1 DESCRI PTION M CROCHI P DEVI CE TECHNI CAL FI ELD The
present invention relates to a mcrochip device having
a mcrochip formed with a,liquid flow path for liquid
to flow and a gas flow patr11 for gas to flow. Priority
is clained on Japanese Patent Application
No. 2005- 308754, filed Qctober 24, 2005, and Japanese
Pat ent Application NoDESSRIREUBS3  filed June 14,
2006, the <contents of which are incorporated herein
by reference. BACKGROUND ART Attention has been paid
to a mcrochip “hi%ﬁuﬁﬁﬁcﬁﬁﬁ Vg hi ghly accurate
anal ysi s due to advantages such as a hi gher reaction
rate, a higher yield to obtain a desired product, and
a reduced anmount of necessary reagent as conpared to a
chem cal reaction | TECGAIPERKEFIEIIDa test tube. Wen a
chem cal reaction or an electrolysis reaction of
| Thepresers ipenfion rabaesioi argicradhip devicedelting a microchip formed
necessary to separate liquid from gas because a fl ow
with adiguitd frey petisfior liquiddo Bbocind degas Bpwopptlebugapiobidws. As a

m_crochi p, device_which_perforns the_gas Liquid
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24, 2005 ddapersee CAtetl AppTER TR OUa 6o, P Jofs F4.2906 dhe
conterik Qf‘w}ﬁgﬁ\ggeg%c@%aﬁéﬁ I]Pe%qu IBE/QePMeEQe.t he cover of FIG 22

renove ross sectional view taken
along a section line A-Ain FIG 23. As shown in FIG
22, the mcrochip device 1 includes a mcrochip 3 and

a cover 5 in a stacRRCKGREUEENRRIT on the mcrochip 3.
As shown in FIG 23, on the surface upon which a cover

5 Attentidrehasibeewpdid po 8 niisrockip andit@dcangerfiogmiachifilpwcqasth 9
for liquid to flow and a gas flow path 11 for gas to
analysis dug, to agiangsges suchiasla loghar redstion rate a highdraidld swolpaints desired
are configured in parallel. Both end parts qQf th L.
product;, and redness amaqunt QP DEFESBBE 172887 2p eprnrdres to Bn@egagﬁ feastion in
bal{)at h#l gre | ocated at each of the four corners of
abeaserar a{estWotip 3. On the cover 5 are formed a 2 first
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the microchip, it is necessary to separate liquid from gas because a flow path may easily
be blockaded by gaseous bubbles. As a microchip device which performs the gas liquid
separation, a device having a structure as shown in FIGS. 22 to 24 has been proposed.

FIG. 22 is a perspective view of the microchip device, FIG. 23 is a plan view of the
microchip with the cover of FIG. 22 removed, and FIG. 24 is a cross sectional view taken
along a section line A-A in FIG. 23.  As shown in FIG. 22, the microchip device 1
includes a microchip 3 and a cover 5 in a stacked arrangement on the microchip 3.

As shown in FIG. 23, on the surface upon which a cover 5 of the microchip 3 is
stacked, a liquid flow path 9 for liquid to flow and a gas flow path 11 for gas to flow,
which is shallower than the liquid flow path 9, are configured in parallel.

Both end parts of the liquid flow path 9 and both end parts of the gas flow path 11

are located at each of the four corners of the microchip 3. On the cover 5 are formed a




connected to the other end of the liquid flow path 9,
a first gas port 17 connected to one end of the gas
flow path 11, and a second,gas port 19 connected to
the other end of the gas %I ow path 11. Furthernore
the central part of the liquid flow path 9 and the
central part of the gas flow path 11 are cl ose]

first liggpastldsonnecteddaone sechef the diqpgrfinvapebi asedond 1 bigtneshls
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property. In the mcrochip device with the

7. configuration described above, when liquid 21 is
introduced fromthe first liquid port 13, the liquid
24s shaowsint G024 hin theecrddsgadtednhl shape af the @pntacting sestion 7, a
exhausted fromthe second |liquid port 15. In this

protrugign 40 issfpriged ot inigraerobpiwedn Yo condral pa 96 thediquigt flow path 9 and
introduging the liquid 21, the liquid 21 is nof over
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repeugntgg%ggy_t he gas liquid interface K, and the separated
gas i's exhausted fromthe first gas port 17 and the

SRCBA thi€raehiP dbvicd QithREOsEHi gutien d8seribb®WbRt Whéd liquid 21 is
Furthernore, when liquid is introduced fromthe first

introdlided totn therfirstlRuadporg &3, theliquid Ui dibwaeahrolipb thetliymid flowtpath 9,
~gas port 17, the gas can al so be snoothly absorbed

and is chipeysigh fionethe gecondiliguiddpdrnt Br fladeis Kagtuby satimgedeagately the
pressure resulting fromthe flows (refer to, for )

pressugsdrproducing dhe liquid & hthe liquid 288s sefvaver the preraistanolP-dueyfo its
vari.ous distillation, hods _have been known '
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separating the componen

the gaé Bowfpath @xanpl e, Patent Docunent 2). Patent Docunent
1: Japanese Unexam ned Patent Application, First
PhlothegrabdtepwherBliquid is introduced from the first liquid port 13 and gas is

introduced from the first gas port 17, the gas can also be smoothly absorbed through the
gas liquid interface K due to negative pressure resulting from the flows (refer to, for
example, Patent Document 1).

Moreover, conventionally, various distillation methods have been known which
heat up and vaporize a mixed liquid including a plurality of components with different
boiling temperatures, and condense a vapor containing mainly a lower boiling temperature
component, thereby separating the components of the mixed liquid (refer to, for example,
Patent Document 2).

Patent Document 1:  Japanese Unexamined Patent Application, First Publication,
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No. 2005-169386 (pages 11 to 12, FIG 1) Patent
Docunent 2: Japanese Unexam ned Patent Application,
First Publication, No. 20Q2- 102601 However, in the
configuration showmn in FIG22 to FIG 24, as the height
of the gas liquid interface Kis between the
Erotrusi on 10 and the cover 5, the height is |ow, and
No. 24{5n169386 fpaggs bF tt e FifasD! i quid interface Kis small, .
ich results_in_a prohlem of | ow val ue .in _.ga .
| PASPLDOSRALR] ofAnehtse dintespingd & aipt ARpIieHipe Fjfet Publication,
iejency. Furthernore, in a mcrochip such as a TAS,
No. 226%?@6%%\/5, and a mcro reactor, there has been no
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above into account, the purpose of the present
an arei ¥ éretdas iqusl iherfaccokiisiomall, wideloetuls ideavirekiei dffa Ibwghalue in
gas liquid separation efficiency and high gas
gas ligihd sepatation efidi¢nsyend gas #hsotptionetiidgncyhe present
i nvention provides a mcrochip device having a.
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1 xed |iquid j.ncludi a plurality of . conponents. with
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LUl r and by heating and cooling the m xed
descnk%cgﬁll%térﬁ%%@g%ﬁ'p devi ce of the present invention
conprises: a mcrochip in which a liquid flow path is
formed for liquid to flow, a gas flow path provided
al ong the |iqui ghsCLogurat OF IBnvdNrNral ity of gap
sections fornmed between the liquid flow path and the
gdsking tlewprpbitins dedtribed abuycdine aoqami,ithe plrpoeadf thapiesnt
the liquid flow path and the other opening thereof
inventiemisrig providegramickabip gevide, wiglabighfgas Hauid appasatiomi efficioeéynend
.. made so_as to be gap through which gas can pass but
high gap absorpfianeflicignest pass, and a gas |iquid interface
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and by heating and cooling the mixed liquid.

A microchip device of the present invention comprises: a microchip in which a
liquid flow path is formed for liquid to flow; a gas flow path provided along the liquid
flow path; and a plurality of gap sections formed between the liquid flow path and the gas
flow path and having one opening thereof facing the liquid flow path and the other
opening thereof facing the gas flow path, gap of the gap section being made so as to be
gap through which gas can pass but the liquid cannot pass, and a gas liquid interface being
formed at the gap section.

The microchip device of the present invention may comprise a heating mechanism
capable of heating a lower boiling temperature component of a mixed liquid including a

plurality of liquids with different boiling temperatures to or above a boiling temperature




t hereof. The configuration described above accordi ng

to the present invention nmakes it possible to obtain

a large area of the gas liguid interface which

provi des hi gher gas liquid separation efficiency and

hi gher gas absorption efficiency. Furthernore,

according to enbodi nents of the present invention,
thereofhere is an advantage that nore of a | ower boiling
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[ i | ] I p device in
Separagg{l:g%%%%%’%%?%%@ﬁo@?ﬁg% of the present
| P@RnBR, adcbfdigg toerAbddimBntY bee Pr&Eehii8védtidnhefeds fh P
with the cover of the mcrochip device shown in FIG1
advantag&thaethorddf@ Bwes bailing tdndpegettreconponas chn bo adpavitaifrod a
part Bin FIG2. FIG 4 is a cross sectional view of a
mixeddiqpibbesauseinre af thedoweskilingieniperaturecomphusm cambe ¢yagprated
2. FIG5 is a perspective view showi hg a second
from themderdidd-of the present invention. FIG6 is a plan
vi ew showi ng the second enbodi nrent shown in FIG5. FIG
7 is a diagram show ng the action of the second

enbodi ment j . I j rspective

vi ew show @%%F?%ﬁ@% (r?Er;It%%ﬁ eﬁ\éragsent

! Pﬁ@titﬁ’gcrg%@tige view shoviles RAG6LHIY Aeibe ROOMLALE With a first

m cr ochi vice 1 n accordance wwth a fourth
embodRRANIMEOresint ilRniéLSent invention. FIG 10 is a cross

sectional view of a cross section along a section |ine

CF . 2howplaniview sswing BHeGnitiodhip with éresqpeet oftbe wiienachip device

showi ng a mcrochip device in accordance with a fifth
shownein3d@i heemoved. t he present invention. FIG 12 is a plan

view showi ng a_microchip_in accordance with the fifth
5FIG. 3 is an enlarged cross sectional view of part B in FIG. 2.

FIG. 4 is a cross sectional view of a cross section along a section line C-C shown in
FIG. 2.

FIG. 5 is a perspective view showing a second embodiment of the present
invention.

FIG. 6 is a plan view showing the second embodiment shown in FIG. 5.

FIG. 7 is a diagram showing the action of the second embodiment shown in FIG. 5.

FIG. 8 is a perspective view showing a third embodiment of the present invention.

FIG. 9 is a perspective view showing a microchip device in accordance with a
fourth embodiment of the present invention.

FIG. 10 is a cross sectional view of a cross section along a section line D-D shown
in FIG. 9.

FIG. 11 is a perspective view showing a microchip device in accordance with a
fifth embodiment of the present invention.

