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/ DI STI LLATI ON hicAL FI ELD 08 FEB 2001 The present invention

' relates to a gﬁmmmwm mgmm" pparatus and a distillation nethod. BACKGROUND

/ ART'ConventionaIthmgk*lstlllation apparatus conposed of a plurality of
distillation col umg$r obtai ni ng products through distillationeffected
separation of a plurality of conponenﬂs contained in a material liquid
occupi es a I#mgmmﬂmﬁmmmMWn the distillation colums are constructed
, separately f her. | n aDEBCRIRIAONM-type distillation apparatus,
in order to adjustooiessure within each distillation col UnpFERIPgeY ri buti on
of vapor anong the distillation colums nust be controlled, with the result
that the distillation colums cannot be operated stably. In order to cope
wi t h t h&IaboMeA THONbARPARATUReAND DASTHATION METHON a distill ation apparatus
equi pped with a Petlyuk-type distillation colum. In this distillation
apparatus, an inner cylinder is disposed within an outer cylinder, and a
material liquidis fed into the inner' cylinder so as to undergo
di stil | AECBRICHOWEYEBD, manufacture of this distillation apparatus
encounters difficulty in supporting the inner cylinder with respect to the
out er 08 FEB 220 preydntnderent tordrspoisingoaalding il dasish sppAPEARY a@8 40
extend through the outer cylinder, and in attaching a feed nozzle to the
i nner cylisbiEradtioAsmethiogdsul ts the cost of manufacture of the distillation
apparatus becones high. Since sufficient sealing cannot be established
between the line and the outer cylinder and between the feed nozzle and the
i nner cylinder, distillation efficiency drops. Since the inner and outer
cyl i nde BACKEROUMDs pRBed concentrical ly, an exhaust section and an enriching
section each assunme an annul ar structure. Thus, manufacture of trays to be
di sposed i n th€oaxdatisnhaddyt isodiatdl laheoeuppahatgs seapbest iof digfireality In
order to cope with the above problem there has been provided a
di stil | afi dhsappbatatars cotioses i fdrerabdaingngi pradiet thy theangh afist ifilation-
partition (refer to US Patent No. 4, 230, 533). The distillation apparatus
is fed efflecienptsepaalaticuiod tehrpgdugta lainty rRifetc qugmeansk g tgised i rst
distillation section, which in turn includes an enriching section forned
above t hetenial lphped aoutupdeexhdusbe saets ohef dlredibel Dwittiba colwihsphpe; a
second distillation section, which in turn includes an enriching section
connect edntsd rawed efdo rsegdh retimley thempper endhefr.t helof i4 sdidb-sdo 1dhmi+oype
section and an exhaust section forned bel ow the upper end and | ocated
adj acentlisd¢ itlie tdom @pipay e, dm afrdere tfd rest justi girdd ineony seEein oraathi | e
bei ng separated by the partition; and a third distillation section, which
in turndinthiddesian eoiuwh] nglsecthuricomfevzedrt amand tbendtlsabbli=t 1dve
| ower end of the first distillation section and | ocated adjacent to the
exhaust cedomheonmoét' bhechdntooltidt iditat itde sestiléntivaicl ehbedhgt sepat adred by

t he
columns cannot be operated stably.

In order to cope with the above problems, there has been
provided a distillation apparatus equipped with a Petlyuk-type
distillation column. In this distillation apparatus, an inner cylinder
is disposed within an outerlcylinder, and a material liquid is fed into
the inner cylinder so as to undergo distillation.

However, manufacture of this distillation apparatus encounters

difficulty in supporting the inner cylinder with respect to the outer



08 FEB 2001 partition, and an exhaust section forned bel ow the | ower end.
In this case, the cost of the distillation apparatus can be | owered,
distillation efficiency can be increased, and trays can be manufactured
easily. However, in the above-nentioned conventional distillation
apparatus, in order to appropriately distribute liquid descending fromits
upper portion between the enriching s@ction of the first dhzfp @mlon
section and the exhaust section of the second distillation é@l not

only nuebibhtd | oW sRiBaOhe!d W 1EGIHOM hihRNELCHS Nk BAE HRRLEh LE

second ation secti to the enriching section of t

di st | ghion sachion bed soulatediby 1308 0fz20 28aLN2ehned dither.

cont rol w contr but a so the flowrate iquid fed

from thgseprebing S& | YPrtolhrt %n%?ﬁ@ﬂ&'pﬁ'ﬁ"dH@tdl%ftlsl%fthBH 5;9péﬂﬂé?tuc
exhaust section of the second distillation section nust be regul ated by

means Obefoh&y ¢li gheNS9ncd JureWcsont rldi18hg aasth@ f0Ws EQRt 1 ledV BEVGeer SO,
in order to appropriately distribute between the exhaust section of the

first dipbihisd iy S9et Io%e@nsl yi aanrdrghinegueest tigd Rfed PRzENET 8hd the
distillation section, the liquid descending from above, not only nust. the

flow rajgned &IBifRY,aldildequndtiss di&r fdhienkhr §P09$ stidild @peSeRhéOMmbEe
regul ated by neans of a flow controller and a flow control valve, but also

the amypter 871%%99%% %%58@&&%%%&9%&&9%‘ thﬁrbik%%tegeé)ﬁto\?ﬁﬁﬁdté}?
first and second distillatioh sections nust bé regul ated by neans of a

level sgRsfinirfy Lbovs GOMUL !a§£urr|xéi%(iil Bnh@VArC RGOt urAl Venus, MhrfBadide

Further, 1n order to appropriate di stribute between the exhaust sectlon

of the EW%PagESEU bat !:19@8%@88' eH @H&’ %hﬁaﬁé‘f' £8E Yo eLhd Otfhé’fedthﬁhixjﬁ% o

distillation Section, vapor ascending frombelow, not only nust the
rate.ofsggggﬂ]ﬁgdﬂiffgpd1Qe exhaust section of the third distillation
section to the exhaust section of the first

In order to cope with the above problem, there has been provided
a distillation apparatus whose interior is divided by means of a flat
partition (refer to US Patent No. 4,230, 533).

The distillation apparatus is fed with a material liquid through
an inlet pipe and includes a first distillation section, which in turn
includes an enriching section formed above the inlet pipe and an exhaust
section formed below the inlet pipe; a second distillation section,
which in turn includes an enriching section connected to and formed
above the upper end of the first distillation section and an exhaust
section formed below the upper end and loczted adjacent to the enriching
section of the first distillation section while being separated by the
partition; and a third distillation section, which in turn includes an
enriching section connected to and formed above the lower end of the
first disﬁillation section and located adjacent to the exhaust section

of the first distillation section while being Separated by the



distillation section be regulated by neans of an analyzer and a fl ow
control valve, but also the flow rate of vapor fed fromthe exhaust section
of the third distillation section to the enriching section of the third
distillation section nust be regul ated by nmeans of an anal yzer and a fl ow
control valve. As nentioned above, in_order to appropriately distribute

li qui d and vapor, not. only nust. i nstrunentation, such A EhAlprzers, fl ow
controllers, flow control valves, and | evel sensors, be disposed, but also
conpl i catethiciunt r ahd rrs exheugterdeot e fidmmedgbe lopethe | bovesf ente i nstrunent s,
causing an increase in the size and cost of the distillation apparatus. An
obj ect of the presgnts icakent tha tsst wfpride désaitistidi atpparadppacat dge and
a distillation nmethod capabl e of reducing the nunber of instrunents,

si npl i f ybRere@ntd ot ilneduehnef appasmiws 3 be, inodeassiiciargl ¢cosys téandgh
solution of the above problens involved in the conventional distillation
appar at 4anufdcBGe®ds 107, THE | NVENTI ON To achi eve the above object, a
distillation apparatus. of the present invention conprises a colum body; a
partition f or dhybdeng iMethe GfbdRB mftlidneiderioareat ibhe lcok sthl bothor nt o
a first chanber and a second chanber, which are adjacent to each other; a
feed nOééF&r&&’(s,f e8dbRdk i RicOap Peowralateny betyt rabuse eriqiidl destcehdiont arei ng
at least first to third conponents; a first distillation section conprising

an enri ghisng [{RCE | 991 963t B¢ tale AN tIPPCENRPALLIIGN tdws e0bnand ameeXhiaust
section |located at a | ower portion thereof a second distillation section

di sposedisgcindthah &dctiR@AShnd tHY bkRaudtheeedion $radhacsiiondoditia 1beporf
t he col unmm body, and conprising an enriching section |ocated at an upper

portiongsbhei@ef rdoaly exiidd Thes €Cbh Ofate0oat etgaid Fddowennpotd isamithengof ;
athird distillation section disposed such that at |east a portion thereof

i s adj ageptid®w drhenbotdcndot ikbel taivisbethon apdtie®rmurriishhgg asectibnedt ng
section |ocated at an upper portion thereof and an exhaust section | ocated

at a | opge PoOFrdtd ensthereofon kkesiordibecheggatedians fesndicfcharaailyzehe 4 r st
conponent; second di scharge neans for discharging the second conponent; and

third dishar eentesiierf Obndi schEggicmtrbe vhlve] conpedeot thdhfdquarateiafh is
bi ased such that the cross-sectional area of the first chanber differs from
that of 16heigeeead reBamee. enriching section of the second distillation
section to the exhaust section of the second distillation section must
be regulated by meaﬁs of a level sensor, a flow controller, and a flow
control valve.

Also, in order to appropriately distribute between the exhaust
section of the first distillation section and the enriching section of
the third distillation section, the liquid descending from above, not
only must the flow rate of a material liquid fed to the first
distillation section be regulated by means of a flow controller and a
flow control valve, but also the amount of a product discharged from a
position located between the first and second distillation sections

must be regulated by means of a level sensor, a flow controller, and a

_flow control valve.



In "this case, through enploynent of the first and second chanbers of
different. cross-sectional areas, a pressure loss arising in the first
chanber and that arising in the second chanber can be equalized, thereby
elimnating influence of descending |iquid on ascendi ng vapor Thus, vapor
ascends while being distributed uniformy. Distribution of vapor does not
require disposition of many instrunenys, such as an anahgggé,(ﬁ flow
controller, a flow control 6 08 FEB 2001 val ve, and a I”"sensor, nor

does it requireprgxggditi ofyy Of n LRI Ca;’fbﬁa%p‘?’@@tt'&q BRseughy eper At ) o Ol‘fhet he
instrunent. Accordinglly, the | size of thé disti 'l ation appar at us can

reducedsy ARG { *}:E‘ed&% k tﬁé‘effriféé 'ﬁt %tQBHaééé r?aa'?:db%h'ée@HP

wel |l . Since the escen I ng of |qU| the ascendi ng of vapor mn |n t he
col um beghyianfbens nfsmtpaeﬂfsitlpice%%hegaeu@ﬂa, avEP&nRRiceRding acfl@mOfaeimw d)
phenonmenon in a packing can be prevented. Also, occurrence of

mal di st pbHUsh BN nuReNYALT PTIY diszRebs oap@eﬁ fdayirdh 6R8 OeRLVeBEedon | &F
anot her distillation apparatus of the present invention, the first

di sti || ghé opSREtd QR 119 2315POSEAL8bnt BE CRNMAfst he aabumBrbody. 1@
further distillation apparatus of the present invention, the feed nozzle is

adapt edqi ot { ead flohe sBBE €6t Ae Ire@uindteatvy ddiesf b?séndéﬁéh}ﬂe%t 208 geLidPn.

In still another distillation apparatus of the present i1rnvention, a packing

i's di spesgerdD @1veeashitt ResSERCHI G, $oEEi 8P Aach f'ieecﬁ?%‘rfﬁtthﬁeﬁﬁh%ipf
the first distillation section such that the packi ng di sposed in th
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i ndependent of each ot In a still further distillation apparatus of the

present ¢ @Akl O&Sttlliga'@ﬁp @Qr{%'icﬁt 'mh.%@t thed %%ﬁﬁ?&ﬂ&ﬂ bgolﬁ@{]dss ?? dhengApi&hi ng

section connected to and forned ove an upper end

di stillgtd on r386t EErcANdaihe exhaust section forned belom/the upper end
and | ocated adjacent to t%e enriching section of the first distillation

:ggt : on \gﬁgl | e Bei feht3eRad iRfedy 14 Nedear Ttbtéé%ugxfﬂ&téi}j bds 8 Suidel b4 M
nprises the enriching section 01
and vapor, not only must instrumentation, such as analyzers, flow
controllers, flow control valves, and level sensors, be disposed, but
also complicated control must be performed through operation of the
instruments, causing an increase in the size and cost of the
distillation apparatus.

An object of the present invention is to provide a distillation
apparatus and a distillation method capable of reducing the number of
instruments, simplifying control, reducing apparatus size, and reducing
cost, through soclution of the above problems involved in the

conventional distillation apparatus.

DISCLOSURE OF THE INVENTION
To achieve the above object, a distillation apparatus of the

present invention comprises a column body; a partition for dividing the



connected to and formed above a |lower end of the first distillation
section, and | ocated adjacent to the exhaust section of the first
distillation section while being separated by 'the partition; and the
exhaust section fornmed below the lower end. In a still further distillation
apparatus of the present invention, the feed nozzle is disposed between the
enriching section and the exhaust sechion in the first distjll hiaﬂ
section. In a still further distillation apparatus of the pb@éi ﬂ

i nventi gn, e dihe BACKINGS 180 1Hdyt ARS8 isBdehdibe® ahilld deaphBechamber,
distillation apparatus of the present invention, the packings are of

di 1 er ephs &l nds. afjatiht fo/dder odhsti ld aeannagpre alass febdihe presehe

i nvention conprise colum body; a partition for dividing the interior of

the CO'JEWPU.PHC’M &gtﬁ fafdfsi1cheabel @nttaarsenond dramnter inshi th ahdrd
adj acen o eac% ther; a feed nozzle for feeding into the colum body a
mat eri al L guhds contaloi ng <at 11 ea%h Eédtsnt Sodghiking emensidisingasédtish
distillati'on séction conprising an enriching section |ocated at an upper

porti On]ﬂé%ﬁ%ﬁ?ﬁ;:%ﬁ?éﬁge?x%togs%ﬁéri’é?)@ bagalredxBhudt leweioPaichesd tdtereof ;

a secon sec i sposed such that at |east a portion thereof

|'s ad] G, ip‘arw& tRr8Es I N eobHAMRedY1atR6 SEFPIdrS RgpasedeBLLS NilRg
section Tocated at an uppet portion thereof and an exhaust section |ocated

at a | oUer) B LOBoL RIS AlierBob NiL hfflasbht | 6 e SoptoDMtId 2poaed lssashy that

at least a portio ereof 1s adjacent to the bottom of the col um body,

and CO”QIE(% Sdéo’ﬁ%r'i‘.@iﬁé”agagl%hg%ckﬁ Lopt iRcabesk i adnanpRferppsitiion thereedd and

an exhaus ection 2001 | ocated at a | ower portion thereof ; first

di schar gy EANS, AL Iaehars] Nocbbealit St Ramonehitiosecnated schaigedmeans
for di scharging e second conponent; and third di scharge neans for

di scharg%ggjf%ﬁecitow tde dlpgs[fﬁ]]%gbse&immtﬁsﬁpwdié&tf BOpoitidrenhe edbNdLs

section € secon tion section is distributed between the

enrichipg, QN i petoul shhLh@tddey, sesd i eimpandinderexhasting
sectiongggaﬁﬁg;ggcgﬁ%lglsfﬁlIation sec%ion gf a distP?bution ratio which is

pr edet eggke?ﬁn Opoég@ecpaasa SrPupPedt bbh8tb@Nciconddist i:0/s anAephesstr eed sm
e

arising In rrst distillation section is equalized with sumof a
pressure.l.ass ArdSiNg d et hgopxhaust neeeldfon of réhedsechadgdi skialnsatfican
section and a pressure loss arising in the enriching section of the third
distil] aiion, Sack ofl dibsknbsnfRRat; SideRda pamseandansian idispargitde
first disti I Oon section Is equalized with sumof a pressure | oss arising
in the expayst.sectdydrhtt:nengdeerish diischial-gti pBasectdron iantaagpngsthe e
|l oss arising 1n the enriching section of the third distillation section,
descendkﬂgpéhﬂﬂ%gngggs not affect ascending vapor. Thus, vapor ascends
while being distributed uniformy. Distribution of vapor does not require
di sposi tion of fRNYarBStIMEN Hiasehs @ ahadnohyzamssasétioiomednerehlet, a
flow control valve, and a | evel sensor, nor does it required execution of
conpl i C%ﬁdf%%t EQhmidI QuefePERahi ©RtoST e sestrdimeatiser. Accor di ngly, the
size of the distillation apparatus can be reduced, and the cost of the
distillation appar ahyg ¢arehe tnqe@wgadeaplm@mbnt 09 0BeFERr2004n&i seeonhe
descending of liquid and the ascending of vapor within .
chambers of different cross-sectional areas, a pressure loss arising in

the first chamber and that arising in the second chamber can be
equalized, thereby eliminating influence of descending liquid on
ascending vapor. Thus, vapor ascends while being distributed uniformly.

Diztpibution of vapor does not require disposition of many

instruments, such as an analyzer, a flow controller, a flow control



t he col um body can be snoot hened, occurrence of a channeling phenonmenon in
t he packi ngs can be prevented. Al so, occurrence of maldistribution can be
prevented. In a still further distillation appal~atus of the present
invention, an F factor in at least the first distillation section, the
exhaust section of the second distillation section, and the enriching
section of the third distillation secfion is set to a val uel 8hbB 2habl es
obtai nment of a pressure |oss alnost f t~ee frominfluence of the anount of

descendjdge| i g & 1kDe® Sdrisol, f wert ipes di s tidgudbe oskeappacatafs cofipl heatedesent
invention, an F factor in at least the first distillation section, the

exhaustcsgebl othfughhepseoand 6f stiid liaktaumesest | ofccaddng by ehei shengf
section of the third distillation sectionis 1. 0-1.5. In this case, since

the F faed of14 61118t 10B, appRiessy edss nenmidsd ol anst tuacbangedfevwdr when
t he amount of descending liquid varies. Accordingly, a pressure |oss

ari si ngysish i1 1t fdof Shpathativisl bab N re@sddasi seBgual i zed with sumof a
pressure loss arising in the exhaust section of the second distillation

section and a PIRESYRE d&;&%nailhgfsio&fgli iighen@niHec Bk Pt bonaghbrt hiethin r d
distillation section. In a still further distillation apparatus of the

pr esenttl# %80 Mo *%aﬁ%@%ﬁﬁ&%@ﬁéﬁs dc@reahcall it edchantdigngaslsclofoft he

nunber of theoretical stages, the nunber of theoretical stages per neter,

gnd a PR r)eﬁll]él%?nefh%h YA 4 NeiahE. cdh & philénddi.t halssll ddck-aehen of
pparatus’ of the present
maldistribution (nonuniform dispersion of liquid) can be prevented.
In another distillation apparatus of the present invention, the
first distillation section is disposed at the center of the column body.
In a further distillation apparatus of the present invention,
the feed nozzle ié adapted to feed the material liquid into.the first
distillation section.
In still another distillation apparatus of the present invention,
a packing 1s disposéd in at least the enriching section and the exhaust
section of the first distillation section such that the packing disposed
in the enriching section and the packing disposed in the exhaust
section are independent of each other.

In a still further distillation apparatus of the present
invention, the second distillation section comprises the enriching
section connected to and formed above an upper end of the first
distillation section; and the exhaust section formed below the upper end
and located adjacent to the enriching section of the first distillation
section while being separated by the partition.

The third distillation section comprises the enriching section -



10 08 FEB 2001 .invention, the ratio between the cross-sectional area of
the first distillation section and the crass-sectional area of the exhaust
section of the second distillation section, and the rati o between the
crosssectional area of the first distillation section and the
crosssectional area of the enriching section of the third ﬂt@bgéhﬁ¥ion
section are established according to the anount of ascendi . A stil
further distillation apparatus of the present invention conprises a colum
body; a partition for,diyig g Ln{sndoredf drheneot uppr bt iilnkoian
pIuraIFt ngFt%Hag%e?éqdgﬁf@%pg$%bédrace%t to one another; a collector

di sposed wi.thin the.cal apheds £10268 | Gt lgrawird téeseengt ng
fron1a5§§%#ughda %c%§%ﬁ§gat§gg¥8?§?r?gutor for distributing liquid

col I ect gd by the_collector n apRers h e barentider tandnshel n
this c Fiﬁﬂaﬁﬁand%%éigﬁ% Hgﬁg?o%$%ﬂ§§%ﬂﬁs collé%ted E& the coll ector and
then distributed anon h B8k i ent portions. Accordingly,
distill dHﬁ%c 7FQﬁ§np ?%@%%ggﬁﬁﬁe¢ﬁ%lggt¢nﬁn1state according to
distillation conditiaons,,t S| SNEMPA GNsURRt ithR hRekBat
distillation aggéﬁ%rﬁ%%l¥:r H@?%%?ﬁﬁﬁggﬁggﬂther is no need forlenploying a
conpl i cated ,i.nstrumentat i tegl pLREeSh ZEnedfentish dhgtdddtabhon
appar aty &4 ohe gg%uﬁ%%%rhﬁ%ﬁghégc%gﬁﬁﬁgﬁiﬁe distillation apd%ratus can be
reduced I, Astill .fur di-stid | gkt oM ARBar &dusoaf the present
inventF%ﬁf5gﬁp?@¥%§%a°%8Fﬁﬁn£€§%$;kgl%%f?%t?on for dividing the interior of

Lhe. ol um bodyy 1 o B Uik ofs SNETEr o W v o) a9 rcscone

anot her; a coll osed W m body and adapted to 11 08

Ctat | o-BPERRIEE | Yot HAKOTRF DIbCri o oF ol Bt ri but i ng 11 quid col | ected

" qui @ descendi b #r ORPboVe" PRobal TLcl by L r il SEL o and then -

i ot | PRI B B AP ANREC: T A bt i ey e according (0.

Gi St 11 a1 on ahparer g R KEm T O e D T ol oy ng
cppar ot SRR e o BUnEEh a. Engoenii PPk S hRETR n mperat us can be
| mvent 1 BaLbbRpPPads Tht P Bas B b e T R e The It er i or of
anot hor S0ae ] 46 Bre i SEE R AT ROTRE o boh and atapted to coll ect
ctati o-praCalra Ly B e Y ety PR arat but g 11 auid col | ect ed

by the goLLesior.1e .oindl & ghathahel apateditherehalasionthecdtet rabutor

conpris an-opén staftic-pressure-type stand pipe for accunulating liquid

di schar r ; t e deabl bs N ozapeedet er doved poedion a
first dgg??%dﬁ?#ggﬁsg@%%%ﬁ ?%?%gﬁgﬁp%%%t?%g quuidain a direction

per pendi to,t [ 4k kL 9N @it @eseeendd thmigddbetichntisectatoieds sposed
in connggg%géfhﬁ?ﬁgﬁﬁgﬁ%irst di stribution section and adapted to distribute

i qui d Raviing pegl di st i busgdabyntheof ihet tdipstofi e aro Bemt i ondy,i rende
sanme di fection as
comprising an enriching section located at an upper portion thereof and
an exhaust section located at a lower portion thereof; a third
distillation section disposed such that at least a portion thereof is

adjacent to the bottom of the column body, and comprising an enriching

section located at an upper portion thereof and an exhaust section



12 that of the partition. 08 FEB 2001 The first distribution section is
connected to a | ower end of the stand pipe at a position biased toward the
partition fromthe center of the chanber. In this case, |iquid descending
fromone of the upper chanbers is collected by the collector and then
distributed to one of the [ower chambers by the distributor. Since the
first distribution section is connectgd to a | ower end of §(ﬁpd pi pe at
a position biased toward the partition fromthe center of[iQEEcLanber, a

pressurg, l ossyagsogi ghed Witdh Qv £8shsbance jiskhigy dd1ea ¢ & Shedhst Fiolput i on

section can be fmade the sane anong the second distribution sections.

Accor di &@gkqég{épfg :ce&ggﬁﬁp&aﬁo{aﬁ?rféx&t;f kbt gd UREAOFSE YeBMET £dNQ 18Pk FEINg

chanber”. er di's ati’on apparatus of the present invention

CO”priSﬁﬁ%éﬁég@nﬂngogngé @ PRI khiieR f9EcHiMdiR@nkheckniestRir Ofnd heie
y 1Hto a p 0 h

col um bod ural ity of chanbers, which are adjacent to one

anothegi.qﬁc?bhgggéH£ box for formng a liquid collection gutter along the
i nner wall ‘of "e&ch of the col umn body and the partition; and a plurality of

collector lam ma%uqidsgggggn ata%hfgr];rﬁflhﬂl?ec'[el r-il&ﬂ)in@} sBEEdeh €5 fied idgtes i n

paral l el w th one anot e collector”lamnas conprises an

L ncl 1 ned, pantion And. 2 Gl LR aROEL Bfl oA OREn ek ln i@ ANt LEEL RAY tdron

faces t y~ Stde “of hU|d_cpI ectron gutter Whil e ot her

ord, o 4 AE°D08U A RSEELLNR AL U 0Bl St Liaups saldert on
distillation section at a distribution ratio which is predetermined on
the basis of distillation conditions. A pressure loss arising in the
first distillation section is equalized with sum of a pressure loss
arising in the exhaust section of the second distillation section and a
pressure loss arising in the enriching section of the third distillation
section.

In this case, since a pressure loss arising in the first
distillation section is equalized with sum of a pressure loss arising
in the exhaust section of the second distillation section and a
pressure loss arising in the enriching section of the third
distillation section, descending liquid does not affect ascending vabor.
Thus, vapor ascends while being distributed uniformly.

Distribution of vapor does not require disposition of many
instruments, such as an analyzer, a flow controller, a flow control
valve, and a level sensor, nor does it require execution of complicated
control through operation of the instruments. Accordingly, the size of

the distillation apparatus can be reduced, and the cost of the

distillation apparatus can be reduced as well.



