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-1 - DESCRIPTION ROTARY-VALVE AND ADSORPTION SEPARATION
SYSTEM 5 TECHNICAL FIELD The present invention relates to a rotary
valve for switching a fluid passage by the.mutual sliding rotary motion
between a rotary member and a stationary member, and particularly to a
rotary valve for switching a flow 10 passage of a pressure swing
adsorption (SPA) type oxygen conB&#e&tbF for&eparating oxygen in air

invention also rea
rotary valve~H CUN 7, th e-te
that patients suffered from respiratory diseases such as pulmonary
emphysema 9f, chramgbronchitis have increased. One of 20 most
effective treatments for %uch diseases is ar# oxygen. inhalati%n thera%. -
On the othe‘r%a}ﬁﬁ?ﬁﬁ%xyégﬁe@o%%%sﬁ o Separa inag rotary valve for
oxygjehtcdndetised §as titeptly Sfean divhdsbeanm tevdlopéd @dy rotary
gragdually-prevailed as a; tregtment deviee for the oxygen-inhalatiop member,
thera}ipa/ due !;Co.25 Rhe cionvtenience vghen useq andfthe easi| ess of £1
maititéndiice. AS'Suich ah oxyden-condenser, a%eab§o§pﬁgﬁ y(foel?lﬁ’eé?l ov
wittb abserent Eapalite ©f seleetivelyzaisartng plitktoger has beerire oxygen
knoywy LktheRk g-Pressure-yung Bhnadsorpiemn (SRALYPeMYI80pplying
congentralorising an air compressor ae means for supplying airpas. o, oo ene
been Us&d as a~devicé Torthe at-homé oxygen inhalation ﬁer’apy. hid”
device gaiérally feifents Sate ecnStanBey chel smelan Gl soERRTAproeBss ystem
for @btaining@xyoen-eendensedgas by 35 supplying compressed air from
a compressor to one or more adsorption beds filled with absorbent
capable of selectively adsorbing nitrogen so that nitrogen is

BACKGROUND ART

Recently, there is the tendency in that patients

suffered from respiratcry diseases such as pulmonary
emphysema or chronic bronchitis have increased. OCne of
most effective treatments for such diseases 1s an oxygen
inhalaticn therapy. On the other hand, an ocxygen
condenser for separating coxygen-~condensed gas directly
from air has been developed and gradually prevailed as a
Lreatment device for the oxygen-inhalation therapy due to
the convenience when used and the easiness of
maintenance,

As such an oxygen condenser, an absorptlion type
filled with absorbent capable of selectively adsorbing
nitrogen has been known. Of them, a pressure swing
adsorption (SPA} type oxygen concentrator using an air
compressor as means for supplying air has been used as a
device for the at-home oxygen inhalation therapy. This
device generally repeats, at a constant cycle, and an
adsorption process for obtaining oxygen-condensed gas by
suﬁplying compressed air from a compressor to one or more
adscorption beds filled with absorbent capable of

selectively adsorbing nitrogen so that nitrogen is
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- 2 adsorbed under a pressed condition, a desorption process for

desorbing the nitrogen by decreasing an inner pressure of the adsorption
beds to regenerate the absorbent. If necessary, for the purpose of

improving the 5 absorbent-regeneration“efﬁciéncy and rising the

pressure, directly before finishing the desorption process, a
pressiredgedlizinggrocessrmay de addetl. whereingpattebthetdlnainedocess

dry pxygen-condansed gas is; madeto reversely low. i this, ihg npe

oxygen-condensed gas 10 is obtained. Génerally, by connecting th
COMPTESSOIS the fuidizad BebRy piBing I8 vake SRS "4 fibw ™ "®
passage ebatral .fof Switehing sapressunzed-aie passages 4o die flujpizeding the

bed,jg §S‘gfzeéjr1%u—tr§#§ﬂ@r%%v¥ DRSS SWIChInG.Apparaius s, hawever,

problematic in that the 15 number of parts increases and the maintenance
becBhR%S HbEbleIbHS ThYintitdve Sudit Thedhvefienbés, HGAdIRT "
oxygen ceanslensersrarespropesed wherdingressurized anzig bepplibdeto

the adseiptign bedovia 2 Lild sgparlion 20 deyice. haund ataian el eas s
therein described in Japanese Unexamined Patent Publication (Kohyo)
No.HFS508205PatsR DodurfEnt NG MYSandtIp et UnSaIfiRBg s e 928
Patenrt Rithlicatient (Kokai): Aoz 2004-209263 {Ratent ridocumentNpr2i sor to

Such,axygen condensers must %%Fﬁﬁyti%é size,whep used foram 1 oy

at-home therapy, and thus, itis di 'to provide a sufficient space for
the AhEERSTRCARISEHIed FotarPHtd StatidRafy viGe SECtor™ within BigS529®
valves Instead; Jazingchadicaksedl strusturgast adopted Wherein stitfagepassage

of asotqr whigh i%%ﬁéi‘}@@n%o member.provided op arotaryishaftside fa e the
be rotatable with the rotary shaft and a statoTré}})rowded on a non- rotatable

houRHESide ShiRRA SuTfat 85 57é pEferdiculdt®td"a 1oty BRIE S aresin e
tight conta¢ewitiveach other while loaded in the axial direction by

pressing means.35-sueh as asplingda-praven fuid fromdeaking oub 94 gen

thecondensers are proposed wherein pressurized air is
supplied to the adscrption bed via a fluid separation
device having a rotary valve therein described in
Japanese Unexamined Patent Publication {Kohyo} No. H7-
508205 (Patent Document No. 1) and Japanese Unexamined
Patent Publicaticn (Kokai) No. 2004-209263 (Patent
Document No. 2). Such oxygen condensers must be small in
size when used for an at-home therapy, and thus, it is
difficult to provide a sufficient space for the
mechanically sealed rotary and stationary valve sections
within the valve. Instead, a mechahical seal structure is
adopted wherein surfaces of a rotor which is a siiding
member provided on a rotary shaft side to be rotatable
with the rotary shaft and a stator provided on a non-
rotatable housing side, which surfaces are perpendicular
to a rotary axis, are in tight contact with each other
while loaded in the axial directicn by pressing means
such as a spring to prevent fluid from leaking out of the
periphery of the shaft.

