1 DESCRI PTI ON MECHANI CAL SEAL DEVI CE AND PROCESSI NG APPARATUS 5
Technical Field [0001] The present invention relates to a
mechani cal seal device which, between a processing equi pnent where to
perform processing under a sterile condition and a rotary shaft used
with one end thereof inserted in the io Processing equi pment, seals
the rotary shaft and is provided between'the processing equi pnment and
the atnosphere, and to provide a processing apparatus. Background Art
15[ 0002] As a processing apparatus for agitating, for exanple, a
treatnent solution or the like, knDESCRIPTIGpparatus in which the
treatnment solution is stored in a processing equi pnent 100, a rotary
shaft 101 provided with, for exanple, an inpeller at its one end is
inserted in the processing equi prent 20 100 from an at nosphere si de,
and the rot arMﬁéHANI@AIL SEALADEVIGTH AND PR OGESSENG ARRAR AT UiShe
| i ke connected to the other side of the rotary shaft 101 to agitate
the treatnent solution as shown in Fig. 9, for instance. The

5 Technical Field

[0001]

The present invention relates to a mechanical seal device which,
between a proceésing equipment where to perform processing under a sterile
condition and a rotary shaft used with one end thereof inserted in the

10 processing equipment, seals the rotary shaft and is provided between the
processing equipmegt and the atmosphere, and to provide a processing

apparatus.

Background Art
15 [0002] -

As a processing apparatus for agitating, for example, a treatment
solution or the like, known is an apparatus in which the treatment solution is
stored in a processing equipment 100, a rotary shaft 101 provided with, for
example, an impeller at its one end is inserted in the processing equipment

20 100 from an atlﬁosphere side, and the rotary shaft 101 is rotated around its
axis by a motor or the like connected to the other side of the rotary shaft 101
to agitate the treatment solution as shown in Fig. 9, for instance. The
aforesaid agitation process is sometimes performed while unwanted bacteria
are prevented from getting mixed in the treatment solution, as in, for example,

25 the preparation' of an injection solution, or chemical processes such as cell

incubation and crystallization for obtaining sterile powder. In performing



aforesaid agitation process is sonetines perforned while unwant ed
bacteria are prevented fromgetting mxed in the treatnent solution,

as in, for exanple, 25 the preparation of an injection solution, or
chem cal processes such as cell incubation and crystallization for
obtaining sterile powder. In performng 2 such a process in the
aforesai d apparatus, the inside of the pfocessing equi pment 100, the
rotary shaft 101 (inpeller), and so on are sterilized with

sterilizing gas such as, for exanple, saturated steam for exanple,
before the Izt § | g Lot ot Ssi :
cqui prent S50 orPibersy s Rp ABrEa SApdiahiy, 1 BhE°BE e processing
sol uti on ignebai&rd dmt et _ ig@g@é‘ | n : L S5 :
sterili zat?%n?ﬂ% or e(?g’n%eelf&?%reﬂg%?alrogt gd tlgﬁ’] éa?&%go%f%?e tﬁl g ézredl' gv ith
suf fi ci ent stgridicipd icad suehaisd€br eQafiiple) yatbtaed!si@am! 6 sRMAPH, Usefore the
[ 0003] i0A known nmethod used in the aforesaid apparatus to Seal the
rotary shafreathiéntr shlationeist ohatgedpintoetel proeegsingrequipt@énta®d0, or before
airtightly seal a gap between an inner area of the processing

equi pment  theo pradesshds astartedmedigrethe | treatmente salptien s rakanged uiitogthe
a nmechani cal seal 101 or the |ike as described in Patent Docunents 1,
2. This neRIegepHaE equpmant 0@ Jnrsthis stralizatiomefiar exganpleg4he saturated

processi ng .equi p °é00 | de and tijg_e,rot ary shaft, 101 side .
respect | ve‘-’rtwmhaﬁﬁé el dsewifficiently sippled danoxsterdo surehy sterilize
circunferential direction of the rotary shaft 101, and seals the
rotary sh HPALGMISch rotates around its axis relative to the

processi ng equi 8:%% 101, by meki ng these seal surfaces seal on each
other. In Fig. 9 % denotes a 20 housing (casing) housing these

| nb 103 F h f he. f, airtightl
seal i Y the gap IbPUCER BRUNGA HGH G the AFafesBid pRETEaSitpraial dcrotary
and the aigh 3 THIALAEve 25 HE ProlBssing equipment 100 and airtightly seal a gap

between an inner area of the processing equipment 100 and the air

atmosphere is, for example, a method using a mechanical seal 101 or the like
as described in Patent Documents 1, 2. This mechanical seal 102 includes
-~ —15  seal members 103, 104 on the processing equipment 100 side and the rotary
shaft 101 side respectively, having seal surfaces that seal on each other along
a circumferential direction of the rotary shaft 101, and seals the rotary shaft
101 which rotates around its axis relative to the processing equipment 101,
by making these seal surfaces seal on each other. In Fig. 9, 105 denotes a
20  housing (casing) housing these seal members 103, 104.

[0004]

Further, for the purpose of airtightly sealing the gap between the
inside of the processing equipment 110 and the air atmosphere, preventing
the friction between the seal members 103, 104, and letting out heat

25 generated by the sliding, a sealing fluid, for example, a sealing gas or the like

is supplied to a seal part 110 which is an area between the seal surfaces of



the friction between the seal nenbers 103, 104, and letting out heat
25 generated by the sliding, a sealing fluid, for exanple, a sealing
gas or the like is supplied to a seal part 110 which is an area

bet ween the seal surfaces of 3 these seal nenbers 103, 104. At this
time, a pressure in an area supplied with the sealing gas is
sonetines set higher than an inner pressdire of the processing

equi pnent 100 in order to prevent the treatnent solution or the |ike
fromleaking out fromthe processing equi pnrent 100 via the seal part

110. 5 Congjegtalew] rhé@bepal 3emoar s is Jtﬁﬁeahe%f@sg\%?ﬁf aﬁoafe'aa%l%pqﬁlged

aforesaid seal part 110 1s forned at, for exahpl pl aces al

length di redthi ti géaling gdat &Y YosReihies 94t hepHaA' tham HRURher BreSANtCHf the

seal, and.froma sealing fluid supply path 107, the sealing gas

having a hp@hessingesquipenddta0 lig ordeertopprsut eheftréditdnt orAeEbAdor the
equi pnment 100 is supplied to a sealing fluid io supplied area 106,

whi ch i s aikeaiframdeakiagesuti fiom thenerozbasiagfaquiptheat 180pwiaitheaeal pait 110.
is between these seal parts 110 and between the rotary shaft 101 and

t he casi ngCeneretdlyethe¢ seal, metnbers 4103y d Odaaresdippbsetiso thaththesaforésad seal
fluid supplied area 106 slightly enters the inside of the processin
equi pnent D&Y lxlﬂaAStﬁ%H@daat,%@fexamplwtwmﬂm@elengmglee@hp}mwlm the
side and | eaks out_to 15 the atnpsphere side via the atpnosphere:side .
seal part IOHYY slafosi0lTie @Har%%’-‘ﬁ%%@ galt a%ggmoar@almgi {luid

e, BBl 00, hE ol B G A ReE S EA e the imer
e S
106 ari ¢ roPpIe A8 1963 EhlsHr VS st SRS b 4, Pt RBbE B RY at
sterili Zeﬁﬁ%ﬁbﬂ‘%hﬁgﬁgtg%%n%ntﬂﬁ%s@fs%leﬁﬂtg 1984 PbEvad L aR L8R LhgR 101

sealing f supp
and the casing 105. Therefore, the sealing gas supplied to the sealing fluid

supplied area 106 slightly enters the inside of the processing equipment 100
via the seal part 110 on the processing equipment 100 side and leaks out to
- — 15 the atmosphere side via the atmosphere-side seal part 110.

[0005]

Therefore, in a process that is performed while unwanted bacteria are
prevented from entering the processing equipment 100 as described above,
clean gas is also used as the sealing gas. Further, in order to prevent

20 unwanted bacteria from entering the processing equipment 100 via inner wall
surfaces of areas where the sealing gas flows (the sealing fluid supplied area
106 and the sealing fluid supply path 107), these areas are also sterilized by
the supply of the aforesaid saturated steam from the sealing fluid supply path
107 to the sealing fluid supplied area 106 at the time of the sterilization of the
25 processing equipment 100 and the rotary shaft 101. Accordingly, the seal
part 110 on the processing equipment 100 side out of the aforesaid two seal



107 to the sealing fluid supplied area 106 at the tinme of the
sterilization of the 25 processing equi pnent 100 and the rotary shaft
101. Accordingly, the seal part 110 on the processing equi pnent 100
side out of the aforesaid two seal 4 parts 110 is supplied with the
saturated steam both froman inner peripheral side (the processing
equi pnrent 100 side) and an outer periphé?al side (the sealing fluid
supplied area 106 side), so that the tenperature and pressure of the
saturated steamin this seal part 110 are mai ntained, ensuring the 5

sterilizatpas qff Ot f&esdiﬁﬂiecp%ﬁﬁh THO sateftedt ﬁ@aﬁ@%ﬂ?%'&rﬁﬁﬂe@’be&ispheral

condition ‘as that in the processing equi pnent 100.
for the atgidepfike procdssifgadquipident I sildsan@ dneuitiros&ipheial side (the
p

equi pnent 100), since an atnobsphere of an area to which the steam

| eaks to fseatirghflaid sapplied tardd 0 06ssidéyrscettatithe teinperatute abdoseReme, of
the saturated steam | eaking fromthe sealing fluid supplied area 106

to the airthet sephtede gfeadudn | thisleseatapert i1l 0t erpermintaenedyd epswdngr the
to be condensed, so that its sterilizing operation weakens.

