATTERN OF ETS- 10
(0-40[err] 2 theta) SIGNIFICANT d- SPACI NG (ANGS ) _

/1 15 14.7 = 535: . W M
7.20 = .15 : ' WM 4.41 = .10
WM PE0Ardshey, New York. However, it is understood by thyse2(

3.28 = .05 gkilled in the art that thg %3yers2%f material¥M and th¥here
VS. = 60-100; =_40-60 0-40: a =

Bri ef EEscr$% n%ﬁ in ﬂlé%xg ngre PSrmed 2ré hot pertinent to the

present invention, and that other materials, such as kraft
5 paper, nylon fiber paper, mineral fiber baper and the like
could be used to construct the layers of material 12 and that
other methods could be used to form the hexagonal channels 14,
such as extrusion, machining or molding, without departing
from the spirit and scope of the invention.
10 In the first preferred embodiment, the internal
 surface area 16 is coated with a desiccant material 20 which
interacts with the fluid media flowing through the channels 14
'~ to achieve water absorption from the air. 1In the first
preferred embodiment, it is preferred that the core 10 be used
15  in connection with both the moisture transfer wheel assembly
11 and the heat exchanger wheel assembly 13 and that the
desiccant 20 be an exchange or sorbent material which
exchanges or sorbs one of heat and mass with the fluid media
flowing through the channels 14. .That is, it is preferred
20 that the exchange or sorbent material be capable of removing
mass or transferring heat from the fluid media flowing through
the channels 14 and be capable of transferring mass or heat to
the fluid media flowing through the channels 14. As used
herein, the terms sorb and sorptlve mean adsorption and/or
25 absorption.
| - In the first preferred embodiment, it is preferred
that the exchange or sorbent material be a desiccant material,
such as a crYstalline titanium silicate molecular sieve
zeolite compound manufactured bY”Engelhard Corporation of

30 'Edlson, New Jersey under the trade name ETS and disclosed in
U.S. Patent 4, 853 202 whlch is hereby incorporated by

reference.

| | .'The use of channels having a cross section which is

generally in the form of a hexagon is advantageous over other
35 geometrles, such as sinusoidal, square, and trlangular.' The
' ‘following is a brief explanation of why a hexagon is better



The foregoi ng sunnary; as well as the foll ow ng - detailed description

of the prgigayspsfhsenbodi ment of the 25 i nvention, will gcg&%%ﬁ%a?

under st ood when read in conjunction W th the appended

the purpose of illustrating the. i nvention in the
drawi ng an enbodi nment - which is pregent ,yﬂgreaf.,ef:ﬁaalASBEE‘é)h uld be
under st ood, however, that the inventio ngt:kAGEDed to the precise
30 arrangenents and instrunentalities sho _,+ﬁt¢¢ﬁ?ﬁﬁ?§ﬁ ngs:

Fig. 1 is a diagranmatic perspective view of an . open-cycle air

condi ti oni hhanyethari geawesrdgfce Forhatmere detapiedemxplanahiron; see
Fig. 2is g, greﬁawnenhsbmséae&eﬁssé@%&ona{nb&tewwh35548 ar¢9ea ﬂ% _
nblsture t£8n55854 W 1cﬂs here Y ?ncorporategnbgtrggeggngesggnlgsgmn ‘N
Fig. 1, : 6
entirety. First, the theoretical avallable transfer surface
5 area (1 e., based upon standard measurements and calculatlons;
| of the geometrles prlor to coating the 1nteract1ve material)
of a hexagon is greater than the transfer surface area of a
s1nus01da1 triangle or square for a given volume.

Second the practical avallable transfer surface

10 - area (1 e., based upon standard measurements and calculatlons
of the geometries after coatlng of the 1nteract1ve material) '
of a hexagon is relatively greater, as compared to theoretical
calculations, than the_transfer surface area of a sinusoidal,
triangle or square for a given'voiume because there are less

15 surface area losses due to corner buildup. It is generally
known that sorbent mass transfer is analogous to heat
transfer. This relationship is defined in u.s. patent
5,148,374, which is hereby incorporated by reference, as the
number of transfer units which corresponds to the

20 ‘effectiveness of the heat transfer. The greater the number of

- transfer unlts, the more effective the ‘heat transfer. The
number of transfer units is dependent on, among other thlngs,
the avallable transfer surface area. By mlnlmlzlng corner
bulld up the core 10 of the present invention achieves a

25 number of transfer unlts which is equal to or greater than the
number of transfer unlts the prior art cores achieve.

Third, the pressure drop through the core 10 of the
present 1nvent10n 1s 51gn1f1cantly less than the core
constructed of the geometrles mentioned above because there is

30 v1rtually no buildup in the corners of the generally hexagon
shaped channels 14. Hence, the power necessary to force the
fluid media through the core 10 1s slgnlflcantly less than
that needed to force the fluid media through the prlor art
cores. For 1nstance, in the case of desiccant air-

35 condltlonlng systems, the reductlon in power requlrements
allows the desiccant systems to operate at the same cost as
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Fig. 3is rged front elevational view of the | @, ansf er
wheel rot a?g'b @g%ﬁpported w thin a housing; npéf gg@"&é’ a

greatly enl arged cross-sectional view of the noi sture transfer wheel
shown in Fig. 3 taken along“lines 5 - 3l4-of Fig: 73, apes
Fig. 5is a greatly enlarged cross-sectional view of . THIB%HEE'Tﬁ-’iAﬁéE N

transfer wheel and housing shown in Fig. 3 taken a ong | REFIACED O

Fig. 3. ed Desgri on of the Pr
Certain terﬁPﬁHFB§§°P§1u§§8 Pﬁrfﬁené EBR}HQ systemgg 8F|EPF0ﬁ3W8r°UtP“t

conveni enceofinByuaed withotit| thet injerent risk to the énvirogmeaw to the

dr aw ngs, BgeSé EEE §§reggsa?ﬁ cgng EChSHH gLe%Qe basi ¢ open-cycle air
e Se

condi tionin sys €mo YP6R°A noisture transfer
wheel assenbly 11 15 Foucchstthathsxagenelteprgr1@rpngvsdae whehebetsert he

systeny  ASponding“bkkwBenNehgfnand dised3ssdcbbited! RS Eﬁée%hﬁdll s
separated into twd sectlons so _as toQ proyide an intake pat and an-

exhaust pat ROFRHERER tH€°S§§§nﬁﬁﬁciibe§sanHPEa?EBrE?en 1°ne§hEaﬁﬁp§ws A
heat exchanepﬁlmhaehoassemhhg 13heabags28111tyafbrtneaﬁdg§00@8eaehe&0VIde

ntake and gxiadot Bal Bhe' Seregn,chOFRESI-RESSET LS, bESTha Mok, HAC,,
regenerati ogreatlly reduc#8. Auxiliary solar heating coil 21 may be placed
in th% while in the present invention it is preferred that
the channels 14 be configured to be generally in the form of a
hexagon in cross section, it ;s understood by those skilled in
the art that the cross section of the channels could be other
straight-sided shapes with equal angles and equal side
15 lengths, such that the cross section approaéhes a circle, and
which permit the channels to be closely adjoined to maximize
the greatest transfer surface area per unit volume without
departing from the spirit and scope of the invention.
Although it is also understood by those skilled in the art
20 .” that other geometries could be used, such.as, triangle,

‘ square, sinusoidal, so long as the operating parameters
described beléw are attained,'without departing from the scope
and spifit of the invention.

The preferréd'method of making the core 10 comprises

25 forming the plurality'of_adjoining channels 14 such that the
channels 14 are generally in the form of a hexagon in cross
section. As is described above, each of the channels 14 has a
centrally disposed longitudinal axis 18. The internal surface
area 16 of the channels 14 is then coated with a suspension of

30 the zeolite in water, where the.suspénsion preferably
additionally contains silicate. After coating, the
substrate/coating is dried to remove the water and provide
zeolite adhered to the substrate. The coating of the 1nterna1
surface area 116 of the channels 14 with the zeolite 20 is

- 35 accomplished by forced flow passing of the zeolite 20, as

suspended in water with silicéte, through the channels 14 at a
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systemfor use in cold nonths when it is desirable to heat the 25

interior woos€warea rather than to cool it. The solar cop¢musesnires ncl ude
fluid pipes which are interconnected with standard sol ar heating
units (not shown). The basic unit term nates in a pair of evaporator
el ements 15 and 17 separated by a -~ 13artition 6 with the arrows

I ndicating. the intake air into the 30 bui I ding and the air exhausting
therefrom A supply bl ower 23 and a exhaust bl ower 25 are provided

;g.l’ ?ISCLFa:ig)l 'errg{-‘;%fehﬁ rC’fe air COH%%/ %Iel’ ‘F{%I# I S Cgir% OSEC?]J%t%ThI >

Pat ent passm,@msemeﬁ m@xst@o@ll@m@me Qﬁ eFdinny ghikbyinsthe

i ncor por atgd her gl rtl@é’réf‘éﬁé enﬁ@rthéﬁc&éﬁﬁf@ﬁhoﬁ Lﬁﬁé}%of is omitt¥d for
95/ 35144 S95/.07.760

-7 PuzRRSes Rf FeBYeRHRnse (Rt %?w?‘ﬁeer 'op’e R AP P ETRF Y9 Dner
syst6m i s i thesk fakibledobestiné arevibat orty suspensiwn of zeolite 20

could be applled to the internal surface area 16 of the
channels 14 in other manners. For instance, the zeolite 20
could be applied' in a suspension form, to the internal
surface area 16 by deposition, wherein the suspension is
10 passed through the core 10 using a non- floodlng technique.
Alternatlvely, the zeolite 20 could be applled to the layers ‘
of material 12 prlor-to assembllng the layers of material 12
into the'generally hekagcnal'channels 14. Or the zeolite 20
could be incorporated in the material which makes up the
15  layers of material 12. Although it is preferred for reasons
~ of safety and econcmy'to use water as the suspension medium,
organic solvents or mixtures of organic solvent(s) with water
may also be employed _
‘Referring now to ‘Figs. 3 through 5, there is shown
20 the moisture transfer wheel assembly 11 having the moisture
transfer wheel 32 having the core 10 disposed therein. The
layers of material 12 which form the channels 14 of the core
10 prov1de the core 10 w1th sufficient structural integrity to
av01d the requlrement of a hub assembly and spokes, and thus
25 in a preferred embodiment, as shown in Flg 3, there is no hub
assembly or spokes _
- The rim 34 has a radially_outwardly extending track
36 on its external surface The track 36 allows the wheel 32
to be supported at its perlphery, and then rotatably mounted
30 within the hous1ng 38, as shown in Fig. 3. The hou51ng 38 is
generally in the form of a paralleleplped and includes a pair
of semi-circular openings 40 on each side to allow the wheel
32 to be placed in a desiccant air- condltlonlng system of the
type described in U.S. Patent 4,594, 860. A plurality of
35 support wheels 42 are dlsposed within the hou91ng 38 and are
in rolling engagement with the track 36. The support wheels



