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-~ | NDUSTRI AL EVAPCRATI ON APPARATUS Techni cal Field The
, present invention relates to a novel industrial
evaporation apparatus. 5 Mire particularly, the
present invention relates to an apparatus in which a
liquid containing a material having a |lower boiling
poi nt than tiNDUSTRIAE EVARORATSONRARPABATUSW down
al ong an external surface of a guide that does not
t hensel ves have a heat source, during which tine the
| ower boiling point material is evaporated. 10

Techﬁﬁc%ﬂéwnd Art It is well-known that various

trral evaporation apparatuses are used to renove
oL RGNS raTo 4 P ebeorsion apperetus

concentrating the |jiquid. Fqr, exanpl e, Kagaku KogyvQ .. .
MorespARHIarys thicpesant IENE IR FateR AL AR BILS IRV PR i Bouid
(edited by the Society of Chem cal 15 Engineers,. .
contdinfngna matedal havingatlewer batingweintthan dhat gf4ge #quid is made to
403- 405) describes the follow ng types of industrial

flow eloapoalehg @m extearah sufase ohaguidesthat does il theroaelvey have a heat
a natural circulation i mersed tube type, a natural

souréb! GuirR Walthirhi 288 1ewert bdiing pimt matenialris ievaposdted.t
tube type, a vertical long tube climbing filmtype, a
hori zontal tube falling filmtype, a vertical I|ong
tube falling filmtype, a forced circulation 20

hor | fal tube type, a forced circulation vertical
Bac%ﬁjggﬁ@%‘g’ coil type, an agitated film type, a

centrifugal thi il . pl ne.

cvapsir et el tpbog BRusfidhsBbFoiatBR arralists 2 used to

apparatuses, for a systemin which the |iquigd . .
remots vpIRUS SDRPRIRIS AR RO Brist ESmpenght bY eVBBSration

horizontal tube falling filmtype_the vertical l}?”&( .
from aliguidsand thysfaneenyating the liqwic e FoE PK@WPE& i‘gﬁgaku ogyo Binran

hori zontal tube type, the forced 25 circul ation )
(“ChemitacBhginebes’ Handboak'd 8HEditigh feditetl by the Sepiety of Chemical

the exception of the agitated filmtype, all of these

Engitierof Jdp, 1809 NenPatentiDoulment tpésesypages 4@240bp describes
1 exchanger. For the agitated filmtype, scrapers are

e EEEA BB Sfas apeetises atbmergbd et
type, d RRUPH circulation immersed tube type, a natural circulation horizontal tube
type, a vertical short tube type, a vertical long tube climbing film type, a horizontal
tube falling film type, a vertical long tube falling film type, a forced circulation
horizontal tube type, a forced circulation vertical tube type, coil type, an agitated film
type, a centrifugal thin film type, a plate type, and a flash evaporation type. Of

these industrial evaporation apparatuses, for a system in which the liquid is made to

flow from the top downward, there are the horizontal tube falling film type, the vertical

| long tube falling film type, the forced circulation horizontal tube type, the forced

circulation vertical tube type, and the agitated film type. With the exception of the

agitated film type, all of these are of the same form as a multi-tube cylindrical heat
1
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liquid filmoff fromthe heat transfer surface as the
liquid filmis fornmed thereon, whereby the liquid is
concentrated through evaporation while making the
evaporation 5 uniformand pronoting heat transfer.
I\/breover with the horizontal tube falling film type

g drical
oorlhgh) RS R 00, Agnparus e sy r

e AAE-TED o e

s e o A R SR

steam f | ow ng 10therethro . w_of .
whereh the daHd S SRBCRIRIEONERR AYRHORE T VhliR Siaing &e eVporation

cl osest to the type of the present invention are .
uniforer and prorhoting hedtdtransfer. ndMereovet, yith tl‘@d@@ft%@'é\d*&% ge"lng film

circulation vertical tube type, but these are of a

typetor ftiee farced icirbulation Horigontal tubectypecwhicht aré afithe ingiat exchanger
evaporation while descending in the formof a film15

type!l tHedlitilid 1eEdriceitrated trrbagh edaporation whiletpging enadetd fiew in the

system of the present invention in which the liquid

f
f°f’“'g°3id§'i‘§:ﬁdg‘ﬁa dv@Wleéﬁﬁal%&fé%e@’Hf%ﬁibn&Hgimﬁ&@fubes the tubes

noreover the tubes through which the

therlggis e St Stef BB hodiRe SR SR asBtedim RAANGTD

each gf the tubes, unllke in the present invention |n
therg\ﬁy ‘he gui des do not therrBeI ves have a heat 20
source. Mbreover, stra

or tors.in which a nelt
of - 9img e flowl the Rauits Dok Sl eV aPoiREon SpRBrptuses
strands or filanments froma perforated plate an
closestpdhettymof theepresent inventia gratherarticaldorg H&l&]t%"m%@m type
t hrough evaporation while falling down freely are
and ahe forked eirc(igtion Mertinal tuteciypenbutithese re pfiadype ipwhiah the
3110547; Patent Docunent 2: Japanese Patent

I|qu:BLi§ bbﬁééht%te&hhro%@h&é@braﬂ@vwhﬁe destéreding i the form of a film
drawbacks with such strand evaporator, for exanple,

thropgﬁ %gmpﬁégg%a ﬁjb%st 8s Pppesed ﬁi‘iﬂe%ﬁ!emsofahé Presbritinvention

the' reS|dence time in the

in wgr)’c?‘otgeé}‘q@%‘ls%‘ﬂgae \S ﬂﬁt‘vgﬂwn Aihg SRSl SErfa¥EPsr glidss, and

Yy I's poor,
moreover the tubes through which the liquid flows down are themselves heated by a

heating medium that flows over the outside (trunk portion) of each of the tubes,
unlike in the present invention in which the guides do not themselves have a heat
source.

Moreover, strand evaporators in which a melt of a polymer or the like is
extruded in the form of strands or filaments from a perforated plate into an
evaporation zone, and the polymer melt is concentrated through evaporation while
falling down freely are also known (See Patent Document 1: U.S. Patent No.
3110547; Patent Document 2: Japanese Patent Publication No. 30-2164). However,

there are drawbacks with such a strand evaporator, for example, because the liquid
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noreover the strands or filanents sway sideways in the
evaporation zone and are thus liable to fuse to one
anot her, and hence continuous stable operation is
difficult. 5 Apparatuses in which a polyam de, a

pol yester or the like is produced while nmaking a

to be/BUHERiratid s HllRwed torfan dowreredly,the desidenta time inrthar
~ supports have al so been proposed (See, for exanple,

evapggéél?ﬂe%{%j{i!é%é%hd%eﬁcﬁ%%Bbﬁaﬁnécéfﬁaaﬁty Rapedr, and

nese Patent Publication No. 48-8355,

Pat ept cu ; ' ' d
moreget i, eends S6TRT Rl SRRE SRR Th ERVEPBIIRA zone and are
Pat ent lication,Llaid-gpen No. 6014527 S
thus Bblerle S to S0 aRAUE. pad BRnCARMIA fiapleySptian p dificult
61-207429). Furthernpre, an apparat i.n_which w ,
Apparetisesdn svhielk afialyamide. arPalvass it grliks s é’,m%ag‘”me making a

hi gh-vi scosity polyner nmelt is concentrated through
monemep oniaiLire or grepeiymen Sowcadawr alongdingar SHPRARS Bayealyp been

made to fl ow down along the wire | oops has been
propB&ed¢S6s, for Examplb,iRateatDbeament 31 . tRatent bloh 3844993, Patent

apparatus can be advant ageously used for subjecting a

Doclipbhear ?’éa]iﬁie%e%téh't PlObRéatiol Noi 48-B365) Patemt Dozument 5:

concentration through evaporation or gas renoval (See

Jap%‘%&\%@%@ﬁé&l’ﬁ%ﬁg Lﬁg-ﬁiggﬁtma@éﬁa@ﬂ R&ehe DodGment 6:

) Iis substantially the sane as
s AR SRR B B o P e pbimeni
50 71 ' : . .
Javartase PaerkApPIcaHEh CridrnerIyp: ol 2074201 A yrkidRhier e

starting material flow down along wres .or erforgted
apparaties inswhisbavirg lnapsaredestalied ghen syaparaiengone, and a
I nternational Publication WO 99/36457). However with
highsvisbosity pgipmeameit isatnegntrated ihraughevanasalien op has sigs removed
sheet - shaped gui des, there have been no specific
therefrof wRlE eiry madede Sowodewn elang the wive idapsdhas been proposed,
use of 25 an apparatus which can carry out the _
andqg’ REPHakH Sateq Matdueh & apparatuy can be eldvagtageopely used for
of tinme on an industrial scale such that not |ess than
iboli L10t6n of el i@fhe dshddmtration through
smé\?éﬁ@é?#‘%%%&h?ﬁ%?l%@#\}ﬁ\}etﬁn?\?g%orati on appar at uses 0
ovabBAtRnSSt d4Y rentdVell §s88 P& DACUment 8: International Publication WO

2002/0516086); this method is substantially the same as a method and apparatus

.already proposed by the present inventors in which a polycarbonate is produced by

polymerizing a molten polymerization starting material while making the molten
polymerization starting material flow down along wires or perforated sheet-shaped
guides (See Patent Document 9: International Publication WO 99/36457). However,
with such an apparatus having the wires or the perforated sheet-shaped guides,
there have been no specific disclosures or suggestions relating to the scale or use of
an apparatus which can carry out the evaporation operation stably for a prolonged

period of time on an industrial scale such that not less than 1 ton / hr of the liquid is
3
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description of nmeans for avoi di ng degeneration such as
di scol oration, gelation, crosslinking, production of
an ultra-high nol ecul ar wei ght, solidification,
scorching or 5 carbonization due to sone of the liquid
residing in the apparatus for a prolonged period of

subjetcié'&?to&'h%é@"ﬁdré’ﬁﬂrﬁr' in the case of an apparatus for
evaporating |l ower boiling point material froma

o Sl i SFRrptn HpPhERKSRRSU o fo fhe Hesbeen no
| d ' i :
desclbiery 6 eDs ot Ve U BtAR] At o HissolTaRAT AR,

y or
suddenly 10 becaones pmixed in .the concentrat 1 quj :
crossinking: REPARHOD o) FMITAIGh MFISCdRCVRIGT iy SOt bEorching or
contam nation with solid foreign material, ggich arF d
carbsrizafion due to somerrfdhe ligriskresiling in-thesapparalusJor g Rplonge
etc. However, it is clear that with the evaporation
pericaigfaimeé.usirspartioular, S thecase of ap @ppatatua forevapesatingawer
has been given to such degeneration upon prol onged 15
boilirgﬁéiﬁt hizfterididforn edliquie havinga rélatively highGrisdosity, Phasreen

cument 5, which relates to an evaporation apparatus

reve%rlu'égh‘oi"ﬂ%sﬁr'sF p@gf thFoURH EdrPying out ﬁrdlb?%éd thaiinudus eperation that

SO-ca dead space”™ where e pol ynmer resides

sucr{)cgég@eégég&ﬁ Q?S&s%{én%e edeh@?at?ﬂ %atbgawﬂb@ré‘@ﬁ&ﬁ or suddenly

g portion of -a perforate ate and an

osc b S, LGB ARS8 ) B EARErte S BRcieatn
ot eSSBS i S 5 B Rt

(7) resides for a prolonged period of tine in the
produgbaudchspapotymereteen the perforated plate (3) and the
internal sidewall surface of the holl ow body, and
hendeweler, tis\cieapitioal witis thecevaporation eppaatusss kogwn so far, no
even in recently proposed by Patent Docunent 8, no
condi@arationhatisteesasr Hzsbduregiven dptsach 28generatietugpangprolonged
"dead space" in a distributor pipe 3 (FIG 2), or a

opefa%%ﬁi NG of gRSrr%ﬂeP, Becphiifg té €6gi Nih Patert Ddcerhentt5, avftich eslates to
perforated plate (FIG 3a). 4 Disclosure of Invention

| | pBME N |  that 9ereds enuch
on prifpE sl O5e g ASA Yunb NS R 6 oo
so-called "dead space” where the polymer resides for a prolonged period of time and
is thus heated between a hole portion of a perforated plate and an internal sidewall

surface of a hollow body, and no means whatsoever has been adopted for reducing

this “dead space”. Accordingly, the high-viscosity material fed in froma

high-viscosity material feeding port (7) resides for a prolonged period of time in the

“dead space” between the perforated plate (3) and the internal sidewall surface of
the hollow body, and hence the above problems occur inevitably. Moreover, even in
recently proposed by Patent Document 8, no means whatsoever has been adopted
for reducing “dead space” in a distributor pipe 3 (FIG. 2), or a feeding zone from

which feeding is carried out onto a perforated plate (FIG. 3a).
4
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-l'iquid containing material having a | ower boiling
point than that of the liquid is nade 5 to flow down
al ong an external surface of a guide that does not
t hensel ves have a heat source, during which tinme the
| ower boiling point material is evaporated, to
provi de a specific apparatus that can be operated
stably for a prolonged period of tinme on an

. ndustrial tscal e such that not less than | ton / hr of
Disclosiare gfJuYPUD subj ected to the evaporation, and

furthernore tq provide. a s L et e in which a

ev dtjs @ oRiactal te presant émf%‘?@hi' lﬂwﬂ-&eh ere cgrag{ %%paratus n

probl ems due to degeneration.caused S ;
liquid cantaiming:eiateria) having-a lysrholling PP&Y %"b&ﬁé?ﬁé‘@dﬁmd I8 made

period of tine. The present inventors . carri egl out'l have a
to flow deWvr@long an estemgal surface; ofia guide thabgossaotthemselves

previously proposed gui de-contacting downfl ow type
heatReLYEE 'duringi wiich fie thisUuswen boilingqroint mater oh iSRRI 10

i's subjected to polynerization while being made to '
prov[c% & sééciﬁ@%faé}a‘mg trticdpbesopérated sabbsfor asprelangsd period of

e present [ nventors discovered an industri al iectod

i EVADOF AL | [ hii@ss 15a€ 46 itbh ¢tr of thecliquie is subjecte
t'me%g%m%ﬁ%geg% ﬁéﬂ"e@grg?tﬁggﬂgel ow i n which the above

to b S tr S, BAHHAEAGe (hibISyide s Spadine hduatial Bvaporation

€ priesent ention provides: 1.

* appasusrGh R Sd P g Heago dshet sty fome of

ng pol nt
than that of said liquid is de to fl.o al ong an
the liquid residingsothe epparatys i%egﬁﬂ%@e@%@%fj%ﬁema ves
have a heat source, during which tinme said |ower lications a
boi Thegpresenttinvantors caried cul shisHias KHO UFING,IB;@nous appll
i mprovenent conprises: (1) said evaporation apl;)ar at us .
preﬁ@ﬁﬂ?ipﬂb;mseﬂ duideicdntastieg\davnflw typespalymarization.agpaigtus in
zone for feeding said liquid via a perforated plate to
whigan@itis!Bretichitheck subjectéd o polyaparizetioowhiterkeeing anade to fall
evaporation zohe having a plurality of guides that q
ex r L Wied, 2 ASPR FésL) the pRbeby irventbrs discovered an
do%%@ggﬁq@%ﬁ,&éwg?de-mll casi ng,p and 5 a
. baottomwal |..casing. idtdte Shdrbelerized as
incgRee) oaborAigLpPa sy &Y B SBEAT yRacdre SREae

por zone; and a liqui

desgid?)ggar 5 ﬁ)r? {Nspﬁ"rtﬁ\é'a Ve dbidet b EGRhirRD! tHud TeBiEhingRo the

- present invention. That is, the present invention provides:

1. An industrial evaporation apparatus in which a liquid containing a material having
a lower boiling point than that of said liquid is made to flow down along an external
surface of a guide that does not themselves have a heat source, during which time
said lower boiling point material is evaporated, wherein improvement comprises:

(1) said evaporation apparatus comprising a liquid receiving port; a liquid
feeding zone for feeding said liquid via a perforated plate to said guide provjded in
an evaporation zone; said evaporation zone having a plurality of guides that extend

downward within a space enclosed by said perforated plate, a side-wall casing, and
B
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(2) a flow path controlling nenber which has a
function-of making said liquid 5 fed onto the

perforated plate fromsaid liquid receiving port flow
mainly froma peripheral portion toward a m ddle
portion of the perforated pl ate being provided in

a bolﬁ?rhquil ?é%rﬁ? BSorafstematénialButiet provided imesaid @vaporation
ar ea a

en through a horizontal plane of the

zon Al BB msageEreigmadrayon s botom-vl

.ratio between said A (n2) and an internal sectional
casn‘gg.ea B (m taken through a horizontal plane of the

ui d di scharge rt sati,sfyin he foll ow s 4 bien i
(12) adiow petp el eserufiga s o Bl jE kg sdid liuid
casing constituting the bottom portion of_said |
fed anta fiue perforated plate BeIm saicimid recpiing £ TR r"?ﬁ.tt‘ YJH%IPea
C () to said side-wall casing on said bottom
periptisrangortioh¢oward a middierppréoa of the perforated plate belng provided in
following fornula (3): 1105C5165 (3); (6) a length h
sa,d(ﬁamd faled ﬁbﬁg sai d guides satisfying the follow ng
formula ( 20 150 5 h 5 5000 (4); (7) a total

ext f takeh through eshorizontalyplage of the
the@%'gw@*ﬁ%@g?ﬂﬁﬁg@amm? R 550000 (3 and (8)

saaer@érgs%rg&r%e arRRgc EOpy a6y o fomsug formllee( 1)
2 7 A% ghgi Ve o upper “Sur oce BULa T hy o
;titrefia‘r{gaté&p%'@?&a N3G GBS Eirlh et BRRonaB/eRE8 (nf) taken
throggbtmhgmz%%té\rglgg@ f tlrafuiﬂé’ &?%éﬁég%eéﬂr%*'ﬁfy'%ﬁet follpwing formula

wherein not less than 1

(2):

20 = A/B = 1000 : 2%

(5) a bottom-wall casing constituting the bottom portion of said evaporation
zone being connected at an internal angle C (°) to said side-wall casing on said
bottom-wall casing, wherein said angle C (°) satisfies the following formula (3):

10 £ C = 165 3%

(6) a length h (cm) of each of said guides satisfying the following formula (4):.