Ther ef &r e, stexilizatinntofitbeswiati partat 1 0 vader the pame stexilization eonditdon las that
at nosphere, iti]ﬁsteri li,zed on the sanme level as that for the 15- seal
part 110 Of theIpcesuBEiegipgenbal: 100 si de. [0007] However, since

t he seal part _13%96%{'a0ent to the atnosphere conmuni cates with an

I nner at nospher he processi ng equi pnment 100 via the sealing

equi prent 100 5148 o HBeaABepM e B el patsal 10 {opParte Teehzocassing
equipment 100), since an atmosphere of an area to which the steam leaks

10 from this seal part 110 is, for example, the air atmosphere, the saturated

steam leaking from the sealing fluid suﬁplied area 106 to the air atmosphere

gradually decreases in temperature and pressure to be condensed, so that its

sterilizing operation weakens. Therefore, it cannot be said that the seal part

110 adjacent to the atmosphere is sterilized on the same level as that for the

~ 15~ seal part 110 on the processing equipment 100 side.

[0007]

However, since the seal part 110 adjacent to the atmosphere
communicates with an inner atmosphere of the processing equipment 100 via
the sealing fluid supplied area 106 and the seal part 110 on the processing

20 equipment 100 side, the atmosphere-side seal part 110 also needs the
sterilization process on the same level as that of the seal part 110 on the
processing equipment 100 side in order to surely prevent unwanted bacteria
from entering the processing equipment 100. A possible method to sterilize
this atmosphere-side seal part 110 on the same level as that for the seal part-

25 110 on the processing equipment 100 side is to set the temperature and

pressure of the steam supplied to the sealing fluid supplied area 106 higher



sterilization process on-the sane |evel as that of the seal part 110
on the processing equi pnent 100 side in order to surely prevent
unwant ed bacteria fromentering the processi ng equi pnent. 100. A
possi ble nethod to sterilize this atnosphere-side seal part 110 on
the sane |level as that for the seal part_25 110 on the processing
equi pnent 100 side is to set the tenpera§ure and pressure of the
steam supplied to the sealing fluid supplied area 106 higher 5 than
val ues necessary for the sterilization so that the tenperature and

pressure ribaasvalyes arecebsaryt ot | theakicplligtrmaiotthhpafiee¥@Apdheire and
for exanple, the tenperature and pressure decrease due to thg | eakage

of the st epuessumndcessayalfopathe ktdrilikation hine negintsiesdarveddiviiamalfor
anount of 5 energy for heating the steam and necessitates inparting
hi gh heat ¢%umnBlearthe temperatesand pressurehdecreabardusato thalledRage of the
which leads to Costthji ncrease of the apparatus. Further, providing a
heat - i nsu|5&?fiﬂﬁg%&§ue %o%iip?g’fthw,mhuté cequiresilans additional esmouine dof
in Patent Docu t .3 requires an extrenely, high heat, energy. 10[ 0008]
Mbt her 5kn(ﬁﬂ‘?r5¥nﬁ??5aleﬁ£mgot'h@i UpH8e APHQCsPbRlES dmRATHAR heatireaistance

U1, AR At
equi prent Goths ERpeRbsry Fubthiry BRocie o shebinstlitBacte ciosgupring the
;ggggtz DOGYHBRY nledtRRABSS $eBP AN desBRbEE A Patkt DIRERN?: 3 Yires an

extremely high heat energy.

10 [0008]

Another known method is to dispose the aforesaid mechanical seal at
three places along the length direction of the rotary shaft, but the seal part
adjacent to the atmosphere is not sterilized, either, on the same level as that

for the seal part 110 on the processing equipment 100 side.

- - 15 Prior Art Document -

Patent Document
[0009]
Patent Document 1~ Japanese Patent Application Laid-open No. 2004-
263802
20 Patent Document2  Japanese Patent Application Laid-open No. 2001-
21045

Patent Document 3 Japanese Patent Application Laid-open No. 2005-
133852 (Fig. 1)

95  Disclosure of the Invention

Problems to Be Solved by the Invention



20 Patent Docunent 2 Japanese Patent Application Laid-open No. 2001-
21045 Patent Docunent 3 Japanese Patent Application Laid-open No.

2005- 133852 (Fig. 1) 25 Disclosure of the Invention Problens to Be

Sol ved by the Invention 6 [0010] The present invention was
made under such circunstances and has an_object to provide a

mechani cal seal device in which, bet weerP a processi ng equi pnent where
to perform processing under a sterile condition and a rotary shaft

used with one end thereof inserted in the processing equi pnent from

an atnosphere sif@@](deal parts are disposed at |east at two places
along a length direcfion of the rotary shaft fromthe processing

equi pment  si de t'Dheipdeddnt intvemsoherss amadewtiddr siehl cirdlifstadtas ¥ndadstan
and keeps the gap between the processing equi pnent and the atnosphere
airtight, objectito provide at inwehahicahseab devive in zvitichp befwete d psoctssing
of the processing equipnent and the seal parts, the atnosphere-side
seal part efHpmEmEaghene tonperfarmlrosessing ivneler s stetide cgndiidmhand tahetary
seal part, and to provide a processing apparatus. [0011] A nechani cal
seal dévi cthast used with esstenditheneobimserted indbiapriocassingaiquipment iftem an
which seals a rotary, shaft_inserted_ in a processing equi pnent where

to performt £¢ Biflashgal partsiaseidisp ak legst ahiwvarplepes slongoeilaagth

mel i ng-dirBEtio 3 4ol Phal JEomee BUPGea0EE sulrBeR sidel wxvardathe

hart and AERREhent ARIGRBAERETs heoRine The b ket ok mapretisia the

B R I e S

per | piidry ST Eoh T the SRR LN Do BRI Se RO T pPal S, the

;cea{ sur 1; fyg@?sgﬁgget-_?icfesgém PRERANPBO VLR A siitely SBSIANE sREIIRAY' 1S the
other seal part, and to provide a processing apparatus.

[0011]

A mechanical seal device of the present invention is a mechanical seal
15 - device which seals a rotary shaft inserted in a processing equipment where to -
perform processing under a sterile condition and which is provided between
the processing equipment and an atmosphere, the device including:
rotary shafi-side seal surfaces disposed at least at two places apart
from each other in a length direction of the rotary shaft and each provided
20 along a plane intersecting with the length direction of the rotary shaft to
extend along a whole circumference of the rotary shaft;
casing-side seal surfaces which are provided along an inner
circumference of a casing disposed to cover a periphery of the fotary shaft,
and seal with the rotary shaft-side seal surfaces;
95. a biasing means provided for at least one of pairs of the rotary shaft-

side seal surfaces and the casing-side seal surfaces and biased so as to press



si de seal surfaces and the casing-side seal surfaces and biased so as
to press 7 one of the seal surfaces against the other seal surface,

to make a space between the casing and the rotary shaft airtight;

a sealing fluid supply port provided in the casing to let a sealing
fluid supplied to a space that is between the rotary shaft and the
casing and is 5 between one pair and anof her pair of the rotary
shaft-side seal surfaces and the casing-side seal surfaces and to | et
the sealing fluid flow in gaps between the rotary shaft-side sea
surfaces agge o iﬁ@%eﬁg'ﬁr%e%eé%aﬁﬁf itAECSther seal SwFA&L!1d fhalk 3 Space
supply port provided in the casing to et sterilizing gds supplied Po
the space betweeniidasing anditheaothryshadidiefighai r of the seal ro
surfaces and to let the gas flow in the gaps bétween the rotary
shaft-side seal =msedlangsladduppty pasi povided isehé casirigaieelet a sealingafluid
seal i ng nenber whi ch includes: a surroundi ng nmenber surrounding a
space t hatsuppliadite 2 epaes tthat he hpsywebnttheerotatie shefll asdrthecessing drtk is
pair |ocated on a nost downstreamside in a flow direction of the

seal i ng f |bgtavesm ong pair and another phin of the ratayy sthaft-sidedseal enirfaces and
surfaces ﬁﬂg t he casing-side _seal surfaces and that is _|located on a

downstrea i%lﬁg'stdfés%;ﬂrﬁmfﬁqeﬁéﬂd nlatithe sealing dluidhdoweln gaps between
menber , - arteCRETY ALY Sileater] SHECS8 ARG aIASIE Merscah aubRE e al