As is wel'f known, this type of systemprovides 5

limting. ,
r enoval OPV?%Sé:’SMﬁ sture fromthe intake air by the noist ur CTUSISOTION st o

wheel assenbly 11. Wen noisture is renoved fromthe - air, the
tenperature of the air increases. The aiys is - . subsequent |y cool ed upon
passi ng through heat exchanger wheel assenbly 13, which lowers the
tenperature of the warmdry.air. 10 Evaporator elenment 15 adds noisture
to the air, thus reducing the tenperature further and supplying cool
aif to the42 are gosdittionest tar gxot afiad lox mapporti theasdweslt A2DUgh the

evapor at or housingl3Mcn! £rltd dHY Qi heRl LHIARIRI 1WMEL!§ 2

%ggnbly 13 so
as- to _renove heat fromthe heat exchanger, and raise the 1
t enper at ur IR QR FRILETTY Witd (e Semigiegrlathepenings dthusAsi r

i s further shrviedbyieass, ahd appdar Wiralla1g2 are s&i@&{ﬁg&&vi&.&i&’ﬁ to
o S SRR B d bl n S BSR40 s,
t he noi st umerrits theamimonthedieeds dentiloy rotate axitdustestpeatt ¢a Hehe :
at mospher e.gypport member 44 HHE 4 WM Andd¥astDed &Y WL Rg¢ marily
govern the cogfficient, perforipance - (COP) of the systemare the L -
noi sture t-rofmrxm?g@'ll s‘sfbrFB:iaey apt 'anc?)h%é’aﬁé%ﬁc AifgEer in whigdy the
assenbl y 1Zupfidrt Wheebe g izore afupptertegborifilir®the hatsirial 3815 ndt
mesgyheeiger iRheo W LS Sl ton, WIS il O
shown) is disposed within the housing 38 and drivingly engages
the exterior of the rim 34 to rotate the wheel 32 with respect
to the housing_38.' '
The.components of the housing 38 are préferably
15 constructed of a high-strength, lightweight material, such as
~ aluminum. However, it is understood by those skilled in the
art that the housing 38 could be constrﬁcted of other
materials, such as a polymeric material or stainless steel,
without departing from the spirit and scope of the invention.
20 The details of the mounting and driving of the wheel
32 within the housing 38 are not pertinent to the present
invention. It is recognized by thogse of ordinary gkill in the
art from this disclosure that the wheel 32 can be m§unted in
any ﬁanner without departing from the spirit and scope of the’
25 invention. Accbrdingly, further description thereof is
omitted for purposes of convenience only, and is not limiting.
It should be understood that while the assembly of
parts shown in Fig. 1, and as described above, are a preferred
structure for the desiccant air conditioner system of the
30 preSent'invention; the destruction of airborne microorganisms
according to the invention can be achieved merély by the
passage of air having a concentration of microorganisms
; through a core 10 comprising zeolite, as induced by, for
example, either a supply blower or an exhaust blower. Indeed,
35  for purpbses of destroying airborne microorganisms éccording _
to the invention, it is not even necessary that the zeolite be



transfer wheel assenbly 11, it conprises a noisture transfer wheel 32
and a howpéongssids as illustrated in FIG 3. The 30 noi HomesssHnzef er
wheel 32 conprises a core 10 and a rim 34. The core 10 is conprised
of a plurality of adjoining parall el channels 14, as illustrated in
FIG 2. According to a ' preferredlénbodlnent of the core 10, each of
the channels 14 Is generally in the formof a hexagon in cross
section and 35 includes an internal surface area 16. It is also

preferred that, th hannel s.. 14 be f or.med fron1a Iurallt .Qf acked -
PeS " regangrateds AATRHEN SESST FRES G Off SARCRHLS CE2 R « RES
channel s Eedidwe ammnldegertelraﬂmesni twcl 1i1n miob iloniglear bEf eftfegftive t he

wal | thlckness si g -t op 10 and
yet provi GSCHS ngg % %.Slﬁeﬁs%ért oY .0P 1igh t‘h%gr%e ‘lte is e

| clent structur ntegrity to be
sel f suppmegemgaratled.t hé'- fnaesit natetosr megenerated accordlng to the

5 . mechanlsm shown in Fig. 1, but instead the zeolite can be
placed in an evacuated chamber and exposed to high
temperatures thereln Standard means for regeneratlon of
zeolltes are well known in the art and all of such means may
be employed to regenerate the zeolltes accordlng to the

10 1nstant 1nvent10n '
- It should also be understood that the heating [
elements 19 or 21 if present may be powered by means other
than solar energy. For example, the heatlng elements 19 or 20
may be powered by electr1c1ty or by internal colls of hot
15 fluld e. g.. water or oil.
It is preferred to have the zeolltes present as part
of a moisture transfer wheel assembly 11, w1th a supply blower
23 and an exhaust blower 25 forc1ng air past the zeolltes, as
mlcroorganlsm destructlon and zeolite regeneratlon occur.
20 concurrently. The other elements of F1g 1 are only present
to further condltlon the air as to temperature and humidity,
‘and may be omltted accordlng to the 1nventlon if no or other
o types of conditioning is deslred
In the operatlon of ‘the deslccant air conditioning
25 system'of the invention so as to achleve substantial
- destruction of alrborne m1croorgan1sms, it is desired to have
a high nominal air flow veloc1ty through the core 10.
Preferably, the nominal air flow veloc1ty is about 200 to
about 800 feet per mlnute (fpm), ‘and more preferably about 400
30 to about 500 fpm. In a ‘preferred embodiment, the core 10 has'
a zeolite dens1ty of about 0.5 to about 20 lbsg/ft?, and more
preferably has a zeollte den31ty of about 3 to about 8
1bs/ft3. The core 10 preferably has a thickness to provide an
airpath of about 2 to about 24 inches, and more preferably has
35 | a thlckness of about 5 to about 10 inches. While the airpath
can be made longer, only very slight additional destructlon of



enbodi nmen preferred that the | ayers of material have
tw?bél% 4[ 0.0015 inch. It is understood by those Cﬁsgﬂ?ﬂ“f’ed I n

t hi ckness

the art that the exact thickness of the walls formed by the |ayers of
material 12 could vary, depending upon 4 . the particulg plication of
the core 10 and existing ~ ~ manufacturing technrques THRP YL,

fromthe spirit . and scope of the invention. For ingtanceg; icg

t hi ckness of tthe walls fornmed by the layers of mat 5 E

in the migraeprgastistsuis CBtrved 0. 006 d pofefelred embodiment ,Each 0
the channekgeléd il @HEd @R ot @ Yand r Cgéﬂe%%% lding:'l';eucyé&:rbt@(' s 18.

The channels 14 are prefeéerably si zed such that st ance between and
al ong | ongiQGFnLf s ipdtaneously agjjshawn ihdiel 4 Sheemars 140 wnvaes

(i.e., the agharenits axis (Htalmeiaﬂ:ellblﬂliraﬂacﬁmllﬁiltﬁi aiddut smcwlrcflrm&eé:hl
ot her .and e ener.a ara thr ect to t her). n
t he 5 errsthog‘{r%f&gﬂgd ear%d d&/ rnentl"’ret‘tte ]Ta\e%l taH:at Qr\’B: 'd;'?ta%ce
bet ween t h@dastgi4udiphal axes 18 be in the range of about 0. 050 to
0.125 inch. Thus, theshame!s %ﬁeféﬁ E¥diment ,

t hei r hexagonal cross- sectrona con |gurat|on are éfosefy a Jorned
to increasdnifs Rahh 4ff &he air (gopditdoning Mwtem afifios k dasa

In the prea:%ﬂ{pda{m&im&%ﬂﬁ tife m‘aa{gef Irceml atﬂait td¥F to abtd@delrzeoiﬁ and
Forpe] at ur & FEFE BREST BT (AT GhdS 1% SRPut Toktns 4t AheuF 25
hbnex[erﬂ tananiptior papemtexring thHee pyinee dfransfer wheel. According
to another preferred embodiment, the air in the inlet path of
the air conditioning system of Fig. 1 has a temperature of
about 90°F to about 190°F, and a vapor pressure of about 0.5
15 torr to about 5 torr after exiting the moisture transfer
wheel. _
"In a preferred-embodiment,-the zeolite according to
the invention is a largeepored crystalline titanium molecular
sieve zeolite, as claimed in U.S. Patent 4,853,202, (the ’202
20 = patent) the entire disclosure of which is herein incorporated
by reference. This particular zeolite is preferred because,
for example, it can be regenerated at a relatively low
temperature when incorporated into the apparatus of Fig. 1.
The zeolites of the ’'202 patent can be regenerated at
25 temperatufes in the range of about 170 F to about 220 F,
preferably at about 190 F to about 200 F, and still provide
sufficient drying -effect to inlet air such that inlet air is
dried to a vapor pressure of less than 5 torr, and typlcally
~ less than 3 torr. '
30 The preferred zeolite of the invention has the:
' properties provided in Table 1.
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assenbling the layers of material 12 in the formof the channel s 14

is well updeksé@ed by those skilled in the art. AN ep@frasR09ds0a
comerci ally avail abl e product which neets the criteria of the
present invention is Aeroweb[err] HWX-20 w thout 35 the resilient resin

coating, manufactured by G ba Conpositess -
di vi si on of Ciba Geigy Cor por ati on
PCT/ US95/ 07760

New York. However, it is understood %¥¢h&ﬁ§é
the layers of material 12 and the _ r

Anahe|n1 California, a

of Ardsl ey,
he art that-
e forned are

not pertinent to the present invention, and t hat other materi al s,
such as kraft—=5 paper Nyt o fTer —paper,mnerar foer—paper _and t he
i ke coul d be used toxﬁgn?bﬁggh §ﬂ@TgﬁNe6§ prsopperial 12 and that
ot her net hods could be used to ormidre hexxaagaal channel s 14, - such
as extrusion, machining or nolding, wthout departing. fronlthe spiTit
and scope of the i1nvention.
SIGNIFICANT d-SPACING (ANGS.) _ . o "I/1,
14.7 = .35 W-M
7.20 = .15 ) _ ' W-M
10 4.41 = .10 . ' : e W-M
3.60 = .05 ; ' VS
3.28 = .05 W-M

where VS = 60-100; § = 40-60; M = 20-40, and W = 5-20.
While zeolites other than those claimed in the ‘202

15 patent may be employed in the inventive method, they are not
as effectlve at achieving the destruction of airborne
microorganisms when a regeneration tempcrature of less than
about 190 F is used 1n-operat1ng the apparatus of Fig. 1.

