REACTI ON DEVI CE Technical Field [0001] The present invention relates
to a reaction device in which a reaction liquid contained in a reaction
vessel is cooled or heated by a heat nmediumto be reacted. Background Art
[0002] In a chem cal reaction process such as organic synthesis or
crystallization, a reaction liquid is required to be retained at a
prescribed tenperature. Therefore, a double structure jacket type container
is used in which a jacket is proREAETION Ryt er side of a reaction
vessel and a heat medium can be circul ated between the jacket and the
react i orTedtmgaabFieldA heat medi um having a prescribed tenperature is provided
in the jacket, and the reaction liquid in the reaction vessel has been
adj ust edOGftlla prescribed tenperature (see, for exanple, Patent Docunent 1).
Prior Art Docunent Patent Docunent

The present invention relates to a reaction device in which a reaction liquid contained in a

reaction vessel is cooled or heated by a heat medium to be reacted.
Background Art
[0002]

In a chemical reaction process such as organic synthesis or crystallization, a reaction liquid
is required to be retained at a prescribed temperature. Therefore, a double structure jacket type
container is used in which a jacket is provided on the outer side of a reaction vessel and a heat
medium can be circulated between the jacket and the reaction vessel. A heat medium having a
prescribed temperature is provided in the jacket, and the reaction liquid in the reaction vessel has
been adjusted at a prescribed temperature (see, for example, Patent Document 1).

Prior Art Document

Patent Document

[0003]

Patent Document 1: JP 2006-271431 A
Summary of the Invention

Problem which the invention Tries to Solve
[0004]

When the temperature of a reaction liquid is retained at a temperature higher than room
temperature, a sufficient temperature control precision can be obtained since a heat medium
temperature can relatively easily be adjusted by heating the heat medium by a heater or the like. On
the other hand, since, generally, liquid nitrogen having a temperature of -196°C is used for a cooling

source in a low temperature region, in particular, in an ultra low temperature region of -90°C or



[ 0003] Patent Docunent 1 JP 2006-271431 A Sunmary of the Invention Problem
whi ch the Invention Tries to Solve [0004] When the tenperature of a
reaction liquid is retained at a tenperature higher than roomtenperature,
a sufficient tenperature control precision can be obtained since a heat

medi um tenperature can relatively easily be adjusted by heating the heat
medi um by a heater or the Iike. On the other hand, since, generally, liquid
ni t r ogeMvEand gus, theiepeeatue dfforncedstyees thedey megiunteapeivradssoaeled a | ow
tenperature region, in particular, in an ultra |low tenperature region of
-90C or tenmsypiiyre isdprge tthrig hastbgen 2 peplemde thedemparftaicsareol pesciiien t he heat

medi um tenperature and a controlled tenperature is |arge, there has been a
pr obl eml@495t he tenperature control precision. [0005] In cases where an
initial cooling is perfornmed by providing liquid nitrogen in a jacket,

si nce a massiMeagapibere apfnilial godlohgns parbgaed bsprpwfling liquid njtepeein ageekat, winem t he
provision of liquid nitrogen is stopped at the tine when a reaction liquid
in a reactassve yeawbd! ligidooodged it loft an sjacket evgpevhen theeprovasieh efguidoirdgey is
proceeds until the left liquid nitrogen is vaporized, there has al so been a
pr obl emstohped a4 theumtereneatactiot liquad wni a thaqties pesstl it epoldddo & et tenmepréuratand e
Further, there is a lot of liquid nitrogen which does not contribute to the
heat excbaingeraveeds untighe e8dighidmityezss &l vaperizeil. shera pordlsodderamprotliemdharged from
the inside of the jacket. In particular, the amount of liquid nitrogen used
at the unddrshabt owk wity) résasct betba sdt gengerature.  Further, there is a lot of liquid nitrogen

which does not contribute to the heat exchange with the reaction vessel and is vaporized and
discharged from the inside of the jacket. In particular, the amount of liquid nitrogen used at the
initial cooling has been large.

[0006]

Accordingly, an object of the present invention is to provide a reaction device having a
simple structure in which a temperature control precision can be improved, and at the same time, the
amount of heat medium used can be reduced.

Means for Solving the Problems
[0007]

In order to attain the above-mentioned object, the reaction device of the present invention is
provided with a heat-medium circulation tube in contact with an outer wall of a reaction vessel
containing a reaction liquid, and at the same time, is provided with an inlet for the liquid heat
medium at the lower end portion of the heat-medium circulation tube, and an outlet for the liquid
heat medium or a gas heat medium which is a vaporized liquid heat medium at the upper end portion
of the heat-medium circulation tube, respectively.

{0008]

Further, preferably, the heat-medium circulation tube is wound spirally from the bottom side



[ 0006] Accordi ngly, an object of the present invention is to provide
a reaction device having a sinple structure in which a tenperature control
preci sion can be inproved, and at the sane tinme, the anmount of heat nedi um
used can be reduced. Means for Solving the Problens [0007] I n order
to attain the above-nenti oned object, the reaction device of the present
invention is provided with a heat-nmediumcircul ation tube in contact with
an out eef thar¢acken wessebindhs o side dheaif reaptignavepschg Garp bewesidhe haiediumand at t he
sane tinme, is provided with an inlet for the |liquid heat mediumat the

