WD 03/ 082443 PCT/JP03/03730 1 DESCRI PT1 ON APPARATUS FOR
| ONI ZI NG | NLET GAS AND SEPARATI NG GAS | NTO GAS COVPONENTS 5 Techni cal

Fi el d Thewproemsaau3 i nvention relates to an apparatus for

POMIJPOIAEB73N | nl et

gas and separating the gas into gas conponents, particularly to a gas

i oni zation/ separation 10 apparatus suitable for use as a gas separation
apparatus which separate a gas into a purified gas conponent and ot her
conponents for use in a process of perforring fine processing in a range
of a nanonmeter to mcroneter or as an cleaning apparatus for renmoving a 15
trace anmount of nol ecul ar conponen r ir o ound Art As a nethod
of refining a high-purity hngog;tEsgéasc,orR?rﬂerpquaﬁﬁlmtransm ssion type
refining nethod in which the hydrogen gas is passed through a filmof a

20 palladiumalloy. In the filmtransm_ssion. t refinin
remar kabl 'y hi gh separateé%é nggggﬁgh %IglggéE% .
obtain a |arge anobunt o I’n high-p 't§ S

net hod, a
é%, in order to
ressure

di fferenceg between the gas spaces separated by the film25 needs to be
| arge at a high tenperature. Therefore, the filmtransm ssion refining
met hod requires nmuch energy. As a gasHrafddl gdmei hod that can be applied

to

The present invention relates to an apparatus for

ionizing an inlet gas and separating the gas into gas

components, particularly to a gas ionization/separation

10 apparatus suitable for use as a gas separation

apparatus which separate a gas into a purified gas

component and other components for use in a process of

performing fine processing in a range of a nanometer to

micrometer or as an cleaning apparatus for removing a

15 trace amount of molecular components from air.

Background Art

As a method of refining a high-purity hydrogen

gas, there is a film transmission type refining method

in which the hydrogen gas is passed through a film of a

20 palladium alloy. In the film transmission type

refining method, a remarkably high separated gas

component is obtained. However, in order to obtain a

large amount of the refined high-purity gas, a pressure

difference between the gas spaces separated by the film

25 needs to be large at a high temperature.

Therefore,

the film transmission refining method requires much .

energy.

As a gas refining method that can be applied to



WO 03/ 082443 PCT/JP03/03730 2 many types of gases, there is an adsorption
refining nmethod of adsorbing the gas with an adsorbent. In the adsorption
refini ng wetobosk443 npurities in the gas can be adsorbed atCa/Jrao3ao
tenperature. The adsorbent 5 adsorbing the inpurities can reactivated by
treatments such as heating and reproduce adsorbability. Wen the gas is
continuously refined, it is necessary to prepare two or nore adsorption
colums and alternately operate themin ad%orption/desorption node. 10 As
a gas purifying nethod of a rare gas such as argon and heliumor a
hydrogen gas, there is a getter refining nethod. In the getter refining
method, it is RERYsEARPS &fr GRSESa (PErer Lvadr ifgIS VP oth& e Gimidd ti es in

the gas at the hi t.e rature.. 15 Therefore, .the getter refini_ng nethod
requires much @ﬁggﬁﬁ.ggﬁé% QF%éPg 9315 VAR RS SGisos eddct edtwitdl®  t he

inpurities cann 0 f i di sadvant.ageousl y .di scarded. On
tﬂg ot her hand,gﬁﬁgﬁgﬁggéa?g%igﬁpﬁhgﬁ%ﬁﬂﬁ’ZémﬁﬁﬁPﬁﬁ i ont NO'® 256170743,

t he present apphiC Opo nt i usly purifying the
gas i th | ow Sher oy T Re e e  conar Seattiabsia | I oA |
positive gnd neﬁ@bb%@ih@“%hgyiﬁ@u&ﬁ%ﬁ%%i%%h_r%E%EQV%%e%uF%L%I%E?P%%%s Thi's

proposed apparatus 25 includes a structure in which para
el ectrodes W tBughsagUhketsnal andi $RpFedueR APROTHES131148S Ofman ¢hanber

to formtwo branching-flows. In the separation
gas is continuously refined, it is necessary to prepare
two or more adsorption columns and alternately operate
them in adsorption/desorption mode.

10 As a gas purifying method of a rare gas such as
argon and helium or a hydrogen gas, there is a getter
refining metﬁod. In the getter refining method, it is
necessary to react a getter material with the
impurities in the gas at the high temperature.

15 Therefore, the getter refining method requires much
energy. The getter material that has once reacted with
the impurities cannot be reproduced, and is
disadvantageéusly discarded.

On the other hand, in Jpn. Pat. Appln. KOKAI

20 Publication No. 2001-70743, the present applicant has
proposed a method of continuously purifying the gas
with low energy. The method comprises: separating the
gas into positive and negative ions by an electrical
field to purify the gas. This proposed apparatus

25 includes a structure in which parallel plate electrodes
with gas outlets are disposed on opposite sides of a

chamber to form two branching-flows. In the separation



WO 03/ 082443 PCT/JP03/03730 3 apparatus structured in this manner, a flow
branch section is the sane as an ion separation region, and the ionized

i mpuriti esoasesseparated in a mnimumion- mgration di st acEars/3vive
electrical field. Even 5 though the ionized inpurities, which have once
nmoved fromon one branching flow to the other branching flow are
neutralized, the inpurities can be taken out along the flow. Therefore,
the apparatus is superior in refining the das having a higher purity.
However, in 10 the structure of the parallel plate electrodes with the
outlets, a stagnant region exits in the vicinities of corners of the
chanber. TherefaPRarafih LG redW D rigdieS BINIRE r RIVERRI gasai&h not
snoot hl y exhausted, and, the separation efficiency of inmpurjties changes
with 15 the gasSeFbiP? at®. thdredieras iaP tHe sepRA AT F891Y Rissary to
secure a retention fine untjl the ,inpurities are effectively ionjzed.

tl
However, with tH:® LPRt 2 nTRNet L5t o?‘?p%r@ﬁ%&t%%u? TSR 19 gas
introd din th ti h t.o th tlet,1s. i iLt.abl
Ther of ore. 11 IBLERTFIEMI TET ENGE e The STEthrtToh 11t evel S th a

needs o be. di VIGRIE| re BGbarSUor e ChREr ot BEPRCE Soher g val v

needs to be divid erefore, a ow neter and val ve

o oy soEESH 85,508 S0, SRouret Lhe dplarmimatiigietbinl
of the gas flowps QutteLsipEd} hendbr anshed: gasesahNbe taken out along

the flow. Therefore, the apparatus 1s superior in
refining the gas having a higher purity. However, in

10 the structure of the parallel plate electrodes with the
outlets, a stagnant region exits in the vicinities of
corners of the chamber. Therefore, with a high flow
rate, an introduced gas is not smoothly exhausted, and
the separation efficiency of impurities changes with

15 the gas flow rate. Moreover, in the separation, it is
necessary to secure a retention time until the
impurities are effectively lonized. However, with the
aforementioned separator, a short-cut flow of the gas
introduced in the separation chamber to the outlet is

20 inevitable. Therefore, it is difficult to secure the
retention time even with a secured large diameter of
the chamber. Moreover, a separation flow volume needs
to be divided into equal volumes. Therefore, a flow
meter and valve have to be disposed at the outlet so

25 that the volume is adjusted into the equal volumes.

However, the flowmeter cannot be disposed in an inlet

of the gas flow or outlets of the branched gases in



WO 03/ 082443 PCT/JP03/ 03730 4 sone case. Wen the flowreter cannot be

di sposed, there is a problemthat the flow volunme cannot be adjusted.

Mor eover ,WD3%g3as ati ng the gas ion into two 5 branches, PATHeA3a10 On
voltage to be applied has an optinum value which is determned in
accordance with the flowrate of the gas, electrical nobility of the ion,
and generation and depletion rates of the ion. Here, the electrical
nobility and generation/depletion 10 rate of the ion vary with a pressure
or tenperature of the gas. Therefore, there is a problemthat separation
efficiency is influenced depending on_a state of pressure or tenperature.
Di scl osure of | P8It 67 er5 N‘i‘e@bj Ldovimed o5 €3EmOt Rrefdispesiesi-t o provi de
an apparatus for_.ionizing and,separating.a gas conponent in an inlet gas,
which is | ow in &gy a prf?lbaﬁ rif%@ftf i%t}iliee W RE GG taR aspect  of

t he present inv%'&tjiut%@’ed 20 there is provided an apparatus for ionizing and
separating a gas rnto gds conponents in an inlet gas, conprising: a

chanmber structure corf #g%/t gndesfcgprogaﬁgc&%gpgér %V\/lgndgs Ghgnnel,., whjch has an

inlet port and first a second s;” an‘ionizer for ionizing
gas conposents b c83s a iHprag iRl iRl @y ehanne) jwanthe Jhnl et

ort;

P optimum value which is determined in accordance with
the flow rate of the gas, electrical mobility of the
ion, and generation and depletion rates of the ion.
Here, the electrical mobility and generation/depletion

10 rate of the ion vary with a pressure or temperature of
the gas. Therefore, there is a problem that separation
efficiency is influenced depending on a state of
pressure or temperature.

Disclosure of Invention

15 An object of the present invention is to provide
an apparatus for ionizing and separating a gas
component in an inlet gas, which is low in energy and
high in efficiency.