The method according to the 1nvent10n is effective

20 at the destructlon of a wide range of microorganisms,

~ including bacteria, virus and fungi. Candida albiens is a
representative fungus subject to destruction by the present
invention. T-4 .coliphage is a representative virus subject to
destruction by the present invention. Bacillus '

25 stearothermqphiius, clostridium botulinum, clostridium
perfringens, clostridium tetani, corynebacterium diphtheriae,
diplococcus pneumoniae, escherichia coli, lactobacillus
acidophilus, legionellé pneumophilia, leptospira,
mycobacterium fortuitum, mycobacterium tuber¢ulosis, neisseria

30 gonorrhoea, nitrosococcus, pseudomonas aeruginosa, rickettsia

' typhi, salmonella, shigella dysenteriae, spirocheta, .
staphylococcus aureus, staphylococcus epidermidis, stlgmatella
aurantiaca, streptococcus lactis, treponema pallidum and
vibrio cholerae, are representative bacteria subject to

35 destruction by the present method.
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10 n the first preferred enbodi nent, the internal
surface ar eg9i/85|i4g coated wi tﬁ a desiccant material 20 whi cRCT/USIS/07760
interacts with the fluid nmedia flow ng through the channels 14 to
achi eve water absorption fromthe air.-l{pthe first: =

enbodi.nent, it is preferred that the core 10 be used -
with both the moi sture ‘transfer wheel assenbly

exchanger wheel assenbly 13 and that the desi ccan 0 R—exchang
or “sorbent material vifathe not  imkehdimestorbe dvdnsidrisy otfhétenttlaémh:yrﬁss e
with the f 1 4 6E§%§- ELOVMESD) & the s £ |s it is
preferred 20 t oﬁ%egxc%ange or 8 g%%t mat €71 al & caﬁ% Ie of

removing SUCCesg ohrthe aiRYeREive 'h%%ﬁloqlr ord8 hlY |18 Parsed thoomaly a
t hr ough zeolhee cheanekhstd4d ﬁ@ddb@wﬁapa&hecm éilarb&i&riﬁw mé Sred et

to I la flown rou e chann ZP
her ei A, thrt}el?%rérjr%glsor% {l sorf%’{‘/g % s%?’tp?lfo %cl]é?ﬁ 32’5’: “Causes a
absor pt i on.correSpondlngly raplldh@mprsm phefwpad mnémshmrﬁ:f thelalr,

preferred gpg at 1&h§n§X§ﬂ§P§ Phe SPLPERL OB fﬁ%uP@
ecu ar SIeve

mat eri al , suC crystalTine titaniumsilicate
zeol ite corBRRPR %n%%ﬁcﬂl‘?‘édr%‘}eﬁn ‘I“Hh‘i‘l%ltto?%?%ﬁ‘ cﬁlt%f Jne ca@mi son, New

Jersey Undefeé@f‘lj‘ﬂ@ﬁﬁc@ﬁﬂﬁe Ea'l&ﬂnﬂndléé?éoﬁl@éhldsne second S.t @t £{¥ drops
4,85 202 which is ereb%r ncor por at

The 1% of halmett REGFRIrS (PoLesdlhen)s iper, (€ Co ot kham 3 tarene

form of a hexdgbmcreaselsain ageperatvere otbeat least 80 F, often in excess
of 100 F. These conditions themselves, brought about by the
rapid drying of the air, may be lethal to the microofganisms.
However, the inventors believe that it is the speed at which
15 the ambient conditions change which is lethal to the
' microorganisms: the microorganisms are unable to compensate
for the sudden differential between internal and ambient
pressures, and ;hus are destroyed. ‘What remain after
microorganism destruction are so-called ghost cells, which are
20 essentially.the ruptured cell wall without internal cytoplasm
water, where water normally constitutes about 70% of the mass
of the cytoplasm. _
The invention will now be illustrated by the
following.non-limiting examples, which demonstrate the

25 | advantageous properties of the present invention,
EXAMPLES
Example 1

A desiccant air conditioning unit was installed in a

.nursing home to determihe the antiseptic effect of the air

30 condltlonlng process on airborne m1croorganlsms The efficacy
of the unit was tested with the Anderson Six- Stage Variable
Sampler (Model NG). The air was tested for bacterial and
fungal load; only microbial counts were performed on the
samples collected. |

35 ' The guidelines used for analysis of the samples we-
taken from the Bioaerosols Committee of the ACGIH. Standard
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35 geonetries, such as sinusoidal, square, and triangular. The
fol | ow ngyg gxadifar i ef expl anati on of Wny a hexagon is bett p(musgs,m%o
t han ot her. geonetries. For a nore detail ed explanat|o-_—e::
Patent Application Serial Number 08/246,_548 -
whi ch is hereby incorporated by referenfiety rety. First, the
theoretical available transfer surface \ &= pased upon
standard neasurenents and cal cul ati ons the geonetries prior to

Coating-téfa%€£8r2§E¥¥e?ﬂ§ESé'@E}e used, Oﬁléhhélﬁggnplétgéeﬁéfﬁgtﬁ@@dthe

transfer ace area o si nusoj dal , trlz g g or _square for a given
vol une. Pperiodically tospggkide;Renpratei cafaBRAEP abPE fP%ﬂ%%eFogﬁFFace 10

area (i. ewerféaﬁsﬁleﬂpeﬁ Spafﬁda%dYaﬁﬁﬁUéﬁﬂEnb$daQQafa| cnaateﬁnsl sampleé t he
'geonetrles after,. coatin the ingeractiy ¥agon is
rel ativel §¥® ﬁ?eﬁ?ﬁ?n EL %8 3veh- to eop%?E%HESSEafngd 27 mi. % AmOGXER"

5 to maintain the proper dlstance between the medium and the

‘sieve plates for 1mpact10n calculations. All plates were
prepared under sterile conditions.

The'ﬁnderson sampler was run at 1 ACFM for 10
minutes to sample 0.238 cubic meters of air. Between samples,

10  the sieve plates within the sampler were sterilized using _
ethanol. Samples were taken at the unit’s inlet and outlet. | '

The Special Yeast & Mold Agar plates (for fungal
 counts) were incubatéd'4'—'7:daYS under fluorescent light at
room temperature prior to counting. TSA agar plates (for

15 bacterial counts) were incubated for 48 hours at 37°C prior to
counting. If there were less than 300 colonies per plate, the
counts were done visually. The bacterial counts were recorded
directly as CFU (colony forming units); fungal counts were
converted using the positive hole method (Andersen Manual).

20 The number of CFUs'¢ounted on a plate was normalized to the
volume of air sampled (i.e., 0.238 cubic meters), and the
resuits reported in CFU/cubic meters. Samples were taken on
Wednesdays, between 10/6/93 and terminating 12/1/93. Data
from three represehtétive samples are provided in Table 2.
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n the transfer surface area of a sinusoidal,
for a given voI une bectuse there are | esBCHBSISO70r f ace
is generally known t hat

cal cul ati
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conventional CFC air conditioning systems for the same output of

BTU s, wig§esssiliie i nherent risk to the environment FeeeRloefée by CFC
air condltlonlng systens. . Fourth, the hexagonal core 10
provi des nuch better 5 bondi ng bet ween channel's or cells conpared to the
wound corrugat ed process descri-bexb in _the afor _y pat ent
application. Thus, the possibility for Iea'aﬂﬁsgﬁr@#nh@gBEEN fluid from
one streamto the other at the sealing poifits |SRprALh@reat|} reduced. 10
Wiile in the present invention it is prefe ‘channel s 14
be confi guienple b general ly in the formof.a hexagon i n cross
section, it is underngdad thy téﬁﬁeﬁraﬂiﬂélﬁwaf\ in FJ. L he ando tAsd1ites cross .

section of the channels ouI be ot ra t-sided shapes with
equal anglwe¥enRPRRARSd ir qté‘ﬁ';‘t% t%&ﬂﬁ“’t?% e ‘dgect i on
appr oachegricrddgdss, hﬂﬁhdlty_decreases and vapor pressure_decreases

5 when the zeolites were present in a moisture transfer wheel

‘and acting upon inlet air. The two zedlites were molecular
sieve 4A, available from, for example, Aldrich Chemical
Company, St. Louis, Missouri, and denoted as "Molecular Sievé“
in Table 3, and-a large-pored crystalline titanium molecular
i0 sieve zeolite as claimed in U.S. Patent No. 4,853,202, denoted
as “"Engelhard ETS" in Table 3, and obtained from Engelhard ‘
Corporation, Edison, NJ. The ability of these zeolites to
provide air having desirably high'outlet temperatures,
desirably low humidity values, and desirably low vapor
15 pressures was evaluated for three différent desiccant
regeneration temperatures. The regeneration temperéture is
the temperature of the outlet air stream immediately before
entering the moisture transfer wheel. '
The data in Table 3 démonstrates that the Engelhard
20 ETS desiccant is able to provide air having high_temperature,
lower humidity and lower vapor pressure_than can be achieved
by Molecular Sieve-when operatihg under the same reaction
conditions. The data in Table 3 also demonstrates that the
Engelhard ETS desiccant, when present in the moisture transfer
25 wheel of the apparatus of Fig. 1, can provide conditioned air
having a vapor pressure of less than three torr when the
desiccant is regenerated with air haviﬁg a témperature of not
more than 190 F.

This Sheet Has Been:Rep la

AV II




whi ch perm ghannels to be closely ad10|ned to maxi m z t he

greategt F?;n%a% surface area per unit vol unme w thout %CEQEB??Pﬂb from
the spirit and scope of the invention. It is al so understood by t hose
skilled in the art that other. geenetries coul d. be
triangle, square, si nusoi dal, so long as the operatf.
descri bed bel ow are attalned W t hout - departing frd
spirit of the invention. : The preferred nethes
core 10 conprises 25 fornlng the plurality of adjoining channels 14 suc

t hat the |\l |nthﬁ formanf LN _cross
section. Asflis described aboveramag;mtcaﬁtmrmﬂé%@oﬁnpﬂrﬂod"as a
centrally df sposed | ongl t udi (CampaisdrSof hilnimunk Achidvibloduial humidity ace area
16 of the channels 14 is thenforddl, ¢20F\& 200F pegouutiaitsinpenatarie) 30 the zeolite
In water, ere the suspen5|on pI eferabbn}éu;fmd,nons aQGItlonglly Eontalns
SI | I Cat e L Cl1 \;UG.LI 'l91 L IIC G UTITTI SAC.CT ©Y et : ng } S uEI
wat er and pfovide | zeolite pdhered|to the substrate. THe coatihg vﬁm
the ingern R?“"“”%urfadﬁgnfea 16._0of _the gﬁ?hreﬁfwf4 Wi th_thdlmigy| i ¢ groe
is 35 acxﬂqﬁ?shc fo+eced Alcw‘pukﬂ'“"—n* quuxliﬁ5-2ﬂr_ﬁs Torr
suspended i _wdBoP wift hﬁmﬂwsw el tpoudh wslee ¢hawmeel $ Bdoat| air2o 2.92
180.00 Molecuiar Sieve - 80.00 78.00 13.22 150.00 33.70 5.71
190.00 Engelhard ETS 80.00 78.00 13.22 141.00 12.40 2.10
190.00 Molecular Sieve 80.00 78.00 13.2 151.00 32.40 5.49
10 200.00 " Engelhard ETS 80.00 78.00 13.22 145.00 6.00 1.02
200.00 Molecular Sieve 8000 | 78.00 13.22 150.00 -30.20 saz |
It will be appreciated by those skilled in the art
that changes could be made to the embodiments described above
without departing from the brqad inventive concept thereof.
15 It is understood, therefore, that this invention is not

limited to the particular embodiments disclosed, but it is
intended to cover modifications within the spirit and scope of
the present invention as defined by the appended claims. -
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- 12 - wo 9s;3sidqami nar flow rate. The coating of surfaceg Jrlﬁjlsggoﬂ a
forced-fl ow passing is well understood by those of orglnary skill in
the - art and, therefore, further descrlptlon thereof is omtted for
pur poses of convenience only. However; ?2 ts al *:3—1-,~ by those
skilled in the art that the suspension of ze pﬁ;QQLFTHASEEbUJ . be applied
to the internal surface area 16 of the ,hanmﬁEpLA¢EDn ot h@r manners.
For instance, the zeolite 20 cou ension form
‘to the internal surface area 16 05|t|on wherein the suspension
is 10 passed t hrough themebhed1ﬁonssngseambna11m0ﬁbd@pinghalque