| ower esdicylsionites apd themeacHemyessabantgnvell sre filled Wisha fillereanddp gartieplgyythe dflerigr
the liquid heat nediumor a gas heat nmediumwhich is a vaporized |iquid
heat nedirmed &y amiweerighiperhichrrdliquat eandlewonsidthe Alert anded thesirne Hipg!the wlst Sube,
respectively. [0008] Further, preferably, the heat-nedi umcircul ation tube
i s woundorsil imd fiyectipmsnch Hat thetigeithbsit aredivat is disehargeddevard thedBlee| Fugherhe t op
side the of reaction vessel. Gaps between the heat-nmediumcircul ati on tube
and t he prassiog imembsrdesmtssog e heafainpdiam sirfylationdulg aghing the qutes wall g theirepction
particular, the filler is fornmed by a material in which a liquid can flow
i nsi de tvhwelfis plogided emthe attet tisugdarence iofithe hedtanadinm eirculagiof twbesesel outer Hessel is
direction such that the liquid heat nmediumis discharged toward the filler.
Fur t her previded edsdbrigrmesichidr cofvens therats icimgpnt thesndead thereatitionvesisel prdvided onthttdbe
agai nst the outer wall of the reaction vessel is provided on the outer

ci r cunf dednoelinh cirdwatihe atberaditherheat medim s lgmid nitsegenan out er vessel is

provi ded which hernetically covers the outer circunference of the reaction
vessel [p0aH9] ded with the heat-nediumcircul ation tube; and the heat nedium
is liquid nitrogen. [0009] The reaction device of the present

i nvention i s Theosacdaddexict of the pecatnt mpdintion is provided witba beayeedivg eircalatiph tube,
inside which a liquid can flow, on an outer wall of a reaction vessel

cont ai niviega fllar éacleivdrich 4 lgpriddcandlow, et art dweerswathe ' irenstion wsyst conitadenlg aveabtican
inlet for the liquid heat nmediumat the | ower end portion of the

heat - mediquith @ridrat tHeatmotime,libprovandiwith ap inlét dor theliquidkeal ingdiid ahtbafowsedindim or a
gas heat nediumwhich is a vaporized |iquid heat nmedium at the upper end
por t i on poftiohfod thedwet-mesiilinu cirailation bk apd ap bt forekpleptd heet medium or a gas heat

medium which is a vaporized liquid heat medium at the upper end portion of the heat-medium
circulation tube, respectively.

Effects of the Invention

[0010]

By the reaction device of the present invention, the amount of heat medium introduced in a
heat-medium circulation tube can be made small compared with a conventional one having a jacket
structure, and a reaction vessel can be efficiently cooled or heated by a small amount of heat medium,
and at the same time, temperature control precision can be improved. In particular, the occurrence
of undershoot at the time of cooling to an ultra low temperature by using liquid nitrogen as a heat
medium can be prevented.

Brief Description of Drawings

[0011]



Effects of the Invention [0010] By the reaction device of the
present invention, the anmount of heat nediumintroduced in a heat-nedi um
circulation tube can be made small conpared with a conventional one having
a jacket structure, and a reaction vessel can be efficiently cooled or
heated by a small anmount of heat nedium and at the sanme tine, tenperature
control precision can be inproved. In particular, the occurrence of
under shoot at Fighlkisuiseasiondl fionbyipw §f ¢ traeiiondevieqrepessentiagiediat grpeodipentsf the
liquid nitrogen as a heat nedium can be prevented. Brief Description of
Dr awi ngres@0 irvention. Fig. 1 is a sectional front view of a reaction
device representing the first enbodi nent of the present invention Fig. 2 is
a front vi ew BE Zisndaot viow of e swetionofessehef thaseme. Fig. 3 is asectional view of
Fig. 2. Fig. 4 is a cross-sectional view representing the attachnent
state in the Eigpkis agbrtllloactvhalaviqyy eS8’y pl ate of the sane Fig. 5is
a cross-sectional view representing the attachnment state in the | ower
portion of a Pgessiangsphatienadiiewtreprssntng e gttacBment statevih thgjupperpoitona®favi ew
of Fig. 2.

pressing plate of the same.

Fig. 5 is a cross-sectional view representing the attachment state in the lower portion of a
pressing plate of the same.

Fig. 6 is a VI—VI sectional view of Fig. 2.

Fig. 7 is a cross-sectional view of the main portion of the same.

Fig. 8 is a cross-sectional view of a reaction vessel representing the second embodiment of
the present invention.

Fig. 9 is a cross-sectional view of a reaction vessel representing the main portion of the third
embodiment of the present invention.

Modes for Carrying out the Invention
[0012]

In the first embodiment of the reaction device of the present invention shown in Figs. 1 to 7,
this reaction device 11 is such that an outer vessel 14 is provided on the outer side of a reaction
vessel 13 containing a reaction liquid 12, and on the outer wall of the reaction vessel 13, one
heat-medium circulation tube 15 which circulates a heat medium such as liquid nitrogen is wound
spirally from the bottom side toward the top side of the reaction vessel 13, and is pressed against the
outer wall of the reaction vessel 13 by a pressing member 16.

[0013]
The reaction vessel 13 is a bottomed cylindrical container having an opening on the top

made of a metal such as a stainless steel, wherein a reaction vessel flange 13a is provided on the



Fig. 7 is a cross-sectional view of the main portion of the sane.