R
br ef er abi vt SIURIRETH M s behute o Snecb i B ot b pghe seal
Cause Hf camitbediRld FE It Ehe s, (OREHA 7R A hEM A, Ui RosalBRRdife seal

seal surfag@faces and the casing-side seal surfaces;

a sealing member which includes: a surrounding member surrounding
a space that communicates with the gap between the seal surfaces of the pair
located on a most downstream side in a flow direction of the sealing fluid out
- -—-15- of the pairs of the rotary shaft-side seal surfaces and the casing-side seal
surfaces and that is located on a downstream side of the gap in the flow
direction of the sealing fluid; and a seal member sealing a gap between the
surrounding member. and the rotary shaft, the surrounding member and the
seal member being capable of making the space on the downstream side an
20  airtight area; and
a discharge port opened to the airtight area to discharge the sealing
fluid or the sterilizing gas.
[0012]
Preferably, the sterilizing gas is saturated steam or sterilizing gas, and
25 the seal member is formed as an airtight seal member to cause steam

leaking to the airtight area from the gap, between the seal surfaces,



8 communicating with the airtight area to increase a pressure of the
airtight area and becone the saturated steam or to cause the
sterilizing gas to increase a gas concentration of the airtight area
to a gas concentration necessary for the sterilization. 5Preferably,
a discharge port to discharge water condgnsed in the airtight area or
to discharge gas in the airtight area is®fornmed in the casing or the
surroundi ng nenber. Preferably, a supply port to supply the
sterilizing gas to the airtight area is forned in the surrounding

menber. 10E6@h3InibatihgCesthl fee apRHR! Meadfo Eﬁkﬁeﬁé@%egfeésﬂi/@ W G airtight

I ncl udes: a processing equi pnent where to perform processing

under a stardal andobétdmenthe saturated stesmppdy t9otdusenthe sledtibhigaas to
port for supplying and discharging Is sterilizing gas to/fromthe

processi nguegeasen@nigasacontantyatidmf of hhei aigtight e fosergagdconcditeation
processi ng equi pnent; and t he nechani cal seal device according
to any onenedessawy firdhe-stedlizatben. ones. 20 Effect of the Invention
[0014] 5I n the prlgrse%géabibr;,v %ntdiié)criiartgg ep&e%c{]oan&igglllarsggalwa(ggrv ic%%dielqsc\e/\gl] ! i?lh.zche
airtight area or to discharge gas in the airtight area is formed in the casing or
the surrounding member.
Preferably, a supply port to supply the sterilizing gas to the airtight
area is formed in the surrounding member.
10 [0013]
A processing apparatus of the present invention includes:
a processing equipment where to perform processing under a sterile
condition; |
a supply port and a discharge port for supplying and discharging
- 15— sterilizing gas to/from the processing equipment;
a rotary shaft having one end inserted in the processing equipment;
and
the mechanical seal device according to any one of the above-
described ones. |
20
Effect of the Invention
[0014]
In the present invention, the mechanical seal device in which,
between the processing equipment where to perform the processing under the

25  sterile condition and the rotary shaft used with one end thereof inserted in the

processing equipment from the atmosphere side, the seal parts are disposed at



bet ween the processing equi pnent where to performthe processing

under the 25 sterile condition and the rotary shaft used with one end
thereof inserted in the processing equi pnent fromthe atnosphere

side, the seal parts are disposed at 9 |east at two places along a

| ength direction of the rotary shaft seaés the rotary shaft and
airtightly seals the gap between the proCessi ng equi pnment and the

at nosphere, and in order to sterilize the inside of the processing

equi pnent and the seal parts by the supply of sterilizing gas to the
seal i ng flleadt atippoipdaceds dloag yMérmpthi directiRRoe ted tsRundhaftiealdthe rotary
rotary shaft, the casing of the nmechanical seal device, and the sea
parts di spsiseti aatl dietightlntsenlotip gapbetndenhthehpiozessingaegquipuiti adl the
with the sealing fluid, the airtight area is formed so that the space
whi ch conmaini enandh inherdgnpoeteritiee thadnsiel of thé presessing kegusement
part located on the nost downstreamside _in the flow direction of the

i 0 seal i ncatid theiseglparts by teeysupplynef stesitizing gasftotthe sgalingriluidesppled
direction of the sealing fluid is made airtight, and the sterilizin

gas i s bsupBrReWhieh 18eaaspacegRurtauadedi byt the setary nshaft.uthe sasig exf the
SUr el y st PECIZiehL ol deNiGes 91 oo Sesl pevas didppsed typatiameplaces and
Ul G o o
Shovi ng a8k ihe B Willeh Sptrmunfears, il hic £3p befveet the stelditacesof
R o haythe geal phttlocdrddofl REMBR ddwigfeall SO0 e HonP Gl b the
views schemalingafitid 0PN 88 theHoWitstreanTRIABE B o553 tHEYIOF direction of

sterilized.
the sealing fluid is made airtight, and the sterilizing gas is supplied to the

o

b=

airtight area via the sealing fluid supplied area. Consequently, the
atmosphere-side seal part can be easily and surely sterilized similarly to the

seal part on the processing equipment side.

— 5
Brief Description of Drawings
[0015]
Fig. 1 is a schematic diagram showing an example of a processing
apparatus of the present invention.
20 Fig. 2 is a vertical sectional view showing an example of a

mechanical seal device used in the processing apparatus.
Fig. 3 is a perspective view showing an example of the mechanical
seal device.
Figs. 4 are vertical sectional views schematically showing how the
25 mechanical seal device is sterilized.

Fig. 5 is a vertical sectional view schematically showing how the



Fig. 5is a vertical sectional view schematically showi ng how the 10

mechani cal seal device is sterilized. Fig. 6 is a vertica
sectional view schematically showing how a rotary shaft is slidably
supported in the nechani cal seal device. Fig. 7is a
vertical sectional view show ng another1 xanmpl e of the 5 mechani cal
seal device. Fig. 8 is a vertical "sectional view show ng

anot her exanpl e of the nechani cal seal device. Fig. 9is a
vertical sectional view showi ng a conventional nmechanical sea

devi ce.
processing apparatus to which a nmechanical seal device 1 of the _
present intenti diig. $ sppivedicalisectibralieieor sbkematichlly shemdngehdw dFiatary
1. This 15 processing apparatus is an apparatus for performng an

agi t at i on $hedt tsglidpblyrappoktedon, theaneelxamipalkseal devéeg.ment sol uti on
or the I|ike, andlgiigncl ydes a prqcessjng. equi pnent 2 for storing the

treatnent sol uti

5

10

20

25

10mBebanidadl sedlodevGae iy stegilimed. t he | nvention [0016] A

‘has gyiverieal seotigmal view showing another example of the
mechanical seal device.

Fig. 8 is a vertical sectional view showing another example of the
mechanical seal device.
Fig. 9 is a vertical sectional view showing a conventional mechanical

seal device.

Best Mode for Carrying out the Invention

[0016]

A processing apparatus to which a mechanical seal device 1 of the
present intention is applied will be described with reference to Fig. 1. This
processing apparatus is an apparatus for performing an agitation process or-
the like of, for example, a treatment solution or the like, and includes a
processing equipment 2 for storing the treatment solution; an agitator 3 for
agitating the treatment solution in the processing equipment 2; and the
mechanical seal device 1 for sliding a rotary shaft 4 of the agitator 3 relative
to the processing equipment 2 and for airtightly sealing a gap between the
inside of the processing equipment 2 and the atmosphere. In Fig. 1, 5 and 6
denote a rotating device such as a motor and an impeller for agitating the
treatment solution which are provided on an upper end and a lower end of the
rotary shaft 4 respectively. Further, 8 in Fig. 1 is a bearing stacked on an
upper side of the mechanical seal device 1, and the bearihg 8 supports the

rotary shaft 4 in the mechanical seal device 1. Note that in Fig. 1, the rotating



agitating the treatnment solution in the processing equi pment 2; and
t he mechani cal seal device 1 for sliding a rotary shaft 4 of the
agitator 3 relative 20 to the processing equi pnent 2 and for
airtightly sealing a gap between the inside of the processing

equi pnent 2 and the atnosphere. In Fig. ;1, 5 and 6 denote a rotating
device such as a notor and an inpeller r agitating the treatnent
sol ution which are provided on an upper end and a | ower end of the
rotary shaft 4 respectively. Further, 8 in Fig. 1 is a bearing
stacked ondewice$ ispfepictedde ofinipléfied phamieal seal device 1, and the
bearing 8 supports the rotary shaft 4 in the nechani cal seal device
1. Note that in[B0d7]1, the rotating 11 device 5 is depicted in a
sinmplified manner., [0017] . Thi s processing apparatus is an
appar atus for agbhistpregessingtapparasist issan apparatwhifoe agitationg thegtreatment
unwant ed bacgteria frfn1getting mxed in the 5 treatnment solution, as

in, for e flen wyhd PriggEeRtngnuswaated rhasierianitosn ugettimgominedniin athe
195 et At Nt b bt St 1 i i
\e/?grrg I géafﬁ_eeé;l_f %ij(?‘g;l griﬁér;%ﬁ)eﬁ%ﬁgé)& ldlﬂg?ﬁlgf\j gl?a*e%st% ggée%lél?g eegéld
g)é'\t/;aggi Qg n%e'kiheozsi:c r @%%? age pai]tnglg %%%Qbhngﬁe %?@:Bgﬁe gﬁé& cal

beaDaBgRel! t}hé‘taﬁggﬂtigﬁ Hﬁéé aarﬂﬁaﬁ %‘égﬁﬂgea | n%a@%&h%&&%@gﬁ , for

| b, which are then connec e nechani c
the 10  example, a filtration process, for example, clean air (sterile air) supplied from

an air storage part 10 via a sealing fluid supply path 11. The sealing fluid
supply path 11 extending from the air storage part 10 toward the mechanical
seal device 1 branches off into two first and second supply paths 11a, 11b,
which are then connected to the mechanical sealing device 1 and the
——-—-—15- - processing equipment 2 respectively.

