10

15

20

25

C I NDUSTRI AL CONTI NUOUS EVAPORATI ON APPARATUS

Techni cal Field The present invention relates to a

novel industrial continuous evaporation 5 apparatus.

More particularly, the present invention relates to an

apparatus in which a liquid containing a nmateri al

havi ngNBUSTRIADEDN THLROUS' EVRPORAADN APFARATYS!

is mde to flow down al ong an external surtace of a

gui de that does not thenselves have a heat source,

during which time the Iower boiling point material is

Co tﬁn ously evaporated. 10 Background Art It is
Techijeal Figldown t hat various industrial evaporation

apparatuses are-used to renove volatjle conponents i

andihe Presgotioyention relates teamavebindustial eoriienous gyaporation

froma liquid and thus concentrating the liquid. For )
appacsatasip| Morekpadicularygthe preseahinventjorcrelatesdp arnapparatus in which

Handbook") 6"' Edition (edited by the Society of
a liquizheontairing &mgateeial kavidg Reowet 88Bingwintthanthattofdhediquid is

1) (see pages 403-405) describes the follow ng types

~ madetfo flowldeivhi Albn§ eARSEErHaP SuaERbPA GeRfs that BlobsPiot semselves

conbustion type, a natural circulation inmersed tube

1 i al s | . i i ¥ | . .
have L&t s%u% W@hp%@ﬁl‘;l hifdd & 18Rl _Bthlh@l plelbiﬁaEJéerVéﬂ’fS céhtinuously

verti cal ort ype, a vertical “l'ong tu
Labing filmtype, a horizontal 20 tube falling film
evapt?{/a‘ééeﬁ”. a vertical long tube falling filmtype, a forced

circulation horizontal tube type, a forced
circulation vertical tube type, coil type, an agitated
film, type, a centrifugal thin filmtype, a plate
Backg%@,dl%d a flash evaporation type. O these
i ndustrial evaporation apparatuses, for a systemin
whitds welknawnihat verigus industrial ieyaperationtapparatyses are used to
downward, there are the horizontal tube falling film
removg pelatitdheomponents| arkiior lowgbeilihg pbiit components by pyaportation
forced circul ation horizontal tube type, the forced
from ailiqold and thusveoricepdriating itiee liguid, Forl ekampie | Kagakl Kogyo Binran

type. Wth the exception of the 1
(“Chemical Engineers’ Handbook”) 6" Edition (edited by the Society of Chemical
Engineers, Japan, 1999: Non-Patent Document 1) (see pages 403-405) describes
the following types of industrial evaporation apparatuses: a submerged combustion
type, a natural 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
1
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agitated filmtype, all of these are of the sane form
as a nulti-tube cylindrical heat exchanger. For the
agitated filmtype, scrapers are rotated over a
cylindrical or conical inner surface which is heated

t hrough an outer heat source, thus scraping a liquid
itafeld f fofH indvicel heat
sonafpt bl 4P 888 o Vo SRR s A 4 hivarcd e

o R0 T oSBT O N A i o
conclf RS n iy B e o S i g

. _are of the heat exchanger type, the liquid is

liquiddimceshifrom ke herﬁ*é[ﬁgﬁf@v%tﬁcst%fhemqfih‘géi%f&fWEHéh?'@m-
flowin the formof a liquid filmover external .

whereby thecliquidfs bondentratad tyolgh eyapetationpsiile making heevaporation
10 thensel ves are heated through a heating medi um such

unifofn akidgsron idtioi veat tramstarhr Magbover] withdhethooizontak tutieofalling film
of the liquid, the industrial evaporation apparatuses

type 6f BERFcddPcifdifatiorPBoRZoritartube agse) twihioh @né iob theaheatt éxchanger
vertical long tube falling filmtype and the forced

type,ftb% ﬁeiﬂpﬂlb%nﬁér:ﬂt%t%? thf‘?‘%ﬁ‘. Svdrativh whileé BRir faele to flow in the

n whic 5 d I's concentrated through
o B A g SHEE ol Ry lon s e
themsdivas s heef i Gian o eiBOmmdunL fudlinf SiqlR gobih ¢

ui des, and noreover the tubes through which the

| therethryol: f 1 ows down are thensel ves heated by a heating

medium that flows over the outside (trunk gortiog&@gﬁﬁ
eadn terms eftheflove of the ligvid, dbeiindustdal pvaponetiondeprragses

in which the guides do not thenselves have a heat
closestto the tyberafdhe pressnt invention@oe dhe vertioal langcivbe faling film type
of a polymer or the like is extruded in the form of

and tHerfarsisl difculatiormasitisalf tubentype dout tiiegecdrepdfoa bypeninovisoh the
evaporation zone, and. the polyner nelt is

| |iquic]gfé.rt%|ﬁabh&b%é| fR6EYHIBvaYGREGAWHIE dddickAditg ihdhe B@gm oparilm

reely are al so known (See Patent Docunent 1: U. S
oo 8l e, G R o aPgispsent ventin
in which the liquid is made to flow down along external surfaces of guides, and
moreover the tubes through which the liquid flows down are themseives heated by a
heating medium that flows over the outside (trunk portion) of each of the tubes,
unlike in the present inventibﬁ 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,
2
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there are drawbacks with such a strand evaporator, for
exanpl e, because the liquid to be concentrated is
allowed to fall down freely, the residence tine in the
evaporation zone is short, and hence the evaporating
efficiency is poor, and noreover the strands or

there fa'rJa ﬂ?\ﬂtﬁ%@"@ﬁh sLER \ga%ﬂsaricﬂe\ﬁﬁzrﬁt@ ProF 8kample; Q‘J&aaﬁd the liquid

able t use to one another, and hence

C ses
tobe Fﬁﬂé@ﬁ‘ﬁ%@ 5 6fufd 8&2?5*%6“8'3;%?%@?"%#&##"%& e e
roduced whi | e maki nononer xt I r
evapdielan goR 15 sbRg R BaRca i aroeoraln e ey 'Sﬁ%? e
proposed (See, for exanple,, Patent Eﬁ)cuma ﬁ d
moremrethe stiands sy fiaments sway Sidewaysun ihe,svapgia %%50"9 and are
Pat ent Publication No. 48-8355, Patent Docunent b5:
thus liabbe tefusertatane angther, and henascantisens stable peration s difficut
Pat ent Docunent 6: Japanese Patent Application
Appatatugesirewhidh. a pOlyarids, a Palyester Dodhertike is7porodiiesd méle making a
Pat ent Application Laid-open No. 61-207429).