Al ternati vebNcehtPa€f8h! b8 GQCEQHLQaﬂfsﬁQplheglfObé&ﬁ?i@%ﬁﬁspa581n?0£%ﬁe

material 12 prior o assenb E | ayers:.of mater
gener al |y WEXABSnERe cAARAENETaR 107 of WELoERPFgRLENS thiough y gesiccant
incorporatsﬁrleohaﬁtﬁaﬁﬂngabyuheﬁhhaﬁkﬁg amp ifmbed Spath) agersuietmpgehal:

12 M though binbBsBLEL SEEEEQL LRBSP Sompriaif] SALELYS Anghggonony to

use water as the Suspen VENT S’ of M xtures of
or gani ¢ . sSONYLPERLS nxen9ﬁerewheel beh@g E?%tﬁ%@n%@pi@y%%ld inlet and

outlet paths and belng movable such that said desiccant zones

move between said inlet and outlet paths to degenerate and
regenerate said zeollte

2. A method according to clalm 1 whereln the
_“zeollte is a crystalline titaniumsilicate molecular sieve
" zeolite having a pore size of approxlmately 8 Angstrom units
and a composition in term of mole ratios of oxides as follows:
1.0 £ 0.25 M,;,,0: TiO,: y 8i0,: z H,0
wherein M is at least one catioh having a valence of n, y'is
from 2.5 to 25, and z is from 0 to 100, said zeolite being
characterized by an X-ray powder diffraction pattern having
the lines and relative intensities as set forth in the
following Table I:

TABLE 1

XRD POWDER PATTERN OF ETS-10
(0-40° 2 theta)

SIGNIFICANT d-SPACING (ANGS.) 1/1,
14.7 = .35 W-M
7.20 = .15 : W-M
4.41 = .10 | - W-M
3.60 = .05 . : . VS
3.28 = .05 W-M

where VS = 60-100; S = 40-60; M = 20-40, and W = 5-20.
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(ranst or MOHOSRCe5i 11 having he moi sture o transPEF RRRRIO8)

having the core 10 di sposed therein. The | ayers of _material 12 which
formthe channels 14 of the core - provide the ¢ ﬁ#éu

sufficient structural integrity.to : avoi d the. requijr Hiiﬁgf%BEEN

assenbl y and -spokes; -and thus 25 in a preferred enboflinen

Fig. 3, there is no hub - assenbly or spokes. . The rrm

34 has a radially outdsar di ynehttashdiguprdiagk to claidb Jorwhetmmttehmal
surface. i toqdt
! ?bg;éﬂé?&%ﬁﬁu ald W& rmunjtlge}g&% %Y malntalrﬁrge PRI G &l 15

periphery, d then rotatably hin thHe housing 38, as shown
in Fig 3. eﬂi@m%d’%gl% greateﬁeqr;-@rwqu Fn° the formof a.
par al’l el epi ped and includes a pair of sen1 circul ar openings 40 on

each side to allow the whegl to be -desi ccant ‘
ai r-condi tioning syst4:m o?A {IfFhod ac?%%lrb%sc‘? '%2%1 lj'q? r“'rﬁe ailr
4,594, 860. ia pihe dinket @fatds has AIfpoTRe xdBple Wik e tthespmm;b v f bouthe

housi ng 38 @i & Gpout mw roddd Ng PRI RN s Reddifid ' Bbhge TOE
support wheel s 5/ 35144

PCT/ US95/ 0BRSIRE 1 torr to about 25 torr prior to entering the moisture
transfer wheel.,

5. A method according to claim 1 wherein the air in
the inlet path has a tempefature of about 90°F to about 190°F,
and a vapor pressure of about 0.5 torr to about 5 torr after
exiting the moisture transfer wheel.

6. A method according to claim 5 wherein the vapor
pressure of the air after exiting the moisture transfer wheel
is not greater than 3 torr.

_ 7. A method according to claim 1 wherein the
desiccant air conditioning system is operated so as to reduce
the concentration of microorganisms in the air by at least
50%. '

8. A method for substantially reducing a
concentration of microorganisms in air comprising passing air
having the concentration of microorganisms through an open-
cycle air-conditioning system comprising a rotatable heat
exchanger wheel, a rotatable desiccant'carr?iﬁg moisture
transfer wheel, a heater disposed between said heat exchaﬁger
wheel and moisture transfer wheel, an évaporator positioned on
a side of said heat exchanger wheel opposite from said heater,
and means for passing'air through said heat exchanger wheel
and said moisture transfer wheel in generally separate inlet
and outlet paths. |

This Sheet Has Been Replaced




13 - 42 are positioned to rotatably support the mheel 32 in the
housi ng 386 ugisiipat the core 10 of the wheel 32 is-in 9g}a§g§gt or
registry with the semicircular openings 40 As shown | , the
support wheels 42 are supported wthin t he housing 38 b 1a-generally_

T- shaped support nenber 44 which - ﬁerﬁ1t Q@ Asgmeal 42 to
oo REp |

rotate with respect to the support nenb gagapner wal |
under st ood by those of ordi nary skill he-—art—-~Fye—pFart+tcul ar
manner in which the ort_ wheel s 42 are supported mnthln t he
housing 38 is not 102 pérFPEQﬁP B&cPRdipgesentirAeft WhRTEin dheve

ﬁEChanlSﬁ]ﬁéQiccant 1@hawakysaaduia@sedtwh&bmsluh@aheu&b&&c&&a&nQléwbvIngly,
of. the, 4 to_rotat 32 wit

engages 1 g ﬁxterlor g é

respect  2®°+¢5% RBVABEsAnEO3E. Bizeof approxima faY, ﬁ@ﬁ??mopnﬂﬁé
housi ng 38aadeapcemppabtyon51n Cemmtpﬁcmedeotaalbsgbfsbx&dghhaslf@umwwsght
material, such as [ u t upd IS tood by those o
skilled in the - - artgt Fllgtbg ﬁ]é/"ﬁgum nYy Sclgil dgbgI constructed of other
materi al s, waagﬁlasmalsoaynéaaétnapérPatlen b@anngegsvgﬂeupe of n, Wi tisout

departing tfeﬁ1bhg §Bi b, aﬁa £CORE £obm! betbNY 00! i 8Bid2Qeolite being The
detail s of untin 32 within thé :

" housi ng 38° ?EaggfrbéFa|ﬁ¥nFn VIn% g?@égﬁtgqggraCtlon pattern haV1n9

the lines and relative intensities as set forth in Table I

below: _ _
' TABLE 1 - . .!
‘XRD POWDER PATTERN OF ETS-10
{0-40° 2 theta)
. SIGNIFICANT d-SPACING (ANGS.) 3 1/1,
14.7 = .35 W-M
7.20 = .15 : W-M
4.41 = .10 : . : W-M
3.60 = .05 . - - VS
3.28 = .05 w-M

where VS = 60-100; S = 40-60; M = 20-40; and W = 5-20.

10. A method according to claim 8 wherein the air
in the outlet path is at a temperature of not greater than
about 190 F prior to passing into the rotatable desiccant
carrying moisture transfer wheel.

_ 11. A method according to claim .8 wherein the air
in the inlet path has a temperature within the range of about
0°F to about 120°F, and a vapor pressure of about 1 torr to
about 25 torr prior to entering the moisture transfer wheel.

12. A method according to claim 8 whereln the air
in the inlet path has a temperature of about 90°F to about
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I nventi on. ecogni zed b those of ordlnary skill int

fromthis ‘(,:vasgg gls"lr‘jre '?hat theyV\heeI 32 can be nounted in i;S'r’uéf'ﬁar’l7r§9nner
wi t hout departing fromthe spirit and scope of the 25 i nvention.
Accordingly, further description thereof2ss- omtte [ﬁ‘ E§BEEN l
conveni ence only, and is not. limting. . 1 §Jﬁ§&gQ§
understood that while the assenbly of partsfshorﬂ |3 Eig ?__ DS
descri bed above e a preferred structure for e desiccant air

condi ti onerl%‘g/sff'erﬁ‘ q E‘éa%‘br Pregaiues tof ARAHE dhy 5 thrrnide rakevtenS oforr

ai rbor ne niaftomr gaxitsig the maroifd Ngrasfdie whnen! i on can be achi eved
merely by the passage of air having a concentration of m croorganisns
through a core 10 conprising zeolite, as induced by, for exanpl e,
either a supply bl owek3or ah natthed tadtending | talewks i85 2 wHerejnurgioses of
destroyi ng g rpiee deFd B HHNS @1@%&!‘ r&cltln%\glgesl%ﬁé}y;@tﬁlo&sfér' S

the zeolite e'
e oo OFARST 2o ML SEREEAL Y omr. O

. 14. A method according to claim 8 wherein the
~desiccant air conditioning system is operated to reduce the
concentration of microorganisms in the air by at least 50%.

15. A method for substantially reducing a
concentration of microorganisms in air comprising passing the
air having the concentration of microorganisms through an _
open-cycle air-conditioning system comprising a rotatable heat
exchanger wheel, a rotatable zeolite carrying moisture
transfer wheel, a heater disposed between said heat exchanger
wheel and moisture transfer wheel, an evaporator positiohed on
‘a side of said heat exchanger wheel opposite from said heater,
and means for passing air Ehrough said heat exchanger wheel

and sald moisture transfer wheel in an inlet path and an
outlet path.