[0018]

Further, the processing apparatus is structured to be capable of
sterilizing an inner area of the processing equipment 2, the rotary shaft 4, and
the impeller 6, and further, is also capable of sterilizing areas, inside the

20 mechanical seal device 1, communicating with an inner atmosphere of the
processing equipment 2 (the sealing fluid supply path 11, the seal parts 20,
and the sealing fluid supplied area 22), for example, before applying the
process to the treatment solution. In Fig. 1, 12 denotes a steam storage part
storing sterilizing gas, for example, saturated steam at about 120°C to 130°C,

25 and the saturated steam can be supplied to the inner area of the mechanical

seal device 1 and the inside of the processing equipment 2 from a steam



15 processing equi pment 2 respectively. [0018] Further, the
processing apparatus is structured to be capable of sterilizing an

I nner area of the processing equipnent 2, the rotary shaft 4, and the
impeller 6, and further, is also capable of sterilizing areas, inside
t he 20 nmechani cal seal device 1, connuniiating wi th an inner

at nosphere of the processing equi pnent 7, (the sealing fluid supply
path 11, the seal parts 20, and the sealing fluid supplied area 22),
for exanple, before applying the process to the treatnment solution.

In Fig. 1, sipbl¢ghes eisstteaafortsiddBrspst thnDl £ hadidecdhd ath
for exanpl el,ﬂﬁasgturat ed steam at about 120%[31?’;19%30(; 25 and theuﬁpﬁyp

sat ur at ed bilasspestivety.supplied to the inner area of the mechani cal
seal device 1 and the inside of the processing equipnent 2 froma

steam 12 suppl {0940 13 via the aforesaid first supply path Ila and
second supply pa]g‘,}?helu;llstt) lirneeséplef tfcl)ly gils%hal[goigégg]as from the inside of the processing
5 equipment 2 and from the inner area of the mechanical seal device 1 are
connected to the aforesaid second supply path 11b and the mechanical seal
device 1 (later-described drain path 33). In Fig. 1, 15 denotes water
discharge lines, and in the middle of the water discharge lines 15, steam traps
S for discharging condensed water in the steam flowing inside and for
10 returning the steam to the apparatus side are provided respectively. The
water discharge lines 15, 15 in which the aforesaid steam traps S are provided
are also connected to the aforesaid supply paths 11a, 11b in order to prevent
drain (water) from being supplied to the mechanical seal device 1 side and

the processing equipment 2 side. The water discharge lines 15 connected to

-+~ 15 the mechanical seal device 1 and the processing equipment 2 are provided

with temperature detecting parts 16 for measuring temperatures of the gas
and the steam flowing in the water discharge lines 15. Note that the water
discharge lines 15 are installed under the processing apparatus as shown in
Fig. 1 to facilitate the discharge of the water.

20 [0020]

Further, in Fig. 1, 17 denotes pressure detecting parts for measuring
pressures of the gas and the steam flowing in the supply paths 11a, 11b and
the drain path 33, and V denotes valves for allowing/stopping the supply of
the gas and the steam. In Fig. 1, 2a and 2b denote a supply port through

25  which the saturated steam is supplied into the processing equipment 2 and a

discharge port through which the drain (water) is discharged out of the



Exhaust lines 14 for discharging gas fromthe inside of the

processing 5 equi pnent 2 and fromthe inner area of the nechani cal

seal device 1 are connected to the aforesaid second supply path 1 Ib
and the nechanical seal device 1 (later-described drain path 33). In
Fig. 1, 15 denotes water discharge lines, and in the mddle of the

wat er di scharge lines 15, steamtraps s Por di schar gi ng condensed

water in the steamflowing inside and for 10 returning the steamto

t he apparatus side are provided respectively. The water discharge
lines 15, AfodeRsitfdi equiphtert! DI RSpedtivtk '

al so conne%t ed t%@t h@uaf or esal ?S?uppll y%mﬁﬁaﬁﬁﬁgﬁ?g‘ﬁggggr@%er end
prevent dramd o Jatver)erfd of thei peocaspild eduipmene Jregdiivitisely seAls will be
device 1 side and the processing equi pnent 2 side. The water

di schar ge desceibetblaten thetgad inatheSprideessingheaniipalens €als dischagzell foth the
t he processing equi pnent, 2 are provided wth tenperature detectin
parts 16 fexhausiding hd vienbersupplgspat 2ahanddbe afdrasaid seeomd fsupp?y\g)ath
in the vvath diischarge lines 15. Note that the water discharge |ines
15 are § nsi bp4 dorthareindiig. pr BloR2 nignaie segulatorssfosrasinsting @i pressuxeoof

facilitate,the di scharge of. the water. _20[0020] Further, .in Fig. 1,

17 denot esthisr&ean ir BEi lngt?lsaﬁe@lmgoﬂmé&wlmga r bk sndaspesssurgeof the
gas and the steam f.| owi in the suppl s 1la, .11 b and the drain
path 33, a‘ﬁﬂaxg 8%1&1%%113@%%%0@(@?“3%05@@& mspeativele supply of the
gas and the stea@p Ii Fig. 1, 2a and 2b denote a supply port through
25 which the sat g‘tl d steamis supplied into the processing

PO o R SRR S L A (G e
Lhey o GAIEY D1yl HEPREET AR | BRI AOTLT RESRR P9 The
D o651 nar QU e dvigk AN, DAL B AN S 24 1lindh b
in Fig 1rig, sibdayotwhictod al@he opradidst ia@Suﬁdpﬂ%g%BfﬁgOEhéﬂ% is

clean air flowwng in"the sealing fluid 'supply path 11 and a pressure

FB 0t2 Q]e st eanrduradéd ovia na tdup e diteuwiolepairbuhibRentie Péebéti6hy and the

mechanical seal device 1 is formed as a double mechanical seal having seal

~— - 15~ parts 20 arranged at two places along a length direction of the rotary shaft 4-

from the processing equipment 2 side toward the atmosphere. These seal

parts 20 are intervals (gaps) between pairs of seal surfaces of main body seal

members 24 provided on an inner periphery of the device main body 21 and a

rotary seal member 25 provided on the rotary shaft 4 (sleeve 7), and when the

20 seal surfaces of these pairs seal relative to each other along the

circumferential direction of the rotary shaft 4 (along a plane intersecting with

the length direction of the rotary shaft 4), the rotary shaft 4 is capable of
sliding relative to the device main body 21.

[0022]
25 In this example, the main body seal members 24, 24 are arranged at

two upper and lower places along the length direction of the rotary shaft 4 so



Next, an inner structure of the above-described nechanical seal to
device 1 will be described with reference to Fig. 2 and Fig. 3. The
mechani cal seal device 1 includes a device main body 21 being a

casing in a ring shape by which a sleeve 7 provided around the rotary
shaft 4 is surrounded via a gap al ong tq%_mhole circunferenti al
direction, and the nechanical seal device 1 is forned as a double
nmechani cal seal having seal 15 parts 20 arranged at two pl aces al ong

a length direction of the rotary shaft 4 fromthe processing

equi pnent @ $0 axxtendvaldng Hheawholp barcamthase, serl betwéen ZBestr tain body
intervals (gaps) between pairs of seal surfaces of main body sea

menber s 24sgal avehers 2424, nther rplary peal ynerhbeh @ 5dés ipeevidedn  Fanithe?] the
and a rotary seal nenber 25 provided on the rotary shaft 4 (sl eeve

7), and whisharnhseglgnesdier &5 isarmsposed b twoptiessinganembeirs 26y 6tprovided
each ot her a%Png the circunferential direction of the rotary shaft 4
(al ong a picaRe Mavablen gdwdown, e Suppgrh naember i20h foted: ke thet slegve 7

Gl o v elBwian Bie DroHE TTROR26, S9annA BIaERE MEARSIA et resilient
LE@? AT ﬁa%@a%%ﬁ%?gﬁqﬁép%ﬁgpu p%;w%?‘r‘i‘%éi@%oﬁ%&%ﬁ%%&?@%@%‘ Along
. i 24, 24
the. rot aryHiee SHERER ARG BrERRy: BECthaTbiardr Sefl o, BEGHSL a8p bréssing
movabl e g SRS R e thet WP BieiBob? e B s e, Kl Sufitsb BpReSsing
bet ween tf}ﬁeﬁﬂ%‘iﬂs%@hr&;"fs@f‘é %0@5&}1 ﬁi@nﬁé@%Sngr@&ﬁg% it the seal
, np oVvi ded at

resilient bodies for e, springs pr

pl uraljot y suirfajedastthel Bamh bbéy%bépﬁigrﬁbé@tiéﬁ'tﬁgirg%gi PRAP4 el r"ghérséal

shaft 4 between the pressing nenbers 26 and 't ort nmenber 2

-and when tdwefigesl of thé a0t y( s Seiehtbere M rave 28kpied B8 faebatyr 28dnple,
menber 25 are pressed against the seal 10 surfaces of the nmain body

seal menbeppadite directiohsmjorspahe 14nstialdsreclibn 6fehe sutdracstmafo, el the
rotary seal nenbers 25 are disposed to face, for exanple, opposite

di rect i onsataiospherdrsideerspah durfacei andofthehgeabtaurfacthabnt the aprbddaging
at nosphere-side seal surface and the seal surface on the processing
equi prent eguapagnt & sidenéacet thes ptimosplsirdesida dartch ¢he proesssimg equipment 2
equi pnent 2_15 side respectively. [0023] Further, an area fornmed in a
ring éﬁapél%r@ﬁﬁcﬂﬂéf)ésai'd two seal parts 20, 20, an outer
peri pher al surfiﬁgzﬁ the sleeve 7, and an inner peripheral