mondmiér ABRIFY 6r prepolyafdrdiow dewhralohg ihead supportsitsanar also been
installed in an evaporation zone, and a

propégeﬁh@ées?é’rséiéh 8! PARINt TRAIUMent @ NE SN PaiM Nd. 'B024803; Patent

evapor ati on or as gas renoved 15 therefromwhile

DocuBfégg A ggggnéﬁe Pl %ﬁﬁcﬁ{lmﬂai gg 3%553 PROMDEATERES:

€én s at such an

Japaﬁ%%’ei‘@%hyﬁﬁ?ﬁ@cé’ﬁﬁ ? -0%%916@@353" 17255 PRlap Pedc® ©

apaSas e o RE B A, Pl S

2002/ 051606); this net hod |s subst ant al | y t he same as
Japanese PatrntAnplisation heigsopen Nor 638074280 sElrt B?""t"?f@ an

present inventors in which a polycarbonate is produced

appahatus froivhicky wirerigops arel installed iy aarevaporationszene, iangl a
material while nmaking the nolten polynerization

hugh—vts@b&tWEonarmelt isf ¢aneettratedhtrvogghvevaporatiopnar frasaasdremoved
sheet - shaped guides (See Patent Docunent 9:

there'fr%h?Wé'Ué‘ﬁé nfide toFrRiw @OWHRIGSY Bfetaith- lodiss e beenwroposed,

such an apparatus having the wires or the perforated

and if H§§?3e§H%?&QdQHéP§i:h %ﬁ’ah@ﬁ Rud A b@%aﬁ%@é&ﬁﬁl{ b§ed for

osures or sugges Yart ng to the scal

s o OB g B o3 ryoton tovan

evaporation or gas removal (See Patent Document 8: International Publication WO
2002/051606); 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 moiten
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
3
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period of time on an industrial scale such that not
lessthan1ton / hr of the liquid is subjected to
the evaporation. Furthernore, with evaporation

appar atuses known so far, there has been no .
description of neans for avoiding degeneration such as

period icﬁﬁ eoéﬁﬁ ﬁdu&ﬁ sué‘u G*L ok IS than PfoPdUsidfeRe <Hf:|u1d is
an Ira- ecu

\/\/elgd solldlflc:?\tlgnI ;
subjeP{e] &%&%@PPB@%SQL éf‘h's:?or a L??FSL'SeS per o'djg'f |
ipe., |
o 5. Wi o 5oL BB bon o

quid having a relatively high viscosi it has
_descm@mofe'aeﬁaf» Tanavaidingd eﬂeﬁﬁfﬁtmnoi&ﬂi" &% 'Pa%on

prol onged continuous operation that if 10 such
crossiipkiege peadustion of ang.itrathigh medeadyeweight.spligiicatior, scorching or

progressively or suddenly becones mxed in the
carborization dad txisdmewf dhe iquidgesigindinthepapyaratus fof a prolonged
di scoloration and contam nation with solid foreign

periotESfaimed| . InVgreular, & fHad edsd of ar bppacasfdrievapdrating lower
product such as poI ymer etc. However, it is clear that

boiling pdint Matdat h'lﬁﬂl@ﬁ@ﬁﬁ@%ﬁ%ﬁi@%h%d@&m ifRas been

nsi der at1 on atsoever has been diven to such

e SRS G AR Sy g bt vt
sl taloh o3eS FRRIRS 1B3eBRILA Pl ol RS gF Sy
vecop S o oSt HSaB U R 5o A8 raton

portion of a perforated plate and an interpal sidewa _
and crntamination wih soldbfareignyateriahwhinb afe faial ihe eevféﬁmtrated
has been adopted for reducing this "dead space”
prodéctcsuchi asgpolymehetdi gh- vi scosity material fed in froma
hi gh-vi scosity material feeding port (7) resides for a
pr Howesst, bt tiedr tiat Withethereviaperaticteapparptuse’s knewreso far, no
the perforated plate (3) and the internal sidewall

consﬁiéréﬁ&?wﬁ%tsdebér Ras b@é’n*yi\ﬁbh tops\ih@egendratorbper prolonged
probl enms occur inevitably. Mreover, even in 25

operéﬁ&f gt For ﬂ%éegcﬁdﬁgp@;ﬂ@q GH 'ii’a’léntSDoaﬂngﬁfiﬁ Swhich relates to

oever been ad for reducing "dead space"

an e¥$p0:ﬁ]aﬁ6r§ ta[:bgr%ﬁl% it R e8 ihEh supporte it i8 A& thatherd' s much

so-called "dead space” where the polymer resides for a prélonged period of time and
is thus heated between a hole portion of a perforated plate and an intemél 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 from a
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 hénce 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
A
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 DisclgSrPR JaYen

r, which feeding is carried out onto a perforated
plate (FIG 3a). D sclosure of Invention It is an
obj ect of the present invention, in the case of an
apparatus in which a 5 liquid containing materi al
having a | ower boiling point than that of the liquid
o 3 : lzagyur f ace of a
which e e e S O O R T e o ce.
during which tinme the I ower boiling point material is
evaporated, to provide a specific apparatus that can
rateq.stably for a prolonged period of tinme on
N scale such that not less than 1 ton | hr
of the liquid is subjected 10 to the evaporation,,and ..
f ubtin @apRiiect:cl the present ipvapbent ﬁ”éhﬁﬁéégtfﬁ i3} apparatus in which a
cont i nuous eyaﬁoretion apparatus in which there_at§_
liquidreontaioisigemsteriat havinge oveer ailing peIDL k@ that ebife liguid jgumade
liquid residing in the apparatus for a prol onged
to flowatowrtlaldingt arextefinal surfacerdf a guide thatgiaes notdbemselves have a
studies into using in various applications a
heat B6@\¢e0dating Whidlotee togilcwecheiling poird miteriél is\eviappeated, to
pol yneri zation apparatus in 15 which a nolten

proviﬁé1 ?gﬁ@téoﬁf?; e;'?p%rgﬂﬂ th&t 85h ba qprRYr staBlyifena \Mltblbﬁigd gieﬁod of

own al ong gui des such as w res.