FIG. 12 is a plan view showing a microchip in accordance with the fifth




enbodi nent shown in FIG11. FIG 13 is a plan view

showi ng a part of the mcrochip in accordance with the

fifth enbodi nent shown in.FIG11. FIG 14 is a plan

vi ew showi ng a microchip i R accordance with a sixth

enbodi nrent of the present invention. FIG15 is a

cross sectional view showing a mcrochip device in
embodigeat ghevadndibhlla sevent h enbodi nent of the present

invention. FIG 16 is a cross. sectional, view show ng.a

LG dais B PHEWIEE shawing BPEAR L BIIENR iR Apedapee Wit the fifth
rrboFli nment. %f e present invention. FIG 17 is a cross

t
embo o %}?an]%}i é(v%l howi ng a mcrochip device in
?“Ff@rl‘iﬁé‘ﬁ‘ﬁlayl%gh?vgﬁhg%gﬂﬁ%m&%' i%B8or@inck RthY X6 Umbodiment

i nvention. an view show ng a mcrochip
of the§RMkRSnidhtdaCOr dance with a tenth enbodiment of the
present invention. FIG 19 is a schenmatic di agram
S IFD@/ 13ds b lvsasdctional Gfievt Bieowihg b agibiophipelévive in Accordance with a
accordance with the tenth enbodi nent shown in FI G 18.
seventhl dgniR@imentaf theqresentinvedtom. ng a mi crochi p device in
accordance with an el eventh enbodi nent of the present
i HY&ridiisa cross ecionglyiey shavang #intickpchigrdsmics fbafoerianpe with
.action of the mcrochjp device in accordance with the
an eighihRrRIRAMERHTE HHIFITEHSRHIT FI G 20 FIG 22 i s a
p tive view showi hg a .conventional mcrochi .
GEIRATHS pfost ORI WDt iR A YRRl oo i & Bifipe witho
: i : %ﬂ}{ : 1 crochip device shown in FIG
mnthg%t)?de&r#g\;ﬁte . %?%Q%XHI?@ngb%r 0ss sectional view of a

CIFAS St 856 & plaAridh Qﬁtﬁvﬁﬁﬁ@ﬁ&f&ﬁi | deRRefn Aecobd@inBe with aftbhsh
23. BEST FOR CARRYI NG THE | NVENTION (First

embodfiffendoNbe plesRafigveniiog to FIG 1 to FIG 4, a first
enbodi ment of the present invention will be described
b&IGW?Y iFh &Hematic digeeans pleawing ¢hedctinn of thei migraship davoeehinp
device, FIG2 is a_6 )
accordance with the tenth embodiment shown in FIG. 18.
FIG. 20 is a plan view showing a microchip device in accordance with an eleventh
embodiment of the present invention.
FIG. 21 is a schematic diagram showing the action of the microchip device in
accordance with the eleventh embodiment shown in FIG. 20.
FIG. 22 is a perspective view showing a conventional microchip device.
FIG. 23 is a plan view showing the microchip with the cover of the microchip
device shown in FIG. 22 removed.
FIG. 24 is a cross sectional view of a cross section along a section line A-A shown

in FIG. 23.

BEST MODE FOR CARRYING OUT THE INVENTION
(First Embodiment)
Referring to FIG. 1 to FIG. 4, a first embodiment of the present invention will be

described below. FIG. 1 is a perspective view showing a microchip device, FIG. 2 is a




pl an view show ng the mcrochip with the cover shown
in FIG1 renoved, FIG 3 is an enlarged cross
sectional view of part Bip FIG2, and FIG 4 is a
cross sectional view along” a section |ine C C shown
in FIG2. As shown in FIG 1, a mcrochip device 51

i ncludes a mcrochip 53 and a cover 55 in a stacked

plan vigw sheyeng the roigrachip \rﬁﬂ@ﬂv@cmivpr shgwn|ip FIGi lsremenediiFiSnd is an
th hip.53 fab t
enlargi] FrasbpcuamIian of b B B FIES: SbER: Z[réas%s%‘gq%?‘@ﬁﬁww along
| As sh Fig. 2, th
a sectGp g CeCNVATERE o, cover 58 of the. i or ochip 53 15
Sh%;éﬁ&‘\g% RO oA FerB é &ip abAke 31 fﬂcﬁiﬁe??hﬁcx%a%ik%ﬁaﬂﬁ Rdver 55

oncave part or a
ina sé&ed%nﬁhggn%n& b 1R mickdchlp $3.0tIh 4Kk BghbBaintcht, 38 ﬁm\o@u 53 and
plurality of second protruding parts 61 are forne
the cobid5Sire ifibrieatedloh @lsilidoh Bulbsiake artd@assalibngitd heudontave
part for a flow path 57. Thus, three flow paths are
microfmachieigwiihoblogy.e partitioned by the first protruding

parts 59 and the second protruding parts 61 in the
c dsshown pukig. %cﬂn the FHrEge patwﬂnclsthe cargrg aftesmiqrpghin 53 is

fl ow pat hs, and f he
Stacke&r%t:? th@arb %tﬁ?’twn praedor greg? %ggtha*éiﬂt“?%’f part

fora iy gty %ﬂluiﬁ'rlﬁiv f fSF e T
protru%igl% ﬂah? 4 drd oD PA %spﬁ)’h ﬂa?al%l {‘V?]til%%l?l’g&ﬁelf 1YY B bhcald8 part ge

irst gas to ow,” an ow pat on t he si
for a fw Eﬁ‘tﬁ 59€C PREs, Rired FEH JathsR@¢ formed wifichi 426 phikitibhel by @ first
path 63 is a second gas flow path 67 for a second gas
protrudingfJagtw59 land thessecqidggemiidingpadi 6einithe tdrecaté pat for a flow path
protruding part 59 and the second protruding part 61
57. Ameng phase threk figw paths sthevlol ratlsseadwidied &y rﬁh@ﬁg@t profradigg gpart
in a direction intersecting the direction of

59 and fhespepTBVirpREBDEE6] G Hau IawRgt 6 otar IgHdtRdlow.  The flow
path oeéﬁ%%h%%@?&%%‘m&éﬁ r°££g9%9€@g? L3 2 b7 1SBREE gas flow

‘path €3, 8F Stk Encto Ayl Pho FRAGT R R §afbEunb SERA i ppr
61 of ﬁéq v(\#p it ﬂﬂrggfh %H? Bl [n)E} hes ﬁe&r ?’)aﬁ)‘r BQeldi fgfag fflow 92 the

imlar |nt urality o
presert @B the! fish Bro¥dikiing Rt 59 dhd&héﬁb%ﬁﬁd Hﬁhﬂﬁl@rpart 61 are
adj acent second protruding parts 61, a pI urality of
protruslépaygits gdth Seabhé ofis plalk araaged Gradicctioh artersemiag dpedirargion of
thereof is facing the liquid flow path 63 and the
the lHiqidhB8owgptniiiyr lighdrtefowi s faci ng the second gas flow
path 67. As shown in FIG 3 and FIG 4, on an inner wall
f ét@@e@ﬂur@h@ of f};f@@f@gﬁh}@gﬂs&? ima space between adjacent first

protruding parts 59, a plurality of first gap sections 71 are formed, where one opening

thereof is facing the liquid flow path 63 and the other opening thereof is facing the first
gas flow path 65. Similarly, in the plurality of the second protruding parts 61, in a space
between adjacent second protruding parts 61, a plurality of second gap sections 73 are
formed, where one opening thereof is facing the liquid flow path 63 and the other opening
thereof is facing the second gas flow path 67. _
As shown in FIG. 3 and FIG. 4, on an inner wall face of the first gap section 71,




7 that is on a face 59a of the first protruding part
59 in the present enbodinent, the face being
intersecting the direction_,of the liquid flow path 63
for liquid to flow, an el et rode part 81 and a liquid
repellent part 83 are fornmed in this order fromthe
side of the liquid flow path 63. Simlarly to the

that isfanrasfiacey3n afgbe fiost pfotruding mart 3inéhe prgsdnt fabedisfent, ilee face

_ second, gap_section 73, that is on a face of the
being interseriing il ditreting opfediagd How pad Grfes Equwid te Hpweathelpgirode
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Irst gas flow pat end parts of

embodifRnE BEOMEe Balfg td¥edaak hdfiredtien BEME 1i90idBow pathaBFbAkiquid
fromeach other, and |ocated at four corners of the

to flow] sdredexiiofe pat ahdra tiheideepcdlenGiart dré Esrencdrie tivomterfram the side
first gas port 91 connected to one end part of the

of thediguishitow asthfBouithsagh ngisshownsecond gas port 93
connected _to the other end part of the first gas flow
pReRrssg o F kil the gad Pty ¢f the Tissh gaetow dathpSnd thegnd parts of
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corn 35 AP o HELBLR e AR o U S

connebRd W En Ll L}?jg{ 4t 18 sdcBfa b phith @4, RadcBnd gast %d}?%%connected

second l1¢ port 100 which Is connecte

to the Ot En®pait BRdhE fiddt Eﬁﬁl flowipdth 65, kltkivd patgor6% cobhectad td @it end
of the mcrochip device configured as described above

part ofifhelsedrad gde flowi gadd67,\ahé a fourtuga 188t $7sconnectediodhe ofheoend
the first liquid port 99, the liquid 99 flows through
part of the se¢andigas flowipagubéh 63, and is exhausted fromthe

d liquid 100. B i he diff :
oo thelsgen 35, ere e T ! G goR APOIGR e
| i qui th 6 t h f £ 1 ow o
comncelgl it ¢ vREPBES of B S SR hF e «SePeadi iR pt(uhicn s
: . tained by th
conne8 e I e B ol Y B 2, R vt gap
S Gt h@bn/df tﬂ@ﬁl@éf@élng dSAEe EGHIRUEN AYHeERibed BbdveaNilichedB

cannot pass but gas can pass. The Young-Lapl ace
descriBE® S SWihen liguid9igds Rt@dh¢edntrdm ehedNigqlia pbl?ge, the figaidi ®nflows

given in the follow ng. AP=2ycosQw ... (1)
through the liquid flow path 63, and is exhausted from the second liquid port 100.

By setting the difference between the pressure of the liquid flowing through the
liquid flow path 63 and the pressure of gas flowing through the gas flow path shown in
FIG. 2 at or less than the Young-Laplace pressure obtained by the Young-Laplace equation,
the gap of the first gap section 71 becomes a gap through which the liquid 98 cannot pass
but gas can pass. The Young-Laplace pressure is obtained from the Young-Laplace
equation given in the following.

AP =2y cosB/w ... (1)

Where AP is the Young-Laplace pressure, v is the interface tension of the liquid 98,




L S TP R Sl T il N

Where AP is the Young-Lapl ace pressure, y is the
interface tension of the liquid 98, ks 8 8 is the
contact angle of the liquig 98 on the surface of the
gas flow path, and wis the _ wdth of the gap
section (refer to FIG 3). Furthernore, the liquid 98
forms a gas liquid interface K at the |iquid repellent
0 is thp esritact @8gle fof tHediquid 8 onythe sseface afithd gas Biwpathy and wiside
gap of the second gap section 73 becones a gap
Widthpflﬂnlgghsmi()mﬁfeﬁi@%l‘g@i)d 98 cannot pass but gas can

pass. Thus, the ]jiguid 98 farng. .a _gas,|]quid .
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ap viohegsie applibddmpwemaht electf@le phheB If ofithe figsh pratmiding part 59
separated through the gas liquid interface of the |
and thé ietestrodgagarselthé svoid provruding fartrtdt g ebwinthsaliqnid s is
and the second gas is, separated through the ggf
electrglyzpd; and hubbles o6 @ tisteps isgengated il thedysieaprseelipry Al apd bubbles

th .ond fl th 67. The fi f].
ofa SRR BGHS EFRETFY B D aE0PH gaP At 88, nhie Lot acieraled
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| rQEih g ihd 2 Relction 73
R i A R et
to the 5Qoh@Wh B R ERES ClBRR (B8 das Aoing Btoughlthe Bitstrpak flogr futh 65 and
plurallity of gaps in the first gap section 71 and a
is exhphstedafrdrh Yheofirsggas ot 1t did thes econdl ggragrs®:t i e séGortdqas dlows
gaps through which gas can pass but the |iquid 98
throughathe stcong gas{low pethr (e aud iaaxgwtqdim thei third gaspert RO ardhthe

be realized. As a result, the gas liquid separation
secong gy parePéy and the gas absorption efficiency are

oS ahh e e REE SBHS Oy A be | quid 98,
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Therefore, by setting optimally the extent of the

sepatdtignietfidi@ieslahé te gas aperptjorodifitiercyt arginaleased.