150 < h = 5000 (4);

(7) a total external surface area S (m?) of said guides satisfying the following
formula (5):

2 = $§ = 50000 (5);, and

(8) volume V (m?) of a space in which said liquid is able to be present in said
liquid feeding zone from said liquid receiving port to an upper surface of the

perforated plate, and an upper surface area T (m?) of the perforated plate including
6
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ton / hr of said liquid is subjected to the

- evaporation,—-5 3. The industrial evaporation apparatus

according to item1 or 2, wherein an angle E ()

between an internal sidewall surface of said liquid

feeding zone and said perforated plate satisfies the
the uF:Egll QleéEb[ bt ol rbléd MrerdipCsdliskiAg the filowing fimmula (6):

ustrial evaporation apparatus according to any one

of _daégggbgér;?,% éq)'mﬁ@ei n said side-yg,| casing of

sai ifon~zone 1S cylindrical wi th an inside
| anet ey . C : than 1
2. {hirySlrialekatbmtal feafsactoldi to folf LaEIRGt less than
side-wal| casing.is nical , and.the liquid discharge
ton / b of saigh) ISSSL?QJW?&ZOﬁ%QYﬂB%@“bBrti on of the
coni cal bottomwall casing, is cylindrical wth,an.
3. T industrigl mp@rratlen(anpﬁramﬁacepr&m ) 'tﬁ'ﬁ'ol4 B\fN?aY"PQF?)” an angle
the followng fornmulae (8), (9), (10) and 15 (11?": .
E () KiwBeh an intnal Sdewsl Blda6m of 83id liguishfeedingzene and said
h-205 L5h+300 (11), 20 5. The industrial evaporation
perfGiaRAd plats satisfiesdhe dolicwiag fommaad?)i tems 1 to 4,

wherein the h satisfies the following fornula (12):

400150 hsSg25980(12), 6. The industrial (@yaporation
appar atus according to any one of itens | to 5,

4. E’ﬂggﬁ%%&@%\%vgﬁgﬁﬂldﬁ %eﬁéﬁné éc&\‘&ihﬁ%ieglgi onedsf items 1 to 3,

Pe made_ to be such that t_he I iqui d
whedi i S35 A f SRR fond [Ephrctin a8 nsice

 following fo la (13):.7,0 . 1 :
diarmetan Gt andla Rote Lobmlo o bttt cefing Bianected at 2 bottom
of itens 1 to 5, wherein said I des, rise guj .
portioroafiafi gideowal sasing AL 256 e dauiaREheER Pt Wich is in
the lowermost portion of the conical bottom-wall casing, is cylindrical with an inside

diameter d (cm), wherein D, L and d satisfy the following formulae (8), (9), (10) and
(11Y:

100 =< D = 1800 (8)
5 < D/d = 50 (9
05 = L/D =30 | - (10)
h-20 < L= h+300 (11),

5. The industrial evaporation apparatus according to any one of items 1 to 4,
wherein the h satisfies the following formula (12):

400<h = 2500 (12),
6. The industrial evaporation apparatus according to any one of items 1 to 5,
wherein one of said guides is cylindrical, or pipe-shaped and made to be such that
the liquid and/or gaseous material cannot enter therein, with an outside diameter r

(cm), wherein r satisfies the following formula (13).
1
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toget her by transverse supports, 5 B. The industria
evaporati-eft apparatus according to any one of itens 1
to 5, wherein said guides conprise guides according
toitem6, and formone of a grid-like or nesh-like
gui de structure in which the guides are fixed together
byoty agsyeLse  supports, a three-di menfidpal gui de
structure 1n which a plurality of grid-Ilike or

7. ﬁﬁh_ggﬁﬁgh&%%@&aﬁbﬁ dpbsefifs 86Sordd b bf Aefnsof to 5,

anot and are 10 Ti xed together by

transyerse su : | L < [ ides are joined
wherpm%aég@p%%q%ﬁ[gf{lg%gy@gg Es“% r uc':téjfoeﬂéi'{@é\/{hl thhte hgewg?ﬁ e
are fixed together in front of and behind, and | eft

togethg by tragaverse SUpRe™Snot her by transverse supports, 9
The industrial evaporation appaiﬂat urs accor di qﬁ t o p%
8. Thesindustriaayaponatiop apparatie aeceiding 19 gy gnp of items 119,p.
a nmonomer or a mxture of two or nore kinds of 15 -
whereimsaigrguides cgmprise goigles anseading 4@ item S.ANdiarm ang pha grid-like
a prepolynmer of the condensation polyner, and/or the
or mESHIIRE Haildeostruralineerwhith ¢hé guidestariifixad tpgether by transverse
material is a by-produced material and/or oligoner
suppried Hﬁﬁ%et&iﬁ%ﬂibﬁé} MRS SicOre IoViehrE plataliy of grid-fike or

sal 8 i ndustrial evaporation apparatus is a

mesﬁ-@jﬁ%ﬁ‘uﬁé Et?u%ﬂf%s?’/\e E?rper %raﬁﬁéﬂrw fréidfehcarstand one drither and are

| ngbsa ng point material fromsaid

0 ' ' _ . . -
ﬂxecﬁtag%‘ﬁﬁr%rﬁa%ﬁ%%%ﬁéﬂ%ff@? 3 PR iethres dimensional guide
strugre fwhichd0e BRIdeE w6 3R6eapetmes iEAPA( GEd BeRfl BR oft and

item9, wherein the condensation polynmer is a
rightoefi gee aepthes bydrangviense sePPtSol ycar bonate, 11. The
i ndustrial evaporation apparatus according to_an Ql e
9. Theiihdustrial evaperativapparatisaceording; tg@ny one af MP QP 8,
a thernoplastic polynmer A said |ower boiling point
whefgiharidliquid isamelooka menomer goaeixtuae of twe pr siera drds of
material contained in the 8 polyner, and the
moridhiBIStbl BlodRiéiHPa @bhasnsation polyrmet, saral/grua prepolgmer of the
apparatus for Tenoving said |ower boiling point

condBLSHcR GD%‘Z@%’ ;ﬁ:):?ombt cRYARSH pbiyRibrsiheddwes boiling point

rAcreas sal d thernopl astic polyner A
material is a by-produced material and/or oligomer produced through condensation

polymerization, and said industrial evaporation apparatus is a condensation polymer
polymerization apparatus for removing said lower boiling point material from said

melt by evaporation so as to increase a polymerization degree of the prepolymer of

the condensation polymer and/or the condensation polymer,

10. The industrial evaporation apparatus according to item 9, wherein the
condensation polymer is a polyester, a polyamide, or a polycarbonate,

11. The industrial evaporation apparatus according to any one of items 1to0 8,
wherein said liquid is a melt of a thermoplastic polymer A, said lower boiling point

material is a monomer, an oligomer, and a by-produced material contained in the
8
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12. The industrial evaporation apparatus according to
~item 1li—wherein said 5 thernoplastic polyner Ais a
pol ystyrene- based polyner, a polyvinyl chloride-based
pol ymer, a polyvi.nylidene chloride-based polyner, a
pol yacrylonitril e-based polynmer, a polyacrylic
polynfist 8hd P& iUl BRaporatioh| apperaee iy b Wrﬁg@graﬁ?:sads for

polymer, or a thernoplastic elastoner,

remogﬁausf’atéﬁl&&eltﬁ%&@uﬁ’é %in\?\ﬁnaﬂ@ﬁé\rﬂﬁ §afclf ARy Evagoration 86&s to

erein sal quids a solution

) of a ther astic pol [ aid | ower boiling point

INCregsg QPT'& o{{ﬁga&; Stwwghﬁ§ai d thernopl astic
pol ynmer is dissolved and/or a nonongr.. an .ol l i

12. 5ihe IBdustril BveReraling cpPREAIUE ARearciaitg ferolly WS gheid
solution, and said industrial evaporation arat us. j

thermeoplagtic polyoerAeisa pelystyrenaibased ROlYHErad ppa?&f% CF'E%"JG'S"“EC’
renmoving said | ow boiling point material from said

polyraet, & pelgvib§lidenesshipridebasad polyasen a palyronyiositeledbasagspolymer,
recover said thernoplastic polyner from said solution

a pogaeryne startsased pé|¥mef, Spoigietiescrplic esterbased ypolyrer, or a
dvant ageous Effects of the Invention The industri al

therrﬁ&@i%@{iébié%‘@orﬂ@l"af atus according to the present
I nventli

on Is ai 20 evaporation / concentration

. A e i B oy oo
ol B85 ohonisl bbbBpsi B 8! Sl 55ng poin
oS S R S5 RSSR e ¥ bk anor s

particular, the industrial evaporation apparatus
monaoesy aih egomer, landa bs'mfﬂdwﬁﬁﬁbﬁﬁtﬂ'ﬂﬁ'z@"ﬁﬁga\'fé?'d polymer
excell ent effects in the concentration through
solutivapendisaidrindistrial @vapatation apparatus s asepanajionirgeovery /
viscosity. Wth the apparatuses known so far for ) .
purifiRPEpptirbRe Br rarmbving Gaidiownbgiling poirg matesisl fremysaid solution
hi gh viscosity through evaporation, there have been
' Q?pél‘a sk tetoves sgidthairhbplabiic pglymer from
byeﬁégtsgaélo or gsff?o ongteédgg%ri od of tine, V\herguponp?hi S
el ' ' orati on,
sai pefjoh, 4 Wit aase PO ia Bbriepladi SUTReL O 2 L gh
nol ecul ar wei ght pol ynmer, solidification,

Advantageous Effects of the Invention
The industrial evaporation apparatus according to the present invention is an

evaporation / concentration apparatus in which a large amount of a liquid can be

' efficiently concentrated through evaporation stably for a prolonged period of time,

and in which not less than 1 ton / hr of the'concentrated liquid can be produced,
without occurring degeneration of the liquid over a prolonged period of time. In
particular, the industrial evaporation apparatus according to the present invention
achieves excellent effects in the concentration through evaporation of a liquid having

a relatively high viscosity. With the apparatuses known so far for concentrating
9
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5 scorching, carbonization or the like, and it has
been found. that the degenerated naterial m xes in the
concentrated |iquid progressively or suddenly, causing
a deterioration in color and properties of the
concentrated liquid. The industrial evaporation

| suchii@ﬁfc{s%éﬁn&ﬁfé’?e@ét%lﬁ Ri apparsﬁ?ﬁtﬁioumv@”dpoﬁatlors there have been

nuous evaporatlo us that does not suffer

pla ?egggmg;q?i\gqaﬁ&ég rgg'i erﬁl%rﬁélﬁg ndatekPfor @ proltifged period of

yrrerl zatton apparatus for a

_ condensatlon ol if i
time, wirpreopraJtisdcu Yisrooss CgenBAIPrHIRF & UEchRkatn, gelation
and thus recovering the msr from t her
crosglimnkjngs preductiangef ﬁh&“ﬁd‘ﬂ'gﬁ Sc‘t"ﬁéweﬂﬂ!'? ﬁ?&mggﬁéﬁ&ﬂ%&mn
the industrial evaporation agparatus aaggﬁg F% to th eted
scorghingecarbonizationioothe kikesransbip has beenifadp ghe degenera
hi gh- performance and high-purity polynmer to 15 be
maté?re@ hisesd iniHe cdricehtratentlioniid yrogressivelyton susidenlys gaysing @
hr stably for a prolonged period of tinme with no
deteﬁb?‘aoc@rﬂ[;naédiéi*brﬁf propBHiE ofathk wonebhirafed liuich riEheindustrial
caused by production of thermally degenerated

eva@%ﬁé{) %ﬁapgﬁéims QEE&F&L@ to tﬂetdgéséﬁﬁﬁvéﬁtﬂin islecontinuous

appar at according to the present

vagoo{ﬁ Eé'q%&ata {.lgﬁ'b% @%gﬂwcﬁ Li?‘fgff{bﬁ'ﬁ‘éu&f‘dra%ﬂfﬁkgt &8d in barticular

ere i s very
variation in_no| ecul ar, 20 wei ght

achigvamiengellent gfiecisasa DoDnen A andratls P4 Sor %Umgﬁt'm polymer,
an industrial evaporation arat us accor

a purifyingraphanstus foloa thermoplastis p?tgyrgeg S ALPRRA ég&fbg ﬁéﬁﬁratmg and
view showi ng a cylindrical industrial eva‘\__goratl on th

thusarypaveting tee polydierdran attherpepieshe PRSI S jtion gnet prifying the
3 is a sectional view show ng schenaticall y an ?
oly#fér | Tharfs, the industtisl ievapbraticapapreratus agspEding dg the present
accordi ng to the present invention; FIG 4 is a

| 1nve‘fﬁfbh'h| W shAM aatsies ermgh@@ﬂwmnw apdrhighypurignpolymer to

[ n ustrial evaporation apparatus of the

Gf not lessahaR ! toArair statslyvfor a prolonged
be § gj\?j\n%%g vg! ﬁ% cfgllll(%_h)‘/m’rnaans for elimnating "dead

period of time with no discoloration or contamination with foreign material caused by
production of thermally degenerated material. Furthermore, in the case that the
evaporation apparatus according to the present invention is used as a polymerization

apparatus, it can be made to be such that there is very little variation in molecular

weight.

Brief Description of Drawings
FIG. 1 is a schematic sectional view showing an industrial evaporation
apparatus according to the present invention;

FIG. 2 is a schematic sectional view showing a cylindrical industrial

evaporation apparatus according to the present invention,
10




space" between an internal wall of a liquid feeding
zone, and-a perforated plate and a flow path
controlling nenber; and FIG 6. is a sectional view
showi ng schematically neans for elimnating "dead
space" between an internal wall of the liquid feedin

i th
P ¥ B aatnhmigrorialyanparsrion of e

er. 1. liquid receiving port, 2:

s BN AP it S T sty 2. 5

terial outlet, 7:

L BiGen 5 3 Sachdsal RiY shBiwing Seliénatiiaity B et fBitioR of the

side-wal |l casing of evaporation zo J11: bottom wal |
industria expperationapparaiéHol hedhreseit 'f“r’%’ﬁﬁ’&"outl et, 13: 15

flow path controlling nmenber, 21: ex | e of _hol.e .0f . .«
perfiGx Stipd sectional view showang sshermARealvIIPRRs ?’o%‘ﬁn'%““g dead
liquid feeding zone, 23: upper inner wall sur

. face lat q
spaci® bbtwéele ah ritefiral waling aliquidiieeding é!ﬁnﬁoaHQ'ﬁqu;aggm plate an
invention is based on the discovery that to attain the

aflo ﬁco%goﬂihb%émbgf; ghdonti nuous type evaporation
apparatus, various conditions nust be satisfied. The . doad
pr is T &LH bl sHWing S chefrticaiydmeansdorelitatnating “dea
W ﬁ]@gf'é%eﬁé(;geﬂo“tggwsbecti onaP views (FI'GS. 1 and 2)

spaci:,ﬁl’:’l Y t{a%taiaﬁ n{q?@al%é‘l?ﬁf’ eQT%Lﬁé‘?eéﬂ?ﬁd’leQé,ia?’fd a pRpforatedsplate

present 1 nvention and sectional views

gFI GS. 3 . and 4&. show B% a part of the evaporation
and 3ne SewRaih coBtrallipg i# PEkcei ving port | is preferably
provided in a top of a l,iqujd,f

edi . a1 .
1: liguigl reeeivingrpait, 13: W@"‘P@E‘dﬁ@‘len g E%“? ?&q'ﬁagﬁgébﬂ'a. eagk >
ina plurality of 11 places, the_at |east one |iquigy_ .
evaperationi zogep 6 evapqsatacematenal ostinl 7d§'9‘r5'§5‘§§d§5§ﬁ Hq(ﬂgtsc‘j liquid
the liquid in the liquid feeding zone 3 can bsfe,g " .
disdh@ﬁ'?e puUR. boantinett gasfesdingportasaosdingyio 9edod ; #ide-wall casing
In the case that there is a liquid receiving port 1 .in _
of e@ﬁé?raﬁ z0Pe28¢; béttemivallicasing of evaparapon zone, 20: liquid outlet, 13:
preferably provided in a central portion of the top 6

flovﬂéﬂ%mlgﬁorgf@wﬁmﬁﬁ%r,@1 ZéanPle of Holeof parforatexhplate, 221gnner

ing a function of making the liquid fed

siaGuaf siticB B AR iEskiRG Fofie?28! GPBeriindr Vit Suracs: i ng

Best Mode for Carrying Out the Invention

The present invention is based on the discovery that to attain the above
object for a continuous type evaporation apparatus, various conditions must be
satisfied. The present invention will now be described in more detail with reference
{o sectional views (FIGS. 1 and 2} illustrating the concept of the evaporation
apparatus according to the present invention and sectional views (FIGS. 3 and 4)
showing a part of the evaporation apparatus.

A liquid receiving port 1 is preferably provided in a top of a liquid feeding

zone 3. There may be such a liquid receiving port 1 in one place or in a plurality of
11
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mai nly froma peripheral portion toward a central
{J(ﬁrt-l on-ef- the perforated plate 2 must be prO\r/iaded in
e liquid feeding zone 3. The flow path controlling
menber 20 has an effect of making the liquid flow
| f:)?ﬁr;ytlrﬁ]eggeérltglhgéglf E;{(tmigo;dr;;)méd tmhebcentéal 10 that
a t drieliqadreceivi referabiyi bejng:h s a
P wflﬂqw% ?rom rz& ding for a prgl ongedyjpéri od@g?‘;?iélrrgwé
the I RGUIBFLLGRE 20IecS ch? b8 fod bhtd a perorpteds s
e “lﬁ":"gg:éjgf g“rll'g an ﬁﬁternal si dewal | hsurface 22 O[?ﬁﬁq%@

. eedi ng WALP)! ivi i
unifogT&ﬂzﬂ%Z??Pi pg'igﬂ?ecgp%er ﬂégﬁ“%rg\l;véargtj E her%dg#{l?grwgg‘? Wg?:y o
place, tomiaHe TREPMGLPPT 1B RRToile RRidod th 8 Uehiualpgiontof the top

portion and the central portion of t f i
of theliquid feedngezanendy pAdiove r‘-”m[‘]ﬁ°ﬂﬁ"%@§’8'@’?’§@r '?%‘;ﬁ/'q% 3 function o

enhe Galid pcrmntbane perioestenslaisia Eandhegoiid et peg 1 fow
ma i e omtea gt 't ne | I

Ig?a cross section of the flow path controlli ane
mairlfp B! a peripheral gomtarbtoward eaniral Rgrian ohthaRerated pigte 2

of a cross section of the perforated plate 2. As used
mustBE Brdvidbdh iR Muiid ¥8ediAg zone See: flow poth caBtrpliggmember 20

pa controll'ing nmenber 20" refers to a section

Qbt ai . e . ! B
v B g g iy gt o
where this S%{?t

portign.idhg ek &'eocigtgfﬁhhgé b?eJé?ﬁ’lng’iﬁé MY iceir 6. rediding for a

bath controlLing, nenber spaci n bgtmeen the.flow
proScsa penod st ¥ Feirasr B OBsIEA2 IR gemmmed et
to e anmount 1 SCOSI TPRRT
andian w\:?/rgsgﬁlgtgs@u aracs2 e Jrofephibez e 3 o T f@idmade to
. ion apparatus is used - i
roprarinti o pi b L PR e
! I-qul o be subjected t h
plaRV2RHhakfed ohto buigles 4 omtthe éwoj}eswa@ﬁnggqi g@ﬁ@?‘?@/ the,peripheral
range of froml to 50 cmis generally referablé, W th
po@gﬁ ghaghe RRtrabofionsf theperfprated plate. and from 3 to
mbeing yet nore preferable. The spacing between