08 FEB 2001 agai nst the collector |amnas, flows along the inclined
portions, and is received by the gutter portions. The thus-received liquid
is transferred horizontally to the liquid collection gutter. Accordingly,
since a material liquid can be mxed with the liquid within the liquid
collection gutter, a biased flow of "the |liquid does not o ﬁ%% Zmﬂus,
|l iquid and vapor can nale sufficient ontact with each oth iﬁ e upper
and | ower chanbers. Since there is no need for projecting the collector box

to a great extgnt ipto the |nterioryof,ikhgnsahdnishedy nk oordesr tdtWih hdr aw
a product, a bﬂﬁ@gdgﬁﬁéﬁﬁg?h@gﬁbFl dgglﬁot occur. Thus,gliquid and vapor

can ma sufficien ontact wt QL her i f et h OMeE 1
chanber .eV%bngQshgﬁgi&f%rqgn%Wé?f%ﬁgégbhgﬁggﬁg%ﬁéﬁgythrough gapéng

between col | ector .| am nas and ascends, al jinclined pricirgracehbie
bei ng AT Unay? FP&WPFﬁnggrugngC%%tg?&vé§ﬁ%% vapor ascends shnothly

al ong the j.nclined portions, ure | oss becones negligibly small
Thus, SngP% PFBMP%ﬂM%g%éﬁégbes not occur, liquid and vapor can

make sufficient_contact. wWith each other 4n.t d Jrowel: Ghhagbees. A
still further dtstd |ffata%Jﬂorf%‘%%f’atoﬁls;&?rl%ﬁ?e”@fé‘ﬁ’%t%@m ofowte

I nvention conprises a

col um hody, 3 par (I on far. diyi 9Log. the bol.et | Alscal1bhens abutTogodtel nto

a pl ur ati*Ertdpn re adj acenf "to one another; a coll'ector box

for form |iauid Lect | N e 2 tor b
Cgfunﬁr%. n&‘egﬁéorbgﬁ it”(f%o%?g%‘%ﬁ cf&%%llﬂgﬁlﬁ@t@@%fc‘t%ﬁr A lehef egprdniol the

ura of collector |am nas

par a1 | HeCHIER B Panartel LThE Bl e ant t Bo CarT oot ar | ni nas ar 6

ox and the collector | am nas are

assenbl ed in adyance, and _the cqll i ; hd heeCohdumt body
and t he® P& ﬁ”’?i‘ﬁ)énc.’fc.al%’efﬁ}}‘éec“ssé ggi"%:teq(a%r‘?a?‘é‘g?a I?Sigeigdhjifts m xed wit h

liquid within the Ii%yid collection gutter, a biased f low of the |liquid
does not EndEpe, L 10uA%i d and vapor can male sufficient contact with

o oj ecti ng he S61 Fobbol IDBAT PR 5 FrERT LATARt TIRE The ISk error o T

projecting the eal extent o the interior of the

cocur . FRECTPRGURR BriFUaborh i TSR BOT 1 e ent e oet i b Bach otner

occur. ¥H € su cient contact with each ot her

Lﬂaﬁ,ggr§££§@§£%gﬁ'¢g§g;og;kg?®%@aon§i 68 113001 ASEENdicRy BEOMHerk-oueIng

section of the third distillation section is 1.0-1.5

In tﬁis case, since the F factor is 1.0-1.5, a pressure loss
remains almost unchanged even when the amount of descending liquid
varies. Accordingly, a pressure loss arising in the first distillation
section is equalized with sum of a pressure loss arising in the exhaust
section of the second distillation section and a pressure loss arising
in the enriching section of the third distillation section.

In a still further distillation apparatus of the present
invention, the pressure losses are calculated on the basis of the
number of theoretical stages, the number of theoretical stages per
meter, and a pressure loss per unit height.

In a still furtheb distillation apparatus of the present



bet ween col | ector | am nas and ascends snoothly al ong the inclined portions,
a pressure | oss becones negligibly small. Thus, since a biased fl ow of
vapor does not occur, liquid and vapor can nake sufficient contact with
each other in the upper and | ower chanbers Furthernore, since the collector
box and the collector |amnas are assenbled in advance, the collector can
be easily attached to the colum bogy) Since there is no n%eBanEIﬁ)
assenbling the collector within the distillation colum, asse i'ng work

b lifi I L LI fned t
vent @I?I’r?%ﬂwl%“ppébegﬁgti? SR R rR RS

bod tit d fl I EB
280)1/ ga‘ﬁj ﬁé ajzr;f’rn:eslg%g]r éﬁggaape %ggachegzclih]gné: a&l%a&n%g ofag%g%%ﬁe%egggﬁm ng

f di I bod 1
et hod ©f 15 SRREERI Y PO CORRR Y eéﬂﬂh‘éﬂ‘%t@%@d PP L Wt er | al

I d f hit L d
uhi'ch coRDE Fagel arwrgfshhg'tIﬁ?a%"st"Eéi&?gﬁeﬁﬂ%ﬁ#ﬁtﬁgﬁ %%IJ?IIF%% ’

section Iocat ed at an r portion there I at ed
at a | of@Fthordt cﬁ’?et%é)&p%g’e 5”'5&8 ﬁ@%%?ﬁ?ﬁt‘?%?%%é@l on gsg%lsle tsl(&g]h
that at |east a portlo he eof | t to tﬂ gcg;}di m body,
and conp#Gisiongags Ee'*‘f?;aP §‘§EPF %azﬂ]f) 3 Cﬁf;)&r por 'er eof and

haust t | gcat t t th _
st Taet on”shet e 3ﬁzg§%rezn§sem;ppgépq‘rza§gf & 53 Péeé%eﬂggwm
dj t to the bott f th | hod
sect| onCrTCHES &1<BH) ySo%?@%mtﬁapzw cﬁm@%x SRS G O oo

at .a | ower portion thereo

manner SOl tROIYeddEP F‘h@%?%ﬁ%m & t| nﬁ%,\g:a prh ag: ?%ﬁﬁgﬁehg f Riised
br edot GF TP HEH bOSONARE Loy S TR b L &Snaﬁogéej‘?i@hﬁnﬁ’é’??pghﬁSQQ%%%H;)ZC?’ end
br edet cPpt 1 ¢ w%@h'@%%*grﬁ}%%; %@ﬂn&PO\ZﬁP Ulporar R SRR B e or
Flrst, BONPOIRILACalLPhe aPoord B hocSobsrpta Spphfapfs, chelioets ¥

liquid ri the third conponent at the |ower end of the third
distill Q%fg‘?f%c{’?%w ONFhd liquid ri ch in the second conponent at a section

wh th ti.t di d. 0 t I
mothod of Lhe pReBit Ganventrane CRECPITSIE CAoRoen o Pawsr g Boifhg

Phan t n8othTPreaiomian Carrer tedcr Bl e ot Bkl e rg pepiaan

conceptual Vi e;?{ﬁ $]élg§’ upl Lnge & Bﬁ_%%lgtlu?la I b%%é’r‘?o‘f’ﬂle&nlh ithe@opt ifin state

enbodi nent of I nven ion is a conceptual view of a

di stlllatlon apparat t-h ' Jent OISO 1 A PV b
FIG. 33°§%893" &NETOOI?:] qxtqulaILl ?ﬁ régnrz: di'st rlcabutl otnﬁ%féga}et%rd selctélon i ng)%ﬂhe

f t enbodi ment £t - | Gp ot
i siri DGE8r b1 P T R e R e AR

i nvention; |‘3ﬁeﬁqlp€qﬁt %e Vé&?éﬁeq aldf 1‘?1'@%[’0@’1’5&1‘% oﬁfcéﬂﬁotlhéﬁékeﬁlecth@” in

the firdf E‘?‘r% rnventi on: is a detailed view of

?i ];IS[ Séﬁgggleﬂé tt%e Bg%%ﬁlfﬂﬁ font ?SPéIla%” QHIIICI:E gedgggdt 'Hrfdd tRBCEION oifNthe

€ presen nventi on is a detailed view of a

second ﬁﬁ&gﬁ%%l ﬁr%}%&a s U E géqu£g50£%q%ltlhe third section in the

first e resent’ Invention is a plan view show ng

essential portio hStr F £ t N1
enbodi ment of t sCﬁ?is@nriq;h?%vgn%%ﬂla?liﬁ’%apg Pgt%ss\%? e\l/tvﬂg %ﬁs}?ggt #le Eﬁtéto g of
connection between n p e e egodhaent
of the &D@Eéﬁfeﬁ;’ n?/ecﬁlbtllﬁgﬁ gf}l@% eal%%gt%{%ag 02 gﬁg\%\? %\Igg t% F ggﬁﬁmo

si mul atlo ressure Ios I St amifyRodiy t ARERD
i nvent i d‘r‘? UIEPG %X Pty dl%lrﬁba&n ég c§1aﬂﬁ Acteri @PESQE? %g%ﬁjpl i ng- tD%e

clilzslt !sl Iﬁatl Qc%e%?I U Isé a,r Se¢ 1&%&@909&@% Gfe thauRhessnl ARyedRed kbG



08 FEB 2001 17 table show ng properties of packings in the second
enbodi nents of the present invention; FIG 13 is a table show ng
characteristic of a coupling-type distillation colum in a third enbodi nent
of the present invention; FIG 14 is a table show ng properties of packings
in the third enbodi nent of the present invention;, FIG 15 is a table
showi ng characteristics of a coupling-type distillation cpp@apgmion a fourth
enbodi ment of the present invention; FIG 16 is a table show ng properties
of packings In the faur og| -t DEq PLESRRL koventipeRssiStypd is a
concept%)glqegjf' H%Fdeggiéﬁt‘?%%pg?ﬁ?%bs%f’ a r(:oupﬁgﬁgng-type distillation
col um i fifth enbodi nent ; sent, ;N dcq K Gheldoi®ecdor
sect | orjféﬂgui?’évélé:fh“éggg {P:er Sg%)%%%ﬁgeég %hrl@llgo%gﬁl ng-typse distillation
colum in the fifth enbodirn Q : ent invention; FIG 19 is a
conceptdfRPevF gy FRMBESE mtH gll?g%??%to&fgggp&gss'coupl i ng-type distillation
colum in themfi>gc'th enbodi nent .qf |

Tof i

th . j i op;~ Al ;
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he. SeARGT Lhibar bt < b LinE pPoCBt CPATERt | GAe PG TR e R en et ng
Sevent HFEIBEE ROt FoF BEHE P aSBht T AVBRTFore Ff & aE e e ey rorre 18

I G - 2t Teod SanawBtPEOR dweorBin el a00s denyebiob eaRl PR Ysee one of a
nvent 1 oie BEcths 4is S aREaR e eDr e r o FRERHGL e rd SRR T e
enbodi nent present invention 23§18 schematic view a

di stri AT Tlﬁ%gﬁ“eﬂl%' Hse%?)&%engﬁgﬂc:)‘?% t9e“p~Tesent invention; FIG 29 is
or umm T & Dbl FERIEAE ot gt et relait R LT REh R B R
enbod! rEPEng BELEBhPIeR: PaR e O ToAPTETe Ry

b ssent P HUERIH. ‘Pre 2ag pEELEhy o PRty nETL g R e TR e

col | cot BFOBER 1 F LR PR PE e BN Srbod Tt OF PGS daoht Sravenersed W
the pr oSame g aRET b P T e L e et | mg of
2 seoti BhaTPRA BB SeBSRET Al sy aar of L Rae ot yhatrar 1T atron.

col umm | é‘\}%%ﬁ@{?i%&éﬁlﬁé&%bﬂ@?%%ta Qb nENE UHBRD! 1o taBrelfdlow. 37 IS a

pl an vi & or 1 n the fourteenth enbodi nrent of the present

e one Tt TP diSeRBEELE 0l MRY ah biken Clduget plebbuidiasboustannth

enbodi nent of t esent Invention; and FIG 39 is a view showng a
gasket. .in.t f% LBNE: afnd e Presanthe nveNtéoibr BESEs MIDE
FOR CARP&ERIGP%H"Q 1%{?]%3%}%2 elrﬁ)odillr}é’gents of the present invention

will nexiebe,descri Bedqord8niERa200bal 9 kardel alkopiblciehergnteotorbhe
dr aw ngg' IE IS conceptual view of a coupling-type distillation colum

n a figst enbodhienioah 1he, Rigseton BepptidRu1ER Go Znkspartitansepiak

vi ew of apparatus 1n I rst enbodi nent of the present
I nvention. Jnd distribution section disposed in connection with the first

distribution section and adapted to distribute liquid having been

distributed by the first distributioh section, in the same direction as




In the drawi ngs, reference nuneral 10 denotes a coupling-type distil i
colum. The coupling-type distillation colum 10 ingludgs gpfirsttseL??ng
11, a second section 12, a third section 13, a fourth section 14, a fifth
section 15, a sixth section 16, a seventh 17, an eighth section 18, and a
ninth section 19. In a colum body fgéving as a shell of the coupling-type
distillation colum 10, a partition divides the fourth section 14 into a
first chamber 14A and a second chanber 14B; a partititon 23 [dibviltles the
fifth seet of ke iparaibidnrst chamber 15A and a second chanber 15B; and
partition 24 divides the sixth section 16 into a first chanber 16A’an a
second chamber TA6E irBte dt stsibutdbanbecsiduAs cospeclasl 4@ acépvet (fn(dhgg
second chanbers 14B - 16B, respectively. The first chambers 14A - 16A
const i tyHee sBafhd fSbedaista pbattiiom beesedriosyd tihe partsitisectragh the cenisr
second section 12, the third section 13, and the second chambers 14B
consti tast ena seamrg.distillation section 26; and the second chanbers 15B
and 16B, the seventh section 17, the eighth sectioon 18, and the ninth
section 19 cong#i e casthi Yiduddstiesdatdiong Seot icoe 2F. thotapey, chawers
partitions 22 - 24 can be made insulating through enploynent of a design
such thatcdihecpad tiy iteesc@Rlectdé ané fremedsbfitaneinsalens of Fhe ek @ or a

design sech that the interiors of the
chambers by the distributor. Since the first distribution section is
connected to a lower end of the stand pipe at a position biased toward
‘the partition from the center of the chamber, a pressure loss
associated with flow resistance within the first distribution section
can be made the same among the second distribution sections.

Accordingly, the liquid can be distributed uniformly over the
entire chamber.

A still further distillation apparatus of the present invention
comprises a column'body; a partition for dividing the interior of the
column body into a plurality of chambers, which are adjacent to one
another; a collector box for forming a liquid collection gutter along
the inner wall of each of the column body and the partition; and a
plurality of collector laminas disposed on the collector box at
predetermined pitches in parallel with one another. -

Fach of the collector laminas comprises an inclined portion and
a gutter portion, and one end of the gutter portion faces the column
body side of the liquid collection gutter while the other end of the
gutter portion faces the partition side of the liguid collection gutter.

In this case, liquid descending from the upper chambers impinges



08 FEB 2001 partitions 22-24 are nmade vacuum In this case, since the re
can be reduced heat transm ssion between the first chanber 14A and the
second chanber 11.B, between the first chanmber 15A and the second chanber
15B, and between the first chanber 16A and the second chanber 16B, the
efficiency of distillation can be en@gnced. The fifth section 15 is
di sposed substantially at the centet ©f the coupling-type UBSEBI2ML i on
colum 10. A feed nozzle 41 is formed at the first chanber 15A, and a .side
Cut nozgd£ A2 tBefesTRGtat Lheisesofdoehantone T8, Intelnad sPrEet 0f ™1 is
di sposed at the top of the coupling-type distillation colum_ 10. A vapor
outlet A3 @&k ayd®fhwuxthd quuithd mledr idnsahi Jheartdusonse@ied % d 1€ Wendénser
31, are formed at the first section 11. The ninth section 19 is di sposed at
the bot{omet bhe 1eRuRbhbarTyype thetligbadionleokiom A8LeR col um- bottom
liquid outlet 45 and a vapor inlet 46 which are connected to an evaporator
32 are forned af.dd@iMgth seatéos A&t e el \idporidogehebe 481xehst Hiluttds
first discharge nmeans; the side cut nozzle 42 constitues second di scharge
means; ?{%-ghgigmﬁrﬂp}@bﬁ@@m lbqUésk ot kettel§ eohsasadifdevtdh ridedil dahist ge
means. Tn e thus-configured coupling-type distillation colum 10, a
m xture écrg}ﬂproecc&m nanh|:¥, corf i sndovapnentsn Anakd sufddcasni pertaqtal
liquid to the feed nozzle 41. Conmponent Ais lower in boiling point than
CO”pO”erﬂ?ea i ghnip fihel SppoMRIndi Doded Idhagbpos.nt . t han conponent C.
Components A-C constitute first through third conmponents; and the
coupling-type di;${del ltﬂg'r@nig:qwrﬁéewfobhpp@jmdﬁjmgerthélcolmt@\r‘a[b@Ka’@@ra 32,
etc. constitute a distillation apparatus. 08 FEB 2001 In the first
distillablan SachkofneR tidhentiisdr ehaghercdidndbsppsied caleveta hgthdeaw

0

nozzl e rns an enriching section ARL, and the first chanber 16A
di Sposeg, gﬁé@‘r{\e% he, figed J3022be 44 §aWdr cesexbaustesect i TusARA 1quadt Hed
i Sti

second at’i on section 26, the second section 12 connected@%glgnd

di spose t D&k 'S 1obohbet kish alicst bthedt iiantlsectppen flora® an
enrichig%ﬁggﬁgpoﬂgﬂaggﬁgﬁgﬂ?%e second chanber 14B di sposed bel ow t he upper
end of Lpenfdfst distillation section 25 while being adjacent to the
enriching section ARL forns an exhaust section AR4 In the third
distillation seghjop 2dcehdting ea@nd thikanber r 16Baconnectlaws ¢awdedi §pbSed
above the lower end of the first distillation section 25 V\hile.bein%5

adj acenp t@ed heaibabst BeChaonamMRAstends dongnthie Hinaglsed tHosk 1ARS, ¥ A8 the
ei ghth section 19 di sposed below the | ower end of the first distillation
Sect i 0N 25 fOliTE-can ek halist feeml ine ARAUAS ceseri bed labev & apeke 25658FASend
of the first distillation section 25 is connected to the substantial, center
of the sgaeenshfisabhk! @id ancseesd gor2fonsnd prassusaetosnBeePnehESEHH& LY
distillation section 25 is connected to the substantial center_of 'the
third diggih! at TR Sestricena2Fiasdat dildingf teapon deeRoEct sicciirst LA iy
means of the above configured distillation apparatus, the material liquid M
fed throught ke eettengzzkec 44n tesoevatst i trtheackhatiberséat bom Jaeer i ng
whi ch vapor rich in conponents A and B is generated in an upper portion of
t he exhausbtrsesdmsytrsAR2, and liquid rich in components B and C is
generated in a | ower portion of the exhaust. section AR2. The ILquid , 08
FEB 2001 A still further distillation apparatus of the present invention

comprises a column body; a partition for dividing the interior of the
column body into a plurality of chambers, which are adjacent to one
another; a collector box for forming a liquid collection gutter along
the inner wall of each of the column body and the partition; and a

plurality of collector laminas disposed on the collector box at



rich in conmponents B and Cis fed to the third distillation section 27 from
the lower end of the first distillation section 25. The liquid rich in
conponents B and C is evaporated through application of heat in the third
distillation section 2'7 to becone vapor rich in conponen[LErFEﬁ C. The

t hus- generated vapor ascends in the efhaust section AR2, ich the
vapor contacts the material liquid @l causi ng vapor rich in conponents A
and B to evaporate fromthe material liquid M The vapor rich in conponents

A and Byasieeadsingt pheckes iivhipagakklt wobh ARE andther-then fed to the , second
distillation section 26 fromthe upper end of the first distillation
section 25. Sultgequehléytort hewapdrthd clvllectonpdaeiias Argndssenkledbridensed
into liquid rich in conponents A and B through cooling in the second

di still gijoreseshd othe2GolAepintt ibor 0§ drpmeeiqulth rihehchhuoipdiiedtd Weand B
is refluxed to the enriching section ARl so as to be brought in contact
with vapartitiien in conponents A and B ascending in the enriching section
ARl. Thus, vapor rich in conmponents A and B can be fed to the second
distillation segiti26afseomstiheet opnatrer o] tlieuiidr 4 dized| #HEh ohl st i on
25. In the exhaust section ARG, liquid rich in conponents B and C descends,
during whith waROLiRich dolleerponenitiBri sageierat édoivnofintheppéaupdrddesn
thereof, and liquid rich in conponent Cis generated in a | ower portion

t her eof y o Acs@FEh.NgITHust heihigdi shd ivdpoirn cennpalentufd lcs edits chatgetl wistha
colum-bottomliquid fromthe colum-bottomliquid outlet 45 08 FEB 2001
23 A pogtiwntekrt he ‘dlriequisﬂexﬁiaﬁm Lowewolcemb&rgli schar ged fromthe
colum-bottomliquid outlet 45 is sent to the , evaporator 32, where the
liquidis evaporacedthbBreugh wppleedarbpnof jdutdngt bhbecohectapobokith & n
conponent C. The vapor rich in conponent Cis fed to the ninth section 19
from t hgryapaixtiehtetntd.thdhihes e wapohe ricdlumhnbedyrphonende C tas ¢éhbidrah t he
ninth section 19 and the exhaust section AR6, the vapor rich in conponent C
contactg phagisk,ri<hhiazegomrponest svdpandoes catisongumapdihusi cBifinidompbnent
B to be generated fromthe liquid rich in conponents B and C. Then, a

por ti onyghod hanvapes Suifehcidntc epportant:ith ascendshdm inhehemppehiang deeer on
AR5, during which the portion of the vapor rich in conponent B contacts the
l'iquid ghefbdérs.conponent. B fromthe second distillation section 26 at the
upper end of the third distillation section 27 to thereby becone |iquid
rich in conpongihcd.vaphe hésptiddngi fhon bhe dupenechantBrebf kiusetheeuath&2ppper
end of the third distillation section 27 is discharged as a side cut

| qui d; piet@een aopleduet Lawimbhearsd desaand nexiod iy, allanghéhexhgosined
section AR4 of the second distillation section 26, quﬁid rich in,
conponepbetAoany B gescemds, laiy ivegomkischegapgib iy csnd hl.corfpyfentIACE sa
generated in an upper portion thereof, and liquid rich in conponent. B is
gener at ed dised f weropovapon theseobt Theulr,qildiritend wngorent Bake
obtained at the | ower end of the second distillation section 26 is

di schar gegfasientprodtatt fuicim heh sitther cin thezuprer 2ndTheter chamk@or rich

i n conponent A ascends in the enriching 24 08 FEB 2001 .
Furthermore, since the collector box and the collector laminas

are assembled in advance, the collector can be easily attached to the
column body. Since there is no need for assembling the collector
within the distillation column, assembling work can be simplified.

Tn a etill further distillation apparatus of the present
invention, an upper end of the collector box is engaged with the column

body and the partition; and & flange of the column body and the




section AR3 and is then discharged fromthe vapor outlet 43. The di scharged
vapor rich in conmponent Ais sent to the condenser 31, whet”e the vapor is
condensed into liquid rich in conponent A As described above, vapor rich
in conponents A and B is separated into vapor rich in conponent A and
liquid rich in conmponent B by neanslqi t he second distillgp¢gﬁzmﬁction 26.
The vapor rich in conponent A is discharged fromthe top of the colum and

condensed into liquid rich in conmponent A means of _the_ caonde 31. The
| i qui d PErERtien éerpepekrd egﬁén%ﬁrs%ﬁ ra@aFlats%)g’a‘“%?%%L? t 8 5?%‘?%0% %@'Qgﬁiﬁ Eut
nozzle 42 Liquid rich in conponents E and C,i separaged into liquid rich
in confenenEoB esRPILiigai BP rilenh CPAVER é{eﬁPddikﬁ/ ns18f the third
distillation section 27. The liquid rich in conponqnq E is discharg q§§s a
product from t Aedsstil laftionopgtaod ot The Pr§asy r}Qﬁ?Wq%QEoHB%HE%ﬁeﬁ;%

di scharged fromthe bottom of the_colum. In order t en? ce the . .

ef fi ci eftepsodf difagdingt & orefasriadohpOhichCoRt 24 g ia&uﬁaaﬁ ?nﬁﬁsﬁ EBnigtiight . 4
is refluxed into the enriching section AR3 fromthe refl ux %i ujg inlet 44
and br auglpiorients dofivast Colbhn vegdy Whiah iCRneERs6Reft §1AShn lé% g in
the enriching section AR3 Notably, each of the enriching sections ARL, AR3,
and ARSeartd crhecerhassng seTtdroiS RS, saRBioanPoRied ¢ GPnBAPBF RO ng

i ncluding a single node. However, depending on relative volatility among
conponertesetod badobh aéxfedstthiseathodi kaddtiest péna Laver dGriignatbarerineé
nunber of theoretical stages required for distillation, a packing including
a pl ur alddondfd indddd atrprbe ecdrimed ddspased os pebdtibat pakkisest DPHHE Ppo1
25 properties to be used. Also, a distributor may be di sposed between the
nodes. thereudr mer ed jadent ded thezzbe afl 1then@otlhan shady:c RNhELHPELRING Y not
necessarily disposed at the sane |evel. As descri bed above, the terial

li qui d ercaming sephia ekbdatied esnponepRE” ACCTHPRNBREr¢RTe a5 énpgg?%wﬁ y of
distillation colums. Since there is no need for repeating.heatin nd
cool i ngsdatianplamediedt gt of lgweriparitipentheseahnst HHEInher 16?l‘?fh§gP§Hﬂht
such as a condenser, an evaporator, and a punp, can be reduced.