time bff %blsibduéthgl Hfs %ﬂ{:h MG eSS PlaPCPIR! A Sithe liquid is subjected

Fral evaporation apparatus having a specifl

structur.e characteriz ri N i

to the RS BlEn B b B T ERTCRS 16 Prf e f sreRTic THGH R elrkious
present invention. That is, the esent _i.nventi .

evapgralipnfpparaiyisin which Hikreiare g0 ohlame e t%G‘SESP%“SH caused
apparatus in which a |iquid containi ngi a <irat erial .

by saae ohthediquideesiging intge geparatus ior a Redlonged ReHod of Limg-
is made to flow down along an external surface of a
guiThe priesentioventors camedseitsiedipgintosingin variguscapplications a
during which time said |ower boiling point material is

previeusiygprepesed ghicieetontadting downiiow type polymerization eppacatys in
sai d evaporation apparatus conprising a liquid

which @GRbNeR 9{6556]§rrheﬁid $Lﬁfié&edft@ pdlyrgeriztionfwhild beitigmoade to fall
said liquid via a perforated plate to said guide

dowrP5fOHg5uidds 8llch s wires.  As a result, the present inventors discovered an

 industrial evaporation apparatus having a specified structure characterized as

described below in which the above object can be attained, thus reaching to the
present invention. That is, the present invention provides:
1. An industrial continuous 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 the
improvement comprises:

(1) said evaporation apparatus comprising a liquid receiving port; a quuid

feeding zone for feeding said liquid via a perforated plate to said guide provide in an
5
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evaporation zone; said evaporation zone having a
plurality of guides that extend downward within a
space encl osed by said perforated plate, a side-wall
casing, and a bottomwall casing; an evaporated
material outlet provided in said evaporation zone,

evapai%qloﬁ Zdrig! 59@% i En?ﬁé hEﬂlﬁ&'éjBI@lrélﬂ)é af bgié%ﬁsr’fﬁéi extend

tion of 5 casi ng; f ow path

d°wr\9f’63érvﬁ 1 ESREETIY f&%@éﬁeﬁd‘?{gﬁeﬂ?r o 8 i, and
a botilarall 4G °2§%£{5€9V¥er’é&d"'sr‘é teried Splet BT S %&ébﬁ%ﬂm

rOV|ded in said liquid, feedin one 10 (3
zc:ne!O and aliguid discharas pq? ggpwlg:% o? phe bottom-wall

hori zontal plane of the side- vvaII caS| ng of said
casingvapor ati on zone satisfying the following formula (1):

0.7 < A~< 300 (1); (4) aratio between said A (n2) and

an (2n4 Gowspath echtroliialy membeBwhigh hak arfunctioroobmaking said liquid

hori zontal plane of the |iquid discharge port

fed oﬁ@ﬁ {r&f perdratdieplatd from saidfiquidieteiviig pait:loddmairy frofh &
000 (2); (5) the bottomwal | casing constituting the

pernpﬁ@Fé@gﬂgﬂ{ {dwdrdY middid g@ angbﬁﬁe%brfdrﬂf&i paté'Being prowded in

conn at an intern e C() to sald side-wall

bottomwal | casing, wherein said angle
sald@flﬁirfgec{ﬁﬂg I'e?g the following formula (3): 20 110 < C 5

| sa??>§$§>ﬁmé6r%a# ZerifTarg AP hfﬁkg%ati*?oﬁqég*@w%“@’ BBz of the
side-é@"cr@g 3t <8 .%'vappt 'Bﬁ?ﬁqrfé\%@ G iy f@%@g B’S@a % )5
< 50000 (5) an average nunber of holes N per 1 nR
of A& éeé&Qded plate (number / ‘6 (1)

(4) a ratio between said A (m?) and an internal sectional area B (m?) taken
through a horizontal plane of the liquid discharge port satisfying the following formula
2):

20 = A/B = 1000 (2);

(5) the 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):

110 < C < 165 (3)

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

150 = h s 5000 (4);

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

2 = 8§ = 50000 (5);

(8) an average number of holes N per 1 m? of said perforated plate (number /
6
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n2) satisfies the following fornula (6); 50<_N< 3000
(6);and (9) a ratio between an upper surface area T
(m of said perforated plate including an upper
surface area of said holes therein, and a total
effective sectional 5 area Q (m of said holes

m?) s @iﬂe%fthﬁsfo?]&@lnb%hﬁt\i\l‘a%)f0”““ a (7): 50<_T/Q<_3000

e I ndustri al conti nuous evaporat| on
aps @?3 ording to item1, wherei n(e'} | ess t han
on Eéé said liquidis subjected bt e

MEERE %%wafé“sﬁufe@ 1 SicB 9P (Y aR R IABiate

anIeE( ween an. i nt si dewal | r f .
includiag an rps Or 6 A OEaﬁ'QG*Eﬂ%S ey ane g it Fpclive sectiona
satisfies the foll ow n ormul a (8): 100<E<180(8)
area @ (M of said keles satisheg § eu@wmafpanuta d¥ according to
any one of itens 1 to 3, wherein a distance K (cn
beB0eeT / @n<id®0Or nal wal | of said side-(@l| casing of
the 15 evaporation zone and the guide closest to said
2. Thetindostrialeontirmaussieperation dppdratusnaccdrdingutd dte(®)l ; wherein not
< K< 50 (9), 5 The industrial continuous evaporati on

less tﬁBHalr RhUshrasicidliiqed 9 sabjéciftotheidvefBration, 0 4,

wherein said side-wall casing of said evaporation zone

3 T‘h% lﬁ%ikétﬂ [b&ﬁtn%u@bbv%?o?ﬁld ﬁaﬁ]@é@dd?ﬂm@tﬁ‘ﬂ@n g 2

tom casl ng connécted at a

e RRATREBE Rt ok 585 o
s 5 3 9B AN AT B o

and d satisfy the follow ng forrrul%;a (10), (11),
(129a B £3)80 25 100 5 D 1800 (10) d < 50 (11)

4 The industrial continuous evaporation according to any one of items 1 to 3,
wherein a distance K (cm) between an internal wall of said side-wall casing of the

evaporation zone and the guide closest to said internal wall satisfies the following

formula (9).