In the conventional mechanical seal, lubricant such
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periphery of the shaft. In the conventional mechanical seal, lubricant such

3 as oil is used for decreasing the sliding resistance between' the sliding
surfaces. In a valve used in the oxygen_co§1d§nser for switching flow

passages of breathing gas, however, such’lubricant could not be used. 5
Accordingly, it has been designed so that the flatness of the sliding

surfacesois extremidy tmprovedas IReite Sliding Fsls@@cessistance
DISGEORARE ©Of THE INVENTION - Ehe inmentors of e peasenin the
invention have found that when gas having the condensation propert .
such a¢ gﬁr%sgl? r?zcgefflési? Jéovr%ﬁ)fnirg &j’ %ﬁté%tﬁ?g is%éoon"“ﬁel%‘taesd‘3 t%géauschgg \ga]i\?ea ,thmg
liquid BBichzevrater is cordensed thesthe digkidized cordessdion

phememeren inthe flaw passage en 13 dhe gapiiarycondensation endheess of

siing surace of e, valye, aqd T small amaunt oflauid enters 4. 1
between the™ slidi g surtaces, a surface tension temp%rarlly ecomes

dominairi o extremedtHse the sliding resistance, resulting in the increase
in rotary torque. While there 20 are no problems if a motor having a rotary

torqgﬁéacrgérﬁa%l%%n Sgci%er m@(ﬁworque Is used, in a system using

a motor ro € bya minimum € for the purpose of minimizing a
size and/orf& welghtof Bve Bystent heks Aight beld probiémiin zafigh found

humidity:25,gaviropraentin that thedotasy speed isilowered pE zerp. sAlh as

object of the .resednt invention_is to Provide a otaré/ valve as means fO{ .
xeﬁsu :Lze_ allrl COd’ltalb ng moisture .13 CODH?.C ed c sSuc

soIang the above-meéntioned” problémor an adsorption separation system

mountifig 5ueh a fetaiylvalven3@ Theamgehtive rering vametomsrises the

two shding qnembersthequgh-whichopendiow, passagesh bavingsligigsage or

Sur.f%ﬁxees %'Q%'ﬁté’rea%ho%té‘&% and a mechanical seal .i%%h%“d%é% of the

switching said flow p%ssages Wwhite sealing fdeeby preliminarily pressing

said"atidliffy sifetesf 2 small amount of liquid enters between the
sliding surfaces, a surface tension temporarily becomes
dominant to extremely rise the sliding resistance,
resulting in the increase in rotary torgue. While there
are no problems if a motor having a rotary torque larger
than such the increase in torgue i1s used, in a system
using a motor rotatable by a minimum torgue for the
purpose of minimizing a size and/or a weight of the
system, there might be a problem in a high humidity
environment in that the rotary speed 1s lowered or zero.

An object of the present invention is to provide a
rotary valve as means for solving the above-mentioned
problem or an adsorption separation system mounting such
a rotary valve.

The inventive rotary valve comprises two sliding
members, through which open flow passages, having sliding
surfaces slidable to =ach other and a mechanical seal
mechanism for switching said flow passages while sealing
fluid by preliminarily pressing said sliding surfaces,
wherein said sliding surface of each said sliding members
is made of hydrophobic material and the other surface

oppesite to said sliding surface is made of material
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35 wherein said sliding surface of each said sliding members is made of
hydrophobic material and the other surface opposite to said sliding
surface is made of material - 4 higher in rigidity than said hydrophobic
material; said hydrophobic material and said higher rigidity material being
bonded together to be one-piece. Also, the inventive rotary valve

comprEes twd's Sliding hiembERa) tHirdligh WHAPBPER #owiHsagas, said
havings stidingsixfaces shdable 4o €ash ntheriand-a mechanical seaterial
me&ﬂggi r_syitchi o f assages.whi aling fluid by

prelimina ilyggrré%%%cgmga%(? gh&j i%}%%é)ur?é%ce%sq,—%vh %r%s %éch said two sliding
members Rds$ 20 hiytifopHbhic hatlite AABAS HiffeRentSn FiofeRy fisia ther©

othenldniahlgastaaid skidingrstifage side.oNsepthe imveniiveadsatpiion having
separation sys f ressure swing adsorptio PA) ompri :
A b o e M A doSoont Cane T far TR cal
suppfing freaindertgasiosatd a8sbibtion hedd ahbcy AFFageRevnile
switebigimemiiar far subseeeently ripressurizing and sypplying tsedtmens

gas_from said. supplying means.to said,a pti . [

and” Léesgr%%rjlsq t.h‘iﬁt%é:raé?}nnen%g%g ay%lgqgs?%nt%?%ﬁgg%ﬁg%%ggggs)ai(% ®

flow' yaSRifecsvitc Hidg FiemiBérds bSratdrl ARARRN Boriprisiéitdoslidfigm the
membeEs; eachhaving:a slidingdsurface sligable-tth:the ather a gas

supplying port for plyi e 3. ga i i i -
the gas aff%? %ﬁge' trgggmg#}%e&%gtg%o%égegf ﬁgiéai%%g; §#§a%e%%??aa§§ gfgem o
onePsIRRFReRThet aRd a2 ARAMRbIgro67é beingdriedoh'sfis 2
slidinpustafacey obthezother sliding nrendbert Saibesivitching strfacgsebeingneans