2 t O, BLETR BRlbIRYhépBeP30 aiay have anyisiapesaiagg as the

oy o _ ow path 5 controlling member 20 may

effeqis, of the g path cBHfroI?iﬁg Pﬁ&ﬁﬁéra_ﬁ’(b ¥aRB’eadHievsd, hut fthe batliine of a
Jone 3 05 as hgrf of the lIiquidin the liquid feeding

cross section of a'\e ﬁow patl'?%oﬁf?glﬁha nfember 20 is preferably similar figure to the

outline of a cross section of the perforated plate 2. As used herein, the term * the

cross section of the fiow path controlling member 20" refers to a section obtained by

cutting through the flow path controlling member 20 in a transverse direction at the

place where this section exhibits the maximum area. A preferable range for the

spacing between the flow path controlling member 20 and the internal sidewall

surface 22 of the liquid feeding zone 3 varies according to the amount and viscosity

of the liquid to be processed and so on, but in the case the that the evaporation

apparatus is used as a polymerization apparatus, a polymer purifying apparatus or
12
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For this reason, this spacing isfgéﬁerall in aran
.of froml-to 200 cm preferably from2 toy170 cm rrg(r—je
preferably from3-to 150 cm The flow path
controlling nmenber 20 can be nade to be such that the
spaci ng between the top 1o internal wall surface 23
the 1iKY witfi the ligtidlolReclidjectadne e auaporation|having:a Relatively high
con Ir|j0| Ing member 20 is substantially the sane from
viscoli feRSHE 11\bIHD @ANié génbraliyipreferablenwith feord cm
' %‘E)?fgd@glﬁ?g) ;&hﬁhe I@{mqui d Peedi nghjzrone 3, |nbut can ating?)o
. e to .he t ' ﬁx@cﬂ. ea‘gi-@é i
bemg;%'gi?i)ﬁ}é?f:zb %’O%Eg%€?%?gg:t€‘)§y V\A%tg?gr Nor Jgefr', 'It“hheespacmg
e .
betwapriaiths ieraaibairaca 2 5 e Y ieadingfoRpE i e flow palh

ener a r
50 cm preferably from > om L to

'contrbHiom rsembepr @0 may beRny s,zggtﬁ?rﬁ;&ﬁ 'E%Rgﬁéﬁqﬂagfa%ﬁggﬁrb %ch that

can be nade to be such that th '
the residéncatime of thediqridindhefiguid f@eﬁd%&a%%%ﬁtig%tﬁ }gﬁﬁa éSh&’ssible-
menber 20 is substantially the same fromthe inteppal
si Grorwhls reagoh albes Spacirig ishgenerally th & sagsgf ﬁg@hﬂ‘%ﬁﬂﬁ cm,
the central portion of the perforated plate 2, or_ can
pref%ré@&o#&n@ﬁf1 10 che midtepreferabigtirarhisstostalemg ghediew path

ws, or conversely gradually w dens, but is

contgcﬂlﬁiqeéﬁﬂl%?r{?;éi ?ﬁﬁ Behifade'(d1bé Raichithat theaspacing lsetween the top

e sane, or gradually narrows. The
interna el 3 itaf8 43 & the 18 FBEAIGZbrRPS eniddhs foepathasardrollin
n errédws. ! ?F? e EDIH rec&%g port 1 from being 9
ed direc to the hol ' . : .
o S e tat e LB T bt o ptema
_baffle. Note that in the case that .t % be'rad
sidepivall eudamQZ;p_ﬂtlag feugfeedingzone LIt ‘%F‘eéi%ragl fi o}o be such
some of the liquid fed 13into§e de, to. e
thatshisrdpacirig gradually nagowst gr 6Pnyerge agﬁaa"w{%n Joreover, the
the perforated plate 2 w thout passing the peripher al
spabipgtictweeh thb flopepdthcantrdllipgamemper 20 ao¢ the ;geé[icggpqc{ Slat_e 2is
is preferable to provide a hole in one place or a
gerBlalfy by & 50 chf preferalip rom 2itoia0,crof mere peeferally from 3 to 20
gor ion of the flow path controlling nenber 20 or
em20Phd ﬂéﬁé%%tha@nﬁ'oﬂ%tméﬁb@ nOfednbe mudeptostss sach thattthe spacing

3 it ik | |sPot created|ntheliqui-dfeeding zone
it e P 8 o s e o core
substantially the same from the internal side wall surface 22 of the liquid feeding
zone 3 to the central portion of the perforated plate 2, or can alsb be made to be
such that this spacing gradually narrows, or conversely gradually widens, but is
preferably made to be such that the spacing is substantially the same, or gradually
Narrows.

The flow path controlling member 20 qbstructs the liquid fed in from the liquid
receiving port 1 from being led directly to the holes in the perforated plate 2, and

hence may also be thought of as being a kind of bafle. Note that in the case that

the perforated plate 2 has a large area, it is also preferable for some of the liquid fed
13
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liquid feeding zone 3 and the perforated plate 2 to

. satisty the following fornmula (7): 100 5 E < 180 (7).

Here, in the case that the internal sidewall surface

22 is planar, Eis an angle 10 between the internal

sidewal | surface 22 and the perforated plate 2 in a < rated
e SSCLI N SaheaRatralpationoflibs perfora
in to bg, M 93}?&%?%%@%#&8%@?9'3%?%” surfacgaglz and an

upper surface of the f orated plate 2, in which case
plate & wihetRaFEING tgﬁﬁqwgggéfgﬁgg f ?Legﬁé‘rlf nter _ngl si dewal |
tis preferaiin te RESVIdR AGIOR ) pEE BIage o1k PRy o pldpeRindieyfeinity of a
contre oo o s e abwling shebor Dt et B orin fo

starts to rise up in a section taken thrqaghﬁ Bl ane o i
this Repesadi Sotisat “deati spacehis naswreateddn theiquigfegag zone o, LIS

internal sidewall surface 22 and the upper surface_of

“also ng?%ﬂé f&Erqhsté |REQ° Poetivesprthe ipteanalsidaveall surtecs 3¢ ofthe

< 180, with 145 5 E < 180 being yet nore _
nquicfﬁe;%fogﬁ\g%ﬁe MR Perfdratedplate? tosefisty dhé Eolowing forsula (7):

porati on apparatus such 20 that the vicinity of
t he, Jpint b en the top internal wallzgurface 23 and
the1qcﬂt%rﬁaﬁe{g§i dewal | surface 22 of tr$e¥I i quid

or et e AL AE g Far FReyERARes 22 s plondieE s an angle

ween the top interna

bemg@égégﬁﬁfﬁg@%fsﬁ?g@% %8 géir@ﬁé‘@gltpiét‘éré RF& séétion taken

0, since In
this case the vicinity of the joi i.S,_conc
throbigin aeplane petpansicianio mtaghapiarim@?‘eg*em&tﬁﬁﬁ‘gg‘éﬁ?"e 22
invention, the volume V (m of a space jn whi gg%t he that the
and lamupgkrisuirfaeblof the pedorated plateizy tAitemnativaly ip SR FARE
zone 3 fromthe liquid receiving port 1 (i.e. the 14 h
inteirl BldehRiNG fRacelE isi slvbncavecairved guface, B inaa angie bejveen the
internal wall of the liquid feeding zone 3) to the

upplf Shrface bf tg%eq_éﬁc%r%f&o?@té D raticeal tahigeint tethesinternaksideyell surface

surface ar the perforated plate 2 ot
L.nel udi I Bexrizdtbaiset yeirea section
22 g H 8 e e e 605 (m)

takq\g tt'}ﬁ@glﬁ@éqj%g pﬁgdw}/t#g?lﬁogﬁqtggﬁé %H%ﬁée é%rfé&@oﬂ@ieﬂﬁﬁarnal
sidewall surface 22 and the upper surface of the perforated plate 2. A more
preferable range for Eis 120 = E < 180, with 145 = E < 180 being yet more
preferable. Moreover, it is also preferable to devise the evaporation apparatus such
that the vicinity of the joint between the top internal wall surface 23 and the internal
sidewall surface 22 of the liquid feeding zone 3 does not become “dead space”. Itis
preferable to make an angle between the top internal wall surface 23 and the internal
sidewall surface 22 be greater than S0°, or 90° or close thereto, since in this case the

vicinity of the joint is concave and hence liquid does not stagnate here.

in the present invention, the volume V (m?®) of a space in which the liquid is

able to be present in the liquid feeding zone 3 from the liquid receiving port 1 (i.e. the
14
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during continuous operation of the evap tion

. apparat-us according to the present invention, and the

vol une of the flow path controlling nmenber 20 is

excluded therefrom The amount of the liquid held in

the liquid feeding zone 3 is thus V (n). 10 The |(_)\Ne_éf "
isint by ' {é%e\m*éﬁ olthEahe Hel®priatérnakwall of the liquid feeding
]omtfb%e %%W%H!e& |qLi Peedi ng zofr?gqs and hence the

less there arecadv W& % Oarid'@idBpper surface area T
zonedgég iae HPP%,SUFF%% 8{@‘%&2‘%’;‘?@@ @once’nt rated | P qui d

and/ or pol rof ,a grescri 1P Bf {HEABIES therein
(m?) of tlm@lﬁ%rﬁfeﬁmag?@d%@i@@%‘bg@ﬁ’? %? ggﬁgéép?géagnged peri od

of time with not less than | ton / hr of the liquid

mustsstisfy thedfollewing fopmila(®vaporation, it is inportant to
feed 15 the liquid to the holes in the perforated
pl 20.622ms<uM A br&l 0.%éMbpossi bl .8}t has been _ '
di scovered that the value of V/ T nust thW%c{héhe 3
aboy#;mpy‘:\@%bs&nfﬂﬂ? the voluenendf therliguigkiry the | ag gpne
v/ is 0.05 (m SV/TSO.4(nj,vvithO.1.(n? 5
durili)/%éggﬁtiny&:g?ocdémti&e bfitheyévaptratiomappanatis sccording to the'present

rna ectional area A (m taken through a

inveilh 243 e PIGHE rhe Mow Batndoilinl mesbge 20 lexcluded

an evaporation zone 5 nust satisfy the

fol | ow far daingetor Bis thus V (m%),
therpﬁ@q‘fb J%@’@H“ﬁ%@f‘@%"‘?ﬂé“ﬁﬁﬁ? ﬁgﬁw;gctli gnal area B
(m taken through a hgrizaon 18 liddid feedin
Thedowerthis amosPbdnadowsr fhef ﬁﬁf@%ﬂ%ghq@%mz'gﬁﬂ“w iqlid feeding
following fornula (2): 20 S Al B.S,1 : i
sonmand henies fhe ks Mrbearecadiarse £501 JU o thprmdfudhendration
and pol yner that have been concentrated through ;
but & ebtzirBicomcenirateddiqvid andies folymerfa PW%‘?&@‘-‘@%@E‘““““‘“°"
i ncreased w thout bringing about a reduction }Sn t he tl
de@é@bir Pwyﬁfertda‘tionm stabiyl fariagpiotpngeashpeyiodipLimevithynot less
Furthernore, a bottomwall casing 11 constituting a
thaR ' ERATHR & e fladill teieg sabjanteta the exapordsians itds impertagk to feed
at an internal "angle C () to the side-wall casing 10
the liquid to the holes in the perforated plate 2 as uniformly as possible. It has been

discovered that the value of V / T must thus be inthe above range. Amore
preferable range for the value of V/ITis005(m) = VIT £ 0.4(m), with 0.1 (m)
< V/T £ 0.3 (m) being yet more preferable. 7

The internal sectional area A (m?) taken through a horizontal plane (p\ané
a-a") of a side-wall casing 10 of an evaporation zone 5 must satisfy the following
formula (1):

07 < A = 300 (1.

Furthermore, a ratio between A (m?) and the internal sectional area B (m?)
taken through a horizontal plane (plane b-b’) of a liquid discharge port 7 must satisfy
the following formula (2):

20 £ A/B = 1000 (2).
15




10

15

20

26

-thereabove, and the angle C () nust safisfy t he

following fornmula (3): 110 < C S 165 (3). To keep down

t he equi pment cost, Cis preferably as dose as

possible to 900, 10 but to nove the concentrated

liquid falling dowmn fromthe | ower ends of the guides

4, d the pmelt | i HRE fiqLidcarfh pogmer that

mﬁPH%EF“FFﬁﬁg&&éhéggﬁﬁegéiégéé?rgﬁﬂﬁrn thg quaIiFygﬁf

the concentrated liquid, to.the |iqui | : 'Has been
have beeq sRTSeNEECLYOUdH e aRRBLO o i el NrREE SRy Ha

the length h (cm of each of the gquid 4 St ' PO
increased withotibbringing@bost mrpduetan in e <8RR ‘%""@W’é{% liquid

undesirable for h to be shorter than 150 cm since
can Bbddischémedoncentrati on or pol ynerization cannot be

carried out sufficiently. It is undesirable for h to
be FUreBfiors e bofié@owalincasingdd cdnstituting aibptemeprrtion ef the
the viscosity of the Iiquid between 20 the top and the

eVap%?étfcﬁ"i&%e 63§ BofNb@Bd ‘At RAGAISERaltaryl@ O=f) to theesidbywall casing 10
resul tTng |

n tending to be nuch variation in the

there: ”%ﬁg%ﬁg&@é’ 3nRIE]S) AUSPAIKIP I RAIbMNgIRaeka (3)

external surface area S (n) of
> 'L Bom0 D). 25 17 & i less thanc) np. then the
O s TR Bl {he, CUBFS:Fdb 35' e g2 possibie 0 0",
Ut mavatts comsaniaies ladiedelaoanrom R AEr efRe et ind Guides 4

anmount whil e keepi ng down the equi pment cqst., a

.

. and to ,
and@hé malawhosawisebsibnhas bepn dnaeesed wthOHEQE'anQ@é?&é‘t‘ ggeduction
be not nore than 50000 n2. It has been discovered that )
in tHe GUANRBPI behtehiptsdiquidatodhediouid dischaige porbr e Sehist satisfy
I nventlon satisfying the above various conditions not

the gﬂb\Ye fRm(Ra (i e problens of the evaporation
ppar at uses "Known so far, but noreover, surprisingly,

Furthermore, the fength h (cm) of each of the guides 4 must satisfy the
following fc;rmula (4):

150 = h = 5000 (4).

It is undesirable for h to be shorter thah 150 cm, since then the concentra_tion
or polymerization cannot bé carried out sufficiently. It is undesirable for h to be
longer than 5000 cm, since then the difference in the viscosity of the liquid between
the top and the bottom of each guide 4 becomes too great, thereby resulting in
tending to be much variation in the concentration degree or polymerization degree.

Furthermore, the total external surface area S (m?) of the guides 4 must
satisfy the following formula (5):

2 £ § £ 50000 (5).

IF S is less than 2 m?, then the desired amount of the liquid subjected to the

evaporation of not less than 1 ton/ hr or the desired production amount of the
16
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achi eves excellent effects as described earlier, | it
~_being possible to produce a high-quality and
hi gh- perfornmance concentrated |iquid or polyner with
no discoloration in an anmount of not less than 1 ton
/ hr stably for a prolonged period of 10 tinme of not
| ess _than, s ndppeéver, st sucha proiducten
polyﬂi‘-’r{d?{°§%?fba§%‘ﬁ‘§tg‘$e élIli]§ll.‘|é§ smosed'that the reason why
the industrial,_evaporati o SfrRipafd Varidtibriihe
amoq@ﬁ@Mﬁtkqerwm’%'ﬂ?ﬁiﬁﬂﬂip?ﬁe’g%%@ﬁ ent effects is
that, in additiaon o the var,i

Qu ns descri bed
proparties.cS naus BieomAads te PENQ %?ﬁes@nwmé above
conditions are conbined. For exanpple, it.is
¢ hathasibes discovetedingtincavaporshom abagatlis pSHBRRIS the
area satisfying the fornulae (4) and (5) are ve

presé@fififvéntich §atisfying the above vatouseenditions Pﬁboﬂﬂéf’i‘{ﬁsﬁgge
renewal of a |large anmount of liquid or repol ymer or

prob%‘?ﬁé’ BEihel &fhporatitn apparafisesnowroso fambet MOLRQYETFHIPrisingly,
ence evaporation of the |ower boiling point materi al

achi%@e{%a gt Eﬁéﬁ@% fiskhpbag @atier, itbbiny possitiefalproduce a

Ing a large anount of not less than | ton / hr

high%pﬁb&%@&ﬁﬁ-éﬁgﬁ@ﬁ%ﬁga@ ytﬂétéuliiahia%rq:romﬁérymm noand

Ing the fornmula (3) makes

' I bl h ' .
dis clgltﬁﬁé);%tsn S "?ﬁ%‘%HPE HP,(%QEF% . "ﬁ?n{ Ak §fégiﬂoagtgro!)orﬂm period of

oncentrate
pol yner falling down fromthe guid : 0 hours.
timethf e deapnan sveraldner SnLholr spﬁ%ft"’?‘%!“db'%ﬁ&?ﬁ%‘ﬁéh?g o
the heat history. Note that the rf or mance of.
evaliés stpposadhivat thareasanvhy M@Pﬁtzﬁ\a@!@p%’%?é '}?gﬁratus
only be established through prol onged operatjaqn usin -
accorAriE ol srespntidventiamexhibitp seeh exeellent @ﬁee@sms'h hddition
saying that the cost of the production 17 L equi pmﬁnt b
to tREUSridwTs AlasoB Wekaribed abbwe, a bambinest effect asizen wharnpthe above
consi deration. Another advantageous effect of the des 4
i LN E&r kahplehR ieguppossd that this is because guices 4
mn@@@ﬁsg&?pemﬁﬁgnc’é rati opfor thepevaporati on

e RER T BASEEAR Sol NS g e (e arocmry secs o
efﬁggretai?\?etrgglegtir%g and UL bASNaP B 4 P4k AEME@H-of liquid or
prepolymer or polymer fed in at a relatively Iow temperature, and hence evaporation
of the lower boiling point material can be carried out efficiently, which is useful for
obtaining a large amount of not less than 1 ton / hr of high-quality concentrated liquid
or polymer, and moreover the angle C satisfying the formula (3) makes it possible to
shorten ﬁe time taken for the large amount of the high-quality concentrated liquid or
polymer falling down from the guides 4 to be discharged from the discharge port 7,
and thus reduce the heat history.