Further, an area formed in a ring shape by the aforesaid two seal parts

20, 20, an outer peripheral surface of the sleeve 7, and an inner péripheral
surface of the device main body 21 is a sealing fluid supplied area 22, which

20 is separated from a processing atmosphere on the processing equipment 2
side and from an atmosphere on the air atmosphere side by the seal parts 20,

20. In a wall surface, of the device main body 21, located on a lateral side of

the sealing fluid supplied area 22, a sealing fluid supply port 23 for supplying

the clean air and the saturated steam is opened. The air storage part 10 and

25 the steam storage part 12 are connected to the aforesaid sealing fluid supply

path 11 extending from the sealing fluid supply port 23 in a lateral direction.



surface of the device main body 21 is a sealing fluid supplied area

22, which 20 is separated froma processing atnosphere on the
processi ng equi pnent 2 side and from an atnosphere on the air
atmosphere side by the seal parts 20, 20. In a wall surface, of the
device main body 21, located on a |ater % side of the sealing fluid
supplied area 22, a sealing fluid suppl?'port 23 for supplying the
clean air and the saturated steamis opened. The air storage part 10
and 25 the steam storage part 12 are connected to the aforesaid

seal i ng f | Therefopp| wheay forldxamplen dinngier ?resshﬁe sfahen@aling huRl@pplied
port 23 in a lateral direction. 15 Therefore, when, for exanple, ‘an

i nner pr es&i®e23f inoreasasahs reg result dofs bping eupplied ddth the eclegs ais or the
result of bein upplied with the clean air or the saturated steam
the pressi Wf?g evisams toei pressing spembers 26oshightly meiparatedfrosedhe main
menbers 24 agai nst biasing forces of the aforesaid biasing neans 5

28, so thgl?o SERnBICIPeRSsihagalnst hinsingetarres) of ithe efergseid biasingangans
comuni cat wi th the inner atnosphere o he processi nhg equipment 2
via thé sead §8r ?haéoaanl%%f &U@@égg?‘??g @‘g&ﬁ%nﬁﬁlm sfflaéi cupplieds ARy 22

"1t or - QRaBpffthis? PRy HhEoRBAF Wptipeis of e hgenaos carnpugper) via
: ' i hi ,.1h | i

i ui o cupdly $67% st GRE ol et BRdGesshily Z@C:ilﬁpfr?%ﬁp gasideigipgehonte) and
5 Lrtd rea.conuni cat

W th the SomartiaSs et of Adehiie Ytk P ARERIGETIERL Mlater-

at mospher ejexcHiedesittight hre?030) via the atmosphere-side (upper) seal part 20. As

10  described above, in this example, the sealing fluid supply port 23 also serves

-

as a sterilizing gas supply port.

[0024]

Further, in order to airtightly seal the area communicating with the
sealing fluid supplied area 22 via the aforesaid atmosphere-side seal part 20,
15 the mechanical device 1 is provided with a sealing member 38 including: a

surrounding member 29 extending upward from an upper end portion of the
device main body 21 all along the circumferential direction; and a pressure-
resistant seal member 31 for airtightly connecting the surrounding member 29
and the sleeve 7 all along the circumferential direction to form the airtight
20 area 30. The pressure-resistant seal member 31 is a seal member in a ring
shape made of resin such as PTFE and having, for example, a substantially C-
shaped vertical cross section with its lower end side center portion being
opened in a substantially rectangular shape all along the circumferential
direction, and by its inner peripheral edge and outer peripheral edge on a
25  lower end side being pressed against the sleeve 7 on the inner peripheral side

and against the surrounding member 29 on the outer peripheral side



15 the nechanical device 1 is provided with a sealing nenber 38
including: a surrounding menber 29 extending upward from an upper end
portion of the device nmain body 21 all along the circunferenti al
direction; and a pressure- resistant seal nmenber 31 for airtightly
connecting the surroundi ng nenber 29 and the sleeve 7 all along the
circunferential direction to formthe ajyiight 20 area 30. The
pressure-resistant seal nenber 31 is a seal nenber in a ring shape
made of resin such as PTFE and having, for exanple, a substantially

C shaped wmspeictiatly;the preeaireaesistart dea hanber 8Nk YheikeEht area 30
portion being opened in a substantially rectangular shape a ong

- the circunaitight i whiléi shidingrbetargnbyhé t slebveel, paConsR@ntBg9ss apil be
outer peripheral edge on a 25 | ower end side being pressed agai nst

the sl eevedgsasibachiatennehepdhe steamlleaksito el aitight sired BO funt chngéaling
menber 29 ﬁn_éhe outer peripheral side 16 respectively, the

pr essur e- r B8id supplied arcandAbeia the aiaumhehe-saﬂef Bezdhpam!Qlékl; .':L’éﬁﬁ&ﬁﬂt& ghthe
while slidin etween the sl|leeve, 7. Consequently, as w e

descri fed %ﬁgﬁt a OtIﬁfﬂept papitiveatad the imrerpriessye graduallgontreases, so

the sealing fluid supplied area 22 via the atnosphere-side seal part
20, a pres the satug eésiﬁmﬁlérqbt@m& -30hi s kﬁpt positivg and the

i nner pressure Iy increases, so that the saturated steamis
obt ai ned. qb%ﬁ%ﬁl

In the main body seal member 24 on the atmosphere side, a discharge

port (exhaust port) 32 for discharging the water condensed in the airtight area

10 30 and the clean air is formed, and the drain path 33 extending from the

discharge port 32 is connected to a not-shown drain part (steam drain) by the

aforesaid water discharge line 15 in which the steam trap S is provided, and is

connected to a not-shown gas exhaust part by the exhaust line 14.

Accordingly, out of the fluids leaking to the airtight area 30 from the sealing

15 fluid supplied area 22, a condensate (liquid) of the steam used for the -

sterilization is discharged from the water discharge line 15 at the steam trap S,

the steam (gas) is retained in the airtight area 30, and the clean air used for

the agitation is discharged from the exhaust line 14. Further, in a lower

surface of the device main body 21, one end of a discharge path 34 for

20 discharging the water condensed in the sealing fluid supplied area 22 is

opened, and the other end of the discharge path 34 is connected to the not-

shown drain part by the water discharge line 15 in which the steam trap S is

provided.

[0026]

25 In the device main body 21 and the surrounding member 29,

temperature measuring parts 35, 36 for measuring inner temperatures of the



[ 0025] In the main body seal nenber 24 on the atnosphere side,

a discharge port (exhaust port) 32 for discharging the water

condensed in the airtight area io 30 and the clean air is fornmed, and
the drain path 33 extending fromthe di scharge port 32 is connected

to a not-shown drain part (steamdrain) hy the aforesaid water

di scharge line 15 in which the steamtrag Sis provided, and is
connected to a not-shown gas exhaust part by the exhaust |ine 14.
Accordingly, out of the fluids leaking to the airtight area 30 from

t he seal i nggalig |flid supplibddam’aedp%.ndatl@@miﬁli\ght aréd | 30 @hpettivély are
steamused for-the sterilization is discharged fromthe water

di schar ge prowided eacht bt asphaality af Slacebe fot exanpes Yoirs platesi akthg the
the airtight area 30, and the clean air used for the agitation is

di schar gedcirewnmlereatiok rdiveation, nand 4re raapabbe ofi meastmng rthsusteane imfthese
t he device main _body 21, one end of a discharge path 34 for zo

di schar gi n@feﬂﬁgzvxéper condensed in the sealing fluid supplied area 22

i s opened, and tl&e{)’go] her end of the discharge path 34 is connected to
t he not™shown dr aart by the water discharge line 15 in which the

AR ALY L N RS SR TR TR
T 1 OB £l LT AR e
G T cunt et oo 1R PHRRssin B ectARNE 2, MBI SAFR Y, 68 iinlEler. 6. apd she ipner
these ar eaa%eégocf #He nlAfidal seal dtew‘fé% zll {ntégg Al gg@%#ﬁ&g anglple, the

above-descri processi ng apparatus w escri

descriqpti 1 i r 1 .