slid £ Pagﬂé’éﬁﬁéi‘?@i'ec%%%l'@ﬂ@(@ mechanical, sgalyhergin each salds and a

two sliding menibers has 30 hydrophobic nature at least on said sliding

surfat8'éidie F76E0f Hd S bifferemsArgidith Irons e 5T BRIEF
DESERIRTION O THEIDRAWINGSg treatment gas from said

supplying means to said adsorption beds and adsorbing and
desorbing the treatment gas at a constant timing, wherein
said flow passage switching member is a rotary valve
comprising two sliding members, each having a sliding
surface slidable to the other; a gas supplying port for
supplying treatment gas and a gas exit for discharging
the gas after the treatment being provided on said
slidable surface of one sliding member, and a
distribution groove being formed on said sliding surface
of the other sliding member; said switching surfaces
being slid to each other while sealed by a mechanical
seal wherein each said twc sliding members has
hydrophobic nature at least on said sliding surface side

therecof and is different in rigidity from the other.

BRIEE DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a structure of Embodiment 1 of a
slidable valve according to the present inventicn wherein
part of a surface layer thereof including the sliding

surface is made of hydrophobic material;
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Fig. 1 illustrates a structure of Embodiment 1 of a 35 slidable valve

according to the present invention wherein part of a surface layer thereof
including the sliding surface is made of hyglraphobic material; - 5 Fig. 2
illustrates a structure of Embodiment 2 of a slidable valve according to

the present invention wherein all of a surface layer thereof including the

Sicing Surfat s made O Ry doERoBicatere ity S AIBERE 2 of a
struetuieiaba prive ane skdabie datve; Fig. dhis ableskiagrameofia devisgerein
for testing, the moistre-depepdence, af the sliding, torqug; ande FIg B1 ng
illustrates a test result of the moisture 10 dependence of the sliding
torquerBEST MODE ROR CARRYIEEBUT THE IRVENTION
EmbodimeHiszof the iprésentinverntion witlrhecdeseribed i detaid bekow:
withseferenge to,the attached 15 drawings. A rotary valve according to

the present invention consists of a stator (stationary member) having a .
plurality of pofts conhEcfed o ifd-AbRAHG Passagds Ui H¥urfadt therlof™d
andta:rotor(ietany: memaben) daving @ 20 doanedtich: pgssagecnrea surfdce
thereof for switching;the, mutual connection of the parts.ky thergyysture-

motion of the'rotor, wherein the surface of the stator having the ports
(floV? PREGAGES) andth &R 6f trelrdtdihavirigih- connection passage are
rotationally slid to each other to 25 switch the connection of the

fluidsBewingpassages.chhe: coqpestian pagsage ahthedsgtor may be of
various shapes in accordance with the number or the arrangement of the

ports on thE SeAK3FRRE-fotdry Valie BEESIHhy thtRE pre¥ent'ihventich is
charbrteriz8oad that atdeastipdrt30of Hie bliding atemberst e fiive sthtgrched
anddbefateksincluding the sliding surfaces thereof are made of

. hydrophobg: material. When gas hawrcli%;l%e %%ndter?satlon

rotary valve accor e present invention
consists of a stator {(stationary member) having a
plurality of ports connected to fluid—flowing passages on
a surface therecf and a rotor {rotary member} having a
connection passage on a surface therecf for switching the
mutual connection of the ports by the rotary motion of
the rotor, wherein the surface of the stator having the
ports (flow passages) and that of the rotor having the
connection passage are rotationally slid fo each cther to
switch the conneétion of the fluid-fleowing passages. The
connection passage of the rotor may be of various shapes
in accordance with the number or the arrangement of the
ports on the stator. The rotary valve according to the
present invention is characterized in that at least part
of the sliding members; i.e., the stator and the.rotor;
including the sliding surfaces thereof are made of
hydrophcobic material. When gas having the condensation
property such as pressurized air containing moisture
comes into contact with such a valve, liguid such as
water is condensed due to the ligquidized condensation
phenomenon in the flow passage or the capillary

condensation con the sliding surface of the valve, and if
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property such as pressurized air containing moisture comes into contact
with such a valve, liquid such as 35 water is condensed due to the
liquidized condensation phenomenon in the flow passage or the capillary
condensation on the sliding surface of the valve, and if - 6 a small amount
of liquid, enters between the sliding, surfaces, a surface tension ..«
temporarily becomes dominant* Accordingto the present invention, by
usingthéactsy \Valveihéving thestiding siefaperaade vf hpdophebiédinant.

matgHaly it is pessibledapraventsiich.phenomena fram QseUlkinghe rotary
wherely the abnormal rise of the sliding resistance or th rotac{% torg e.li%

avoidables Tha Tobty VaRe orihidtypd 1¢ parteulitiy efecivewhEn tha
flowrpassage for gas havingthe b1@ condensationtpropefty sbemanaia from

contgining water, is.aydiched. In,guch,a casg . the:ext parts.are providedy
preferably around the flow passage for the gas havm? the c%ndensatlon

propérs) Andr Baticiiaiy fn tHehdive FotE SRcHhing BPdsHiRmihg water
vapor, the @irds guidedyl 5/fbmea céntralienttance port te:thelexitgoriy

arowyckthe, pressyrized airdlon passages.yia the cognactionfioy the
passages so that the rise of the torque is avoidable even, if the moisture .

conG8ASHHION OcEurs. Ah THE Tothry Valle 25 sfittfe COMTEON HOW 3655 13
passage istpravidedrorsthehsurfasesef the retoe wherpthet aumber ptpursied

is feyw. LFQIMEATY 0 i when the Number-afNosts isdRuch @ pluEalifuefing the
openings are %rowded on the same radius of the flldl%surfa%%gf thaelve for
rotof, %B&ﬁneﬁéﬁ R 85 bifter DR thBBack ot thé

slﬁlding surface -
by &fidw passage Fhechydrophobiz matetial usadfor theelidihg 1s guided
members; ke cihe statorand-otel ay-beof adluoriag: typearassiiedind the

type, such as polytetraflugroethylene resin (PTFE), polyether-etherket
resiﬁjisls—_“%% %%‘33% paojly}:ac(:%éﬁglwre%ﬁns(‘?:’a@ﬁi artic a%y,x t?fénffau%%i‘lr"mcér}yp?ef o

passages so that the rise of the torgue is avoidable even
if the moisture condensation occurs.