(2) The Young-Laplace pressure can be obtained from the surface tension y of the liquid
98, the contact angle of the liquid 98 to the surface (the liquid repellent part 83 in the
present embodiment), and the dimensions of the first gap section 71 and the second gap
section 73 (distance w of the space between the protruding parts (refer to FIG 3)).
Therefore, by setting optimally the extent of the liquid repellent property of the liquid
repellent part 83 formed in the first gap section 71 and the second gap section 73, and the
dimensions of the first gap section 71 and the second gap section 73, a large area gas

liquid interface K can be realized.




repel lent part 83 forned in the first gap section 71
and the second gap section 73, and the dinensions of
the first gap section 71 d the second gap section
73, a large area gas liqurd interface K can be
realized. 9 (3) By formng the liquid repellent part

83, the pressure of Il%ui d flow ng through the _
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invention will be illustrated in the followng. As

processtogvamdunt & the Blecirolytihecasemnd enbodi nent of the
present invention, a plurality of third protruding
p&erendEmbeditett)t o the first enmbodi ment, which bi-sect
the liquid flow  path 63. By settin tely .th
sPs¥lea 5congd @n@HﬁW%P P BERSHY lb‘éqn(ﬂgg B%aﬁ bl ifysfrafedin s

foll of the first gas generated in the first gap section
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ird protruding part 68 is shown to have a

path 660! BRaing Ad@fatebiitheispaddyf thatiird prophaliy sHBGS, a first bubble of
(prismatic shape). Referring to FIG 6, the second

the firstrgas gemezated of the fiest gap setion7hieptevented foneawing delthersecond
nmore detail. In the exanple shown in FIG6, the third

gap segtien Yhdind g speand tebblegsneralsdiin thetseeondgan sectiony’ 3 is praveated

thermal oxide fi|mar resist pattern .
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' rreactive .ign etchin | CP- R [kquid flqow,pat 3
protruffi P8 i R el a0 iRt e ety 4 R
: Adth w2 of the liquid flow path (on one side)
(pr1sxr¥‘£§€%§aé) n width w of the gas flow path (on one side)

| ReftBndMoaNd: & the second embodiment of the present invention is described in
more detail. In the example shown in FIG. 6, the third protruding part 68 has a prismatic
shape.

By forming a thermal oxide film or a resist pattern on a Si substrate as a mask for
an inductively coupled plasma reactive ion etching (ICP-RIE), a liquid flow path 63 and
gas flow paths 65 and 67 are formed by ICP-RIE, where width w2 of the liquid flow path
(on one side) is 100 pm, width w1 of the gas flow path (on one side) is 400 pm and a
depth is 50 um, and a length of the flow path is 30mm. The protruding parts (pillars) 59,
61, and 68 at the center of the liquid flow path 63 and at the gas liquid separation parts
have a width w4 x w4 of 10 pm x 10 pm. In the liquid flow path 63, Cr/Au thin film
electrodes 81 are deposited and patterned to be a width w3 of 30 um. The length of the




depth is 50 m and a length of the flow path is 30mm
The protruding parts (pillars) 59, 61, and 68 at the
center of the liquid flow path 63 and at the gas
liquid separation parts have a width w4 x w4 of 10 m
X 10 m In the liquid flow path 63, C/Au thin film
el ectrodes 81 _are deposited and patterned to be a
electrgfedt Inis\18 nyp tad0 |m-The | ength of the 10 el ectrode 81 .
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when g yelipgei of 2. 8:toc§ GV Wﬂtﬁeapgbﬁé reeauitgnt @ff0.hufbflewed @ndas shown in
di scerned on ctrode 81, from whic
FIG. 7o thegepepijay of ‘P@g SDrasdisgsrier opdbe @qugr% dfromyghich the
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he present invention. In the présent enbodi nent
liquid3efdtatihn doRl Bd dodifirmedt rudi ng part 59 and the second
protruding part 61 have a columar shape. Since the
of Herd Emhédigen@it i ons are the sane as those of the
second enbodi ment, descriptions thereof are omtted.
| RIG. Beshpwve gttlut@emh@dmﬁmrccf taerygsrniimestion tlhdlg present
tween the electrode part 81 and

embOC? ﬁ@l Lbad s t?%%ﬁ%ﬁﬂ%ﬁéﬂg@@aﬁahepﬁfm%%%aw 61 havea
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tive pressure generated by flows of the
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absorbed by the introduced 1iquid™through™the gas

clectrddecpaitB1i antlehid eledtrdde paft@fthidseboibstotading part 61, liquid may be

introduced from the first liquid port 99 and gas may be introduced from the first gas port
91 and the third gas port 95. In this case, due to the negative pressure generated by flows
of the introduced liquid and gas, the introduced gas can be absorbed by the introduced
liquid through the gas liquid interface K.

(Fourth Embodiment)

Referring to FIG. 9 and FIG. 10, a fourth embodiment of the present invention will
be described.  FIG. 9 is a perspective view of a microchip device, and FIG. 10 is a cross
sectional view taken along a section line D-D shown in FIG. 9.

As shown in FIG. 9 and FIG. 10, the microchip device 101 includes two stacked

microchips 103 and 103’ with the same structure and two covers 105 and 105’ with the




Referring to FIG 9 and FIG 10, a fourth enbodi nent of
the present invention will be described. FIG9 is a
per spective view of a mcrpchip device, and FIG 10 is
a cross sectional view taken along a section line DD
shown in FIG 9. As showmn in FIG9 and FIG 10, the
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the copar 105 ocﬁrr&spetldihg:ta]hhsep)flﬂﬁhﬁcandﬁp fl D ambthe ot 05 are given
corresponding to those of the mcrochip 103 and the
the refeginse numbers aagied ég partsed themigraeiie 183 andibs 186 mehrsme 6)
arts of e mccrochip ,103 and the 105 with prine (")
addeda PealetdgseRians FrfiBeint i ons are onmitted. A liquid
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: ough hol es 115 are provided in the liquid flow
mlcropaP 1!@%11 of the microchip 103 along the liquid flow

pat flurhlid: ofHRuERBHIE 91 Qﬁretp?@w&élf ﬁ%ﬁ@h%{lﬁh Qlotlputh 31 1 of the

provi ded on thé bottomof the liquid flow path 11

microetiig 108 alod hiey liad Abrgpatls 1 1L 0\Draghenifg of e thtoukh (hele 115 is
opposite to the surface on which the liquid flow path

providetl bnghe béttonmof thedigujsl 198 pathsl 1y aondi thie dtheOppening is provadeel on
of the cover 105 facing_ to the mcrochip 103, a first

the sugfaee ennovitigrthe surfageios whiehyibe lignigilow peth| 114 of thefrnigtechip 103

{%a 111 so as to cover the other openings of the
is proyifedugh hoI es 115. Thus, between the liquid flow path
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throungﬂ)lééflSt gas flow path 113.

Thus, between the liquid flow path 111 and the first gas flow path 113 are formed
the through holes 115, which constitute first gap sections where one opening thereof is
facing the liquid flow path 111 and the other opening thereof is facing to the first gas flow
path 113.

Also on the surface of the microchip 103’ facing the microchip 103, a liquid flow
path 111° is formed. By stacking the microchip 103 and the microchip 103°, the liquid
flow path 111 and the liquid flow path 111 constitutes a closed liquid flow path.

A plurality of through holes 115 are formed also in the microchip 103, and a
second gas flow path 113’ is also formed in the cover 105°.

Between the liquid flow path 111’ and the second gas flow path 113 are formed

through holes 115°, which constitute second gap sections where one opening thereof is




Al'so on the surface of the mcrochip 103" facing the
mcrochip 103, a liquid flow path 111" is forned. By
stacking the mcrochip 1031[22md the mcrochip 103", the
liquid flow path 111 and e liquid flow path 111
constitutes a closed liquid flow path. A plurality of
ough holes 115" are forned also in the mcrochi
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uid flow paths 111, 111' On the surfaces of the
facmgrw read 13@138 ofiihe liquidi fistw paths 1}adi Hgsacend Heuidtpozrl 43,

, f the liquid flow paths 111, 111', second
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exhausted fromthe second liquid ports 143,
143, 1437, s case, by setting the difference between t he

pressure of the liquid 151 flow ng through the liquid

f Incthispasd by kdifing fHeldiffersnice hedweeareths presswé ofjtie Hguodi Fig

t hr ough
flowing through the liquid flow paths 111, 111° and the pressure of gas flowing through
the gas flow path at or less than the Young-Laplace pressure obtained from the
Young-Laplace equation, the through hole 115 which is the first gap becomes a gap
through which the liquid 151 cannot pass but gas can pass. The liquid 151 forms a gas
liquid interface K at the liquid repellent part 123 of the through hole 115.  Similarly, the
through hole 115’ which is the second gap section becomes a gap through which the liquid
151 cannot pass but gas can pass. Moreover, the liquid 151 forms a gas liquid interface
K at the liquid repellent part 123’ of the through hole 115°,

A voltage is applied between the electrode part 121 of the through hole 115 and the




the gas flow path at or |ess than the Young-Lapl ace
pressure obtained fromthe Young-Laplace equati on,
the through hole 115 whichgis the first gap becomes a
gap through which the |liquid 151 cannot pass but gas
can pass. The liquid 151 fornms a gas liquid interface
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which}4Scan mHaslbindigidhatisé ot fisg adingt afea gabligdiddasripey K cdd be
and the fourth gas port 137. By this configuration,
realizedhAs fo¢dutiyihe gaeliqud sepacativnizdiiciendyi anddhe gas)abByrptiak effigicacy
plurality of through holes 115 and through holes 115

are inqrepspd gaps through which gas can pass but liquid 151
nnot

C pass, a large area.gas.liquid jnterface C.
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efficien and , as _absorphiqn effichenc .
the offtt aBaEa g B9 g1 G ORI RLL N B Bl £ 123" e
_ . ; . . s .
pesr L B L USR8 B 1%
through HisA 15 €A8P [1efet 1 PRIC. 30)! 230rrdspdnding td Wan HALS 1)).
enbodi ment), and the dinensions of the through hol es
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(3) By toaninathe e a2l Sntarts 193, 123", the pressure of the liquid 151 flowing

through the liquid flow paths 111, 111° can be high so as to increase the quantity of gas
liquid separation from the gas liquid interface K.