Accor didigippsednsutiedhas de mestiph eepridanbEheredicdd, adiarefetandiEnPobEom

consunption of utilities and consuned energy can be reduyced as ||
t her ebyof ddhecicndgunhebeshst o8 cREP ST PAL PO APEr é@ﬁs?0®?]é?%t\§'§| gt e

coupling-type distillation colum 10 has a total .
upper portion thereof and an exhaust section located at a lower portion

" thereof; and a partition which is disposed in a biased manner so as to
render the cross-sectional area of a first chamber different from that
of a second chamber; condensing vapor containing a predetermined
component, by means of a condenser connected to an upper end of the
second distillation section; evaporating liquid containing a
predetermined component, by means of an. evaporator connected to a lower
end of the third distillation section; and obtaining liquid rich in the
first component at the upper end of the second distillation section,
liquid rich in the third component at the lower end of the third

distillation section, and ligquid rich in the second component at a

section where the partition is disposed.



of about 30-100 theoretical stages, and about 5-30 theoretical stages are
all ocated to each of the fourth section 14 and the sixth section '16.
Meanwhil e, the third section 13 includes a collector 54 and a channel -type
distributor 61. Liquid collected by the collector 54 is distributed to the
first chanber 14A and the second chanper 14B of the fourth Y8dtBdMI14 in
predeterm ned different portions bylﬁ%ans of the d distributor. The first.
chanber 15A of the fifth section 15 includes a collector 62 di sposed just
above the feedTpozadendl dasdial4tiun ametiiogt of btheompré3edis posset jaist thader
the feed nozzle 4'1. Liquid collected by the collector 62, together with
the mat@nical cbinpbhenM f£d cubroughys 16 riveed inbzizhan 4he isschrd canpomenti r st
chanber "I b,4 of the sixth section 16 by nmeans of the distributor 630 26
08 FEB 2004 Manwhi ke, 14he secend iehapbent khBnothd aitdftdnpeeenton 15

i ncludes a chimey-hat- type collector 65 disposed just above the side cut
nozzl e 42 and a tubular distributor 66 di sposed just under the side cut
nozzle 42. Liquid collected by the collector 65 is discharged as a product
from t heyrsipd@peeit1p12oR! 6F 43RAeMHGE ed to the second chanber 15B of the sixth
section 16 by neans of the distributor 66. Furthernore, the seventh section
17 includes a gald eqt 9k H7-@Mek taubulkian gf s4 radupldnge@ypki dis ol desdendi ng
fromthe sixth section 16 is collected by the collector 67 and is then fed

to the ei ¢l i10Mhc18 By cHBRBSE 0df the dirsigeintutaveftBont FIte Prissent
enbodir%%%?ﬁﬁlégﬁ%éq'gécgnding to the third section 13 from above; i.e.

fromth seeld o aldidsiidiastioh abetweertheheifét smbodandetr of4
and thé§%ec§ﬁ§q%hg%ﬂer 128 of the fou?ﬁ%ﬁgéction 14 A distribution ratio is

preest apli shed.pp theRashs @G, dgstd ld steeraoersplaimng sudtstasbobomaedent s
A- C of ﬁé%ﬁg%gr?a$ 't quid P9, the conposition of conmponents A-C of the

material Lign dobidhenumber et theanatheals shagssesntt hevartiphi;ndlpe

distillation colum 10, and the required purity (quality) of a product..

The disgri 1,ipg! 406%c2R 1 40 Bt abeehdlittiridbset biorseiet itha first
distrib%t%%ééﬁpﬁﬁﬁgl?ﬁ %pdirec%ion perpendi cular to the partition 22 and is

adapt ed hgr apRUNG O 4 QW ftad ;0 Fan, uppes postdenvbéw tdie dhe st
chanbere@gaa?ﬁgpgiﬁgfterqigl“%d a "first.-chanber upper-portion” ) and the

amount gf 4 fiyirdyef el 4R 2A1HPRLLROR Liroreel £ Lhe: sabentharhaoDethel $Besent
(hereinafter caIFed a "second-chanber upperportion” ) differ from each

ot her. imﬁ& O8FEBIR0QL 1 Nof afakyi1&i Reewt de satorementeoned pootimt of sthe
di schar ge ?ron1t e side.cut nozzle 42, the anount of liquid fed to the
second- ghapber dpPer - e theRd beeeIBs Uf edkef itdtarmbbatmendd of othehgresent

first-chanber upperportion.
invention; FIG. 7 is a detailed view of a second essential portion of
the distributor of the third section in the first embodiment of the
present invention; FIG. 8 is a plan view showing essential portions of
a distributor of a fifth section in the first embodiment of the present
invention; FIG. 9 is a view showing the state of connection between a
stand pipe and a main header in the first embodiment of the present
invention; FIG. 10 is a table showing the result of simulation of
pressure loss in the first embodiment of the present invention; FIG, 11
is a table showing characteristics of a coupling-type distillation

solumn in a second embodiment of the present invention; FIG. 12 is a



When, in order to obtain products of two or nore kinds, distillation
conditions are to be nodified in the distillation apparatus, the

af orernentioned distribution ratio nust be changed according to the
distillation conditions. To neet this end, a plurality of djgtgpbysii on
sections of different distribution ratios are disposed. Liquid descending
fromthe second section 12 is collected by the collector 54 and is then
selectively fed to the distributor 61 via a selector valve 33 or 34. For
exanpl e tabbenstowimedpebpert e pwfi Prcbing9. 98 theyspgongi gmigd inerntoopethe
obtained, a distribution ratio of 4:6 is selected. Wien a product of a
purity pte88nt 999v«€9t byn wedilght )13i $st @ bab ddt showeidig ahdirecitebictconsrafia of
2:8 is selected. Aload factor is changed to 5% . Since |liquid can be

di stri butegl Big-ttlyec opiitiibadish réddutinonn r attio roeeebgd iendugh Bwplpopeent . of
the distribution sections, there is no need for not only disposing many

i nstrunmgntvsnt sarch RIG.an danal yseahla dHoowmingomptropeteigs aff lpmwkdogsr oh Viad ve,
and a |l evel sensor, for distribution of liquid, but also executing -

conpl i caheed camodakehbr ofigtheopeeatnonimfertthient NsIG.urtént.s. a Acadredishgwt e
size of the distillation apparatus can be reduced, and the cost of the

di still ahhphceppaseidls sfam wupadugedyps st il Nextorwiclollume deser fbedth he
distributor 6'1 in the third sect ion 28 08 FFB 2001 13. FIG 3 is a view
for expkabbinageatdiogt rieutdie stfntt Hevidhvibrspd®IGn 16 1dhe fisisle estodimgnt
of the present invention. FIG 4 is a plan view of the distributor of the
third sgebpertiist her fidsitiegbodh mene obubhe pmesedmentvemt itde fHésentis a
side view of the distributor of the third section in the first enbodi nent
of the presgdiohnVEIE o #H G Bncepauvdet aitedfieyesft ialf postiesseofial
pot~tion of the distributor of the third section in the first enbodi nent.
of the peeseig-itypent ionllakEoncoluma det aifthy eebodimeatset otite gssenbt al
portion of the distributor of the third section in the first enbodi nent of
the presangntiventBIm. 18 ikl & s8¢t i@ixel enieer mimesabnti: denottdons sécohe
section; reference nuneral 13 denotes a third section; and reference

nuner al cddpdengtespa Hawttihlaedbhonolhmguid desc2hfihgehbodinbetsefohlde
section 12 is collected by the collector 54. The collector 54 includes a
cyl i ndr peedergolinmntiaty FOG. a9plsraldohyepfuaoiviectalr ekaentiad Pardicgpostd
at. predetermined pitches in parallel with one another; and a coll ector box
72 f or medcalipbhingheypaneistci rlatiber enfluah wal thefsiiieh colbuddneady of 70hand
i ncludi ng an annul ar gutter. Each of the collector lamnas 71 includes a
curved posddron inSehiot@iedIal 2 isppescaniornhevsnf ofaasserdliisdedopoiaisont 74
| ocated at a central portion thereof; and a gutter portion 75 located at a
| oner ehbe t heuEhing-Ehyeec diyeil poi it ondulB amdthehe ighbht embedindrgnof75he
extend horizontally (in a direction perpendicular to paper in FIG 3).
Accor di poésent iigqwedtdescdidi ng 1 f iom view. Secawplseoingre f2strhguires 1n081

i npi nges agai nst the curved portions 73, flows along the inclined portions
74, andséesettierrmbedénsed dfayhehprepsrteinpentidrgnEl?6. 22rHe prepbdvedievi ghi d
flows horizontally in the gutter' portions 75 and then reaches the

col | ect essdoxiaZ2 poBubsesuentthy, disteribivgor din rtheheeventle crpodhognty 2fi $he

di scharged to a line L11 froma nozzle 52. The line L11 branches out into
| i nes LfPeseut LivBrertherl;i Fé8. LA iand viB8waskoebighddicediabet e ehrectianor
51 via nozzles 53a and 53b, respectively. Valves V1 and V2 serving as

di st ri bbetwrenr at sbacharige apdrs e Heajrisdd ohe tdventhezmhofimgnt qfi 3he
respectively. Through sel ective opening/closing of the valves V1 and V2,

di st ri bprésent niravdrtrisn ;oF I6ec@hdimpde leansheweg fidensgaby ok aernnscting
distributor 61. Specifically, in the first node, liquid is fed to the

di st ri botoreedl theand he header 112 andins tuheninditber sevendd eybadigent sef ithat or
51. In the second node, liquid is fed to the distributor 61 via the line
L13 andpresdrtenndiestibbytEk b@ot he aiviewi bar cexpdrinthe a&bess Wirand ¥2 are
opened/ cl osed nmanual |y, or automatically on the basis of a signal from an
uni | | ustigtted embotitoéhieraf The mhesenithimeent@bni; ncT@d@S as fa rsshedrsie iewi on
section '77 for



distributing liquid in a direction perpendicular to the partition 22; and a
second distribution section 78 di sposed just under the first distribution
section 77 and adapted to distribute liquid distributed by the first

di stribution section 77, in the sane direction as that of the partition 22.
Thus, the liquid can be dirtributed uniformy over the enfi BF&BZMArt h
section 14. In the present. embodi mén8., the distribution ratio of liquid
in 08 FEB 2001 30 the fourth section 14 between the first chanmber 14A and
t he secomdsehapber pb4Bisan dreaest@filingheghantistadldecchanben das aetinthThe
distribution ratio is established on the basis of distillation conditions,

such aseRpeRant st Atfe @hekBat Matwnitabnl i BLG.d M ikhe sempasiti otewfof a
conponents A-C of the material liquid M the nunber of theoretical stages

of the couphbigot Vipesdiaith babddmeae! simhiOptddeBtlinvandon NerIGeqhs riad a
purity (quality) of a product. In this case, since a product is discharged

from t he.sifler coty (0zzbe 4231 ogatpsbad fheaseconk efiardaiod itk of the
fifth section 15, the anount of liquid distributed to the second chanber

14B i 5355%%% t RGN : O St idout 6y tetBRatid Stiehasbessskabia Aporenshongdd
previ ously, when a product of apurity of99. 98 ( % by weight ) is tobe

obt ai ned, &, ¢l 51 RULI0R 1684 190% 1 4n 6cb 55 €6t ed .t WheRhacRpodUss Ol o Plvel ty
gg?%:g{/ﬁ%-\g%f,’tgdﬁt;alﬁ%llQQELélﬂ ch B wihemhae I

of 99.9 is to beobtained, a distributionratio of 2:8is

sel ect lelgreébéllx@aﬂ{. ri;SEhanged 19 20:JA0AGRAr diiRal ¥ gvesu ~type

distillation conditions ‘are varied, distillation can be perforned in the

0Pt i MUy Sl ¢a L L8NS MANCLAR-LBRL B duaency: Ofr dhsldrkbait Obveloih;

result, ‘energy consunption in the distillation apparatus can be reduced.

Further g €454 0Ce §é¥%ﬁ8néf JY%wngﬁdﬁgé@ht§§P|ﬁaﬂﬂlgn§ SoRPELTRIASr in the

i nstrunentatih on control system the size of the distillation apparatus can

be reduftl.t Ayt Bfo&Senll of NhdlipbLLhatihndboal aties gamde peduoeLbias

well. Thé first. alstrﬁbutlon section 77 includes two open static

pressur@faﬁﬂﬁcgﬁi&ﬂﬁﬂa@ﬁetﬁ%%%ﬁr%@@nﬁ?%mb&@hﬁﬁﬂﬁb? anened sapyaigeadthn ;
Jacent " to each other. Th

.formed a e main channel s 77a and 77b extend 08
FEB 2004131 acrasg ik Qz\i%(.;hBP?a RRNLELLGM %% 1A Bhairdiirtyeth habesimdntar e
0

formed in the botfo each of 'the main channels 7' 7a and 77b in a matri x

manner . %fr htgr%l%%_eégﬁf opfeateosel el an of 4 hecdion®t aricandr ntHEeo10Ectdrhe
, e

hol es 8 istribution ratio is set to, for exanple, 4:6 or 2:8.

box in the thirteenth embodiment of the present invention; FIG. 35 is a
view showing the étate of mounting of a collector in a fourteenth
embodiment of the present invention; FIG. 36 is a sectional view of
essential portions of a coupling-type distillation column in the
fourteenth embodiment of the present invention; FIG. 37 is a plan view
of the collector in the fourteenth embodiment of the present invention;
FIG., 38 is a sectional view of the collector in the fourteenth
embodiment of the present invention; and FIG. 39 is a view showing a

gasket in the fourteenth embodiment of the present invention.

BEST MODE FOR CARRYING CUT THE INVENTION

The embodiments of the present invention will next be described



In order to prevent occurrence of nonuniforrn liquid level in the main
channels 77a and 77b even when a dynam c pressure is generated in
association with feed of liquid, buffers 84 are disposed in the main
channel s 77a and 77b. Thus, the head of liquid wthin the main channels 7?a
and 77b can be held constant. Since th first distributiogfﬁﬁﬁ%MQP 77 is
conposed of the open static-pressuré- ype main channels 77a an 7b, a
sufficient anount of liquid can be stored in the first distribution section
77, andind Retstdrecth irgfémkrmran tdetvenrawhngigh t he hol es 81. Thus, the

hei ght of the first distribution section 77 can be |owered accordingly,

t hereby reduci MgGt he $&z® ofnddpewdilsviikhaof on epparigErdyPRofadt{llatpicn
exanpl e, when a product. of a single purity is to be separated fromthe

mat eri atolumguiich M rhrougbmishindrfatdfonhet heedént rirpanitawre at F6Sdoestniat
need to be changed. Thus, a single main channel is enployed; the

di stri baridaptual i eids of i xedh 4t laaiopxapmaresys 3117 ; thend 1oat yenpaddaent &t or
is changed to 50-100 (% . Liquid collected by the collector 54 is fed to
the di stud een61imidnheoh, bei ng di scharged to the exterior of the colum
body ' 70. en products of three different purities are to be separated
frorn the matermihathéidivdniet hrefighetiesbnkea 1 o) dehpees naigpugHanaetdbear e
enpl oyed in order to change the distribution rate. 08 FEB 2001 The second
di stri bgtdon 19€¢hh Wd1GHS. | MHeudesp Bimg-wyaki distdfl 1gt bupsodtmbokl tippéudesn
channel s 78a and 7b, which are opened upward and forned adj acent to one
anot hery fhestaerehamnel,s a73acand F&it iane 18upparitied bgcsippold;s agfownih e
bei ng connected on the group basis by clanps 85. A plurality of holes 83
are forgmeiah egual rprtichestiiont te kokloirs sebtidre 1&; ma céruenshsseddoant(’,78b.
Hol es, notches, or the like may be fornmed in side walls of the arm channel s
78a andad 8 ghthessdiaims 185 @ik scannectatthynntans of L-shaped nmenbers 92,
whi ch at”e fixedly attached to the side walls of the first distribution
section 77, andIhoht 809dun! potihi semamngrast hesheldtof diber ¢bup i dPZsEERE on
77 is supported by the second distribution section 78. Liquid in the nain
channel 374811 &iicst ebbuked! @nck fred-tiv ibhelardawidasnghe 78arthisggitdonn’4 he
mai n channel 77b is distributed and fed to the armchannels 7$b. |n order
to reliahty heedrtbecsasend tistandud ismtosectdhambed HEH ki gargiaienrbut ed
by the first distribution section 77, stoppers 93 are attached to the
support gi82dat tleé evath pesitticons Ssdnas &of post t¢lambare 'Sdcand @i SEEPBALI on
section 78. In order to nmake the anount of liquid to be fed to the first
chanber ch4fbeif 188 ; far@mat baramonob % diwides tbebeikbld sectivn sécdndo 2
chanber 14B, the follow ng paraneters are established according to the

di stri bathet dgtatber: 16hendi anstemddchamyar t1AB. niiftsef 1nsh affembhBs hidiAed 681
formed in a portion of the bottomof the main channel 77a which is | ocated
in the tieskdjatmrben LM, sddmnddichrebers d2BariéBi heesnaaddveh?: of [ehd kst es
81 formed in 3 portion of the bottomof the main channel 77a which is

| ocat edchambéies sdicends chamtiartuidB: finstdiaset detdenaser tine 2508t eS8 17681 33
number n3 of the holes 83 formed in the bottoms of the arm channel 78a

di sposedeotidtel i5i die ofecond £écttorcHanbte thard ssretiRe ddardfehe£e5q8dt he
nunber n4 of the holes ¢33 forned in the bottons of the arm channels 78a

di sposedhanbéheliSi denstfititie secwrahdcHasbirlatdB 9@stdbry 2601 Reddithfetas 8dd1
and d2 of a portion of the holes 81 may be reduced according to the

di st ri behhoberatite. afhush, when seventimsestior 1T qibe ai@hhe $%Fics {he ¥ st
chamber 14A is represented with ql, and the anmount of liquid to_be fed to
the secdahd chatbesectdBni 9 remesdsnted wiindg@istyillagdoqoseqteodxplessed as
follows. ql =1, ~/4) diz nl1 - ( ~r~) d3~ n3 q~ (~ 1~ n~ - (

- _ ) d2~
~t %) d~~ . n~Notably, the partitions 22-24 can be made heat 1nsdiat1ng

through employment of a design such that the partitions 22-24 are formed

of an insulating material or a design such that the interiors of the



When the dianeters dl1 and d2 are established according to the distribution
rati o, and the nunbers n3 and n4 are equalized, the crosssectional areas of
portions of a packing assigned to the individual holes 83 can be equali zed.
In order to make the anpbunt gl of liquid to be fed to the first. chanber
14A differ fromthe anmount g2 of liquid to be fed to the (gerdMichanber
14B, the follow ng paranmeters may b2 (established according to the
distribution ratio: the dianeter d5 and the nunber n5 of the holes 81
for med gaptatRBALI 9P-Bf dre nhakt orvotmt hel meirischanael s I7ee vifiedle i©3n| Beat ed
in the flrst chanber 14A; the dianmeter d6 and the nunber n6 of the hol es
81 for g k8 e traRsefsdite bethesn dhet hirstmichazhannBlA 278 thegererd 2001
which is located in the second chanber 14B; the dianmeter d7 and t he nunber
nr of thepelemBs3 bfe%ﬂﬁ‘ij iiHe trhesbaiipimerol 5k kendarthe chermsl shageerdi'SBosed

t he S|£e of tHe first chanber 14A; and the dianmeter d8 and the nunber n8
of the \ﬁa%efnortfﬁ%dfll@sfthehﬁabb@rmemf ahdetles needmmhealrsiit@l ditSpossd on
t he S|d% of the second chanber 14B. Since, through selective

openi ”g!f%'ieihg 9, fr LREL VAIMES, Vdard@ ¥nharidee. di stribution ratio can be
changed "accor |ng to distillation conditions, there is no need for

enpl oyi ng a coppl lfﬁ%‘{;ﬁdqéaﬁbhun?ni«afdllgpomtsmktﬁrytﬁraémr #ccedcagtsr, ofhe
size of the distillation apparatus can be reduced, and the cost of the

distill anibe. s asuestyas 108l |4 fBett herier &) & doenéd athe
first q? ng Bgﬁgg%%gé e éecond chanmber 14B the anmount of |iquid
b@?l

descending oM L, %ﬁeag beyeaual haede there foanedeatprideentand
occurrence o annel |n enonmenon in the packings contained in the

first aheeee ”?’5§ha’*ﬂ‘?ésf£r4ét ansk. A8, {1 ENBQDI YENRS Ja tTHeheprtaquatfl drne

capacity o he coupl ing-type distillation colum 10 for producing a

pr oduct . d¥) e Sipixet e, of A thgyorouptiey-ty paddastéflwat i on
col um %. iﬁ% t999 %ﬁ %n%}ataand packi ngs enﬁnged wer e " BX PACKI NG ( net al

gauge) "y $£d'NEﬁ%§PﬁK %ﬁgxh(gﬁéa*uéﬂgﬁﬂéd) Yo (& radeienapes3 t,praducosned at

Sunlto avy ustries, . The operating conditions of the
coupl i ngst ye. i §édtll|0ﬁt hQn @ﬁbuﬁﬁhﬂqocéé‘@mﬁﬁ 16014 aMsporat ting hotseswfe :

at nospheri ¢ pressure np05|t|on of material liquid M (ordinary industrial

08 FEB'@?% é%PEQ pe d Ridwl 1 Aceiatce 19%n 98. (%Abyoheinghbdpt Compbkiuidn of
pr oduct uri product) : ethyl
outlet U5 and a vapor inlet 46, which are connected to an evaporator 32,
are formed at the ninth section 19. The vapor outlet 43 constitutes
first discharge means; the side cut nozzle U2 constitutes second
discharge means; and the column-bottom liquid outlet 45 constitutes
third discharge means.
Tn the thus-configured coupling-type distillation column 10, a
mixture which predcminantly contains components A-C is fed as a
material liquid M to the feed nozzle 41. Component A is lower in
boiling point than component B, which in turn is lower in boiling point
than component C. Components A-C constitute first through third

components; and the coupling-type distillation column 10, the condenser

31, the evaporator 32, etc. constitute a distillation apparatus.



acetate 99.999 (% by weight) By use of a distillation apparatus conposed of
two distillation colums and the coupling-type distillation colum 10 of
the present invention, conmponent A of a |ow boiling point and conponent C
of a high boiling point were renoved fromthe material liquid M thereby
obt ai ning a product conposed of conponent B; i.e., ethyl pgergomiof a
purity of 99.999 (% by weight.). Th@ Histillation apparatus conposed of two
distillation colums consuned 0.82 (t) of steamper 1 (t) of product and

2.3 kw) of e|egﬂr%ﬁ Ly, Pef &1{€1ﬁld% oHrQQHE£OJaM5Cqur§§95tthﬁdmber TUA

coupling-type stl | at 1 on col um 1 consune (t) of steamper 1 (t) of

Egg?ughgﬁﬁé$s%doa%k¥$ le ?E88t55£1tQ/M9e?o;m%th %QPEEggHgtsequ%anP$tréﬂﬁ' on

€ 1 ns |on area of the couplingtype [Tation colum '1 0

wer e abgut gg%%‘@gﬁﬁggp \PA%( g’%s? %%Pﬁgiéd’%'% £0da b HQQE?e Qfy ?B digst Llhatdton

apparat ron col'ums a dlstrl utlon rati o of

250. 3 ARREONRE AL G0tpl i il dadgpsandLeg,) rgprpgﬁowest cnehathen 144

ow rate of Iiqui'd déscending in the secon

are of 171 Gl Bo60e 22&80%1“9{%%0%”5 A e M

Sﬁggt ZS%%L%F%G S e B ST D AP of? l‘é%h‘l?@ RECTIA RREDCTIL RSP e
36 001
26 descty ot 08, 2005 .L?ELﬁQsec% LT RRP TRBE N PR o

present '?n%]gor}%'@ BhﬁLG e%é]'ggg gt':éa\q[ %%O%Q?eﬁﬁgclﬂhges?g{%&{)Q\fﬂﬁ%bmsb;ﬁWeen

a stand°p Trhe%irst e t he present

| nvent | OWé%%ﬁ}r é"{:wg*én nﬁRtthe gr atVHelg;gu &h&%ﬁtl *:P liQrer‘(ﬁoh Udc%% a8caRen

static-pf and s vertrcall’y, opens

aCeamul SETBIES 1%3%1%;%%%@& L‘?%edd%? P e B et
header % gﬁﬁxngg??€§¢ aéémyh lf'6 %ﬁgﬁ{ﬁégé$ﬁg L BNy i3 Ealnl Uséogeﬁyl§ErA§§”' ng

liquid artition 2 and a plurality of

Second. 65%%?%?%‘%%@1&% STRRSPO Gk, A, haé?%aﬁBiéﬁ e it ea
by the gaggggﬁggﬁ%%%gﬁeﬁﬁg é#eu%?%%x>%F%%E'QQ1%%1BHaE%EE ?He“ 5#$éQQ123

In the Si nce” t'he "exhaust "secfion |rst
distill at, on sect %? and the enriching section AR5 of the third
dlstlllgf?%ﬂf 88? are adjacent to each other while being separated by

the partition 24, éé% %ﬁ@%u?ho§gcuhﬂp @E% a%ﬁ g Eﬁ?:HQ%HJQﬁb%lllatlon

sem cyl i nder. a res e ri not e di stributed uniformy over

the entiLe, gxhaus! ;secl o ARz T, 1 dt header, 47 extendsssadhal |y
out war d~From-a p05|t|on 3% S Iocategﬁg stantlgﬁ%y at. the center of
the COlHEEtPPEQ%lOH section 26, and the lower end of the first distillation
| section 25 is connected to the substantial center of the third
distillation section 27.