In the rotary valve, a single connection flow
passage 1is provided on the surface of the rotor when the
number of ports is few. Contrary to this, when the
number of ports is much, a plurality of openings are
provided on the same radius of the sliding surface of the
rotor, and connected to each other on the back cf the
51iding surface by a flow passage.

The hydrophobic material used for the sliding
members; i.e., the stator and rotor; may be of a fluorine
type or a silicon type, such as polytetraflucroethylene
resin (PTFE), polyether-etherketon resin (PEEK) or
polyacetal resin (POM). Particularly, the flucrine type
hydrophebic resin is preferably cited. Further, such
material may be improved in slidability and/orx sﬁrength
by adding filler thereto, for example, PTFE resin added
with pelyimide fibers as filler or that added with carbon
or polyethylene fibers. BAs an index indicating the

hydrophobic property of these materials, a water drop

contact angle is generally used, wherein 90° or more is
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hydrophobic resin is preferably cited. Further, such material may be
improved in slidability and/or strength by adding filler thereto, for
example, PTFE resin added with polyimide fibers as filler or that added
with carbon 35 or polyethylene fibers. As an index indicating the

hydrophobic property of these materjals, a water drop _cgntact angle is .
GenEiT AL Bher A SO oI < i SIFATIG, T e TnaHa L2on T
satisfymgethisveonuitioniisntite aBdle-mentioned PTFE resin. If the sliding

surfaces offtheitwo sliging members, ate-madeof the sameimatgrial fberes r
is acghenomenon in 5 that both the slld,lggl surfaces are worn together

sincethe BT have e sEmahdtahess Miso, AF&Bndiina waHr i a8 1
the toadensation Wearanay bogurssinte tlisssame materidldgyasee forsince

both the siufaces, Ta splve such. defecisdiis adapied thal the hardness,ear
of one surface 10 is lower than that of the other to positively wear the

h
softéHGfe WhichS tHEREXERENGET 'S Freshbhe® FCPTFEYRSH ddfed 2 e
withnpalyinidé. havingssesomewhat higherchardnéss ssused ' for forlwing such
the stagarside, while BTEE, resip added with.carbon having,a lower surface

hardness is used 15 for forming the rotor side, it is possible to prepare the

rotot as EHBMBEr 6 be ExchahgEd SwWhita e SRdiRG SurtalEs brd it
of hyddphobizn eesihcus:miateridiss descibedabove, thefiesimiousne . 1f

matgfiakis Jess;in machanicalsirengih exen i addifives 20 argadded nigher
thereto, and the deformation may occyr when they are sealed by uagg@ p—

the Pré<eire 5t & EpHRGas® meaiaHics seif Atcordingly: pa of
strucegarbodyd txibe Idddechistmadé of high-rigidity atatbdalduehasi s used

metabinclkiding 84S alunpinuny oL REASS, ¢eramics, @5 29 CPMNASIt8repare the
materlgll. The hydrcr)é)hc%blc material andﬁi[?e magrial higher in rigidity than
the fornier rﬁgy Be'borided t(%é}et 8r %i} &'stiface modification, coating,

impregnatiéh oFadhesiopl iding surfaces are made c¢f hydrophobic
resincus material as described above, the resinous

material is less in mechanical strength even if additives
are added thereto, and the deformation may cccux when
they are sealed by using the pressure of a spring as a
mechanical seal. Accordingly, part of a structural body
to be loaded is made of high-rigidity material such as
metal including SUS, aluminum or brass, ceramics or
composite material.

The hydrophobic material and the material higher in
rigidity than the former may be bonded together by the
surface modification, coating, impregnation or adhesion.
The surface modification is generally carried out by
adhering self-systemized monomolecular film, DLC film,
preferably that added with fluorine Lo a substrate. The
coating is generally a PTFE coating. The impregnation is
generally carried out by impregnating the hydrophobic
material into voids or slits on the substrate surface.

The adhesion is generally carried out by adhering
PTFE resin or PTFE type resin to metal, preferably

stainless steel, resulting in a sliding member.
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The surface modification is generally carried out by 30 adhering
self-systemized monomolecular film, DLC film, preferably that added with
fluorine to a substrate. The coating is genefally a PTFE coating. The
impregnation is generally carried out by impregnating the hydrophobic

material into voids or slits on the rate surface. e adhesionis
genggaﬁf ggrir/igﬁ ‘out Jbﬁ)}caedhi‘:e}rli%ggﬁifree%llnnofj 5T%%£lt-§p§ 18Sin 16 Mé aﬁs not
preféfaBly taimess steetrresdlting e aslidignefithere- 8 Benerdllpay be

since the:PIEEsesin R ERE M. resin ignel, goed iy adhesiveness, the

surface to be_adhered may be treated with alkaline etching ta remove the
fluorffie 1é}?oufprlprf(%ﬂ{mgt&% st rf%%% 50 that E#baﬁ/eﬁ |Iif§/etﬁgﬁg%ﬁ6 Binghereot to