16. A method according to claim 15 wherein the
zeolite is a crystalline titaniumsilicate molecular sieve
zeolite having a pore size of approkimately 8 Angstrom units
and a composition in term of mole ratios of oxides as follows:

1.0 + 0.25 M,,0: TiO,: y SiO,: z H,0
wherein M is at least one cation having a valence of n, y is
from 2.5 to 25, and z is from 0 to 100, said zeolite being
‘characterized by an X-réy powder diffraction pattern having
the lines and relative intensities as set forth in Table I
below:
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- regenerated, although after sonme tinme of exposure to air, the zeolite

w || degewensd/zsiend will no | onger be effective accorp@rﬁggg,@nk@e
clainmed method. If the zeolite is to be regenerated it need not be
regenerated according to the 5 mechani_smn ‘ g ==t instead

the zeolite can be - pl aced in an~e¢fca
tenperatures therein. Standard neans for _
are well known in the art, and all of such Meee pe enpl oyed to
regenerate the zeolites according to tﬁﬁa%ﬂ 1 Lnstant i nventi on.

It should al so be understood that the heatlng el enments 19 or 21, if

present, may be powered by neans ot her than sol ar energy. For .
exanpl e, the heating elenents 19 or 20 "ﬁﬁV’Be_ﬁﬁﬁETEH‘E‘“ETeCFT|C|ty
or by internal coils of hot XRp POWDER PATTERN OFRIE-90 Ol .
It is preferred to have the zeolites-poesenthésapart of a noisture
transfer wheel assenbly 11, with a supply bl ower 23 and an_exhaust-
bl ower 25 forcing air past the zeolites, as "~ m croorgani smdestruction
and zeol i t SICNFERCANT| dnSBACTNG 2BNGS. éoncurrently The ot her el gfgEpnts of
Fig. 1 are—only-present —tofurther condition the air as to
tenperature and hunmidity, =~~~ and may be onmitted according to the
i nvention #+f- or -3fher - types of conditioning is desired. W-M
In the oper t4§n of1 he desiccant air conditioning 3-3

3.60 = 05 . Vs

3.28 = .05 ' W-M ‘

. where VS = 60-100; S = 40-60; M = 20-40; and W = 5-20.

17. A method accordlng to clalm 15 whereln the air
in the outlet path is at a temperature of not greater than
about 190 F prior to pa591ng into the rotatable desiccant
carrying moisture transfer wheel.

'18. A method according to claim 15 wherein the air
in the inlet path has a temperature within the'rahge of about
0°F to about 1205F, and a vapor pressure of about 1 torr to
about 25 torr prior to entering the moisture transfer wheel.

19.- A method accordlng to clalm 15 wherein the air
in the inlet path has a temperature of about 90°F to about
190°F, and a vapor pressure of about 0.5 torr to about 5 torr
after exltlng the moisture transfer wheel.

20. A method accordlng to claim 19 whereln the
~Vapor pressure of the air after exltlng ‘the m01sture transfer
wheel is not’ greater than 3 torr

21. A method according to claim 15 wherein the
desiccant air conditioning system is operated to reduce the
concentration of microorganisms in the air by at least 50%.
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25 SYStegh. e |nvent|on So as .to-achi eve substanti al

destruc%/i on oﬁsséyr]borne m croorganisns, it is desired to hMm595/07768 hi gh
nom nal air flom/velocity t hrough the core 10. Preferably, the
nomnal air flow velocity is about 20Q tyg . about 800 feet per mnute
(fpm), and nore preferably about 400 30 to about 500 fpm In a
preferred enbodi nent, the core 10 has a zeolite density of about 0.5
to about 20 Ibs/ft[err], and nore preferably has a zeolite density
of “about 3 to about &2. A tldrhidd [oef Idont rBi4 ey carﬂ@:gmeq‘c@rcildy has a

t hi ckness r.vq_ghg a}ty L4 ;191 1 fé’ and

nor e preferd%b G@Hﬁ condzhtfl%rfaﬂ-@tsrk te%P@{‘é 0 abo%ttt i

t he airpat Iexc angercéﬁhetﬁi'- mElCatatghle sesiogant s:taiwlrmjmct:;aﬂMe

destructi O fnsfer wheel, a heaﬁazcrda@;gﬁaérn‘ee@éw%%@%ealw éc&}{a%{g%f ed

enbodlnent %PEFEI he de eq?ratlon and regeneration of the zeolite
wheel an m01sture tra r wheel, an evaporator positioned on

a side of sald heat exchanger wheel opposite from said heater,

and means for passing air through said heat exchanger wheel

and said moisture transfer wheel in an inlet path and an

outlet path, to-substantially reduce a concentration of

mlcroorganlsms in air forced through the air condltlonlng

system, compr1s1ng the steps of:

(a) 1nlet1ng air to the gystem where the air
has a temperature within the range of about 0°F to about 120°F
and a vapor pressure of about 1 torr to abouﬁ 25 torr;

(b) exiting inlet air from the moisture
transfer wheel where said air has a vapor pressure of no more
than 5 torr; and

(¢} drawing outlet air having a temperature
not exceeding 200°F through the moisture transfer wheel. '

23. A method according to claim 22 wherein the
zeolite is a crystalline titaniumsilicate molecular sieve
zeolite having a pore size of approximately 8 Angstrom units
and a composition in term of mole ratios of oxides as follows:

1.0 £ 0.25 M,,,0: TiO,: y 8i0,: z H,0
‘'wherein M is at least one cation having a valence of n, vy is
from 2.5 to 25, and z is from 0 to 100, said zeolite being
characterized by an X-ray powder diffraction pattern having
the lines and relative intensities as set forth in Table I

- below:



occurs sinmultaneously as shown in Fig. 1, the core 10 rotates ar ound
its axis yahogndidl © Of about 5 to about 70 revolutions 5 peypgdosiPiéh
(rph),, and nore preferably rotates at about 10 to about 40 rph.
According to a preferred enbodiment, the air in the inlet path of the
air conditioning systemof Fig. 1 has a8 - tenperature within the range
of about O[err]F to about 120[err]F, and 10 a vapor pressure within the
range of about 1 torr to about 25 torr prior to entering the noisture
transfer wheel. According to another preferred embodiment, the air in
the inlet path of the air condl ? systemof Fig. 1 has a

t enper at ure of "~ about 90[err]F to 190[err]F, and a vapor
pressure of about 0.5 15 = torr to. about 5 torr after exiting the nolsture
transfer _ wheet ' — 1n a preferred enbodl nent, the
zeolite according to xﬁyapdwuyn|pmiERNadpamgehpmred crystalllne
titanium molecular - sieve zegbi4ee astheéwaned in U S. Patent

4,853,202, (the '202° patent) the entire disclosure of mthh_Ls_heLm n
|nCOfporaBEdNIFICANUydrSPﬁCENGe(ANUSS)partICular zeolite is prefd@/ied

because, for exanple, it can be regenerated at a relatively | ow
tenperature when incorporated into the apparatus of Fig. 1 The
zeolites of the '202 patent can be. regenerated at 25 tenperatures in the
range of aBolGt %£70B&rr]F.to about 220[err]F, preferably at Wabbut
190[err]F HGZQbeut1§00[err]F -and still provide suff|0|entwb§&ing
effect to ﬁnﬂét-alﬂ such that inlet air. is : _ w-

- 3.60 = .05 ' Vs - ‘

3.28 = .05 : W-M

L'where VS = 60-100; S = 40-60; M = 20-40; and W =.5-20.

24. A method accordlng to cla1m 22 whereln the inlet
air ex1t1ng from the moisture transfer wheel has a vapor

pressure of less than about 3 torr.



dried to a essure of less than 5 torr, and typicall
WERgHs 1Rl

S
than 3 torr. The preferretfZeolite of the iﬁ’\?gmﬁ%’ﬂ%ﬁ@s t he
properties provided in Table 1. _

TABLE 1 : XRD POADER PATTERN OF ETS-10
(0-40[err] 2 theta) 5 S| GNI FI CANT d- SPACI NG ( ANGS. )
/10 '

RECTIFIED SHEET (RULE 91)



14.7 = . . WM 7.20 = .15
WM 10 3@2.92’?.5144. 10 22 - PCT/USIS/Rzafy
3.60 = .05 ' ' VS 3.28 = .05
W M where VS = 60-100; S = 40-60; M= 20-40, and W= 5-20.
While zeolites other than those clained in the '202 15 patent may be
enpl oyed in the inventive nethod, they are not as effective at
achi eving the destruction of airborne Fl mo gani sns when a
regeneration tenperature of |ess than t BO0[err]F is used in
operating the apparatus of Fig. 1. The net hod ﬁcordi ng to
the invention is effective crbmied sgle T ange
m cr oor gani sms, i ncl udi bacy/fr i o .mw nd ngi . ndiedd ‘al bi ens
is a representative funfus ' st ' by fhe present -
i nvention. T-4 coliphage gg-alr ir ' 2
destruction by the present i 2 her %phi | us, -
clostridiumbotulinum clostr [ i tetani,
corynebact eri um di pht heri ae, . ni erichia
coli, lactobacillus 44}, I I u i | ept ospira,
mycobacterium fortuitum ny capbfgy 0al s,\ lnei I a '
_ T -
\ / il 40
‘ 5/ J
4 - . A 4
[l
42 - 42
)
34 F‘ IO 32 36
- 1G. 4 - 34
4A/'w/ 4 A////, /V;
44‘111:” ( ghelghallih
3
]

38




30 gonorrhoea, nitrosococcus, pseudononas aerugi n<PsQT‘U$c9§tA.QI7726
t yphi, .sal monel I'a, shigella dysenteriae, spirocheta, 'PgMJ Qa&ﬂ"ryllZ)
aureus, staphylococcus epidernmdis, stigmtella '
Streptococcus lactis, treponema pallidumand - vibrio c
representative bacterla subj ect to 35 - destruction by the
Wil e not intending to be bound by their theory, the
"the following as- an expl anation for the success of ‘th
nmet hod. As air is passed through a zeolite bed, water{iS—e+awi—fLrom
the air and into the PLES 8f Srapld exit of water
fromthe air causes a X o =y I n the vapor
pressure of the air, . éﬂe sh Ry rise in the tenperature of
the air. ~ Based on a|r hanges etc., one can