Note that the performance of the evaporation apparatus on an industrial

scale can only be established through prolonged operation using large-scale

production equipment, and it goes without saying that the cost of the production
17
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Speci fied conditions and required ranges for
_dinensions,- angles and so on for the industrial
evapor ati on apparatus according to the present
i nvention have been described above, but nore
preferable ranges are as follows: A nore preferable
imhange o ' ot R4l A08! bét@@ninfoonsidenation.
equ'%ﬁ'ﬂ&@ﬁgés éﬂﬁpé@'ﬁ?@@%} ane of the 10 side-wall casing
10 of the evap i j iéh &5 thabtrébéquipiriant |
Anot@r@@anﬁgﬁ%@i%%@gfﬁ I%ﬁrieégsrﬁte@reﬁgﬁ. l\/breovg?, a nore
preferable range for the rati @NHeldigsent
cost-lmpervamaraERG Al e SxPRs A pERR SR aGoirling @ lelor
hori zontal plane of the liquid discharge A or
eriion/ o 5o Bsle laweR than with (e canyeRiai Ryapdidiipp apbaratises
preferable. 15 Moreover, a nore preferable range for
polyihBfizatidreapparatusgse C () of the bottomwall casing 11
constituting the bottom portion of the evaporati i)n :
Zongherified édiiitidricand réquireaiianges dot digiessiiie N9 efynd;so on
C 57165, with 135 5 C5 165 being yet nore onh been
for 1] LR Bvabliefioh2pbatdtub weconting U the prsestivenyon have

I'ncreasi ng oncentration degree or polynerization

des&@%h?@aoﬁ%i, Eﬁgﬁ\opé ﬁFéYbi;éB{e ?%n@é’@ﬁﬁ aé fonawap p A mons pesferable

angFes for the evaporation apparatuses

rang;egfo?,ﬁmﬁr@r%l a%?ignegaéeasR fl?lt. &b¥ thidughsa hefizdritabslane of the

reover, ‘the required
length h (c of each qf th id Varde i < AS
s‘.idef-\aaﬁJ gasing J&Qfa@e | @F’QWBW%OW Esogi%t ;4% aA;: d$ t %?r%fe\?gg l]r e
of the liquid to be processed, the anmount and boiling
2001b=img yetf mbeanprefeiedie.ng point material, the pressure
and 25 tenperature in the evaporation zone, and
© eqNigredven ammorer prefarablecgngs foF thelipRatvegh A5 Bind the
degree, but a nore preferable range is 200 5 h 5 3005)6. charge
inteffidlsefiShal ard8 B(m?) 28Keh teough pdhorizental planephifediquic discharg
Moreover, the required total external surface area S
por§ ﬂis 2% £ha jayi degog, Wit B0V at iABWE B00caing yebt MeKe peeferable.
e above, but a nore preferable range is 10 5 S 5

Mofﬁ%&%g’eq t:ﬁow gf%:fpéngf? g? y R the irtermet angiy € (°pofeherbaitiom-wall

_ al surface area of the gui des"

cas;'Jr?Lge ﬁ' glggnggﬁﬁgﬁéfﬁ%e ﬁ‘é‘@ﬂ?@!ﬁ% bf@ﬁ?&ciorthﬁ? ltzlélgﬁ :Sdto the side-wall
cas?rgg t1891;13reabove 5120 < C < 165, with135 = C = 165 being yet more
preferable. Note that in the case of progressively increasing the concentration
degree or polymerization degree using a plurality of evaporation apparatuses, taking
the angles for the evaporatiﬁn apparatuses to be C1, C2, C3 ... respectively, itis
preferable to make C1 = €2 = C3 = ...

Moreover, the required length h (cm) of each of the guides 4 varies with
factors such as the amount, viscosity and temperature of the liquid to be processed,
the amount and boiling point of lower boiling point material, the pressure and

temperature in the evaporation zone, and the required concentration degree or

polymerization degree, but a more preferable range is 200 < h = 3000, with 400 <
| 18
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when fl ow ng down; for exanple, in the case of a guide
such as-a pipe, this neans the surface area of the
out si de of the pipe, the surface area of the inside
surface of the pipe over which the |iquid does not

fl ow down not being included. In the industrial

v < Ao B, Mot e g src
s LS H4P8 Ao P45y 16050 5 e 5
e O s A2 5. i 5 51554 oofGiALimore

under a reduced pressure, and hence any shape is .
prefecahiext abhe termn [oka) extemal surfaceareafiihe guides’ usedja the present
W t hstood, but a circular shape or a shape close
invehtion eheanss thkStotal suefaek |area Of thes guidesavith whichrtheliguig contacts
t he evaporation zone 5 is thus preferably _
whewﬂdvﬁﬁf;iden; fonexdmple; isthe tdse of pyaidersudheas apipe, this means
coni cal bottomwall casing to be provided at the
Coutsiaerd il ehe'BLitfabé areof.the intide surface of
the ggfflé%rh%aaﬁ]ﬁeqw dﬁed?fggﬁgﬁjge port 7 being provided in
| f ‘ ' 4 1 n
the bﬁ% Me‘éﬁ@i?ﬁ hefboid n&t'h%uPab\b@ HotBeind MEluded.

aporati on ﬁppara us according to the
' ' in, 20 ' i de- .
0 B 881 Shonirbech i Sk hal bl henton.
the §6abe.of FreyeiasRion kPR IPYIN & orzarattan B ine Sde-wa

di scharge port 7 for the concentrated |iquid or
casing 10rof thesevaparation zane 5 may begnyshang. feiexample polygonal,
portion of the side-wall casing to have an inside
ellipticanet eircular. ( @peration és generally ca(ried outawith the evapenalion zone 5
liquid discharge port 7 to have an inside 25 dianeter

undér @étucéy g’reﬁﬁ.ﬁ'e,darm RéR&@Bhy shape ¥ Nctditablel smldngaas this
formulae (3), (9), (10) and (11): 19 100 5 D 5 1800

red@@%é P%%gz}e Qan be Wwithstbbd, Bt 4 difdulals ha 3R@pk klose thereto is

. evap_or ation appar at us accordi ng to the
prefirSBieTt THE S35 Wil c4ifg 16 of the evaporation zone 5 is thus preferably

cylindrical. In this case, it is preferable for a conical bottom-wall casing to‘ be

provided at the bottom of the cylindrical side-wall casing 10, with a cylindrical liquid

discharge port 7 being provided in the lowermost portion of the bottom-wall casing.
In the industrial evaporation apparatus according to the present invention, in

the case that the side-wall casing and bottom-wall casing of the evaporation zone

comprise a cylindrical portion and a conical portion as described above, respectively,

and the liquid discharge port 7 for the concentrated liquid or polymer is cylindrical,
taking the cylindrical portion of the side-wall casing to have an in.side diameter D
(cm) and a length L (cm), and taking the liquid discharge port 7 to have an inside
diameter d (cm), D, L and d preferably satisfy the following formulae (8), (8), (10) and

(11):
19
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preferable range for D (cm is 150 5 D5 1500, with
~200 .5 D.5-1200 being yet nore preferable. Mreover, a
nore preferable range for D/ dis 6 5 D/ d 5_ 45,
with 75 DI d S 40 being yet nore preferable.
Moreover, a nore preferable range for L/ Dis 0.6 5

L/ &)5521'5_) 4. 7 S LID S5 20 being yg) nore 10
pre?eraﬁl e. Moreover, a nore preferable range for L

(c ' - L Sh+ 250, with h Sdy : Si h + 200
beﬁggsyglﬂork‘gs referable. If D, d and £é)do not

si nyl tapeousl y.satisfy all of the above | ati onshi ps,
theld et b (Fi ot to atiain the b ect of the
present invention. The precise reason vvh% t he
evaPpor@@isnLlagpdr 4809 according to prest- 15

i nvention enabl es production of a high-quality and

hi ghopthe evaporation apparatus aecordingte t%\ecnreﬁemylnsﬁntlon, a more

havi ng excel |l ent mechani cal properties with no )
prefétabie rags forD $¢rmplsy15d iS Dhe clbdl, with200usi By <a 1200 being yet

polymer, with very little variation in nolecul ar

mor&ﬁir&férasre@- Morkover athetopaderabts targecforD hd i®68 ZhD/d = 45,
I ndustrial scale wth a fast evaporation rate or

withgfs" %gp{f;)@\%.i 49 gt%ﬂﬁyéﬁnafg %Féf&%ble. b %ohééoﬁe‘ﬂ,%‘ fire (teferable

according to-20-t evaporation
ranGRREITL S Bl 8L LSS S NFOL 5 5 A bb et e

1 viat liquid feedin e 3. a e perforate
preferanle.  Dlareovele agUpicRreleraBrange e  (6ah BT 10 o, Lom 1+
280 o 53 o400 TS S bl B L o ot

internal stirring and surface renewal of the liquid .
simoltamesusinsatisfy allyofdhe above refationships, then dtrkecaregs difigult to attain
25 nolten prepolynmer flows down al ong the guides, and

the objett be thw/pleseht Inventioloi | ing  point material is
carried out effectively, whereby the concentration or

pol YR predidedr@asdn whytheaiapatation Asparafisacddiding to present

viscosity Increases as the concentration or
il Ee1dS SR 4o 5 i PERSAS st
o000 Y. S B B et i folon sty
OSSR R IR X i RETHIE MO R——
for ;ipr;glo%ed period of time on an industrial scale with a fast evapo;ation rate or
polymerization rate is not clear, but is thought to be as follows: That is, according to
the evaporation apparatus of the present invention, the starting material fiquid is led
from the liquid receiving port 1 via the fiquid feeding zone 3 and the perforated plate
2 to the guides 4, and is then concentrated, or has the polymerization degree thereof
increased, while flowing down along the guides 4. Effective intemnal stirring and
surface renewal of the liquid or molten prepolymer occur naturally as the liquid or

molten prepolymer flows down along the guides, and thus removal of lower boiling

point material is carried out effectively, whereby the concentration or polymerization
20
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pol ymeri zation reaction tinme, increases. Mreover, for
~the liguid-or nolten prepolyner; which flows down

under its own wei ght while being supported on the

gui de, the surface area per unit weight is very high,

and hence surface renewal is carried out efficiently.

probB8ds Bt & #é1qatd. NrThSViseusiBoaldabes 48 thesuneentratibn or
nol ecul ar 10 weight in the latter half of

poigri%}*lﬂﬁfic%@ BrdcdddsCafd hﬁr@? 'ﬂj‘%%hééiBﬁ Joice of tﬁ% %Quid or melt to the

SCOSI regl oh easl ereas this has been

ouB336aet A 0 RAFSU e HEREIH b Bchered to each uice
nc Bl bEFGERL oGS IS a0 e 8 Bttt o

apparatus according to the present invention. 15 The
thediguid peeelientepolymer andheiguide i the guaporationdime or

adhered to the guides increases in the latter half of
polyimerigatigmeeaction time dncreéasesy a poreovern fardhe digaidser mpiten

the 1increasing of the adhesive holding force, which
prepolynes) Whitsh flowsé dewnmderdisrawe veightashiile beingauppbeedon the

approxi mately the sanme anmount. of the liquid or nelt

L rfeY 4iela ' hé RWer irﬁgﬁﬁmém@m fshewal is
gmgté,. tt'.{ﬁégﬁ"lsams ei ﬁrq{;ﬁtde’g@h of the 20 plurality of

: [

carfidb 95t eﬁﬂ??ﬁlﬂﬁ gfcn‘ﬁ:ren“?ﬂgn t%@?ggs%gnrél!%dé' '?J|rt gnpdréase of molecular

continuousTyfed onto _ _
woldhf 5 i BE 7 B iiAuR A7 BEE ATEL  A, 8 vecosity

degree havi ng approxi nmately the, sa |t viscosit .
regieneanil wlieeas s has heenitpossible with $he sonveRKiPnH evpporation
casing fromthe |ower ends of the guides. That is, .
apparatnsesotr mpghanicakagitafioniiype pelymerizadionappagatuses. This is one
pol ymer of approximately the sane pol ynerization )
of thegexoellent chiractéristic featilesdfithe evaporation apparatus according to the
collects in the bottom portion of the bottom wall
presadt fivehlionand 21 hence a concentrated liquid with
very little variation in evaporation degree, or a

ygﬁé dﬂy feasphithht thi! fdant attge 'l'i?hla SonetWdNered to the guides
t, 1 .

32!9 continuously produce his 1is another one
ncBadeh A DRl R Siaplordil s bocause o he
nckBiSs o e e b e, b e BPAT e ngrpasing o
visgggiityr,] %niclshé:n%gt;;?pl{'g;cji%gtel\y thggra%mga;n%ru%% gP thtehl?quid or melt having
approximately the same viscosity is supported at the same height on each of the
plurality of guides. On the other hand, the liquid or melt is continuously fed onto the
guides from the top thereof, and hence liquid having approximately the same
viscosity, or melt of increased polymerization degree having approximately the same
melt viscosity, continuously falls down into the bottom portion of the casing from the
lower ends of the guides. That is, liquid of approximately the same viscosity, or

polymer of approximately the same polymerization degree, produced while flowing

down the guides collects in the bottom portion of the bottom-wall casing 11, and
21
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l'iquid discharge port 7 by a discharging punp 8, and

~in the €ase of a polyner, is continuously pelletized
via an ordinary extruder or the like. In this case,
additives and so on may be added in the extruder. The
perforated plate 2 in the evaporation apparatus

ronS8 ST AFSBREYy Wk mtnt ypensen do.or.
o8y W g e gy procico. T
o SR 5 1B et SARFE B ES  hd ABBE Sppart

The shape of the cross section of each of.ihe holes | .
accorging #e?haap@s@at ipvaption.s 1ae QPBF?W%@B&'BP Of pgiymer collected in
shapes such as circular, oval, triangular, 15
the bbttorrspartion of e potton-wali casiag-s contipueusiywithdeawn ghrpugh the
area of the holes is generally in a range of from .
liquitt SischargbQsort Ty pdischargihg ptimmB Cadint thelcasenof a polymer, is
particularly preferably fromO0.1 to 5 cnR2. The spaci ng

conBRLBESY pefibfifed Vg bidiwdryextiuder dr thelike: lntthisacaseoadditives
centerS, Is generally from1 to 500 nm preferably

anJﬁ%é’ghiﬁ%%Pgs a'm‘thggﬁtrﬂﬂéﬁs in the perforated plate

t penetrate through 20 the perforated

) i B B 5 3 5B gL ol ¥ prsent
ot DE RS ok BRI HEGES, bt at are

source such as a heating nedi um or el ectrica
thickened in atendiah portien 1berepfothe shang Pidbe Gressseehianef the;
which a ratio of the length in 25 a direction )
perforatezhplatei2 4s generallyselected fons shapesmsuch as cireulap qwad triangular,
average length of the outer periphery of such a
and'polygenarl msﬁazpa ofthearrgss settionTof eactaof theiholes in the
generally in a 22 range of from 10 to 1, 000, 000,
perforatéd i%'t?( igf %é’ﬁérﬁ@y 5BletfXd FOM shEpesuRhcasdéirduiar, oval, triangular,
al s

ori zoht ction is generally selected from shapes

| slit%gﬁgggﬁgﬁfybgﬁ%@épd %\‘fﬁj-shégédan @I‘Heg%ectioﬁﬂréfeﬁt of the holes is

ar-shap 'The_ ape of this section
oo B0V B 554 o o B e ool Rl s s
pareeith e i SPGB i 8 el Foles, specically
the distance between hole centers, is generalily from 1 to 500 mm, preferably from 25
to 100 mm. The holes in the perforated plate may be holes that penetrate through
the perforated plate, or altematively pipes may be provided in the perforated plate.
Moreover, the holes may be tapered.

The guides in the evaporation apparatus according to the present invention
do not themselves have a heat source such as a heating medium or an electrical
heater therein, and each of the guides is a member for which a ratio of the length in
a direction perpendicular to a horizontal section relative to the average length of the

outer periphery of such a horizontal section is very high. This ratio is generally in a
22
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‘ ko N o
do not thensel ves have a heat source, there is
~absol utel y-no risk of thermal degeneration of the

liquid on the surface of the guides. Each of the

guides may be a single wire, a single thin rod, a

single thin pipe made to be such that the liquid or

rang{é;@f %éfd‘tdo‘i 009 qjﬁrﬁz\hr%"%ﬁy M S0 thN0BND.0, TIRe shdfe of the

_ or “a pf such guides nmay be _
norigggbaerio bBriBL g R SrhlR sHPA SsCHIEAR oyl trienguler
sauSim pefacacl it B abed £h0 HBDHASr Tk SRS iy gonstant, o

have projections or the |like in placeg. Preferab
mayAaeln thedengdi diregtippal Mareaver,eRch & i auidgs gy Fe hollow. A
rods, thin pipes as described above, nesh-like 15 .
significaitlyshanacteristic femturepafitbe iprgsentinentionds doalleecause the guides
structures. In the guide-contacting downfl ow type

do WotaRemakives Hivesd hbatsaurce) theng is absadlisteiypne sisktof thermal
i nvention, which enabl es production of a high-quality

deg%ﬂBF@anf aﬁtﬁg liquitHbA theSuabe BEthedguidas. ndustrial scale
N erns o

_ production anmount, prolonged stable
St T et e Hftds ity B o SHYIE e, B GG ol gl thin pipe
i d havi ¢ : . .
made 1%,B5 siepdnaCiheuld St it Bofon PrbhoimRl cinbd ek etbinto, or
the fkenet A BIUTBIY 25 GuHesRRYIDR HmbiRER A B HRE Sdh as
_mesh-like guide structures in which a IuEaIitX of

twistingdogetherh Moreover the guides srayfomm 2 mashdike strictte. g a

a thin pipe as descri bed above are fixed together

punchimg platevike stractuse,p pBhe suffacenaf kach uidgmay henemooth, or may be
bottom of the guides at suitable vertical intervals,

undvin, @KaTRAF haté prajattior or fhedikelintpla@st) dPreferable guides are
t hr ee- di nensi onal 'gui de structure in which a plurality

cylﬂigiﬁ%‘%esﬁ%ﬁﬁﬁ%ﬁ%r%ﬁn%d& {Hil§ bibeRSasid @sciibednalsisve, mesh-like

one anot her and joined together

oulsBchi B8 Y5 B BB e G e o2l

oh SRS Pt PG LR SRR At deaing o
thewesentineriiomavhioh enables prodhefiz® of 3 fiah-BERIY sorgRptrated fiquid
or [laglgntne?'r;?\ azrlt gtgnrgjtustrial scale (in terms of production amount, prolonged stable
production, etc.), a particularly preferable guide structure is one of a type in which a
plurality of guides each having the form of a wire or a thin rod or a thin pipe as
described above are joined together at suitable vertical intervals using transverse
supports from the top to the bottom of the guides. Examples are mesh-like guide
structures in which a plurality of guides each having the form of a wire or a thin rod or
a thin pipe as described above are fixed together using transverse supports from the

top to the bottom of the guides at suitable vertical intervals, for example intervals of

from 1 to 200 cm, a three-dimensional guide structure in which a piurality of such
23
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of , one anot her using transverse supports at suitable
_vertical intervals, for exanple intervals of from1

to 200 cm The transverse supports are not only useful

for Kkeeping the intervals between the guides

approxi mately constant, but are al so useful for

' ' I t f T A e
meq il BBl RE YR, g rt of e beind Sk Hhother and
... structure. The supports may,be of. e (A
joingflabGeefusinadransRiee SpaRars : Sliaie vBREE B SRl forSample
. invention, .in_the case thaﬁ each_@;h%e [ cgljnd[ic%l,
integyals € fropt 1 to 208 o, oF jyndleraym-ike tueedimepsignal guide structure
liquid, nolten prepolymer or gaseous material cannot .
in whickea pluality of guides each hay edomm ofawire or @dhin rad or a thin
preferably satisfies 15 the formula (13): 0.1 :r:1 ]
pipé 28)destlibed abdwee ara fixed tpgethenin fronvteoftanarbehindpard left and right
concentration through evaporation or polymnerization

of, 6he bBtHerdisint RansErse BuppORS aY saitabsle velticdl intenais) for example
nol ten prepolynmer flows down the guides, and al so have

integvélg I FroRt 135 200 &hD QWQQrﬁﬁ_vb%Ebm%trﬂ anly useful for

repolymer for a certain period of time. This holding
. S. (0]
ecb Rt il Rl stk BniiE oA SRt iedtant, but are also useful
the evaporatio r I ri zation,progeeds, the .
for §1CEeasing Jie pveral stfeqtath b iat gy ByieBe Bt gpides forming a
i ncreases, and hence_the holding tine \aﬁgd t he amgunt
thregedimensicpalstaichuey Thersupportsppay bef\the sape material as the
vi scosity, the amount of the liquid or 25 nolten
guides,pul yy different] roateyial.ne gui des varies with the external
surface area of the guides, i.e. in the case of

cyl ilndhé paésent invertion) ipthe casedthat each guidecisaylinddeal 2dr has the
di aneter. Moreover, the guides provided in the

forR\GIRPHipki rABdE AP Beueh tRaCHedigiad, trAokére pRepRianer or gaseous
i nvention nust be strong enough to support their own

ot A0 b s A, o) Y perpy st
tno3gHUBIORYS, Of e, 9u des L tmportant and i the

01 =r=1 (13).