5§ =K=50 (9),
5. The industrial continuous evaporation apparatus according to any one of items 1
to 4, wﬁerein 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 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 (10), (11),

(12) and (13):
100 = D = 1800 (10)
5=D/d = 80 (11)
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0.5 5 L/D530 (12) h- 20 S L S h+ 300 (13), 6. The

i ndustrial- continuous evaporation apparatus accordi ng
to any one of itens 1 to 5, wherein the volunme V (m
of a space in which the liquid is able to be present
in 5 the liquid feeding zone fromthe liquid

regej W ng; pprt 4@ an upper surface of »h;g perforated
pI ate, and the upper surface area T (rrs of the

t.e [ udi th f f
Pohecef g b ot 3@%% he fol I owing foftall a (14): 0. 02
7. T i ndust ri,al .
6. ﬁwpamaé Vi -3 otk apriar ec%?”faurﬁ@b{@ any,prig, g items 1
of itens 1 10to%v\here|n one .of sa yi des
to 5, whereiathe xplureg Vdmpe of aspagedn whishythe m& =%at91ﬁ tOﬁ??anese“t In

the liquid and/ or gaseous nmaterial cannot enter

the liquidifeedingwone fram doe indid recaivingsport to apryppersurface of the
satisfies the followng fornula (15): 0.1 <r <1

perfotatbi plfte, dhd tha dpper surfaceoarsiarTi (mé) efthpeniarated plate including
apparatus according to any one of items 1 15 to 6,

the upper ﬁ:ﬁb@eaau%agw KistEs EHETEin stisgritdcliowiny fbrmgid (1491 ai m
, and the guides are joined together by transverse

suggﬁ{rﬁ) 2. vIRe £ nglyghi gl al continuous (eyaporation

appar at us ‘according to any one of items I” to 6,

7. P B LB SRR BSSREAGTS 45 81 R
o0 S AR E S fg%ﬁ%pagwad% e

structure in a Iurallt d- 11k
that thediquid ﬁrédl@usaée%tﬂw@? i Sapnit ates Hrgin, Wi Ghputside diameter

and behind one another and are fixed together by

r (cmj.rwineredn & satisfigsdhedollewing fosragl (dSkym | i ke
t hr ee- di nensi onal guide structure in which the guides
ar ©.fised £ofether in front of and beki®k, and |eft
and right of, one another by transverse supports, 25

8. THb indhetrizn dostimics @aporatisn apparates atcordirgotpaarst orse of items 1

according to any one of itens 1 to 9, wherein said
to 6, Wfﬁb‘élﬂ da‘i’d @ul@s%d?ﬁprﬁsd@ﬁl@é@ lacBbrdindg'ta ElIM 79 anti e Quides are

mor e ki nd

joined together by transverse supports,

9. The industrial continuous evaporation apparatus according to any one of items 1
to 6, wherein said guides comprise guides according to claim 7, and form one of a

g-ricl-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

grid-like or mesh-like guide structures are arranged in front of and behind one
another and are fixed together by transverse supports, and a jungle-gym—like
three-dimensiohal guide structure in which the guides are fixed together in front of
and behind, and left and right of, one another by transverse supports,

10. The industrial continuous evaporation apparatus according to any one of items

1 to 9, wherein said liquid is a melt of a monomer or a mixture of two or more kinds
8
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of nmononmers for producing a condensation pol yner,
and/ or a prepolyner of the condensation pol yner,
and/ or the condensation polymer, the |ower boiling
point material is a by-produced nmaterial and/or

ol i gomer produced through condensati on

of moPomers rbeﬁ{&dﬁBinﬁ ggﬁéér‘?sétﬁﬁtﬁdlﬁhéh GPEI04 Praplymer of the.

apparatus is a nsation polymer 5 polynerization

coreGRUEERLHy B, RS b0HT bRl 43P bing o
ol SRR R B e S et SR Bonnsator

polynmer, 11. The .industrial gontinuoys evaporgti orl.
polymgyization,and saish ndugiriahevararation apparalys is ajggndensation polymer
condensation polynmer is a polyester, a polyamde, or a
polymerizationiapparatus for Eemoving sardjl)s/vsqer iballlr@cﬂnlnér@atglal from said
evaporation apparatus according to any one of itens |
melt by eQapoatioriso asdiodntieasieda pslymerizationidegreehof thepprepolymer of
pol ymer A, said lower boiling point material is a
the coRd@EtionvIhbO&NGor tiid doAddnsationotadenat er i al
contained in the polymer, and the industri al

11.  FHRRAAGStHANCGHIPRDAS EYabBratiohHpparatlis AeRAdiAg Y6 ittAT 10, wherein
renoving sald [ower boiling point material Trom sai d

e oGFAr i IR 0 BB 4 Pl 658 Rl

12 lntiigpﬁgtﬁgggépﬂfqg%ﬂﬁ;.,ﬁ%@ﬁq@o&g&gﬁv@ﬂ@@&g\é&gpgmgq?iawa,aezof toms

110 Gl S5 HaRE OeH eRrBB A sl R 1538 Boiing
p

_ polyacrylonitril e-based pol yner, a polyacrylic: ) ]
pointgmaieriabisse mopemersan oligadeyandabysarpduced materializentained in
pol ymer, or a thernoplastic elastonmer, 14. The
the polynert and the mduistrisd evapottionaappanatus s apurfying @pparatys for
to any one of itens 1 to 9, wherein said liquid is a
removingu$aid owér oilimg poimp inssterial fpornysaid nisit byedaparation so as to
boiling point material is a solvent in which said