epoiypereiEsivER: otidreds ensared: Fuether, 1 forehe puepbse ofurther,

incregsing:Hie greaie be adhered. thes sudage,mayhe.airblasted {Ihged, the
invegg\{nefgoé%ry valv%is Ea)gzppligg'i]le to the pressure swing adsorption type
oxygen concentration -1 lfst T HS is, the pressure swing adsorption

type oxygehtonéameationvsysterhangludes adsomptionbedsafilled withthe

absgrbentcapable; ohselgstivaly absarbing Jitkagen-rather,thanaxygen,

air supplying means for, supplying pressurized air, to the adsorptjon beds,
and iggo%/rgén s%%%ﬁlinlgsmegﬁgf Stipplyifig %‘%fjlgn-%gﬁaéﬁgédaﬁirtype
genératstbfromrthe tisbfitiornbedstostheluset UTiss  sydtemfaiscthebeds
above-mestioned inventive seiary ¥alveias: adflovwspassageyewichiBG orbing
valvei'rtlzgglo%p%s%a}gee;oghsggpg/in the pressurized iir from air p
supp?lying rﬁeans 3G°€uch asa coréﬁ. SS80r To- the“addo Bﬁ&%@&&“s or
ExafipfoslSéme mrefevableierhbodifierits ot the rotarysmhvecof eals, and
preseat ventopwillbe gesedbed E@'@V\éwlﬂi@2%irﬁ@r©ﬂ%@1%ndensed air
drawings. wherein-Fig. 1 illustrates Example 1 of the inventive rotary '
val\%?Fig%itﬁlﬁsﬁgt(gg x%?n&észofﬂ%)’(%é’fg aﬁ& |g.%oillu2’tﬁr§at%§%r' This
system has the above-~mentioned inventive rotary valve as
a flow passage switching valve in a flow passage for
supplying the pressurized air from air supplying means

such as a compressor to the adsorption beds.

Examples

Some preferable embodiments of the fotary valve of
the present invention will be described below with
reference to the drawings, wherein Fig. 1 illustrates
Exampie 1 of the inventive rotary valve; Fig. 2
illustrates Example 2 thereof; and Fig. 3 illustrates a

prior art rotary valve as a comparative example.

(Example 1)

Example 1 of the inventive rotary valve will be
described in accordance with the structure shown in Fig.
1. The rotary valve of Example 1 is a slidable valve for
supplying air containing water vapor taken from
atmosphere teo a plurality of treatment processes, part of
which outer layer including the sliding surfaces is made

of hydrophobic material.



10

15

20

25

30

35

prior art rotary valve as a comparative example. 30 (Example 1) Example
1 of the inventive rotary valve will be described in accordance with the
structure shown in Fig. 1. The rotary valve,of Example 1 is a slidable
valve for supplying air containing water vapor taken from 35 atmosphere
to a plurality of treatment processes, part of which outer layer including

the sliding 36ffa&es RSHEEE SofhydPopRobié nidteriait FeeRdtayLarly pushed
memhers 4 Gand7are pesperdieularly pushed onta stationafy nenbeérsa

L2 Q%% é%;acﬁiéé% il .""b S’Pﬂ,@g ot %P?We%%% fQtagy menmoers;d, Be 4

are bon together via a bonding surface 5 to be one-piece. 5 Similarly,
the $@HBRARIMEATbels @?Q%é‘%oﬁ‘dééafb%e%e?%é)ﬁ ey Stiface 3
to be aneipiecs., One memben 404 the retaryamentbers 4a6<lispasaedn

the slidi a ide i fP type resin. is. PTEE.t resin

o P L ea aci it Sarhgrias 10T (hich i HaC arade -
manufactufstEbFRIPPON PIELARCPACKING COMISHS.) Thebothéprosed on
meroher & of thieh gotany mermbersak 6idispased egpesierotheslidingin.
S“”?B;és made qf 211S-304 g he bonging of.the rotary memgrs 4. 8%, 45
carried out by adhering the alkaline 15 etched surface of the PTFE type
resiﬁjojf%f‘?éfmefﬁ’é@r@tol%hélé@§i§6@%urfé@§%¥ﬂfetﬁﬁeﬁ%é?§6.@rg ON
mernber2 pf trestationary . members 1, 2idisposed roméhe sliding sarfane

side,as g fydranhobic material is pade of BIEEype resin. [HisRTRE
type resin is PTFE 20 resin added with polyimide as filler, which is, Y2A
graddlmanFraétirdd 6§ NIBPON PIPYAR PACKINEEBY 19D, “1fRe biETY

membeﬂ;bﬁé the, statiararyamenbers s 2idispoded opposité ¢0 Hiesliding -
surface iz made of SUS-304,whigh paterialds higher in Agidity thapthe- 4 «o

member 25 2 made of hydrophobic matefial, The bonding of the
statidh@ry fembers 19558 Carfdd Gl alsingthe

One member 2 of the stationary members 1, 2 disposed
on the sliding surface side as a hydrophobic material is
made of PTFE type resin. This PTFE type resin is PIFE
resin added with polyimide as filler, which is, YZA
grade, manufactured by NIPPON PILLAR PACKING COC., LTD.

The other member 1 of the stationary members 1, 2
disposed opposite to the sliding surface is made of SUS-
304, which material is higher in rigidity than the member
2 made of hydrophobic material. The bonding of the
stationary members 1, 2 is carried out by adhering the
alkaline~etched surface of the PTFE type resin
constituting the hydrophobic member 2 to the 5US5-304
surface of the member 1.