The guides in the present invention promote concentration through
evaporation or polymerization of the liquid or molten prepolymer as the liquid or
molten prepolymer flows down the guides, and also have a function of holding the
liquid or molten prepolymer for a certain period of time. This holding time is related
to the evaporation time or polymerization reaction time. As described above, as the
evaporation or polymerization proceeds, the viscosity of the liquid or melt
progressively increases, and hence the holding time and the amount held
progressively increase. For a given melt viscosity, the amount of the liquid or
moiten prepolymer held by the guides varies with the external surface area of the

guides, i.e. in the case of cylindrical or pipe-shaped guides, with the outside
24
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gui des, the formula (13) is preferably satisfied. If r
is.less.than 0.1, then prolonged stable operation
beconmes difficult in terns of the strength, whereas if
r is greater than 1, then the guides thensel ves
beconme very heavy, and hence there are problens such
lﬁaﬁﬁﬁ FaV|ng to make the perforated plate very thick so
o hold the 10 guides in the evaporation apparatus.

j [
eretyen R § a%ﬁ% "oyE 3 e Efasitplian HBGafatyp Becording to the

held is too hi esultin nB such_a

presat Ao oo 564 srpugh &7 suBBPE A opiciadit plye the weight
ght increasing. For such reasons mi: .

of trpe i arireoliempeepalymer PRPOymSr bemmhelds of;thig rgagon, the

r 5 0.6 being yet nore preferable. 15 A preferable
thickmess ofthefguidesis impattamt, md)h!dheeiasetaf(tyi) ndricaher ipe-shaped

such as stainless steel, carbon steel, hastelloy,
gwdésp ied forimula (13)is li watisfiedri rifimis lesd than Det, then prolonged

I oys, highly heat-re3|stant polymeric materials, and

stalilg rdg@ratﬁrﬁbﬁé&é s gifRGhIt insten’ﬁéfdf 'tl?é‘ seehythy WHepead ife is greater

over ur aces of the guirdes may be subjecte

tha}b a;lfe%th%{g%@ é tHeinddigal E%&e%r?mﬁgﬁ%rgj ﬁé’ﬁé‘b fifere are

g, passivatron tre

o S 5 o RS s i o ot e

p03| tional relationship between th ui des. and t
guigrs iNdharavaperation apPamiis, oJYIPTeoNer. %@&aﬁ%@ﬁﬁ?s‘a in parts where

between the guides and the holes in the perforate
the @naountof the liguidontmelten grerehsnes orpelymerhigidis teo hlgh resulting in

nmol ten prepol ynmer or polyner can contact the guides
problesing 5uch dswariatien guthiesoncEntration gieges onthe mogecular weight

perforated plate may be in contact with one another,

inci¥asiiy. IFbraRithathsond, tdmeRe prafetdtils ramde foruds QL 1&rs <= 0.8,
no such limtation, it is preferable to provide the

witi£ o, zfgl&d.e%l@egqg,ﬁgiﬁpmﬁg fgﬁtﬂet he holes in the

pertorated e rea or this is that design

) A BB e b s s

et A S P IR, ARG Ao, s
othg}( gu"&'«sef?uéﬁly regil-lrgsllsntgnﬁ Sgly%'nlgn%en%atle?la orarn%S co :r:lr(iI .e n%?ainless steel is
particularly preferable. Moreover, the surfaces of the guides may be subjected to
any of various treatments as necessary such as plating, lining, passivation treatment,
acid washing, or washing with a solvent, phenol! or the like.

There are no particular limitations on the positional relationship between the

guides ahd the perforated plate or the positional relationship between the guides and
the holes in the perforated plate so long as the liquid or starting material moiten

prepolymer or polymer can contact the guides and flow down the guides. The

guides and the perforated plate may be in contact with one another, or not in contact

'with one another. Although there is no such limitation, it is preferable to provide the

25



10

15

20

25

the holes in the perforated plate i nel ude: (1) a
-met hod +n which the upper end of each guide is fixed
to the underside of the flow path controlling nenber
or the like, and the guides are provided such that
each guide penetrates through the vicinity of a
guide¥in’ rrédplondence with thellédir e pafdrated piata! aTles rdabon for this
a method in which the upper end 10 of each guide is
is tHdtHesi ' ‘ ' ORY oreftrtivtlg raterial molten
s et HE8igPriyRch BASiatied et sith Matifie NaURY or et
rovided such e ' : :
prefbfifier 5% poiliriet #fing @iin i reFRTbiRA Plate ROt fho guides in
Whj ch the upper end of each guide is fixed to the
SU't\gE{?eP%ﬁ"d@%f the perforated plate. Exanples of nethods
for making the liquid or starting material polten 15 .
pr e Segifisr preferpble examples of mrevidig thegyides iy eereespondence with
plate and flow down along the guides are a nethod in
thenoleshintthe perfpratédoplate: inckidey (Hea method irowhigh the upper end of
prepol yner or polyner is allowed to fl ow down through
eadhi guidemis fired i ther undersidemfithe fleadpathrabnroliing inethber or the like,
which the liquid or starting material nolten

an@ﬂw&%‘%ﬁi&l&? Bré praVided BlicK fiat JACAUIIAE paRelraes thistgh e vicinity of a
usi n

a punp or the like and is thus extruded fromthe

cen%m%l @ﬁﬁfo?f #& ﬂol%'bife\f]tﬁg %ﬁ?&%ﬁr@ﬁﬂg‘? (?)i‘”éq i hbd iP@hicHthe upper end

a prescri or starting

materi.al .nplten pre L of [ ' '
of g5t fuide i fert o 8 bRBBLFH oMb Bt#EPpR ehf B aitidle ii'the
nder pressure using a feed , - an hen, the, |iqui
perrackbioi s e iesaia BiovBI et Bach gkie pefites
led onto the guides via the perforated plate flows
threughna fiolmin thecpearfarated plate; and:(3) avmetheddjniwhiok the,upper end of
evapor ati on apparatus according to the present
eachgeideiis fixed taithe angensideusf theperfosptedplaiey | over
boiling point material froma liquid containing this
26 |pxshples dfiméethds for makitg the liquidor siantiryg material molten
material having a |ower boiling point than that of
P SR P BT O e Toratcl P e Mo R ono the
_ L _ e b
ouiyaF af 3106 iof B PRI Wyl Faartig,hitgEl michER ofeBlymer or
referaple for_a jacket or 5.the like.tQ o \VANs
polffnes s fkuied fompwisioviminrgha b S el 3r J5e, BadiiHedd, and a
me?hec;:dei?‘lsv%%h the liquid or starting material molten prepolymer or polymer has

pressure applied thereto using a pump or the like and is thus extruded from the

perforated plate. A preferable method is one in which a prescribed amount of the

liquid or starting material molten prepolymer or polymer is fed into the liquid feeding

zone of the evaporation apparatus under pressure using a feed pump, and then the
fiquid or starting material moiten prepolymer or polymer thus led onto the guides via
the perforated plate flows down along the guides under its own weight.

The evaporation apparatus according to the present in;:ention is an

apparatus for evaporating lower boiling point material from a liquid containing this
26



10

16

20

25

heating is then carried out by passing steam a

---heati ng—nedirum or the |like through the jacket, thus
heating or nmaintaining the tenperature of the |iquid
feeding zone, the flow path controlling nenber, the
perforated plate, or the evaporation zone. The

lowEIVBEIfhG poitit radiedak i s castining neatenal taving adewer boiling point than
invention is not only 10 used as an apparatus for

tha%é%&fl{; i %@g&di& Whaly bb\dnydiqefd.| STHRRIIGuid thay b at room

era used as an evapoOration apparatus for a

i 8 4 Bl SOt s
roobRRAER37 1 SPeRB Bain. WPHARH LR oA i or ajcketor

material such as nononer, o{#gfner and bé'ﬁéo uceﬂ

the dike de ibg provided pruan sutgrovall f thesgyaporation aplaraéus. , |f necessary,
recovering the polymer froma thernoplastic polymer

heatiogis ithen camriedsoutthyspassingsteam, a beating mesdiymardhe fike through
evaporation apparatus according to the present )

theijasiet] thus Heatingor maletdiziagithe temperatutesof tive liquid feeding zone, the
condensation polynmer, in the case that the liquid is

flowrpat Eortfoling RitMABer, fHe Perforated platé, or theevapbtatiodf zone.

nmononers for producing a condensation pol yner, and/or

a Dr'ﬂﬁ@yﬁémﬂﬁn %ggf?:ﬂug %Egsm'td)ﬂ\e%’ﬂe!_gﬁf invéhtiéPis not only

t he condensati on yner, an e low boiling point

s bSR3 Rl il gl brererably

ol ymeri zation, for renoving.the | aw boi | j [t . :
usdibad An.AvappgHan aPParalys 1oy adiauit hayifg & teatlien] High viscosity, for
i ncrease the polynerization degree of the prepolyner .. .
examplerasa polyTaerzatiosARRArgius fop A sopdenaation, f piyrifying
polymer. Preferable exanples 25 of the condensation
apparatussior iartbecrdeplastiy petyerer cantaining lawdbeiting paint praterial such as
pol yesters such as pol yet hyl ene terephthal ate, )
moRem&r bliiguirhal ame by pregiéthinaterialndr ao apparatue far separating and
t erepht hal ate, and various copol yesters, polyesters of

thuBBEOVfTY YOI Mmer floff atHélimomastt pehier satutibrand

'actic acid, and various copol yesters,

al'i ppad { gﬁ&ﬁgﬁ}ggigﬁpc Hes gﬁﬁpaﬁévézp%g?@n gbbﬂ?ﬁﬁé &ccording to

di ol "an I carboxylTc acl arious
RSy Bhion B AEEHSS0) OB P BRI ymer i
thevc?ésieot ?at ‘t:r?é) i?c||L¥| Slé grnﬁélt g? Lyﬁ%gggr cs# gr}nﬁcf'urg Ioif %h;?lhli'éiity of
monomers for producing a condensation polymer, and/or a prepolymer of the
condensation polymer, and/or the condensation polymer, and the low boiling point
material comprises a by-produced material and/or an oligomer produced through the
condensation polymerization, for removing the low boiling point material from the
melt by evaporation so as to increase the polymerization degree of the prepolymer of

the condensation polymer and/or the condensation polymer. Preferable examples

of the condensation polymer include polyesters such as aromatic-aliphatic polyesters

such as polyethylene terephthalate, polytrimethylene terephthalate and polybutylene
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pol yam des such as nylon 6, nylon 66, nylon 612, nylon
- 12, nylon4, nylon 3 and nylon 11, and various

copol yam des, and aliphatic-aronmatic pol yam des such
as nylon 6T, nylon 61 and pol y(neta-xylyl ene
adi pam de), and various copol yani des; polycarbonates

terephtialate, @ndo/atioue qopolyestdrepblyesters ofihydroxycarboxylic acids such
pol ycarbonates, and 10 various copol ycarbonates; and

as ggbdlﬁﬁéaa 2Pl 146RE REBahAY vaRbus Topblybbters diphatitiziphatic
pparatus according to the present i nvention, a '

1 i LR vari
POl T e o KRR fiph 86 SRART AP 2R R various
with.no _discol or.ati i [ TP
condiyesis aft S nte ArdRaft pafietieis, SBh Aoy alyiaigs shd tiauid

no| ecul ar wei ght. 15 Alternativel it is also . .
cryﬁaLpglyss\e@-t@ Nariqiscanrlyesters: polamifies BrEn 38 Aliphatic
according to the present invention, in the case th?t
polyarsidasegich assnyond, nylsm 86, aylen #3181 aYen d2 sylpne, nylon 3 and
and the |lower boiling point material conprises a
nylomriéand varous topalyamides, apdmaliphaticaromatic ipolyamides such as
on contained in the polynmer, as a purifying apparatus

nylb® 6T] AYIBHIB1 Gind soly(@veta-idyiéne adipamite)rand various copalyamides;
nmelt by 20 evaporation so as to increase the purity of

pol?ﬁéér}:ﬁgh uch a8 ﬁmarﬁ&kﬁ?l 3 BBhaesOhrdristic Eolycarbonates, and

plastic po ude nylons such as nylon 6

vargdgﬁy%%i’ééwtgﬁf %l?% éé@%ﬁmﬁéﬂﬁﬁ SF’V%;ﬁ%the evaporation
R M A T

pol yvi nyl i dene chl ori de- based | ymers such as 25 . .
corglansating ipohaner ¢af be ipa@?wamﬁsteﬁ& fne Rg iod of time with no

acrylonitril e-based polyners such as AS resins, ABS e
disceloration angelated matertad 06 solid fareigiomatarial, and witbrvesy little variation
pol ypropyl ene; pol yacrylic ester-based pol yners;
in molecuddriweighl.i c ester-based pol yners such as PMVA,
and various copol yners; and thernoplastic el astoners.

‘Accoppérmatively! iR aldeprereralsi tonisarthe isdusitridllevapoeation apparatus
i nvention, inpurities such as residual nononers

acédi 'e etgeig??éé}ﬁ iﬁ%tﬁr?'ir?ﬂ'fé t]‘iaéé’!h\éme s Benelt of a

r eno iciently at a relatively | ow tenperature,

thePDpisltic Helyb PR BN e/ I boiling point material comprises a monomer,

an oligomer, a by-produced material and so on contained in the polymer, as a
purifying apparatus for removing the lower boiling point material from the melt by
evaporation so as to increase the purity of the polymer. -Preferable examples of the
thermoplastic polymer A include nylons such as nylon 6 and nylon 46;
polystyrene-based polymers such as polystyrene, high impact polystyrene (HIPS),
and various copolymers; polyvinyl chIoride-baséd polymers such as polyvinyl
chloride, and various copolymers; polyvinylidene chloride-based polymers such as
polyvinylidene chloride, and various copolymers; acrylonitrile-based polymers such

as AS resins, ABS resins, and various copolymers; polyolefins such as
28
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hi gh- perf ormance t hernopl astic polynmer A can be
- obtained with no thermal deconposition and no
di scoloration. Alternatively, it is also preferable to
use the industrial evaporation apparatus according to
the present invention, in the case that the liquidis
polfpr\?@#l&hé?ﬁoﬁécglié%siéﬁiém. Féiyers) Palyinéthacryliccestepbased
0 oll1nhg pornt material conprises a solvent in
| o8 4PBlymers Shnd Metpsbpiasticosiastomers.
po'%hgshn%lé&e%%wm Iaﬁﬁt\)a‘floﬁgﬁ E?[yg?f:%’d mat er1 al

ol _'gggﬁ‘f, Ia ce and so
AccRiBidpIng Sxaprmten ditharals o e bretbnt Ry DR HALIRE such as
estapmonermedshunea TR armbigte g8 GaR it moves

t hernopl astic 15 polyner fromthe sol ution and
efficieotie at a relativelyriowmteamerature,anchpnessa highylpiyeand A

preferabl e exanple of the solution of the _
high{perfopmanss ithemeoplastic Polymen Ascarube obtained withong thermal

such as SBR, BR or EPDM produced through solution

ded&?ﬁﬁé@ﬁéﬁéhﬂ% di§ét5|6ratbn_$0| ution of an aromatic
pol ycarbonate in a chlorinated solvent (e.g. nethyl ene

hl 0% ALl ariibtl O i i t
ﬁexgé]lgﬁate@quf’@% e blg'aﬁleié’hgé Hhe frﬁit_&tné!CéVaP&%tlon apparatus

t I's also 20 preferable to
n S i ;
acqsiiU P BR RERSiEvettions f 1R cds TRl e MR i€ a olution of a
an el astoner regaini ol rizati \Yi . ;
thefBeBlaGonEnerE. 804 itk R el sl BRugien Shprises g solventin
invention, the solvent and |[npurifies can be remyved
whishitheitheRToPIastic,PRYMET s BispolvsH ANHPER HORmen A7 Flmmer, 2
a high-purity and high-performance thernopl astic ]
by-pedduned Batarial Badain an sentainadhintbe rolymer selution, as a separation
deconposition and no discoloration. The industria

recdveno/ prifivation epparatus foc removing the tavwernbrailingpoint material from
invention is 29 particularly suitable for renoving

the $0IBtioP By lSvApoRion sd1as & separale andtnsitécovet thethermoplastic
l1Tquid having a relatively high viscosity. For

po@éférfg}cﬁ-ﬁ éﬁ% ﬁé@%i?ﬂfér‘ incAdsé tﬁéig%ﬁw 8f fe' thbhfiopRaEs pelymer. A

trial evaporati dppar at us accor di ng

oG eRARPEF e ot BhUEBes PR B gpuion o a
pol i s BET 5 ot BB 5 50 8RB Boiiation using
a solution of an aromatic polycarbonate in a chlorinate& solvenf (e.g. methylene
chloride, chlorobenzene), a solvent (e.g. toluene, hexane), etc. Moreover, it is also
preferable to remove the solvent and so on from an aromatic polycamonate melt
remaining a chlorinated solvent or an elastomer remaining a polymerization solvent.
According to the evaporation apparatus of the present invention, the solvent and
impurities can be removed efficiently at a relatively low temperature, and hence a
high-purity and high-performance thermoplastic polymer B can be obtained with no
thermal decomposition and no discoloration.