The present invention relates to a method for

killing mlcroorganlsms and, more partlcularly, to a method of
5 operating a desiccant air conditioner so as to treat

microorganism-laden air in a manner which substantially
"h_- reduces the concentration of microorganisms in the treated
air.
_ Background of the Invention
10 There is a growing public awareness of, and concern
' for, the health effects attendant contact with air-borne
microorganisms. The concern is particularly acute as regards
the air quality in enclosed spaces, such as home and
workplace. Workplaces including breweries; pharmaceutical
15 manufacturing, formulation and encapsulation sites; hospital
critical areas such as surgery and intensive care units; and
semiconductor manufacturing sites are all very susceptible to
disruption by the presence of various airborne microorganisms.
As many homes and workplaces are already equipped
20 with air conditioning systems, it would be convenient if means
were available for operating an air conditioner in a manner
lethal to airborne microorganisms,
Open-cycle air conditioners are known in the art and
are based primarily on the Munters Environmental Control
25 system (MEC) unit as described in U.S. Pat. No. 2,926,502. As
set forth in this patent, the basic open-cycle air conditioner
operates by dehumidification and subsequent cooling of air
wherein moist hot air is conditioned by basically a multi-
stage process to produce cool air.
30 ' In open-cycle air conditioning systems, a basic
' multistep approach is used. 1In the inlet path, outside air is
subjected to removal of moisture through a moisture transfer
‘wheel, with the dried air being cooled by means of a heat

exchahger wheel with the subsequent addition of moisture by an

AN ATEQ MR Sari; e v



Teadily ca

Qﬂﬁﬁm 7 s than one second, the a.P"]'IUb5915/ 0?726
vapor pres§ug

torr, often less than 3 gi ?5
increases iin, t | east 80[err]F, often |n QP ”19@
100[err] F. AT e56 cgﬂB g99n hensel ves, brought about by the rapld
drying of t p y be lletthal tcft%é‘nicroorganisns. However, the
“inventors s t he speed at which 15 t he anbi ent
condi tions §thange which is hal to the m cr oor gani sns: the

m cr oor gani e .tq conpensat.e r d |ff rential’
bet ween |ﬁpern§ an%igﬁﬁggn% 35P%0 ?5r§h?gscoggd % gigrgg estr&&éd What
remai n a&hters the amaer@or@&ncgnddsspnedtloﬁnatbesmeturneéygﬁ@stt@a s,

whi ch ang, passe%S%ﬁQE %ﬁg%gtQﬁh%?@%u?39P0§hkcwahhcwhﬁgguh ienbehaal

cytoplasn1 te constitutes about 70% of the
nass evapé’ffattﬁé’ec?tléﬁ‘le&é’rm the heat exchangexhyhpﬁ&enﬁu B82akiMg now be

i | sust r atiesthel¥ ,t BB the mEQ's'tQWenﬁraﬁbehrWhéagl exZEBkeshivh Ehedemanst rate
the 25 |, ad antag ous p epertles of the B Eent i nventj o

EXAVPLESS exnaugf atmospherg.qodp:Ehft T&i PrBOHXCﬂlan&ﬁchnlt was
instalredlnedathe outﬂetspaghhoa&rtpads&agntheoubh shel mepisitaref f ect of the

air raﬁ%'%%'rt b?fé' 19 2l gﬁl‘éﬁ%gﬂgnathgorrgg‘feg‘eg%ageﬂvg’rkf The wﬂéeelefbgacacy -

of" the un| was tested derson npl er
(Model  N@iviTgemgistuae tberedrbor. bacterial and fungal load; only -

nigrobial counts WLe oReihr fBY o2 alillentages of this type of system
is that a constant supply of fresh, filtered air is delivered
to the space to be conditioned as opposed to the recirculation
of air as is found in standard heating and cooling systems.

The basic principle of the MEC system is that dry

15 warm air can be simultaneously cooled and humidified by
contacting it with water vapor. However, in geographic areas
where the air is both warm and humid, it must be dried before
it can be cooled by evaporation. The efficiency'and the
effectiveness of an open-cycle air conditioning system depends

o upon the ability of the unit to dehumidify the warm moist air
input, and upon the effectiveness of the heat exchanger wheel
or unit. - _

As to the heat exchanger Wheel, operation depends

upon the opposite faces remaining at different temperaturés.

25 ‘This means that there must be a significant temperature
gradient across the wheel in the axial difection. Proposed
use of highly thermally conductive material such as metal
results in the temperature gradient through the wheel being
substén;ially less, with poor heat exchange and low

30 effectiveness. 1In the'open-cycle air conditioner system, the
heat created by the drying of the air by the moisture transfer
wheel must be removed by the heat exchanger wheel. However,
migration of the heat axially'in the direction of flow of the
air through the wheel must be kept to a minimum. If the heat

.35 does not migrate, the air stream to be treated exiting from

the heat exchanger wheel will not be sufficiently cooled to

e —-!\. f\LlC:T
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ken at the unit's inlet and outlet.
There is a need in the art for an effective air

condltionihg system that treats air so as to accomplish a

~substantial reduction in the concentration of air-borne

microorganisms, where the treatment is accomplished without
exposing the air to toxic chemicals. The present invention
solves this need by providing a desiccant air conditioning
system which employs a zeolite desiccant. Use of the present
invention results in a safe and highly effective method for
substantially reducing air-borne microorganisms, while at the
same time providing temperature control and dehumidification
of air. '

Summary of the Invention

Briefly stated, the present invention is directed a
method for substantially reducing a concentration of
microorganisms in air comprising passing air having the
concentration of microorganisms through a desiccant air
conditioning system having an inlet path, an outlet path and a
moisture transfer wheel comprising zeolite. The moisture _
transfer wheel is positioned in the inlet and outlet paths and
is movable such that the desiccant zones move between the
inlet and outlet paths to degenerate and regenerate the
zeolite.

Another aspect of the invention is a method for
substantially reducing a concentration of microorganisms in
air comprieing paseing air having the concentration of
microorganisms through an open-cycle air conditioning system."
The system includes a rotatable heat exchanger wheel, a
rotatable desiccant carrying moisture transfer wheel, a heater
disposed between the heat exchanger wheel and moisture
transfer wheel, an evaporator positioned on a side of the heat
exchanger wheel opposite from the heater, and means for

aa srunrn CWUEF \
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air comprising passing the air having the concentration of
microorganisms through an open-cycle air conditioning system.
The system includes a rotatable heat exchanger wheel, a
rotatable zeolite carrying moisture transfer wheel, a heater
disposed between the heat exchanger wheel and moisture

- transfer wheel, an evaporator positioned on a side of the heat

exchanger wheel opposite from the heater, and means for
passing air through the heat exchanger wheel and the moisture
transfer wheel in an inlet path and an outlet path

Another aspect -of the invention is a method of
controlllng an open-cycle desiccant air conditioning system
having a rotatable heat exchanger wheel, a rotatable desiccant
carrying moisture transfer wheel, a heater disposed between
the heat exchanger wheel and moisture transfer wheel, an
evsporator positioned on a side of the heat exchanger'wheel
opposite from the heater, and msans for passing air through
the heat exchanger wheel and the moisture transfer wheel in an
inlet path and an outlet path, to substantially reduce a
concentration of microorganisms in air forced through the air
conditioning system, comprising the steps of:
_ | (a) inleting air to the system where the air
has a temperature within the range of about 0°F to about
120°F, and a vapor pressure of about 1 torr to about 25 torr;

(b) exiting inlet air from the moisture '
transfer wheel where the air has a vapor pressure of no more
than 5 torr; and
(c) drawing outlet air having a temperature

not exceeding 200°F through the moisture transfer wheel.

According to a preferred embodiment, the desiccant
according to the invention is a zeolite. . The zeolite is a

crystalline titaniumsilicate molecular sieve zeoclite having a

The Speci al plates (for fungal 7'7 1
i ncubat ed 4 REPLAGEMENTNSMEET lluor escent 1ight at
rior toc TNy, TSA agar |plates (for 15 bacterlal JLM.]QQ@
I ncubat ed f 4§8h 1994 37lerr] C prjor to counting. If there were
| ess than colonres per {pllate, the _ counts were done visually. The
- bacteri al ded directly as CFU (colony form ng-
units); funpal counts were converted using the positive hole nethod
( Andelr S@a Ia)Lr tw;rougmé'ﬂmw rh‘hﬁrtf Qﬂ‘xc@aﬂ@l ewwherl and yHatodssure 5
nor mal i zed air ed ters
and theZC S%erreé"lsjlete& a é"pgr#le&' aﬁﬂ. cad%?: leerts argpr?pqgt%scﬁ\&agtqn%ken on
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pore S§iZé OF approximately 8 Angstrom units and a composition
in term of mole ratios of oxides. as follows:

1.0 ¢ 0.25 M,,0: TiO,: y SiO,: z H,0
wherein M is at least one cation héving a valence of n, y is
from 2.5 to 25, and z is from 0 to 100, the zeolite being
characterized by an X-ray powder diffraction pattern having

the lines and relative intensities as set forth in Table 1

below:
' TABLE 1
XRD POWDER PATTERN OF ETS-10
(0-40° 2 theta)

SIGNIFICANT d-SPACING (ANGS.) - I/1,
14.7 = .35 W-M
7.20 = .15 ' : W-M
4.41 = .10 wW-M
3.60 = .05 vS
3.28 = .05 W-M

where VS = 60-100; S = 40-60; M = 20-40; and W = 5-20.

Brief Description of the Drawings

The foregoing summary, as well as the following
detailed description of the preferred embodiment of the
invention, will be better understood when read in conjunction
with the appended drawings. For the purpose of illustrating
the invention, there is shown in the drawing an embodiment
which is'presently preferred. It Should be understood,
however, that the invention is not limited to the precise
arrangements and instrumentalities shown. In the drawings:

Fig. 1 is a diagrammatic perspective view of an
open-cycle air conditioning system in accordance with the
present.invention; |

Fig. 2 is a'greatly enlarged cross-sectional view of

‘a core of a moisture transfer wheel used in the air

conditioning system shown in Fig. 1;
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'n Tabl e 3 denoneFidte t N & AESERdY Adiazeed Sene-seqtionnl e o
provi dether mpagknyehtyansdepe wheele and housing shown in Fig 3 taken

along lines 5-5 of Fig. 3. '

Detailed Description of the Preferied Embodiments
10 Certain terminology is used in the following
description for convenience only and is not limiting.
Turning now to the drawings, Fig. 1 illustrates a
schematic of the basic open-cycle air conditioning system of
the present invention. A moisture transfer wheel assembly 11
15 constitutes the exterior or outside element of the system. As
will be noted and discussed later, the assembly 11 is
separated into two sections so as to provide an intake path
and an exhaust path through the assembly il, as indicated by
o the arrbws. A heat exchangér wheel assembly 13, also
20 partitioned so as to provide intake and exhaust paths is
located substantiaily adjacent to the moisture transfer wheel
assembly 1i, separated only by a solar heat regeneration coil
19! Auxiliary solar heating coil 21 may be placed in the
system for use in cold months when it is desirable to heat the
25 interior of the area rather than to cool it. The solar coils
include fluid pipes which are interconnected with standard
solar heating units (not shown). The basic unit terminates in
a pair of evaporator elements 15 and 17 separated by a
partition 6 with the arrows indicating the intake air into the
30 building and the air exhausting therefrom. A supply blower 23
and a exhaust blower 25 are provided so as to implement the
necessary air movement within the system. This pafticular
open-cycle air conditioner system is disclosed in U.S. Patent
4,594,860, the entire disclosure of which is hereby
35  incorporated herein by.reference. Accordingly, further
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Tabl e 331£§§} P L5 of material 12 of the

channels 14 have a minimum thickness to inhibit the effect of
. the wall thickness increasing the pressure drop through the

core 10 and yet provide the core 10 with sufficient structural
5 integrity to ke self supporting. . In the first preferred

fembodlment, it is preferred that the layers of material have a
thickness of about 0.0015 inch. It is understood by those
skilled in the art that the exact thickness of the walls
formed by the layers of material 12 could vary, depending upon

10 . the particular application of the core 10 and existing
manufacturing techniques, without departing from the spirit
and scope of the invention. For instance, the thickness of
the walls formed by the layers of material 12 could be in the
range of about 0.001 to 0.006 inch. '

15 Each of the channels 14 includes a centrally
disposed longitudinal axis 18. The channels 14 are preferably
sized such that a distance between and along longitudinal axes
of adjacent channels is generally'uniform (i.e., the adjacent
channels 14 are equidistantly spaced from each other and

w extend generally parallel with reSpect to each other). 1In the
first preferred embodiment, it is preferred that the distance
between the longitudinal axes 18 be in the range of about
0.050 to 0.125 inch. Thus, the channels 14 of the present
invention, due to their hexagonal cross-sectional

25 configuration, are closely adjoined to increase the available

' transfer surface per unit of volume.