_increb@éblﬁﬁﬁ} a54di€ tsmuphasticpslymeplyed and/ or a nononer,

an oligoner, and a by-produced material contained in

13. Sﬁiedinaﬁ?ﬁi%\ ¥RinutiisWvaporatiiif aggaratls ' etdraing to item 12, wherein

evaporafi on apparatus I's a separation recovery
st i RTRACAT el FEArRa ek bbb
chloride-based polymer, a polyvinylidene chloride-based polymer, a
polyacrylonitrile-based polymer, a polyacrylic ester-based polymer, a polymethacrylic
ester-based polymer, or a thermoplastic elastomer,
14. The industrial continuous evaporation épparatus according to any one of items
1 to 9, wherein said liquid is a solution of a thermoplastic polymer B, said lower
boiling point material is a solvent in which said thermoplastic polymer is dissoived
and/or a monomer, an oligomer, and a by-produced material contained 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
9
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by evaporation so as to separate and thus recover said
. thernoplastic polynmer from said solution and increase

purity of said thernoplastic polynmer. Advantageous

Ef fects of the Invention 5 The industrial evaporation

apparatus according to the present invention is an

evapQration t [ ' ' :
by evBHBRTIER 0 2 1o SERGSH AT ARRTR Chitp iSRRI DT from
.. through evaporation stably.for a pr.olonged period of
said Sqluion and iNoraas: PERY RS AL ermoRIASHS RIVIRER, o1 t ne
concentrated |iquid can be produced, w thout
occurring degeneration of the liquid over a prol onged
period of tinme. In 10 particular, the industrial
Advaptagpouaibfiectspithedoventiator ding to the present
i nvention achieves excellent effects in the
coThemduwstiianevaporation apparatus acsordingdo ithe preserdunvention is an
a relatively high viscosity. Wth the apparatuses

evap&iaivA /Tonkahtratiin SPPaaRiY intwhigh laede hirduintef Baiquithcan be
the relatively high viscosity through evaporati on,

eﬁ‘“é@@f‘%’éﬁmﬁﬁf@&%@ﬁgﬁ%ﬁ?ﬁ st o a pRfforgétbériod of time,

or a prolonged period of
15t I ' Well] : '
and i L Bot R RIT Ttoh e ot s ShoshREAd Raid 2R 6e Bhdduieed,
, oduct.i on, of an ultra:high nol ecul an ' POl r,
withoBl SEetiing aiedsneratec g Uit Syaicr pRloee Bprigd of e, 1n
~and it has been found that the de enera&g nater{al \
partigylare the indusisiat 8verRerabian &pParaiys ecg?@g?% thepresgpt invention
suddenly, causing a deterioration in color and L i
achiqwesmeﬁw effectsip tberneasentiatien thrguell evaperatienpfia liqyid having
20 evaporation apparatus according to the present ]
a relativelynhighrviscosity.c owlithrthelappacatages known sapias fen cenaentrating
does not suffer from such drawbacks, and in particul ar
such aiqhid%mmqmé tetativety hightiscusity thrughesvaparation, there have been
apparatus Tor a condensation polyner, a purifying

placddRRRER $6mé OF tie Fictijlﬂﬂ YBEHBS WHilaBidid Beated fora SriofsHgeidseriod of

for separating an thus recovering the polyner froma

_time,%ﬁ!‘épbﬁﬁigﬁiqﬁg Mrﬁéergﬁsé WebBReAtitnRiichiad didcidgatith, gelation,

rndustrial evaporation appar at Us
cros RGP Gk B 58 HBEDRE el 87 Blcficaton
sor i e B LR b ool AT bRt
material mixes in the concentrated liquid progressively or suddenly, causing a
deterioration in color and properties of the concentrated liquid. The industrial
evaporation apparatus according to the present invention is a continuous
evaporation apparatus that does not suffer from such drawbacks, and in particular
achieves excellent effects as a polymerization apparatus for a condensation polymer,
a puﬁfyfng apparatus for a thermoplastic polymer, or an apparatus for sepafating and
thus recovering the polymer from a thermoplastic polymer solution and purifying the
polymer. That is, the industrial evaporation apparatus according to the present

invention is an apparatus that enables a high-performance and high-purity polymer to
10
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period of time with no discoloration or contam nation
wkth foreign material caused by production of
thermal |y degenerated material. Furthernore, in the
case that the continuous evaporation apparatus
according to the present invention is used as a 5

be pr?%%@%ﬁﬁ ﬂféﬁﬁro@ﬂ%ﬂflilﬂg -?fnoti s S HArPE toR R §H‘ébﬂﬁflo$ WGdrolonged

ere1s very e varitation In nolecular

, tght. PRrief. Descri.ption j A i .
period B Bitrwith b At s toRlaghgib Wit THoyifn flatérial caused by
evaporation 10 apparatus accprding to the pgresent
producHpB Y leprmatl GegRncatat SurBnal | ¢ WHharsig InPE s that the
showing a cylindrical industrial evaporation,
continysusremaporalion appaigiuvacarsdipodadhe presetinyntiop igusedas a
a sectional view show ng schematically an upper o
polynpeyization apparatas, it canbermade o bpaughitbat thesaisvery little variation
according to the present invention; 15 FIG4 is a
in motestilarowgighti ew showi ng schematically an upper portion
of the 1industrial evaporation apparatus of the
present invention; FIG5 is a sectional view show ng
schematically neans for elimnating "dead space”

BriefBeets\‘}ﬁ : r{;\?fgpg\ﬁihggl wall of a liquid feeding zone, and
orated pl ate

a per and a flow path controlling

e o9 ' ; : ; , _

Sohiaut IS8 FPGematsBelondl iy shoPRlo 4 TSt diporation
bet ween internal wal.l of.the liquid feeding zone,

appacatys écﬁ%r%ﬂlﬂ[;ﬂ@& FHPﬁ%ﬁ" INY@tie 1 ow path control ling
menber. 1: liquid receiving port,. 2: pelforated at e,
o FIG Ruisch sEBamAtic s8rtonal viky shwing a Gyl e Ruta
zone, 6: evaporated material outlet, 7: liquid

svapdiadiohapparalostacesrding tothe pesenttwventienpunp, 9: an
inert gas feeding port according to need, 10: )
si FGVRd a casiional vidw shawingschematically anuppertpastienef the
casing of evaporation zone, 20: liquid outlet, 13: 11

industfigevepohatisapsarat toadtordiag to e peesemtlinverttionpl e of
perforated plate, 22: inner sidewall surface of

i 504 §£8 LoBotd View SRowiiiPSehdridfdaliyadn ugpeérigsriion of the

industrial evaporation apparatus of the present invention,;