(4) By increasing the lengths of the first protruding part 59 and the second protruding part
61, which extend in the direction intersecting the direction of the liquid flow path, the
lengths being the depth h of the through holes 115, 115° (refer to FIG. 10), the size of the
electrode parts 121, 121° can be increased, thereby increasing the processing amount of

the electrolysis reaction.




t hrough holes 115, 115', a large area gas liquid
interface can be obtained. (3) By formng the liquid
repel lent parts 123, 123',,4the pressure of the liquid
151 flowing through the liquid flow paths 111, 111
can be high so as to increase the quantity of gas
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etchedsglBstsubitatd grotabed Baivet etéifg, nind Miackie) a2QRed.a Wﬁﬁeﬁ) the
etched silicon substrate processed by dry etching or a
substrate @fi e mietachigd2(}) ia s8icen ied the tsebgtrateoefdbecovsy 20@ s a heat
etching, and the |like, are used. Wien the substrate
resistagt glese Wﬁb%h@rphm upefukio hopd themirredhep 20hand: the sowmr 203,
the cover 203 is_.a heat resis ass anodi c
In othey £38FSngn P@eﬁﬂéféf’ﬁ?he%o‘ﬁ%‘ﬁaquﬁ@e E?@%ﬁ.%e%w%aﬂ@ns he
RSBt S b BS ARR D EhRERSI, Bl iy gover 20
is stacﬁétP%ohﬁhthﬁt Yora ﬁ&gg)gﬁﬁ Bik eﬁf iri‘ﬁs”&o%l‘:&%*}iaﬁ’t fap% fow

wWhi ¢ e cover IS stac a concave part

path 2@0 fd saeapaf 6F &d0pii1ses 2oL Hﬁ(ﬂa phﬁ‘aﬂ 'o¥ séb@ﬁ& Erﬂal@ witlPhn @lmost
flow path 210, a plurality of tirst p| lars 211 and a

prismgticushapd dry farinededopchndisbpximadlz imphiallelrtoahadsicave part for a
prismati c shape are fornmed al ong and approximately in

flow patr 210. eThus, it e wooo@partder 4 flbwrpath 210, three flow paths are formed
which are sectioned by the first pillars 211, and the second pillars 212. Among the three
flow paths, the flow path sandwiched by the first pillars 211 and the second pillars 212 is
configured as a mixed liquid flow path 213 for a mixed liquid M to flow. Furthermore, a
flow path outside of the first pillars 211 and a flow path outside of the second pillars 212
are configured as a first gas flow path 215 for gas to flow and a second gas flow path 216
for gas to flow, respectively.

End parts of the first gas flow path 215 and the second gas flow path 216 are bent

so as to separate from each other, and are located almost at four corners of the microchip

202.
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flow path 210. Thus, in the concave part for a flow
path 210, three flow paths are forned which are
sectioned by the first pilj.ars 211, and the second
pillars 212. Anong the three flow paths, the flow
pat h sandw ched by the first pillars 211 and the
second pillars 212 is configured as a m xed | igui d
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pillars 211, a plurality of first gap sections 217 are
gas fldwpath16n whi ch one opening thereof is facing the

‘m xed liguid flow path 213 and the other openi n%
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flow path in the mxed liquid flow

Here, Bt fiysielectdad fhalcamn £2xhis Qfrah il iRithd @i ghbdood4¥he fidt pillar
first electrode for heating 221 and a second el ectrode

211, ahd khehseadrid e @idde fordeaing2P Sid etranged ihdat wrightoohood of the
evaporate nore of the |ower boiling tenperature

second piflao A &% tand botha¥2 1tand 222 ppe foeded afimastiin| nagallelitovthe digection for
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of the mcrochip 202, and heaters are configured to be

215, éat ed by applying a voltage. Morre specifically, both
end parts of the electrodes for heating 221, 222 are

bdhe eleotradss dprchcating 324, 832 maythedprmethby patterning hy gsing a

al mpst. at the four
micro-machining technique on a metal thin film deposited by using a thin film technique

such as sputtering and deposition, or may be formed, for example by doping an impurity
into the silicon.

Furthermore, a first flow path for cooling 223 to cool the gas containing more of
the evaporated lower boiling temperature component is formed, which is almost in parallel
to and superimposed on the first gas flow path 215. A second flow path for cooling 224
is formed, which is almost in parallel to and superimposed on the second gas flow path

216. Both end parts of the flow paths for cooling 223, 224 are bent to the direction




T add T

coners of the mcrochip 202 so as not to overlap with

both end parts of the gas flow paths 215, 216. The

el ectrodes for heating 221, 222 nay be formed by

patterning by using a mcro-nachining technique on a

metal thin filmdeposited by using a thin film

technj que such as sputtering and deposition, or
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both end mltts of theifigst @@m paiBior gndling 233 andia thitdpeoting pert 2332nd a
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for cooling 224. As shown in FIG 13, on the inner wal
lyophshic fadee@B71 hBinfilarlytonghp imer tvald suidcé of itheesecormihgap section 218,
a lyophobic treatment is performed to form a lyophobic surface 237.

Next, the action of the microchip device 201 will be described.

As shown in FIG. 11 and FIG. 12, when a mixed liquid M is supplied from the first
liquid port 231, the mixed liquid M flows through the mixed liquid flow path 213 and is
exhausted from the second liquid port 232. In this case, a voliage is applied to the
electrode for heating 221, and the electrode for heating 222.  Also, a cooling medium
flows through the flow path for cooling 223 and the flow path for cooling 224.

The mixed liquid M flowing through the mixed liquid flow path 213 is heated by

the electrodes for heating 221 and 222. By heating above the boiling temperature of the




the surface of the first pillar 211 perpendicular to

the direction for the mxed liquid Mto flowin the

m xed liquid flow path 2131,7 a | yophobic treatnment is

performed to forma |yophobic surface 237. Simlarly

on the inner wall surface of the second gap section

218, a |lyophobic treatnment is perforned to forma_ .
lower bodisg demeersiyrs epampopgmt inplasted intthemiskad; lispridM, theemixed liquid M
. m crgchi evice,201 wi ltJ be de%crj bed. As shown in
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separabi@hh 213 is heated by the electrodes for heating 221
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stable gas liquid separation. By setting the
from th¢ frbeng hapladretquetton 1N degeribed abbaveof In thés eassednlequation (1) is
flow ng. through the mxed liquid flow path 213 and

the inferfacqfepsien plethg mixerbligpd. andf isierrgniast angdotithe migeliquid on
flow paths 215 and 216 at or bel ow t he Young-Lapl ace
the S“{fﬁ%e's%tﬁﬁ%g OaWH%tg" by the Young-Lapl ace equation, the
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the contact angle of the mxed liquid on the surface
M flows throveghgthe flbivqwtipsor leooling 223 and the flow path for cooling 224.  Thus,
the gas G containing more of the lower boiling temperature component is cooled in the gas
flow paths 215 and 216 so that its temperature decreases below the boiling temperature,
and thereby it is condensed to become liquid. Then, the liquid containing more of the
lower boiling temperature component is distilled from the first to the fourth distillate ports
227-230.

Furthermore, the mixed liquid M exhausted from the second liquid port 232

becomes a mixed liquid M with increased concentration of the higher boiling temperature

component because a certain amount of the lower boiling temperature component has




By setting as described above, the mxed liquid M

forms a gas liquid interface at the |yophobic surface

237 of the gap sections 214 and 218. A cooling nmedium

such as liquid or gas witha tenperature | ower than

the boiling tenperature of the | ower boiling

t enper at ure conponent evaporated fromthe mxed liquid
been qypporaifg- t hrough the flow path for cooling 223 and the.

LB B e Rt ine TRl 1 ST S BRI b

cooled in th flo ths 21 . A i

sas G Eaind G 0%net b0 B BrtRrdon A ogtnlas Bl psdb e
] I .

ot G b e B e e B BT PO 20, TR0 without
being EEHHRASAL UMTdef BIRQBARS tHeistilRh ighd 6dn bhGherl Wy, hiniger t O
emgt he fourth gi still atée gorlts 527- 2%0. Furtﬁ’er m)%{g t he
concentratial dfitsliosehbeikhg usipetativeaomipbaes eawbel linafiedd port

232 beconmes a mxed liquid Mw th increased

c bnibe diftheemitmdinoént idkeeribied heovebby séthing gapspdaplurakity of gap
niponent because a certain ampunt of the | ower

sectior(::&g? 7 g 218 spep i by gans éhfﬁ@&léﬁ’biché%e 8% ? F@éﬁ%@b&b@f siged
. Here, i j ip 202 .y .

hqmdé‘?a#q%aré%s% a%f%f% e B T i e B s gty o
SR AT S T e —
heatin%@l%é Rl utd MOk thkh %rﬁleﬁgllfﬁ% %%Zporgt%a gad %o 13Acky 230

hout bel ng condensed. by cooli'ng the
distill&ticht depdr@lordésm e deffoaned R thd¥Rlked dighiddWiekith different boiling
concentration of the |lower boiling tenperature
tempeeatageanent can be liquefied. In the fifth enbodi ment
descri bed above, by setting gaps of a plurality of gap
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En@HbwE i F10. 14, w@idredhipiévice 240 intDsllds Lmoeinipna2 afd a cover

the present invention is described based on
(not shown in the figure) which is in a stacked arrangement on the microchip 242. Asa
substrate to fabricate the microchip 242, a deep etched silicon substrate processed by dry
etching or a trench etched glass substrate processed by wet etching and the like, are used.

On the surface of the microchip 242 on which the cover is stacked, a concave part

for a flow path 210 is formed. In this concave part for a flow path 210, a plurality of
pillars 243 with an almost prismatic shape are formed almost in parallel to a side of the
microchip 242 at even intervals, and the column of the pillars is formed plurally.
Therefore in the concave part for a flow path 210, a plurality of flow paths are formed
which are sectioned by the plurality of pillars 243. A plurality of flow paths are

constituted by a mixed liquid flow path 213 for a mixed liquid M to flow and a gas flow




FI G 14. Description of the basic configuration simlar
to that of the fifth enbodinent is omtted by giving
the same reference nurrbera]to the same parts. As shown
in FIG 14, a mcrochip devi‘ce 241 includes a mcrochip
242 and a cover (not shown in the figure) which is in
a_stacked arrangement on the microchip 242. As a
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section 217, e., on the surface of the pillar

mixed liquid flow paths 213 Furthermore, a plurality of cooling ports are formed, which

are connected to both end parts of the flow paths for cooling 223.

Next, the action of the microchip device 241 will be described.

When a mixed liquid M is supplied from a plurality of first liquid ports, the mixed
liquid M flows through the mixed liquid flow paths 213 and is exhausted from a plurality
of second liquid ports.

The mixed liquid M flowing through the mixed liquid flow paths 213 is heated by
the electrodes for heating 221.  Heated above the boiling temperature of the lower boiling
temperature component included in the mixed liquid M, the mixed liquid M is evaporated

as gas G containing more of the lower boiling temperature component, and the evaporated




243 perpendicular to the direction for the m xed
l[iquid Mto flowin the mxed liquid flow path 213, a
| yophobic treatnment is per% ormed to forma | yophobic
surface 237. Moreover, on %e surface of the cover not
shown in the figure, simlar to the fifth enbodi nent,
a plurality of distillate ports are formed which are
gas Giomiredueed throuplnthe gendectivas 267 tsf the acighbdringgas dlosv path @/l 3.
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cannot pass, a large area of the gas liquid interface can be stably formed. Also by

. evaporating a higher concentration of the lower boiling temperature component by heating

the mixed liquid M, and then condensing the evaporated gas G to liquefy, distillation

separation can be performed for the mixed liquid M with different boiling temperatures.
Furthermore, in the present embodiment, by configuring the electrodes for heating

221 in rows under the mixed liquid flow paths 213, efficient heating can be realized by a

simple structure. Furthermore, by configuring a plurality of the mixed liquid flow paths

213 and the gas flow paths 215 alternately in parallel and in a plane, more of the mixed




tenperature decreases bel ow the boiling tenperature,
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etched silicon substrate processed dry etching or a
path205ench etched gl ass substrate pr ocessed wet et chi ng,
and the |ike, are used.