desor alT atpiildn BRocNaD (AR ISk OETNBNIDAEER. Sfirkl Before the

i nner ar edreftnidit soheRGn s shasra hﬂ@‘thé?)récé’és%lgTeﬁtﬁgpméﬁfupﬁ{é)f)ﬁ)cés%g

exanple, the io agitation process is perforned Tn IS processtng

appar at us.eqeiipsient Refsanade hértightabng at the kgfneotimies ag Rpoeain Fﬁ%’ 4(38, the
I ght,

processi ng equi pnent 2, the processing equi pnment 2is made air

and at theatunated isbeamais sipplied ntei the 4¢aling tfigids stpphéd res 2Pmangd the
supplied into the sealing fluid supplied area 22 an he processing
equi pnent [rotessmg lesuspreent 5t foay ¢he steam Xtoraget partskhvia ghé Issaling Fluid
supply path 11. At this tine, the pressure of the saturated steam
~suppliled iSHppLY pethpl bcAksthig tisag,i thegmesure ofshe satwated steam sepplied into
pressure of the steam supplied to . the seali ng fluid supplied area 22
within a pResBIACESSIAEyEIHIPIANER thesatt Krwen Zhan oihei pressuse boke theysteam
the regqgul at or .. rpvi ded on,t.he upsiream sjde _of the second supply, .
path 11b. Swpggitﬁéﬁﬁé%ﬂng&l}}@ Sémﬂﬁﬁde%@ﬂrzg Withip & prgssurefieagedit which
steam are propy.i at.ely. set to, for _exanple, abgut 121 r hj.gher and
about . 110 e P ieBignsis grossBlee B 35 3eBufto] 12 provided on 1 ipstieam
side of the second supply path 11b. Here, the temperature and pressure of the
20 saturated steam are appropriately set to, for example, about 121°C or higher
and about 110 kPaG (gauge) or higher respectively.
[0028]
This saturated steam sterilizes the sealing fluid supply path 11, the
sealing fluid supplied area 22, and the inside of the processing equipment 2.
25  Then, when the inner pressure of the sealing fluid supplied area 22 becomes

higher, the pressing members 26 slightly move toward the support member



[0028] This saturated steamsterilizes the sealing fluid supply path
11, the sealing fluid supplied area 22, and the inside of the
processi ng equi pnent 2. 25 Then, when the inner pressure of the
sealing fluid supplied area 22 becones higher, the pressing nenbers
26 slightly nove toward the support nengﬁg 18 27 as descri bed above,
and thus the seal parts 20 are opened, that the saturated steam

| eaks to the processing equipnent 2 and the airtight area 30 via the
seal parts 20 fromthe sealing fluid supplied area 22. The seal part

20 on the P7osedesadbed iboventaidl shae the seubared20i e bpensdt 56 ahae the
steam 5 necessary for the sterilization fromthe inner peripheral

si de ( pr ocsafuratgdesjeimnieaks Zoihdq)roaastsing&c,ﬁnpmenm@ andehelaistiglet area 30
(sealing fluid supplied area 22 sidgf_, so that the tenperature and
pressure ov¥ia thesseahparts: 2 fnra dhe aealing ftuidrsmpphies! areal2bathe2e@al part 20
also sterilized. [0029] 10Meanwhile, as for the_atnosphere-side

(upper) se@h @&PTQ@,SSHI&@QWP@%&%@@@ usesupnlied axithrthe saturated steam

airtight area 30 are | ower than hose of the sealing flujd, supplied |
area 22 tHeCeSSANT £oEdhg: é@ﬂq%mméff@m the 18nex ingriphorab sade (psoeessing

beconb wat GHUBPIHof SEHRE e SHEh PRTIRDR EITHER (EANE rAiepppBlied area
cont i nuod, 22 RS, BATRRLIR ﬁ?%%%ﬁif‘@%i’@ﬁ#s‘%ﬁé%? 'ﬁ%l%:%@%i#étéa?n are kept
_ . i il <
pecanse. t HEGILE SRALBMEAD BB BIMARING, 31 Keeps the airtight area

30 airtight, anﬁmgjhown in Fig. 4(b), the saturated steamis
obtained thereimmas in the sealing fluid supplied area 22. The water

gener aged 20 by Nhane@inens '%eoc{uﬂdaﬁhéfeigf@eg Ql}%ﬂ%‘?%%éét-mb(ﬁ%éggle

is discharged via the water discharge I ne sted

S is provitdatherdturbhirid prégsuré i m@@?ﬁgﬁﬂé&dj%%%i ReydetHanh #Mose of the

provided in the water discharge lines 15 neasure the m ni num

Qoo ekt 320, i 4 s oo 2o s
sat ur at ed J(hvihehiarsead past, 268 graddalip alepreases Shrigngsranrenin®@prds8ias)|and
to become water by, for example, condensation. Then when the supply of the

-~~~ -15- saturated steam to the sealing fluid supplied area 22 is continued, the steam
leaking from the seal part 20 gradually increases the temperature and pressure

in the airtight area 30 because the pressure-resistant seal member 31 keeps

the airtight area 30 airtight, and as shown in Fig. 4(b), the saturated steam is

obtained therein as in the sealing fluid supplied area 22. The water generated

20 by the condensation of the steam in the airtight area 30 is discharged via the
water discharge line 15 in which the steam trap S is provided. At this time,

the temperature detecting parts 16 provided in the water discharge lines 15

measure the minimum guaranteed temperatures in the areas 22, 30 and the
processing equipment 2, and it is confirmed whether or not the steam is

25 saturated in the areas 22, 30 and the processing equipment 2.
[0030]



19 Thereafter, after it is confirnmed fromthe tenperature
detecting parts 16 provided in the water discharge lines 15 that the
tenperatures of the sealing fluid supplied area 22 and the airtight
area 30 have becone the tenperature necessary for the sterilization,
the supply of the saturated steam5 is ;ptinued until a
predeterm ned sterilization tinme, for exdanple, 20 m nutes or nore
passes, so that the sterilization of the sealing fluid supply path
11, the processing equipnent 2, the sealing fluid supplied area 22,

the rotary shaf tTherealfterj afiet fieis 6onfindetiheotvthes esthperitute détdcting parts
conpleted. Here, by providing the tenperature detecting parts 16 at
posi tions bpaprovidedn inhtheravaieni disthargsl lines d&vithet thangmperatures of the
processi ng e(f,ui pnent, 2 and neasuring the tenperature of the saturated
st eam by t¥& 1d; supplied eerng? pand sheecaistight srea 30 heyey become the
possible to confirmthat the_saturated steam necessary for the

S oo e 1\ UED 1 Of o aeiafg batean
i T St Bl i o w2
S RS
lng](c:tes;szr;]lrg gr. ?%nel ﬁ"‘?ﬁﬁ%@gt |’3:h. E?R@ﬁéﬁmﬁ&P@lﬂ%@?{i&%(@&rﬁ% s.shaft 4,
water is ?lhg c]'ﬁ{zfr%g?i %i%?g?ﬁé? %‘?ﬁ%@gg c%nrﬁégfefg %}é’f@fﬁt‘i‘aﬂbﬁﬁw
the clean t@fﬂé)@ﬁtﬁ@%tebﬁl)lgi}?aﬂt%ld\l% ﬁ)(fsh%rﬂé ;ﬁgéﬁeg‘gﬁﬂrtﬁé%gcﬁﬁﬂﬁ:al Seal

only one sidée (right side e nmechani ca vice 1I'1s

depi ctigd. deH@S2]1 ahdake. prYessihBeeRbphiditoN pHCRRASuliA pt%ft?:hgﬁéi'ahﬁe of

t he processing apparatus, the rotary shaft 4 1s rotated around 1ts

axis and tthe sahearcdisteans by&ﬁe&éﬁiﬁdr@@r@?de&&ﬁiﬁgghﬁl@%lq h&'ﬁ@séﬁ’bé@ﬁbove,

sealing fluid supplied area 22 as shown in Fig. is case as

wel |, si ndeig pessiblesto eomArmfthatthesesthiatgd fstesird @u@ﬁﬂdrﬁ@oﬁltl@@sﬁé%ﬂiﬁition
kept at a higher pressure than the inner pressure of the processing
equi prent 12 surely retainsddinrthedaksr apea bf the aveshsiniepl ewal dewide P aaxidin the
the 5 airtight area 30 via the seal parts 20, but the seal parts 20,
20 on t he 3PERIIBE ggUERIiEPhBnt 2 side and the airtight area 30 side
bot h have been i sterilized, the entrance of unwanted bacteria
-into-tlhe procesiﬁhg ﬁqui prment 2 is prevented. At this tinme, the clean -

e %! B et BB M B
33. detecting parts 17 measure the temperature and pressure of the steam, and a
supply amount, a supply time, and so on of the steam are adjusted so that the
areas of the apparatus have an environment necessary for the sterilization.
20  When the condensate (water) is left in each of the areas 22, 30 at the end of
the sterilization, the water is discharged via the water discharge lines 15 by,
for example, the clean air as shown in Fig. 5. Note that in the aforesaid Figs.

4, only one side (right side) of the mechanical seal device 1 is depicted.