FIG. 5 is a sectional view showing schematically means for eliminating “dead
space” between an internal wall of a liquid feeding zone, and a perforated plate and
a flow path controlling member; and

FIG. 6 is a sectional view showing schematically means for eliminating “dead
space” between an internal wall of the liquid feeding zone, and a perforated plate
and the flow path controlling member. |
1: liquid receiving port, 2: perforated plate, 3: liquid feeding zone, 4: guide, 5:
evaporation zone, 6: evaporated material outlet, 7: liquid discharge port, 8: liquid
discharge pump, 9: an inert gas feeding port according to need, 10: side-wall casing

of evaporation zone, 11: bottom-wall casing of evaporation zone, 20: liquid outlet, 13:
‘ 11
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Best Mode for Carrying Qut the Invention 5 The present
i nvention-i's based on the discovery that to attain the
above object for a continuous type evaporation

apparatus, various conditions nust be satisfied. The
present invention wll now be described in nore detail

e -
flow dqtl usb @hﬁ % H'é’é'ggﬁc%%?ﬁ@?g ? lgﬁgf/oz;por at |tg§ mg%bg?éltngser

son SRS G0, PSP iR, 1

apparatus. A liquid receiving port | is preferably
provided in a top of a liquid feeding zone 3. There
may be such a Liquid receiving port 1 in one pl ace or

Best Mﬁ’d& for Gaanying/Out theplnyesliont he at | east one |iquid
receiving port | preferably being disposed such that
t h&heipgesentiinvention is pasadasctherdjscavesy thatde aftain the above
onto a perforated plate 2 as 15 uniformy as possible.
object fortzheontirmmushtape ehaperationappanatus, varisis/congdifians must be
only one place, the liquid receiving port 1 is

satnsﬂé’oef efl'?é’bbéséh@h‘ivéﬁﬁbrh Wilkn6WHe désdribed inmaore déteil wdth reference
of the liquid feed| ng zone 3. A flow path controlling

to seSRIHE R’he pgﬂlf’ﬁ S dﬂ Erﬂlhbﬁ’ﬁtlrﬁ the Bdrhdtipt b the evapdtatien

onto t ate2fromtheI|qU|drece|V|ng
I .
appafifie prorsly 1 H#f‘f%éﬂﬁ‘é B P SERlorR Y IS arkd 4
rovi ded theI| mdfe gzone3 The fl ow path
Sho“}é)?%?rp@rtl ‘?*JABBFEHBQFE F}R,?Eggﬁ effect of making the
uid flow fromthe peri tji.on to rdth .
o laid d regaiving pogk 1 %%%@5 Pgtﬁf%ﬂ iB8fop ot gfeed'”g
preventlngtheIqu|dfromreS|d| for a
zoneder i Cerefmay he sugha Iw«ééemvmem binane 9’ 9 ‘2"1')" a H‘urahty of
the perforated plate 2 and an internal sidewall

placesy teakble2st ofie tigeidiregeivihg pati il yetasakly heirm dispogad guch that
made to 25 flow mainly fromthe peripheral portion

the uqmdah dhé liquitkraédinly 2emet3 oan bk fed omte af perforatéd plate 2 a8
i's thus fed onto guides 4 fromthe hol es arranged

fy"@@ elh HeEade the? thisretis eniciiid! rédiiviag portad in only one
unifoft |0E°§)§'Siteﬁe perforated plate 2. c%ﬂ%i flow g|eath Y

55 0 RE 1 EVO g e e o

of thé Uil Fe8iNg2ord 3.° YA ﬂB@v aQHtéon%lh‘?\fg flember 20 having a function of

making the liquid fed onto the perforated plate 2 from the liquid receiving port 1 flow
mainly from a peripheral portion toward a central portion of the perforated plate 2
must be provided in the liquid feeding zone 3. The flow path controlling member 20
has an effect of making the liquid flow from the peripheral portion toward the central
portion of the perforated plate 2, thus preventing the liquid from residing for a
prolonged period of time in a space between holes (e.g. 21) in the peﬁorated piate 2
and an internal sidewall surface 22 of the liquid feeding zone 3. The liquid made to
flow mainly from the peripheral portion toward the central portion of the perforated

plate 2 is thus fed onto guides 4 from the holes arranged between the peripheral
12
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cross section of the flow path controlling nmenber 20

- is preferably simlar figure to the 5 outline of a
cross section of the perforated plate 2. As used
herein, the term"” the cross section of the flow path
control ling menber 20" refers to a section obtained by

portiog'nu%ﬁdﬂ%ééﬂt%i%&rﬁ&?ofh@éé&ﬁggté&yb@t] ing menber 20 in

ransverse rection ace where this

b e R A I oo S fo s o

erecll 5% g P8 gl ToogboS R e APyBUBLBR 78 othine or
anmount and viscosity of the || uis,to bfe roces.feﬂ. o the

crosszastiop afthe faw rath cretrelise meben a0 is peeterably S figure

apparatus is used as a pol ynerization apparatus, a .
outlinecfyaenoss section of thepperfonated plate 2h e Asi yeedihenein, tae term “ the
liquid to be subjected to the evaporation having a ]
cross seatibhufltive floghpathicentrslling, memben 86” oéfefs tora seckiorsobtained by
is generally preferable, with from2 to 30 cm 15 bei ng
cuttingthfoudtefey ffdW patra@shtfdiing meintb&f2E In & tiangverst direction at the
preferabl e. The spacing etween a top internal wal

place;s}g!tfm%r%cﬁﬁs’—&&[oﬁ&&witbiw ' éﬁiﬁ%rﬁ%réﬁ.ﬂeA?préféi'_aﬁlberaﬁbé\for the

controlling nmenber 20 nay be any spacing, but is

spaciﬁh?nﬁ@@ghghgﬂgﬁ%ﬁp :E‘Snﬁgﬁi‘ﬁgt 8inbel 26 ér@ﬂh‘é%fe‘?nﬁli di8eWwhll

Iqui A qul edi ng zone I's as short as
[ . oF ' .hi ' ' . .
sureR 23 §afi 6 EPiT S el bl oSSBT B B AFOHCH ycosty
of to il B mrBepsos e ars gL BT e 108 B b i pcRdlon