The industrial evaporation apparatus according to the present invention is
29
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----i-qui d-resides whil e being heated for a pr ol onged
_..period of_time, whereupon this |iquid undergoes
degenerati on such as discol oration, gelation,
crosslinking, production of an ultra-high nol ecul ar
wei ght pol yner, solidification, scorching,
AR S EifI ForenidVing idwr LRINThgSaIRE midterial Byeevapreation from a
pa |'rrpéo“sv;$lglge to avoid t%e dr awbac ﬁ?L‘O of degener at ed
i it \athvef; hifh Vikeosity, Y iy Bhiticlarly suitable for the
"q”@o%é@%‘.%%&s’e'?'gh acco‘r%i @E%ﬁaﬁﬂgﬁ?mﬁ% ?tf al fy
evaporation ar at . ' j . .
cas§ {1V £8IRRRTREL VRS ol SpBR BBFE ot Lt 5 e ArdFER invention
evapor ati gn apparatus according.,to the pr t .
as 3 pomaTizaten ArpAralus Torca FRRFERIHOR ROBET.c. I the cage s using the
the conventional polynerization apparatuses. 15 In
congentionalgolimerizationcapparatuses, thexe hpve been places whate same of the
aromati c pol ycarbonate by pol yneri zi_gg a nolten .
liqujdr residesnwhile being teatéd don aprolonged period iofi fite, shereupon this
conpound and a diaryl carbonate, the reaction
liquidcuiidergbis Aetlenbrationasuthl s discoloration, getation), cfossiinking,
to 350C, and the viscosity increases dramatically in

pro&ALrl]h&ioH o4 mtrhah@ﬁ%oreegla? Wé@ﬁfﬁdlggkgrsdliﬂiﬁ@aﬁbh,%do%hing,

aromati ¢ nondhydr oxy conpound roduced t hrough

carbiohis %ﬁ% BEHe“ﬁRJ %?\?;Hegi‘}te']y@qaﬁe%%%{ E@ﬁ@é’!ﬂbl&rtﬁ ’Qtvhgfthe drawback

Vi SCOSI erial, nce w-t

onventiqnal, po| ymerization e

of degenerited atePBLIPERG Fihe Kol PP BIRERF TRt §f sicRRW). © However,
ul tra-hi gh-vjscosity golyner react or, . has been.useqq i{h

accriding ée the indusirial pvaporatipp appaiatus Rf the pessesyl ipygntion, there are
prol onged period of time at a high tenperature of not .

no sucisdrawhacks, a0d mereaveniherindustrighevaparatipnapratatus according to
pressure of not nore than 133 Pa, and noreover _

the presenttinventivh exhibithexasilent efiectamiod exhibitedtiythefennventional
sheets or the like has 30 been difficult. However,

polphefiraticiyappaidtgsad0l ymeri zati on apparatus of the
present invention, efficient surface renewal occurs

nat ynthr RERAIRTNE &bk, Rrcdkinpid! bf prodliciren bRSIAGtic

e polymerization r eaction can be carried out at a
oot B e PPN Al o oalad oA aromate
dih{;ér%rpy 1c%%1pound and a diaryl carbonate, the reaction temperature must generally
be in a range of from 200 to 350°C, and the viscosity increases dramatically in the
latter half of the polymerization in particular. An aromatic monohydroxy compound
prbduoed through an equilibrium reaction must be withdrawn from the
ultra-high-viscosity material, and hence with the conventional polymerization
apparatuses, for example even if a horizontal twin-shaft agitation type
ultra-high-viscosity polymer reactor has been used, it has been necessary to carry
out the reaction for a prolonged period of time at a high temperature of not less than
300°C and under a high vacuum with a bressure of not more than 133 Pa, and

moreover production of a high molecular weight material for sheets or the like has
30
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~ efficient; siface: ey

to 270C. It is a characteristic feature of the

~ pol ynerj zation apparatus according to the present
i nvention that polynerization can be carried out
adequately at a |ower tenperature than in the case of
the conventional nechanically agitated polynerization

us, and this is also one reason why a
b%ﬁ@ﬁggft‘ﬁality aromatic 10 pol ycarbonate can be produced
Wi

i th, no discol orati.on. or ' t] ' ' : ;
Fur e cacrino R g B EhsioR afiirmils S pieesit invention
appar at uses, there have been drawbacks .such . .

FWA PROYTS Bt dRIIKAcEPMPRDYING itk tiring, and hence
of air or the Ilike through an agitator seal under
the polymerizatiom repctiesy can bacasried eyt abarelatively ||9\Héﬂ“P§F§HFP- A
apparatus of the present invention, because there is
prefevableceaciiormtemperagireds thus frome1@0 tos26@°Cignote preferably from 150
and hence there is very little leaking in of air or

to 270°C. | I8 epEharableniBlic fédtare of the polyrmedration apparatus according to
whi ch is another reason why a high-purity and

the ?k@%ﬁrﬁ‘?ﬁ\‘;é}g@hrﬁﬁte et‘(f):lg eizﬁti@ﬁ lcapdidennes ditadequately at a lower

oduced. nt effects are al so achi eved
temfisrstulo B YRS 3G 0 BohiFRichal bhRcaty aftated |
oo e e e e B 510 g sy 4Rty aromatic
poli)grgslatg%acgﬁ gémg@;@wm A %Il'l %Bf;gé@é;ﬁ hitﬁ?\%{gar&g?érig%!ﬁgﬁ ir? properties.
condensati on pol ymerization reaction for polyethy|ene

Furtherepitehwith tthe babventionah pplymerizationappamtyses.dhere baye been
265 to 290C, with a high tenperature of at |east 280C

dralvbacis sath @i comtaraination withnforeignaygatexials, landJeaking in of air or the
pol ynmeri zati on degree rises, and the condensati on

Iike%'rdti%’( bF Fgitatbrisearunder 4 Righ vedudmit YHewever, according to the
terepht hal ate has generally been-carried out at from

pofReRic Aopattdof 4, sl tspad g brasinocharica
sogHaE M DA SRe] A v R g i or e
ik B S il B o, R, iRl SRR i why a
highenurBy RpHriah-periopnanes aramatib pPhEAFRANAE EAB be produced.  Such

t erepht hal at e, pol ybutyl ene . )
excellent effects are also achieved with other condensation polymers, in particular
polyesters and polyamides. These excellent effects are particularly marked in the
case of producing polyethylene terephthalate, polytrimethylene terephthalate,
polybutylene terephthalate, nylon 8, or nylon 66.

For example, the conventionai condensation polymerization reaction for
polyethylene terephthalate has generally been carried out at from 265 to 290°C, with
a high temperature of at least 280°C being maintained at the final stage as the
polymerization degree rises, and the condensation polymerization reaction for

polybutylene terephthalate has generally been carried out at from 240 to 270°C, with
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terephthalate or the like, it is also known that the
_..hi gher- +he- pol yneri zati on tenperature becones, the
greater the amount of by-production of al dehydes such
as acetal dehyde, acrolein or the |ike, unsaturated
al cohols such as ally) alcohol, and cyclic oligoners
a hiégmréré’tgf/é/ ﬁi’s éﬁggﬁgo@ﬂeiﬂg%ﬁnﬁnﬂ affe firdl stage as the

evapor dt 1 on appar at us accordi ng

. or . Lnvept. ' P

ponjBereilicR 48k ieshur Rt Wik T AR B BlhBf the polymerization

tenperature for, the polyester c ener al | redquced
tempEraTare peeamendheoels thé: caich i ihefaioneaies ot e Bivinet become
. and noreover efficient surface renewal can be carried
impaired. wWMareener: indhegase0f petymerization reagtion oha polyester such as

by- produced material produced through 15 the
polyetbylene térephthedate] polytrimethylene terephtbalates fpolyihdyleng,

and hence the polyester can be produced with a high
terepbithatate grathedike| isalsbfkriown that e highenthappolymerization

according to the present invention is used as a

tem?@l‘é’t[l% béadrnes, thBRpeatetthé antolint bf Bylpromwfﬁéf gldbhydes such as
o produce, for exanple, polyethylenhe terephthal ate,

acelaloiolf achioHT B the ey Ungat)asBl Dol Sl s it Acofiol, and
cyolt el sheh 88,2 BF61C HERRCET BYRR Wt o g

little oligomer, apd having, a good col or can he

ot o HsARNEr by Hehdhe sadaration ShparaaRFerding 4 the present
. exanple, the conventional .condensation polynerization
invergigntaoa copdensation pelymesizgtion appafatusdhe polymedzatian

at 230 to 290C, with a high 25 tenperature of 270 to
tempectute fardhenpiolyesteraxiregendrally beakduecadby aot tase than 10°C,

pol yneri zation degree rises, and the condensation

prefesablyaiot 1&s than202Ct aad oreovit efficien? sbrfacs resewabédrybe carried
been carried out at 250 to 270C, with a high

out 'WRBRILY tHE FeRIcNE NG Io_@]@&liﬁ% bgﬁxt '@iﬁbaﬁeéﬂrr?&teﬁél%rﬁﬁﬂééd through
stage as the pol ymerizat| oh"degree rises.
the Egkgﬂﬁhﬂﬂeeactibﬂ cafihe asried o@%?n&%gtﬁggha gié‘;i]‘l)tlzﬁ dhe pglyester can be

ensation polymerization ta pr

oA b LS, gl BB 8 dtoran

and hence prol.onged residence,  at, a hi gh '
the present invention is used as a polymerization apparatus to carry out

polymerization to produce, for example, polyethylene terephthalate, then the
polymerization can thus be carried out at a fast reaction rate even at 240 to 265°C,
and hence a high-purity high-performance polymer having an acetaldehyde content
reduced by half, containing little oligomer, and having a good color can be produced
with high productivity.

Moreover, for example, the conventional condensation polymerization
reaction for nylon 66 has generally been carried out at 230 to 290°C, with a high
temperature of 270 to 290°C being maintained at the final stage as the

polymerization degree risés, and the condensation polymerization reaction for nylon
32




10

15

20

25

" tenperature has been essential, and thus thernal
~..__degeneration of the polyner, and discoloration and
deterioration in properties have been liable to occur.
In particular, 1in the case of nylon 66, it is well
known that degeneration, discoloration and gel ation
_ oble b _ X ,
6 hl Genlally b8 Bricy BGEH 260, ST ith pHIGH Wihpeteflyround
oL using the.cony, [ I I rizati .
2707 A5G B e e T bl A P eRin R8T B rices
to 3% remain in e pol r. . The, higher the . .
Furbheiera o e Case of the.Bomien iopal Foriensation abnerzfion o produce
nylon (for exanple, in the case of nylon 6, the
a nylgni thetaverage residencestime in 2bepalym oprappajalsias generally
254, respectively, and in the case of nylon 66, 365
beenaraf the @rdersgfetQ to/20 hours] Andriercerprolonigediresidence at a high
pol yneri zation could be carried out at a | ower
temperatafehas Bebhetsbhtial, and tinis thermat degaheration of the polydher, and
be reduced, but this has been inpossible with the

disEAGARBhH PrdetBAbMTIRN ik ProPerties hava beepdiablPweyetur. bih particular,

usi ng the evaporation apparatus according to the

n 8 4500108138, 8 LS\ A5 BB BRcicaiah o goatin

e e Yok o 3 ofgHBE e Bk SEHREH &g ven

nor eover efficient surface renewal can be .carried

knowa thaginsthesasenef ysing the cenvaniignabpplymenzatiqn apparatus, large
by- produced material produced through the equiljbrium

ameuntsiaf sronemenaround i1886)Aand eligaraerid 10,3%3 femaishipdhe Rolymer.
nyl on can be produced with a high polynerization

The higher tHe teneperatyre; the lowes tinzequilibria® corstant fog atnylomgor
present invention is used as a polynerization

exanmpla! mithe da‘%ecdffrrg!brﬂe,t therguiliBtiuna gbhstantap222RC and 284°C are
exanpl e, nylon 66, then the polynerization can thus

4ol 2sEXISepRlyil o b bRessthic o6 485 she S redpectiey)
and s A i oD IR PP A5 Bfr @Hiertur then e
a2l o5k 5 S s e fmpaspble with the
wi th high productivity. 5 Furthernore, .although

conventienalRalynefsation ARPRAYRRSd t hr ough nel t

However, by using the evaporation apparatus according to the present
invention as a condensation polymerization apparatus, the condensation
polymerization temperature for a nylon can generally be reduced by not less than
10°C, preferably not less than 20°C, and moreover efficient surface renewal can be
carried out, whereby the removal of low boiling point by-produced material produced
through the equilibrium reaction can be carried out efficiently, and hence the nylon
can be produced with a high polymerization rate. If the evapora_ltion apparatus

according to the present invention is used as a polymerization apparatus to carry out

polymerization to produce, for example, nylon 66, then the polymerization can thus
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pol ymeri zation using the conventi onal polynerization
-appar atdses have sufficient performance as pol yners
for ordinary applications (e.g. for fibers for
clothing), to further increase the polynerization
degree so as to enabl e use in high-performance

be @b 63 BPA Tadieftidnfath vt agtgq;gaatmetdf:m tp270+Ewith a

engl neeri ng resins, enera

mBE R i B ﬁ%‘?ae%@%@ A HFCe. ickRolufvand,

feature of the evapqration atus acc r.di n
high,pedarnancs, palymar sulfefingna di i ralipAR R 98 feﬁn%maﬁ'a? {Q thermal
according to the present invention is used, then a
degpoesation and, haying agogdreelor gan be progueed with-high productivity.
one produced through solid state polynerization can
eas Fuytheemobs aalihedgh tontensatiorc pelynmiErs praducsdihraugh melt
condensati on polymer using the industrial evaporation

polywéeiftiomsugifg #hél cosvértiohaE palyatetiZatioh \épparsiises havé sufficient
pol ymeri zation reaction proceeds, |ower boiling point

perfSRhahta'ss e;gnym %‘i'd:hE a;gﬁlmoﬁs Bld. erﬂubafs fcﬁaéléﬂhﬁig) to

are renov e rea tron syste

e Bt A o 59 oo
ol G o e B 5

the pol yneri zation argwxatus and t he IomeoM30|I|
genpfalwtbeemneae%ﬂasv ip wirher sabiesct they pelymerda solid state polymerization.
removed, a nmethod in which the reaction is carried
Howener,atethes charhotesisticfeatine of the evagornatiea apparatus according to
preferably used. Alternatively, a nethod in which
the presemt tinventivnhie divatdf theumaporation bpparatus atcarding td%he present
preferably used. In such a case, there is no need to

inveritiondd Usedatiel & poRifetavilg lpplyrh8szaticirdedreer! & ar with one

poI ymerization apparatus, but rat her just enough to

prodiicdd {rBugh sofld éboﬁ'?ﬁelﬁg‘i?&r R SadifyBeGotailed.

apparatus—1s su eactl on’pressure I'n the

" nain e BRSEUT bR °°”§§B§$é%%£6r§§%’%r il o dCtra

o SR S A B e psor

5 nol ecul ar m5|ght of t he polyner to be produced, the
reaghion pacesdsi lowar dejingpaintmaigrials by-produced through an equilibrium

reaction are removed from the reaction system, whereby the reaction rate can be
increased. A method in which an inert gas that does not have ah adverse effect on
the reaction such as nitrogen, argon, helium, carbon dioxide or a lower hydrocarbon
gas is introduced into the polymerization apparatus, and the lower boiling point
materials are entrained by this gas and thus removed, a method in which the
reaction is carried out under a reduced pressure, or the like is thus. preferably used.
Alternatively, a method in which these two methods are used together can also be
preferably used. In such a case, there is no need to introduce a large amount of the

inert gas into the polymerization apparatus, but rather just enough to maintain an
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so on, but._in the case, for exanple, of producing an

- _aromatic polycarbonate froma nolten prepol yner

produced from bi sphenol A and di phenyl carbonate, in
the case of a nunber average nol ecul ar wei ght of not
nore than 5,000, the reaction pressure is preferably

. 1n a range of from.400 to 000 _Pa..and in the case of
me%Qﬁﬁr?S@\O%b%ﬁ@é“‘fd“ﬁﬁ%’@[ﬁ‘HP '%P@me%g”f from5,000 to
10,000, the reaction pressure js preferably.in a
r angdegreactionprrssuge ibthegase ﬂ‘l piedueinga B?X%eqﬁﬁggrpolymer
average nol ecul ar weight equal to or greater than . .
usingtheoindustrial evaperation ppermtus acsofsting to te pregent inyeation vares
than 300 Pa, particularly preferably in a range of

depending?én tive §pesif lower boiting peintehateriatioy-preduced, the type and
condensati on polyner using the industrial 15

molR%ARE Wil ofRRE Polrhér ase pEbdiLbeldo tHehpolpmesization temperature, and
i nventi oh as a pol'ynerization apparatus, a polyner

s0 %ﬁ“éﬁdﬁgg gﬁ? cds g&g%@ﬂbﬂ%@ E@%@g% dAHreMatid polrcarbonate from a

; d'USI n I ! apor at i on appar at us,
moffeh pireromaer Pyttt R Hia L dRehAtetboha®, In the case of
o R S ol R RS S5 Bl B 5B e reBdof Bressure i

_ evagor.ati on apparatuses are |inked together Sﬁ t hat
prefarablygnyananae-afifomm 409-tes3,0Q0 Fa. agdda Ihe eage ofaniaber average
may be preferable. In this case, guides and reaction .
molecuttirtvireight elfromts,800 to 101000, the reactiontpressure s deeferably in a
t he prepol yner or polyner to be produced are )
rangeasfdramh|sP tadsQdt R4, f by theasdseodf a hembea pverageomolecular weight
apparatuses individually. For exanple, in the case of

éql.?al% %Trglf%étar rc10,800! the! redtien prosLne is peferably hovmore than

type 25 polynerization apparatus, a second
205 ' | | 2t} P

306p's, Pafiflety pafergblifth sEitrgtnt MAnLTIO 2 PR, e

poly ization appar.at us f . . . .

gui d@%&ﬁ%@ﬁr’?@%ﬂﬂé o%rﬁ?ﬂggﬁéﬁy TEF S, the industrial

appar.atus and so on are used so that _the . 4
evapiiatian APRBIAHS aegpaing to eqypsett upylothas apalymerization

taking the total external surface areas of the guides
appareatus; scpolyiner havisg theslesiredinslymppization degree g;produced

S2, S3, S4 ... respectively, the systemcan be nmade to
usihg cniy bné lsach 8vapoftion appasatus, But depending/ondbe olymedzation

pol yneri zati on tenperature nmay be the sane in
degree of the monomer melt or molten prepolymer used as the starting material, the
amount produced of the polymer, and so on, a system in which a plurality of such
evaporation apparatuses are linked together so that the polymerization degree is
progressively increased may be preferable. In this case, guides and reaction
conditions suitable for the polymerization degree of the prepolymer or polymer to be
produced are preferably adopted for each of the evaporation apparatuses individually.
For example, in the case of a system in which a first guide-contacting downflow type

polymerization apparatus, a second guide-contacting downflow type polymerization

apparatus, a third guide-contacting downflow type polymerization apparatus, a fourth
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~each of the polynerization apparatuses, or
alternatively may be progressively increased. The
pol yneri zati on pressure nmay al so be progressively
reduced in the polynerization apparatuses. In this
sense, in the case, for exanple, of progressively

ol SEAAT ol P8 PR PS4 e s s ha

gui de-cont acti ng downfl ow.type pol (] [
the Bplymanzaton deciea EaigresRivalE maShesed. gy JR toigl rippme
pol ynmerization apparatus, it is preferable to us be S1
surfgoe aesas ot hetguides pessensed by the pelvmerjzation appatatyges to be 51,
(m of the guides in the first polynerization

S2, 8% 84!, urespedtivély, thetsystemtcanrbe tade syetnthat §1m2 S2 =
of the guides in 15 the second pol yneri zati on _
S3 2epgaabus  saMdréyvérnthe pbgmdrizatiﬁn temperatas) maybestheisame in

/ S2 520 (14). If S1/ S2 is less than 1, then

eao\ﬁ; cﬁghﬁ 'E:ﬁ!@?ér?fatﬁﬂqspopﬁaﬁﬁbb%i Sferhatively mapbe progressively

easl ng t hat prol onged stabl e production

B GERTE A P bl AT 0 o g oo n v

S2 20 jis greater than 20, then the flowrate of the
p°'¥fBPf‘€#'QﬂgBQﬁr? St owi ng down the guides in the

second pol ynerj zation apparatus beconmes high, .

r esUnthissepsecingthggase, &I&i‘a&?ﬁ?h%ﬁ?r@gfm‘%éy m%ﬁ%a@ﬁg the

the nol ten prepol ymer becom ng short so that it
polyreedzationidegleeusing two polymerzationarparatusefiel ¢ fifsted

nol-ecul ar wei ght. For such reasons, a nore preferable
guidetentacting.dovinfv typ&2pdlymerizationappamaturyand a sreond

i ndustrial evaporation apparatus or pol ynerization

guid8LichiEiingdovirTove fyperpélymerieation apparatus, dkis preferable to use
ton / hr Of a concentrated liquid or 36 polyner can

guidés gsbl‘.h Batthe ‘i%'@ggr:étre'rﬂ?ltﬁﬁfa%ésé?eﬁfSﬂrﬁq WFithe gaides in the first

condensation p roma nononmer nelt or a nolten

ool 85t o BT B Bt s o2 (YD s

argi ng
B L
nmelt or nolten prepol yner used as jhe starting
mat el i & S1d @ geagi nto the 514?-

If S1/ 52 is less than 1, then problems arise such as variation in the
molecular weight increasing so that prolonged stable production becomes difficult,
and it becoming difficult to obtain a prescribed production amount, whereas if $1 /82
is greater than 20, then the flow rate of the molten prepolymer flowing down the
guides in the second polymerization apparatus becomes high, and as result
problems arise such as the residence time of the molten prepolymer becoming short
so that it becomes difficult to obtain a polymer of the required molecular weight. For
such reasons, a more preferable range is 1.5 = §1/82 = 15.