According to an aspect of the present invention,

20 there is provided an apparatus for ionizing and
separating a gas into gas components in an inlet gas,
comprising:

a chamber structure configured to defining a
flowing channel, which has an inlet port and first and

25 second outlet ports;

an ionizer for ionizing gas components in the gas

flowing into the flow channel via the inlet port;



WO 03/ 082443 PCT/JP03/03730 5 neans for applying an electrical field to
the 1ionized gas conponents in the flow channel to separate the gas
conponentwoiopge4a3 cati on and ani on, thereby separating aPgagprmxisesul e
conponent contained in the 5 gas; neans for extracting one of the gas
conponent from the first outlet port, and extracts the another of the gas
conponent fromthe second outlet port: and control neans for controlling a
flow of the inlet 10 gas fromthe inlet pért and retaining the gas in the
fl ow channel for a predetermned tinme period and nore. Additional objects
and advantages of the invention wll be set forth in _the descrijption which
follows, and in parkeanf| fpe 8bpluisgf pBnrLRetyéselti fLroA, tor they be 15

| earned by practice of the invention. The objects aﬂd a?v ntaggs OL t he
i nvention may bEOREAET z@YS aRAPORERF Red by ReiheWof RERREL nEP r BFBATAFFt i es

d mbi nat i ticularl inted out inaf.ter. Brief Descripti
of Drawings 20 TG GeTCHBERYRTECar S AgS, SHhiCH AR FALBPpOFAFBESYin and.

constitute a part_of the specificatiaon N rate | RN t he
i nvention, and %%%%%ﬁé%ngmgt%a?h%O%%ﬁ%%%|Ca%ééé?ﬁ i%ﬁﬂg?gggga%gvgﬂgnd t he
detail ed gescrig%éon of the enbodi nents given below, 25 serve to explain

the principles the.invention. FIG 1 is a perspective view schematically
showing a two-branchingsflgw 923 LeR:Z3t bRR/ $¢PRhat 4B component from

the first outlet port, and extracts the another of the
gas component from the second outlet port: and
control means for controlling a flow of the inlet
10 gas from the inlet port and retaining the gas in the
flow channel for a predetermined time period and more.
Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may be
15 learned by practice of the invention. The objects and
advantages of the invention may be realized and
obtained by means of the instrumentalities and
combinations particularly pointed out hereinafter.
Brief Description of Drawings
20 The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
25 serve to explain the principles of the invention.
FIG. 1 is a perspective view schematically showing

a two-branching-flow gas ilonization/separation



WO 03/ 082443 PCT/JP03/03730 6 apparatus according to one enbodi nent of the
present invention; FIG 2 is a cross-sectional view schematically show ng
an ioni zewogbhosaa4in FIG 1; 5 FIG 3 is a typical charact @cirgrixosdicagr am
showi ng one exanple of an experinment result obtained by separating a
trace anmount of oxygen in a high-purity nitrogen gas in a separation
apparatus shown in FIG 1; FIG 4 is an explanatory view show ng ionization
10 potential and proton affinity of nitroggn, oxygen, and toluene; FIG 5
is a cross-sectional view schematically showing a separation el ectrode
shown in FIG 1; FIG 6 is a cross-sectional view schematically 15 show ng
the gas i oni zatippairsépar aticorddpgartat ene soboddineg tt @ fakdeh®resedddi ment of
the present invention; FIG 7 is a characteristic diagram show ng one
exanpl e of a réswlentdlondi ned by separating toluene of 20 an organic
material by the gas ionization/separation apparatus shqwn in Fl 6; FIG 8
is a characteristic F&%gr%m%%ﬁw%‘swgﬂ of- St 5 IR 93 he  gas

i oni zati on/ separati,on apparatus accordi,ng t he enbodi ment of the present
25 invention tSGErHST witt HO&JTZeﬁratsgjc?-‘”ﬁ)r tlr%eEth%r‘at i‘on efficiency conparative

exanpl e; SFI G 91is aE'ICd’.OSf_fseCaE itoypajl.ca\t/i S aog\éé}gisacic diagram showing
one example of an experiment result obtained by
separating a trace amount of oxygen in a high-purity
nitrogen gas in a separation apparatus shown in FIG. 1;
FIG. 4 is an explanatory view showing ionization
10 potential and proton affinity of nitrogen, oxygen, and
toluene;

FIG. 5 is a cross-—-sectional view schematically
showing a separation electrode shown in FIG. 1;

FIG. 6 is a cross—sectional view schematically

15 showing the gas ionization/separation apparatus
according to another embodiment of the present
invention;

FIG. 7 is a characteristic diagrém showing one
example of a result obtained by separating toluene of

20 an organic material by the gas ionization/separation
apparatus shown in FIG. 6;

FIG. 8 is a characteristic diagram showing a
separation efficiency in the gas ionization/separation
apparatus according to the embodiment of the present

25 invention together with a related-art separation
efficiency comparative example;

FIG. 9 is a cross—-sectional view showing a



WO 03/ 082443 PCT/JP03/ 03730 7 differential pressure detecting nethod in
adjusting a gas flow volume according to the enbodi ment of the present

i nventi orwoRB/@82440 is a characteristic diagram show ng a PCraPe/i3a30 bet ween
fl ow vol umes of opposite outlets and pressure difference according to the
enbodi ment of the present invention; FIG 11 is an explanatory view
showi ng an arrangenent use exanpl e of the,gas ionization/ 10 separation
apparatus according to the enbodi ment of the present invention; FIG 12 is
a cross-sectional view showi ng the gas ionization/separation apparatus

[ [ es asurenent portjqn which neasures the pressure of

the 15 gas accorti Moo re m@#@m&%@w%w npehis i A G
i h terijstd i.agram showi_ng on xanpl e of, a result obtaine y

igl i/isn(éj1 gnagg\clegﬁsvréél%ﬁff‘ﬁu&moen aeccﬁ?ftqq‘@r? %ﬂ %hre_e PROC 6 ol &¢ul ar 30

conmponent and i |4 ,separation efficiency in ionizing an

el ectrostati cal ye§33§$§%#%%ﬁ§%é§ nol ecul ar conponent in a

t wo- branchi ng-fl ow figeld qarcard %é&%ﬂﬁiﬁrﬁ%ﬂdﬁ%ﬁ Stghg%i@{gesaent

invention. Best Mde for Carrying Qut t _
i oni zat i 08/ sepakatlia@h caP PRt FAGH HNGmed oFN g W%g.hc@rer&?ltq_fettsh%n%r esent

invention will be described hereinafter in detai eference to the
pressure difference according to the embodiment of the
present invention;

FIG. 11 is an explanatory view showing an
arrangement use example of the gas ionization/

10 separation apparatus according to the embodiment of the
present invention;

FIG. 12 is a cross-sectional view showing the gas
ionization/separation apparatus including a pressure
measurement portion which measures the pressure of the

15 gas according to the embodiment of the present
invention; and

FIG. 13 is a characteristic diagram showing one
example of a result obtained by solving an advective
diffusion equation with respect to an molecular

20 component and ion to calculate a separation efficiency
in ionizing and electrostatically separating the
molecular component in a two-branching-flow field
according to the embodiment of the present invention.

Best Mode for Carrying Out the Invention

25 A gas ionization/separation apparatus according to

an embodiment of the present invention will be

described hereinafter in detail with reference to the



WO 03/082443 PCT/JP03/03730 8 drawings. FIG 1 shows a gas

i oni zati on/ separati on apparatus of two-branching-flow type according to an
enbodi nerwO 080824l present invention. In the gas ionizati @oT/JBoEEPHN at i on
apparatus, generation of an ion and separation of the ion by an electrical
field are sinmultaneously perforned, and el ectrodes for applying the
electrical field has a configuration to serve as a gas outlet port. In
FIG 1, reference nuneral 11 10 denotes anS8inl et port of gas mxture, for
exanple a mxture of air and gas, via which the gas mxture flows into
the apparatus, 12, 13 denote gas outlet ports, via which the separated gas
conmponent flomsdéﬁwlngﬁd 14 denotes a separation chanber in which a flow
channel is 15 defined. In the separation chagb 14, an i.oni zer

di sposed to ionize tﬁéGgaé EBRPSENENPES| hOPREE FBR/SéﬁéﬁﬁéﬂonséBBﬁﬁﬁFHH

el ectrodes 16, 1 aV|Hg stru guretdetachabl fromthe ¢ ng 14 cl ose
the chanber 14O Hot aBEPFB?“% PY¥s“1B® 38°PH lggtght?PnSmga thE Jas
conponents are disppsed_in t on I S e chanber
14 has a porous % StPESEeTg gg%ﬁgég f| E QS iég%FégﬁPEZS|stlng

t) f d of h t t h t
Pe) i °g%§%§§ﬁ§@”§§wzﬁﬁg9 géggﬁ%%n T

fl owi ng toward ass through the nenber. The

inlet port 11, Lop ?§§Eloﬁ5of5%ﬁér§5hoﬂ eEﬁCEi€€€§1é§l ¥{e18ndrRorous
electrode 18 are forned of netals sucx as SUS. For the

simultaneously performed, and electrodes for applying
the electrical field has a configuration to serve as a
gas outlet port. In FIG. 1, reference numeral 11

10 denotes an inlet port of gas mixture, for example a
mixture of air and gas, via which the gas mixture flows
into the apparatus, 12, 13 denote gas outlet ports, via
which the separated gas component flows out, and 14
denotes a separation chamber in which a flow channel is