Fig. 8 is a cross-sectional view of a reaction vessel representing the
second enbodi nent of the present invention. Fig. 9is a
cross-sectional view of a reaction vessel representing the main portion of
the third enbodi mrent of the present invention. Mddes for Carrying out the
I nvention [0012] In the first enbaodi nent of the reactjon _device of
t he pr eSBISE ciraypderence 9n sheaimper nertpngd thegeacorpvessehl 3, apd thetorppedidg pEde11 i s
such that an outer vessel 14 is provided on the outer side of_ a reaction
vessel I@cdgnteaichi hiy cavarediotd ihmpembgyild fixod desgrgaldy on peeaglipnaiessghbflange i 3a he
reaction vessel 13, one heat-mediumcircul ation tube 15 which circulates a
heat nedvilrmbolidfi- ad dischigatups 19 prgevrdes fomabmesntep pr Hiebpttgrp ghihe Fracting sl si de
toward the top side of the reaction vessel 13, and is pressed agai nst the
out er wdB [towrrd thedottemn of ihonuigewssedl 143 by a pressing nember 16. [0013]

The reaction vessel 13 is a bottoned cylindrical container having an

openi ng[¥H4t he top nade of a netal such as a stainless steel, wherein a
reaction vessel flange 13a is provided on the outer circunference on the
upper port i onApputeheesseb it isiachottomedeilindidcal egptpineh avith aysize peahithaj thsfreackien
reaction vessel 13 is covered by a lid nenber 18 fixed detachably on a

r eact i onesselsiSalan bé eongrneti3whigh issmadelvd b metal such aglp steintessysed, dwereioa gylivdricadies
fromthe center on the bottomof the reaction vessel 13 toward the bottom
of the ootten I4etssigh which[thddigdharge tube 19 Apnetrateeis presdded|at the centerf Bsthotierad
cylindrical container wwth a size such that the reaction vessel 13 can be
cont ai nelkreafhi Elie lidsmeraloke 18fs movrdedavittsancdgitater 20 kavaigrhegitation blelle 2Qgwt thsitip a
cylindrical portion 14a through which the discharge tube 19 penetrates is
provi dedfatotétive ageReto which hewobo2omcoireciedfand Thibe bame tmesyiverrovidedi withor ovi ded
with an agitator 20 having an agitation blade 20c at the tip of a rotation
axi s 20bemmerativiesensar imgertom @@Eon, sn ggeninejetta, pogtivd oathetlie asappeoprinteesach sf
provided with a tenperature sensor insertion portion, an agent injection
porti on vdnchtiheot|shben.as appropri ate, each of which is not shown.

[0015]

A heat-medium circulation tube 15 passes through the space portion between the reaction
vessel 13 and the outer vessel 14, extends below the bottom of the reaction vessel 13, then rises up
toward the center side of the bottom of the reaction vessel 13, and is spirally wound from the bottom
side to the top side of the reaction vessel 13 to form a wound portion 15a. The terminal of the
heat-medium circulation tube 15 is equipped with a cap 21 which occludes the opening end of the
heat-medium circulation tube 15, and at the same time, one round portion which is wound at the
uppermost portion is provided with a plurality of orifices 15b which discharge liquid nitrogen or a
low temperature nitrogen gas which is the vaporized liquid nitrogen which has risen up in the
heat-medium circulation tube 15, from inside the heat-medium circulation tube 15, toward the outer
wall of the reaction vessel 13.

[0016]

This orifice 15b is such that liquid nitrogen is discharged therefrom toward the outer wall of



[ 0015] A heat-nmediumcircul ati on tube 15 passes through the space
portion between the reaction vessel 13 and the outer vessel 14, extends
bel ow the bottom of the reaction vessel 13, then rises up toward the center
side of the bottomof the reaction vessel 13, and is spirally wound from
the bottomside to the top side of the reaction vessel 13 to forma wound
portion 15a. The term nal of the heat-nediumcircul ation tube 15 is
equi ppedbseadiion vesse) 13 firgpiing idiagerdlly dpelo wt Wigh tspree th ghedivrizaral diectinedpr medi um
circulation tube 15, and at the sane tinme, one round portion which is wound
at the @ppeplposan pepe ighoytds degroeshagonpplivrpelo vy ith eespecttodhe horizgntelaéredtmiy. whi ch
di scharge liquid nitrogen or a | ow tenperature nitrogen gas which is the
vapor i zedxtegncpuifigesi Shrasjanvides s therrarsumfesential ireptipntof ghetreagtiongaspal A el regwldrat i on
tube 15, frominside the heat-nmediumcircul ation tube 15, toward the outer
wal | of intervalseaBy promidingssyell am@ifice @6 dipumtmiteogon which és preyidédsn shedisattthediuthi qui d
nitrogen is discharged therefromtoward the outer wall of the reaction
vessel XEculatiactbalp atid addhas digchoeged Womi thhomigos b tant by allhwedhoriloposiong the
direction, for exanple, in an angle of about 45 degrees di agonally bel ow
wi t h r espeee wall of thh eeabigomi veesst B, and dissst haahexcBinge between the flowing 1ighidamteogen ovi ded
inthe circunferential direction of the reaction vessel 13 at regul ar
i nt er valasd tH8youfer pall df thg rexatidn wssebl3 K ipedortrsh fo ¢ffigjently oot thopectiontvesshl i3s
provided in the heat-nmediumcircul ation tube 15 and which is discharged
f r om t heAldoigh zplutbity dfdire dydiced 15bwedprowidéd ey e aregoulieofthethent-medibmof t he
reaction vessel 13, and direct heat exchange between the flowing |liquid
ni t r ogervirawgtidntebelft welriclwa Wouod atttheuppemadst pitioeinded. 7118 isiadsopesditde trgmoduse a
efficiently cool the reaction vessel 13. Although a plurality of the
ori fi cesletibbhauing grontiguteitbngn whichriheoordiced Lychroprovided dtakbxt topthdidumtleibeigbl at i on
tube 15 which is wound at the uppernobst portion in Fig. 7, it is also
possi bl aeliegtioprod theaeactionlesssal é3 rrad prederably atrthe gutiate wandsrat thieiupperinbsg portiofi ces
15b are provided at the top third in the height direction of the reaction
vessel 16017dnd preferably at the top three rounds at the uppernost portion.
[ 0017] The heat-nmediumcircul ation tube 15 may be fornmed of copper,
st ai nl ess st e@he lggat-toldiuiichreylatimdubeed minalpefoohed dieoppeat stareldsssteebarrtipalil®s | on
tube 15 nmay be any shape such as an oblong circular, circular or elliptical
cr oss- seod tlershipesi dpdiecatByedanp kiogulatign subed b Inmayde ey shubasuck possetd@gtdiromar,
shape, the contact area with the reaction vessel 13 is increased and the
heat - ex cliramgeoreflipticil ervey sectionab shaperp rByweuplo§ifdrBjblong circulaGaps-sbatonalahartehe
i nner circunference of the heat-nediumcirculation tube 15 and the outer
wal | of thdentagbartd with the sswelion] Bswet €3 fsimdresdedmnd hheshehi-éxchang ificencyedahibei ent | y
transferring heat fromthe heat-nediumcircul ation tube 15 to the outer
wal | of itnphmvegacti on vessel 13. This filler 22 is for cancelling decrease
in heat transfer by a gas such as air or nitrogen gas which is enclosed in
the gapq00By filling the filer 22 conposed of a material having the sane
thermal conductivity as or a higher thermal conductivity than that of
mat eri al s of Ghgs Hebaden mednuemcteunciteats aithe hebemddbumardctli@nriezcls apd theesse|
13, such as copper, alum num brass, stainless steel, sintered nmetal, or
t her mal wallarfstieeactiomeessel 13 tatecfillefl fwithi acfiley 22 forlk@aiently anssf@rindistngen thche
heat - medi um circul ati on tube 15 and the reaction vessel 13 can be inproved.
By usi ngeatagedilre cir¢dldtion t@i2,15a0 thatoeter avbll pfithe dectini veksehld. | qlisdilea®? fslfaw, such
as copper wool, alum num wool, brass wool, stainless steel wool or sintered
met al , seatetlmpidagent il heguirghsfer by @ gassuch scliarrg@gen gan wiieh isendioseéd inltbbgapan be
prevented, and at the sanme tine, the flowtinme of liquid nitrogen flow ng
al ong t Iy fllibgethe iiddr|22 edbmpdred bEamhtens haeiag ele siBe drrmdleopiuoliaygadr a higeereby
further inproving the heat exchange efficiency. [0019]