In the present embodiment, it is preferred that the
layers of material 12 be comprised of a non-metallic, high-
strength, temperature-resistant, low thermal conductivity

30 material, such as Nomex® aramid in'paper form. The proeess of
assembling the layers of material 12 in the form of the
channels 14 is well understood'by those skilled in the art.
‘An example of a commercially available product which meets the
criteria of the present invention is Aeroweb® HMX-20 without

35  the resilient resin coating, manufactured by Ciba Composites
of Anaheim, California, a division of Ciba Geigy Corporation
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piAdsent . aneant(ioa.asbdeédnegohystardapdemdasurtménss and calculations
of the geometries after coating of the interactive material)
of a hexagon is relatively greater, as compared to theoretical
calculations, than the transfer surface area of a sinusoidal,
' trianglé or square for a given volume because theré are less
15 surface area losses due to corner buildup. It is generally
known that sorbent mass transfer is analogous to heat
transfer. This relationship is defined in U.S. patent
5,148,374, which is hereby incorporated by reference, as the
number of transfer units which corresponds to the
o effectiveness of the heat transfer. The greater the number of
transfer units, the more effective the heat transfer. The
number of transfer units is dependent on, among other things,
the'available transfer surface area. By minimizing corner
build up the core 10 of the present invention achieves a
25 number of transfer.units which is equal to or greater than the
number of transfer units the prior art cores achleve
Third, the pressure drop through the core 10 of the
present invention is significantly less than the core
constructed of the geometries mentioned above because there is
30 virtually no buildup in the corners of the generally hexagon
shaped channels 14. Hence, the power necessary to force the
fluid media through the core 10 is significantly less than
that needed to force the fluid media through the prior art
cores. For instance, in the case of desiccant air
35 conditioning systems, the reduction in power requirements
allows the desiccant systems to operate at the same cost as
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corrugated process described in the aforementioned patent
application. Thus, the possibility for leakage of either
fluid from one stream to the other at the sealing points is
greatly reduced.

10 . While in the present invention it is preferred that
the channels 14 be conflgured to be generally in the form of a
hexagon in cross section, it is understood by those skilled in
the art that the cross section of the channels could be other
straight-sided shapes with equal angles and equal eide

15 lengths, such that the cross sectioh approaches a circle, and
which permit the channels to be closely adjoined to maximize
the greatest transfer surface area per unit volume without
departing from the spirit and‘scope of the invention. It is
also understood by those skilled in the art that other

“f geometries could be used, such as, triangle, square,
sinusoidal, so long as the operating parameters described
below are attained, without departing from the scope and
spirit of the invention.

The preferred method of making the core 10 comprises

25 forming the plurality of adjoining channels 14 such that the

' channels 14 are generally in the form of a hexagon in cross
section. As is described above, each of the channels 14 has a
centrally disposed longitudinal axis 18. The interhal surface
area 16 of the channels 14 is then coated with a suspension of

30 the zeolite in water, where the suspension preferably
additionally contains silicate. After coating, the
substrate/eqating is dried to remove the waEer and provide

- zeolite adhered to the substrate. The coating of the internal
surface area 16 of the channels 14 with the zeolite 20 is

35 accomplished by forced-flow passing of the zeolite 20, as

' sﬁspended in water with silicate, through the chanriels 14 at a
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VS 3.28 wicPBorganisms is observed. In 3, referred embodlﬂéHM. wher e VS =

A net hod
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per hour (rph), and more preferably rotates at about 10 to '
_about 40 rph
According to a preferred embodlment the air in the
inlet path of the air conditioning system of Fig. 1 has a
temperature within the range of about 0°F to about 120°F, and
10 a vapor pressure within the rahge of about 1 torr to about 25
torr prior to entering the moisture transfer wheel. According
to another preferred embodiment, the air in the inlet path of
the air conditioning system of Fig. 1 has a temperature of
about 90°F to about 190°F, and a vapor pressure of about 0.5
15 torr to about 5 torr after exiting the moisture transfer
wheel.

In a preferred embodiment, the zeolite aécording to
the .invention is a large-pored crystalline titanium molecular
sieve zeolite, as claimed in U.S. Patent 4,853,202, (the ’202

) patent) the entire disclosure of which is herein incorporated
by reference. This particular zeolite is preferred because,
for example, it can be regenerated at a.relatively low
temperature when incorporated into the apparatus of Fig. 1.
The zeolites of the '202 patent can be regenerated at

25 temperatures in the range of about 170°F to about 220°F,

preferably at about 190°F to about 200°F, and still provide
sufficient drying effect to inlet air such that inlet air is
dried to a vapor pressure of less than 5 torr, and typically
less than 3 torr. _ '

30 . The preferred zeolite of the invention has the

prdperties provided in Table 1. '
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TABLE 1

XRD POWDER PATTERN OF ETS-10
"~ (0-40° 2 theta)

SIGNIFICANT d-SPACING (ANGS.) - I/1,
14.7 = .35 W-M
7.20 = .15 - W-M
4.41 = .10 - | W-M
3.60 = .05 Vs
3.28 = .05 W-M

where VS = 60-100; S = 40-60; M = 20-40, and W = 5-20.

While zeolites other than those claimed in the 202
patent may be employed in the inventive method, they are not
as effective at achieving the destructioh of airborne
microdrganisms when a regeneration temperature of less than
about 190°F is used in operéting the apparatus of Fig. 1.

The method according to the invention is effective
at the destruction of a wide range of microorganisms,
including bacteria, wvirus and fungi. Candida albiens'is a
representative fungus subject to destruction by the present
invention. T-4 coliphage is a representative virus subject to
destruction by the present invention. Bacillus
stearothermophilus, clostridium botulinum, clostridium
perfringens, clostridium tetani, corynebacterium diphtheriae,
diplococcus pneumoniae, escherichia coli, lactobacillus
acidophilus, legionella pneumophilia, leptospira,
mycobacterium fortuitum, mycobacterium tuberculosis, neisseria

gonorrhoea, nitrosococcus, pseudomonas aeruginosa, rickettsia

typhi, salmonella, shigella dysenteriae, spirocheta, _
staphylococcus aureus, staphylococcus epidqrmidié, stigmatella
aurantiaca, streptococcus lactis, treponemé pallidum and
vibrio cholerae, are representative bacteria subject to
destruction by the présent method.

MCaine. . .
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25, andarrdis fapid Cand Sep thisse 6l it hainie Pt oF I@l@éi éwran X-ray
-powder ﬂgécﬁ a&&' LS pfafcgv?rxnatheaé/, ri%lmldlty changes etc., one can
readily calculate that in less than one second, the air drops
10 in vapor pressure to less than 5 torr, often less than 3 tor;,
and increases in temperature to at least 80°F, often in excess
of 100°F. These conditions themselves, brought about by the
rapid drying of the air, may be lethal to the microorganisms.
However, the inventors believe that it is the speed at which
15 - the ambient conditions change which is lethal to the |
microorganisms: the microorganisms are unable to compensate
for the sudden differential between internal and ambient
pressures, and thus are destroyed. What remain after
microorganism destruction are so-called ghost cells, which are
mﬂl essentially the ruptured cell wall without internal cytoplasm
water, where water normally constitutes about 70% of the mass
of the cytoplasm. _ , |
The invention will now be illustrated by the
following non-limiting examples, which demonstrate the

25 advantageous properties of the present invention,
EXAMPLES
Example 1

A desiccant air conditioning unit was installed in a

-nursing home to determine the antiseptic effect of the air

30 conditioning process on airborne microorganisms. The efficacy.
of the unit was tested with the Anderson Six-Stage Variable
Sampler (Model NG) The air was tested for bacterial and
fungal load; only microbial counts were performed on the
samples collected.

35 - The guidelines used for analysis of the. samples were
taken from the Bioaerosols Committee of the ACGIH. Standard
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3.28 = .05

—
60-100: S = 401'%6‘—*‘ MEN]

nd W= 5-20. AW nee?ﬁﬁi,?zé

according to f ¥Ne air in the inlet pat enpe udéﬂ_ 996
within the rahg @8 atiu F to about 120[err]F, and a vapor pressure

of about 1 tofr {to about pri8f to entering the noisture transfer

wheel A nmet hod 4dccording to claim6 wherein the air in the

inlet path hasia te about 90[err]F to about 190[err]F, &and a
vapor pgpessuy about 0.5 torr to about 5 torr after exiting the noisture
transfer mﬁé g. 9. A nethod according to claim8 wherein the
vapor pressure of Ushegatheahpparaxiusi showhne impiFigur a., tm&ns&eblwheel I's not

greaterwgggncgmbgggd for their ab&gltXAtg?EQQQe%%Pgrt 3%5 laim 6 wheréin

t he open- cycle alr conditronin I's. operate t he
concent +RFFBASEE. nhémé@ﬁ-ﬁb(nﬁ§ﬁ§eﬁﬁeﬁhéndl Nawrapne@ésnr%@aﬂreases

5 when the zeolites were present in a moisture transfer wheel
and acting“upon inlet air. The two zeolites were molecular
sieve 4A, available from, for example, Aldrich Chemical
Company, St. Louis, Missouri, and denoted as "Molecular Sieve"
in Table 3, and a large-pored crystalline titanium molecular

10 sieve zeolite as claimed in U.S. Patent No. 4,853,202, denoted
as "Engelhard ETS" in Table 3, and obtained from Engelhard
Corporation, Edison, NJ. The ability of these zeolites to
provide air having desirably high outlet temperatures,
desirably low humidity values, and desirably low vapor

15 pressures was evaluated for three different desiccant

' regeneration temperatures. The regeneration temperature is
'the_temperature of the outlet air stream immediately before
entering the moisture transfer wheel. _ :

The data in Table 3 demonstrate that the Engelhard

ETS desiccant is able to provide air having high temperature,
lower humidity and lower vapor pressure than can be échieved
by Molecular Sieve when operating under the same reaction
conditions. The data in Table 3 also demonstrate that the
Engelhard ETS desiccant, when present in the moisture transfer

25 wheel of the apparatus of Fig. 1, can provide conditioned air
having a'vapor pressure of less than three torr when the

desiccant is regenerated with air having a temperature of not
more than 190°F.