15 defined. In the separation chamber 14, an ionizer 15
is disposed to ionize the gas components in the flow
channel. Separation electrodes 16, 17 having a
structure detachable from the chamber 14 close the
chamber 14, and the outlet ports 12, 13 for outputting

20 the gas components are disposed in the separation
electrodes 16, 17. The chamber 14 has a porous
electrode 18 and glass fiber filter 19 (flow resisting
part) formed of porous member in such a manner that the
gas component flowing toward the outlet ports 12, 13

25 pass through the member. The inlet port 11, ionizer
15, separation electrodes 16, 17, and porous electrode

18 are formed of metals such as SUS. For the



WO 03/ 082443 PCT/JP03/03730 9 separation chanber 14, an annul ar
strip-shaped portion including portions connected to the inlet port 11 and
i oni zer 1M§Oiog/oénired of metals such as SUS, and the ot hePCpaPI/@B3nx ar e
formed of insulating materials such 5 as quartz glass. The separation
chanmber 14 is fornmed in a cylindrical shape, which has an inner dianeter
of 40 mm and is provided with a cylindrical flow channel, and disposed
substantially horizontally in an axial 10 frection. In left and ri ght
openings in opposite ends of the separation chanber 14, the separation

el ectrodes 16, 17 are disposed substantially in parallel with and

opposi te to eaclepEFatiosn shambey déde tAe aFeHiatys BHP1HheRssh Hoathion

hanb 14. | i.dd], tion of the 1 i | ect 6, t

st outl et ponrciadifel H SHvrE EPRIHealt ke A HPA s et er
17, the second JEEETdrt 16 TSRS Maia Sy S0 Ehdpe wih an
nner di anet er 20,0 %y Aisnasedy Lk the T e, Rertd.an o any, out er

17, the second

peri pheral surface of

e separati on chanber por r med

in the cylindrical dagy%% ﬁhﬂﬁ%ﬂg an inner dianmeter of 6.2 nmis disposed to
era

supply the gas in a perip

direction of the inner 25 surface of the

separation chanber l4mandsgenelats, angidenl @ {4 o ddside 4 he respective
separation electrodes 16, 17 in the separation chanber 14, the

10

15

20

25

cylindrical shape, which has an inner diameter of

40 mm, and is provided with a cylindrical flow channel,
and disposed substantially horizontally in an axial
direction. In left and right openings in opposite ends
of the separation chamber 14, the separation electrodes
16, 17 are disposed substantially in parallel with and
opposite to each other so as to close the openings of
the separation chamber 14. In a middle portion of the
separation electrode 16, the first outlet port 12
formed in a cylindrical shape with an inner diameter of
6.2 mm is disposed. In the middle portion of the
separation electrode 17, the second outlet port 13
formed in the cylindrical shape with an inner diameter
of 6.2 mm is disposed. In the middle portion of an
outer peripheral surface of the separation chamber 14,
the inlet port 11 formed in the cylindrical shape
having an inner diameter of 6.2 mm is disposed to
supply the gas in a peripheral direction of the inner
surface of the separation chamber 14 and generate a
circular flow. Inside the respective separation

electrodes 16, 17 in the separation chamber 14, the



WO 03/ 082443 PCT/JP03/03730 10 glass fiber filters (flow resisting parts)
19, 19 are disposed to obstruct the cylindrical flow channel. Inside the
respecti weogBasa43 i ber filters 19, 19 in the separation eoapero31sh, the
porous el ectrodes 18, 18 are 5 disposed to obstruct the cylindrical flow
channel . The porous el ectrodes 18, 18 are disposed opposite to each other
at an interval of 50 mm and substantially i parallel with each other. The
ionizer 15 is disposed between the porouél%lectrodes 18, 18 in the
separation 10 chanber 14. The separatlon el ectrodes. 16, 17 are connected
to a direct-current voltage su 25 so that the electrode 16 is an anode
?Pd t he eLectro@baQS feber Ehiggﬁé (fhovhresippiratRartehel §asl Bodbdnent s
owto the 15 outlet ports 12, 13 fromthe in|et t 11 as foll ows.
That is, the ga@lﬁﬁ?F%@uE%dObﬁFBuFFetg%p%Yé%PgﬁlEﬂéngi?w ﬁha??%gs along a

[i ndri | fl f
Siyr'egti”?ﬁal I\/brg\évgé?b <"Bhe' Feshectt %‘Cga@;%ﬁﬂ@?trag?ﬁé'ﬁ%' e Bk 1 L,
types o t d h
12" the efegf ¢ oUEP 1B Hh T te failiob o 17 FRBObBERRY o TOftcobss Fgcgtgte%ig%t Phe
side of t Ou&k?# gS&t o%gﬁﬁuEEaEHSd gglﬂﬁﬁleghaEhB% cﬁ%gnéme eHL! et

port 13, he el ec orous ectrode 18, which are Iocated

at the side of ?Eo %h%%t988551§8 afg Sbérgﬁgpbﬁeﬁhgpﬁbgﬁﬁep@baéhEM I'n
an inner space the ow separafion electrode 16

other at an interval of 50 mm and substantially in

parallel with each other. The ionizer 15 is disposed
between the porous electrodes 18, 18 in the separation

10 chamber 14. The separation electrodes 16, 17 are
connected to a direct-current voltage supply 25 so that
the electrode 16 is an anode and the electrode 17 is a
cathode.

In this apparatus, the gas components flow to the

15 outlet ports 12, 13 from the inlet port 11 as follows.
That is, the gas introduced into the separation chamber
14 flows along a cylindrical flow channel inner surface
from a tangential (peripheral) direction. Moreover,
the respective gas outlet ports 12, 13 include two

20 types of electrodes charged in the same polarity. That
is, the outlet port 12, the electrode 16 and the porous
electrode 18, which are located at the side of the
outlet port 12, are charged in one polarity, and the
outlet port 13, the electrode 17 and the porous

25 electrode 18, which are located at the side of the
outlet port 13, are charged in the other polarity. 1In

an inner space of the hollow separation electrode 16



WO 03/ 082443 PCT/JP03/03730 11 (17), the porous el ectrode 18 and gl ass
fiber filter (flowresisting part) 19 having a high pressure |oss are

di sposed wp 03m834¢5 Wi th each other. The gas introduced i ®Co/IPiB037I00W
channel in the separation 5 chanber 14 passes through the porous el ectrode
18, and glass fiber filter (flowresisting part) 19 and flows out via the
gas outlet port 12 (13). That is, the gas, . which is introduced into the

fl ow channel fromthe side surface m ddl éLlporti on of the cylindrical
chanmber 14 10 having an inner dianmeter of 40 nm are branched towards two

outlet ports 12, 13 disposed opposite to each other and exhausted to the
out si de of the sz))a'r AR RAEPYHeeloElsiidR i Ve i | E13sSs ‘Ifrféoeg%syjijst?lﬁt roduced

into th ' hamper, 15 14 f t he, inl et t_11, soft X
e 117 ad ated Y HE DAL GRTRD | D AT 1 4 Re (g TS ot i on

chanmber 14, and_the.,gas components. are .jionjized | he ratjon chanber
14. Certain m?%%uﬁig?p%%es cjorl’rpsc’) len Ss,‘"“\L/\?lf'ukllc acgt} eOtﬂééglé'r dzlgk?as inpurity
conponents, are; S: i by, 1.0n- ]ggjp% Mor eover,
the introduced Jgrggs@tlg(%?gec%njté%ﬁ%%é SO % ha%lh%r%gelgg%ﬁ?%év\seséln a %ir)l%ht he fl ow
channel iqner suilpger ofq thiescud I ngdcah SEPAAION oLhaRGIe g [ ram the
tangential (peripheral) ditection 25 and the flow ng gas forns the circular
streamin the §]ouschanwel siThis ci1ekl BEsisemprevent s19heng@asidwow from

formng a short-cut gas streamflow ng toward the

out via the gas outlet port 12 (13). That is, the gas,
which is introduced into the flow channel from the side
surface middle portion of the cylindrical chamber 14

10 having an inner diameter of 40 mm, are branched towards
two outlet ports 12, 13 disposed opposite to each other
and exhausted to the outside of the apparatus via the
respective outlets.