thermal conductivity than that of materials of the heat-medium circulation tube 15 and the reaction

vessel 13, such as copper, aluminum, brass, stainless steel, sintered metal, or thermal transfer cement,



The pressing nenber 16 for pressing the heat-nediumcircul ati on tube 15
agai nst the outer wall of the reaction vessel 13 is a strip-shaped pl ate,
wherein the upper end of the pressing nmenber 16 is fixed on the outer wall
of the reaction vessel 13 at above the wound portion |I5a of the heat-nedi um
circulation tube 15, and the |ower end of the pressing nenber 16 is fixed
on the outer wall of the reaction vessel 13 at bhel ow t he wound portion I5a
(on t he theeiicdency pfleabiransfee besyesrohy heafinedimadrspiatien &b biywnd fapreactigy vessel
respectively. Four pressing nenbers 16 are attached at regular intervals in
the ci r ddRtihecawroved diBeesiteo s e fillee2r emateriginsidesuteh 3 hquideng flovesichene

i nner circunference portion of the wound portion |5a agai nst the outer

per i phe€ypnst Woplealwminam wiggl) brass wople staialess Stesh Woelws sinteresl mefalsseatierimg e Hasd t hat

they are surely in contact with each other. [0020 . \Wen a.
| ow t enpétogendischaresd fpanihg erifiserl fopanghe pugrentsd.ragd atrhe samipdiniey theglewrtdngefi on
device 11, the reaction liquid 12 is contained in the reaction vessel 13,

and whi liguid méragem Bewing alopg thedutep wall obige raactéan wgpsehl ¢qe bagralenged, threebyl i qui d
nitrogen is provided in the heat-nediumcirculation tube 15. Consequently,
a di r ecturthenimpedngthg edt sxqhangesiiigiencst t he contact portion between the
wound portion 15a having a | ow tenperature by cooling with liquid nitrogen
and t he[PMAtti on vessel 13, and further, an indirect heat exchange with the
reaction vessel 13 is perfornmed via the filler 22 having a | ow tenperature
by the cont acthejiressing iembeulfdfoppressingtha Bat-mehiametirgulatien thbeakt dgeinst] theyontet 12
in the reaction vessel 13 is cooled to a prescribed tenperature. [002

The f eedvallmbthstreasfion yageal 3 iviatstragehapédmlase.twherdiethe uppad ewhe fthe pressaginggmbteube 15
is controlled by opening and closing a val ve provided on the heat-nmedi um

ci r cul atlpanfitedive thesoutrn seall obthetrenstioreynssel 43 afraboysfthe weundepetianddapfai d 12 in
the reaction vessel 13 neasured by a tenperature sensor, or by adjusting

t he deghest-maddivmpeiriulagionfubt &, apdithedower enil ef the keessing memnbler b tis fngd on dige outer
vapori zed nitrogen gas risen up in the wound portionl5a is discharged from
t he ori fwellef IBheactomyaisel hdatchetosr thaaohndortidrel Jaderrthe genteretis of thedottemid baf t er
cooling the space between the reaction vessel 13 and the outer vessel 14,