[0032]

25 Next, when the agitation process is performed in the processing

apparatus, the rotary shaft 4 is rotated around its axis and the clean air is



[ 0033] According to the above-descri bed enbodi nent, the mechani cal

seal device 1 in which, between the processing equi pnent 2 where to

performthe processing under the sterile condition and the rotary

shaft 4 used with its one 15 end inserted in the processing equi pnent

2 fromthe atnosphere side, the seal parbs 20 are disposed at two

pl aces along the length direction of thé“rotary shaft 4 seals the

rotary shaft 4 and makes the gap between the processing equi pnment 2

and the atnosphere airtight by the supply of the sealing fluid to the

seal i ng 1| suppliadba tieslsealégg Piid o dheisealingdluidssupplivd aiva 21 as showrgin
edq,

20 equi pnent 2 and the seal parts 20 are steriliz because the

ai rtight afiga B0In shiscrasedisowellh sirtenthepinece aseal of the tsealing fluid supplied

at nosphere-side seal part 20 so that the area comrunicating with the

at nospher earsadd? tekepbat a highes presderathan e irndr pressigre: agthe processing

circunferenti,al directjion of the rotary shaft 4, the sterilizing gas

suppl i ed teSUipEemdal; dhe relgpn %lﬁip]fﬁai@d%/(aﬂba proceasinge egiipimeghi (2, andpthe

e 52 SHESAE oA e e o s S Bl o B By

sterill Zedpr%icggsl;iﬁrgl gqttli%ment 2 side and the airtight area 30 side both have been
surely sterilized, the entrance of unwanted bacteria into the processing
equipment 2 is prevented. At this time, the clean air leaking to the airtight
area 30 from the sealing fluid supplied area 22 is discharged to the exhaust

10 line 14 via the drain path 33.

[0033]

According to the above-described embodiment, the mechanical seal
device 1 in which, between the processing equipment 2 where to perform the
processing under the sterile condition and the rotary shaft 4 used with its one

- —15-- end inserted in the processing equipment 2 from the atmosphere side, the seal
parts 20 are disposed at two places along the length direction of the rotary
shaft 4 seals the rotary shaft 4 and makes the gap between the processing
equipment 2 and the atmosphere airtight by the supply of the sealing fluid to
the sealing fluid supplied area 22, and when the inside of the processing

20 equipment 2 and the seal parts 20 are sterilized, because the airtight area 30.is
formed on the atmosphere side of the atmosphere-side seal part 20 so that the
area communicating with the atmosphere-side seal part 20 is made airtight all
along the circumferential direction of the rotary shaft 4, the sterilizing gas
supplied to the sealing fluid supplied area 22 can be airtightly kept in the
25 airtight area 30 so as to have a positive pressure therein. Therefore, the

atmosphere-side seal part 20 can be easily and surely sterilized similarly to



21 the seal part 20 on the processing equi pnment 2 side. This
elimnates a need to add excessive heat.energy for sterilizing the

at nosphere-si de seal part 20, which in turn elimnates a need for the
mechani cal seal device 1 to have excessive heat resistance and a
conplicated structure, enabling the sure,5 sterilization while

reduci ng the apparatus cost. Further, siice the atnosphere-side seal
part 20 can be sterilized under the sane sterilization condition as
that for the inside of the processing equipnent 2 and the seal part

20 on the fheosoad pan2@ gni thegnbeessing equipment Pasde.bThid eligiiharse need to
reliability of the sterilization of the whole apparatus and to nore
clearly toadkhswcensivei btatotnargyaforesteniizing i theaatinespiteneisidd iseal padn30,
4] Further,, in, for exanple, the sterilization using the

saturat ed in; fen elaminatena spedef thep meephanical esgadt denicechito have
menber 31 for formng the airtight area 3 ,ins&ead of using a seal

low i n hea"txcreééﬁvﬁmélﬁgh IGFIStAICY [aRd Aaremplmated pdrugtare epa | the sure

i ncrease the -Brgigﬁsure oht 8i n the,saturated steamin the airtight

area 36. [UH3 on whilg reducing, jthe i appargtus; cestsyp >t SHacq ofhe
| yi Ihe d tQath i rtight 30 be f d..
T The oo ABThBBekE-AL sPACRRG 80| el stellizelt §Ragh 1€ Saria siEilFestion

f th . d | i I f

oL R PRSI EBY ARy HIcSRIY L B0 RIS SURRlag 150 ot
30 i f

area 30"1 neheast SO HBEARBR Pt S U 1% SHORME G Hifenc

ermer oL Urelabii e eon ST wAHe A g bkl cleary

Furthep, thiowehe rizhréBu@aited becteriaUndecbmbniingtighaces or nore, for

exanpl e, at four places along the Iength direction of the rotary

shaft 4 as showf0DB4Fi g. 8. Then, the aforesaid airtight area 30 is
formed so as to _cover the upper seal part 20 npbst distant fromthe
processi ng equi ffurther2 in) dor kkample, the sterilization using the saturated steam,

D

the use of the aforesaid ﬁressure—resistant seal member 31 for forming the
airtight area 30 instead of using a seal low in heat resistance or the like makes
15 it possible to easily increase the pressure to obtain the saturated steam in the
airtight area 30,
[0035]
Here, as shown in Fig. 7, a supply port 40 for supplying the saturated
steam to the airtight area 30 may be formed in the surrounding member 29.
20 In this case, for the sterilization of the upper seal part 20, the saturated steam
is supplied also from the supply port 40 when the temperature and pressure in
the airtight area 30 increase due to the leakage of the saturated steam from
the sealing fluid supplied area 20 to the airtight area 30, whereby the
temperature and pressure in the airtight area 30 can be quickly increased,
25  which enables the quick sterilization.
[0036]



5 case, a discharge port 41 for discharging the sealing fluid from

the sealing fluid supplied area 22 may be forned in a wall surface,

of the device main body 21, between the second seal part 20 and third
seal part 20 fromthe processing equi pnment 2 side, for instance. Thus
providing the seal parts 20 at four plaé s and formng the discharge
port 41 nmakes it possible to collect the&“ o sealing fluid supplied
froma gap between the first one and second one fromthe processing
equi pnent 2 side without releasing it to the atnosphere, so that an

at nosphere in t hBusher,ithe dealipdrisPmsdbagavided € tveblaé® or more, for
exanpl e, between the first one and the 'second one from the processing
equi pnent exanpke,catnfher plecesaatengt thes h disettien asfhtsphetaey i shatthd as
processing 15 equi pnent 2, when a fluid that is hard to be discharged
to the atnslsphmna Fige8usEhen, theyafetésaid aittizhdrarea GOnsniormexd stpas &6 eover
and so on, for exanple, a flammble fluid or the Iike other than the
air, is usée uppemsca quart 26 most distantpfrosu the prowesging bguipseent Be In this
first one and the second one fromthe processing equipnent 2 side.
20[ 0037 |¢ACh& é-lf@g’e‘r&ﬁe@@ﬂ Bédfwx@ﬁﬁh@gmgéhgam&mgeﬁusdm theysealing

e A i 4 TRt S S R e
Goss ot bR ls DR it Serendeak nart.eboadd chikd Sealubdrtred fFam dhe
géeZﬁEr ©n i FS R AbAERS g £ eBing R o peoviflin fie i PB20 a
ireght oo PR SO Y S Bakd Agt F BrauERTy HosSibERe £BReRl the
degr ee; h%aﬂiﬁﬁ%nﬂhf& bg@fﬂi@ﬂ %Fo@oa gﬁg ﬁé‘?vﬂ:%ﬂeth%' fitst YHe: aﬁ’&‘?@c o?Lfe from
these Sterillzinhg gases | s used, steriTizZing gas s argo kep

airtight igpet @béﬁ@@&uf;‘ﬁﬁ@n@@ dife NAMBoRt FcRGSHRS & 1B TRE a?frﬁ;%ﬁléléf'e, SO

so that the sterilizing'gas has a concentration netessary for t
sterilizatthapahratidigphepe iPdid s@litie tMEE Rubbfied! drbh A Iovata], 30r %&ﬁmrple,
the sealing fluid supplied area 20,” and therefore good steri’lizatio
i s per for riestweleBO8)] firstrone ewd, thes sédund oaki front thié brodessing idg@ipment 2
liquid may be used other than

side can be the same atmosphere as the atmosphere in the processing

-~ -~ 15 equipment 2, when a fluid that is hard to be discharged to the atmosphere
because it may affect the environment, an operator, and so on, for example, a
flammable fluid or the like other than the air, is used as the sealing fluid
supplied to the gap between the first one and the second one from the
processing equipment 2 side.

20 [0037]

In the above-described example, the saturated steam is used as the
sterilizing gas, but for example, a sterilizing gas such as a hydrogen peroxide
solution, an ethylene oxide (EOG) gas, or the like may be used. In this case,
the inner pressure of the airtight area 30 does not become so high that the

o5 saturated steam is obtained, or a pressure difference between the inner

pressure of the airtight area 30 and the air atmosphere does not become very



the clean air. Further, as for the seal parts 20, the mechanical sea
device 1 in which the seal surfaces of the main body seal nenbers 24
and the seal surfaces of the rotary seal nenber 25 are slid in
contact with each other is described, but the present invention nmay
be applied to a nechanical seal 15 devigg 1 in which the sea
surfaces are kept in noncontact by the aling fluid. Furthernore,

I nstead of the tenperature neasuring parts 35, 36 or in addition to
the tenperature nmeasuring parts 35, 36, pressure measuring parts

measuring ldpge psied shérefofe, tthe &fbaaaid Préf@irdiesistaid sedl ni@nbbe 31 may be
provi ded. Further, a recorder nmay be connected to each of the

af or esai d areapeight seal 2endetrclaving gelyts sdding capalsilidy tbsubhsit degreefthat
the tenperature. [0039] Further, In the aforesaid Fig. 2, the two

seal sur f atbesaiofighhareaci @ can deamade raietights Wiendasy of éhesostasilizing amses
opposite directions along the Iength direction of the rotary shaft 4,
but the seisluseds the sterdiinggap ivalst kppbaitight 26 the atrtighharca @ todave a
side or the upper side. Further, the processing apparatus whose )
rot ary Sshapiedgtermingde pressure s ethatodhe ssieylizang pgent has 12 openesnieation

I's 24 described, hut the rotary shaft 4 pmay be inserted fromthe
| over si deNgHCSFYHa ke Fé@’éﬁ&ﬁtlgnd&f}lpﬁeﬂﬂa@ﬁﬁb?lg,bQTWe?ﬂéh§é’él’ﬂ$Erar§a 30

20, the seal rfac are.forned.tp be r pengdi cul to the lepngth .
i rect i on B dhe %@&@%ﬁﬁ%ﬂl@éﬁ@% and therelars good sieetlization is
may be th erigg sgeal surfaces are forned to make, 5 So to speak, a
"fan" sha Bt they are inclined to be laterally symetrical to

each ot her vvithmmgpict to a center axis of the rotary shaft 4 and
I ntersect with the ngth direction of the rotary shaft 4.