The gas is introduced into the separation chamber

15 14 from the gas inlet port 11, soft X-rays are
irradiated to the gas from the ionizer 15 fixed to the
separation chamber 14, and the gas components are
ionized in the separation chamber 14. Certain
molecular gas components, which are regarded as

20 impurity components, are charged as the cations by ion-
molecule reaction. Moreover, the introduced gas is
controlled so that the gas flows in along the flow
channel inner surface of the cylindrical separation
chamber 14 from the tangential (peripheral) direction

25 and the flowing gas forms the circular stream in the
flow channel. This circular flow prevents the gas flow

from forming a short-cut gas stream flowing toward the



WO 03/ 082443 PCT/JP03/ 03730 12 outlet ports 12, 13 fromthe inlet port 11.
It is possible to secure a long tine for which the gas is retained in the
fl ow charwelo3/odhas is, a soft X-ray irradiation tinme |engChanes/osmioh
respect to the gas, and 5 the nol ecul ar conponents can sufficiently be
ionized. For the respective electrodes (separation electrodes 16, 17 and
porous el ectrodes 18, 18) disposed in two gutlet ports 12, 13, a )
direct-current voltage is applied to dispo% one outlet port 12 on an anode
side 10 and the other outlet port 13 on a cathode side. An electrical

field is formed in_the flow channel. The nol ecul ar conponents ionized as
the cations nnv@uF&thBorgﬁtP@t por £X28 SRSt A8-Lekt RegE dilde. IA RSgh-purity

t i ed fromthe.gas and is taken fr 15 the outl et
Joct 5o oo the BRsNEBIRILS sEENTS' B8R, 20kel Tokt sharc tBh drorie 1 The

oniser 15 has ScSLUUGHILE LRWAACY Rusall X raplue 20Ls.l geated Tn 2

met al vessel sucC vesseél connecte
%ganber

i oni zer 15 20 i%rEE?ﬁQt&BRatith1%&5E$%Esp%?%5°§?§gekgetgeggéﬁéggg

14 with a screw 21 fromthe outsi he so y tube a pFled
with a high V0|Eﬁgemém@chiarcthbehEEQSbﬁaﬁ_%9&%ié1%ﬂ¥l§ggbranﬁgga[atus

(not shown), and the soft X-ray tube 20 emts the soft X-rays into the
fl ow channel of Fbhetsepaeapenighasbertrides! t{skpatathennetigdri-Baksin FI G

2, reference nuneral 22 denotes an insulating material such as a

16, 17 and porous electrodes 18, 18) disposed in two
outlet ports 12, 13, a direct-current voltage is
applied to dispose one outlet port 12 on an anode side

10 and the other outlet port 13 on a cathode side. An
electrical field is formed in the flow channel. The
molecular components ionized as the cations move to the
outlet port 13 on the cathode side. A high-purity gas
component is separated from the gas and is taken from

15 the outlet port 12 on the anode side.

FIG. 2 is a cross-sectional view of FIG. 1. The

ionizer 15 has a structure in which a soft X-ray tube
20 is located in a metal vessel such as SUS vessel
connected to the ground. For example, the ionizer 15

20 is fixed to a side surface portion of the separation
chamber 14 with a screw 21 from the outside. The soft
X-ray tube 20 is applied with a high voltage and is
controlled by a soft X-ray control apparatus (not
shown), and the soft X-ray tube 20 emits the soft

25 X-rays into the flow channel of the separation chamber
14, It is to be noted that in FIG. 2, reference

numeral 22 denotes an insulating material such as a



WO 03/ 082443 PCT/JP03/ 03730 13 fluorocarbon resin. Mreover, the gas inlet
port 11 is devised to allowthe gas to flowin along the flow channel

i nner surwaama/ogf443 he separati on chanber 14 having the cylPCcrdrPix@li3shape
fromthe tangential 5 direction, so that the flow stream of the gas
introduced into the separation chanber 14 forns a circular flow 10 inside
the cylindrical flow channel. By this cir glar flow, the gas introduced
into the separation chanber 14 fl ows along the inner surface of 10 the
cylindrical flow channel, and can be irradiated wth a sufficient anmount
of soft X-rays. FIG 3 |§_ a characterjstic diagram shomnng one exanple of

an experi nent r ESUPEOGRE Oﬁe&eﬁ&nsepgpéﬁQWﬁr'a B Sardit BPTExydedSin a
hi gh- t t 1 t t h FIG 1. |

the char act eri sEedT et anp iy S80S Hond e de” adoad %Wéaﬁﬂ el "
strength, and t%ﬁaﬂh@h”%%%e&”%h%%%%% %p{l%égara§ﬁ%%;?é

nol ecul es with respect o X of” Xygen |a t he

inlet, 20 “h'Chhb%lﬁ%p%h%t'§ﬁ1%5@f55¥“§ﬁ%ﬂ% From TG 3 g%%iﬂlﬁ of trace

oxygen separation fromnitrogen gas with concentrations of 7 ppb, 28

ppb, 43 ppb at @ﬂrb&h@bn,f%@Wt%ﬁ%et%E %l@%ﬂs%régﬁeo%eQ% calggn efficiency of
oxygen increases with a lower concentration. Wth 7 ppb of oxygen at

electrical fiel dnstbengell ohtd kwemsep@ﬂa&mowr@h%m&atmorfo%fsl @l ency of
60% obtained. To preferentially ionize the certain nolecul ar conponent,
circular flow 10 inside the cylindrical flow channel.
By this circular flow, the gas introduced into the
separation chamber 14 flows along the inner surface of

10 the cylindrical flow channel, and can be irradiated
with a sufficient amount of soft X-rays.

FIG. 3 is a characteristic diagram showing one
example of an experiment result obtained by separating
a trace amount of oxygen in a high-purity nitrogen gas

15 in a separation apparatus shown in FIG. 1. In the
characteristic diagram, the abscissa indicates
electrical field strength, and the ordinate indicates
the flux of separated oxygen molecules with respect to
the flux of inflow oxygen molecules via the inlet,

20 which is separation efficiency. FIG. 3 shows a result
of trace oxygen separation from nitrogen gas with inlet
concentrations of 7 ppb, 28 ppb, 43 ppb at an inlet
flow rate of 1 L/min. The separation efficiency of
oxXygen increases with a lower concentration. With

25 7 ppb of oxygen at electrical field strength of 2 kV/m,
a maximum separation efficiency of 60% obtained. To

preferentially ionize the certain molecular component,



WO 03/082443 PCT/JP03/03730 14 ionization energy is requested to be
smal l er than that of a carrier gas nolecule. Alternatively, proton
affinity womespdested to be |arger than that of the carriper/Jgexosnw ecul e.
FIG 4 shows ionization 5 potential and proton affinity of nitrogen,

oxygen, and toluene. For nitrogen and oxygen, oxygen has a smaller
ionization potential and is nore easily chﬁrged, but a difference of
proton affinity is snmall as conpared with 3rganic mat eri al s such as

tol uene, and separation 10 effect is |low. However, it is seen that even the

oxygen nol ecul e ,can be .separated using the separation apparatus of FIG 1.
FIG 5 shows t héLogltlrzﬁg:t]ﬁrne B aHRe Jsseﬁ%qéjﬁs&‘? %O sie disdpdded ithathe

outlet port. Th p i 5 el ectrodes . 17 are constituyted of holl ow
el ectrode porti §r§%6 ,a%gé%tr‘][or red moE:\Ler?éJ;1 s, @ré’la%ﬁ’ iBePTH Mt er (1 ow
resisting part) ;%%;i.§ Hhel t | egtr od rtiqQns . 6A, via 0
rings 24, and bgt hlt hécyeel%e?%r gkpegfrftloo%se gLraé:gresfx% a\tP\,i t%ﬁ’astcro %fii

Moreover, 20 {heaseparalianeiiectiedes fig,. b HfiCAUICLE] L0 the

cylindrical separation chanber 14 via gastight fixing nenbers such as 0

rings 44. sThe gbagenftiiber ahid Haothd MM ke A JH ¢ier8l@ss HUReensuchas a
HEPA filter, and any material may be used as long as the material has a 25

fluid resistanceolnieher.n Fodi sperse@dn andheWehe bkoWercharnel soEafer
advantages of the filter 19 held between the electrode portions 6A, 6B,
since the glassibinbertion potential and is more easily charged, but a
difference of proton affinity is small as compared with
organic materials such as toluene, and separation
10 effect is low. However, it is seen that even the
OoXygen molecule can be separated using the separation
apparatus of FIG. 1.
FIG. 5 shows the structure of the separation
electrode disposed in the outlet port. The separation
15 electrodes 16, 17 are constituted of hollow electrode
portions 6A, 6B formed of metals. The glass fiber
filter (flow resisting part) 19 is held between the
electrode portions 6A, 6B via O rings 24, and both the
electrode portions are fixed with screws 23. Moreover,
20 the separation electrodes 16, 17 are connected to the
cylindrical separation chamber 14 via gastight fixing
members such as O rings 44. The glass fiber filter 19
may be a micro glass fiber such as a HEPA filter, and
any material may be used as long as the material has a
25 fluid resistance uniformly dispersed in the whole'flow
channel. For advantages of the filter 19 held between

the electrode portions 6A, 6B, since the glass fiber



WO 03/082443 PCT/JP03/03730 15 filter (flowresisting part) 19 has a mcro
structure, contam nant such as particles are easily deposited, but the
filter cawosasslys be changed because of the disconnectablPeTSPOIUBIIN e oOf
the el ectrode portions 6A, 5 6B. The netal porous electrode 18 is attached
to the front surface of the electrode portion 6A, that is, an
upstream si de end, and the outer surface of _the electrode portion 6Ais
connected to the direct-current (DC) voltéae supply 25. Therefore, not
only the 10 separation el ectrodes 16, 17 but also the porous electrode 18

can sinmul taneou I be C ed. \Wen the separation electrodes 16, 17 are
not di sposed an &ﬁ@ p5F§&§téP8cP96§é 18 hesdpspasee ShIgEdEEey o
connect between the porous el ctrode i sposed inside and the 15 DC

vol tage supply FPEITRE a0 S§ Pﬁé GIeRdPTEarasddyaraPrsnh tefanbet 14,
it is necessary:{Q %Eﬁ%e? %%5666511&0 sgggkggbggF%g%ggségstgand to pass an

electrical wre throughth r Pectrode 18

and el ectrode pa&gbgge%ét%%gefg% gtBEStpﬁe % g?%%k§bﬁtag°%E&§%%§% so as

to be integrally nol unlte € VO gbplled
to the pgrous %BeCtTﬁ@em%%agyp%?Bﬂ%CEU@QtEBaeWh@e 50 %ggch%PeEEr%ﬂ%

portion 6A fromthe outside. In the porous electro i ne metal nesh
may be used, andrany 2br¥hapeogr thABt enkakrBBY Per¥sed aa, |Qﬂgta§sth§n

electrical fields can be formed in parallel wth one another in
separation chanbpstiézanditkeecgds aad thkf oufky B@rface of the

electrode portion 6A is connected to the direct-current
(DC) voltage supply 25. Therefore, not only the