According to a method for distillation by means of the above-
configured distillation apparatus, the material liquid M fed through
the feed nozzle 41 descends in the exhaust section AR2, during which
vapor rich in components A and B is generated in an upper portion of

the exhaust section AR2, and liquid rich in components B and C 1is

generated in a lower portion of the exhaust section AR2. The liquid



70 and adjacent to the partition 23. Al so, the main header 177 37 08 FEB
2001 includes a connection portion 177a which is connected to the | ower end
of the stand pipe 155 at a position biased toward the partition 23 fromthe
center of the first chanber 15A ; a first armportion 177b connected to the
connection portion 177a at the far side with respect to tBd 10t ion 23;
and a second arm portion 177c conne@ éd to the connection portion 177a at
the near side with respect to the partition 23. The armtubes 178 are

di sposegi@t equshp®idrftes. aha ¢ he Peesenttlentadidentstidlstigl scathon Be 178
i s disposed while crossing the connection portion 1 77a; three arm tubes
178 ar erdigsposeto kadcoOIsiengifdte dikt 511za80n pdtiion A%7b; and a single
armtube 178 is disposed while crossing the second armportion 177c. The
stand pipe 155 7% dijgpagedien iMezdmioheheader add 7C als & pgsirhited tlocaigd
about two-fifth the I'ength of the main header 177 fromthe end of the main
header %;5;717@%&5@ dagestthe thar £ihinoniesi11an ienkeaftibhe2 T itbsbecom® papdr on
177b and that of the second armportion 177c are closed by end plates 177d

and 177g; o |f e8PREHI0REY £ s A8 CHEAING! Yheathiguidhdreaddest pot | svetidisnin ehsst and
pipe 55 1s transmtted uniformy within the main header 177. Reference

nurer al 5., 19L+20d- 182, dRPOLAAGLPIARG thanggdr aaktdcetetiancatopiar aiguld3

and 194 denote stoppers.” A plurality of holes '131 are forned in the bottom

of the.ﬂaigaggﬁggLv%%gr A8, af M A4Res WAS ar enldi Bedol BvRbaeetwhitén the
W

communi catin e main header 177 in the vicinity of the bottom of the

mai n hepder .: k77, ,a0d gxtends in a direction perpendicular to the main
header @gg“aﬁﬁlélgggﬁg supported by supports 182. A plurality of holes 183

08 FEB 2001 ar efl’feor\/réﬁgr'axt*ic a¥aboRbbSdIRSs ian ahhep boidepmsoineagh efrithengr m
tubes 178. The opposite ends of each of the armtubes 178 are closed with

end pl ates; 178araNdnd 78D o 3ineeq the Wi BebaRrlersTT1ANb Recetdn Rebesod 73
are connected in the above manner, liquid in the nmain header 177 is

di stribyped,amng hher afup tryhes d711968¢6n thetashn2hieadebsdqientlygobnect ed
to the lower 'end of the stand pipe 155 at a position biased toward the

partition g%,?ﬁ@ﬂ]iﬂecéﬁﬁéﬁénﬁé A hend I8 sis cdwareeiselbAnta pigsddr eitbssn
aSSOC|ate§ Wi flow resistance within the main header 177 is nade the sanme

among t AgnasBritYbesady 8. tWEB@ng tihethd Gtand alishel thision bettgdn 26.
uniformy over' the entire exhaust section AR2. In the present enbodi nent,

the holes 'I83 panp kopnesk ivheeachuad Mituben ldpaheatsial pid Bhis. rafdueser
the holes 183 may be fornmed at unequal pitches to thereby distribute the

liquid ypi £9E - Rvehet bec et RR1 exhaltstosestli remghAR2in Thuntpreseith vapor
embodi ment. is descri bed while rnentioning 'the distributor 63 disposed

above thecgxhaushpsesiicon AP B Eheertglgr Ehutiey chbichisposectianodBit he
enriching section AR5 of the third distillation section 27 is also

configured in ay@NINesip& WAikAr it onpabewts tthendiBtadnbbeofed3o the second

distillation section 26 from the top end of the first distillation
section 25,

In the exhaust section AR6, liquid rich in components B and C

descends, during which vapor rich in component B is generated in an

upper portion thereof, and liguid rich in component C is generated 1n a

lower portion thereof. Accordingly, the liquid rich in component C is

discharged as a column-bottom liquid from the column-bottom liguid

cutlet 4%,



When the coupling-type distillation colum 10 is designed, there nost be
determ ned the nunber of thoretical .stages per neter NTSM (stages/m in
each chanber; height. equivalent to a theoretical plate 39 08 FEB 2001
HETP (mm) ; F factor f' ( ( mis ) / kg/nB ) : and pressure(lgdgsg 1p01P per
unit height in chanber (rTmmHg/ m. F factor f is a paraneter indicative of a
real velocity with vapor pressure také&n into consideration. Wen col um
velocity is represented with u, and vapor density is represented with p
(kg/m- ), F fagten fibs expiesseduas #nid ans collumn aC Wisschargsduf eon sthe
represented with P (nmHg), tenperature is represented with T ( h),.gnd t he
nunber ©S+kSy MeRf8se wiuEhiM ddie vapohe densicratpri 32,exwpees s as
fol om?éjbm $o5toy RRARTRLELIEDLBT 4R v |~/ (~~2. 3h j T When |iquid
descend§-jéﬁdai.gh %Eﬂaw‘l\é’t?rt%réugl@@gpmgcéﬁio@hi spased, tohbémmeapaporasdends i n
the chanb ", the scending liquid causes occurrence of a pressure loss in

a flow ¥agor .7pkn iesenh @Mpedenery isstedetd bednittt bacbiorsl
causes ?%%ééﬁ%ﬁh?'oﬁhkiaégg??g.be %ed to the first-chanmber upper-portion to

differ fpom.fhe bihakd 10, beyf etk t ond heasee ondelehambesmponent C
upper-pgﬁt?%%@ Fﬁgu?%%ﬁfrafe of liquid descending in the first chanber 14A

differs f&%&a# hat tbé‘ ﬁim%hsgﬁeegummﬁa dBexhalst , sédte odesk@ndinegvh pai d
| e |

fl ow rafd er’s ‘between t rst chanber 14A and the second chanber 14B.

As a resgylf &%ﬁﬁéﬁéﬁgh? I 1144 qth thensacondpehenten 148 di fhesing

pressyrEnggﬁ. ow rate of vapor ascending in the f'irst chanber

14A differs f that | sesoy whamprak48 firod. thet Neéqasdenticingivapor
f1 ow rat’ 8P4t g?é Egt%%@%ét e ??rst chanmber 14A and the second chanber 14B,
Thus, t

he E t.0 | ¢ established such that. even when the 40 08 FEB
2001 degggﬁ%ééﬁiﬁlpq%?% flowrate differs, a pressure loss is equalized.

FIG 1Dis a tahle showngohher resulip®f rsbAULRtdponbnpEeesterdd dssthe the

first embodirnent of° the present 1nvention. In this case, the sinulation

- Was pe%%%ﬁgﬁgngrgg%ffb%eAﬁg!l&W@iﬁk(Hﬂﬁghtkﬁgsportion of the vapor rich in
component B contacts the liquid rich in component B from the secbnd
distillation section 26 at the upper end of the third distillation
section 27 to thereby become liguid rich in component B. The liquid
rich in component Blobtained at the upper end of the third distillation
section 27 is discharged as a side cut liquid; i.e., & product from the
side cut nozzle U2

Tn the exhaust section ARY of the second distillation section 26,

liquid rich in components A and B descends, during which vapor rich in
component A i1s generated in an upper porticon theéeof, and liquid rich
in component B is generated in a lower portion thereof. The liquid
rich in component B obtained at the lower end of the second
distillation section 26 is discharged as a product from the side cut
nozzle U2,

Then, the vapor rich in component A ascends in the enriching



Descending material: ethyl acetate MW= 88. 1) O [
( = . eratin ressur-e:
at nospheric pressure {760 (mrHg)) Operating tenperature:g7g Density of

vapor: 3.0785 (kg/nB ) Density of liquid: 900 (k [
g/ n8 Surface t :
(dyn/cm Filler A: BX PACKI NG Descendi ng-1iquid flom)rate 5, 18nsign 2%0

25, and 30 ( m~ ; nz hr ) Relations between F f
_ ;- actor f0qFEBI08) kg/ nB
and ascendi ngvapoi flow rate ( kg/ng ﬁr) per unit cross- s;£t$ona? a?ea %
5 32D0 1. D 6300.1.5 9500 2.0 12600 2. 5 15800 As rnentioned a '
PACKI NG ahasi ds ek Painiche spabkioing i8change @ hBremf b ofa BO e i 2‘
Lﬁggguz;-P 5to 2.5. As seen fromFIG 10, at an F f actor f %f 0 5
gE®@r S t
Pr eSS U -9 8aler \ﬁiﬂbbﬂ r»;airm:m conmrteangé dieeentwherithen 6 0BSRREHd Srig- ‘mecﬁ&l d

the vapor is condenoed into liquid rich in component A

|na

" As described above, vapor rich 1n components A and B is
separated into vapor rich in component A and liqhid rich in component B
by means of the second distillation section 26. The vapor rich in
component A is discharged from the top of the column and condensed into
liquid rich in component A by means of the condenser 31. The liguid
rich in component B is discharged as a product from the side cut nozzle
42, Liquid rich in components B and C is separated into liquid rich in
component B and liquid rich in component C by means of the third
distillation section 27. The liquid rich in component B is discharged
as a product from the side cut nozzle 42, The liquid rich in component
C is discharged from the bottom of the column.

In order to.enhance the efficiency of distillation for cotmponent
A, the liquid rich in component A is refluxed into the enriching
section AR3 from the reflux liquid inlet 44 and brought into contact
with vapor rich in components A and B ascending in the enriching
section ARS.

Notably, each of the enriching sections AR1, A4R3, and AR5 and
the exhaust sections AR2, ARM, and ARG is formed of a packing including
a single node. However, depending on relative volatility among
components to be obtained through distillation, in order to attain the
number of theoretical stages required for distillation, a packing

including a plurality of nodes may be formed so as to produce packing



08 FEB 2001 Thus, the present enbodi ents enpl oys BX PACKI NG as the packing
A for the second section 12 (FIG 1 ), the fourth section |4, the sixth
section 16, and the eighth section 1 13, and an F factor f of 1. 0-1. 5.
Accordi ngly, since pressure | oss becones substantially c?ﬁiggg% anong the
second section 12, the fourth section 14, the sixth secti ﬂﬂbnd t he
eighth section 1r3, a pressure IossZaﬁising inthe first chanbers 14A and
16A .is equalized with the sumof pressure |losses arising in the second
chanber grdg3tded 16be Ased. r esldot , a i Inte idesoendiynge | 4igpodedossturet: the

i nfl uence ascendi ng vapor, the vapor ascends while being distributed

uni f or nhyded\ot allryheamite,f dhtofedd abzAl6-1U1 Grndayhdesisepboyecbzdle HAi srease,
the cross-sectional area of a chanber increases to an extent corresponding
to a draptimeceeshryel ddbpysedDest thebuhinenlefel. vapor' does not require

di sposition of many instrunments, nor does it require execution of

conpl i cat ed conir gkzdhitedghb@RSr ahé amatefribhel inadr Mnent be Aeparatiedgliyto t he
size of the distillation apparatus can be reduced, and the cost of the

di still gbhineapRagat us teant hger efluceduasi Mgl bf dSitideative dedammdi ng of
liquid and the ascendi ng of vapor within the coupling-type distillation
colum 10 can by seDehbeaerk rRCebed efae rebeat thanraltiing phenadnieg in 4 he
packi ngs A contained in the chanbers can be prevented. Al so, occurrence of
nal di st phbediaR eandhenneyest edluhfs,t ithec aupbd N@ft et dinghts) aducbnasod um
10, since the partitions 22-24 are disposed in the fourth section 14, the
fifth seehi@keld, apndviftiratorsi #d) sSeahpOMtakS ber esPadd. vehycord iigfilyer emce
in pressure loss. is likely to arise between the first chanber 14A and 'the

08 .FEB 2001 ssoand Ghanker céﬁ&a@ﬂ@db@b@ﬁe@rﬁ@e@ﬂd shougbasberdrGAmndohhef
secondchanber 16B. ' Thus, second throughfourth enbodi nents of the

present {pY et i 0N 58! 6hs MREKEABSg S CaaSbepraMeRy asiwdngothares | fredentsg
i npressure | oss between the fit”stchanber 14A and thesecond chanber 14Band

bet weenthbe:ddv o eharben 116 anth bppamasgndchanber 16B. The second through
the fourth enbodi nents will next be describe FIG 1 '1 is a table show ng

characteri sti cpprte@ataQUPthd GolipPengcghe | d Biviohatiruovlinh tilehsecondtal
enbodi ment of the present invention. FIG 12 is a table show ng properties

of packbprgsbbit t41e 198CeRLo RsIRGIIMEDigd, tdhe pbeserd-3ntratrenicdln sthigss
case, BX PACKI NG was used as packing A for the second section 12, the first
chanber s p4ABstathe sect chatierfolhdth afecthenfBurhl slectdionhldectdnd the f

first chamber 16A and the second chanber 16B of the sixth section 16,

wher eas MELLAPAYe a1 3%Q Yewasha sed rdss paciamnd 3Biholuddre seizghidcsaethiiornd8a
channel-type distributor 61. Liquid collected by the collector 54 is
distributed to the first chamber 14A and the second chamber 14B of the
fourth section 14 in predetermined different portions by means of the
distributor 61.

The first chamber 154 of the fifth section 15 includes a
collector 62 disposed just above the feed nozzle 41 and a tubular
distributor 63 disposed just under the feed nozzle 41. Liguid
collected by the collector 62, together with the material liquid M fed

through the feed nozzle U1, is fed to the first chamber 16A of the

sixth section 16 by means of the distributor 63.



Herein a pressure loss arising in the first charnber 14A and 16A is
represented with 8P , , and a pressure loss arising in the second charnbers
14B and 16B is represented with a P ~ . Qher paranmeters for the first
chanbers 14A and 16A and the second chanbers 14B and 168 are tepresented as
foll ows: the nunber of theoretical gtages : NTS ( i %?ﬁm 14B, 16B)
; the nunber of theoretical stages ge net er: NTSM ( i % hGA 114B
!GB ) (stages/n1) , and pressure |oss per unit height: P

16A, ' 148, 'lG&QanﬁyipprQQSUFetbndscBPmbPFs1@&p¢%s%@% é&fﬁhﬂqgﬂE§on~15

NTSi a AINTSI~i ara) ' L~Pi aa+ ( NTIS~a ~ /NISf'~J | 4

(
3 0 8 FER12ARL alARWRyFhetptessure leossr$6P disipssest pjess @ROHS Fbﬁl%ﬁﬁ? -
z- (NTS~6A/IVISM16 A) ~P i sa+(1VTSEEB ~' NTSM , ss)P

L1 P 1 &;1BnFhelf facharafiuilar d1kibt6ar G6~BLsped)d ijust amsaratee sden
reference to FIG 11, and the pressure loss ~ P i and the nunber of

t heor et galnosbagep pequ@icercomI&d;ad (st apestaBlecbor ddpdndi berhayged :
< ed.q: a
factor f |1 are calculated with reference to Flc;. 12, thergg; setting the

nunber of,dReor &l eak siRgestNIzliola gdeded evarithedsactindechanber 6B |
the pressure losses a P, and s P z can establish the follow ng

(o) ORI RSt chP 16 B Gooh oprelyssbmsitic fanges, nof i screte
theoreti cal Furthermore, the seventh section 17 includes a collector 67 and
a tubular distributor 68. Ligquid descending from the sixth section 16
is collected by the collector 67 and is then fed to the eighth section
18 by means of the distributor 68.

In the present embodiment, liquid descending to the third
section 13 from above; i.e., from the second section 12 is distributed
between the first chamber 14A and the second chamber 14B of the fourth
section 14. A distribution ratio is preestablished on the basis of
distillation conditions, such as components A-C of the material liquid M,
the composition of components A-C of the material liquid M, the number
of theoretical stages of the coupling-type distillation column 10, and
the required purity (quality) of a product.

The distributor 61 includes an unillustrated distribution
section for distributing liguid in a direction perpendicular to the
partition 22 and is adapted to make the amount of liguid fed to an upper
portion of the first chamber 144 (hereinafter called a "first-chamber
upper-portion") and the amount of liquid fed to an upper portion of the

second chamber 14B (hereinafter called a "second- chamber upper-

portion") differ from each other.



stages per nmeter NTSM x a Next, a third enbodi nent. of the present
invention wll be described. FIG '13 is a table show ng characteristics of
a coupling-type distillation colum in the '"third enbodi nent of the present
invention. FIG 1~ is a table show ng properties of pacbiggﬁégﬂethe third
enbodi nent of the present. inventio 7I\/ELLAPAK 2501" (t g , product
of Sum torno Heavy I ndustries, Ltd.qs was used as posh;ing C for the second
section 12 and the eighth section 18, whereas MELLAPAK 250a (trade namne,
product of SunilttaplyHeaiscs ridgsefprsgentienad) PrpduGtsédd %355061563?‘5131“9”‘f gFethe
first chanbei® 14A-A and 0 8 FEB 2001 44 the .second chanber 14B of the
fourth sédei ontindzakval khe thef iamoungl afbeiquBA Tl thdhsessRANENAABBYCA 6B
of the sixth section 16 In this case, since N ELLAPAh 25DY was used in the
second sppér-guort2oantkdoesegatiersdban dhatided Ioghhe Fieb-ghamRathSPPETOW i n
the coupling-type distillation colum "ID (fl1G 1 ) could be stabilized.
Since MgbbAPA.~ 250X is used in the f first chanber 14A and the second
chanmber 14B of the fourth section 1 ~. and the f first chanber 16A and the
second char nber WhetB din tdrelesi xtch adestdinom risl uae m kieno tde e el tgs vapor
flowrate is high, it does not influence pressure losses ~ P, and ~ P 2
For exadpkeilldteonuwdeltodng keer ebileamoditiges iNTighd ddstibisd iphealiRsirBEWENg

values. NS, ~ ,~ =1~ ( stages ) NIS,~B = 1~ (stages) NIS ,6R = 12
(st ages:hNTSForementtofed agesg)yifbeinn patssunest dsschamgedrcspndinia tohéhei r st
chanmber's ' 14A and 16A is calculated as follows. ~ P, - (NTSt ~ A /NTSM

~, A) qiPillaidntcdMiS icnB. , YT SHati thisaehdOR mAurality of distribution
cections of different distribution ratios are disposed. Liquid
descending from the second section 12 is collected by the collector By
and is then selectively fed to the distributor 61 via a selector valve
33 or 34. For example, when a product of a purity of 99,98 (% by
weight) is to be obtained, a distribution ratio of Y:6 is selected.
wheﬁ a product of a purity of 99.999 (% by weight) is to be obtained, a
distribution ratio éf 2:8 is selected. A load factor is changed to 50-
100 (%).

Since liguid can be distributed at the optimum distribution
ratio merely through employment of the distribution sections, there is
no need for not only disposing ﬁany instruments, such as an analyzer, a
flow controller, a flow control valve, and a level sensor, for
distribution of liquid, but also executing complicated control through
operation of the instruments. Accordingly, the size of the
distillation apparatus can be reduced, and the cost of the distillation
apparatus can be reduced as well.

Next will be described the distributor 61 in the third section



('r4/71'"?. 2) XD. 3+ (13. 2. 0) X~1. 5- ;;4. ~~Il. ( mHg ) Pressure
loss p P 2 arising in the ;second chanbers '14B and 1~B is cal cul ated as
follows. ~P~- ( NTS1 GAI NISM) , nP, ~H+ ( NTS, 6 B/ NISM) J
Pi ~s - (12/2. D ;< ?-1. D+ (7/2. 0) X3. 0 0 8 FEB 2001 - 34.5
(mrHg) Accordingly, the pressure losses ~F, and ~ P z e i t he
following relationship. ~P i . of zZNext, a fourth enbodiﬁ@ﬁ&ﬁgﬁmCIue
present invention will be described. FIG '15 is a table show ng

characteyistics of a coupling-type distillation colum in the fourth
enbodi nefit of the present invention. FIG 16 is a table show ng prope&ties
of packings indhe hoyrth enbodksendy it gpeedent ribvent i ah.tiEhe iedr t h
enbodi nent is g?}%cfigélﬁ gpplic&bléq?% theggase where t he nunber of

t heorotj cal, stages. ofc. j spehanbergel préeantd ihOANENES |, FIGA % INT8 ~ ~
A) dif%%giioprgﬁ1@ﬁagd%?€t%@&§%gbnd chanbrg 14B and 16B (NTS, ~ p + NTS ,
~,~ ), and the ascending-\aparn, ftdOwf e ofhihe fettstnchanbees firsh and
1 ~~A N%fﬁ?fYéan?? gggogﬁ%ﬁﬁgt. o# t he second chanmbers 14B and ' 16B
Filler C.is.dispos i cond,seeidon 'FiZ, packi agsDde vielh sgfosEw® i n
the firgtPeh r§ﬁg$h% éggség'Aﬁgvpackfng A'i's disposed in the second
chanber s, 148,308, J68.and Rackbpgy itk sposedeniiod frenei ghtihesectsort 1

r3. As presstre Toss c~ , arising in the first chanbers 1 ~-A
and 16A and ~ P z arising 4 R cGh8fTbers ris t~eBsamci d 11§Breaon of
est abl | SRV HeF o | @%'ng@lé'l %t?%ﬁ%ﬁ%?spei . ~P z Next, fifth and sixth

to equali ze
present invention. FIG. T is a detailed view of a second essential

emboct MERL Sq DL HISRIE38NE Rl IVEIN Akt B8 Sescrimed eitedinthb oRnthei xth
portion of the distributor of the third section in the first embodiment
of the present invention.

In FIG. 3, reference numeral 12 denotes a second section;
reference numeral 13 denotes a third section; and reference numeral 14
denotes a fourth section. Liquid descending frowm the second section 12
is collected by fhe collector 54, The collector 54 includes a
cylindrical column body 705 & plurality of collector laminas 71 disposed
at predetermined pitches in parallel with one another; and a collector
box 72 formed along the inner circumferential wall of the column body 0
and including an annular gutter. Each of the collector laminas 71
includes a curved portion 73 located at an upper end thereof; an
inclined portion T4 located at a central portion thereof} and a gutter
portion 7% located at a lower end thereof. The curved portions 73 and

the gutter portions 75 extend horizontally (in a direction

perpendicular to paper in FIG 3).

] RN T, 2
Accordingly, liquid descending from the second section 12



4 6 08 FEB 2001 o P, and ~ P ~lalien o F, and a P ~ cannot be
ec,-equalized through nre .election of packings A-D. FTC. 17 is a
conceptual view of essential portiol~s of a coupling-type distillation
colum in the fifth enbodinment. of the presents invention. FIC,. 18 is a
sectional view of essential portions of the coupling-typegd@Esailil ati on
colum in the fifth enbodi nent of tﬁe9present i nvention. In the draw ngs,
reference nuneral 113 denotes a third section; reference nunerals 1 14A-1
16A denpfes fhhéstaghanberise ;curefeer enee ipusef/d| st 1dddB: 1068 denote Sershd
chanbers; reference nuneral 1'17 denotes a seventh section; and reference
numer allz Ao ds 7y denol e Patid ireieivEde byesent guetabopbmehons s7f f dtE vel y
applica ?e to the case where certain distillation conditions of a

coupl i ngsd.y; EINLLE S BEH: AT gt nC 8hs euthe rapoenitimg-\tapod fhew
rate i ng%%%lggefilﬁgiﬁéﬁglr%e?}gl{%14A and 116A tgg differ fromthat in the
second gk %rﬁgg.fgilg@gog:go%qu,!nsugg@@ueﬁwgypoune Wiglid He shé uatlleotor n

t he present ernbodinent, the partitions 1c2-124 are di sposed eccentrically

such t hgly orps secthanaly 8662 Birk of theof 1o sbzgharszers 1 14A and 1 16A 1
smal | er “th i

an crosssec nal area S2 of the second chanbers 11 ?~B and 1 16B

rowrate n L RBEAHE LENRRTERY e b A o esented win QI
1"apr oSl i o G ERGe e o1 e, e Ty TR Ty o0 ehambers  1L4A and
the SocbREPE RROEHE. 1V EL /B ahd THGR o o F abrbesnton w th 42, the colunn
(o) ubBEny A @I dtb gl o hE e 2 B s The . o

R e [ e T R g S O

the first chagherschalibbd Gl ob 18frand thageans df theadkbartbiftor, 6% B of
~b an

t he second™ chanber’s 15B can be nodified. Al so, pressure

| osses JRLE. DR Nty B rirs® ffd@Nd 168Buid, 16 fed Rot beefdistridhaobebrs
11A and8§%8X£%%%wae2§hﬁgglgég%slper’un?? height pP, , a Band ~P ~, ~ B

in the secopge chapbers dnd 1B @Mch kiEBroamtdee byDehd idedtributor 61. In the

second mode, liquid is fed to the distributor 61 via the line L13 and is

then distributed by the distributor 61. The valves V1 and V2 are
opened/closed manually, or automatically on the basis of a signal from
an unillustrated controller.

The distributor 61 includes a first distribution section 77 for
distributing liquid in a direction perpendicular to the partition 223
and a second distribution section 78 disposed just under the first
distribution section 77 and adapted to distribute liquid distributed by
the first distribution section 77, in the same direction as that of the
partition 22. Thus, the liquid can be distributed uniformly over the

entire fourth section 14.