| ead outttichowentscaivsdbharl§a repedtivéliot Fa prsjingpmonbae 6 am attévheditregulayessel 14
to the outside. [0022] Since the anobunt of liquid nitrogen used for
cool i ng intéreals gutbe rioqwniferquiiaddittiomaf thereattiompsssel e andmyesstthepynanieirahmieisace
orifice 15b provided at the end portion of the heat-nediumcircul ation tube
15 i s f ipbttiod of thaivolind gortomkiachgnialiitye enmeipeaphershelrihe ouseravabliod thegfackipudsskl
nitrogen left in a jacket in a conventional jacket type device, the anount
of | i quild im$uch e gennerdhpykheg drefsorelyt ihgonta¢ttwithl caghoshérng can be consi derably
made small, and at the sane tine, the occurrence of undershoot wth respect
to the $e420i enperature can be prevented because the amount of liquid
nitrogen left in the heat-nmediumcircul ation tube 15 is snmall by stopping

t he provi si onWben & laguiedhppiaturorgediioat's penormediey weingrihe thas foomedt ieantioh deiéadl112 i s
cooled to a set tenperature. Since liquid nitrogen can be provided in the
smal | er theokantien hewd 1 risdiontained mcthé seactom vessokel 31 B whifsathe thagtiontigaidj lddket t ype
device while cooling near the set tenperature, the amount of liquid

ni t r ogengitetivitathe beitaterdd, lsqved hifrogands priovidbd inghgreeat-ingdiumgiingeletiantabd Eed

anmount of liquid nitrogen can be easily optim zed, the tenperature contro
preci si Glonsegneritly, 4 dipcoheatiexch@@ 8]performed at fhgrephtest potipn bptiweet thy weiimdipargort he
heat - medi um circul ati on tube 15 on the outer circunference of the reaction
vessel 133 havire aNowriempaatiiedry coSlangoreith lopidembogin and H,reation vdveel i $sind énther, t | e
of liquid nitrogen in the wound portion 15a can be prol onged, whereby

i qui d nhtrdbgarbegresstiadgowitinthe heactouvedsel pd rstpedorniBaviacthe fidérf22diawng h yow
contribute to heat exchange. Since, by providing the outer vessel 14 which
her net i eahpeyataobvetis cohctovithethe onglprirgmelfeewldrettytibe reeconiligmdv@ssele 13, t he
tenperature of the space between the reaction vessel 13 and the outer
vessel Yéctanvdsel k& ptcoblodvera prawnbédtempenipes. at ure of t he at nosphere where
the reaction device 11 is installed, the cooling effect by the heat-nedi um

circulation tube 15 can be further inproved.
7



[ 0024] Fig. 8 represents the second enbodi nent of the present

i nvention, and the sanme conponent as in the first enbodi nent is denoted as
the sane sign, and the description thereof in detail will be left out.

[ 0025] In the present enbodi ment, as. the pressing nmenber which
presses the wound portion 15a of the heat-nediumcircul ation tube 15

agai nst the outer wall of the reaction vessel 13, a pair of half bodies
25a, 25£(Héblng a shape such that a cylindrical pressing plate 25 which
covers the periphery of the wound portion 15a js divided into tw parts in
a vertical pl apfefestdamquakef hqahidu%«ggefléfg? disibsef-radina HErussion fubg d> &fwﬂwleﬁém
bodi es 25a, 25a together by a plurality of bolts 25b and nuts 25c, the
wound p@Petiggandsiosig ajvalve Pw@eé ghthedeatpedium giscudaiion fubgdp bassel op e r eact i on
vessel 13. [0026% (gre55|ng t he heat-nmedi um circul ati on tube 15
agai nst tepReTatwsef the ﬁeaf?‘é@sl&ul B pyhegigeqtion vessed 4 & imsgsuseddtyer tomperatiee sesPr, ©F ency
of heat transfer between the heat-nediumcirculation tube 15 and the filler
22 and bhedigsingrthedasree of opdmingrad sherviabg oy e dike.  13qwd mitteger ofrviapeized piFeesred,

and at the same tine, the cooling effect by liquid nltro%en fl ow ng inside
the fil lgayrisen up dmihp@onnd paveen Sprsidisgharzed oD the onifice 15b tpwerd e quggs el ofiths t he
third enbodi nent of the present invention, and the sane conponent as in the
first entsstonessel i3 apdplar seoling thewaesshebweeh e, reastion veseel dd gud thppitenvesssb o of
in detail will be left out. [0028] By winding a sheet-shaped filler
22 on t trad eyt Bemamischagge nortr(@etcshd wm nreydasl onvtm Qervesselalidrie the quisidet i on |iquid
and providing a heat-nmediumcirculation tube in such a state that the tube
presses (28t the sheet, gaps between the heat-nedi um circul ation tube and
the outer wall of the reaction vessel are filled with a filler. Also in
cases where thachibaamemtipfikaud picragentusechfor apsding the redstiomliquad 12hedin|beaf mpsie
reaction vessel are in contact with each other via the sheet-shaped filler
of a matlerdnagunt biswiieh thjotficeal Jbi pyenidedaa thefend portiphefthe heat-medivmanircilatidntuber a
state of being in contact with each other, and a cooling effect by liquid
ni t r ogen > ¢wuillddewbich &icaetdarably sreallsnthan thersmenntzed linwid mieogen ledtin jrblsdiment .