10 separation electrodes 16, 17 but also the porous
electrode 18 can simultaneously be charged. When the
separation electrodes 16, 17 are not disposed and only
the porous electrode 18 is disposed in order to connect
between the porous electrode 18 disposed inside and the

15 DC voltage supply from the outside of the cylindrical
separation chamber 14, it is necessary to make a hole
in the separation chamber 14 and to pass an electrical
wire through the hole. However, both the porous
electrode 18 and electrode portion 6A are formed of the

20 metals, and attached so as to be integrally molded or
united, and thereby the voltage can be applied to the
porous electrode 18 by connecting the wire to the
electrode portion 6A from the outside. In the porous
electrode 18, a fine metal mesh may be used, and any

25 shape or material may be used as long as the electrical

fields can be formed in parallel with one another in

the separation chamber 14 and the gas can uniformly be



WO 03/ 082443 PCT/JP03/ 03730 16 exhausted. It is to be noted that the
insulating material of the present apparatus is not limted to quartz

gl ass, awooam@sanl als such as a ceramic or resin nay al soPo&/JB0ASEE).
Furthernore, a material for connecting the insulating material to the

el ectrode or ionizer is not |limted to the O ring, and sheet-shaped
materials my also be used such as a netal seal of nickel plated with
silver and a silicon rubber. 10 FIG 6 is &°ross-sectional vi ew show ng
the gas ionization/separation apparatus according to another enbodi nent
of the present invention, As an ion source, a radioactive isotope 241 Am
fixed to the cylSH@USEEd: f1 ow channel inner surface is used. In FIG 6,
the 15 sane portions are denoted with the sane

th f FI
ref erence nuneral s, aﬁisj %%ggciejétgec tﬁ%#}iaﬁ%r Ji%su]t?rﬁjtrt%d“ajq%“eﬁﬂl ik er
h | f m_dd]| t f. t.h t h 14
por | el Surf 356 A e o o UG Sepea L anher 34, 2
ey Tl RO PAULhOnd BSIdle e o fﬂ%esrdm by & adhat on

source 27 such as the radioactive |so i'sposed opposite to

the gas inlet pAdy.26 mRd-fdaRAM than (f%%y FESI gl \ly}ggnr%{ée

above-described circular flow s not used in the 25 present "enbodi nent, and
when the flow vahuB HtSi d@r@erien® ithe dlidBt@ddeond rlotﬂlezéﬁm@tnd{f

trace gas conponents, which can be ionized. However, when t
limited to the O ring, and sheet-shaped materlals may
also be used such as a metal seal of nickel plated with
silver and a silicon rubber.

10 FIG. 6 is a cross-sectional view showing the gas
ionization/separation apparatus according to another
embodiment of the present invention. As an ion source,
a radioactive isotope 241 Am fixed to the cylindrical
flow channel inner surface is used. In FIG. 6, the

15 same portions as those of FIG. 1 are denoted with the
same reference numerals, and the description thereof is
omitted. In an outer peripheral surface middle upper
portion of the separation chamber 14, a cylindrical gas
inlet port 26 is disposed to open the chamber 14 to the

20 outside. In a middle bottom portion inside the chamber
14, a radiation source 27 such as the radioactive
isotope 241 Am is disposed opposite to the gas inlet
port 26 and fixed with an epoxy resin 28. When the
above-described circular flow is not used in the

25 Present embodiment,.and when the flow volume is large,
there is a limitation in the amount of trace gas

components, which can be ionized. However, when the



WO 03/ 082443 PCT/JP03/03730 17 glass fiber filters (flowresisting parts)
19 disposed in the inner spaces of the separation electrodes 16, 17 of

t he out| ewOponNs=432, 13 are used to rectify branching fl @eg/JPods7ior ace gas
conponent can steadily 5 be ionized and separated. Moreover, the
direct-current power supplies 31, 32 by cooperating changeover swtches
29, 30, can change the polarities of the gectrodes 16, 17. Thereby, a
clean air or separated gas can arbitrarilg be taken out via either outlet
port 10 12 or 13. is to be noted that with the use of the radioactive

i sotope 241 Am and soft, X-ray .as the ion sources, an ion 3§nenation amount

t
in the flow chafé&®Ss Furtered5e (IOt sSARE Ragra ) O stirmoseshi zer
such as an el ect,rical discharge unit be used ,al one .15 or comhi ned as
the ion source of t ﬂf]éjse%ts%éﬁfﬁzf‘r éifﬁgt?‘e SERTRF D (eGP IS ]@; 17
generated. FIG _Z iS @a qH?r cteri,sti.c, di.agram show ane , .exanple of a
result obtained Ogy tZhéepé)ra |e%gtptoorlltusenlg2 ’oflaﬁt e i)lrsge\z,a(\ﬂninctéQD cro%tolﬁ%d by the gas

i oni zat i on/ sepanati-Q i2Q; SARAIAL Y$,Of Fl G Pis -@%ﬁpq{n(grf@tﬁﬂé%cgeﬁﬁ%fﬁ/ a

toluene flux with respect to an 1 nflow toluene ux via whi ch

is the separati o QffiiGiRNGhd A e ADSURR JIII 08L %1821 S/RAALT On
vol tage. Toluene was separated with inlet volune concentrations of 25 90

ppb, 190 ppb, 23dwepb.sudpia gLl t 3Widh @ dds@tding thempRlvead vol tage,
t he separation efficiency of toluene rises, and the separation efficiency
slightly ' switches 29, 30, can change the polarities of the
electrodes 16, 17. Thereby, a clean air or separated
gas can arbitrarily be taken out via either outlet port
10 12 or 13. It is to be noted that with the use of the
radioactive isotope 241 am and soft X-ray as the ion
sources, an lon generation amount in the flow channel
can further be increased. Additionally, other ionizer
such as an electrical discharge unit can be used alone
15 or combined as the ion source of the present apparatus,
as long as the ion can be generated.

FIG. 7 is a characteristic diagram showing one
example of a result obtained by separating toluene of
the organic compound by the gas ionization/separation

20 apparatus of FIG. 6. The ordinate indicates a toluene
flux with respect to an inflow toluene flux via the
inlet, which is the separation efficiency, and the
abscissa indicates each separation voltage. Toluene
was separated with inlet volume concentrations of

25 90 ppb, 190 ppb, 230 ppb. As a result, with a rise of
the applied voltage, the separation efficiency of

toluene rises, and the separation efficiency slightly



WO 03/ 082443 PCT/JP03/03730 18 drops with a voltage of 600 V or nore. Wth
a lower concentration, the separation efficiency rises. It is also seen

t hat 78%wb oBoBa4ehe can be separated with inlet concentr @Crarod3780 ppb. 5
FIG 8 shows an experinental result obtained by conparing the separation
effect of a nethod using a plate electrode in the el ectrode of an outl et
menber in a gas separation apparatus using two branching-flows in the
separation chanber according to Jpn. Pat. pl n. 10 KOKAI Publication No.
2001- 070743, with that of the nethod of the gas ionization/separation of
FIG 6. A toluene haan% a concentration of 0.23 ppmin the nitrogen
carrier gas nitFPogBR WasPugedoasagesaipll0t § CBemPrer odidél RnLBeWEKe gas

i nl et rt. In FIG_ 8, the 15 di nate i ndi cat .t he separated toluene flux
Lg ?hepoianOM/F8P88HErPF69nvigk?héePﬁF@F18§ F%§l§éﬁ8F¥FF6ﬁeSeffFEiéﬁcy,

ol uene S har dFy °SeBara: SHET P dny tvaPLAGRoWCPR B PERAFREB ol S50/ mi n i

tol uene i s hardl'y separat in"any v

t he 20 net hod U§h@@ttESnE§h@E§gig toglgbegﬁbectrode. This is because a
§ : :

stagnant region exist In e chanber corner, influence of disturbance of

the Tlow becomes renaikablee shbhishod LEAE illoWaM0!WEE) AR chohuang cannot

effectively be separated. However, when the separation 25 electrodes 16, 17
and porous el ectbfgesihg, the8 sepawsedonasrirherebecthr adesocunuthggoyt | et

ports 12, 13 of FIG 6, and the glass fiber filters (flow resisSting parts)
19 plate electrode in the electrode of an outlet member in

a gas separation apparatus using two branching-flows in
the separation chamber according to Jpn. Pat. Appln.