In the present embodiment, the distribution ratio of ligquid in



In the present ernbodi nent, through enploying different cross sectional

areas S1 and S2, pressure |osses per unit height ~ P " ~~and 4P ~ ~s a in
the first charnbers "I'l~ A and 115A and pressure | osses per unit height p
P, , ~Dand QP , , GQin the second chanbers 'I 1 ~B and 1 16H are
equal i zed, thereby equalizing ~ P, and ~ P Next a sixth efiBokhBagat of the
pi “esent invention wll be descrlbe$ BlC,. 19is a conceptual view of

essential portions of a coupling-type distillation colum in the sixth

enbodi ngid @y tHe Resentiui Reentbanth&l Gir2f disarfesectitonall vhewofond
essential portions of the coupling-type distillation colum in the sixth

enbodi neps iy oF tmﬁ pLeseRnt cishweNntistrd arfll &n BB e ehB dan ddiel.dr aengs
reference nuneral 213 denotes a third section; reference nunerals 214A-216A

denote §ifirshuehampetid eferenesy nugreal sn2tAB- 246B sderfotde steiddndt ion
chanbers; reference nuneral 217 denotes a seventh section; and reference

_nunEraJﬁogggtggnsdeggéﬁ Qar&b&b@ﬁ@ntghﬁ—@r@ﬁeﬂheaﬂbﬂﬁrﬂﬁntslq@l@fmecﬁhyely
applicable to the' case where certain distillation conditions of a

coupl i ngs diost bk! athhee@kuamnc M ghiheCadseride Asgendipgchapomnbef dow
rate||1tﬁe§§%rst chanb§$§]21 ~A and 216A to dlffer§$r0n1that in the second

Cha”beréhé§#%§§r§fcgﬁéﬁ oﬂ'kH%rggupﬂihgcﬁﬁﬁb‘@1%5111&%1@hté@ﬂum@nnolGFﬂGhe1L

present e I rnent
and the required purity (quality) of a product. In this case, since a
product is discharged from the side cut nozzle 42 located at the second
chaﬁber 15B of the fifth section 15, the amount of liquid distributed to
the second chamber 14B is greater than that distributed to the first
chamber 14A. As mentioned previously, when a product of a purity of
99.98 (% by weight) is to be obtained, a distribution ratio of 4:6 is
selected. When a product of a purity of 99.999 (% by weight) is to be
obtained, a distribution ratio of 2:8 is selected. A load factor is
changed to 50-100 (%).

Accordingly, even when distillation conditions are varied,
distillation can be performed in the optimum state, thereby enhancing
the efficiency of distillation. As a result, energy consumption in the
distillation apparatus can be reduced. Furthermore, since there 1s no
need for employing a complicated instrumentaticn control system, the

size of the distillation apparatus can be reduced, and the cost of the
distillation apparatus can be reduced as well.

The first distribution section 77 includes two open static-
pressure-type main channels 77a and T7b, which are opened upward and

formed adjacent to each other. The main channels 77a and 77b extend



pat"titions 222-22~ are di sposed eccentrically such that cross-sectional
area S'1 of the first chanbers 21A and 216A is smaller than cross sectiona
area S2 of the second chanbers 21B and 216B; specifically, as follows.
S1:52 = 4:6 Al so, the height of the packing in the first. charnber 21A is

| ower than that in the second chanber_ 21-B, c-end the hel@HtEBo0k he packi ng
in the first chanber 216A is higher than that in the second chanber 2168.
The above-described enbodi ments enpl oy as packi ngs EX PACKI NG, | HELLAPAK
2500, NRAARAKNASOYr ame MERLAPAK Z20Y MHombwerlityhef ehedgs B8 anplioyegdcy
PACKI NG MELLAPAK "I 25%i., MELLAPAK 'I 25Y, MELLAPAK 1 SOX, MELLAPAK 170Y,
MVELLAPAK, 2he MeldiARAKs2¥ac NELEAPAK B tohavhELARAR BOGY] Tanth MEWNEAPAK 250Y
(trade nanes, producers of Sumitonp Heavy Industries Ltd. ). Next., a
sevent . nRIEPOdIHREY Ofpiriae r RE €S eRllet DeNbE othanidikbneesr 20d OnUREBr200 1Ehe
described. FIG 21 s a view for explaining a distributor in the seventh
enbodi ngsite Ofg 1t henPrEsent phtvatieno & Get220] sfar phanpléew @ cesdeht i al
portions of the distributor in the seventh enbodi nent of tlue present
invention. FlIB, Z3elSt@ preQuhshwubgeddie o$t draurdffoen izett ohevedt e erhea
stand pipe and a main header in the seventh enbodi nent of ~ the present

i nvent i pn. ) RhGrn2Ts I5728 aienns hawinnghéhe: siyabeiofpiesaneet iogereraceh irhe
rnai n header ana an armtube in the seventh enbodi nent of the present

i nventi oneo L itihe o awi ngsy drefakenae Burmsial 812adenoissosedsanotie sexir on;
reference nuneral 13 denotes a third section; and reference nuneral 14

denot es hgsgctih,@ny 7hi quiteh des eerdinra df lgm 1ihes iseagiitth isectticomalih i s
col l ect & 3E§H?%e7§o||§ctg? 54, The 'col I ector 54 includes a cylindrical

collum QQQMH%@; 785 PAAH @it ¥aff be Hdi1actOnstati nas 7' 1 di sposed at.
predetermned pitches in parallel with one another”; and a collector box 72

formed al ong tRBe,iongle ¢hrstHeabhtlionvabtt dn tMeisotanmosbodyl Theanpen
i ncluding an annular gutter. Each of the collector lamnas 71 includes a

curved ppLtiQnré3slircataR akianchEmRLseNh tdher §0b, arsuffdtiesd goount ouf 74
| ocated at a central portion thereof; ; and a gutter portion 75 | ocated at

a 'O\A'er%%diah@é@%e K- CIrived HROFt heBsd 78t witshit fven guetcttdonp it i and ¥i5e
extend horizontally (in a direction perpendicular to paper in FIC 21 )<

raccor dipglar 1hhaYd dadessendinentoqm the ieesndisedhuen 2 hapghiges bl nst

the curved portions 73, flows along the inclined portions 74, and is then

recei ved byt Recgut b8E1 OO & E€DFoI 577 Theh be lowered accordingly, thereby
reducing the size of the distillation apparatus.

Notably, for example, when a product of a single purity is to be
separated from the material liquid M through distillation, the
distribution ratio does not need to be changed. Thus, a single main
channel is employed; the distribution ratio is fixed to, for example,
3:7; and only a load factor is changed to 50-100 (%), Liguid collected
by the collector 54 is fed to the distributor 61 without being
discharged to the exterior of the column body 70. When products of
three different purities are to be separated from the material liquid M

through distillation, three main channels are employed-in order to

change the distribution rate.



0 8 FEB 2001 50 !~eceived liquid flows horizontally in the gutter portions
75 and alien reaches the collector box 72. Subsequently, the liquid in 'the
collector box 72 is transrnitted to the center of the columm body 70 by
rneans of a liquid collection pipe 252. Then, the liquid is discharged to a
di stributor 261 from a discharge pipe,253e The distribut 88 HE#1200incl udes an
open static-pressure-type .stand pige2255, whi ch opens upward, extends
vertically, and is adapted to establish a predeterm ned head throygh _
accurmul ati on offHe @eicdndi 8thar et forormecidodi I8haP§AUPEPed 25BIral itgi Rf
header 277, which serves as the f first distribution section for

di stri battdupg bf osh:6tiype aarch oBehnels Féependliul shich @fteh@P%%ﬁrc{ PraRd ?f‘d and
a pIuréTity of armtubes 2'7B, which are connected to the main header 2°7°7
and serper@sd thejsesond diste idnothen. sefheoarmoehanseks b3 ifd i'HH & Favi ng
been distributed by the main header 277, in the sane direction as that. of
the parigdpited? hyAsGPpotgI02 vhiige | beligl ccmmeptedi @1 risuEBEUENPESEMYY over
the entire fourth section 14. In the present enbodi ment, the distribution
rati o of1ddgaisg, i na tyteirkotty hofs entesnsd A setwered tafe eRVRStPEWERSeL 14K and

t he second chanber '14E can be established and can be changed as wel|, The
di st ri bygioind @l ehbSaresabhesbetBoridhg8basikolsfs, dhetehest iogh thentiHa ons,
such as conponents A-C of the rnaterial liquid M the conposition of

conponept s Ke G Ofndde:dred £id alalligwifd thre, atrhe chanbel soff 8ahaod eT$leal Bieages
of the coupling-type distillation colunm10 (FIG '1 ), end the required
purity &ggﬁgﬁgtgg e dyrRued. bhnnthhs ofsle; sispek renpeodl I¢t . which are
di scharged frorn the side cut nozzle 42 |ocated at the second 510 8 FEB
2001 charpher, 48B.@fed e #nd isibh waqki oh e, fihet atstnibwfion geatdon 17,
distributed t(7 the second chamber 1~.8 is greater- than that distributed
to the LhgStocharaher 1n ks marnexariig o irsheddssribbutdromacdiry 13 S8t to
2:3 to 5:5 according to the rey_aired purity of a pi”~oduct. A load factor '
wi thin thepsanae ©f toRekatsnd dSstdbaklipnsetction 78; 2. LEquikcer dhRgngin
distillation can be performed in 'the optimumstate according to = |
distill ghh@Re TONd ti0ass tititeredyahddedaso nhalissti thantaks 6pi cileiyd M a
result, energy consunption in the distillation apparatus can be reduced.
Fur t her RREepa §h NG rirRar §7bs 1 8od newd Huoedeapd oféchg ca thenprn calranels 78D
instrunmentation control system an increase in the size of the distillation
appar at 4, ga@che tpr e¥enuplly foed ebye reshmdgl 1ster idosticsr serd ignstBl FaFPon
apparatus. The main header L7'7 e: tends across and over the partition 22
and i nchudesdadtstiiaitedabm phetf orst2 Blatesbehiimgacinand Tt hes $ORRETSt 3
chanmber 1 ~A and a second arrn portion 27'7b extendi ng toward the second
chanber ate. Btddied owethe rtippbrthd2sahnce jsveet 2B o088 ntre @S &0t PQFJ?EHQ“
center of tire main header 277. An end of the first armportion 27?a and
t hat of thhessesahdist miparicnose@tWri7BB8are each closed with an end plate
2?7c. Accordingly, a liquid head established_in the stand piEe 55fL§et
transmitted uni farardemitcimakehthemimoundadér 1297id . to pepferalPt Yo Hites
2c31 are forned in the bottomref the 111alll header 277. The arm tube
2' 78 ar e Hambexedlind pf fme fwonl &he camaumitc i Aganid nte ke f&dh PRk s in
the vicinity of the bottorn of the rnain header 27'7, and extends Ln q
di rect i ehapREPpentli cileatol bow e par-Anezrdesre’ 75:abPHE haf  3FAAHEE825F 3 % e
supported by supports L32. A plurality of holes 233

distribution ratio: the diameter d1 and the number n1 of the holes 81

formed in a portion of the bottom of the main channel 77a which is
located in the first chamber 14A; the diameter d2 and the number n2 of
the holes 81 formed in a portion of the bottom of the main channel T7a

which is located in the second chamber 14Bj the diameter d3 and the



52 08F EB 2001 are foaned at equal pitches in the bottom of each of
"the arrn tubes 273. Notably, holes, notches, or the like rnay be formed in
the armtubes 273 at side positions. The opposite ends of each ot the arm
tubes 273 at”e closed with end p lutes 273; . Since the nBigrFERgager 277 and
the ai “mtubes 273 are connected in this manner, liquid in the main header
277 is distributed anong the armtude§ 278. In order to snake the amount of
liquid to be fed to the first chanber 14A differ fromthe anount of |iquid
to be fediid hheosagrndothargienridd irt haefiohitowsngl preasen ertlzsnaie 78a
established according to the distribution ratio: o : the dianmeter d 1 "I

and t hey numer; Bnltde fideher hoALSi288 floaime i1nA | hend' khetd hamrtepodtiami 27
7a; the di'aneter d 12 and the nunber n'12 of the holes 251 forned in the

second .o 7The e disanesgiedd id3t@ndotbennwinbae @B cobnhdies
hol es 2 ggkgﬁﬁég @%%th Sria tubgs 278 di sposed on the side of the first

chanber,d4A;and the di aprd es1 14 @ndd he dpwabenaRbdrofubhe Noteisl @83 Heor med
~in the arm tubes 8 di sposed on the side of the second chanber 14B Thus, -
when thg, ofy ¢! i dot @rbe TRd i her fidesthoahanser ridy-Hd sreduced
represeﬁ%%@&#?%sqgi,ag#d t he ann&ht 5T“Iquldt0 be fed to thesecond chanber
1~8is rep t 0312 -5 Gutid@ndtgol2are expressed asf follows.cll ~1 =
(~ 1>-) %@i‘ﬁ‘ﬁ“ﬁ‘%ﬁ?ﬁ“@{??‘ﬁ E:)1é~9~l -3 (9L [~ ~d | 2z 1'112 + (7L ./~ ~ d
|z 271 - vheryphe GharRier sudidt beandodid 347 eecsidblo shedanesr dhaghdo

t hedi stribution rati oo, e nunbersn 1 1 angn "I 2 areequali zed,
thecrosggpeg! | RPIHE 08581 )R RRPAEKINT 3BSHOPEthd Tddheo the a
T N »

FEe Zoos I'n and and can be equalized. Since, the

di SUT T DULLORG T iBebalu Be S5AREL BHEL) 00T dbNty | Gl SPi &halagireeandi 4d ons,
there i SN0 nee or enploying a conplicated instrunmentation control
systenlfggggmgingly, the size of the distillation apparatus can be reduced,
and the cost of the distillation apparatus can be reduced as well.
Furthernore, sinaq in pheyfifst. ghanber 14A and the second chanber 14B, the
amount of |iquid’descending fromthe holes 2%1 and 203 can be equali zed,
there can be preven;qg quqipenpg3of 3 Channel i ng phenonenon in the

packi ngs contained in Fhe’fiTst. and second chambers '14A and 148. Next, an
ei ghth enbodinenhzq; @Qquprgyentnbnvention will he described. FIG 25 is a
view for explaini'ng a stand pipe in the eighth enbodi mrent of the present

i nvention. = (g /1) du2 . nd

When the diameters d1 and d2 are established according to the
distribution ratio, and the numbers n3 and nii are equalized, the cross-
sectional areas of portions of a packing assigned to the individual
holes 83 can be equalized.

In order to make the amount q1 of liguid to be fed to the first
chamber 144 differ from the amount g2 of liquid to be fed to the second
chamber 14B, the following parameters may be established according to
the distribution ratio: the diameter d5 and the number nd of the holes
81 formed in a portion of the bottom of the main channel T7b which is
located in the first chamber 1443 the diameter d6 and the number n6 of

the holes 81 formed in a portion of the bottom of the main channel T7b



In this case, a taper portion ~c26 is formed at the upper end of a stand

pi pe 225. Accordingly, liquid discharged fromthe discharge pipe 253 (FIG
2'1 ) enters the stand pipe 225 snoothly via the taper portion LL6. Next, a
ni nt h enbodi nent of the present invention will 13e described. FIG 26 is a
schematic view of essential portions of a coupling type qjgkﬁak@gion col um
in "the ninth enbodi nent of the pre§eht invention. In the dra , liquid
descending fromthe second section '12 0 8 FEB 2001 ( hIC,. 2'1 ) is

C°||ecﬁﬁgﬁﬁyi% qpkLest ofn 3¢ sEiengothegbor BAD ittel ddescherydT redrd ddile
colum body 70; a plurality of collector |amnas '71 disposed at

predet er miaed, pid€hes hamdanal Febned R one Aobherst and arsahaenebs MWox 72
formed along the inner circunferential wall of the colum body 70 and

i ncl udi ng. noyl @l QYhbess dHeavwhdsdagpameibngf r amdt e séordesedd iam 12
IS traﬁgﬁﬁﬁgﬁg ?g tE% ggrlector boxS72. SLbsequentIy, the liquid in the

col | eCt@{ea:%%P%? b ogrenérﬂotfhegd?s-fb%acmr% BbRESns3? 8nd 3 chubhels are

di spose e center of t first chanber 14A and 'the center of the

second anhe nes I oeVEehY .o 0, ki gued is discharged to
distriHﬁﬂﬁgﬂﬁéﬁégﬁgﬁggagfgﬁg?RTtﬁg¥dﬁ§gﬁgfggm%Fpes 353 and 354,

respectively The distgj I 9B 363 39§Q B0k YEles AR 0@ valves V1 and V2
static-piAessu?%@#?péﬁggg%hg%}pe g%S é?g?? mhicﬁgopens upwar d, ext ends

verti Cag%gbﬁeggphgagggﬁt pdthi8 EshaBll BhaRgeedelanminad hiead stiraufion

accumnul di schar ge romthe discharge pipe 353 (354); a main

header 377..(.379 )u. whi ¥ ot bt ot
d?gt (ralr Rejold J.Pp%fu.)té)e\/'\'{e."fg] du%eﬁ(\é?c? ey %x?;%]écﬁg_:hgt H i1k Bu d DA NS BElnle@Rat ioror

idTn adrectionp ular to the partition 22, and a

ol ur el &4 Bl AEDURES B0 L3 4! SR aRBNESLEM 1210hE B Pa PR der

377 (31 e as the sec stribution section :for' distribution

| i quid having been distrli icN gRgaden ,374n( 3agBarat st &en Sad ve
directi%ﬁnaggtﬂg Qcéﬁ’t%%pggﬁgfﬁ%$%gﬁ\ﬁﬁf Accordfngl?, ?ﬁe |l iquid Can be
di stri but ed néto&ghy over the entire fourth section 14. The distribution

ratio pfe 9%%% Spe ween the first chamber 14A and the second chanber 14B is
establi shed 1 hr augh, At Teak, 8 shenemPuals Ainddies i sebagedsécondn
and §x. o

t he di scharged pipes

chamber 14B, the amount of liguid descending from the holes 83 can be
equalized, there can be prevented occurrence of a channeling phenomenon
in the packings coniained in the first and second chambers 14A and 14B.

[EMBODIMENTS ]

The production capacity of the coupling-type distillation column
10 for producing a product was 40,000 (t/Y); the diameter of the
coupling-type distillation column 10 was 1, 100 (wm); and packings
employed were "BX PACKING (metal gauge)" and "MELLAPAK 350Y (metal
sheet)" (trade names, products of Sumitomo Heavy Industries, Ltd. ).

The operating conditions of the coupling-type distillation
column 10 are as follows:

Operating pressure: atmospheric pressure

Composition of material liquid M (ordinary industrial



0 8 FEB?2001 ,55this end, holes forned in the discharge pipes 353 and
354 and in the at"mtubes 3'78 and 380 assune different dianeter's
according to the distribution ratio. Next, a tenth ernbodi ment of the
present invention will be described. FIG 27 is a schematic view of a
distributor in the tenth enbodi ment of the present i nvent ildhfEB W0t hi s case,
a distributor 331 assunes a two-1ev@l bstructure and includes mai n headers
337 and 338, which serve as the first distribution section for distributing
liquidin a direction perpeadied athyp ddeeaparyd.tigons2d welight) ;' 6); and a
plurality of armtubes 339 and 340, which are connected to the main headers
33°7 and 338., r f: Y, 128-1 e tseeendust st et i on section
for distributing@?ﬁﬁﬁﬁgiﬁnghémggﬂﬁgg???ri%utegegy the)nainbﬁéaders 33'7
and 338, in the sanme direction as that gcetath®panti {4 ey 2ighocordingly,
the liquid can be distributed uniformy over the entire fourth section 14

(FIG 2'i ). Ngﬁa\?%]é/-’oft €4 POSIta 005 Cﬁcfgtat"'gt@é rBokipBbesd 339 tapndd 340 1aseion

establ i shed suc at the armtubes 3 are not di sposed under

uni I I'us f apBd 1 he-thee aimtiubesi 33960 Refer ence nusepabe@Rb
denoteségﬂé@%% 6?%@? Pﬁuﬁhﬁégcéggi ﬁhe dispributfon tatiois set to 2:8 to
5:5 accordifg 0 Lhe feaui §ed RULLE YAl iRgPbORAUGhd Aondedent aCIdR awhifh n
the range of opérati'on I's set. to '1 :20 as usual. 'The dianmeter of

uni | lus : S0 "Bl dvRqt Plor ik t ey 18391 ad d340 eshbg ashiannthe
si de ofﬁéﬁgﬁgiP§#%§@ﬁgﬁg§$ma4A anﬁ theldianeter 5008FEB 2001 of

uni | lusgr ol 3 M ybes. 33iHy BNte340e disRoRG100 bhe
si de ofgtﬁéﬁgggbﬁgagégﬁggg 1 gbgﬁg%%sfablished é%cording to thzﬁﬁ

di stri bygi rat.9..dN.khe present enbodinent, a single distributor 33'1 is
disposegbh ové%thg ?%%¥#ﬁ'section 14. However, as in the case of the ninth

embodi ment, thgh%i{:%inig‘itfggoﬁépga@é{t&e Qippesedabayed eagh1at idmeciunes and

second chanber his case, 'the dianmeter of holes formed in

Lhe armbuhenedsy. aad (340 4 spasepl fahoe (e i nstocharbasd 1475 and ) het

di aneter o ormed in the armtubes 339 and 340 di sposed above the

Secondogﬁgg‘%&a}éﬁ gep e engergddidd.er eyt dorRfPagach t%%habupﬂﬁ%—,étyb@

| evel rquid contained I1n one of the two distributors 331 can set.

sonemheﬁggﬁgiﬁggﬂx}gggg?%n1@qﬁggﬁm§§}irpqg)tB@_FF@@nﬁﬁ@der(88&&‘N@&Hucan

el event odi nent e present Invention w be described. FIG 28 is

a schemgfj;c, \ ?Ww?f?fﬁ eﬂhéﬁ“&‘tgof)eli’ n the ot e¢epbEt.enbodi ment. of the

present ‘1 nvention. 'S cas a distributor 381 assunmes a one-si ded

two-level strugiurg, Lidcalky, andendi stdthuteioB@keasspurere eoupling-
si ngl e-1 evel s?%gcﬁﬁFiﬂggk%‘g g%deaof t he fifgt. chanber 14A (FIG 21 )

while a | 18 15 We1 hugh! Ustiere Sbdthessige ©fd Bbe(sgceadpediaiady, 14B
The dis??P%h?%?ﬂ%%%eyﬁgxﬁéggﬁnain header s 387Kg§9,cmhicH§§erve . 3s the’

first diggtghbuti on 96810 N9k tdbat &ppund g ldotigodetinof tibs etistdrllation
perpendicular to the partition 22; and a plurality of arrn tubes 391-'3")3,
whi'ch aggiGamected t0 the main headers 38' 7-389 and serve as the second

At a distribution ratio of 2:8, the flow rate of liquid
descending in the first chamber 14A was 850-1700 (kg/H), and the flow
rate of liguid descending in the second chamber 14B was 3400-6800 (kg/H).
At a distribution ratio of 4:6, the flow rate of liquid descending in
the first chamber 14A was 1600-3200 (kg/H), and the flow rate of liquid
descending in the second chamber 14B was 2400-1800 (kg/H).