The spring, not shown, but described zbove provides
a sealing pressure to preventing air from leaking out of
the sliding surface. A motor driving device (power
source), alsc not shown, generates a driving torgue which
is transmitted via a rotary shaft 7 to rotate the rotary
members 4, 6 at a constant speed (for example, 2 to b5
rpm). The air containing water vapor 1s compressed by a

compressor, not shown, and supplied from gas supplying
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alkaline-etched surface of the PTFE type resin constituting the

hydrophobic member 2 to the SUS-304 surface of the member 1. 30 The

spring, not shown, but described above.progyides a sealing pressure to
preventing air from leaking out of the sliding surface. A motor driving

device (pawer_source), alsQ not shawn, generates a driying torque which

is trgr%érﬁllfltgg ?/ia?g ?&%??/ s(rglafEtD ] lr\%{tea(fle the r%%grysff gnle%?bésﬁéﬁf,%caﬁ & t the
constantspEearforrexrmple, 2105 gthY -Thel&it tentaliiing Wetetvaor gas

. is compressed by £0pPressor, Aatsshawm, antbsupplied fipM 885 i ded in

SuPBNDD: 3. o0ehns o) 8 Provged n e sealng sutece o

stationary mermbers
four' gad exits {porSPLT providethinw thel statiorartyimambkes 1p2 s fae) 9
treatment Heeesses iaea distribution greeve (connection flowddassage),

9 provided on 2 se%I sgérface ,Fi% Iéc)%in the rotary members 4, 6 at.a _
timing Arwhich Hosttions of thaPold 10 cdittide WRE thatgtihe ™ “he ports
distributionigrodde 97 Thb rotary valVe doeording 16 Example & i capalile

10 of carrying-0uta-eanfinggus Opsrationifar & long periad 110 asteble-apabie
state even if the condensation of water occurs in an environment wherein

the temparatura ahd” Rmidits or aif ESMRintag WaterVapof falken o the= o4
atmésplieréaabiell as #etermperatufesiot thesratoratyithimebarsdy

2 angttherotary membersidSvany: bpsauseia rseoflorguetherely isng
sliglglt anlddq Ieakggejpgc%ros if:raom the slidiré%sur\gace. E;gamgle ) 20 th
Next,Uénxamp & 25 the mvenrhvelr%f‘ar%? vaive will'6E séﬁé% jn- o the
accreafE® PRtherigs 2 vinlthe ¥6tar) evalea D EERAMPRS?2 ol 6fheesatfadd onary
layefis@ptian ingludingrthe shding susfagedfarsitpnlying ay cantainiB@cause =
Wat?:rivsaeo Oé,ftaggg%?% %%ee%;[e OSpBJ:l s? r%’ltfg%%“r) gzllucgalrlitg Oltgg )%gggn%ccurs
processes is made ydrophobic

from the sliding surface.

(Example 2}

Next, Example 2 of the inventive rotary valve will
be described in accordance with Fig. 2. In the rotary
valve of Example 2, all of a surface layer section
including the'sliding surface for supplying air
containing water wvapor, taken from the atmosphere, to a
plurality of treatment processes is made of hydrophobic
material.

. The stationary member 1 is made of a single material
of PTFE type resin; in this Example, Y2A grade
manufactured by NIPPON PILLAR PACKING CO., LTD.. 2lsc,
the rotary member 2 is made of a single material of PTFE
type resin; in this Example, H4C manufactured by NIPPON
PILLAR PACKING CQ., LTD.. Other structures are the same
as Example 1.

In the same manner as Example 1, the rotary valve of
Example 2 is capable of carrying out a continuous
operation for a long period in a stable state even if the

condensation of water or cocurs in an environment wherein
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material. The stationary member 1 is made of a single material of PTFE
type resin; in this Example, Y2A grade manufactured by NIPPON PILLAR
PACKING CO., LTD.. Also, 30 the rotary member 2 is made of a single
material of PTFE type resin; in this Example, H4C manufactured by

NIPRQN PUAR FAGKING £Qy, LT Other structurgs are the same, as
Example 1. In‘the same manner as iExan‘YpIe , the ro?ary valve of 35
ExafpRP? isséaisdblé 6P Rarryifig Dt ascoitintoas ojsaratiens férelong
periatkinca stabler state even tBQa&QMﬁ“?%I@I}éd@iierl?r QCCHFIN3R:

envi in-11 the temperature and humidity of air.containing

water vagg ?é%grl? %r%(rah thie agfm\{)%g%érgggg Wellasthe™ ?eemﬁgra Jred of

the SEBRSITAY MemBEiOL 2 and the rotiryasemberiisse faynbstauselading
rise ofitofgue 5 thereby is slight and no leakage occurs from the sliding

surface. (Comparative Example) Next, a rotary valve which has been
conventionally 10 used in the prior art using sliding members made of
hydrdphilie datetiEPwiiFsegésdribed in accordance with Fig. 3 as a

Comparative:kxample-4©f the rafaryvalva ef. the Qr@;@éﬁé@/@ﬁggﬂﬁﬁlonally
cerami terial is used as a stationary member 2'. A carbon materia
(ca?tg%r% (Jgrﬁg g%gghi?e lﬁﬁcﬁlriccélr%%% I)}s(?l%edTL a€ soidt lfbrrl%aﬂ?g aOf

rotafyy fefiier 4t ASHRaIRGS the iotalpvalvs of theeGomparativer dance with
Examipie 13thestorue-riges-everthe maxigua torgye of the seterdiwinge of
devi ensati nd the 20 rotation defect occurs, when it i
opelﬁﬁgjﬁﬁg(i%ﬁ% g%%é%%ﬁg that t e%gﬁéénﬁs%t%%qcoefwgtgr o&cur§ firan® 2

envitGiheANRRErETIRS ferdperatute GRERIRIMBRY OF Af Lcdimtamhmwater
vaportakin from thel atmaspheseaswiell asdbe temperatares.gfthe:ant as a

stationary, member 2. apd the

According to the rotary valve of the Comparative
Example 1, the torgque rises over the maximum torque of
the motor driving device due to condensation and the
rotation defect occurs, when it is operated under the
conditions that the condensation of water occurs in an
environment wherein the temperature and humidity of air
containing water vapor taken from the atmosphere as well
as the temperatures of the stationary member 2' and the

rotary member of solid lubricants 4' vary.