[ 0029]

conventional jacket type device, the amount of liquid nitrogen required for the initial cooling can be
considerably made small, and at the same time, the occurrence of undershoot with respect to the set
temperature can be prevented because the amount of liquid nitrogen left in the heat-medium
circulation tube 15 is small by stopping the provision of liquid nitrogen at the time when the reaction
liquid 12 is cooled to a set temperature.  Since liquid nitrogen can be provided in the smaller
volume heat-medium circulation tube 15 compared with a jacket type device while cooling near the
set temperature, the amount of liquid nitrogen used can be made small, and at the same time, since
the feed amount of liquid nitrogen can be easily optimized, the temperature control precision can be
improved.
[0023]

Further, by spirally winding the heat-medium circulation tube 15 on the outer circumference
of the reaction vessel 13, the wound portion 15a can be enough long, and the residence time of liquid

nitrogen in the wound portion 15a can be prolonged, whereby liquid nitrogen provided in the wound



As the sheet-shaped filler, a material having the sane thermal conductivity
as or a higher thermal conductivity than that of materials of the
heat - medi um circul ati on tube 15 and the reaction vessel 13 and a structure
inside which a liquid can flow, such as copper wool, alum num wool, brass
wool , stainless steel wool or sintered netal can be used. A sheet with a
t hi ckness of 30%to 10% w th respect to the diameter of the heat-nmedi um
ci r cul aPPGRn dbeanedicasntly spntiputy toheatraghange, tHeeedpyapratiding dherter vesseldf t he
reaction vessel) in the state before it is pressed by the heat-nedi um
ci r cul athish heppeticallscoyers theroasr pirgpaferengsyoftheagacting vesprd 1 ethe teppepiys of the
circulation tube thereon, the thickness of the sheet is conpressed to about
20% conpeace feticerhthe Fractian vekasbBsandfihe orserymesel 14sap be kept fovies than ghedemperqtug 30]
Al t hough in the above-nentioned enbodi nents, as a heat nmedium |iquid
ni t r ogerf ths atpsesghere wherh gwtreavtioh devided 1 pimstpllad; the goqling eéiecs by ghethset-mpedient
i nvention. Any heat nmedium nmay be used, and a heat nedi um which i ncreases
t he t enmpewationgulsf15tdaebe Buthed ioprdvedui d may be used. A plurality of
heat - medi um circul ati on tubes can be used, and al so, the heat-nmedi um
circul af®@r]t ubes can be provided in a zigzag-shape on the outer wall of
the reaction vessel. Further, a device in which a heat nedium i ntroduction
port is proviBigdd epresénts thoswsendpombodamend b1 thiypresant mvenios.saall thesare gothpaaent
medi um di scharge port is provided on the top the outer vessel individually,
and whi ehinfths figst sthbagdament & denoteghascthe sankeesagn, amsotheldescraptiop éhedéof écdetajl wititheoduced
in the outer vessel in the sanme way as in a conventional device nay be
used. BElehpite 1 [ 0031] In the reaction device shown in Fig. 1, as
the reaction vessel 11, a general 10 liter reaction vessel (dianeter: about
215 mm [@®¥pi h: about 250 mm) was used to performa cooling experinment. As
the heat-nmediumcircul ation tube 15, a commercially avail abl e copper pipe
was used, andinghppreivat evatmdinndng as dppeessipg pembedwhittepressactbe moundmsidn Gaér
wall was filled with a cormercially avail abl e copper wool. As the outer
vessel 1k heat-inadikmicirdationrtubeeldsghinstibg @hteriveallid e réagtiomvesemhydratnagredhalf acket
type 10 liter reaction vessel was used as it was. [0032] Experinental
Exanpl e badies 25a, 25aavinb e shape enchahateueytiedrsalqeessing phte J5ewloth arvesdlegeliphaay 22 m
copper pipe having a dianeter of 9.53 mmwas wound, and the tenperature of
a react iofthelwagnil dowias 1 et divaled 9QCtwopagpisav i datital plaed aredsadi anddydpsteningthe
copper pipe. [0033]

end portions of the half bodies 25a, 25a together by a plurality of bolts 25b and nuts 25¢, the wound

portion 15a is in close contact with the outer wall of the reaction vessel 13.
[0026]

By pressing the heat-medium circulation tube 15 against the reaction vessel 13 by such a
pressing plate 25, the efficiency of heat transfer between the heat-medium circulation tube 15 and the
filler 22 and the outer wall of the reaction vessel 13 can be further improved, and at the same time,
the cooling effect by liquid nitrogen flowing inside the filler 22 can be further improved.

[0027]

Fig. 9 represents the third embodiment of the present invention, and the same component as

in the first embodiment is denoted as the same sign, and the description thereof in detail will be left

out.



Experinental Exanple 2 On the outer circunference of the reaction
vessel, a 34 m copper pipe having a dianeter of 6 35 nmwas wound, and, in
the sane manner as in Experinental Exanple 1, the tenperature of a reaction
liquid was set to -90C to provide liquefied nitrogen to the copper pipe.

[ 0034] Experinental Exanple 3 On the outer circunference of the
reaction vessel, a 17 m copper pipe having a dianeter of 6.35 mm was wound
on the IBWS! half of the reaction vessel, and, in the sane manner as in
Experinmental Exanple 1, the tegg)erature of a reaction liquid was set to

-90C to provi 88 "‘ini“bléﬁ’e% fhsel-shaned ddlen2a on the euteiopalet agpastion o Bluchepatampnt al

Exanpl e 4 a conparative exanple, the sane device was used as a
j acket trggstoRbqyi¢ éndmm‘ﬁ@ag a P UNGd IR CIEHHER tYBR fesuck p stateithat hedubsprrssermierer
as in Experinental le 1, the tenperature of a reaction liquid was set

to - 90C theshgetogdrd éetme ¢ hesrme upotishlation tuheardihaeuter yalpd@lje reaction vesag) are
initial cooling tine (0O to -90C (mn)), a control precision (ATC, the
armount dillef witheffilley s pgases wded tmhe@h@eqhwmcuallat@@dvberagd thegpter all of the

Experimental Exanples | to 4, are shown in Table L
reaction vessel are in contact with each other via the sheet- -shaped filler of a material inside which a

liquid can flow, they are substantially in a state of being in contact with each other, and a cooling
effect by liquid nitrogen can be obtained in the same manner as in the first embodiment.
[0029]

As the sheet-shaped filler, a material having the same thermal conductivity as or a higher
thermal conductivity than that of materials of the heat-medium circulation tul;e 15 and the reaction
vessel 13 and a structure inside which a liquid can flow, such as copper wool, aluminum wool, brass
wool, stainless steel wool or sintered metal can be used. A sheet with a thickness of £30% to £10%
with respect to the diameter of the heat-medium circulation tube (diameter with respect to the
diameter direction of the reaction vessel) in the state before it is pressed by the heat-medium
circulation tube, is preferably used. By pressing the heat-medium circulation tube thereon, the
thickness of the sheet is compressed to about 20% compared with the thickness of the sheet before it
is pressed.