According to the industrial evaporation apparatus or polymerization

equipment of the present invention, not less than 1 ton /hrof a concentrated liquid or
36
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pol yneri zati on apparatus or equi pment in an anount

/ greater than | ton / hr. The anount of the nononer
nelt or nolten prepol ynmer constituting the liquid fed
into the evaporation apparatus thus varies dependi ng
on the polynerization degree thereof and the

ol yneri zati,on degree o e | ; h
polyBiRr 20 ey PPt 14 e R alAinds Boidericion polymer
t he anpbunt of the | ymer oduced r 1.ton /.
from agnonamermelt A iclieh prepblymer e Arumer i@l i€ Eayfieq out
1.5 ton / hr per | ton / hr of the _pqlyner produ ed.I
throdgh @nverdinary pohenerizations reagtion While fischaiaiPg RY-B ower
through evaporation or purification_ through
boilieggsmianaterials oat ofthersysters; and hengenris secessary dor the monomer

containing |lower boiling point material, the anount of

melt SEmichtaH igtepSNmiet usatlissthéstartingnategiabto beded inte the
boi i ng point "material content and the required

' | ' | 4nh GR{CUME eetharbtton shr.  The
pol@gﬂgzr‘ﬂgoméé % ahﬁe&’é‘cﬁ.u@heﬁﬂm A SACUP grsaY

a range of from1.001 to 100 ton / hr,
ref erab , . into th
s F AR g i i e cofids B e o the
evaporation rat us. accordi he :
eva e b R R 4P SRR R Al BBl dgroe hereo
cl aims, and noreover has a 20 coyrespongi ngl [
and-ibetnolyrarizationdggrpe ofiibe; gt lope B@%&eﬁe byr s deH¥rily from
apparatus may be of any type, and may have adj oi ne
10 D0 kgihe gue e amthe: ATJoLRY e MOTHELRLAAUSROIRESL 100 hr of the
for continuous operation. Mreover, according to the
polymétiptadudled, Egaipca rdrigenoffmmariadlito 415 tany/ rResehion / hr of the

Invention, a plurality of such industrial evaporation

polARBApASdLERH. TlofevER M itk éagebhearrying dut contentration through
equl pnent having 25 sone function other than

e B S B ol s
ool e e GHE il R B St vares
GRS R B0 355h RS o AR 58 Bt garration
de;rseesor}omiﬁicgtion degree, but is generally in a range of from 1.001 to 100 ton / hr,
preferably from 1.005 to 50 ton / hr, more preferably from 1.01 to 20 ton / hr.

So long as the industrial evaporation apparatus according to the present
invention satisfies the conditions described in the claims, and moreover has a
correspondingly suitable mechanical strength, the industrial evaporation apparatus
may be of any type, and may have adjoihed thereto equipment having some other
function required for continuous operation. Moreover, according to the industrial
evaporation apparatus of the present invention, a plurality of such industrial

evaporation apparatuses may be joined together, and furthermore equipment having

some function other than evaporation may be adjoined thereto.
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menber 20 was fixed suspended fromthe top thereof

such that the spacing fromthe top internal wall 23 of

the liquid feeding zone 3 was approxinately 8 cm

Mor eover, the spacing between 10 the internal sidewal

squace 22 of the liquid feeding zone 3 and the fl ow
Exa controlling nmenber 20 was approximately 9 cm

and_t he spaci ng ,het ween t raf-
e Nexb PR TR eRHrYT i e BEFC Bl FinBisrGiatl i reference to
8 cm Note that a perjpheral portion of the
Exampies endReferenss BXAMPESnt rol | i ng nenber 20 was
desi gned such that the vertical section thereof was a
[Exaraplecfil.cl e of radius 15 approxinmately 1 cm and was
t hus devi sed such that the liquid would not stagnate

ar oWiflinduistriad evapivatioh appatatus having-a disk-shapeddow peth

of the joint between the internal sidewall surface22

i ' xenaten2 ame ahdrquides 4lastshown in
congfourmrg;‘rnghfuércto‘mﬁicaﬁeg@appﬁ: V2 e ahdrautides 4

esigned to be concave on the inside as shown
j 6, =) f ingll riémibes 20onasvized
FIGE a5 Ra; JHE Y9G sAEPRE o it cBftrolling embet 20
a r gt.us 20 s, all. ' L ' j
suspRfiaed it e KB trso P ShdnaE hesieifting A6 HeXop it wall 23 of
concentrated liguid is of. hi i SCOS{ [ .
the i fReying gene S poRrOREY H e Maleodapeiysiting between
viscosity is not so high. The indystrial eva ation
theapmmaltsié/ewaw surfage 23@1? the liquid § 9|Z°6'§s§ ﬁ@g%e ﬁﬂlﬁ’ path
coni cal bottomwall portion 11, and was such that L =
cortrdliiy memiber2®aas appraximately S.om, and the spaging betwesn the

S=25250n2, A=19.625 n2, A/ B =156.25 D/ d =

peridrated plate R andthedfitiv patticéhtratiing rember 20 was appeoximately 8 cm.
vol une V of the space in which the |iquid can be

Noft ffraf %t eéer@Hé?Sl pdrion of e asgiﬁhﬁgeécfmw Bafly conttdiing member 20

I qui erving port 1 (i the joint between the

web i G56L R gty st f s
apb T 295 aLIAF 4d G858 3t e ol Vot stagnat
arcsneliis bioeal Boonc s over B BeidEst Bedant obich e
intemal seveaihsrtseeb2ict d0e A dentioorzarens a001Ne ReTTorathd piate 2
was designed to be concave on the inside as shown in FIG. 6, and an angle E for the
rising portion was approximately 170°. The material of the evaporation apparatus
was all stainless steel. The discharging pump 8 is preferably a gear pump in the
case that the concentrated liquid is of high viscosity, and is an ordinary liquid-feeding
pump in the case that the viscosity is not so high. The industrial evaporation
apparatus had a cylindrical side-wall casing 10 and a conical bottom-wall portion 11,
and was such that L = 1,000 cm, h = 800 cm, D = 500 cm, d = 40 om, C = 155°, 8 =
250 m? A= 19.6256 m , A/B=156.25,D/d=125,L/D=2, ahd r=0.3cm. The

ratio of the volume V of the space in which the liquid can be present in the liquid
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the liquid feeding zone 3, the liquid containing | ower
_boiling point materials fed in fromthe liquid
receiving port 1 passes between the upper surface of
the flow path controlling nmenber 20 and the top
internal wall 23 of the liquid feeding zone 3, and 10

et ween [ i f.a leg & Wl
feedii 458 & 1ffn o TR, reeRfiont fi o2 Bk ieipttetivaln thaiadid
20, and |s then distribute jfarmy. f
receing post J anihe 46 el &tﬂ@&ﬁbﬁ%uﬂyf?sa?‘?eﬁ’gﬁ 3lsthe upper
while flowing nmainly fromthe ripher ortion
surfaca the Rerfo@ied BIat3: (BPBTPMalelk 3y o arkking dhher surface area
An inert gas feeding port 9 was provided in a | ower -,
T ofithetpiesforated:platecinaluding theruppss .araa of the heles therein
evaporated material outlet 6 (generally connected to a
(apgreximateliend 66 mfyli.e. thervariue ob i/l washapprpgianatelys). 16dr(m).
the lower boiling point materials was provided in an
UPP@j| ¢Tghé 'f&?nxﬂée‘(ﬂ‘?t&ﬁ@?:ﬁe?_é's@ﬂsmaf@émé\tam*such that, in
or a heating tube for a heating nediumwas provided

the ﬁﬁui‘dr\@eah‘\ fie S’fmbrlﬁu%@&%ﬁfi%é’ E)g?éfﬂﬁilﬁ@ﬁoin’éﬁ\étéﬁéls fed in

€ evaporat| on 'apparat us co mal ntal ned at a

o 8 AURCARE 4 esleb e 1068, LS B o
corR s SR i iR Ja 5 o A TREAEB L 3, an

pol ycar bonate was produced. A nolten_ prepolyner

betwaantibe intoeal gidewsikauiiace 22 PEIE litid ISEcHBFORS 3 antbthe flow
aromatic 25 pol ycarbonate that had been produced from

pathiceptreting member 80pand s theardisinibuted yniformly fram thesholes (e.g. 21)
di phenyl carbonate to bisphenol A = 1.05) and was held

in thé pefiofated platd 2 teothel gﬂ.li@esu}wliimrldwihg rhaialy frommi the peripheral
feeding zone 3 fromthe liquid receiving port 1 by a

porti§& %\HﬂmhleTéBhtl? Pb&lb%ﬁﬁé'ﬁéﬁﬁratéd!‘blﬁié asAn inert gas feeding
y fe n

conti nuous to the evaporation zone 5
. : y : |
pork B3yl fcfa it [oRa fffior BF e CiciBration Bo&fatg, drfan
ortjian toward entra ' t

oveliRietedmafRlll ulicl [Gera BPhMctPa ko pcli® orftmeBl e

down al ong the ui des 4. The polyner.i atigp.ieaction. .
pressye-tasiioia abpardhis) far e dowey BRlilm PRI MateNals Was pTbvided in an
upper portion of the evaporation apparatus. A jacket ora ‘heating tube for a heating
medium was provided on the outside of the evaporation apparatus, so that the

evaporation apparatus could be maintained at a prescribed temperature using the

heating medium.

[Reference Example 1]:

Using the industrial evaporation apparatus of Examp}e 1 as a polymerization
apparatus for a condensation polymer, an aromatic polycarbonate was produced. A
molten prepolymer (number average molecular weight Mn = 4,000) for the aromatic
polycarbonate that had been produced from bisphenol A and diphenyl carbonate

(molar ratic of diphenyl carbonate to bisphenoi A = 1.05) and was held at 260°C was
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Produced aromatic pol ycarbonate entering into the
._ bottom portion 11 of the polynerization apparatus
fromthe bottom of the guides 4 was continuously
withdrawmn at a flowrate of 5.5 ton / hr fromthe
di scharge port 7 by the discharging 10 punp 8 such

cort R R o SEedhg A SR AT Sotng o 11
cod B Fo ol o SRRV SRR e

comencenent of operatl on was

evapewiien 2oned MVm@ﬁaa@mmﬁcalogmeggpm ﬁl%m‘@ﬁﬂﬁ the perforated
nmeasured using 15 ClELAB nethod on a 3.2 mmthick test
platpiZwhile-flowing fropy ihe\peripheral pastien tawarg| tbagmtrah pagtipn of the

98% The values of M1 for the aromatic pol ycarbonate

perforatedrplite 2, fwasistbjected togiolyrierization while flowing doen along the
hours, 500 hours, 1,000 hours, 2,000 hours, 3,000

guidEdd S, THe P &nﬁé’h‘iﬁnnﬂ%cﬁor%@n& Wisshéld aTBOPawice vactum vent 6.
of operation were 10,500, 10,550, 10,500, 10,550,

ol i ey i s 1
o TR B o e 455 iy
SRR ik TR PSR 9475 v acrrin

prol onged residence was detected at all. The . a
puUmR Byew?wt:tbatatm gmeuntetthearamalic nma&b%aiﬁéﬂtth%%owaom portion 11

al kali nmetal 25 and/or al kaline earth nmetal conpounds
wastolstant.t o 0.05 ppmin terns of the nmetallic

el ements, which was used as the catal yst. 40 [ Exanpl e

2] : Tid Number ategeanviecutarwdight Mnafine asamnatio polycarbonate
pol ynmeri zation type polyner in which two industrial

f nimehesmnt bf operation was
wm?éﬁ%ﬁl ng 5 m%@?iﬁgthS 4 as shown in FIGS.

10, %@ycar gﬁogﬁ%tgd;&agc a‘% éu@?% Swgfyur:eqﬁi%% measured using
CIEj b Riiho ggm igpg.gﬁ"gg(.@es% B 303" FhdfolbH s R
elongation wés 98%. The values of Mn for the aromatic polycarbonate withdrawn
from the outlet 12 after 60 hours, 100 hours, 500 hours, 1,000 hours, 2,000 hours,
3,000 hours, 4,000 hours, and 5,000 hours from commencement of operation were
10,500, 10,550, 10,500, 10,550, 10,500, 10,500, 10,550, and 10,500 respectively,
and hence operation was stable, and moreover the ’color was completely constant at
a b* value (measured using CIELAB method on a 3.2 mm-thick test piece) of 3.2.
No contamination with impurities such as colored material or other foreign material
caused by prolonged residence was detected at all.

The aromatic polycarbonate produced as above had a content of alkali metal
and/or alkaline earth metal compounds of 0.04 to 0.05 ppm in terms of the metallic |

elements, which was used as the catalyst.
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t he evaporation apparatuses was all stainless steel.

—.__The discharging punp 8 for each of the evaporation

apparatuses was a gear punp. The first polynerization

10 apparatus, which was of a guide-contacting downfl ow

type, had.-a cylindrical side-wall casing 10 and a

conical bottomwall portion 11, and was such that L =

950 cm h =850 cm D =400 cm d = 20 cm C=150, S=750

ne, A2_= 12.56 n2, AB= 400, D/ d =20, L/ D= 2.375,
[ExaRale2k- 0.3 cm Note that the diameter of the cross

section of the flow path controlling nmenber . 2Q. a .

| i t Polyraaeizationequipmest W&@Q&M'BP&?%W%@M@@RE polymer in

shape as in Exanple 1, and the spacings between the .
which two industrial @vaporationapparetuses @ashchavirg adlow pathreentolling

(23 and 22) of the liquid feeding zone 3 and the

meraber 20 aindedvides 4tdsesliovmirpBIGS c2and @ aiengrangedd in seyies.  An
and the perforated plate 2 were as in Exanple 1.

aromMatie poffcarbénatd dticéd usigy this pblymerfzatibh@quipment (first
between the internal sidewall surface 22 of the ljquid

polﬁ@éﬁ%&%%%@%u% kecaid Pﬁ%@aﬁi@n%ﬂi&aﬁsﬁ@ﬁhe material of

ned cave on e as shown in FIG

6 d.,. : i\Si t4 .
tnoSgPAihe a4 B e HLAGRIELY P! 1 dMERarging pump 8 for
eacﬁ@%&ﬁﬁ &Qfgﬂb%@n§§§nﬁéﬂ:§b§ H‘?ﬁq{% &%3? bERTD| i'f’dﬂq @@f pBWrQation
apseasam. Wbt e of o Guie-chBRcRS Aol S, P i

liquid feeding zone 3) to the upper surface of the 25
sidewiliccasingi1plasdea coniapbbatiamenal portiond twpnd wasiswehthat L = 950

upper surface area T of the. perforated plate

cmi Wel 860 om, Oe 400nan, d srdtem, & =450, S75DhésArhe2 56rm”, A/ B =
(approximately 41 0 12.56 nR), i.e. the value of V/

4007 D 1'8S= 201X PO LRIFHS dAd¥E20(3dm. TiNote tieatethe aiareeter of the cross
Satisfy all of the formulae (1) to (13). Moreover, the
[

s AW B S Blng EFRE 20,4853 SR, B tivcrss
st sache b B R, S HE g Botwoon th fw
patEorqlgp Cahm}@tpﬁ'tbterr]%to at]na th%e\sgll E{Jlgrggé:s? ?ZZI {“‘1’&7‘2% (S)P{h%nl?cllui@ feeding
zone 3 and the spacing between the flow path controliing member 20 and the
perforated plate 2 were as in Example 1. Moreover, as in Example 1, the section of
the joint between the internal sidewall surface 22 of the liquid feeding zone 3 and the
perforated plate 2 was designed to be concave on the inside as shown in FIG. 8, and
an angle E for the rising portion was approximatély 170°. The ratio of the volume V
of the space in which the liquid can be present in the liquid feeding zone 3 from the
bottom of the liquid receiving port 1 (i.e. the joint between the liquid receiving port 1
and the top internal wall of the liquid feeding zone 3) fo the upper surface of the
perforated plate 2 (approximately 2.03 m®), and the upper surface area T of the

perforated plate including the upper surface area of the holes therein (approximately
- 41
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carbonate . (nolar ratio of diphenyl carbonate, to

:1_;¢bLsphenoI A = 1.06) and was held at 265C was

continuously fed into the liquid feeding zone 3 from
the liquid receiving 10 port 1 of the first
pol ymeri zati on apparatus by a feed punp. The nolten