(Modified Examples)

While Examples of the present inventicn were
described above with reference to the attached drawings,
the present invention should not be limited to the above-
mentiocned Examples 1 and 2, but includes variocus changes,
modifications or alternations within a spirit or scope of
the present invention. For example, in the respective
Examples of the rotary valve described above, the rotary
valve may be used for distributing treatment gas to a
system including a plurality of adsorption tubes,

reactors or dust collectors.
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25 rotary member of solid lubricants 4' vary. (Modified Examples) While
Examples of the present invention were described above with reference
to the attached drawings, 30 the present inyention should not be limited
to the above mentioned Examples 1 and 2, but includes various changes,
modifipatiorb'?l%roa}lt% a%'% vlvrlg%\ a 5@%@% SCo eem%f thse Breesgn_;L
invention. For example, in the resp%cﬁve xa%p 85 of the rosiary valv

desctib&& Abové thesrofary BB RIS hayBaiGsed forafisthbatisge 1, the
treatsent gasie-a Iﬁmwnﬁwi?gzatfﬂgalwf@dﬁl9a%@@hwbg% mem%er 2
reactors ust.collectors. - Also,.by comhining sliding members use

in E)%g{mr%sg ig and 2 o Bq'eug%ﬂce?pigégy%tra&grea ag;sﬂ qé#ﬁgjl,%htey memoer 1
stati®aly $RerhBei Afay ComrBRst ofRHRAIGhdbic hrembéri2 iorptheustitinge side
surface side and-achigh-igidit:membersl 3 honded ta the former PRPOSIte ne

to the sliding surface side to,be a one-piece structure as in Example 1, '
Whi|e§ f eglf tary 1rr[r%sﬁoeerﬁ:b(glrar%a?%eaa gijr‘lé)%ﬁﬁyj?ggﬁ&?%?%ér‘ﬁb@?%g%n4 as in
ExampRI™® Corftrarytothisathe staticiery mémber iyl bearsinglenber may
hydrophabig memben 2 @sdpriampladnmdile 10-the rotary membenmayn i 1o

b -piece struct in_Example 1 wherein the hydrophobi .
menthbor 401 the SN SurtSet e and e RigFegidiy Hienibér €% 17

opp&SHRRBLthelslithiy sdifade ardshidad wgethere b ¢vertficationlsd sliding

Effeets) Bywisingithe rotary vadvesiiniexamples 4.angk2sad goppasative: o

Example 1.thg. féuenc f surface tensign of water condensed on the

sliding surface8 \:/Lv% aﬁfrj;gatgﬁve 35 %vaﬁ%%eedqo Ctoon%?égt}’éfzyr, the test was 20

conducted by measuring the sliding torque while changing the

atmdsphetit heamidity, argunekthecsliding members to generate condensed

water betwgen the sli igggurfgg §in a_high-humidity environment. Fig. 4

illustrates thg block iagramrof t%e ¥or\aﬁegrﬁésaslur§in%¥{§én\ﬁé’e§Sl'h%e &naclgg% and
Comparative Example 1, the influence of surface tension

gxamples

of water condensed on the sliding surface was
guantitatively evaluated. Concretely, the test was
conducted by measuring the sliding torque while changing
the atmospheric humidity around the sliding members to
generate condensed water between the sliding surfaces in
a high-humidity environment. Fig. 4 illustrates the
block diagram of the torque measuring device. The change
of the sliding torgue in the high-humidity environment
was observed in a constant temperature and humidity room
while maintaining the temperature at a constant value and
changing the relative humidity stepwise.

The test results are shown in Fig. 5. In Examples 1
and 2, the rise of torque due to the surface tension of
the condensed water generated between the sliding
surfaces 1s improved to a large extent in comparison with

Comparative Example 1.

CAPABILITY OF EXPLOITATION IN INDUSTRY
According to the rotary valve of the present

invention and the adsorption separation system mounting



25 of the sliding torque in the high-humidity environment was observed in

a constant temperature and humidity room while maintaining the

temperature at a constant value and changig-the relative humidity

stepwise. The test results are shown in Fig. S. In Examples 1 30 and 2,

the rj tqr e to.the.surface tension of the condensed water ,
genegﬁa?tcquj t%e?v‘%/gédr\%tﬁe%s iding Eﬁr?g’éegs,ii% iMBrovad o' %rgg%x#&;?? uation
compariSditwith iCémparafeSEranplect. 3 CAPABILIT WO e against the

EXPLOATAEION INH% Drﬂ;ﬁ%wgfxmiagﬁ&&ﬁ roamy e ﬂﬁ@aﬁw and
presgnt_jinvention and the adsorption separation system mountin

SUCT'IﬁaQ %glﬁ?ﬁlfsdﬁogsiglgqg Th |{r1ﬁ3n% iz8 'thea]%ﬁgt?lﬁ% RY%tthe Shiding =2+
resistaAcE 6fthe Foldiy vaRecagdinstithe sshangelinthe dsivig using the
envitonneent besween dhe/low and , high hwmidity- atmospherese swing
ACC%@!@@% gg% Is}tapéeag dricvingeof the adsorption sgﬁ)aration system using
the inventive rotary va {8, Sead thedpresSTPe&ihg 2 48<arption (PSA)
type oxygen concentrator. - 14 - CLAIMS 1. A rotary valve comprising two
sliding members, through which open flow passages, having sliding
surfaces slidable to each other and a mechanical seal mechanism 5 for
switching said flow passages while sealing fluid by preliminarily pressing
said sliding surfaces, wherein said sliding surface of each said sliding
members is made of hydrophobic material and the other surface opposite
to said sliding surface is made of material higher in 10 rigidity than said
hydrophobic material; said hydrophobic material and said higher rigidity
material being bonded together to be one-piece. 2. A rotary valve as
defined by claim 1, wherein said hydrophobic material is
polytetrafluoroethylene 15 resin.
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3. Arotary valve as defined by claim 1 or 2, wherein each of said two