11. A nethod according to claim6 wherein the inlet a‘ﬁﬁanﬂs

12. A nethod of contrmMn o en FTgb

general ly Pret-trire
desi ccant I BHEETS \|st em having a rotatabl e han L 1996
wheel, ar gesi ccarjt fcarrying noi sture transfer wheel, a heater
di sposed be xdhanger adheel and noisture transfer wheel , an
evapor at or on a lsifde of the heat exchanger wheel opposite from
“the heater, ; gadsi ng air through the heat exchanger wheel and
the noi stur transfer wheel ijn an inlet path and an outlet path,
Table 3: Desiccant Performance Comparison “
(Comparison of minimum achievable outlet humidity
for 180°F, 190°F & 200°F regeneration temperature)
Inlet Conditions Outlet Conditions
} Vapor Vapor
Regeneration Material Humidity Pressure Humidity Pressure
5 Temp, °F Type Temp, °F GR/b Torr Temp, °F GR/b Torr
B 180.00 . Engelhard ETS 80.00 78.00 13.22 138.00 17.20 2.9
180.00 Molecular Sieve 80.00 78.00 13.22 150.00 33.70 5
“ 190.00 Engelhard ETS 180,00 78.00 13.22 141.00 12.40 2.10
" 190.00 Molecular Sieve 80.00 78.00 13.22 151.00 32.40 5.49
10 " 200.00 Engethard ETS 80.00 " 78.00 13.22 145.00 6.00 1.02
. 200.00 Molecular Sieve 80.00 78.00 13.22 150.00- " 30.20 5.12
— ——

It will be appreciated by those skilled in the art
that changes could be made to the embodiments described above
without departing from the broad inventive concept thereof.

15

It is understood, therefore,

that this invention is not

limited to the particular embodiments disclosed, but it is
intended to cover modifications within the spirit and scope of

the present invention as defined by the appended claims.
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fange of fajout O[errJF tq about 120[err]F and a vapor pre ﬁguhjilggﬁ
torr to gbqutOBSJYPL %% - 22 fe) exiting inlet air fromthe .
noi st ur e [t rlansfer mhe ? \h¢re the air has a vapor pressure of no nore than
5 torr; 4nd (f) drawing outlet air having a tenperature not

“exceedi nd_about 190[err]F hrough the noisture transfer wheel; and
wherein the desiccant T3 crystal | S&8IME: ani unsilicate nol ecul ar sieve

zeolite having a moreASméehaﬁ aaﬁraﬁbﬁa&ﬁtyaﬁlfmgédmc&mgwats and a
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the |lines an ativeTintensities set
and a m01sture transfer wheel comprising zeollte, the m01sture

transfer wheel being positioned in the inlet and outlet paths
and being movable such that the desiccant zones move between
the inlet and outlet paths to degenerate and regenerate the
zeolite, wherein the zeolite is regenerated at a temperature '
of not greater than about 190°F, and wherein the zeolite is a
crystalline titaniumsilicate molecular sieve zeolite having a
_ pore size of approximately 8 Angstrom units and a composition
- in terms of mole ratios of oxides as follows:
| 1.0 & 0.25 M,,0: TiO;: y Si0,: z H,0
'wherein M is a least one cation having a valence of n, y is
from 2.5 to 25, and z is from 0 to 100, the zeolite being
characterized by an X-ray powder diffraction pattern having
the lines and relative intensities as set forth in Table 1

below:
TABLE 1
XRD POWDER PATTERN OF ETS-10
(0-40° 2 theta)

SIGNIFICANT d-SPACING (ANGS.) | 1/1,
14.7 = .35 W-M
7.20 = .15 W-M
4.41 = .10 : W-M |
3.60 = .05 : Vs
3.28 = .05 W-M

where VS = 60-100; S = 40-60; M = 20-40; and W = 5-20.

_ 2. A method according to claim 1 wherein the air in
the inlet path has a temperature within the range of about 0°F
to about 120°F, and a vapor pressure within the range of about
1 torr to about 25 torr prior to entering the moisture
transfer wheel.

LLE o U Tl W PR
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15 - WM 4.41 = .10

WM 3.60 =} - 23 - VS 3.28 = .05
WM where 0. S =140-60: M = 20-40: and W= 5-20.

13. A nethpd according’*c etai m 12 wherein the : .

L

3. A method according to claim 1 wherein the air in
the inlet path has a temperature of about 90°F to about 190°F,
and a vapor pressure of about 0.5 torr to about 5 torr after
exiting the moisture transfer wheel.

4. A method according to claim 3 wherein the vapor
pressure of the air after exiting the moisture transfer wheel
is not greater than 3 torr.

5. A method according to claim 1 wherein the _
desiccant air conditioning system is operated so as to reduce
the concentration of microorganisms in the air by at least
50%. '

6. A method for substantially reducing a
concentration of microorganisms in air comprising passing the
air having the concentration of microorganisms through an _
open-cycle air conditioning system comprising a rotatable heat
exchanger wheel, a rotatable zeolite carrying moisture
transfer wheél, a heater disposed between the heat exchanger
wheel and moisture transfer wheel, an evaporator positioned on
a side of the heat exchanger wheel opposite from the heater,
and means for passing air through the heat exchanger wheel and
the moisture transfer wheel in an inlet path and an outlet
path, wherein the air in the outlet path is at a temperature
of not gréater than about 190°F prior to passing into the
rotatable zeolite carrying moisture transfer wheel, and
wherein the zeolite is a Crystalline titaniumsilicate
molecular sieve zeolite having a_poré size of approximately 8
Angstrdm units and a composition in terms of mole ratios of
oxides as follows: _

1.0 + 0.25 M,;,,0: TiO,: y SiO,: z H,0
wherein M is a least one cation'having a valence of n, y is
from 2.5 to 25, and z is from 0 to 100, the zeolite being
characterized by an X-ray powder diffraction pattern having
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oThod of O?P %aﬁp n pycl e deS| ccant air con!mg s%é‘ranL ]QQR

met hod of cdntfr _ _
havi ng a rotgat h§nger -wzel- a rotatable desi ccant carrying
noi sture transfer wheel, a h§ater di sposed between said heat exchanger
wheel and noiI's eel, an evaporator positioned on a si-de of
sai d heat, exchanger wheel opp03|te fromsaid heater, and neans for passing
air thrdiiph Knes rnd redatsingerinitessiit iesd asnisetrdiostaly @t Tabdeer. wheel in
an inl etoglad: and an outlet path, to-substantially reduce a concentration
of mcroorganisns in air forced throu%h the air conditioning system
conprising the steps of: inleting air to the system

where the air XRD POWDER PATTERN OF ETS-10

(0-40° 2 theta)

SIGNIFICANT d-SPACING (ANGS.) _ I/1,

14.7 = .35 W-M
; 7.20 = .15 - . W-M
4.41 = .10 _ W-M
3.60 = .05 Vs
3.28 = .05 W-M

where VS = 60-100; S = 40—60; M = 20—40; and W = 5-20.

7. A method according to claim 6 whereln the air in
the inlet path has a temperature within the range of about 0°F
to about 120°F, and a vapor pressure of about 1 torr to about
25 torr prior to entering the moisture transfer wheel.

8. A method according to claim 6 wherein the air in
the inlet path has a temperature of about 90°F to about 190°F,
and a vapor pressure of about 0.5 torr to about 5 torr after
exiting the moisture transfer wheel.

9. A method according to claim 8 wherein the vapor
pressure of the air after exiting the moisture transfer wheel
‘is not greater than 3 torr.

- 10. A method according to claim 6 wherein the open-
cycle air conditioning system is operated to reduce the
concentragion of microorganisms in the air by at least 50%.

11. A method according to claim 6 wherein the inlet
and outlet paths are generally separate.

12. A method of controlling an open-cycle desiccant.
air conditioning system having a rotatable heat exchanger
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uf
outlet airjhpving a tenperfatjure not28xeeeding 200[err] F through the

noi sture tfanster wheerl. ' 23. A met hod according to claim 22
‘wherein thbk_zeolite is a stalline titaniunsilicate no!eculardsreve
zeolite ng ore size of approximately 8 Angstromunits and a
composi ¥ Sﬁi atEBﬁ?EFgﬁﬁlge?é? L of2BRY RS BRigirefransfer wheel,1. 0

[err] OaZBeb/E:errﬁﬁbp&'sé{iebéi:weanstl%ehéit éxéi?éhgé’ﬂ"'%él Mri$ at |east one
Ien e_of from2. 5 to 25,,and.z is fromO to 100,

S 4 D AR pRE S, KBRS o1 ) o obdRTRAk S (i CHY fohih AR or 1
havi ng thehtaheexahdngeravheel i opposite efram ties Hextidr,i rantheards bel ow

Vm)95/3§8§4passing air through the heat exchanger wﬁ§§¥LB%?’9¥76O '
moisture transfer wheel in an inlet path and an outlet path,
to substantially reduce a concentration of microorganisms in
air forced through the air conditioning system, comprising the
steps of:

' (d) inleting air to the system where the air.
has a temperature within the range of about 0°F to about 120°F
and a vapor pressure of about 1 torr to about 25 torr;

(e) exiting inlet air from the moisture

.transfer wheel where the air has a vapor pressure of no more
than 5 torr; and _

(f) drawing outlet air having a temperature not

exceeding about 190°F through the moisture transfer wheel; and

wherein the desiccant is a crystalline titaniumsilicate
molecular sieve zeolite having a pore size of approximately 8
Angstrom units and a composition in terms of mole ratios of
oxides as follows: _

1.0 + 0.25 M,,0: TiO,: y Si0,: z H,0 _

wherein M is a least one cation having a valence of n, y is
from 2.5 to 25, and z is from 0 to 100, the zeolite being
characterized by an X-ray powder diffraction pattern having
the lines and relative ‘intensities as set forth in Table 1
below: '
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TABLE 1

XRD POWDER PATTERN OF ETS-10
(0-40° 2 theta)

" SIGNIFICANT d-SPACING (ANGS.) _ : I/1,

14.7 = .35 W-M
7.20 = .15 ' . W-M
4.41 = .10 : ‘ W-M
3.60 = .05 : Vs
3.28 = .05 W-M

where VS = 60-100; S = 40-60; M = 20-40; and W = 5-20.
13. A methodlaccording to claim 12 wherein the

inlet air exiting from the moisture transfer wheel has a vapor
pressure of less than about 3 torr.
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