10 KOKAI Publication No. 2001-070743, with that of the
method of the gas ionization/separation of FIG. 6. A
toluene having a concentration of 0.23 ppm in the
nitrogen carrier gas nitrogen was used as a sample to
be introduced into the gas inlet port. In FIG. 8, the

15 ordinate indicates the separated toluene flux to the
inflow toluene flux via the inlet as the separation
efficiency, and the abscissa indicates each separation
voltage. It is seen that toluene is hardly separated
in any voltage with a flow rate of 2 L/min in the

20 method using the related-art plate electrode. This is
because a stagnant region exist in the chamber corner,
influence of disturbance of the flow becomes remarkable
with a large flow volume, and toluene cannot
effectively be separated. However, when the separation

25 electrodes 16, 17 and porous electrodes 18, 18 are used

as the electrodes in the outlet ports 12, 13 of FIG. 6,

and the glass fiber filters (flow resisting parts) 19



WO 03/ 082443 PCT/JP03/03730 19 are further disposed, the separation of

tol uene occurs wth the separation voltage. At 600 V, 0.23 ppmof toluene
can be separabgd4dy 24% at maxi mum Fromthis, it is seemCrhro3/i3hs
separation efficiency rises in any 5 separation voltage with the inproved
structure of the separation electrodes 16, 17 shown in FIG 5. It is to be
noted that in the present enbodinent, the inside of the whol e separation
chanber 14 is assuned to effectlvely functPon as the gas flom110 channel ,

a flow channel volune is 62.8 nL (flow channel inner dianmeter = 40 mm

fl ow channel length = 50 mm, an inlet gas flowrate is 2 L/nln and an
average retent PR CRFENSE CREPPSEH, gabei AePREapiesent AppaEALUSCCIES], 8

sec. Wien the flow stream of the gas introduced 15 into the flow channel is
control l ed so a¥th FBﬁnﬁﬁﬁéraEFPBuWSQtﬁBSW i At REOf VowOcRanREM Ghder this

condition, the _ayerage retention timne o nl_et as further ngt hens,

and a |arge sepEP;PFB Eleﬁ8§aéﬁﬁegeLyoggélﬁédma MG §rgﬁoﬁ§l he gas

|on|zat|on/sepag%tag See p@@g %Bln which, a pressure di.ff erence_bet ween
rts etecte

both the outl et po s d b RG-S eﬁt éFleané Sar&°galige™o
adj ust angout | el % t%Bh“@%%thga ﬁh@h %hetQEp%%@%dP%EEh%@grgso%hgﬁ% of

FIG 6 are 25 den mnth me ref erence nunera
description thegeghrhs ien eu%@tr%ta@ the 4sesabwhhen 8% .flsowi ng out via

t he anode, in order to easil
It is to be noted that in the present embodiment,
the inside of the whole separation chamber 14 is
assumed to effectively function as the gas flow

10 channel, a flow channel volume is 62.8 mL (flow channel
inner diameter = 40 mm, flow channel length = 50 mm),
an inlet gas flow rate is 2 L/min, and an average
retention time of the flow gas in the present apparatus
is 1.8 sec. When the flow stream of the gas introduced

15 into the flow channel is controlled so as to form the
circular flow in the flow channel under this condition,
the average retention time of the inlet gas further
lengthens, and a large separation efficiency can be
obtained.

20 FIG. 9 shows the gas lonization/separation
apparatus in which a gas pressure difference between
both the outlet ports is detected by a differential
pressure gaude to adjust an outlet flow volume. In
FIG. 9, the same portions as those of FIG. 6 are

25 denoted with the same reference numerals, and the

description thereof is omitted. With the use of the

gas flowing out via the anode, in order to easily



WO 03/082443 PCT/JP03/03730 20 adjust the outlet flow volunme of the
present apparatus, holes (dianmeter of 0.6 nm are nmade in the el ectrodes
16, 17 ofwohe/osppdsite outlet ports 12, 13 until holes 3®CTAREIN3gHs pi pes
(inner dianmeter of 6 mm 34. This 5 method further conprises: neasuring
the pressure difference between the opposite outlet gases with a
differential pressure gauge 35; and opening/cI05|ng a flow volune

adj ust ment val ve 36 di sposed in the outlet4Oport 13 so as to obtain a
differential pressure of 0. 10 In this nethod, w thout neasuring the flow
volumes of the inlet gort 11 and outlet ports 12, 13 wth a flow vol une
meter, the flowedohahethbe Phélgasfﬂ@W|Yaﬂuﬁﬁ/Ofséb&rQ??éﬁnﬁpéﬁpaﬁa§u§an be
controlled to obtain a_ predeterm ned flow volune. This_contributes
reduction 15 of haheappdiaigsceost And @@éb?F?z&?ﬁ@nlet@@n?#SFtrPQesls to

be noted that the holes 33 for the. differ i al ur, nt nma
be di sposed on é?thg? BSSFpgaﬁPPB?lgSMHEFiE%nngg ﬂg Bpgéi ﬁng g
filter (flow |st|n

d f
right pOS|t|ons Tﬁgagglgart ﬁpﬁﬁe?ﬁp nee F&nggﬁgg%g%esgurégﬁéegﬁqo be
cal 1brateg befopehand bRLHRe. cofb® 1. Sﬁgggu%lagf%calggggga%@ by maki ng

the holesS 33 eac avi ng nm ve I'n the gas pipes

(i nner di amet er QEférthe3%e%m ApPesie! 8pp %@tbﬁkae%nqa%@%c%a@a a relation
between a statistic pressure 3 P erenc é flow volunme ratio in the gas
pi pes 34 of thed&%?@%@hk&%lo@E%%%%reTG%u@QSQESSQnd opening/closing a
flow volume adjustment valve 36 disposed in the outlet
port 13 so as to obtain a differential pressure of O.
10 In this method, without measuring the flow volumes of
the inlet port 11 and outlet ports 12, 13 with a flow
volume meter, the flow volume of the gas ionization/
separation apparatus can be controlled to obtain a
predetermined flow volume. This contributes reduction
15 of an apparatus cost and stabilization of control. It
is to be noted that the holes 33 for the differential
pressure measurement may be disposed on either upstream
or downstream side of the glass fiber filter (flow
resisting part) 19, and need to be opened in left and
20 right positions. The values of the flow volume and
pressure need to be calibrated beforehand for use.

FIG. 10 shows a result obtained by making the
holes 33 each having a diameter of 0.6 mm vertically in
the gas pipes (inner diameter of 6 mm) 34 of opposite

25 outlets and checking a relation between a statistic

pressure difference and flow volume ratio in the gas

pipes 34 of the respective outlets. The abscissa



WO 03/ 082443 PCT/JP03/03730 21 indicates a ratio of a flow volune Coutl of
one outlet 12 with respect to a flow volunme G n of an inlet 26, and the
ordi nat e wodBosxexs a result of measurenent of a static pPeTIROF03AIN f er ence
AP. It-is seen fromFIG 10 5 that the difference between the outlet flow
vol umes can be obtained with the static difference AP. This is the result
of the neasurenent of the static pressure _difference, but a dynamc
pressure di fference or whole pressure di f4®rence may al so be neasured. 10
FIG 11 shows a exanple in which a | arge nunber of gas
|on|zat|on/separat|on appar at uses according to the enbodinment of the
present inventidpddFatased FﬁtéﬁeOfparﬁﬂPﬁlvgﬂaﬁé gﬁHtén@fs@PPe§U§98§e

When the apparatuses_are arranged in arali wi_t h each Othi %g
possible to treaf VhED AFEPCEAs tRi BhiAOVaVge ol RvBEuAR WAEh nnot be
conpensated wit aratu resent gg ses are

di sposed in ?P@ Rggﬁrgéeﬁ%StﬁgBlca¥ﬁFgﬁ EFFP@ 2ﬁgym§88§F§ 4can
be refined. Th'35%ﬁ2§g§F§§|g%h'SX%Qe%‘BQeoﬂﬁ 20 %pEQféggﬁ fgbﬁiF%% SE@“B

t he gas i oni zat © ap aratus |nclud ing Ssure neasur enent

portion which QRQEU EE?fQEgﬁﬁgrEe@&e&ﬂetﬂésOQQQege%ﬂs&abHﬁﬁmes can

measur ement port|on measures the tenperature of 25 the gas according

to the enmbodi megg Qfat'é'i%ear %%%ﬂt thkneqthendikeFbBeeldp t h@nsaMe sPeKLI ONS
as those of FIG are denoted with the sane reference nunerals

result of the measurement of the static pressure
difference, but a dynamic pressure difference or whole
pressure difference may also be measured.

10 FIG. 11 shows a example in which a large number of
gas ilonization/separation appafatuses according to the
embodiment of the present invention are used in one
parallel stage and one series stage. When the
apparatuses are arrandged in parallel with each other,

15 it is possible to treat the inlet gas with a large flow
volume which cannot be compensated with one apparatus.
Moreover, when the present apparatuses are disposed in
series with each other, a high-efficiency separated gas
can be refined. This cannot be échieved with one

20 apparatus.