Fur ey <1 L1 BB, SO0 A % 4B\PIRGT5H b e

ol O, 8 et e sl i, 201 eyl gpseardevice L n

which the seal surfaces of the main body seal members 24 and the seal

surfaces of the rotary seal member 25 are slid in contact with each other is

described, but the present invention may be applied to a mechanical seal

-~ - —15- device 1 in which the seal surfaces are kept in noncontact by the sealing fluid.-

Furthermore, instead of the temperature measuring parts 35, 36 or in addition

to the temperature measuring parts 35, 36, pressure measuring parts

measuring the pressure of the steam in the areas 22, 30 may be provided.

Further, a recorder may be connected to each of the aforesaid temperature

20 detecting parts 16 to record the history of the temperature.

[0039]

Further, in the aforesaid Fig. 2, the two seal surfaces of the rotary seal

member 25 are disposed so as to face opposite directions along the length

direction of the rotary shaft 4, but the seal surfaces both may be disposed so

25  as to face the lower side or the upper side. Further, the processing apparatus

whose rotary shaft 4 is inserted in the processing equipment 2 from above is



1nmechani cal

shaft 10air storage part 12steam storage part 20 20seal

seal

devi ce -15- 2processing equi pnment 3agitator 4rotary

part 2ldevice

mai N body 22sealing fluid supplied area 23sealing fluid supply port
24mai n body seal

10
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20

25

menber 25 25rotary seal
25 30airtight area

24

menber 29surroundi ng nmenber

described, but the rotary shaft 4 may be inserted from the lower side or from

the lateral side.

Furthermore, in the seal parts 20, the seal surfaces are

formed to be perpendicular to the length direction of the rotary shaft 4, but

another alternative structure may be that the seal surfaces are formed to make,

so to speak, a "fan" shape so that they are inclined to be laterally symmetrical

to each other with respect to a center axis of the rotary shaft 4 and intersect

with the length direction of the rotary shaft 4.

processing apparatus may be not only liquid but also, for example, a liquid or .

Further, the treatment solution used for the processing in this

a slurry in which particulate solids are dispersed, powder, gas, or the like.

Explanation of References
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rotary seal member

surrounding member



3lpressure-resistant seal nmenber 26 CLAIMS: 1. A nechanical sea
device which seals a rotary shaft inserted in a processing

equi pnent where to perform processing under a sterile condition 5 and
whi ch is provided between the inside of the processing equi pnent and
t he outer atnosphere, the device conpri§$ng: rotary shaft-side
seal surfaces disposed at |least at two places apart from each ot her
in an axial direction of the rotary shaft and each provided along a
plane with the radial direction of the rotary shaft to extend along a
i 0 whol e c30 cunf er enceaidightrareaot ary shaft; casi ng-si de seal
surfaces which are provided along an inner circunference of a casing
di sposed tdl cover a panephueyeststanicseabmambehaft, and seal with the
rotary shaft-side seal surfaces; a biasing neans provided for at

| east one of pairs of the rotary shaft- -15 side seal surfaces and

t he casing-side seal surfaces and biased so as to press one of the
seal surfaces against the other seal surface, to nmake a space between
the casing and the rotary shaft airtight; a sealing fluid
supply port provided in the casing to let a sealing fluid supplied to
a space that is between the rotary shaft and the casing and is 20

bet ween one pair and another pair of the rotary shaft-side seal
surfaces and the casing-side seal surfaces and to let the sealing
fluid flowin gaps between the rotary shaft-side seal surfaces and

t he casing-side seal surfaces; a sterilizing gas supply port
provided in the casing to let sterilizing gas supplied to the space
bet ween the one pair and the other pair of the seal 25 surfaces and
tolet the gas flow in the gaps between the rotary shaft-side sea
surfaces and the casing-side seal surfaces;



27 a sealing nmenber which includes: a surroundi ng nenber
surroundi ng a space that conmunicates with the gap between the seal
surfaces of the pair |located on a nost downstreamside in a flow
direction of the sealing fluid out of the pairs of the rotary

shaft-side seal surfaces and the casing-side seal 5 surfaces and that
I's located on a downstream side of the &%I in the flow direction of

the sealing fluid; and a seal nenber sealing a gap between the
surroundi ng nenber and the rotary shaft, the surroundi ng nmenber and

t he seal nenber bei ng capabl e of makiGIQAINES:space on the downstream
side an airtight area; and ioa discharge port opened to the airtight
area to discharge the sealing fluid or the sterilizing gas. 2. The
mechani cal ' seal device according to claim1, wherein the sterilizing
gas i s satlrat edAsmechasicaltsaal| devieg whach sedls18 vaterwishafinénssetdd in a
menber is fornmed as an airtight seal nenber, to cause stean1Leakingi.
to the ai rREOSRESIRERAVIPHIRILNEhEEG O Periosan progessing usder acwerile condition

comruni catin ith the ai.rtight area.to, incregse a pressure of, the

ST gt - e ibghoisconad ided Yeimeracibe sl dhe oeaas B sqiipment and
sterilizi as to, increase.a gas. concentration of the airtight area
to a gas 2‘%&%&?%@63@8@%%@%@%@9 QOVPHIR®Et eri | i zation. 3. The

rechan cal seal Aeiye e 6C850 A8 8RR Mot 5 Jhad S FERTHRG S e
0 e b8t S0P 1 SR 0 R T T B grovided
oo |5, bR  plkfle s Ut AR of R RRS AN ARRLAN Hone o
a sterjgl  whole circumference of the rotary shaft;
casing-side seal surfaces which are provided along an inner
circumference of a casing disposed to cover a periphery of the rotary shaft,
and seal with the rotary shaft-side seal surfaces;
a biasing means provided for at least one of pairs of the rotary shaft-
15 side seal surfaces and the casing-side seal surfaces and biased so as to press
one of the seal surfaces against the other seal surface, to make a space
betweenl the casing and the rotary shaft airtight;
a sealing fluid supply port provided in the casing to let a sealing fluid
supplied to a space that is between the rotary shaft and the casing and is
20 between one pair and another pair of the rotary shafi-side seal surfaces and
the casing-side seal surfaces and to let the sealing fluid flow in gaps between
the rotary shaft-side seal surfaces and the casing-side seal surfaces;
a sterilizing gc;ls supply port provided in the casing to let sterilizing
gas supplied to the space between the one pair and the other pair of the seal
25  surfaces and to let the gas flow in the gaps between the rotary shaft-side seal

surfaces and the casing-side seal surfaces;



condi tion;

a supply port and a discharge port for supplying and

di scharging sterilizing gas to/fromthe processing equi pnent; a
rotary shaft having one end inserted in the processing equi pnent; 10
and the nechani cal seal device according to claim1.

10

. 7157 .

20

25

27

a sealing member which includes: a surrounding member surrounding
a space that communicates with the gap between the seal surfaces of the pair
located on a most downstream side in a flow direction of the sealing fluid out
of the pairs of the rotary shaft-side seal surfaces and the casing-side seal
surfaces and that is located on a downstream side of the gap in the flow
direction of the sealing fluid; and a seal member sealing a gap between the
surrounding member and the rotary shaft, the surrounding member and the
seal member being capable of making the space on the downstream side an
airtight area; and |

a discharge port opened to the airtight area to discharge the sealing

fluid or the sterilizing gas.

2. The mechanical seal device according to claim 1,
wherein the sterilizing gas is saturated steam or sterilizing gas, and
wherein the seal member is formed as an airtight seal- member, to -
cause steam leaking to the airtight area from the gap, between the seal
surfaces, communicating with the airtight area to increase a pressure of the
airtight area and become the saturated steam, or to cause the sterilizing gas to
increase a gas concentration of the airtight area to a gas concentration

necessary for the sterilization.
3. The mechanical seal device according to claim 1, wherein a discharge
port to discharge condensed water in the airtight area or to discharge gas in

the airtight area is formed in the casing or the surrounding member.

4. The mechanical seal device according to claim 1, wherein a supply



10

28

port to supply the sterilizing gas to the airtight area is formed in the

surrounding member.

5. A processing apparatus comprising:

a processing equipment where to perform processing under a sterile
condition;

a supply port and a discharge port for supplying and discharging
sterilizing gas to/from the processing equipment;

a rotary shaﬁ having one end inserted in the processing equipment;
and

the mechanical seal device according to claim 1.