12 44008l ol 3. TSRl b3 697, T oo vl
U e

4. The pol yneri zation reaction zone of th I rst
appatatyswasAheisamne s ihe Polymeization prpar quapiéw'sﬁ *800

Pa via a vacuumvent 6. 15 Aromatic pol ycarbonate

nol ten prepol yner of increased polynerization degree

(nunber average nol ecul ar wei ght Mh = 5,500) entering
[Refgpgn&wgkgmm@m;i on 11 of the polynerization apparatus

fromthe bottom of the guides 4 was continuously

Wi t m'h%EEn HrepolgRies (Rirbét averageanbleenlar hesightsMhar 3600) for an

port 7 by the discharging punp 8 such that the anount

aro%xtig &%{ﬁa%@ﬂ%t& the g[édibéeﬂ gir@ddeédf PEMBISHIRENOTA and diphenyl

om portron 11 was constant. This nolten

carkrBle {56458 of VL Catnbria 14 BsPlehitan ;06 Fand e held a
2653 wan B B Rl 1R SR B0 SRR i receiving

the pol ynerization reaction zone vyia, the pecrforated

porpi aﬁhez%rat pohenerization anRargivsy.afeed PUmpa, ?MO&EE prepolymer,
subj ected to polynerization while flow ng down along

whigh wascontirmusly. fettintotbeypalymetization reastion gengonia the perforated
the second pol ynerization apparatus was held at a i

platef 2#bthesfiret gEanétiza'tiOn apparatus) was subjeciacbttupelymerization while
aromatic 42 polycarbonate entering the bottom portion

i &/4Er TRE pofym@naiontreaction 2oné oé the first
ﬂo%é?%’rﬁ%?'ﬁgﬁg%%s 4 was ?g‘r?ta?nuousl y withdrawn at a

A L S A
Arciials pilb B orel fibigbbreboliter HiidEbpal bbBdzalith degree
(numbesianarage SxBReipO WS My b RO0 SRR dhe BRIt pGHion 11 of the
hours from comrencenent of operation was 11, 50?.,
polymerization @ppapaiuy frenpthesbettomsef she guides 4 was con

|nugﬂgly
withdrawn at a constant flow rate from the discharge port 7 by the discharging pump
8 such that the amount of the aromatic polycarbonate molten prepolymer in the
bottom portion 11 was constant.  This molten prepolymer was continuously fed into
the liquid feeding zone 3 from the liquid receiving port 1 of the second polymerization
apparatus by a feed pump. The molten prepolyme.r, which was continuously fed
into the polymerization reaction zone via the perforated plate 2 in the second

polymerization apparatus, was subjected to polymerization while flowing down along

the guides 4. The polymerization reaction zone of the second polymerization

‘apparatus was held at a pressure of 50 Pa via a vacuum vent 6. Produced aromatic

42
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good col or (b* value neasured using Cl ELAB nethod on a
3.2 mmthick-test piece = 3.2). Mreover, the tensile
el ongati on was 99% The val ues of M1 for the 10
aromati c pol ycarbonate wi thdrawn fromthe outlet 12
after 60 hours, 100 hours, 500 hours, 1,000 hours,

o RS oyt 3o B soparts
vor s BSnrh 198 e g Bl e or

noregver the cglor was conp| et onst a
frony theydischaeaa pert 7y the & @B&slmw%a%oﬁl @?@%amwm of the
mmthick test piece) of 3.2. No contami nation with
aromatia polycasbonata imthe bodersdportion diivwas eenstehler f orei gn
mat eri al caused by prolonged residence was detected at

al | TheTiuembepaverage molecalab eveighd Mnmmamaﬁ@pobvcambnate
a content of alkali netal and/or al kaline earth netal

wntha?am st ol oltied 3 2t oF the escena}]mlymmmmfapwamtmén@ hours
el ements, which was used as the catalyst. 20

fronh %Hﬁgéh@érpéﬁ{’% f Spthtioh Wabel %@%@Meoé}oﬁiﬁmf;%ly@arbonate had a

accor e 'present Invéntion Is preferably used

aociedl @3&%@%@3@@2@% AT 44 it e
o2 S BUGHBE (RSB R e b, b A o e

di scol orati on, contamnatlon with foreign teri
aromatigfalycasbenatewithdraws jeamitae ouflet 12 ﬁgf 6P hqurs, @0 hours, 500
preferable to use the 43 evaporation apparatu
houss,chp00 hpurs, 2,000 pours: 3,006 hours, 4:00hheours, aad& 90 hours from
the liquid has a relatively high viscosity

conmaiehtemient bf operationatdre HRH00,ciett 55015110800, hld ,550] U4t 506,111,500,
evapor ati on apparatus according to the present

11 55Ueemd 500 PedfectiveR HAA hhice bpepdlionwas stable, and moreover the
pol ymeri zati on apparatus, a purifying apparatus for a

colé%ég‘&?lwﬁﬁétbﬁ d&ﬂ]us rr:tt% Hﬂ/élue‘i{rhe%%uﬁfﬁjﬁﬁlﬁ 5 GIELAB method on a

-Separa ecoveri ng nmer-froma

32&!3%\‘{{5@(3( t%%ﬁ BBPLYIY. 39 %ﬁt%ﬂ'nﬁ%rp%hfl%'pﬂﬁhég Such as colored

material or. other foreign material caused by prolonged residence was detected at all.
The aromatic polycarbonate produced as above had a content of alkali metal
and/or alkaline earth metal compounds of 0.03 to 0.05 ppm in terms of the metallic

elements, which was used as the catalyst.

Industrial Applicability

The evaporation apparatus according to the present invention is preferably

 used as an industrial evaporation apparatus suitable for efficiently concentrating a

large amount of a liquid containing material having a lower boiling point than that of
the liquid, without drawbacks such as discoloration, contamination with foreign

material, or deterioration in properties. It is particularly preferable to use the
‘ 43



J CLAIM5 W claim 1. An industrial evaporation
._apparatus iln which a liquid containing a material
havi ng a Tower boiling point than that of said |iquid
is made to flow down 5 along an external surface of a
gui de that does not thensel ves have a heat source,

evﬂltéjgftaiﬁigg a\gg)la?ahmtﬁ {é\ncgpysg”?rlag ﬁ%ﬂ{ﬁ%@%ﬁ'{\{ i %Bﬁﬁglé @ithré?ttﬁpsré f'S?'llaalt '(tﬁe liquid
has petatively highi iScasnd RaIRIY Bieterable Aeplicalihs £f ey industrial

via a perforated plate to said guide provided in ig) .

evaporatioarapparaius aocoeding 40 thepresentinvention e Ag\A FRNdensation
plurality of guides that extend downward within a )

polyrécsoipierizatioh Bpparitds, replrifyirgeapprratus foa adheignoplastic polymer
casing, and a bottomwall casing; an evaporated

mel @& ?é%eg?g]s%r BERXIAAG drid thusdecovatingtheqblymenérom a

dand a di scharge port provided in a | owernost

orti -Qéigim%¥o 2) a flow path

the@&?ﬁ'é% 8&'&%%@'&0&% %Hﬁ'g u ct‘ﬁﬁﬁof meki ng said
liquid fed onto the perforated plate fromsaid liquid
receiving port flow mainly froma peripheral portion
toward a mddle portion of the perforated plate being
provided in said |liquid feeding zone; (3) an interna
sectional area A (m taken through a horizontal plane
of the 20 side-wall casing of said evaporation zone
satisfying the following formula (1): 0.7 S A S 300
(1); (4) aratio between said A (nR2) and an interna
sectional area B (m taken through a horizontal plane
of the liquid discharge port satisfying the foll ow ng
formula (2): 25 20 S A/ B S 1000 (2); (5) the '
bottomwal |l casing constituting the bottom portion of
sai d evaporation '




45 zone being connected at an internal angle C () to
sai‘tl side-wall casing on said bottomwall casing,
" wherein said angle C () satisfies the foll ow ng
formula (3): 110 S C S 165 (3); (6) a length h (cm
- of each of said guides satisfying the follow ng

formula (4): 5 150 S h S#ERW 4); (7) a total
0

external surface area S ( ai d gui des sati sfying

the followng formula (5): 2 S S S 50000 (5); and (8)
Wegldimhe V (m) of a space in which said liquidis able

to be present in said 10 |liquid feeding zong from..
sai d. | iAquindustriad pvaperation apparatis i chﬁﬁﬂﬁ@em%a a
perforated plate, and an upper surface area Tégnloﬁqf)

materal nevihg maibwer bbiling point thanrthat ofrsaid figeid is ma wlown
of holes therein satisfying the followng fornmula (6):

5 alér%gﬁ dBrnal Surfack &F & ghidethat Gdes hbt thensalvesibave aihaat source,
eVaporation apparatus according to claim1, wherein

Lhi ing' teitidl igevabdrate’d) whereind
dur?@ W%’EEZ%E?QJ%\S%?B%{""?#&‘?@ tn'gatséthrdl al e?/baporﬁ'li on
. __apparatus according to claiml or 2, wherein an angle
mpﬁ%mggfg@gﬂﬂg#-i nternal sidewall surface of said
liquid feeding zone and .20 said per . a Lenni
sat 13) s evaporaian apprRyats rafkfishad (iRl BesiuRbor: a iquid
(7). 4. The industrjal evaporatjo pparat us. acc [ Ng. :
foedinanyiecins feadiog spibiuid Vi 8 paroeReR Piae th S6id)ftfle{ pravided in
casi ng of said evaporation zone is cylindrjcal wth an
10 an evapaoratiof Zooeasaideavaporatign zene haviegf ppur_alwg* gu[dﬁg that extend
bottomwal | casing connected at a bottom portion of )
dow@ivErcwithin'a spaceenoipsed byassid perfocated piate) a gidetwall casing, and
di scharge port, which is in 46 the |owernost portion
a bﬁﬁoﬁﬁﬁag A, ah@vaporatel matsiahgutiétproyideddn isaid evaparation
a e

n I nsi difaneter 'd (cm, wherein D, L and d satisfy
zord arld?h i WsSiRirgB paft providedih-a oWt portion of the bottom-wall
casing;

15 - (2) a flow path controlling member which has a function of making said liquid
fed onto thé perforated plate from said liquid receiving port flow mainly from a
peripheral portion toward a middle portion of the perforated plate being provided in
said liquid feeding zone;

(3) an internal sectional area A (m?) taken through a horizontal plane of the

20 side-wall casing of said evaporation zone satisfying the following formula (1):

07 < A < 300 )
(4) a ratio between said A (m?) and an intemnal sectional area B (m?) taken
through a horizontal plane of the liquid discharge port satisfying the following formula
(2):
25 20 = A/B = 1000 (2);

(5) the bottom-wall casing constituting the bottom portion of said evaporation
46
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(11): 1005D51800 (8) 5 5;SDI d S50 (9) 0.55L/D9
i 430 (10) . h-20 L. h+300 (11). 5. The industrial
~ evaporation apparatus according to any one of claims 1
to 10 4, wherein the h satisfies the foll ow ng
formula (12): 400 < h 5 2500 (12). 6. The industri al

evapor ati on apparatus according,t o any one of claj -
zone @e?ng copnacied aban l@pwiaargg%ﬁgo@g?q ?'ﬁﬁ"ﬁ?&’ﬁi'ﬁsﬁ'ﬁ“ Said

pi pe-shaped and nade to be such that 15 the |iguid )
bottenmwall cgaingo wheneinsaidiangle G ) satishies thr faliowing formula (3):

outside dianeter r (cm, wherein r satisfies the

folHepi EgC EméH (13): 0.1 s r s 1 (13X3)7. The

i ndustrial evaporation apparatus according to any one

of ¢Ph lEndth hcndbf Bachiufrsaidigaidied satisfying therfollowing formula (4):

gui des according to claim6, and the guides are

j Oi the transverse supports: (§: The
indﬂgﬁr%ﬁ?@a%%%ti on appar at us accordi(n)g to any one

accorin ARl axBma sulfash 2iba S B st igBRIEagH Y SFfollowing
or nesh-1like guide structure in which the guides are
formulad@Yt oget her by transverse supports, a

t hr ee- di nensi onal guide structure in whigh a Iurali'ty
of 2AZEghi & BORB0or mesh-1ike gui de-strlﬁgﬁlﬂ%ﬁ ar e

arranged in front of and behind one  another and are . .
fi xd8) volgmeVr(mdy of aspaceis whichsaidiliguidisable to be present in said
jungl e-gymlike three-dinensional guide structure in

liquih fedliid) 2oe Fréas sakidiuid rsbaiving poetrtoian eppen susface:pithe
behi nd, and left and right of, one another by

peﬁdr@f&"@%&ﬁ aHePRY Upper Suface’ared T gmé)t of the perforateat plate including
apparatus accordihg to any one of clains | to
the upper surface area of holes therein satisfying the following formula (6):

0.02(m) = VIT = 0.5(m) (6).

2. The industrial evaporation apparatus according to claim 1, wherein not

less than 1 ton / hr of said liquid is subjected to the evaporation.

3. The industrial evaporation apparatus according to claim 1 or 2, wherein
an angle E (°) between an internal sidewall surface of said liquid feeding zone and
said perforated plate satisfies the following formula (7):

100 = E <180 | (7).

4. The industrial evaporation apparatus according to any one of claims 1 to
3, wherein said side-wall casing of said evaporation zone is cylindrical with an inside
diameter D (cm) and a length L (cm), the bottom-wall casing connected at a bottom

portion of said side-wall casing is conical, and the liquid discharge port, which is in
46



8, wherein said liquidis a nelt of a nononer or a
--m xture-of two or nore kinds of nononers for
produci ng a condensation pol yner, and/or a prepol yner
of the condensation polyner, and/or the condensation
pol ynmer, the lower boiling point 10 material is a
the IOWeRfodt Sﬂid%ﬁpb%nwb_eﬁom-waw easing! | ipdricarwitlyan inside
condensation polynerization, and said industrial
- rakdon =t i : ' 10) and
cianfiBP R (Bt o FrfEIE £5 15 § PSR TaROWRD BRNYIER(©). (). (10)
boiling point material fromsaid nelt by evaporation
(Mso as to increase a pol ynmeri zati on degree of the
prepolyner of .the condensation pol ymer and/or the
cond®Asa Dr=pdBY¥er. 15 10. The i ndust
- evaporation apparatus according to claim9, wherein
5 theb &)rﬁiéds;i&&} pol yner is a pol yest ef9) a pol yani de,
or a polycarbonate. 11. The industrial evaporation
apporsitEsLAC £ dddg to anyone of clainms(10) 20 to 8,
wherein said liquid is a nelt of a thernoplastic
pol yepoA< said R @vgpp boi ling point nafetlial is a
nmonomer, an oligomer, and.a by-produced nateri al
contained in the polyner, and the industrial
evaporation apparatus is a purifying apparatus for

et B by e EBplrB Blerifatio BpPelilse BRESFATy 10 SATERE i claim 1 to

her mopl ast i ¢ _pol A. 25 12 The industrial
10 4 wirpt e baensEa P deeieg o a2k o m 11, wher ei n

48 sai d thernoplastic polymer Ais a polystyrene-based
pol yedr< ha=A30A nyl chl ori de- based pol(ﬁ%r, a

pol yvi nyl i dene chl ori de-based pol yner, a

pol yacrylonitril e-based polyner, a polyacrylic

est er-based pol yner, a polynethacrylic ester-based

pol \8rerTheindustriat evapbrtioh@ppamatusrancording 30 amyene of claims 1 to
i ndustrial evaporation apparatus according to any one

relrfbAé of Hdeghestinrical, dr pipesliaped and atade tobe such that

> \@?e a t%er rmg?g;gi c polynmer B, salb(glmldomer boi | i ng

15 the liquid and/or gaseous material cannot enter therein, with an outside diameter r
(cm), wherein r satisfies the following formula (13):

01 =r=1 (13).

7. The industrial evaporation apparatus according to any one of claims 1 to
20 5, wherein said guides comprise guideé according to claim 6, and the guides are

joined together by transverse supports.

8. The industrial evaporation apparatus according to any one of claims 1 to
5, wherein said guides comprise guides abcording to claim 6, and form one of a

25  grid-like or mesh-like guide structure in which the guides are fixed together by

transverse supports, a three-dimensional guide structure in which a plurality of
47
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point material is a solvent in which

-sal d"therrepl astic polyner is dissolved and/or a
nononer, an oligomer, and a by-produced nateri al
~contained in said polyner 10 solution, and said

i ndustrial evaporation apparatus IS a separation

gﬁdf!@\%o%r%r\ésﬁ-likggduié Qﬁ‘u?étﬂﬂa cf Y fr ?Wﬁ@ﬂbélﬂhd one

|ngp erla roms ution

anoffid st piscretl o8 91%2#3%?%%%%&?59%%&? .%"?iﬁﬁfﬂ‘é%?“‘a!c!‘ée

t f th
thre%—dlﬁgns?onasl %Iu%lde st%é[o Pel %S\Ll!'nch Qﬁtla x[es are fixed together in front of

and behind, and left and right of, one another by transverse supports.

9. The industrial evaporation apparatus according to any one of claims 1 to
8, wherein said liquid is a melt of a monomer or a mlxture of two or more kinds of
monomers for producing a condensation polymer and/or a prepolymer of the
condensation polymer, and/or the condensation polymer, the lower boiling point
material is a by-produced material and/or oligomer prbduced thréugh condensation
polymerization, and said industrial evaporation apparatus is a condensation polymer
polymérization apparatus for removing said lower boiling point material from said
melt by evaporation so as to increa_se a polymerization degree of the prepolymer of

the condensation polymer and/or the condensation polymer.

10. The industrial evaporation apparatus according to claim 9, wherein the

condensation polymer is a polyester, a polyamide, or a polycarbonate.

11. The industrial evapora{ion apparatus according to any one of claims 1
to 8, wherein said liquid is a melt of a thermoplastic polymer A, said lower boiiing
point material is a monomer, an oligomer, and a by-produced material contained in
the polymer, and the industrial evaporation apparatus is a purifying apparatus for
removing said lower boiling point material from said melt by evaporation so as to

increase purity of said thermoplastic polymer A.

12. The industrial evaporation apparatus according to claim 11, wherein
48
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said thermoplastic polymer A is a polystyrene-based polymer, a polyvinyl
chloride-based polymer, a polyvinylidene chloride-based polymer, a
polyacrylonitrile-based polymer, a polyacryiic ester-based polymer, a polymethacrylic

ester-based polymer, or a thermoplastic elastomer.

13. The industrial evaporation apparatus according to any one of claims 1
to 8, wherein said fiquid is a solution of a thermoplastic polymer B, s_aid lower boiling
point material is a solvent in which said’the_nnopiastic polymer is dissolved and/or a
monomer, an oligomer, and a by-produced material contaiﬁed in said polymer
solution, and said industrial evaporation apparatus is a separation recovery / |
purification apparatus for removing said low boiling point material from said solution
by evaporation so as to separate and thus recover said thermoplastic polymer from

said solution and increase purity of said thermoplastic polymer.
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