FIG. 12 shows the gas ionization/separation
apparatus including a pressure measurement portion
which measures the pressure of the gas and temperature
measurement portion which measures the temperature of

25 the gas according to the embodiment of the present
invention. In FIG. 12, the same portions as those of

FIG. 6 are denoted with the same reference numerals,



WO 03/082443 PCT/JP03/03730 22 and the description thereof is omtted. The
holes (dianmeter of 0.6 nm are nmade in the separation electrodes 16, 17
of the ouwwbetoganis 12, 13 until the holes 33 reach the ®a3/JIpo3es33o i nner
dianeter of 6 nm 5 34. The pressure of the fluid is measured with a
pressure gauge 37, and the tenperature is neasured with a tenperature
neter 38. The outlet port 13 includes a f|ow volune adjustnent val ve 39.
In a circuit which applies the separatio@%mﬂtage, a variable resistor 41
10 is attached as voltage adjustnent nmeans in series with a direct-current
vol tage supply 40. When the pressure of the fluid in the apparatus rises
or the tenperatar@ the depeCripWioly Hasrerbpks veBhbsedof Presketesresistance

of a piping systemconnected to the apparatus, the 15 variable resistor 41
is adjusted, a K%+@%$t%%p%fa9i6nmmbo?f§ a%% HHp '%d?e%%ﬁa€%%?eby the

ti ffici d f ' It Ls to. t ed
Thai Che hol o 38 PG GHIER The b ceCurs® GADE: S7o0brS ChApot 4L YL haraf 36 i s
to be attached 0._di ' i1 ~ I
O e e e A s P

apparatusy as | 909 asnl e, PLESSUY 61 OLnL OFPEI Q! E Cnc IR LA 1 ERS; aPPAT at us

i s neasured/ known. Furthernore, the same hole may be used to di spose the
pressure gauge ﬁ?eé@@réeﬁEﬁéétyﬁ? gRbCtBel PehPEratiBe PRSI hb8BurElGeidB is a
0

characteristic diagram showing one exanple of a result obtained by sol ving
an a convectlVvez temperature meter 38. The outlet port 13 includes a
flow volume adjustment valve 39. 1In a circuit which
applies the separation voltage, a variable resistor 41
10 is attached as voltage adjustment means in series with
a direct-current voltage supply 40. When the pressure
of the fluid in the apparatus rises or the temperature
of the flowing gas drops because of pressure resistance
of a piping system connected to the apparatus, the
15 variable resistor 41 is adjusted, a larger separation
voltage is applied, and thereby the separation
efficiency can be prevented from dropping. It is to be
noted that the hole 33 to which the pressure gauge 37
or temperature meter 38 is to be attached may be
20 disposed in any position of the apparatus flow channel.
The holes may also be made in the flow channel outside
the apparatus, as long as the pressure or temperature
meter in the apparatus 1s measured/known. Furthermore,
the same hole may be used to dispose the pressure gauge
25 and temperature meters in the same position.
FIG. 13 is a characteristic diagram showing one

example of a result obtained by solving an a convective



WO 03/ 082443 PCT/JP03/ 03730 23 diffusion equation with respect to the

nol ecul ar conponent and ion to calculate the separation efficiency in

i oni zi ng wodM3esAeirical mgration of trace gas component PCR/JR03/03730

two- branching-flow field. The 5 generation of the toluene ion is defined as
a first order reaction in proportion to the concentration of toluene

nol ecul es and the depletion of the toluene jon is defined as the first
order reaction in proportion to the concéntration of toluene ions to
performthe 10 cal cul ation. Here, Z denotes an electrical nobility of the

ion, u denotes a flow velocity of the gas, a denotes a depletion rate
constant of thed}BrisheR edenbi@s wlenerReoh FatEhRoARtantiadF the ion. It
is seen that an optinun1vo|%a e for seﬁgr ing the trace .15 gas conponent

t .
nmost changes mL?%“%?%T%Eg%n fLQPelo FRETY %é$ Honi FERSEoF 1 o%e i on.
Paranmeters s . trical bilit d fe. t ith th
tenperﬁture,ugr%gih?g?§§¥ri§3%9%$zi%% %%@he%%§F§+%%g?mf€%a§2$£g§%2%f it ?s
seen that an i j I i i ned
Comper arure of "HHEE ISR REGbANGAD Y0 L 200 B OCRINGEE O ERELAT eSpLe Of

tenperat ug e ”Etfgéngﬁ%t%ﬁﬁ é‘gpjclilédté!%éﬁ&eiéﬁ adj 4stedeqbysVvel £ags:

adj ust ment means, ereby optinum separation can constantly be
perforned. 25 It hsrtpehernotednt Babpbhci®RdOf thBecafbast ARALonOb L he

vol tage, the tenperature or pressure may also be controlled by tenperature
or pressure adjtsiaené ABBBSules and the depletion of the toluene ion

is defined as the first order reaction in proportion to
the concentration of toluene ions to perform the

10 calculation. Here, Z denotes an electrical mobility of
the ion, u denotes a flow velocity of the gas, a
denotes a depletion rate constant of the ion, and B
denotes a generation rate constant of the ion. It is
seen that an optimum voltage for separating the trace

15 gas component most changes with a change of the
electrical mobility of the ion. Parameters such as
electrical mobility and rate constant change with the
temperature, pressure, or type of the gas. Therefore,
in this case, it is seen that an optimum separation

20 voltage is obtained for the pressure or temperature of
the gas measured using the pressure gauge 37 or
temperature meter 38, the applied voltage is adjusted
by voltage adjustment means, and thereby optimum
separation can constantly be performed.

25 It is to be noted that instead of the adjustment
of the voltage, the temperature or pressure may also be

controlled by temperature or pressure adjustment means



WO 03/ 082443 PCT/JP03/03730 24 disposed, for exanple, in the inlet 26, or
the voltage/tenperature/pressure may al so be adjusted. The present

i nvent i orwbag/okxen descri bed above based on the enbodi mren®P€I/JBea/03730 not
limted to the 5 enbodinents, and can variously be changed wi t hout
departing fromthe scope. For exanple, the flow channel in the separation
chanber is not limted to the cylindrical qgannel. When the flow channel is
nol ded in a tubular shape so as to form the circul ar flow by 10 the inlet
gas inside the channel, a sufficient gas retention tinme can be secured, and

it is possible to effectlvely generate the ion_in the ro$/channeI
Moreover, meansdf&POpeflai APRgSKABPYSs 1R the EROGE €RanfREl TREr

redeternlned or re tine is pot limted 15 to a.net th
P Tocl ot ow CEonERfsdtoroctr Eibel RcE e TP ng L ABaRe 2dH 58 Bat 1 ¢

pafs o oe g o e ooy Covpel e i ik i Lo o 1o

meander in the flo

structure of thg,LakheboPoht, hﬂsdﬁagnggs fiags 100hoReEERSREM! Yohake to be

i ntroduced al ong | 6w cRannel TAR&f surface fromthe tangent 1 al

directiong Mre Mﬁadﬁg@ﬁtg' r Rl YA @thsels&@vggeseaemedf Qi thetwi ng the

electrica fieI any type such as™a type for applying a positive
and/ or negati Vedgﬁaﬁf@ﬂr@g%roﬁsth@ngcéﬁea predetabfibned vakt #gewcan be

applied. Furthernore, the voltage, tenperature, or pressure may nmanual ly
or automatical |l yhhaneontihokhedseparation chamber is not limited to the
cylindrical channel. When the flow channel is molded
in a tubular shape so as to form the circular flow by
10 the inlet gas inside the channel, a sufficient gas
retention time can be secured, and it is possible to
effectively generate the ion in the flow channel.
Moreover, means for retaining the gas in the flow
channel for a predetermined or more time is not limited
15 to a method of forming the circular flow. A method of
disposing controlling means such as a baffle plate and
guide member in the flow channel and allowing the inlet
gas to meander in the flow channel may also be used.
At this time, in the structure of the inlet port, the
20 gas does not necessarily have to be introduced along
the flow channel inner surface from the tangential
direction. Moreover, the direct-current voltage supply
for forming the electrical field may be of any type
such as a type for applying a positive and/or negative
25 voltage, as,long as a predetermined voltage can be
applied. Furthermore, the voltage, temperature, or

pressure may manually or automatically be controlled.



WO 03/ 082443 PCT/JP03/03730 25 Some of the gas conponents are charged in
the negative ions. Wien there are a | arge nunber of such conponents, the
conponentwormaysahxso be separated in the anode. 5 As descPCha#ozi3ose, in
the nethod of branching the gas introduced fromthe mddle of the
separation chanber into two in opposite directions, form ng each outlet
by the porous separation el ectrode, and ho%ging t he chanber between the

el ectrodes, the stagnation 10 portion of t flowis elimnated. Wth a

hi gh- pressure | oss nenber (HEPA filter) disposed behind the porous nenber
(porous el ectrode), the gas which has ntered the separatjon chanber is
rectified so asSP§e Pﬁoﬁgﬁlaﬁﬁ FREPRRGIE Sc RARDENATEGFL ABr BFeRCHRER VEhe 15

circular flowis forneﬁ in Eﬂg chanber in _order _to_ secure.the retention
time of the gasiPRErodlBER FREES £hE EnaRBEF TFRBSFePEntiSR tine for

ionizing and separating_the,io n ecured. _Theref r be
provided the gaSBP ﬁﬁfgtﬁén ?gng% 98%%5% %% agég§s?ewﬁ%@%rfégﬁigﬁ ?ﬁ@ .
efficiency and Law4in energy. Mreover, when the differential pressure is

measured fromthe static pressure of the gas in each outlet, w thout
measuringsthe outl et afd QuavQliwaRy aogedS 1 il efdldiR)d e SN HGaly Ree

adj usted, and the flow volune can also be adjusted. Wen the polarity of
the electrode igsschargeduckhe rsepatakedigaseCaT baet ak@aration
chamber into two in opposite directions, forming each
outlet by the porous separation electrode, and holding
the chamber between the electrodes, the stagnation
10 portion of the flow is eliminated. With a high-
pressure loss member (HEPA filter) disposed behind the
porous member (porous electrode), the gas which has
entered the separation chamber is rectified so as to
flow along the whole chamber. Furthermore, when the
15 circular flow is formed in the chamber in order to
secure the retention time of the gas introduced into
the chamber, the retention time for ionizing and
separating the ion can be secured. Therefore, there
can be provided the gas ionization/separation
20 apparatus, which is high in efficiency and low in
energy.