[0030]

Although in the above-mentioned embodiments, as a heat medium, liquid nitrogen is used,
the heat medium is not limited thereto in the present invention. Any heat medium may be used, and
a heat medium which increases the temperature of the reaction liquid may be used. A plurality of
heat-medium circulation tubes can be used, and also, the heat-medium circulation tubes can be

provided in a zigzag-shape on the outer wall of the reaction vessel. Further, a device in which a

heat medium introduction port is provided on the lower portion of the outer vessel, and a heat

10



[ Table 1] Initial cooling tine (nm (0 to -90C) Control precision (C (AT
Amount of liquefied nitrogen used (kg) (Initial cooling) Experinental
Exanple 1 26.8

medium discharge port is provided on the top the outer vessel individually, and which has a structure
in which a heat medium can be directly introduced in the outer vessel in the same way as in a
conventional device may be used.

Example 1

[0031]

In the reaction device shown in Fig. 1, as the reaction vessel 11, a general 10 liter reaction
vessel (diameter: about 215 mm, depth: about 250 mm) was used to perform a cooling experiment.
As the heat-medium circulation tube 15, a commercially available copper pipe was used, and gaps

“between the copper pipe and the reaction vessel outer wall was filled with a commercially available
copper wool.  As the outer vessel 14, a jacket (outer vessel) which is used for a conventional jacket
type 10 liter reaction vessel was used as it was.

[0032]

Experimental Example 1

On the outer circumference of the reaction vessel, a 22 m copper pipe having a diameter of
9.53 mm was wound, and the temperature of a reaction liquid was set to -90°C to provide liquefied
nitrogen to the copper pipe.

[0033]

Experimental Example 2

On the outer circumference of the reaction vessel, a 34 m copper pipe having a diameter of
6.35 mm was wound, and, in the same manner as in Experimental Example 1, the temperature of a
reaction liquid was set to -90°C to provide liquefied nitrogen to the copper pipe.

[0034]
Experimental Example 3
On the outer circumference of the reaction vessel, a 17 m copper pipe having a diameter of

6.35 mm was wound on the lower half of the reaction vessel, and, in the same manner as in

11



1.4 10.4 Experinental Exanple 2 51.9 0.9 11.1 Experinmental Exanple 3 43.5
0.9 11.2

Experimental Example 1, the temperature of a reaction liquid was set to -90°C to provide liquefied
nitrogen to the copper pipe.
[0035]

Experimental Example 4

As a comparative example, the same device was used as a jacket type device without
winding a copper pipe, and, in the same manner as in Experimental Example 1, the temperature of a
reaction liquid was set to -90°C to provide liquefied nitrogen to the jacket.
[0036]

An initial cooling time (0 to -90°C (min)), a control precision (AT°C), the amount of

liquefied nitrogen used at the initial cooling (kg) in Experimental Examples 1 to 4, are shown in

Table 1.
[Table 1]
Initial cooling time (min) | Control precision (°C) Amount of liquefied
(0 to -90°C) (AT) nitrogen used (kg)
(Initial cooling)
Experimental
26.8 1.4 10.4
Example 1
E imental
Fperimerra 51.9 0.9 1.1
Example 2
E imental
FperimeEna 435 0.9 11.2
Example 3
Experimental
32.6 3.7 15.7
Example 4
[0037]

In Experimental Example 1, although the initial cooling time was the shortest, and the
amount of liquefied nitrogen used was the smallest, the control precision was slightly worse than that
in Experimental Example 2 and Experimental Example 3. In Experimental Example 2 and
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Experinmental Exanple 4 32.6 17 15.7 [0037] I n Experinmental Exanple
1, although the initial cooling time was the shortest, and the anount of

| i quefied nitrogen used was the snallest, the control precision was
slightly worse than that in Experinental Exanple 2 and Experinental Exanple
3. In Experinental Exanple 2 and 12 Experinental Exanple 3, although the
initial cooling tinme and the anmount of |iquefied nitrogen used were worse

t han t h&xperimenig) Expprn 8 caltheughipe witiel cogling ime prdsthe apwit of liaysfiednigpess vseslil d
be obtained. The initial cooling time in Experinental Exanple 2 is |onger

t han t haferg Worssihan thaeinExpermeni) Feamplp d cap rxecllepecopEelipseciyiniecopld begbtamedw pass
is increased because the pipe is |ong, or because the provision tinmes of

| i quef i dée iitial sppding tignetip Expaiigneatab Firaaple 2 és lppger %hﬁ@t@m{ﬁ?cp@rﬁn@qé Extmpiadal
Exanpl e 3, the anpunt of |iquefied nitrogen used is slightly larger than

t hat i nbesapeatherasistancern thepfloav pass isdncaeasesd Yopaise the pive ioIPng.iof beceissdbanroyiggen

whi ch does not contribute to the heat exchange and discharged is slightly

i ncr eas éithep eElqusted Muogsinge thegvhotearipes arqowbihesamg. t Ip Expesimeatal Ryamnle3.ghg of

t hese Experinental Exanples, the control precision and the anount of

| i quef i ethonitiof gesiicd siggen used srrbizlkibrlamgenthimibaton Bypegsioreptat Bxpryile Jy because the
Experinental Exanple 4 which uses a conventional jacket type device.