Furthermore, in the lower part of the mixed liquid flow path 213, an electrode for
heating 221 is formed, which includes such as a heater to evaporate more of the lower
boiling temperature component out of the supplied mixed liquid M. The electrode for
heating 221 is configured to be almost in parallel to the direction for the mixed liquid M to
flow. In addition, the heater is configured to be heated by applying a voltage.

Next, on the lower surface of the cover 253, a concave part for a flow path 257 is
formed. This concave part for a flow path 257 is configured as the gas flow path 215 for
gas G containing more of the lower boiling femperature component being evaporated and

going up from the mixed liquid M in the microchip 252.
Furthermore, inside the cover 253, a flow path for cooling 223 to cool the gas G




On the surface of the mcrochip 252 on which the cover
253 is stacked, a concave part for a flow path 210 is
formed. This concave part j,or a flow path 210 is
configured as a mixed liquid flow path 213 for a
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By setting the difference between the pressure of the mixed liquid M flowing
through the mixed liquid flow path 213 and the pressure of the gas G flowing through the
gas flow path 215 at or below the Young-Laplace pressure, the through hole 254 of the gap
section 217 becomes a gap through which the mixed liquid M cannot pass but the gas G
containing more of the evaporated lower boiling temperature component can pass. The
mixed liquid M forms a gas liquid interface at the lyophobic surface 237 of the gap section
217.




On the inner wall surface of the gap section 217,
i.e., on the peripheral surface of the through hole
254, a | yophobic treatnen%sis performed to forma

| yophobi ¢ surface 237. Next, the action of the

m crochip device 251 will be described bel ow. Wen a
mxed liquid Mis supplied fromthe first |iquid port
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pFeslamercyfhepaced diguie Mieshausted:Trme derpoped liqgud ppyt ggomes 2
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ewqm%%gﬁgrgture conponent can pass. The mixed liquid M
gas liquid interface at the |yophobic surface
2BiéreQtn thbeniBRRhipeSLivAth nPldw path fof\c6iRigiNg phddiednieueh G
as liquid or gas with a tenperature |ower than the
contaibidigl therg of eigiewad boiBn®ientpeeatire wompbnddt indjstiltodyie it wate of the
conponent evaporated fromthe mxed liquid M flows
gas Gtftomo thglistilletef pootwithauh being condsnserdy J0®n, Mhemling ke ¢sitlled gas
. containing_ nore of the |ower boiljing tenperature
G in apethgioan @ higheg sencentratipn afdhelosver beiling frRpatBrescompogent can
Lt tenperature decreases bel ow the boiling
behq‘twés‘r?ﬂer ature, and thereby it is condensed to becone
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boi I'i ng tenperature conponent
interface can be stably formed. Also by evaporating a higher concentration of the lower

boiling temperature component by heating the mixed liquid M, and then condensing the
evaporated gas G to liquefy, distillation separation can be performed for the mixed liquid
M with different boiling temperatures.

In addition, by forming the mixed liquid flow path 213 and the gas flow path 215
in the vertical direction, separation and distillation of the higher concentration of the
evaporated lower boiling temperature component can be ensured.

(Eighth Embodiment)

In the following, an eighth embodiment of the present invention is described based

on FIG. 16.




a because certain anmount of the |ower boiling
t enper at ure conponent has been evaporated. Here, in
the mcrochip 252 with no QIOM/path for cooling 223
provi ded, the gas G cont & ning nore of the | ower
boiling tenperature conponent is distilled in the
state of the gas Gfromthe distillate port w thout
bBestgiptiom dEthe ddsic Thrfigurasioncimilinrig thatef ghosfifih erabodiment and
i n anot her way, a hjgher concentra%lon of the | ower
the seysgith embodimepiall amifted Bosimgdht samgrelgence; f5dg thq fame
t he seventh enbodi nent descri bed above, by setting the
partsthrough hol es 254 which are configured as a plurality
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interface cant e sta ornmed. Also by evaporating a
microéigR82. concentration of the |l ower boiling tenperature
conmponent by heating the mxed [iquid M and then
chimgie nsitroghipls?2, evapavepatifogadlo® pah RiQissfoymed. This concave
distillation separation can be perforned for the m xed

part fariacflave pathvi2 ishcanifighesden e npized llmgdtf@ﬁpléﬂﬁh%?r £ a miyed liquid
addition, by fornmng the m xed .o
M.  Appyetthis cgra%%lfﬁ pw/ffﬂaa fovp path 210, ¢ H]élrfﬁ'é)l P% %Vﬁgﬁﬁwia%é Rre
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TR AR Sl RS BB iy 1

in thcﬁ%np [)E 164% ) Rr e st g‘i‘h&ﬁﬁ&d ligAid ﬂtﬁ»@pﬂ,ﬁ 213 and .
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the othé}aﬁaeﬂﬁg (ispef bﬁénﬁh@ RIRQEL 1T Ricirgrdigds TRws patk 01 i
nbodi ment is omtted by giving the sane reference
n thbasrmom it the 1swerEparipaithe mixes! lsjmi/\ﬂowrpaﬁi 1331 @y elgctrode for
m crochip device 261 includes a stack_ of plurality
heatingf220n$ fosmedini The haatdr isieonsigrtedito ba hgatpd by apldmg@o‘@étﬁlge
253 whi ch |s in a st gcked ar ngement on
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Furm&%}olge,%]f?ové 8£thq‘omo)6ﬁgg by Al flrmed so as to be almost superimposed on the

gas flow path 215,

On the inner wall surface of the gap section 217, i.e., on the peripheral surface of
the through hole 254, a lyophobic treatment is performed to form a lyophobic surface 237.

On the side surface of the microchip device 261, a plurality of distillate ports 262,
first liquid ports 263, second liquid ports 264 and cooling ports 265 are formed

Next, the action of the microchip device 261 will be described.

When a mixed liquid M is supplied from the plurality of first liquid ports 263, the
mixed liquid M flows through the mixed liquid flow paths 213 and is exhausted from the
second liquid ports 264. Then, the mixed liquid M flowing through the mixed liquid
flow paths 213 is heated by the electrodes for heating 221. Heated above the boiling

temperature of the lower boiling temperature component included in the mixed liquid M,




M Above this concave part for a flow path 210, a

plurality of through holes 254 are forned. The

plurality of through holes,254 are configured as a

plurality of gap sections Z17 in which one opening

(1 ower opening) thereof is facing the mxed |iquid
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been gv%.;orated.

Here, in the microchip 262 with no flow path for cooling 223 provided, the gas G
containing more of the lower boiling temperature component is distilled in the state of the
gas G from the distillate port without being condensed. Then, by cooling the distilled gas
G in another way, a higher concentration of the lower boiling temperature component can
be liquefied.

In the eighth embodiment described above, by setting the through holes 254 which
are configured as a plurality of gap sections 217 so as to be gaps with a size through which

the gas G can pass but the mixed liquid M cannot pass, a large area of the gas liquid




G containing nore of the evaporated | ower boiling
t enper ature conponent can pass. The mxed liquid M
forms a gas liquid interf%%p at the | yophobic surface
237 of the gap section 2I7. A cooling nedium such as
liquid or gas with a tenperature |ower than the
. boiling tenperature of the |ower boiling tenperature
interfaep gpphestablyfamendat dsd poavappeting rdvgher geficgntragjorfof dhg lower

... through the flow paths for caoljng. . us, the gas

boilingstepperaiis SREABFIE byhepting the e 12&“5 ﬁ@%@?@#&ﬁﬁﬁgﬂg the
C onent s cogl Ln the gas fl.ow paths . .

evapof ST SR hiseldiert SisfllatdhicatrafaR st MR f o ikedlquia
. t eby it is condensed to becone

Mwi ?aﬁaﬁﬁéﬁb%ﬂﬂglglt?%g?%ﬁ%%snt aining nore of the | ower
bei dddiord, BYRSHALLIR HREPARGAtlow Sath RS khd 8€ ohé AEWiHaeh 215
distillate ports‘(¥262.1 Fur?her r(r)orlza,l the m xegﬁl [ quiﬂg M

in the @sttirbisdirdtibi, Gopdrittonssfabngad G qortainpgy 4 igR&4onkatatias ofithe
m xed liquid Mwi th increased concentration of the _

lower hoJingrtethpérhiungcdneprmentatanbe enswed o nlaratidiioo Avswacking a plurality
certain appunt of the [ower boiling tenperature
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separation of the gas G containing a higher
belowcthe Peltier element 2¥#, arika lower cover 276 furthermore below the lower

microchip 275.

On the surface of the upper microchip 272 on which the upper cover 273 is stacked,
a concave part for a flow path 210 is formed. This concave part for a flow path 210 is
configured as a mixed liquid flow path 213 for a mixed liquid M. Above this concave
part for a flow path 210, a plurality of through holes 254 are formed.

The plurality of through holes 254 are configured as a plurality of gap sections 217
in which one opening (lower opening) thereof is facing the mixed liquid flow path 213 and
the other opening (upper opening) thereof is facing a gas flow path 215.