Moreover, when the differential pressure is
measured from the static pressure of the gas in each
outlet, without measuring the outlet flow volume, the

25 differential pressure can be adjusted, and the flow
volume can also be adjusted. When the polarity of the

electrode is changed, the separated gas can be taken



WO 03/ 082443 PCT/JP03/ 03730 26 out via either outlet. Furthernore, with
the use of a |arge nunber of separation apparatuses of the present

i nvent i orwoa3lsxdge fl ow vol ume whi ch cannot be conpensat @dTWPo3n3osve
apparatus can be handl ed. Even 5 the high efficiency separated gas, which
cannot be achieved with one apparatus, can be separated. Additional
advant ages and nodifications will readily occur to those skilled in the
art. Therefore, the invention inits bro r aspects is not limted to 10
the specific details and representative enbodi mrents shown and descri bed
herein. Accordingly, various nodjfications nmay be made w thout departing
fromthe spiri®tlrvizopether tpetbeher aFUT FHYRREOB? dBhiRptRastSee?t ndd by
t he appended clains and their_equival ents. VE)03é082443fP£ /JPOS/OSgSO 27
CLAI MS 1. MIpparaees ?5rSeBATaFhy™ aAdPIEDEratT nyt a-YasP PRt o  gas

conponents in an inlet gas onprising: _a chanber str onfigured to
defining a 5 flﬁ%Y%@t%ﬂghn%I,aaﬁ?cﬁi%gsv%%u$%Fg?l%%r?g§%%£??%st agd second
outlet ports; an_ionize or.Lonjizin i as oW n
"nto the 11 ow cHEmEreo e hetinrdt "Spper=CREnamiphs hinh ey e o M cal

e Commchm, LB BRELE00RO) Lo Lhe L bk sspar e (he
achieved with one apparatus, can be separated.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
10 the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general invention concept as

defined by the appended claims and their equivalents.



separating gas nol ecul e conponents contained in the gas; neans for
extracting one of the gas conponents 15 fromthe first outlet port, and
extracts wbasasmagher of the gas conponents fromthe secomdTared/@v3oport :
and control neans for controlling a flow of the inlet gas fromthe inlet
port and retaining the gas in the flow channel for a predetermned tine
period and nore. 20 2. The apparatus accorQing to claiml1, wherein the
controlling neans includes a flom1resistin6 part, which are disposed in
each of the first and second outlet ports. 3. The apparatus according to
claim1l1, wherein 25 the controlling neans includes a flow resisting part
to allow the gas conponent to f1ow ot of2thdlf¥ ow channel, and appl yi ng
means i ncl udes firstjgnd econd 03/082443 PCT/ JP03/03730 28 el ectrodes
di sposed in the first and st DHT €t°F Pt P e HPEctS RATA T diSHosed

opposite to each, .ot Iy tc%mz)eo%agnq:tse i%h%x?g.ﬁl&geﬂoar%gﬂgcson%@iosia cation and

ani on so that gas nolecule conponent” con . gasf%%b separ at ed.
e 2 e sl SRR AR sl el 3 e
porous  elsect r oda e e INORAUSHTBINE RS A 8o de AiQ-di r8g and
second el ectrodes, respectively, and the one gas conponent and the other
gas conponent aredeasseftitlet ports;
an ionizer for ionizing gas components in the gas
flowing into the flow channel via the inlet port;
means for applying an electrical field to the
10 ionized gas components in the flow channel to separate
the gas components into a cation and anion, thereby
separating gas molecule components contained in the
gas;
means for extracting one of the gas components
15 from the first outlet port, and extracts the another of
the gas components from the second outlet port: and
control means for controlling a flow of the inlet
gas from the inlet port and retaining the gas in the
flow channel for a predetermined time period and more.
20 2. The apparatus according to claim 1, wherein
the controlling means includes a flow resisting part,
which are disposed in each of the first and second
outlet ports.
3. The apparatus according to claim 1, wherein
25 the controlling means includes a flow resisting part to

allow the gas component to flow out of the flow

channel, and applying means includes first and second



through the first and second porous el ectrodes and the flow resisting
part, and are extracted fromthe first and second outlet ports,
respect i WeDWw3/0884%5. The apparatus according to claim2, wreTaPos/03rie
resisting part are detachably provide in front of the outlet ports,
respectively. 6. The apparatus according to claim1, wherein the
controlling neans allows the gas conponent %o flow 20 in along an inner
peri pheral surface of the flow channel frofthe inl et port, and forms a
circular flow in the flow channel, so that the inlet gas flowis retained
in the flow channel. 7. The apparatus according to claim1, wherein 25 the
f1 ow channel is StSdePdss SIGHSRA iléhltk%engdéisgﬁt g isrﬂcé%ndpd’r‘%tliest di sposed

in a side surface portion of the ylindrj.cal flow channel, and the first

and second WO 03) 44§%§€ﬁcﬁd@@§7ﬁ1 HATE FHIT & i ed

opposite to each.qQther._in _Q site ends of th Iin\%}:}i cal fl.ow channel .
8 "The appar at ud Bdordt MERH Secdrfl w1 ¢ OHONHE, WHt & £ Ghier

i neludes a pl ur aljin ofy SJELAOYSRELY dApigidg the anseTmonsn . 9

The apparatus according to c erein e controlli1'ng means 1 ncl udes

a pressure measyehente ydipngonfigured to measures a pressure of an
outflow gas, and a flow volune adjuster configure to adjust the 10 fl ow

vol une of the gases extramiedydd orpd et aspesddae tfod dpgehisgsond out | et
ports based on a pressure
according to claim 3, wherein the first and second
outlet ports are provided with first and second porous
electrode formed of a porous member as a part of the

i0 first and second electrodes, respectively, and the one
gas component and the other gas component are passed
through the first and second porous electrodes and the
flow resisting part, and are extracted from the first
and second outlet ports, respectively.

15 5. The apparatus according to claim 2, wherein
the resisting part are detachably provide in front of
the outlet ports, respectively.

6. The apparatus according to claim 1, wherein
the controlling means allows the gas component to flow

20 in along an inner peripheral surface of the flow
channel from the inlet port, and forms a circular flow
in the flow channel, so that the inlet gas flow is
retained in the flow channel.

7. The apparatus according to claim 1, wherein

25 the flow channel is molded in a cylindrical shape, the
inlet port is disposed in a side surface portion of the

cylindrical flow channel, and the first and second



di fference between the gas conponents neasured in the first and second
outlet ports. 10. The apparatus according to any one of claiml1, 15
further cwopsiogd4my): nmeans for changing polarity of the el @ctrreazo3msn ch
applies the electrical field and nmeans for changing electrical field
strength of the electrode. 11. The apparatus according to any one of claim
1, 20 further conprising: neans for chang'gg polarity of the el ectrode
which applies the electrical field. 12. The apparatus according to any one
of claim1, further conprising neans for changing el ectrical field 25

strength of the eI ctrode., 13. The a tus acco ng cl 1, further
conpri sing: ten® gt GFéhéﬁtﬁﬁgﬁﬁg f%é%%ﬂ?ﬁ %ho 8 2443

PCT/ JP03/ 03730 ratur f th a ro channel so that an
optinun1separat|§%) aggxﬁé é;& q“%@bfﬂa \ﬁﬁVq ¢ measured gas.

14. The apparat us acqpr dlﬂgeté;p @a{msl,agégrt%g{gth Oé@éd?dl Py essure

nmeasur enent neans for neasuri a pressure as a gas St ate in

the flow channelq) 56 tihat . Opf iTHEN1$RRSIA '1% %ﬁietsa%e 1%, 3ARH LA N
accordance with the neasured gas conponent. e app ratus according to

claim1l, furtherich) LAMdsifg ARNpPamt Wi Qﬁ@ﬁ HRPIHed®ANS for neasuring
the tenperature of the gas in the fl ow channel so that
9. The apparatus according to claim 1, wherein
the controlling means includes a pressure measurement
portion configured to measures a pressure of an outflow
gas, and a flow volume adjuster configure to adjust the
10 flow volume of the gases extracted from the respective
first and second outlet ports based on a pressure
difference between the gas components measured in the
first and second outlet ports.
10. The apparatus according to any one of claim 1,
15 further comprising:
means for changing polarity of the electrode which
applies the electrical field and means for changing
electrical field strength of the electrode.
11. The apparatus according to any one of claim 1,
20 further comprising:
means for changing polarity of the electrode which
applies the electrical field.
12. The apparatus according to any one of claim 1,
further comprising means for changing electrical field
25 strength of the electrode.
13. The apparatus according to claim 1, further

comprising: temperature measurement means for measuring



the gas state is adjusted to have an optinum
with the applied separation voltage. 15 16. The apparatus according to
claim 1, WOroBlogx43 conpri Si ng: pressure neasurenent mneans POT/JREHBA30 ng

pressure of the gas as a gas state so that the gas

have an optinmum pressure in accordance with the applied separation

vol t age.

10

15

30

a temperature of the gas in the flow channel so that an
optimum separation voltage is applied in accordance
with the measured gas.

14. The apparatus according to claim 1, further
comprising: pressure measurement means for measuring a
pressure of the gas as a gas state in the flow channel
so that an optimum separation voltage is applied in
accordance with the measured gas component.

15. The apparatus according to claim 1, further
comprising: temperature measurement means for measuring
the temperature of the gas in the flow channel so that
the gas state is adjusted to have an optimum
temperature in accordance with the applied separation
voltage.

16. The apparatus according to claim 1, further
comprising: pressure measurement means for measuring
the pressure of the gas as a gas state so that the gas
state 1s adjusted to have an optimum pressure in

accordance with the applied separation voltage.

tenperature in accordance

state is adjusted to

t he