Ref er enemoBitghdiquefisd nitrogen which does not contribute to the heat exchange and discharged is

slightly increased because the pipe is short. However, it is found that in any of these Experimental
Examples, the control precision and the amount of liquefied nitrogen used are considerably improved
compared with Experimental Example 4 which uses a conventional jacket type device.

Reference Signs List

[0038]

11...reaction device, 12.. .reaction liquid, 13.. reaction vessel, 13a...reaction vessel flange,
14...outer vessel, 14a...cylindrical portion, 15.. heat-medium circulation tube, 15a...... wound
portion, 15b.. orifice, 16.. pressing member, 16a...attachment screws, 17...bolt, 18...1id member,
19.. discharge tube, 20...agitation blade, 20a... motor, 20b...rotation axis, 20c... agitation blade,

21...cap, 22.. filler, 25.. pressing plate, 25a.. . half body, 25b...bolt, 25c...nmut
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[0038] 11... reaction device, 12... reaction liquid, 13 reaction vessel,
13a reaction vessel flange, 14.. outer vessel, 14a...cylindrical portion,
15 heat-nmedi umcircul ati on tube, 15awound portion, 15b... orifice, 16.
pressi ng nenber, 16a attachnent screws, 17.. bolt, 18. |lid nenber, 19

di scharge tube, 20 agitation blade, 20a... notor, 20b... rotation axis, 20c
agitation blade, 21 cap, 22...filler, 25...pressing plate, 25a half body,
25b. .. bolt, 25c...nut dains A reaction device which is provided
with a heat-nediumcircul ati on tube i@lagantact with an outer wall of a
reaction vessel containing a reaction liquid, and at the same tine, is
provi ded. Wi t haagaciio &bvick @hichhieprolided elithe atat-medinvumitlatifretuboiteonadvifiomt i on
of the heat-nediumcirculation tube, and an outlet for the liquid heat

medi um QuteAwBIRST NRadtioNwEistl Pohingly o iBactiol B, aae et the Shmiedinke atprodidurittadn t he
upper end portion of the heat-nmediumcircul ation tube, respectively. 2.
The reagtéadr He %ipGe hes aRdidn g tHeQowdrandpdrtioMBEhe héut-hid@uhediculaBet tbe, and an
circulation tube is wound spirally fromthe bottom side of the reaction

vessel to@idthe thORqsd BBt mBBuMfor b @ACRdaORe @S S@ich is Bvapbhiged IR He@imélRMh 68
according to claim1 or 2, wherein gaps between the heat-nmedi umcircul ation

tube anghdpper @aGHHRA 0¥ B HEdt-nRIdhRL citdlatioftude fredpb@femi th a filler 4. The
reaction device according to claim3, wherein the filler is fornmed by a

material i n WihCRadioh UoHEhc6RBink kPWaiB ivilRreih@e hia-hRBiunbdifuBtiot fige BaMe
time, the outlet is formed in a direction such that the liquid heat nedium

i's di sCRRnEEShitaBY@oeh thdotioh] did of thédreachidf vERAGS R RopEId tRoBBARLA kAGeIt O any
one of clainms 1 to 4, wherein a pressing nenber for pressing the

heat - nedi um crrCih@boh a@viéetge@ora%?waam; her DWiefein\gibd b@ednlBe KRBGLEIQM Vessel
is provided on the outer circunterence of the heat-nediumcirculation tube

6. The reaNLiANuBEMEGR rBshiol MsBd ohRr RAY aRIBe@vithh @B 1 to 5, wherein an
outer vessel is provided which hernetically covers the outer circunference

of the yeactiPp MeESDEHREONESRE W Liflint NEVHRIRA thBBHEUETRMESH Alda@Rallib R@ich 7-
The reaction device according to any one of claims Ito 6, wherein the heat
medi um i;9ighid@dh o RiikdiRARNller, and at the same time, the outlet is formed in a direction such that

the liquid heat medium is discharged toward the filler.

5. The reaction device according to any one of claims 1 to 4, wherein a pressing member for

pressing the heat-medium circulation tube against the outer wall of the reaction vessel is provided on

the outer circumference of the heat-medium circulation tube.

6. The reaction device according to any one of claims 1 to 5, wherein an outer vessel is

provided which hermetically covers the outer circumference of the reaction vessel provided with the

heat-medium circulation tube.

7. The reaction device according to any one of claims 1 to 6, wherein the heat medium is liquid
nitrogen.
8. A reaction device which is provided with a heat-medium circulation tube, via a filler inside

which a liquid can flow, on an outer wall of a reaction vessel containing a reaction liquid, and at the
same time, is provided with an inlet for the liquid heat medium at the lower end portion of the

heat-medium circulation tube, and an outlet for the liquid heat medium or a gas heat medium which
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8. A reaction device which is provided with a heat-nmediumcircul ati on tube,
via a filler inside which a liquid can flow, on an outer wall of a reaction
vessel containing a reaction liquid, and at the sane tinme, is provided with
an inlet for the liquid heat nmediumat the |ower end portion of the

heat - medi um ci rcul ati on tube, and an outlet for the liquid heat nediumor a
gas heat nediumwhich 1is a vaporized liquid heat nedium at the ugper end
por t i onis@fvaperéze digiid ket mediugy 3tdha upppioRd paTien of de peattredim circulation tube,

respectively.
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