On the inner wall surface of the gap section 217, i.e., on the peripheral surface of




| ower boiling tenperature conponent can be ensured. In
addition, by stacking a plurality of the unified
conbi nations of the mcrocghip 252 and the cover 253 in
three dinensions, nore of the mxed |liquid Mcan be
supplied at a tinme than the seventh enbodi nent.
Therefore an efficient distillation can be perforned

the thionglahele@d¢, a iyaphobiniregtmerp perforaiad)to form & &yopbebiswiniape 237.
a ninth enbodi ment. of the present invention i )
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lower Rdtdotkip 265 én@adked, /Acahicaaosediobe flow pdie2 84 pedrmgd r ddhs p
272, a lower mcrochip 275 Dbelow the Peltier el enment

conca@ydart fomad flow patk 284 twenfigiéd fasia chmdensing pbdl 28%. t he | ower
m crochip 275. On the surface of the upper mcrochip
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thereof is facing the mxed liquid flow path 213 and

second benretiey parp27H 419 cOunpprd hyparinAgdtingesee2#0.i s facing a
gas flow path 215. On the inner wall surface of the
gapsos er bosid@ Sikfack of the uppert thisrqubip, pHestdiquedipéra 8l sffogred
the through hole 254, a lyophobic treatpent is .

to whigh pfgixed Hawid M & swpplied, apdon the afhgrsidesurface a gggond quid port

.Ifovver surface of the upper cover 273, a concave part

282 isidfgpmed. £ | ow path 257 is formed. This concave part for
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stacked. Al'so on the surface of the |lower cover 276 o
temperdtinetpatt8d the lower side is a low temperature part.  The Peltier element is a
unit of two kinds of metals with different thermo-electric powers. When an electric
current flows through this element, the element brings about a phenomenon in which one
side thereof generates heat, and the other side thereof absorbs heat.
Next, the action of the microchip device 271 will be described.
When a mixed liquid M is supplied from the first liquid port 281, the mixed liquid
M flows through the mixed liquid flow path 213 and is exhausted from the second liquid
port 282. Then, the mixed liquid M flowing through the mixed liquid flow path 213 is
heated by contacting the high temperature side of the Peltier element 274, Heated above

the boiling temperature of the lower boiling temperature component included in the mixed

liquid M, the mixed liquid M is evaporated as gas G containing more of the lower boiling




| ower mcrochip 275 is stacked, a concave part for a

flow path 284 is forned. This concave part for a flow

path 284 is configured as&% condensi ng path 285. On

one side surface of the jdi'nting part between the

upper mcrochip 272 and the upper cover 273, a first

connecting port 278 is formed. On one side surface of
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the | ower cover 276, a distillate port 277 is forned.
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217. of two kinds of metals with different thernmo-electric

TR AL ST
e e 15 o9 i WS S G R AE Rl ke e

condefitiGg p&rﬂlz@s dRMh £ sedohdWohheddifig §672170 bethe MhRR nﬁcﬂﬁbﬁﬁ? @75 is
[Tquid Mis supplied fromthe first liquid port 281,

kept at B€eripor@tre oot Wan MefHotimg teimberdgite bhde loweolling fiethperature
flow path 213 and is exhausted fromthe second |iquid

comp@@nt b&Adse offbeimg ihlkventattxeith thiedew dervpdritovd pegt afithe Belbiet he
mxed liquid flow path 213 is  heated by contactin

elemenh?374i ghetgescis soeled insthe sovdensing ppdy 2854y opiagtng WE-%&.

s 5 e e B e TP s
oot R S e RO SRRy
cons PR3 5 AR SRR P ST it

portzfyly.ow path 215. Here, by setting the difference between
the pressure of the mxed liquid Mflow ng through
t IFarthérRde, themixtdHqp Pedxhanta fnd thdecpidBould @on282he
gas G flow ng through the

becomes a mixed liquid M with increased concentration of the higher boiling temperature

component because a certain amount of the lower boiling temperature component has
been evaporated.

In the ninth embodiment described above, by setting the through holes 254 which
are configured as a plurality of gap sections 217 so as to be gaps with a size through which
the gas G can pass but the mixed liquid M cannot pass, a large area of the gas liquid
interface can be stably formed. Also by evaporating a higher concentration of the lower
boiling temperature component by heating the mixed liquid M, and then condensing the

evaporated gas G to liquefy, distillation separation can be performed for the mixed liquid




gas flow path 215 at or bel ow the Young-Lapl ace
pressure, the through hole 254 of the gap section 217
beconmes a gap through whi the m xed liquid M cannot
pass but the gas G contai'ning nore of the evaporated
| ower boiling tenperature conponent can pass. The
mxed liquid Mforms a gas liquid interface at the
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t enpet at ur es. Furthernore, by using a Peltier

conca®é Bare fir aﬁfﬁavapﬁtﬁébs NOTHES [ipfht $omcARE part €0l fldvg path 305, five
mechani sm distillation can easily be perforned with a

flow sithiaire ftned ethicheare ssativhedby hidlars from the first pillars 311 to the fourth
pillars 314.

A first flow path 316 is formed outside of the first pillars 311, a second flow path
317 is formed between the first pillars 311 and the second pillars 312, a third flow path
318 is formed between the second pillars 312 and the third pillars 313, a fourth flow path
319 is formed between the third pillars 313 and the fourth pillars 314, and a fifth flow path
320 is formed outside of the fourth pillars 314.

In the flow paths from the first flow path 316 to the fifth flow path 320, reflux flow
paths are disposed alternately, which connect between the end parts of the neighboring

flow paths, a first reflux flow path 321 is formed between the first flow path 316 and the




heating and the cooling. (Tenth Enbodi ment) In the
follow ng, a tenth enbodi nent of the present invention
is descri bed based on FI G,18 and FIG 19. As shown in
FI G 18, a microchip device 301 includes a mcrochip
302 and a cover (not shown) which is in a stacked
arrangenent on the mcrochip 302. As a substrate to
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t BetvaeY tlic nglidodiak idw matiaamdamahpappositt side af fHeaidepat Which
305 is fornmed. In this concave part for a flow path
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SimilBd) th a $kée betweeh ABGhRRINYESNark REthE iphahlitpiof kiey secdddlpilad 312,
t e second pillars 312, a third flow path 318 is
a plurhlofy o€ dedoatl \veg Bectibas 328 dompiddliaméi@ildhearpeninh ehdréafrisi facing
pillars 313, a fourth flow path 319 is forned between
the setdrel fidw path3il7 land $he3diBerapdning cherenfris faciig thethirdFlaw pathd18.
a fifth flow path 320 is forme [
p med outsj de of %ﬂglpg%#srgﬂa
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plmd}@l?tg?vf%g?lh@gggét@s ;32? %dﬁ)ggfﬂ \Aggirrlﬂﬁflﬁ gﬁe openinyl thereb£isIfaing the
fourth flow path 319 and the other opening thereof is facing the fifth flow path 320.
Moreover, in the second flow path 317, a first electrode for heating 332 is formed,
which includes such as a heater to evaporate more.of the lower boiling temperature
component out of a supplied mixed liquid M is formed so as to be superimposed on the
second flow path 317.  The first electrode for heating 332 is formed almost in parallel to
the direction for the mixed liquid M to flow. Similarly, a second electrode for heating
333 is formed so as to be superimposed on the third flow path 318, a third electrode for
heating 334 is formed so as to be superimposed on the fourth flow path 319, and a fourth

clectrode for heating 335 is formed arranged so as to be superimposed on the fifth flow

path 320. The second to the fourth electrodes for heating 333, 334, 335 are formed
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third flow path 318 and the fourth flow path 319, and
a fourth reflux flow path 324 is forned between the
fourth flow path 319 and tfije fifth flow path 320. Thus
the first flow path 316 to the fifth flow path 320 is
configured to be a single neandering flow path.
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to the fourth flow path 319.

On a side surface of the microchip 302, an introduction port 342 is formed from
which the mixed liquid M is supplied, and a supply tube 343 is connected to the
introduction port 342, and in the neighborhood of the third flow path 318, a supply port
344 is formed, which is an end part of the supply tube 343.  Also on the side surface of
the microchip 302, a distillate port 345 to exhaust the distilled distillate liquid is formedso




el ectrode for heating 332 to the fourth el ectrode for
heating 335 are di sposed al nost over the entire

| ength of the flow paths Bgromthe second flow path 317
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through the flow paths from the first flow path 316 to the fifth flow path 320 and the
pressure of the gas G at or below the Young-Laplace pressure obtained from the
Young-Laplace equation, the gaps of the gap sections from the first gap section 327 to the
fourth gap section 330 become gaps through which the mixed liquid M cannot pass but the
gas G containing more of the evaporated lower boiling temperature component can pass.

The Young-Laplace pressure is obtained from the Young-Laplace equation (1) described
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Therefore, the distillate liquid containing more of the lower boiling temperature

component is exhausted from the distillate port 345 and the bottoms liquid containing
more of the higher boiling temperature component is exhausted from the bottoms port
346.

Moreover, by increasing the number of times of heating and cooling, a distillate

liquid and a bottoms liquid with a higher concentration can be obtained.
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33 above. In this case, y in the equation (1) is an
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cooling 339) < (the fourth flow path for cooling 340)
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interféce@iaf b kfablygformed.  Also by evaporating a higher concentration of the lower

boiling temperature component by heating the mixed liquid M, and then condensing the
evaporated gas G to liquefy, distillation separation can be performed for the mixed liquid
M with different boiling temperatures.

Furthermore, in the present embodiment, by repeating the heating and the cooling
with stepwise changing of the temperature condition, a distillate liquid with a higher
concentration of the lower boiling temperature component can be obtained. At the same
time, the residual liquid can be obtained as the bottoms liquid containing more of the
higher boiling temperature component. That is, the microchip device enables performing

highly precise distillation.




liquid and a bottons liquid with a higher

concentration can be obtained. 34 FIG 19 shows a

di agram representati on of at is described above.
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first flow path 316 to the fifth flow path 320. In the remaining almost half of the region,
first barriers 353 are formed.

In the flow paths from the first flow path 316 to the fifth flow path 320, a first
reflux flow path 321 to a fourth reflux flow path 324 are disposed alternately. Thus, the
first flow path 316 to the fifth flow path 320 are configured so as to be a single
meandering flow path.

Between the neighboring flow paths and on the opposite side of the side on which
the first reflux flow path 321 to the fourth reflux flow path 324 are disposed, second
barriers 354 are provided.

In a space between neighboring pillars in the plurality of the first pillars 311, a

plurality of first gap sections 327 are formed, in which one opening thereof is facing the




hi gher boiling tenperature conmponent. That is, the

m crochi p device enables performng highly precise
distillation. 35 (El eventfy Enbodi nent) In the

foll owi ng, an el eventh enbodi nent of the present
invention is described based on FIG 20 and FI G 21.
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316 to the fifth flow path 320. In the remainin
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reflux flow path 321 to the Tourth

path foédolixg BEOW Bahéd P4k 18168 sHhHRRSREd of 8eQRREd flow path 318, and a

fourth flow path for cooling 340 is formed so as to be superimposed on the fourth flow
path 319.  Also, the first flow path for cooling 337 to the fourth flow path for cooling 340
are formed almost in parallel to the direction for the mixed liquid M to flow and in the
region where the first pillar 311 to the fourth pillar 314 are formed.
| On a side surface of the microchip 352, an introduction port 342 is formed which
introduces the mixed liquid M, and a supply tube 343 is connected to the introduction port
342, and on the third flow path 318, a supply port 344 is formed which is an end part of
the supply tube 343.  Also on the side surface of the microchip 352, a distillate port 345
to exhaust the distilled distillate liquid is formed so as to be connected to the first flow

path 316, and a bottoms port 346 to exhaust a bottoms liquid in which the concentration of




barriers 354 are provided. In a space between
nei ghboring pillars in the plurality of the first
pillars 311, a plurality first gap sections 327
are formed, in which one opening thereof is facing the
36 first flow path 316 and the other opening thereof
is facing the second flow path 317. Simlarly, a
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the segdmidcdap sections 328 ewdtihmtnoineed to thpwsecond flamgath 3ddppl vy
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By setting the difference between the pressure of the mixed liquid M flowing
through the flow paths from the first flow path 316 to the fourth flow path 320 and the
pressure of the gas G at or below the Young-Laplace pressure obtained from the
Young-Laplace equation, the gaps of of the gap sections from the first gap sections 327 to
the fourth gap sections 330 become gaps through which the mixed liquid M cannot pass
but the gas G containing more of the evaporated lower boiling temperature component can

pass. The Young-Laplace pressure is obtained from the Young-Laplace equation (1)

described above. In this case, y in the equation (1) is the interface tension of the mixed