that the spacing between the top internal wall
apparatus it ysed asfa polpmerigatien appanates. Spalymes IRH'\'I'\%H@Q @pparatus or
path controlling menber 20 is substantially the sane
the like witht the liquigLiccbe sukjeciedtotbetevaporatianhaving afglativelydaigh
wal | surface 22 of the liquid feeding zone 3, but can
viscositg a kengepefefrém b S0icin i8 genealiy picferable; iwith tomd2itd B) cm
narrows, or conversely gradually w dens. Moreover, the
being AL PeferaliBeand heni 8 ewv2paik b@ﬂ‘? yét moermmtaue. 20The spacing
and the perforated plate 2 is 13 generally from1l to
f. . .
betwich & ToplhfEs A Wall st 23 bFEIGIY f6eifig 20R6T 3 the flow path

contro

* comSHPaFES 2B 584 i 1 EERVBARPRAR 64

the rggggr%e %u%ei of the liquid in the liquid feeding zone 3 is as short as possible.
For this reason, this spacing is generally in a range of from 1 to 200 cm,
preferably from 2 to 170 cm, more preferably from 3 to 150 cm. The flow path
controlling member 20 can be made to be such that the spacing between the top
internal wall surface 23 of the liquid feeding zone 3 and the flow path controlling

member 20 is substantially the same from the liquid receiving port 1 to the internal

. side wall surface 22 of the quUid feeding zone 3, but can also be made to be such

that this spacing gradually narrows, or conversely gradually widens. Moreover, the

spacing between the flow path controlling member 20 and the perforated plate 2 is
13 '
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substantially the same fromthe internal side wal
surface 22 of the liquid feeding 5 zone 3 to the
central portion of the perforated plate 2, or can al so
be made to be such that this spacing gradually
narrows, or conversely gradually w dens, but is

genelelgfﬂeJrﬁ‘q' th q@grfuhéfbfaleab‘f}‘ﬁBn{ @?6 3D|E?n SR8fd prefefab _ﬁlféom 31020

stanti al samne,  or gra ual narr ows.

o YA ISR B S8 A3 bl e
oSl A 8 2 s SS9 B

baffle. Note that in the case that _the_perforate
substgntially thersame fiom the internal ﬁldeuvsalbwi?q%%f ef the w& feeding
sone of the liquid fed .in to be nmade to take a short
zone Gutb the centralpeitiontof toe perforated late % or capialsn betmaade to be
perforated plate 2 without passing the peripheral .
such fiedattthisrspeicirid graderflp natredsp batenversely gradoallywidenss bit is
is preferable to provide a hole in one place or a
prefe?&bl{/ ﬂ'lédé/tootf)e BLES efatithe spacinpds Bubstapfially thecsdma) or gradually
portion of the flow path controlling nenber 20 or
narr t her swtabl e portion for this purpose. So that
éad space" is not creat ed in the |iquid feeding zone

JnThe iy R%{hsc&rﬁlroﬁrfqr rihdi %0 élgﬁn,?&? tfo it 188 8 the liuid
oceifil 701 S0P e e @ﬁ%%qéf?&?d Biglg 2, 8nd

E < 180 (8). |nthec tatthel r

hencs rahalse B8 fhoxgt 5bas befiam kind of hafien MAR & '?B*emﬁe%ﬁlﬁe that
the internal sidewall surface 22 and the perforate

the pprfarated plate haz ailangetareanit is alsgrjafasabefpesome of the liquid fed
per pendi cul ar to both the plane of the internal

in to bedrade to takefaskor? 2ulth thedvicinityipbthe eantralpertign ohihe perforated
perforated plate 2. Alternatively, in the case that

platet\&ithbii Sagsing tHedseripHeralpértion of the perorated plate @ irveathich case
surface, E is an angle between the 14 upper surface

it is p%féi'QﬁeHS rpfré\ﬁaé %%cﬂé@rﬁ ®nd Pk or h pharaiy dfpladess in the vicinity of a

I nt ernal surface 22 at the poi nt where the
| t .
centﬂapéﬁﬁﬁ?n Oﬁhgen t rtfé% %ﬂlﬁ%ﬁ%ﬁ %Qn [ cu? I?ﬁz#%lgt Rortlon for

this ptur}Sogg.nCé’o ?hastu' e84 %pgf i % dt'grgétgalm the liquid feeding zone 3, itis

also preferable for the angle E (°) between the internal sidewall surface 22 of the
liquid feeding zone 3 and the perforated plate 2 (See Figs. 5 and 6) to safi_sfy the
following formula (8):

100 = E<180 (8).

Here, in the case fhat the internal sidewall surface 22 is planar, E is an angle
between the internal sidewall surface 22 and the perforated plate 2 in a section taken
through a plane perpendicular to both the plane of the internal sidewall surface 22
and an upper surface of the perforated plate 2. Altematively, in the case that the

internal sidewall surface 22 is a concave curved surface, E is an angle between the
14
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sidewal | surface 22 and the upper surface of the
perforated plate 2. A nore 5 preferable range for Eis
120 < E < 180, with 145 5 E < 180 being yet nore
preferable. Mdreover, it is also preferable to devise
the evaporation apparatus such that the vicinity of

uppeli %lgfd;c%i &Hithe %@f@g&ﬁ:ﬁ?fa@aw ta%ggbrgx@t thgﬁﬁfefﬁélgsié’é’waﬂgurface

nt ernal surface 1 qui

2. RCHOPRAFE % 9GPl P 2 308 o et

' |1 surface 23 and. the,interpal 10 sidewal| a
takenhrayghs pfane: perandsulir to Bl e sonsayec st dhe Hifma
. in this case the vicinity of the joint is concaye and
sidewsdl seface @2 andthesupper sirfageafdhe eﬂeéf.or@tﬁdtj@e;ie fore
i nvention, the average nunber of holes N per 1 n2 of
prefetdivte range for & isdi 30 & ek (1Bheavith 149 Fu bt < 80ibsing yakmore
following fornmula (6): 50 5 N5 3000 (6). 15 The
preferabfs. addoreuvest; it &f albopesfehatfie toidevisetheievapbeationl apparatus such
obtai ned by dividing the total nunber of holes by the