Next, the distbibutor 63 of the fifth section 1% will be



0 8 FEB 2001 ~7 distribution section for dig<tributing |iquid having been
distributed by the main headers 3S7-38 -), in the sane direction as that of
the partition 22. Accordingly, the liquid can be distributed uniformy over
the entire fourth section 14 The present enbodinment is '"applied to the case
where an established distribution ratio is significantly iqﬁ@ianced.
Not ably, the positions of the armtdbfes 392 and 393 are esh B &hkd such
that the armtubes 393 are not disposed under unillustrated holes formed in
the armdihese392. Reference nuneral 225 denotes a stand pi pe The di aneter
of unillustrated holes fornmed in the armtubes 391 and the dianeter of
uni | lustrated hptes forged phahheianmshobesg362sandi8d3parsiessablli $ked
according to the distribution ratio. In the above-described ninth through
el event b anhpdi RS thiatift sefetbrt ant tiee Ifiiget demmidieent oif pihpepPSEndr 352
ft*omtwo circunferential positions of the collector box 72. However, when
the di a:[r‘]\?ﬁ%ecﬁoﬂf tig;. cal wams body; €Qoh nesrtakl stdtieauifd coayedieiohetetoedhe
liquid collTection pipe froma single circunferential position of the
col I ect i MaXh, néi dr annbadi Fneat afbddigmeprtesénthé nverensn
Wil | égggggﬁPﬁ§h°yﬁc? 5%§ﬁ¥§%%i:schenatic vi ew of essential poi”~tions of a
couplingﬁvéq%idgistillation colum in the twel fth enbodi nent of the present
invention. 1A the drawing, |iquid descending ft”orn the second section 12
(FIG 2'1 ) is ol -a469h18cd, Ok hB4d The iealtbect BrifAvdes| adespan 0
8 FEB 2001 58 éilfhgg%gg q%ﬁlﬂ?%ﬁh%%%y "70; a plurality of collector
| am nas Yol at G, 54.CR@S chnepoEAGs e ridcililh, ompens
another?gé%ﬂ%%ﬁggggrﬁegygfqﬁ%ﬁkpkgggogaéd al ong the inner circunferential
val'l of e.gol n;bodyar apd | Bt 19 ANy eeded erm Dudd efead i guralgh
descendPhggngngp elgeg%%%€5g0?90%§%% i% traﬁénitted to "the collector box
72 Su%?&?rﬁﬁ@th n C;fhg.iélilfﬂjitﬂ.sbﬁalx 3 epdn askoro@etdR 63 (FLanshist bedalro the
0

center e colum y 10 by aliquid correction pipe 395 and is there

di schar " zlie 396, Meaawhid erl bgui didesdendiing faearhidre for
enrichiﬁggg%%tﬂgw%Agﬁﬁaé the first distillation section 25 (FIG 1);£;St
be broughty| Gontagh v i) v apeec asseperpend vl exhahstpagditiion L f
t he natg?%%+ Igﬁﬁgglﬁéﬁ%gn¥gélgﬁa t he féedpnozzle ~1l as it is, liquid flows
in a bi gged, NANREGT i+ FRshAg tupsdf 1181 enicic amreactnrizettadeto |thquinairamdadepor
in the enriching section ARL and the exhaust section AR2. Liquid descendi ng
from t hgexhauste$66t hont ARG fokdied Bnanmhdiost islecatioan feectiiehr 26Ut &ng
brought into contact with vapor ascending in the enriching section AR5 of
the thind diat bkbahiOPesEdi iy Butedany ahponsiwrhedddme 1M, qdindthe same

w thdrawn "as a product. If in order to wthdraw the ptoduct, an

uni || uer-gréT%;Qigrj QUi ghateeel vies daptptidio2Betted to a great ex tent. into the
second chanber 15B, 'the liquid receiver causes a biased flow of vapor,
resul ting in i ngufthiCheiengoBhifed inkatesincki goé desdmadstagartion the adxihbest
section ARC and the enriching section ARS. In order to cope with the above
probl eme st hi1dtaant b @iredt rEnR50find ke peesienting neartticonARSefoyike third

| am na-type collector. The thirteenth enbodi ment will next be described.
Struct uralsf £Bt A €6n section 27 are adjacent to each other while being

separated by the partition 24, the exhaust section AR2 assumes the form
of a semicylinder. As a result, the liquid cannot be distributed
uniformly over the entire exhaust section ARZ,

Thus, the main header 177 extends radially outward from &
position which is located substantially at the center of the column hody

70 and adjacent to the partition 23. Also, the main header 177



0 8 FEB2001 simlar to those of the fit”~st enbodi nent are denoted by
somon reference nunerals, and t”"epeat.ed description thereof is omtted.
FIG 30 is a conceptual view of a coupling-type distillation colum in the
thirteenth enbodi nent of the present invention. FIG 31 is a sectional view
of essential portions of a collector in the thirteenth enbodi nent of the
present invention. FIG 32 is a plag yiew of the collector §@FEnalll

t hi rteenth ernbodi ment of the present invention. FIG 33 is a plan view of

a coll ect box_in the. thirt t ty0of, [ tigg. FIG
TR e G JTPSEEY 1R SRR e e Rt et of

th 2 - I 6
Flos | 55 A BWahowPEol T batofs Has Shaoun ] norhre TR BEFH ROy ciRhees

i.62 ingclud ;—t t t
15 i (S COPGRR Bodyerb T 8%8'” Bl P I‘?’étl%cf‘r‘%l%n%”w?‘ﬁgkﬁéﬁ‘“ aeton

sem spheri cal second .chanber 158 I 2.k |d
col | eEtI% Ib%tqcmne o3 Bﬁﬁt‘lFHe i nerI’VIIgIGI rb%g% of 0B'IIhIeQ%:IIS)Il um o 70 -

' d th t 23; 9 t b
T T e SRR R %Hﬂé@%ﬁfvsg@%g@%ﬁﬁagﬂ box
I t det f d [
aﬁ(Tt Rgrggggg%h@\%‘ IaIi r%re%?%rrgtl EIL CP ijeaclncambﬂggg %III& ° extend on

an i nner circunf er ential,wall .12a of |.ectQr : e ]
col urm BEHyFUSRae Tt} aRedinioped 73k Sg tIﬁJeJc g] Pti tlII']orII’I:IgI%) o tn@ 'IIIII:I%% I

A nass BETEna b pﬁ@?ﬁbaﬁsggga%w%ﬁ‘é‘%f'é%f‘iﬁgpaﬁe '5&%%38?{1 R o
contral 10§ GRG0 SoRA 40 GRRT Lol a5 Tt é%?%??zﬁ‘éﬁ“e‘“d
hor | 2onPar FyPr TR GFFG RAREDBr BEndth S1C 15 LRIy Tprce GPEnde e

Col | oot BFCPBM 3 A5 AR b o BenGtEPguELET b tlroﬁlﬁﬁ%e"efﬁ“ﬁ%%c Hikg
el | neberaEs Ul Atramrenc 4G | PoBe At Wiay Pr o ThE e cRra ot (hg Fhise
oi the. BBRREEL of 1T chfch ek, < Fbr L i) BeLk KRBREE dch o PRa{ned i

such a manner, as Lo extend away fromthe center of the fit”st chanber 15A
The endPBFLELAGR Bé’nt portl on 473 ovrlaps the inclined portion T74 of the

adj acent col | ector 493 such th SG i &b iRi Bges, nst
the coll ector [*heAd 3%6 ﬁdps@fl i P%I:)%JII%T IIIlSj %‘%ﬁeItIan of telﬁgcﬁ of d?ggh

gutter or . onsﬁ%\S faceﬁg'}ggg %}?O%Hq; q%dgq ﬁ@d of 4 heqki qyé.dpé;‘(ﬁlvgq? on

gutter RSTTHADN of the gutter pbrtions 475 faces
t he partltlon Si of th u oll.ect| ty e adUSipdigyi gds
col | ect 85T 4HE glr t2r I)%u ?ohgagﬁg%%tblg%é%?m:ﬁ etﬁléto t he UII:I(E]IIDJI

col l ectin gutt 491 f u devor thecpantd thmrrddssi de
of the §u gt ﬁ%‘? E%II %gnpggﬁ @%y%yet cgk |(I1'II| d colel ection gll;tter
491 whigh.is Lo , 0 e @LI;FII’ICIeI Bln&dals? 1bgeshanazel e
41 is cgﬁdeé?%dﬁ?%%gﬂé@%cﬁJuIIII'IEIﬁ%cI langIE dIdg?l Isqw d dr aI\TIv nozzle 495 is
connected t ? eol | ector box 72. The coI | ector 465 assunes a structure
simlar®© fiat H’eef~o O F E B 2003 of the collector 462 At a portion of
the liquid coll te iaGh ted the tIc?crttoII%f freomatihe
pat~tition 23, l%%& nozz‘?ﬂEDIéIIIZI aﬁsat%ﬁfrlée@%gd to .the coIIur nn bod;1 70,

and a |iguid dr nagzl & 49 ¢ ef; 1oy U ?EQI‘I;QSIIﬂre ReMmur{Zatingn
this ca dFﬁ’eI@@I uﬁ]ﬁ d@ g&Iﬂa ﬁﬂﬁ%ﬁet I'PI:tLl on Iﬁllsp
with the main header 177 in the vicinity of the bottom of the main
header 177, and extends in a direction perpendicular to the main header

177 while being supported by supperts 182, A plurality of holes 183



coll ectors 462 and 465 constitute a liquid collection unit. Accordingly

|l i quird descending fromthe first chanber 14A of the fourth section 14

i npi nges agai nst the collector |amnas 493 and 494 of the collector 462, f

| ows along the inclined portions 474, and is then received by the gutter
portions 475. The received |liquid flogs horizontally in the ggk ? portions
4'75 and then reaches the liquid coﬁ ction gutter 491. n § @&
collection gutter 491, the material liquid Mfed fron1the feed nozzle 41 is
m xed wefh fomaedi qh.emueiﬁeiaemhessems@aﬁjév@fcm athearh i dhienaemetubiegui 6.
collection gutter 491 1 is w thdrawn through the Iiquid draw nozzle 495 and
transm Thedopposith stdsbwfora63. Oli‘heh@h arm i bihesy 63 peedslored| vith end a
first chanber '16A of a sixth section '"16. In this case, in the liquid

col | ect boatagutitiéa a481.178bhe material liquid h7 fed fromthe feed nozzle 41
is mxed with the liquid collected by the collector 46¢c. The resultant

m xture is fedStocd Hbefhast hehdembel7T &GA thy aeanzibet {he adiestoirented 153;
thus, a biased flow of Iiquid does not occur Vapor ascending fromthe first
chanber tié Aalpass emnnhrpougiygapsnbéheerain Headeld 667 ois | dietrdduded amchgl 94
of the collector 46¢c and ascends along the inclined port. ions 474 and away
from t hehe emetulnds t1fjé. first chanber '15A. At. this tinme, since the. vapor
ascends snoot hly al ong 6 2 08 F EB 2001 the inclined portions 474, a
pressure | oss Gaunsedtiixy niafie beddeactIGl #6Zdmecoied & robst loegt iegidbby el | .
Thus, a biased flora of vapor does; not occur. wince a biased f |oco of

| i qui d abahd gpigre dé6sahot prciirion bdused arwk arap dhe cpar tatkieors @3f Feornthe
contact with each other in the enriching section aR i and the exhaust

secti onceri®: ofi kbai Sipst iapainbededgncdi pgessom tlmess eseodiacteimoeth 12B0f
the fourth section 14 inpinges against the collector |amnas 493 and 494 of
t he col resisrant@s withiiowshalmrig teedeéncl Thed padei bins ok amdbngs thdearm
received by the gutter portions 475. The received liquid flows horizontally
in the gulbaser!TPoitions |1'75 and then reaches the liquid collection gutter
4a 1. A portion of the liquid in the liquid.collection gutter 49'1 is

wi t hdrawn as aApcoddtngfy,orbhehéiguie comt bendzyd eliM2ed SubsBouent byer tte
liquid in the liquid collection gutter @1 is withdrawn through the |iquid
dr aw nogiztlreQeshanzt tseghsomtARdd t. o a distributor 66. The distributor 66
feeds the liquid t.o a second chanber '16H of 3 sixth section 16. In this
case, since théneths presaetcknfood ipe),etthei hylashd 88 odtedoonedodn BRchoaran
great extent into the second chanber.' '15H in order to wi thdrawn the

pr oduct tukbée! Boldtecnorll pitelResoedlavstverausbe ahbdlesed ¥ Imaw bk fapueed atapor
ascending fromthe second chanber 16n passes through gaps between the

col | ectonequad nes g3 dndtherely disdrddutectbe hbBiighdirdSoendy avendhene
inclined portions 4'74 ,and away fromthe center of the second chanber

' 15E. Aentivies exhawst sechien tAig. vapor ascends snoothly al ong the inclined
portions 474, a pressure | oss caused by the 0 8 F EB 2001 63 collector
465 becones al nBse pegtégt beybeddnent Thusdewse bl ke diil be aneitiapiong ddes not
occur. Since a biased flow of vapor does not occur, liquid and vapor can
mal e sufisteridrtoe ot Adspaet abarR Bithexhanst Hecaihauiie. sefbe ghiskRAbERT t he

enriching section ARS.
disposed above the enriching section ARS of the third distillation

section 27 1s also configured in a manner similar to that of the
distributor 63.

When the coupling-type distillation column 10 is designed, there
must be determined the number of thoretical stages per meter NTSM

(stages/m) in each chamber; height equivalent to a theoretical plate



Next a fourteenth enbodi nent of the present invention will be described.
Structural features simlar to those of the thirteenth enbodi nent are
denoted by conrnon reference nunerals, and repeated description thereof is
omtted. FIC 35 is a view showing the state of nounting of a collector in
the fourteenth enbodi nent of the present invention. FIG 36 Q¢Eg2§mctional
view of essential portions of a cougl ng-type distillation g 'urm 1'n the
fourteenth enbodi nent of the present _invention. FIG 37 is a plan view of
the col et Ofimj N it hectaurit ééntd) enbbgimtent; ahd tinespres d9BSi ndenPEBNE G
3c3 is a sectional view of the collector in the fourteenth enbodi nent of
'the prigsigmt iAVedier. (khkg/B9 i§ faciawTs Aewh nRp rengasR etndig atitee of 2
fourteenth enbodi ment. of the present invention. In this case, the first
chanberpdBAvelod ity hiifh ageet posssuts {4HeB iB0Y dansieralignt anfhfs £ e
col l ector 562 disposed just above the feed nozzle 41 arid a tubular’

di stri byd e 13931 6i speeeeniedtwithnderdndt hepdeattnsdzy | & representedc sitleét ed
by the collector 562, together with the nmaterial liquid Mfed through the
feed no ll%/%ﬂ% Fsrdadrt o thedivested ambet la6A of the sixth section 16 by
means o he distributor 563. The distributor 563 includes an open
static-pressure-typeg l/quid collection pipe 563a; a main header 563b
connected to the. liquid 0 8 FEB 2001 4 collection pipe 563a and
extending in a @ideGiier pe pendiegubaented tietipat tintited, 23enaadadupe ukal ity
of arm channel s 563c connected to the main header 563b and extending in
paral | el iddbicBe pagk it ion RP, (mi ahdi nemddromfpeb dperidi caparsantedapéh of
FIU ~ % and extending away fromthe back side of the paper). A plurality
of ‘uni | hustpatedohodasiave formedxpredseel asnfehionisel s 563c. The second
charnber’ 15B of the fifth section 15 includes a |am na-type col |l ector 565
di sposed just aboye-tdw, oi dp cutv/2ppz¥7| ex4368ndl a tubul ar distributor 566
di sposed just under the side cut nozzle 42. Liquid collected by the
col l ector 565 is dischargedseasis product fromthe side cut nozzle 42 and
fed to the second chanber 16B of the sixth section 16 by neans of the

di stributor 566chheigisd ldekutans 566 o phhuides wWierepenpactiag &s pl EPOsEE: t ype
liquid collection pipe 566a; a nain header 566b connected to the liquid

col | ect |,pR 1pi P& pBE5a saRG deXtiendinag chandedi r ekl despengéndi ddnuaddt 6abRes
pat"tition 23; and a plurality of arm channels 566¢c connected t.o the nmain
header 566hraagkexrerdphgsinradnalsl ¢h aitlow loé phetvapamn c28 the rededEti on
per pendi cul ar to paper of- FIC . 3b and extending away f t”om_.the back side
of the papealentd Rlidecal thy cdfstunbitarstriatedséwitdes anewnt snedarid tie P&r m
channel s 566¢c. As shown in FIG 35, the collectors 562 and 5t5 include_a
col um kedy té0tha pardt-tdhemizs w@pérdpwfﬁimm)EQNﬁHfﬁﬁFhf§@@tFQﬁl%ﬂ?qq$ Phe
colum body 70 into a sem spherical first chanber '15A and a _sem spheri.cal
second Qhauherts MaBred tol thectsecobdxchrmbesr UppRrinegtaon diicd far| Bets of
gutter' 591 along the inner wall of each of the col um body 7§% and the 6
5 0 8 FEBRAQLdpacthdion 28;the Ifamshackapper t 1502 idtessdi Rgtohhdhetn the
collector box '72; and a plurality of collector |am nas 593 di sposed al ong
the | anigeaSUPROENbeF92 48t At edet ehei dedcpndtngslamale if b aratd dbttie 'one
another. As shoran in FIG ?'7, the collector |am nas 593 extend on

i nner cigeaumetaren ifdrsbathaea OBA ténd thelssstand pbymber73tBet vise? FR#VCol um
body side of the wall 72a and the partition side of the wall 72a and in a
di recti amepetpendinatibar 14 the far seconh czambeacRBof IffRr dBl PRRISHFE| Hrfihas
593 includes a bent portion 573 located at an upper end thereof: an,

i ncl i nedrier t iche Sikk batatel vaboa asvendahgpbr tihenfinel sbRiPaRd H Ghf e
portion 5 75 located at a | ower end thereof. The bent portjions 5 73 d the
gutter powdn Gnstbhih extepdctiod | coatbalr yilBisniaedi ree’ ia5e 9Rsip8ndpERr ar 12%
paper of FIG 38 and extending away fromthe back side of the paper) Every
two adj aced qaekkpetiartdean tas HAStackarfibered itoanhethtosesspdridiayetpr Hent
portions 592a of the |am nar support 592. The end of each Lent portion 573
overl aps the inqhhﬁgdtn@rFi@ﬂcb@raﬁﬁjoksthbladhadeﬁmcmdﬂuﬁbﬁﬁﬁnlaﬁﬁﬂat®@3
such that descending |iquid inpinges against the collector |am nas 593

w thout fail.



One end of each of the gutter portions 575 faces the colum Lady-side
portion 591a of the liquid collection gutter' S91 while the other end of
each of the gutter partions 575 faces the partition-side portion 591b of
the liquid collection gutter 591. Thus, liquid collected in bgﬁ qﬁdter
portions 575 is transmitted to the Iiauid col l ection gutterU B %%om t he
colurnn |l ady .70 side or the partiti&n 23 side of the gutter portions 575.
At. a portion of the liquid collection Q B FEB 2001 66 gutter 591 which
i s | ocadextenbéng-aricuedt f Iomatbed Hdetrss i opréd3sutehdobeeit mopaklzetll i s
connected to the colum body 70, and a liquid draw nozzle 595 i s connected
to the coll ect BIGS61) 1At aatginlet ishow g tthe sésuidt of es Baublatdontal tiratsofe t he
coll ector 562. At a portion of the liquid collection gutter 591 which is
| ocat edlddre ihathdesh-str emddigepardf thenp@Rent henwindéosut nozzle 42 is
| ocated to the colum body 70, and a liquid draw nozzle 595 is connected to
the collector DoxtHZs caskn théssimasaribherazoperolmety uilert tiee Fallovimgn 23,
and the collectors 562 and 565 constitute a liquid collection unit.
Accor di egihdatibhgui d descending fromthe first chanber 14A of the fourth
section 14 inpinges against the collectors r | am nas 593 of the collector
562, flows al ongdddrentingd imedrpel i icongl ebtagnd(Mubs =t B&NI)r ecei ved by the
gutter poi”~tions 575. The received liquid flows horizontally in the gutter
poi “tions 575 anghdrik@fng eaelaesrt hexthogphahicopbeadiren (T80 t@mHEPL. I n the
liquid collection gutter 571, the material liquid Mfed fromthe feed
nozzle ~ 1 is mg@getattibh tdipebbtimat 7Be(eprn. Subsequently, the liquid in
the liquid collection gutter 591 is withdrawn through the liquid draw
nozzl e 595 and tDm@tbﬁdja?)@lﬂt h& ofisst (kg on 563. The distributor 563
feeds the liquid to "the f first chanber 16A of the ,sixth section 16. In
this case, in theeddigyi éf cakueat i o gugier )59, the material liquid P9 fed
fromthe feed nozzle 41 is mxed with the liquid collected by the collector
562. The resul t aptirfdod tenssorf: @d (@ynsdme first chanber 16A b; neans of the
di stributor 563; thus, a biased flora of |iquid does not occur. c, %apot
ascendi ng from thelfeirr 8t .BXIPACKENG 16A passes through gaps G 7 0 8 FEB
2001

Descending-liguid flow rate: 5, 10, 15, 20, 25, and

30 (m¥ /m? hr)
Relationship between F factor £ ((m/s). kg/m?® ) and ascending-

vapor flow rate ( kg/m? hr) per unit cross-sectional area:

0.5 3200
1.0 6300
1.5 9500
2.0 12600
2.5 15800

As mentioned above, BX PACKING was used as the packing A, and
the F factor f was varied within a range of 0.5 to 2.5. As seen from
FIG. 10, at an F factor f of 0.5-1.5, pressure loss remains almost

unchanged even when the descending-liquid flow rate varies.



between the collector |amnas 593 of the collector 562 and ascend al ong the
i nclined portions 574 and away fromthe center of the columm body 70. At
this time, since the vapor ascends snoothly along the inclined portions
574, a pressure | oss caused by the collector 562 becones al nost negligibly
small. Thus, a biased flow of vapor does not occur. Since @ ?%B? flow
of liquid and vapor does not occur, 4iquid and vapor can nak 8 u i ent
contact with each other in the enriching section ARl and the exhaust
section AR2 Li Kewksethd ipgtiehidesbedtiertsf copiatte BXeEoHHNGhafbE DIBKSIE t he
fourth section 14 I npinges against tl-the collector |amnas 593 of the

col | ect qr $565;hd lsewsnal @ng ibhe 12 n@@liched ) pothd dnsriloreeddion &hd the shew
received by the gutter portions 575. The received liquid f |otus

hori zonkakkyohn14 hey@utcher e penth weckibnand, tareh anedchestend Iafgds -1 5
collection gutter 591. A portion of the liquid in the liquid collection

gutter @%éokéiﬂ%!ﬁdEs@%ea?r@e,ﬂfr@ducksfHseunntelsesslbsiteardlitalrigzzdn@smt among
Subsequently, the liquid in the liquid collection gutter 591 is w thdrawn

t hrough ¢hhesl i s degE e NOZZERe SPmrandsdctrians it tie tbxttheedtson i ut end 566.
The distributor 566 feeds the .liquid to the second chanber 16B of the

sixth segli @olfy ddbtilirs 16ase, psddniaret hepdearisimg imedhéof ipro ghetbeng t he
col l ector box~72 to a great extent. into the second chanber 15B in order to

wi t hdr agoluhe, praduat, o e 160k] eatior R0 didpeessue Cosses artisased.f Eber of
vapor. Vapor ascending fromthe second chanber 16B passes through gaps

Det veen L e golLAgker 1Mo 1683 ofs heeaiakl esime B6Scantiastsqas! dbeng

6 8 08 0 tthe inclined portions 574. At this time, since the vapor

e T e s e Ty ow
uniformly. Notably, an F factor f of 0.5-1.0 may be employed. In this
case, the cross-sectional area of a chamber increases to an extent
corresponding to a drop in real velocity.

Distribution of vapor does not réquire disposition of many
instruments, nor does it require execution of complicated control
through operation bf the instruments. Accordingly, the size of the
distillation apparatus can be reduced, and the cost of the distillation
apparatus can be reduced as well.

Since the descending of liquid and the ascending of vapor within
the coupling-type distillation column 10 can be smoothened, occurrence
of a channeling phenomenon in the packings A contained in the chambers
can be prevented. Also, occurrence of maldistribution can be prevented.

In the coupling-type distillation column 10, since the
partitions 22-24 are disposed in the fourth section 14, the fifth
section 15, and the sixth section 16, respectively, a difference in

N ' » . 3 . J
pressure loss ils likely to arise between the flpst.chambel 14A and the



vapor does not occur. since a biased flow of vapor sloes not occur, liquid
and vapor can nake sufficient contact with each other in the exhaust
section ARC. and the enriching section ARS. Meanwhile, the colum body 70
constitutes the fifth section 15. For connection between the colum body 70
and the four”t.h section (her”einafter called an "upper colﬁgqmﬁﬁﬂm" ) 1
~., an annular flange 596 is forned4af the upper end of the body 70
and an unillustrated annular flange is fornmed at the | ower end of the upper

col um bo ynd bc 1 h]nbpt]_ ﬁHEhtﬁd ”I?pgfée@ghﬁao fﬁﬁot eChahith alelay 2QHT ¥BE due AN

annul ar”$ or 5 orne e upper surface of the flange

engagert n%be&tfé@ L o R e R

Cacond themaed FHice ﬁoP“iAfé”&h Aot AR ¢ L teel g he
annor BT PESIFHED THE U Stae BoTI f‘%ﬁcﬁé#e%"ﬁﬁ %E@%Eﬁ%@@%@ﬁ@“ﬁ ’
it ?%%Qfeﬁ 5 Ry e%erf@cfof@?s%éf? R EALar TP R

he. engatrrEn - TROREs ories S PP iR pERLS B Hgéétfeotaﬁgcé%deg? or box 72"
ipper ond of tRatparti ] %%ﬁrvﬁﬁﬁ’j‘é&fét@gfzgpﬁ%ﬁqyo A e ange
Eggly:gl?%t%&gﬁe%t 'n;' : SRRt oF %%Tn g?%?? b hhgnﬁﬁﬁs%f“&éﬁﬁ%#ﬁeﬁﬁeCO' o
Assuni nglié ﬁépg Scr gg§§8n§ ed’el?%’t é’pc,ec? &erﬁqsg dt ae‘:%blq’!a{%mgtﬁg&}pl)earste?ﬁnodn t he

e coIIector box 72 and is conposed of a

gasket 598 seal s the upper end .of t
portion® @Eﬁéi“ﬁ&?r%%dgﬁPsﬁs FA HEERE UM body ' 70 and ext endi ng
ci rcunferenti ﬁé{ 5?33 Gl }Jﬁ%"ﬁé@g@% G ?@Eﬁnm hiQnkhe PR Ll Bé‘c% and

extending dia SiAce ere 1s no~need for asse i ng

the colLectors P9: 2,804,988 Lotk C@@p' DO Peo L idd Ahicen 1681 Um0,

assenbl?ﬁb present "I nvention lTmted

of 1he BPES des%ﬁé@ﬁﬂﬁ o s B osth & .rre?’?’?ﬁﬁi‘%'”ﬁ%tg"%%ﬁ?. "?’@?h%ﬂ o
vent | Bh CHENBOSTR S AP | oA £ 4P ?ﬁ%“é’?@@éﬁmatshﬁ%&“’%egg& RN

i nventi 8 ifVentton can be applied to

adistillatip ar at us [for obtaining products through
distillgkf *%??ECF% i@pddration of a plurality of conponents contained in

a materi al l'qlﬂer’eln, 7ur1£‘b’6éztl>§!§e 1§5a 1%1%%0111 the first chambers 144 and

16A is represented with §P , , and a pressure loss arising in the
second chambers 14B and 16B is represented with §P , . Other
parameters for the first chambers 144 and 16A and the second chambers
14B and 16B are represented as follows: the number of theoretical
stages: NTS; (i = 144, 164, 14B, 16B); the number of theoretical stages
per meter: NTSM; (i = 14A, 164, 14B, 16B) (stages/m); and pressure loss
per unit height: AP ; (1 = 144, 164, 1UB, 16B).
The pressure loss §P | is expressed as follows.