sliding members has hardness different from the other. 4. A rotary valve

as defined by claim 3, wherein 20 one ef said sliding members is a

stationary member and the other is a rotary member; said hydrophobic

material of said rotary member being pelytetiadluoroethylene resin added

with carbon as filler, and said hydrophobicTmaterial of said stationary

member beng 25 Pol/tetFafiiofeeihyIer e sinsaduediwih pohiide aenbers,

filler t5.28 vataryweled asmiefinetdy anyseneofclaims thip 41WHeRIN surfaces

said highexsioidiymatedial is mefallc, naterial. 20,6 A OBNNANE 1o o

comprising two sliding members, through which open flow passages,

having Slidikg Sarftds sditblel Ve adrsmer and airhechaditanseaf luid by

mecharisim foraswitching saidiffoy passagesiwhite;seal hﬂ;garl:&lé@ éoywhe rein
religynaril %qgag id slidj rfaces, wherein 35 each said two |

glidir;glzl ?n%grﬁk%rs has,f%%?%f?c%%%a%r?an%a%s diﬁg%edr?t?r? ri‘"&%ﬁ?‘?%osm 1§ made

the S%epéfﬁﬁ?%%}?%Eid“%ﬁ&iﬁ@%hr%%@ side -asherATerfysalveRssite to

defimed. By slairi 6 whereifiz one iof saictisliding merbersis asiationary

merglg%rim%}t,hecﬁg}?fg%MOW}ﬁP%%'HB%“ éa}gahtlz)éadggg gblga(n%te.ﬁgldggphobic

said rotary member being polytetrafluoroethylene resin adde%l wi

car%%tfgm?e]r, &Ws&iﬁ]ﬁgd?éﬂﬁ(%ic 'hadetial Of 8id Statfondry Fembended

beinge pelytetrafiuordethyleaerésineadded with polyimide_ as _fi_IIer. 8. A

rotary valve as defined by.claip, o, uhewein 0006 oL saidSldng,  peyess

members is made of hydrophobic material on the slidi surface side

theréd ,%n%yadéfiagh@ﬁ’ﬁé‘sif%a%eé%}r@%lidiﬁg REffACS EiRTS RaGebhylene

mate#allhigher in rigidity than said hydrophobic material; said

3. A rotary valve as defined by claim 1 or 2,
wherein each of said two sliding members has hardness
different from the other.

4, A rotary valve as defined by claim 3, wherein
cne of said sliding members is a stationary member and
the other is a rotary member; said hydrophobic material
of said rotary member being polytetrafluocroethylene resin
added with carbon as filler, and said hydrophobic
material of said stationary member being
polytetrafluoroethylene resin added with pelyimide as
filler.

5. A rotary valve as defined by any cne of claims
1 to 4, wherein said higher rigidity material is metallic
material. ,

6. A rotary valve comprising two sliding members,
through which open flow passages, having sliding surfaces
siidable to each other and a mechanical seal mechanism
for switching said flow passages while sealing fluid by
preliminarily pressing said sliding surfaces, wherein
each said two sliding members has hydrophobic nature and
is different in rigidity from the other on at least said

sliding surface side.
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hydrophobic material and higher rigidity material being 15 bonded
together to be one-piece. 9. An adsorption separation system of a
pressure swing adsorption type comprisingsa plurality of adsorption beds
filled with absorbent, means for supplying treatment gas to said

adsorption beds a@dlagg_gyg;ma,gw@ggssva@gcﬂ%@zgggeﬁ%&m_ , wherein

subsequently pressurizing and supplying treatment gas from sai
sup(iingthedrs th SHid AHRBFtEMSEds afd adSSbinePaid Wesersing and
the tréatmeritgasat ascanstanttimingheherein said-eyw ppesage: material
switchin mbet i r ve comprising.two sliding m rs, .
cach hadng a S oL ST b e oller s o6 Lo e Tesin
for KPPRAG trEBtnTertis afd Aghksexit P dischdging drepaskafter

the treatsrent betny provitleg-an isaid slidakieisyage of.gne sliding

merber, 20 .30 distrbtion aroove being formed on.sald siiding sufece

of the,otﬁer sliding member; said switching suriaces %elng & eac

other whift sealed by a mechanical seal wherein each said two sliding
members has hydrophekie paturewas least-onrsaid slidipg sugfage side;idsrein

therggfea%(%issgﬁgreﬁl%ﬁiggi%g{%g%ge Qtshenrrfade of hydrdphobic
material on the sliding surface side thereof, and a side
opposite to said sliding surface side is made of material
higher in rigidity than said hydrophobic material; said
hydrophobic material and higher rigidity material being
bonded together to be one-piece.

9. An adsorption separation system of a pressure
swing adsorption type comprising a plurality of
adsorption beds filled with absorbent, means for
supplying treatment gas to said adsorption beds and a
flow passage switching member for subsequently
pressurizing and supplying treatment gas from said
supplying means to said adsorption beds and adsorbing and
desorbing the treatment gas at a constant timing, wherein

said flow passage switching member is a
rotary valve comprising twe sliding members, each having
a sliding surface slidable to the other; a gas supplying
port for supplying treatment gas and a gas exit for
discharging the gas after the treatment being provided on
sald slidable surface of one sliding member, and a
distribution groove being formed on said sliding surface
of the other sliding member; said switching surfaces
being slid to each other while sealed by a mechanical
seal wherein each said two sliding members has
hydrophobic nature at least on said sliding surface side

thereof and is different in rigidity from the other.