342, and on the third flow path 318, a supply port 344
is formed which is an end part of the supply tube
343. Also on the side surgﬁce of the mcrochip 352, a
distillate port 345 to exhaust the distilled
distillate liquid is formed so as to be connected to

the first flow path 316, and a bottons port 346 to
liquid capH 4\ is thescoptact me ol the nuxevd]hcml @h ﬂtefﬁélrf@@m@h@ gat flow path.
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the first pillar 311 to the ourth pillar 314
M flowethpaupti theiflaw pathstiiecodling dlohdthe ffipst flowepdth ferdoblingB 317 #d the
to flow, a |lyophobic treatnent is perfornmed to forma
fourthifleappashifer cooling340). 34Thus Nbx gas Gleentagtingmmons ofithe lower boiling
m crochi p device 351 will be described bel ow. Wen the

temperAyre §OMPERANY lsmmlkedgu ﬁgﬂ ﬂl@? lpnth@ Fromide fisgt rfl%\umth 8ho Bbﬁhf)
42 M
fourth ips pa 314 S%ﬁ‘&bf‘? %gypkwaffﬁ@ﬁ%@@%tﬁgr@u%g?@ & WhBpefarurt nd

f cro 302. The mixed liquid Mflows
thereb?’ﬁtsigcg C%g Obf’ccfrﬂeﬁ‘fllflgw paths, and then is heated by
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ating ourt tro eat i ng
flow paﬁﬁaléan% gRakeshdy tFiehi%ufth Ww?ﬂl’{bs:% 17081830b, mmﬁg eneddligg is
first flow path for cooling 337 to the fourth f
perforp@ti Refapatelgdn badhpf3dkbost Helfreglombothe rdsbectiveiflomnpaths.  The fifth
tenperature of the |ower boiling tenperature conponent
flow pathciA0de donfigurédsbsorthatauhly hepting isperfommedi xed 1iquid Mis
evapor ated as g}gs G cont ai ni ng nore of the | ower

bBFTe: by Sfﬁ@?j&)@e ﬁ#@'fé@ﬂﬁ@ﬁéﬁm %Wsilfﬁle evapoLat ﬁd gas
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iTsclRfe REHAGE 12 S R SRRy PERBERa o
andb)Pé%EEE}%r\:ﬁQEocﬁ ﬁé‘ﬁg’f@% ﬁgg&bng inthe third flow path

318 passes e second gap sections 328, and

¢ fifst eWGRth fo@ c&&lﬁlgSEﬁEHch%'s@dMnﬂ&IdW Patid forBbofifis 838V (the
e difference between the pressure of the m xed
thmil fibvivpath davi cogling B3 Yuyhihd foarth [flowe pah s dodlimg B4H
first flow path 316 to the fourth flow path 320 and
Then, theeconperdration of e lower tgﬂg'ng}empenaturb ebmppnemebecomes as follows.

Youn? Lapl ace yressure obt ai ned from
(the first flow path 316) > (the second flow path 317)>(the third flow path 318) >

(the fourth flow path 319) > (the fifth flow path 320)

Therefore, the distillate liquid containing more of the lower boiling temperature
component is exhausted from the distillate port 345 and the bottoms liquid containing
more of the higher boiling temperature component is exhausted from the bottoms port
146.

Moreover, by increasing the number of times of the heating and the cooling, the

distillate liquid and the bottoms liquid with higher concentration can be obtained.




Young- Lapl ace equation, the gaps of of the gap

sections fromthe first gap sections 327 to the

fourth gap sections 330 bgj' onme gaps through which the

m xed |iquid M cannot pas but the gas G cont ai ni ng

nore of the evaporated |ower boiling tenperature

coIEonent can pass. The Young-Laplace pressure is

i2hsbows o iagtae teprasentaég! aé@@qsc@bpd(abpve By using the

descri bed above. In this case, i.n the equation (1)

notatigns 1t e fighre thefollopingssaations %éatwﬁsz%d 38 liquid, and
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Oq? %erface at the Iyophob| c surface 347 of
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ITquid or gas with a tenperature |ower than the

baistillatg) Dt enperature of the | ower boiling tenperature

conponent evaporated fromthe mxed liquid Mflows

t (oongt of neflufx)) B pEttheurt of eapotatiog) V2 eniArheunt bf Bowfof avixed
path for cooling 337 to the fourth flow path for

cbqﬂudh@ —3Amom1hq%evapw@tlg@)s\f@&Amoamh@frrgﬂn@rle? of the

| ower boilinhg ratur Is cooled.in t

f (4RO b sethp) fe %&m?%p&ma}) Ph{/%fe(%oqnﬁef ﬂ%’m?t h

f qﬁ%g%Rp 319 so that its tenperature decreases bel ow
% VIfng tenperature, and thereby it is condensed

%}%g %@sqlly; xelifi ol £3ERk %@9&1&&% 4@11@ 9Rd § il Vfg

hdt™ on s per orme
exhauaeaas é”&ﬁhllzit@hh{ﬂi% aﬁ@@%&oﬁl@ ligh@. fourth flow paths 317,
319, heating or cooling is perforned separately
i Heﬁ’g\ﬂi& bt fidwipath 3halpbrio®ed @ity tovlingand elspefotd fidcidmws a
paths. The fifth flow path 320 is configured so that
condenser,ywiikeahe fifthiflowppath 32 0rpetforkeron]y haatisgtind thgrafbre functions as a
heating tenmperature as follows, (the first electrode
evapompn m@mlpﬁg Fygthyrmore;the thiwfema peth3d 8 farsdionpas ;isderdgr the
(the third electrode for heating 334) < (the
.rmxedfl&ﬂwq}xlt@ﬂqgcsppg}gg for heating 335) and by setting the

¢ Br o BB e i e B e DT i of * Bk gr v
to i p Topl®s zp*a@?%?c?? o o %‘%slﬁﬁﬁéiﬁﬂ%*ﬁ%%’ﬁ Barl bl but

the mi%@A GEMEM ChRidt Bhss! m;%eoae@d ok bhd iy i@ TRETAE ¢hE be stably
conponent becoies as Tollows. (the first flow path

formed16Alse Hytdvepaetignahigheveopaédiraliod pf the(oWer tidilingltefdperature
path 318) > (the fourth flow path 319) > (the fifth
compdrentbpbeaing A6 mixed liquid M, and then condensing the evaporated gas G to

liquefy, distillation separation can be performed for the mixed liquid M with different
boiling temperatures.

Furthermore, in the present embodiment, by repeating the heating and the cooling
with stepwise changing of the temperature condition, a distillate liquid with higher
concentration of the lower boiling temperature component can be obtained. At the same
time, the residual liquid can be obtained as the bottoms liquid containing more of higher
boiling temperature component. That is, the microchip device enables performing highly

precise distillation.




Therefore, the distillate liquid containing nore of
the lower boiling tenperature conponent is exhausted
fromthe distillate port 345 and the bottons |iquid
containing nore of the higher boiling tenperature
conponent is exhausted fromthe bottons port 146.
Moreover, by increasing the nunber of times of the .
h&dgoi in gheaprasanhemboditrienty by sémaratifigshe heating region el tagooling
. the bottons liquid w.th higher concentrati on cap be
regionomaptrichalzand hafidn egeh afithallow rafhad fm scepnddedhy foprtg flow
t,is descrjbed above... By using the notations.in
patts §1, WP 1100 ! hepB R G e DRt eec i JaSind
nt . Lxed d.qui ). F o= t of flow
energt S} rRplve b Blec i B P ey bR o) W
( AR heEHARAT BERDh 1Y ndt FnfdIRUR eRbodiflehtddesdzibedt
(Annuﬁﬁ)dﬁ f OMIO?1:§F§#?P|ate) D (An%un? of reffuxf
abovel-dndtmey\iRUstherdimtRdanataddseribedva the folonimt. of fl ow of
mxed l|iquid) F = (Amount of evaporation) VI +
( B rftfthofmbeafitent) by pro¢ kg iantovet belef thx micrdckip( Afiow path for
~of evaporation) V2 + (Anmount of flow of bottonms) W
coolinptraay besprovided onphs lower sidked 1iquid i s heated and
cool ed repeatedly and finally is exhausted . as. .a
o he 1y ambackpne . alfouah Hisia7 S6W ajih 1o Fqigied i fipgsymmetry

fiyst flow path 316 perforns only cooling and
the gaﬁlﬁfé?”e?%wa?’@ﬁeﬂyoﬁ%n@% a condenser, while the fifth
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¢ (et e, e TouP R AZLl gAY Be ARG oy pon

fora éo'%hﬁ% rdeliRith RAG W 3L P1dcaiad éd?fé§dp(§§1i@gt foerdeds Ry ﬁéth%n the rear
mxed liquid Mto be supplied. In the elevent

surfacR B acH fBRtatel B G5ihp adechbidhe sudhyass®y kichimggaps of a
plurality of first to fourth gap sections 327 to 330
sdn #= fifth debglimpentt theahage oftthapillbhis dgesibGl tabe pagsmdtis shape,
the mxed liquid Mcannot pass, a large area of the

but thg gkarieinai be 4 eiranldr sobimyper anethst shapy whichy fwdigls the Sencgn.

rating._a_hi gher congc r‘té%{la]gi on of .the | owe

gi‘?ﬁ%ﬁ@"‘b embediment and the gighH Wﬂﬁ%tather%mbﬁ@)fﬁ%&amus
‘ﬂ_ liquid ﬁ@.and then condgnsing_the evaporated gas Gto
ow Wﬂg‘i@f& ’dﬁcgelaﬁdl QthGSﬁasf paration can be performed for

t ql?tﬂyré&q eHb%HingenM il pmfé'tlirre & lﬁ‘m&ded to increase the contact area,

and another shape which fulfills a similar function may also be used.

In the tenth embodiment and the eleventh embodiment, a description is given
where as a number of the flow paths, the first to the fifth flow paths are provided, but the
number of the flow paths may be increased or decreased.

In the tenth embodiment and the eleventh embodiment, a planar configuration is

described, but a similar configuration may be constructed in three dimensions.

INDUSTRIAL APPLICABILITY
The microchip device of the present invention is preferably used in such as a
chemical reaction or an electrolysis reaction of liquid and a chemical analysis such as

distillation to separate a component in a mixed liquid, and can improve gas liquid




boiling tenperatures. Furthernore, in the present

enbodi nent, by repeating the heating and the cooling

wi th stepwi se changi ng of the tenperature condition, a

distillate liquid with higher concentration of the

| ower boiling tenperature conmponent can be obtai ned.