§P | = (NTS,;, . /NTSM 44 ) + AP 44 + (NTS; ;5 /NTSM ;45 )



1. Adistillation apparatus chat”actel i zed by conprising: (aj a colum
body; (b) a partition for dividing the interior of said colum body into a
first chanber and a second chanber, which are adjacent to each other; (c )
a feed nozzle for feeding into said colum body a rnaterial liquid
containing at. least first to third conponents; (d) a firstgg¢§EQbmaiion
section conprising an enriching sectdi 8n located at an upper poi”*tion

t hereof and an exhaust section |located at a | ower poi”tion thereof ; (e) a
second distillation section disposed such that at |east a pott® onmst her eof
is adjacent to the top of said columm body, and conprising an enriching
section | ocat ethatprassuppdiospoit? gn ishereaiksandsafoékdeist section | ocat ed
at a lower portion thereof; ; (f) athird distillation section disposed
such that at |eagtP g potNTon,t,hattsef || s JadjmBent, + dNThe paNTtHn qf; said
col um body, and conprising an enriching section |ocated at an upper
portion thereof and an exhaust section |ocated at a | ower powy® qn gt hereof;
(g) (first discharge neans for discharging the first conponent; (h) second
di scharge neansrHeorr dizsgBar gi ngi thejuggcamd, conponedd ) ;is calculated with

reference to FIG. 11, and the pressure loss AP ; and the number of
theoretical stages per meter NTSM ; (stages/m) corresponding to the F
factor f,; are calculated with reference to FIG. 12, thereby setting the
number of theoretical stages NTS; to a predetermined value. As a result,
the pressure losses §P , and § P , can establish the following
relationship.
P, 5 0P,
FIG. 12 merely shows the ranges, not discrete values, of the F

factor T the pressure loss A P; , and the number of theoretical

i
stages per meter NTSM ; .

Next, a third embodiment of the present invention will be
described.

FIC. 13 is a table showing characteristics of a coupling-type
distillation column in the third embodiment of the present invention.
FIG. 14 is a table showing properties of packings in the third
embodiment of the present invention.

MELLAPAK 250Y (trade name, product of Sumitomo Heavy Industries,
Ltd. ) was used as packing C for the second section 12 and the eighth

section 18, whereas MELLAPAK 250X (trade name, product of Sumitomo Heavy

Industries, Ltd.) was used as packing D for the first chamber 14A and



and (i) third discharge neans for discharging the third conponent, wherein
0 8 FEB 2001 71 (j) Said partition 1S biased such that the cross-sectional
area of the first chanmber differs fromthat of the second chanber. 2. A
distillation appal “atus as described in clam'l, wherein said .first
distillation section is disposed at. the center of said col 0ffEBQdl. 3. A
distillation apparatus as described 4 claim1, wherein said feed nozzle is
adapted to feed the material liquid into the first distillation section. ~.

A_diStiE ZBLEQ ?mﬁg %FE§ afp 485 ¢hibegl i CeRichibd, 10MgTek Re ar PASKihGmbSY

di sposed Tn"a e enriching section and the exhaust section of said

first dighi Llll(%tﬂ}’%gS%SBltla gfhaﬁl%:gp fmiost lﬁﬁep@ﬂ‘ﬂmgegt§&@sﬁﬂ I Mptéeierekehi ng

section and t osed 1 n the exhaust section are |ndependent of

each ot ?ECPSMEf%§5§V'5§ atbgn‘aggpgﬁ;gﬁeagepgﬁfragygiohn gl @hdnthe BhGREHN:

{a) sai d"s€cond i 177ati on” secti on conprises the enrlchlng section

connect%%g d,gor qed, apove) gie ad ?ﬁowsﬁﬂjﬁhésﬁo@b%UHéiﬂyQ@

WP
section, e ekhaug{ section FO Jaﬁe | ow t he upper end and | ocat ed

adj acent, tscglﬁmgtg GRS SeCtEen o %?qufb£S§téiﬂlsltﬂ~%hatlQﬂq&ewwmpmlIe

bei ng separated by said partltlon and said third distillation section

conpri S%%o?\gfw %‘d@?h%@aé%ﬁ?%@%@@?cﬁw 4 3 dRRBACRhRee quB Qernend

of_sald _ Istillate on section, and | ocat ed

ad]acernfdﬁgtﬁhgéé?ga%u?h gﬁénﬂh nf?ﬁst chamber 16A and the second chamber 16B
of the sixth section 16, even when the ascending-vapor flow rate is
high, it does not influence pressure losses ¢P | and §P 5

For example, the number of theoretical stages NTS ; assumes the

following values.

NTS 4,5 = 14 (stages)
NTS ,,5 = 13 (stages)
NTS ,,a = 12 (stages)

NTS o5 = 7 (stages)
Then, pressure loss ¢ P, arising in the first chambers 144 and
16A is calculated as follows.
§P , = (NTS;, 5 /NTSM ;45 ) =« AP j4a + (NTS;yg5 /NTSM 45 )
- AP 14 B
= (14/2.2) x 0.8 + (13/2.0}) X 4.5
= 34, 34 (mmHg)
Pressure loss 0P , arising in the second chambers 14B and 16B

is calculated as follows.

§P , = (NTS ,5, /NTSM) + AP oa + (NTS;¢5 /NTSM) - AP (g

(12/2,0) x %0+ (7/2.0) x 3.0



said f it”st. distillation section while being separated by said partition;
and the exhaust section fornmed below the lower end. 6. A distillation
apparatus as described in claim3, wherein Said feed nozzle is disposed
between the enriching section and the exhaust section in said f first
distillation section. '7. Adistillation apparatus as described in claim4
wherein the packing are of the same 4kind 8. A distillatiodl%ﬁﬁéﬂﬂpus as
described in claim4, wherein the packing are of different. kinds. 9. A

distillation apparatus ghaga hzed by conprising: (a) a colum body; (b
a partition for dividrh§4t%eﬁ%%%%rior of said colum body into a firgt (b)

chanber and a §§§§Q§H§§%ggﬁééé%|Eggpﬁﬁ-S%ggac ?iﬁ}ngasm otggfgi&gh;ghgeed

Pozz{e foriief i o am” body a rn I|qufd cont al ni ng at
east. | st. to third components; (d ) a fit~st. distillation section
conprls%ﬂg(ﬁﬁégnpgkﬁﬁﬁﬁ”gldtion | ocated at an upper portion thereof and an
exhaust sect |onp] cat,ed at, a | ower portion thereof; (c ) :~ second
distillation section d?spngd such that at |east a

Next, a fourth embodiment of the present invention will be
described.

FIG. 15 is a table showing characteristics of a coupling-type
distillation column in the fourth embodiment of the present invention.
FIG. 16 is a table showing properties of packings in the fourth
embodiment of the present invention.

The fourth embodiment is effectively applicable to the case
where the number of theoretical stages of the first chambers 14A and 16A
(NTS (44 * NTS ;4 ) differs from that of the second chambers 14B and
16B (NTS ,,5 + NTS ;5 ), and the ascending-vapor flow rate of the
first chambers 14A and 16A is different from that of the second chambers
14B and 16B. Filler C is disposed in the second section 12; packing D
is disposed in the first chambers 14A and 16A; packing A is disposed in
the second chambers 14B and 16B; and packing B is disposed in the eighth
section 18.

As a result, pressure loss ¢P , arising in the first chambers
144 and 16A and § P , arising in the second chambers 14B and 16B can
establish the following relationship.

5P, 5 0P
Next, fifth and sixth embodiments of the present invention will

be described. The fifth and sixth embodiments are intended to equalize'



73 0 8 FEB 2001 portion thereof i s adjacent to '"the top of said colum
body, and conprising an enriching section |ocated at an upper portion

t hereof and an exhaust section located at a |ower portion thereof ; (f) a
;hirg_distillatiﬁn section disposed such that at |east a portion thereof is
I s adjacent to the bottom of said colum body, and conpri si richin
section | ocated at an upper portion4tﬁereof gnd an exﬂgust[ggig?gﬁnlocateg
at a lower portion thereof; (g) first discharge neans for discharging the
first cgmpaonenl; g(i), seeendsd schanged neaaantorbaisschal gedgirbegls ecord
conponent; and (i) third discharge neans for discharging the third

componesd s whehebf fadklinkkdaHnl descending fromthe enriching section of
said second distillation section is distributed between the enriching

section of .saidIfirsy diski khatkenusactiien afd etshe revdhdusto rddatisomrofa sai d
second distillation section at. a distributing ratio which is predeterm ned
on coupling-type distillation column in the fifth embodiment of the present
invention. FIG. 18 is a sectional view of essential poriions of the
coupling-type distillation column in the fifth embodiment of the present
invention.

In the drawings, reference numeral 113 denotes a third section;
peference numerals 114A-116A denote first chambers; reference numerals
114B-116B denote second chambers; reference numeral 117 denotes a
seventh section; and reference numerals 122-124 denote partitions.

The present embodiment is effectively applicable to the case
where certain distillation conditions of a coupling-type distillation
column might cause the ascending-vapor flow rate in the first chambers
114A and 116A to differ from that in the second chambers 114B and 116B.
In order to cope with the situation, in the present embodiment, the
partitions 122-124 are disposed eccentrically such that cross-sectional
area S1 of the first chambers 114A and 116A is smaller than cross-
sectional area $2 of the second chambers 114B and 116B; specifically,
as follows.

S31:32 = 3:7
Notably, when the ascending-vapor flow rate in the first
chambers 1144 and 116A is represented with Q1; the ascending-vapor flow
rate in the second chambers 114B and 116B is represented with Q2; the

column velocity in the first chambers 114A and 116B is represented with



the basis of distillation conditions; and (k) a pressure loss arising in
said first distillation section is equalized with sumof a pressure |ess
arising in the exhaust. section of said second dirtillation section and a
pressure | oss at”ising in the entiching section of said third distillation

section. 10. A distillation apparatus as described in cIaimw@F[¥mﬁfein an F
factor in at least said first. distid fation section, the exhadg .section
of said second distillation section, and 'the enriching section 0 8 FEB

2001 | gfi;sghd dHy rdh1dist vEhation SealHeOrecsngethimharyal U that 1ep@bles
obtai nment of a pressure loss alnost. free frominfluence of the anmount of

descendpg@rddditicd dltnAgi Shiel bati@h RReiates @5 MEisopi bes dupreksbd as
wherein an F factor in at least. said f first distillation section, the

exhaustf§¥§5¢§n of said second distillation section, and the enriching
section of said third distillation sectionis 1.0-1.5. 12. Adistillation

apparatus as desgribeghqi/81¢! alkm:@ppoWhersei n
u2 = (Q2/52) x 3600 (m/s)
Through modification of the cross-sectional areas 51 and 52, the
column velocities ul and u2 can be modified for harmonization.

As a result, F factors f,,,, and f,,,, of the first chambers
1144 and 116A and F factors f,,,3 and f,,,5 of the second chambers 114B
and 116B can be modified. Also, pressure losses per unit height AP |,
ya @and AP | ¢a in the first chambers 114A and 116A and pressure losses
per unit height AP ;,,5 and AP | 43 in the second chambers 114B and
116B can be modified.

In the present embodiment, through employing different cross-—
sectional areas S1 and S2, pressure losses per unit height AP ,,,, and
AP |54 in the first chambers 1144 and 116A and pressure losses per
unit height AP ,,,5 and AP ,,,5 in the second chambers 114B and
116B are equalized, thereby equalizing §P , and §P , .

Next, a sixth embodiment of the present invention will be
described.

FIG. 19 is a conceptual view of essential portions of a
coupling-type distillation column in the sixth embodiment of the present
invention. FIG. 20 is a sectional view of essential portions of the
coupling-type distillation column in the sixth embodiment of the present

invention.



the presser a |osses are calculated on the basis of the nunber of
theoretical stages, the nunber of thoretical stages per neter, and a
pressure | oss per unit height. "1?. A distillation apparatus as described
i'n claim9, wherein the ratio between the cross-sectional area of said
first distillation Section and the cross-sectional area of 08 hReD@haust.
section of said 1 second distillatigngsection and the ratio between the
cross-sectional ~at”"ea of said first disti section and the cross-sectional

area of the en g Lﬂ§§§%é§gng%a m% sNi&d, dibski bl akdQn, spﬁ%pgmagfo“

est abl i shed ac 6r of "ascendi ng vapor. stilTatlion

ng?lr ?T%J%;rggrpgcéﬁﬁérzﬁn Q;{ﬁgo A'Fi%'n&ge do @) o5 rﬁocgrlémrgﬁé%’enc@bnﬁméﬂals

Saf & "coldm

col I ectof Mb%éé%e%qﬂ’f%ecﬁo% ers11.%%‘5259?5539‘5%‘3@'*'&*f%f%ﬁ’ e
i 5t 11 DRAVARGN FRGF Lo Ber e b%ﬁc§aﬁgr%%n%1 eéf§?°q1aicfoﬁl8@¥th§5f’%l°°r BFs i
gg;;?:gp;gportlngpreceué\emggdﬁdpﬁ lon e’ é“%%?&%inQSﬁfEégﬂﬂez%% BYe case
where certain distillation conditions of a coupling-type distillation

column might cause the ascending-vapor flow rate in the first chambers

214A and 216A to differ from that in the second chambers 214B and 216B.

In order to cope with the situation, in the pre ent embodiment, the
partitions 222-224 are disposed eccentrically such that cross-sectional

area S1 of the first chambers 214A and 216A is smaller than cross-

sectional area S2 of the second chambers 214B and 216B; specifically,

as follows.

Also, the height of the packing in the first chamber 214A is
lower than that in the second chamber 214B, and the height of the
packing in the first chamber 216A is higher than that in the second
chamber 216B.

The above-described embodiments employ as packings BX PACKING,
MELLAPAK 250%, MELLAPAK 250Y, and MELLAPAK 350Y. However, there may be
employed CY PACKING, MELLAPAK 125X, MELLAPAK 1257, MELLAPAK 170X,
MELLAPAK 170Y, MELLAPAK 2X, MELLAPAK 2Y, MELLAPAK 500X, MELLAPAK 500Y,
and MELLAPAK 750Y (trade names, products of Sumitomo Heavy Industries,
Ltd. ).

Next, a seventh.embodiment of the present invention will be

FEB



(a) a colum body; (b) a partition for dividing the interior of said colum
body'into a plurality of chanbers, which are adjacent to one another; (c:;)
a collector disposed within said colum body and adapted to collect liquid
descendi ng from above; and (d) an open static-pi”~essure-type tubul ar
distributor far distributing liquid cqgllected by said col lpgetmy 3gggpnong t he
chanbers in different portions. *16.4 A distillation appar atus characteri zed
by coner”is.ing: (a) a columm body; (b ) a partition f or dividing the

i nteri odesdridedd col um body into a plurality of chanbers, which are

adj acent to one another; (c) a collector disposed within said colum body
and adapted to FJol| @¢tisld guicth desceqdiaigihpgom cbxrdbubod {rd Dheascopeth
static-pressure-type tubular distributor for d 1St 1M I1JLIt.Ir7n liquid

col | ect gabby igand egl keet grdser Singlre: ichanbetId. o ek teher el e whet ei n

" essential portions of the distributor in the seventh embodiment of the
present invention. FIG., 23 is a view showing the state of connection
between a stand pipe and a main header in the seventh embodiment of -the
present invention. FIG. 24 is a view showing the state of connection
between the main header and an arm tube in the seventh embodiment of
the present invention.

In the drawings, reference numeral 12 denotes a second section;
reference numeral 13 denotes a third section; and reference numeral 14
denotes a fourth section. Liquid descending from the second section 12
is collected by the collector 54 The collector 54 includes a
cylindrical column body 70; a plurality of collector laminas 71 disposed
at predetermined pitches in parallel with one another; and a collector
box 72 formed along the inner circumferential wall of the column body 70
and including an annular gutter. Each of the collector laminas 71
includes a curved portion 73 located at an upper end thereof; an
inclined portion 74 located at a central portion thereof; and a gutter
portion 75 located at a lower end thereof. The curved portions 73 and
the gutter portiocns 75 extend horizontally (in a direction
perpendicular to paper in FIG. 21).

Accordingly, liguid descending from the second section 12
impinges against the curved portions 73, flows along the inclined

portions T4, and is then received by the gutter portions 75 The



0 8 F EB 2001 (e) said distributor conprises an open static-pressure-type
stand pipe for accunulating liquid discharged fromsaid collector so as to
e§tab!|sh_a pi edeterm ned head ; a first distribution section for
distributing liquid in a direction perpendicular t.o said partition; and a
second distribution -.ection disposed its connection wth @@? ﬁ@ﬁﬁt
distribution section and adapted to gigstribute Iiquid having Eeen
distrbuted by the first distribution section, in the carne direction as

(hat of g8l BTLLLLEN AN (L b ecTiy Sk ohatseut gpsesti on Lioconnec ed

ositiombiased toward said partition

fromthewc nter, of the chanber,,17.c = distihlaty it ized
by COHDFT%ﬁﬁ@SEP%fXQHCSﬁHﬁEPXOZ%; besgé%%ﬁgkti%ﬁpgggggﬁ3?%?th%ﬁge§ﬁ?tf?or

S5 SR SOG2GBSt S

f'ormn Ui d col I'ection gutter

al ong an,inr | of h of i d | id. itieon
oD GTABRES oFTisrReetor tPanPaRe o7 BRBbenran tafht o5 diPghaLee Bl Y 1C

predeternine itches in paral lel with ong.another, wherein (e) each of
sai d coﬂF@@FgW@Pﬁn4§h§”@6ﬁbFﬁ§8Ed%ﬁaWﬁB?ﬁﬁ%ﬁ portion and a gﬁt%er por?ion

ol ect i on gut 6P WHTTEEPHEE ermBneeT Treoquitar porigu Fache crad ¢
partiti 891}? g565,0fwl't1ihc g loip%%isduggg{ﬂg,mé:?tne st tv%rpticaZlgr,l a?nc? 1%%(3%89%(} to
establish a predetermined head through accumulation of ligquid discharged
from the discharge pipe 253; a main header 277, which serves as the
fipst distribution section for distributing liguid in a direction
perpendicular to the partition 22; and a plurality of arm tubes 278,
which are connected to the main header 277 and serve as the second
distribution section for distributing liquid having been distributed by
the main header 277, in the same direction as that of the partition 22.
Accordingly, the liquid can be distributed uniformly over the entire
fourth section 14,

In the present embodiment, the distribution ratio of liquid in
the fourth section 14 between the first chamber 14A and the second
chamber 14B can be established and can be changed as well. The
distribution ratio is established on the basis of distillation
conditions, such as components A-C of the material liquid ¥, the
composition of components A-C of the material liguid ¥, the number of
theoretical stages of the coupling-type distillation column 10 (FIG. 1),
and the required purity (quality) of a product. In this case, since &

product is discharged from the side cut nozzle U2 located at the second



"1~3. A distillation apparatus characterized by conprising (a) a colum
body; (b) a partition for dividing the interior of said colum body into a
p!urallty of chanbers, which al e adjacent to one another; (c) a collector
box for' for formng a Liquid collection gutter along an inner wall of each
of said colum body and said partition; and (d) a plurality Iector

| am nas di sposed on said collector Bok at predeterm ned pit&§é§§3 paral | el
wi th one another, wherein (e ) said collector box and said collector

| ami nas %ﬁﬁ’egoﬁiﬁl redyl 1 dl%dléfg 1uﬁ”¢ Sac'hd gl%drﬁc%@rlﬂﬂ?idl §180Y9806€0 Wdt h

sai d cof and “sai a Istillation apparatus as

descrlb@bﬁtﬁ?cq% hg@%ﬁbeym gﬂl Qggfé¥15ﬂgﬁe%h%$dd9§f@Eyd%é@okbeghgrriynt S

engaged afid” Sai d partition; a flange of

sai dcolpp l?oql(Aa”dppﬁ»afe%Fﬁ?;[i'tt'h@”df‘é’@x seRlieg mmg a6 Dther 1oy eans

of a gaék assum n corresponding to said col um body and said

part il offog odbcﬁé bqian gebied ohal ahenleed i RENPIrbetBs dhenst eps

of (a) mat'eri a con al nin least f first to thi
the range of operation is usually set to 1:2.5.

Accordingly, distillation can be performed in the optimum state
according to distillation conditions, thereby increasing distillation
efficiency. As a result, energy consumption in the distillation
apparatus can be reduced. Furthermore, since there is no need for
employing a complicated instrumentation control system, an increase in
the size of the distillation apparatus can be prevented, thereby
reducing the cost of the distillation apparatus.

The main heéder 277 extends across and over the partition 22 and
includes a first arm portion 277a extending toward the first chamber
1A and a second arm portion 277b extending toward the second chamber
14B. The lower end of the stand pipe 255 is connected to the center of
the main header 277. An end of the first arm portion 277a and that of
the second arm portion 277b are each closed with an end plate 277c.
Accordingly, & liquid head established in the stand pipe 255 1is
transmitted uniformly within the main header 277. A plurality of holes
281 are formed in the bottom of the main header 277

The arm tubes 278 are fixed in place while communicating with
the main header 277 in the vicinity of the bottom of the main header 271,
and extends in a direction perpendicular to the main header 277. The

arm tubes 278 are supported by supports 282, A plurality of holes 233



conponents into a colum body which conprises a first distillation section
conprising an enriching section |ocated at. an upper portion ' 808 FE
B 2001 thereof and an exhaust section located at. a | ower portion thereof ;
a second distillation .section disposed such that at |east a portion
thereof is adjacent t0 the top of the colum body, and conprising an
enriching section |ocated at an uppgrgportion thereof and gg pphagst
section Iocated at a lower portion thereof ; a third distillation sect ion

di d «
PO St t%getqcl{ﬁr;?&a%peom G bBPESRTod S0l GOTRL Lup g, betd.om o

TSing an énri ¢ Sectron | ocated at an upper

0 o T T SISO et e b e

;and a pa i"'Spose manner so as to render the
cross se nal, .ar ea a fir t ren t
chanber ¢ % L°?° c&ﬁ&eﬁ%?% nna’por k(":eorT)t[“’grr“QJG‘:{e Yl pr gge% egrl{m%nﬁ}qeéq%o&l"nc T%bﬁ": by

nmeans of a ond nser an d aof, t cg | af.] on
secti on?l' &+0&¢ pBJrgt & a i’diﬁsdtz%ﬁ't ailéﬁ?1 gll?eprmé:l gtlgefﬁdl%ﬁed ?oﬂ{pdts)trggletgmi)
means of an eyaporator co ected _tpo a lower end o th rd di.s on
sect i ontUPghHd PPSbF%FWﬁékfdlFHUF?F?|Wﬁ?nFH’tﬁ%ﬂ?*ié%] %ﬁﬁ%ﬁ g? h% aiﬁ
upper end of the second di tlLJat%on saﬁglon, liquid rich in the third
conponeht Flgtydbrbsranong Bfe (R8 FRPGS «dPstill ation section and Ii quid rich
in the second conponent  a
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number ni12 of the holes 281 formed in the second arm portion 277b; the
diameter d13 and the number ni13 of the holes 283 formed in the arm tubes
278 disposed on the side of the first chamber 144; and the diameter di14
and the number ni4% of the holes 283 formed in the arm tubes 278
disposed on the side of the second chamber 14E.

Thus, when the amount of liquid to be fed to the first chamber
144 is represented with q11, and the amount of liquid to be fed to the
second chamber 1UB is represented with q12, q11 and g12 are expressed as

follows.

ql ( g/W)d11? n1t + ( g /4)313% - ni3

gl2 ( g/1)3122 . n12 + ( g/4)d1¥2 . nil

When the diameters d11 and d12 are established according to the
distribution ratio, and the numbers ni11 and nl12 are equalized, the

cross-sectional areas of portions of a packing assigned to the
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adapted to establish a predetermined head through accumulation of

liquid discharged from the discharge pipe 353 (35%); a main header 377
(379), which serves as the first distribution section for distributing
liquid in a direction perpendicular to the partition 22; and a
plurality of arm tubes 378 (380), which are connected to the main header
377 (379) and serve as the second distribution section for distributing
liquid having been distributed by the main header 377 (379), in the
same direction as that of the partition 22. Accordingly, the liguid
can be distributed uniformly over the entire fourth section 14.

The distribution ratio of liquid between the first chamber 14A
and the second chamber 14B is established through adjustment of the

amount of liquid discharged from the discharge pipes 353 and 3%54. To
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this end, holes formed in the discharge pipes 353 and 354 and in the
arm tubes 378 and 380 assume different diameters according to the
distribution ratio.

Next, a tenth embodiment of the present invention will be
described,

FIG. 27 is a schematic view of a distributor in the tenth
embodiment of the present invention.

In this case, a distributor 331 assumes a two-level structure
and includes main headers 337 and 338, which serve as the first
distribution section for distributing liquid in a direction
perpendicular to the partition 22 (FIG. 26); and a plurality of arm
tubes 339 and 340, which are connected to the main headers 337 and 338,
respectively, and serve as the second distribution section for
distributing liquid having been distributed by the main headers 337 and
338, in the same direction as that of the partition 22. Accordingly,
the liquid can be distributed uniformly over the entire fourth section
14 (FIG. 21). Notably, the positions of the arm tubes 339 and 340 are
established such that the arm tubes 340 are not disposed under
unillustrated holes formed in the arm tubes 339. Reference numeral 225
denotes a stand pipe.

In this case, the distribution ratio is set to 2:8 to 5:5
according to the required purity of a product. A load factor within the
range of operation is set to 1:20 as usual.

The diameter of unillustrated holes formed in the arm tubes 339

and 340 disposed on the side of the first chamber 14A and the diameter
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the side of the second chamber 14B are established according to the
distribution ratio.

In the present embodiment, a &ingle distributor 331 is disposed
above the fourth section 14, However, as in the case of the ninth
embodiment, the distributor 331 may be dispcsed above each of the first
and second chambers 14A and 14B. In this case, the diameter of holes
formed in the arm tubes 339 and 340 disposed above the first chamber
1A and the diameter of holes formed in the arm tubes 339 and 340
disposed above the second chamber 14B can be rendered different from
each other. Also, the level of liguid contained in one of the two
distributors 331 can be set somewhere between the main header 337 and
the main header 338.

Next, an eleventh embodiment of the present invention will be
described.

FIC. 28 is a schematic view of a distributor in the eleventh
embodiment of the present invention.

In this case, a distributor 381 assumes a one-sided two-level
structure; specifically, the distributor 381 assumes a single-level
structure on the side of the first chamber 14A (FIG. 21) while assuming
a two-level structure on the side of the second chamber 14B. The
distributor 381 includes main headers 387-389, which serve as the first
distribution section for distributing liquid in a direction
perpendicular to the partition 22; and a plurality of arm tubes 391-393,

which are connected to the main headers 387-389 and serve as the second
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distribution section for distributing liquid having been distributed by
the main headers 387-389, in the same direction as that of the
partition 22. Accordingly, the liquid can be distributed uniformly over
the entire fourth section 14. The present embodiment is ‘applied to the
case where an established distribution ratio is significantly
imbalanced. Notably, the positions of the arm tubes 392 and 393 are
established such that the arm tubes 393 are not disposed under
unillustrated holes formed in the arm tubes 392. Reference numeral 225
denotes a stand pipe. |

The diameter of unillustrated holes formed in the arm tubes 391

and the diameter of unillustrated holes formed in the arm tubes 392 and

[y}

393 are established according to the distribution ratio.

In the above-described ninth through eleventh embodiments,
liguid is fed to the liquid collection pipe 252 or 352 from two
circumferential positions of the collector box 72. However, when the
diameter of the column body 70 is small, liquid may be fed to the
liquid collection pipe from a single circumferential position of the
collector box T2

Next, a twelfth embodiment of the present invention will be
described.

FIG. 29 is & schematic view of essential portions of a coupling-
type distillation column in the twelfth embodiment of the present
invention.

In the drawing, liquid descending from the second section 12

(FIG, 21) is collected by a collector 54 The collector 54 includes a
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cylindrical column body 70; & plurality of collector laminas 71 disposed

at predetermined pitches in parallel with one another; anc¢ a collector
hox 72 formed along the inner circumferential wall of the column body 70
and including an annular gutter.

Liquid descending from the second section 12 1is transmitted to
the collector box T2. Subsequently, the liquid in the collector box T2
is transmitted to the center of the column body 70 by a liquid
correction pipe 395 and is then discharged from a nozzle 396.

Meanwhile, liquid descending from the enriching section AR1 of
the first distillation section 25 (FIG. 1) must be brought into contact
with vapor ascending in the exhaust section AR2. If the material
liquid M is fed via the feed nozzle 41 as it is, liquid flows in a
biased manner, causing insufficient contact between liquid and vapor in
the enriching section AR1 and the exhaust section AR2.

Liquid descending from the exhaust section AR4 of the second
distillation section 26 is brought into contact with vapor ascending in
the enriching section AR5 of the third distillation section 27, and a
portion of the liquid is withdrawn as a product. If in order to
withdraw the product, an unillustrated liquid receiver is projected to a
great extent into the second chamber 15B, the liquid receliver causes a
biased flow of vapor, resulting in insufficlent contact between liquid
and vapor in the exhaust section ARY and the enriching section AR®S.

In order to cope with the above problem, a thirteenth embodiment
of the present invention employs a lamina-type collector. The

thirteenth embodiment will next be described. Structural features



10:: Y1#10%v&' () -f/ 109 () - ##10%W&' () -
' 10%VE' () - YI09%V&' () - nLO%WE' () - uKKLDLELFLGLSLM @
10: : #10% & () -! @0%8& ()-F 10M 10M
I0MY710%VE&' () -f5z#10%vK () - 3#10%VE ()- MNHNYO OPQz[ 9 @
10: ' 3T #10%m® () -!'#10% & ()-! | #109& (&-#10% & ()-! K#L0%& ()¢ orpleed - & () -Q
Rl R*"R_RbRNRR3Sb@ 10:! 3! <(10% o' 0& §)3 (10% & ()-"mL0% o0& () - Z10% o0& ()- 10:
10: 10:y/#10% & () -3S$TaT>UUVW[ 9b@
10: 1) #HEEQH010i 0& d ) tWHdO% DL b - FAEQY @& dIneflt0 % T d9ndegdOBgocosinER- 1 c(1
0%.) o' 0&' () - WOXPXOQXRXA XX\ ArP1 L' $10% & () -! T#10%t & () -#10% & ()-![ S109%&' () -
10' 0' 0 rg@e@irre numerals, and repeated description thereof is omitted.
FIG. 30 is a conceptual view of a coupling-type distillation
column in the thirteenth embodiment of the present invention. FIG. 31
i a sectional view of essential portions of a collector in the
thirteenth embodiment of the present invention. FIG 32 is a plan view
of the collector in the thirteenth embodiment of the prezent invention.
FIG. 33 is a plan view of a collector box in the thirteenth embodiment
of the present invention. FIG. 34 is a sectional view of the collector
box in the thirteenth embodiment of the present invention. FIGS. 31 and
32 show only a collector 462, whersas FIGS. 33 and 34 show collectors
462 and U465,
In this case, the collector U162 includes a column body 705 a
partition 23 for dividing a fifth section 15 in the column body 70 into
a semispherical first chamber 154 and a semispherical second chamber
15B; a collector box 72 for forming a liguid collection gutter 491 along
the inner wall of each of the column body 70 and the partition 23; a
lamina support 492 extending on the collector box 72; and a plurality of
collector laminas 493 and 494 disposed along the lamina support 492 at
predetermined pitches and in parallel with one another. As shown in FIG
32, the collector laminas 493 and 49U extend on an inner circumferential
wall T2a of the collector box 72 between the column body side of the
wall 72a and the partition side of the wall 72a and in a direction
perpendicular to the partition 23.

Fach of the collector laminas 493 and 494 includes a bent
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portion 473 located at an upper end thereof; an inclined porticn 474
located at a central portion thereof; and a gutter portion 475 located

at a lower end thereof. The bent portions 473 and the gutter portions

175 extend horizontally (in a direction perpendicular to paper of FIG.

31 and extending away from the back side of the paper);. The central
collector lamina 494 includes a single gutter portion 475, two inclined
portions 474, and two bent portions 473. The two inclined portions U474

are inclined in such a manner as to extend away from the center of the
first chamber 15A. The collector laminas 493 are disposed on the
opposite sides of the collector lamina 494, for example, 4 pieces each,

and inclined in such a manner as to extend away from the center of the
fiprst chamber 15&. The end of each bent portion 473 overlaps the
inclined portion U474 of the adjacent collector lamina 493 such that
descending liguid impinges against the collector laminas 493 and 494
without fail.

One end of each of the gutter portions ¥75 faces the column body
side of the liquid collection gutter 491 while the other end of each of
the gutter portions U475 faces the partition side of the liquid
collection gutter ¥491. Thus, liquid collected in the gutter portions
475 is transmitted to the liquid collection gutter 491 from the column
body 70 side or the partition 23 side of the gutter portions 475 At a
portion of the liquid collection gutter 491 which is lccated the
farthest from the partition 23, a feed nozzle U1 1is connected to the

column body 70, and a liquid draw nozzle 495 is connected to the

collector box 72, The collector U465 assumes a structure similar to that
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12 is connected to the column body 70, and & liquid draw nozzle 495 is
connected to the collector box Te.

In this case, the column body 70, the partition 23, and the
collectors U462 and 465 constitute a liquid collection unit.

Accordingly, liquid descending from the first chamber 14A of the
fourth section 14 impinges against the collector laminas 493 and 494 of
the collector 462, flows along the inclined portions 474, and is then
received by the gutter portions 475. The received liquid flows
horizontally in the gutter portions 475 and then reaches the liquid
collection gutter %91, In the liquid collection gutter 491, the
material liquid M fed from the feed nozzle 41 is mixed with the liquid
therein. Subsequently, the liquid in the liquid collection gutter 491
is withdrawn throuéh the liquid draw nozzle 495 and transmitted to a
distributor 63. The distributor 63 feeds the liquid to a first chamber
16A of a sixth section 16. In this case, in the liguid collection
gutter 491, the material liquid M fed from the feed nozzle ¥1 is mixed
with the liquid collected by the collector 462. The resultant mixture
is fed to the fiprst chamber 16A by means of the distributor 63; thus, a
biased flow of liguid does not occur.

Vapor ascending from the first chamber 16A passzes through gaps
between the collector laminas 493 and 494 of the collector U462 and

ascends along the inclined portions 474 and away from the center of the

fipst chamber 15A. At this time, since the vapor ascends smoothly along



10:

10: /#10% & ()-! K8(10%&' ()-& $8(10% : & ()-& <8(10% : & ()-& <8(10% :& ()-&PlI}

A<MB7 10! c&l0%\ & ()-

C&L0%N & ()-!,#10%\*\ & ()-' K #10%\ & ()-nl0% & ()- (#b10% & ()- @ uV4

' #10%-F& () -#10%&' ()-10%& ()-Z 10hh, 10hh 10hh! T+ $10%h& ( ) £ JEO%E () - N,

<}[<14 10y/#10@&f()-!8@#10@&f()-@#i & () -1 M09 () - 109 () -

I~ @109 () - <=>IMamV 109%V&' () - &109%VE' () - #10%VK' () - #10%W&'(E-

mMLO%VE't - End DO oYt 1dh =1 QG o EaNd rEGH-§ 10988 oy #d 09VEhE) €2 o) 4o

#1090 () - 109v&' () - 109K ()- 2qrstxnbCl0% 0%k ()- 10M 10M

10Mry/ HetO0B& {Inokt negligibly small. Thus, a biased flow of vapor does not
occur,

Since a biased flow of liguid and vapor does not occur, liquid
and vapor can make sufficient contact with each other in the enriching
section AR1 and the exhaust section AR2

Likewise, liquid descending from the second chamber 14B of the
fourth section 14 impinges against the collector laminas 493 and 494 of
the collector 465, flows along the inclined portions 474, and is then
received by the gutter portions U475, The received liquid flows
horizontally in the gutter portions 475 and then reaches the liquid
collection gutter 491. A portion of the liquid in the liquid
collection gutter 491 is withdrawn as a product from the side cut
nozzle 42, Subsequently, the liquid in the liquid collection gutter
491 is withdrawn through the liguid draw nozzle 495 and transmitted to a
distributor 66. The distributor 66 feeds the liquid to a second
chamber 16B of a sixth section 16. In this case, since there is no need
for projecting the collector box 72 to a great extent into the second

- chamber 15B in order to withdraw the product, the collector box T2 does
not cause a bilased flow of vapor.

Vapor ascending from the second chamber 16B passes through gaps
between the collector laminas 493 and 494 of the collector U465 and
ascends along the inclined portions W74 and away from the center of the

second chamber 15B. At this time, since the vapor ascends smoothly

along the inclined portions 474, a pressure loss caused by the
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collector Ub5 becomes almost negligibly small. Thus, a biased flow of
vapor does not occur.

Since a biased flow of vapor deces not occur, liguid and vapor
can make sufficient contact with each other in the exhaust section ARY
and the enriching section ARD.

Next, a fourteenth embodiment of the present invention will be
described. Structural features similar to those of the thirteenth
embodiment are denoted by common reference numerals, and repeated
description thereof is omitted.

FIG. 35 is a view showing the state of mounting of a collector
in the fourteenth embodiment of the present invention. FIG. 36 is a
sectional view of essential portions of a coupling-type distillation
column in the fourteenth embodiment of the present invention. FIG. 37
is a plan view of the collector in the fourteenth embodiment of the
present invention. FIG. 38 is a sectional view of the collector in the
fourteenth embodiment of the present invention., FIG. 39 is a view
showing a gasket in the fourteenth embodiment of the present invention.

In this case, the first chamber 15A of the fifth section 15 (FIG.
30) includes a lamina-type collector 562 disposed just above the feed
nozzle 41 and a tubular distributor 563 disposed just under the feed
nozzle 41. Liquid collected by the collector 562, together with the
material liquid M fed through the feed nozzle 41, is fed to the first
chamber 16A of the sixth section 16 by means of the distributor 563.
The distributor 563 includes an open static-pressure-type liquid

collection pipe 563a; a main header %63b connected To the liquid
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collection pipe 563a and extending in & direction perpendicular to the
partition 23; and a plurality of arm channels 563c connected to the
main header 563b and extending in parallel with the partition 23 (in a
direction perpendicular to paper of FIG.- 36 and extending away from the
back side of the paper). A plurality of unillustrated holés are formed
in the arm channels 563c.

The second chamber 15B of the fifth section 15 includes a
lamina~type collector 565 disposed just above the side cut nozzle 42 and
a tubular distributor 566 disposed just under the side cut nozzle 42.
Liquid collected by the collector 565 1is discharged as a product from
the side cut nozzle 42 and fed to the second chamber 16B of the sixth
section 16 by means of the distributor 566. The distributor 566
includes an open sfatic-pressure—type liguid collection pipe 566a; a
main header 566b connected to the liquid collection pipe 566a and
extending in a direction perpendicular to the partition 23; and a
plurality of arm channels 566c connected to the main header 566b and
extending in parallel with the partition 23 (in a direction
perpendicular to paper of FIG 36 and extending away from the back side
of the paper). A plurality of unillustrated holes are formed in the
arm channels 566c.

As shown in FIG. 35, the collectors 562 and 565 include a column
body 70; a partition 23 for dividing the fifth section 15 in the column
body 70 into a semispherical first chamber 154 and a semispherical
second chamber 15B; a collector box 72 for forming a liquid collection

gutter 591 along the inner wall of each of the column body 70 and the
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partition 23; & lamina support 592 extending on the collector box 72;
and a plurality of collector laminas 593 disposed along the lamina
support 592 at predetermined pitches and in parallel with one another.
As shown in FIG. 27, the collector laminas 593 extend on‘an inner
circumferential wall T2a of the collector box 72 between the column body
side of the wall T2a and the partition side of the wall 72a and in a
direction perpendicular to the partition 23.

Each of the collector laminas %93 includes a bent portién 573
located at an upper end thereof; an inclined portion 574 located at a
central portion thereof; and a gutter portion 575 located at a lower end
thereof. The bent portions 573 and the gutter portions 575 extend
horizontally (in a direction perpendicular to paper of FIG. 38 and
extending away from the back side of the paper). Every two adjacent
collector laminas 593 are fixzed to the corresponding upright portions
592a of the laminar support 592.

The end of each bent portion 573 overlaps the inclined portion
574 of the adjacent collector lamina 593 such that descending liquid
impinges against the collector laminas 593 without fail.

One end of each of the gutter portions 575 faces the column-
body-side portion 591a of the liquid collection gutter 591 while the
other end of esach of the gutter porticns 575 faces the partition-side
portion 591b of the liguid collection gutter 591, Thus, liquid
collected in the gutter portions 575 is transmitted to the liquid
collection gutter 591 from the column body 70 side or the partition 23

side of the gutter portions 575, At a portion of the liquid collection
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505 is connected to the collector box 72, The collector 565 assumes a
structure similar to that of the collector 562. At a portion of the
liguid collection gutter 591 which is located the farthest from the
partition 23, the side cut nozzle 42 is connected to the column body 70,
and a liguid draw nozzle 595 is connected to the collector box T2.

In this case, the column body 70, the partition 23, and the
collectors 562 and 565 constitute a liquid collection unit.

Accordingly, ligquid descending from the first chamber 14A of the
fourth section 14 impinges against the collector laminas 593 of the
collector 562, flows along the inclined portions 574, and is then
received by the gutter portions 575. The received liquid flows
horizontally in the gutter portions 575 and then reaches the liquid
collection gutter 591. In the liguid collection gutter 591, the
material liquid M fed from the feed nozzle 41 is mixed with the liquid
therein. Subsequently, the liguid in the liguid collection gutter 591
is withdrawn through the liquid draw nozzle 595 and transmitted to the
distributor 563. The distributor 563 feeds the liquid to the first
chamber 16A of the sixth section 16. In this case, in the liquid
collection gutter 591, the material liquid M fed from the feed nozzle
11 is mixed with the liquid collected by the collector 562, The"
resultant mixture is fed to the first chamber 16A by means of the
distributor 563; thus, a biased flow of liquid does not occur:

Vapor aQCPndlﬂ“ from the first chamber 16A passes through gaps
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becomes almost negligibly small. Thus, a biased flow of vapor does not
occur.

Since a biased flow of ligquid and vapor does not occur, liquid
and vapor can make sufficient contact with each other in the enriching
section AR1 and the exhaust section ARZ,

Likewise, liquid descending from the second chamber 14B of the
fourth section 14 impinges against the collector laminas 593 of the
collector 56%, flows along the inclined portions 574, and 1is then

cceived by the gutter portions 575. The received liquid flows
horizontally in the gutter portions 575 and then reaches the liquid
collection gutter 591. A portion of the liquid in the liquid
collection gutter 591 is withdrawn as a product from the side cut
nozzle 42. Subsequently, the liquid in the ligquid collection gutter
591 ig withdrawn through the liquid draw nozzle 595 and transmitted to
the distributor 566. The distributor 566 feeds the liquid <o the
second chamber 16B of the sixth section 16. In this case, since there
is no need for projecting the collector box 72 to a great extent into
the second chamber 15B in order to withdraw the product, the collector
box 72 does not cause a biased flow of vapor.

Vapor azcending from the second chamber 16B passes through gaps

between the collector laminas 593 of the collector %65 and ascends along
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smoothly along the inclined portions 574, a pressure loss caused by the
collector 565 becomes almost negligibly small. Thus, a biased flow of
vapor does not occur.

Since a biased flow of vapor does not occur, liguid and vapor
can make sufficient contact with each other in the exhaust section ARY
and the enriching section AR5,

Meanwhile, the column body 70 constitutes the fifth section 15.
For connection between the column body 70 and the fourth section
(hereinafter called an "upper column body") 14, an annular flange 596 is
formed at the upper end of the column body 70, and an unillustrated
annular flange is formed at the lower end of the upper column body,
both in such a manner as to project radially outward. An annular
stepped portion 597 is formed on the upper surface of the flange 596
along an inner circumferential edge of the flange 596. Also, an
engagement portion 23a is formed in the vicinity of the upper end of
the partition 23 in such a manner as to radially project into the first
and second chambers 144 and 14B.

An engagement flange 72b is formed along the circumferential
edge of the upper end of the collector box T2 in such a manner as to

| correspond to the stepped portion 597 and the engagement portion 23a.

The collectors 562 and 565 are preassembled into a single unit.
The thus-assembled collectors 562 and 565 are installed in place such
that the engagement flange 7T2b rests on the stepped portion 597 and the

engageusnt portion 23a; i.e.,.the upper end of the collector box 2
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rests on the upper end of the column body 70 and on the upper end of
the partition 23. While a gasket 598 is placed on the flange 596 and
the partition 23, the flange 506 and the flange of the upper column body
are connected by means of bolts or the like. In this manner, the
éollectors 562 and 565 can be easily mounted on the column body 70.
Assuming a shape corresponding to the column body 70 and the partition
23, the gasket 598 seals the upper end of the collector box 72 and is
composed of a portion 598a corresponding to the column body 0 and
extending circumferentially and a portion 598b corresponding to the
partition 23 and extending diametrally.

In this case, since there is no need for assembling the
collectors 562 and 565 in the coupling-type distillation column 10,
assembling work can be simplified.

The present invention is not limited to the above-described
embodiments. Numerous modifications and variations of the present
invention are possible in light of the spirit of the present invention,

and they are not excluded from the scope of the present invention.

INDUSTRIAL AFPLICABILITY
The present invention can be applied to a distillation apparatus
for obtaining products through distillation-effected separation of a

plurality of components contained in a material liquid.
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CLAIMS

1. A distillation apparatus characterized by comprising:

(a) a column body;

(b) a partition for dividing the interior of said column body
into a first chamber and a second chamber, which are adjacent to each
other;

(c) a feed nozzle for feeding into said column body & material
liquid containing at least first to third components;

(d) a first distillation section comprising an enriching section
located at an upper portion thereof and an exhaust section located at a
lower portion thereof;

(e) a second distillation section disposed suéh that at least a
portion thereof 1is ad jacent to the top of said column body, and
comprising an enriching section located at an upper portion thereof and
an exhaust section located at a lower portion thereof;

(f) a third distillation section disposed such that at least a
portion thereof is adjacent to the bottom of said column body, and
comprising an enriching section located at an upper portion thereof and
an exhaust section located at a lower portion thereof;

(g) first discharge means for discharging the first component;

(h) second discharge means for discharging the second component;
and

(i) third dizcharge means for discharging the third component,

wherein
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(j) said partition is biased such that the cross-sectional area

of the first chamber differs from that of the second chamber.

2. A distillation apparatus as described in claim 1, wherein
said first distillation section is disposed at the center of said column

body.

3, A distillation apparatus as described in claim 1, wherein
said feed nozzle is adapted to feed the material liguid into the first

distillation section.

4. A distillation apparatus as described in claim 1, wherein a
packing is disposed in at least the enriching section and the exhaust
section of said first distillation section such that the packing
disposed in the enriching section and the packing disposed in the

exhaust section are independent of each other,

5. A distillation apparatus as described in claim 1, wherein:

(a) said second distillation section comprises the enriching
section connected to and formed above an upper end of said first
distillation section; and the exhaust section formed below the upper end
and located adjacent to the enriching section of said first
distillation section while being separated by said partition; and

(b) said third distillation section comprises the enriching

section connected to and formed above a lower end of said first
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7. A distillation apparatus as described in claim Y4, wherein

the packings are of the same kind.

8. A distillation apparatus as described in claim U4, wherein

the packings are of different kinds.

9. A distillation apparatus characterized by comprising:

(&) a column body;

(b) a partition for dividing the interior of said column body
into a first chamber and a second chamber, which are adjacent to each
other;

(c) a feed nozzle for feeding into said column body a material
liquid containing at least first to third components;

(d) a first distillation section comprising an enriching section
located at an upper portion thereof and an exhaust section located at a
lower portion thereof;

() a second distillation section disposed such that at least a
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(i) third discharge means for discharging the third component,
wherein

(j) liquid descending from the enriching section of said second
distillation sectiqn is distributed between the enriching section of
said first distillation section and the exhaust section of sald second
distillation section at & distribution ratio which is predetermined on
the basis of distillation conditions; and

(k) a pressure loss arising in said first distillation section
is equalized with sum of a pressure loss arising in the exhaust section
of said second distillation section and a pressure loss arising in the

enriching section of said third distillation section.

10. A distillation apparatus as described in claim 9, wherein
an F factor in at least said first distillation section, the exhaust

section of said second distillation section, and the enriching section
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15. A distillation apparatus characterized by comprising:

(&) a column body;
(b) a partition for dividing the interior of said column body
into a plurality of chambers, which are adjacent to one another;
(¢) a collector disposed within said column body and adapted to
collect liguid descending from above; and
(d) an open static-pressure-type tubular distributor for
distributing liquid_collected by said collector, among the chambers in

different portions.

16, A distillation apparatus characterized by compriging:

(a} a column body;

(b) a partition for dividing the interior of said coluun body
into a plurality of chambers, which are adjacent to one another;

(¢) a collector disposed within said column body and adapted to
collect liquid descending from above; and

(d) an open static-pressure-type tubular distributor for
distributing liguid collected by said collector to a single chamber

located therebelow, wherein
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to establish a predetermined head; a first distributlion section for
distributing liguid in a direction perpendicular-to said partition; and
a second distribution section disposed in connection with the first
distribution section and adapted to distribute liquid having been
distributed by the first distribution section, in the same directlon as
that of said partition; and
(f) the first distribution section is connected to a lower end

of the stand pipe at a position biased toward said partition from the

center of the chamber.

17. A distillation apparatus characterized by comprising:

(a) a column body;

(b) a partition for dividing the interior of said column body
into a plurality of chambers, which are adjacent to one ancther;

(¢) a collector box for forming a liquid collection gutter along
an inner wall of each of said column body and said partition; and

(d) a plurality of collector laminas disposed on said collector
box at predetermined pitches in parallel with one another, wherein

(e) each of said collector laminas comprises an inclined portion
and a gutter portion, and one end of the gutter portion faces the
column body side of the liguid collection gutter while the other end of
the gutter portion faceg the partition side of the ligquid collection

gutter,
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18, A distillation apparatus characterized by comprising:

(a) a column body;

(b) a partition for dividing the interior of said column body
into a plurality of chambers, which are adjacent to one another;

(¢) a collector box for forming a liquid collection gutter along
an inner wall of each of said column body and said partition; and

(d) a plurality of collector laminas disposed on said collector
box at predetermined pitches in parallel with one another, wheresin

(e) said collector box and said collector laminas are assembled
in advance, and said collector box is engaged with said column body and

sald partition.

19. A distillation apparatus as described in claim 18, wherein:

(a) an upper end of said collector box is engaged with said
column body and said partition; and

(b) a flange of said column body and said partition are sealed
against each other by means of a gasket assuming a form corresponding

to said column body and said partition.

20. A distillation method characterized by comprising the steps
(a) feeding a material liquid containing at least first to third
components into a column body which comprises a first distillation
section comprising an enriching section located at an upper portion
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thereof and an exhaust section located at a lower portion thereof; a
second distillation section disposed such that at least a portion
thereof is adjacent to the top of the column body, and comprising an
enriching section located at an upper portion thereof and an exhaust
section located at a lower portion thereof; a third distillation
section disposed such that at least a portion thereof is adjacent to the
bottom of the column body, and comprising an enriching section located
at an upper portion thereof and an exhaust section located at a lower
portion thereof; and a partition which is disposed in a biased manner so
as to render the cross-sectional area of a first chamber different from
that of a zecond chamber;

(b) condensing vapor containing a predetermined component, by
means of a condehser connected to an upper end of the second
distillation section;

(c) evaporating liquid containing a predeterminsd component, by
means cf an evaporator connected to a lower snd of the third
distillation gection: and

(d) obtaining ligquid rich in the first component at the upper
end of the second distillation section; liquid rich in the third
component at the lower end of the third distillation section: and
liquid rich in the second component at a section where the partition is

disposed.

21, A distillation method as described in claim 20,
wherein the first component is lower in boiling point than the second
companent, which in turn ig lower in boiling point than the third

component.