At the sane tine, the residual |iquid can be obtained
separagion effiwidnoy endrgad dhgoiption offtcikingy.rigdeen evaporai¢ glees of the lower

... boiling tenperature conponent., That is, the mcrochip

boiling @mm@%@ﬁésm@@n% OHbYIHA BI¥gWd. preci se
distillation. 40 Also in the present enbodi nent, by
separating the heating region and the cooling region
al nost by half and half in each of the flow paths of
the second to the fourth flow paths 317, 318, 319,
efficient heating and cooling can be perforned w thout
wasting energy, thereby enabling high precision and
high efficiency distillation. In addition, the present
invention is not limted to the enbodi nents descri bed
above, and may use ot her enbodi nents described in the
following. In the fifth enbodi nent, by providing a
cover below the mcrochip, a flow path for cooling
may be provided on the lower side. In the fifth
enbodi nent, al though the gas flow paths are forned in
line synmetry, the gas flow path may be only a
single. In the fifth enbodi nent, the flow path for
cooling may be provided as a flow path for a cooling
mediumto flow at a |location corresponding to the gas
flow path on the rear surface of the substrate by
using a technique such as dry etching. In the fifth
enbodi nent, the shape of the pillar is described to be
a prismatic shape, but the shape nay be a circular
col um or anot her shape which fulfills the function.
I'n the sixth enbodi nent and the eighth enbodi nent, the
nunber of continuous flow paths nmay be increased or
decreased. In the ninth enbodinent, a fin structure is
provided to increase the contact area, and another
shape which fulfills a simlar function may al so be
used. In the tenth enbodi nent and the el eventh
enbodi nent, a description is given where as a nunber
of the flow paths, the first to the fifth flow paths
are provided, but the




nunber of the flow paths may be increased or
decreased. In the tenth enbodi nent and the el eventh
enbodi ment, a planar configuration is described, but
a simlar configuration may be constructed in three
di mensi ons. | NDUSTRI AL APPLI CABI LI TY The m crochip
device of the present invention is preferably used in
such as a chenical rea®liAdMSr an electrolysis
reaction of |liquid and a chem cal anal ysis such as

L dAdeicrqchin deNice GOBWHEMEL e a conponent in a m xed

liquid,,.and can inproye gas li.quid 41. sepapation
of FHEPEHBI B nHag op gy e PelieddRfid an
e 0 . h . I.LLAg nperat ure
c%%%o%@?a%rg‘g&q ﬂgﬁ%hl%\g%hfq %‘8‘{” %h&aiﬁ‘f&am M5 1. A
' ' ' ﬁ‘s%?ﬁ bdeerPthB G LRAGHHW phtl a1 it bR £
F]Tlgg]?%ﬂ?lgg ﬁ%%e%ﬁol S oéfcfrlgégg?%r I iiqﬁui d topfl g#,ﬁlﬂgz;g gasOW
path ahd BXViR&bhe Sb@itigtBereaf RbGgtthelidid ot Jatlodndoht bthed opering
plurality of gap sections formed between the liquid
thereof Famimgntht hasfickviphth, gas fl ow path and havi ng one
openi ng thereof facing the Ii%ui d flow path _and the
ogéreef thp gen segtion heing ofade ae pnty hetgapdhrough viiobegan cagypgss but
.of the gap section _being nade so as to b ap through
the ligu eamelRasy apd pgasligyd ﬂ%f’llf@:elhealﬁ He%ﬂq'ﬁ&ge %a%%e,cn%d a
gas liquid interface being fornmed at the gap section.
2. The m crochip device according to Claim1, further

ot ) ™ 4
2 ¢ REPHiSER s o RASRE, Rk 3 et At | DTS 1
f 9EIRAvE ParR FRAARIDAN SRS IGRMANR RS, ab@r 2 flow
pat h and” al ong the concave part for a flow path, a

S RPhRalle LIBRAUERG ke Fort@dng a Pattbs dIhd @nusethagisfot BElow
gap section, and one flow path and the other flow path

path anfh alohg dliccconedttel pantefdr Hflowipatlpr ot rudi ng parts being
made to be the liquid flow path and the gas_fl ow path,
r aspase betvedep thexprotrhdingpartvedinguspaias dhe gapcsetemgnd o

Caiml, wherejn the_gap section is a through hol.e
| faw_‘g]awmﬁthmét% ethgiilo paﬁwslus%r_e&s@mnﬁg oy Wik gt parts
being Prade Itc(;j gg the Qiq%icp t%vtv %ggh%d I;Lllﬂeegalsl W gath, respectively.

3. The microchip device according to Claim 1, wherein the gap section is a through
hole formed in the microchip with one opening thereof provided in a bottom of the liquid
flow path of the microchip and with the other opening thereof provided in a surface

opposite to a surface on which the liquid flow path in the microchip is formed.

4, The microchip device according to any one of Claims 1 to 3, wherein a liquid

repellent part is formed on an inner wall surface of the gap section.

5. The microchip device according to any one of Claims 1 to 4,wherein:
the gas flow path includes a first gas flow path and a second gas flow path

provided on both sides of the liquid flow path;




flow path of the mcrochip and with the other opening
thereof provided in a surface opposite to a surface
on which the liquid flowg%{/h in the mcrochipis
fornmed. 4. The mcrochip ice according to any one
of Cainms 1 to 3, wherein a liquid repellent part is
formed on an inner wall surface of the gap section. 5.
th&wpﬁectﬁmdhblpd@mplu@lmcﬁﬁm gap seotiensybevmeendhe iiped dowipath
to 4,wherein: the gas flow path |ncI udes a first gas
and the figsf; 2aa flawpath @ds‘@%lbﬁ@? wmrgl therephiapng ﬁh%lma@ ﬁozyrpaﬁb@nd

the 0@%35%&@%%?%1"640 i i T 8Pf Rov mgits agffil }%ﬂﬁysggéﬁéﬁ Shhe
L e e it
thereo?!ﬁﬁﬁ'%t gq h'a{%& fotﬂé?%hgﬂn%nferédgﬁc%l%%ﬁé sEdoW gas

|ty of seco bet we
ﬂowﬂa’ﬂﬁahdlqw d fI ow path and the second gas flow path and
with one opening thereof facing the liquid flow path
adirst ddverodt isdformagbon theg ifrive medifsuffacd ofthé fiest gae sstogasid a
flow path, and a first electrode is fornmed on the
second elnetrodeds formed fondle iherrwiall surfase ogﬁp seemdi gap seetiva. a
second el ectrode is forned on the inner wall surface
of the second gap section. 6. The nicrochip devi ce

according.tq Claimb5,. elnth r udi art .i s

6. pffeiterarhip doyirerdthning iRt 5 huBiathr horfikdatinf phe

| £ ect:] 0 it .

shape :[)fb;tﬁ{dgi%fé pﬁ%ts%d irn7$1 (ﬁdﬁ%{imfl ﬂ{terséc%iﬁg % éﬁr%cglém %8(15 (h:lgméli tﬁ glotwom

the liqtlPA1EW Bar CI aim®6, wherein on an inner wall surface
of at least one gap section of the first gap section
and the second gap section, an electrode part and a
liquid repellent part are formed inthis order froma

7. sThemodrothip déviqradtordihoty Qlainn 5 o8 Claines, Wietein bh jan dieer eall
according to aim1l, conprising a heat | ng nmechani sm

surface aﬁ@ﬂdb@s‘t ofe gryatertion of the fiest 2hp pdctiny and theeeenndrgap Sectlon an

onegt of a mxed liquid including a_ pluralit %ﬁ
elecﬂqdecmﬁ@@ willamidepelisng part arsi iRyl indhis eFder dioaka gigde gf the liquid
"ﬂ agﬁ\ée a boiling tenperature of the |ower boiling
ow erature conponent. 9. The microchip device

according to Caim8, conprising a cooling nechani sm
capabl e of cooling vapor including nore of the | ower

8.  bPhd ifGodiBPREViAL AUcBrdtRAMERM 11 Qnrising a heating mechanism
capable of heating a lower boiling temperature component of a mixed liquid including a
plurality of liquids with different boiling temperatures to or above a boiling temperature of

the lower boiling temperature component.

9. The microchip device according to Claim 8, comprising a cooling mechanism
capable of cooling vapor including more of the lower boiling temperature component to or

below the boiling temperature of the lower boiling temperature component.

10. A microchip device, comprising a plurality of pillars between the liquid flow path

and the gas flow path, gaps between the neighboring pillars being configured as the gap




bel ow the boiling tenperature of the | ower boiling
tenperature conponent. 10. A microchip device,
conprising a plurality Ofoa,\%i Ilars between the |iquid

flow path and the gas fl pat h, gaps between the

nei ghboring pillars being configured as the gap 44

section. 11. The mcrochip device according to Claim
sectiod0, conprising a plurality of the liquid flow paths .

and the gas flow paths disposed alternately and in

paral l el to each other. 12. The m crochi p device

accordin Claim 8 _or , Wherein t

1L ?E]é‘i Wﬂ(ﬁéﬁ 3%\“%%%8@%1?%@% IEISS wﬁr%ﬁ%éﬁﬁ the liquid
. . oI abu . .
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stacked plurally. 14. The m crochip device according
to daim9, wherein the heating nmechanismand the
12. CORd hﬁk&o&ﬁg RaALSABcafdnd @ OREN BYr C3AiRM, dvHRedih HRY gap section is
element. 15. A microchip device conprising: a m xed
a throhdhtholél fdrmewvabaste theigeid flosv path irothiepeittochip. m xed i qui d,
formed as a neandering flow path including an
alignnment of a plurality of flow path parts; a gap
section which opens between the neighboring flow path
13, pAhe micrgchip devichacsordieg Wwelelpim il 3nvhocindhe microcijpy are stacked
oi ling tenperature conponent included in the m xed
ﬁ““ﬂyiquid passi ng through the flow path part to or above
a boiling tenperature thereof, the first heating
mechani sm bei ng provi ded on one end side of the m xed

14. | irAfcrod ﬁ g'eﬂ@é Q’.’:COﬂil’.&é fotsﬁ‘%laﬁﬁ 9l Jﬁﬁ&eﬁﬁ:ﬁg ﬁ@iﬁg‘rﬁ&hﬁﬁ% and

vapor I nc Ing nore o e lower boiling enperature

the co@%?ﬁ@@f%lishﬂa&@&jﬁéd%ﬁf Raldn Péltiér dléméit. bel ow t he
boiTing tenperature of the |ower boiling tenperature

conmponent, the first cooling nechani sm bei ng provided
on the other end side of the nmixed |iquid flow path;
15.  aAswicomlifhdervidersgmpeisingni sm and a second cool i ng

mechani sm provided in a nei ghhorhood of the flqQw path
pamixeddiqd floweathwhichds & flgw p&ﬁaofi%eéglﬁ&d, gﬁﬂleg 28a of

meanc{etl]i%g o.vg(gaq[h gﬂcﬂ.l .irgg e]::nl ﬁ}gnﬁl%tnp bf aa ﬂ%raéfi%y of flow path parts;

a gap section which opens between the neighboring flow path parts;

a first heating mechanism to heat a lower boiling temperature component included
in the mixed liquid passing through the flow path part to or above a boiling temperature
thereof, the first heating mechanism being provided on one end side of the mixed liquid
flow path;

a first cooling mechanism to cool vapor including more of the lower boiling
temperature component in the flow path part to or below the boiling temperature of the
lower boiling temperature component, the first cooling mechanism being provided on the
other end side of the mixed liquid flow path;

a second heating mechanism and a second cooling mechanism provided in a
neighborhood of the flow path part except the one end side and the other end side of the

mixed liquid flow path; and




16,

a supply port of the mxed liquid disposed in a part

of the mxed liquid flow path. 16. The m crochip

devi ce according to Claim,€5, wherein the flow path
part provided wth both the second heati ng
mechani sm and the second cooling nmechanismis
configured in two divisions of a heating region where
omsuppbheorbeftbe thikesbliquid) dispeded i 8 part jof theimsixed Hauidilpvapath.
cool ing region where only the second cooling nechani sm
i s di sposed.

The microchip device according to Claim 15, wherein the flow path part provided

with both of the second heating mechanism and the second cooling mechanism is

configured in two divisions of a heating region where only the second heating mechanism

is disposed and a cooling region where only the second cooling mechanism is disposed.