that th® RIS fftﬂéﬁoiﬁf Batwedn b tep ittemal vdipsataust 2P batiehe internal
(i ncluding the upper surface area of the holes). The

sidevJé‘ﬂ's‘?ﬁfajcg IN6s tﬂ%ﬂ@f&‘fi&inﬁ%@?%3?o@s%dt@c&h@*déad space”. ltis

arranged appr oxi ely u w-thin the perforated

vt e Y 8 ST o A AR S 25 oy o s
ol 25 Gkt T3, B S o e e HPER i pase e

. holes, and hence it is preferable for the n er of

vicinitypfdbe jojat isygancaye andihense 'l%i dpgs.eet P&gfﬁgenﬁef e.
peripheral portion of the perforated ?I ate 2 than ,the
celn thel present ipveotion,tbe gyerageanumbpr af boles Neger  in'sof the
reason, the averagze nunber of holes Nis used in the

perforated @hatei (numiber 6 m*) Mmust satishydhe fallovdngdogeuladB):N i s 70
< N 25 2000, with 100 < N 5 1000 being yet nore
pr gbegalN e Bbpeover, in the present i(8)ention, the
rati o between the upper surface area 15 T (n) of the

pe"rhefaﬁfggggf hakiber of hbisng (ﬁ@uﬁbéﬂﬁé? isStel ilGe @benéd by

the ho erein, and the total effective sectional
dividi@é iﬁqﬁ%él"?‘%@&et Br hBRS %Y tHEUpper suffate Hh&a TAR™ bPtHe/perforated
plate 2 (including the upper surface area of the holes). The holes in the perforated
plate 2 are preferably arranged approximately uniformly within the perforated plate 2,

but the distance K (cm) between the peripheral portion of the perforated plate 2 and

an internal wall of an evaporation zone 5 is generally preferably greater than the

- distance between adjacent holes, and hence it is preferable for the number of holes

per unit area to be made lower in the peripheral portion of the perforated plate 2 than
the central portion of the perforated plate 2.  For this reason, the average number of
holes N is used in the present invention. A more preferable range for Nis 70 = N
= 2000, with100 = N = 1000 being yet more preferable.

Moreover, in the present invention, the ratio between the upper surface area
15
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The term"effective sectional area of a hole" used in

.the present invention 5 refers to the area of the

section of the hole through which the Iiquid passes at

the narrowest part. In the case that a guide

penetrates through the hole, the effective sectional

2 | Hefu 'd%eb%reﬁl&ttlﬁé‘ﬁbié%@therein.
T{m ?ﬁFé%seg%:?r?%%gH)@rsgéaﬁ‘gww?@{e gu‘?‘géeraéfromt e sectional

ar of .t he hol g, $.e : ' .
and t3% i Ciqctie B8cfionat b of 6FF S5Tifb it bt Spudl g idthuia (7

found that fornulae (6) and (7) e inportant for

ca$@§i-ﬁbqo%t300@vaporati on on a I@)ge amount of the

liquid, particularly a high-viscosity |jquid, . .
colqme terou teffeciivg %@é@w areR of aidle’'ol 'fg'g\ei Rygsent invention
tinme. In the present invention, the distance K (cm
refersoiet thecareaof the secticn ofthe hele througbiwhichiéhe liguidipagsas at the
of an evaporation zone 5 and the guide closest to the
narrow@sepanl Inlthevaide thiaba guide péyetratesftofdughi thg Hole,the ffective
(9): 5<K550 (9). If the liquid beconmes attached to the

sectidritl areRbf W holdflis iHLaEisbtaitied Wasitsteactihg thé seltional area of
evaporation zone 5, then concentration through

the gﬁﬁ‘&%ﬁ%rﬁ?lg?gg&qiéﬂal Asaof fhe Iﬁ@% dg“v\grﬁ*)%brdﬁrhs trieotal l*éfffective

concen rquid w t'he i nternal wal

. Howev ' internal wall is generally .
Sec'“?r?ﬁ%é%é&fz%k&etﬁéﬁoﬁ%al heater, or by steamor a

heati ng nmedj um.i jacket Qr t ik .

nainasrbaartebpasBalior Bl e oS imBe R 8 bifyipe ou

mai ntai ning the tenperatyre of the evapprati.on zone 5
evapergtion; qjLa daragtanaeuniefite igeid, Redtichiarya highsvigersily iaurd,

concentrated to a hiQ%her degree than the |iquid
continliawsiy gndshably fer 3y pralergediperiethgbtigener al | y becones

i ncreased viscosity. This 25 |iquid having increased

Vi fretiss preseakinvehtiomehetdistahosvkKdiom) hetweanlan interpal wakk of the

residence tine will be longer), and hence will becone

side-Rhl Yakirldy Tl ef ai evap6idtivn zohe 5/and the yuidehcleséstdaitie irdemnal
~generall'y heated continuously fromthe outer wall, and

wall ;:ﬂﬁgft?ﬁ%ﬁéfyﬁ{m"o@ﬁ{gef@mg m): becones liable to occur.

case, In particular, of handling a liquid
ha\si ng 2 hi gB vi scosity such as i)g)prepol ymer or a

pol"'ymer "as in the case of

If the liquid becomes attached to the intemal wall of the side-wall casing 10
of the evaporation zone 5, then concentration through evaporation will occur on the
internal wall, and the concentrated liquid will fiow down the internal wall. However,
since the internal wall is generally heated by an electrical heater, or by steam or a
heating medium in a jacket or the like on an outer wall of the evaporation apparatus
for heating and/or maintaining the temperature of the evaporation zone 5, the quuid
attached to the internal wall becomes concentrated to a higher degree than the liquid
flowing down the guides, and thus generally becomes increased viscosity. - This

liquid having increased viscosity takes longer to flow down the wali (i.e. the

residence time will be longer), and hence will become of yet higher viscosity.
16
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usi ng the evaporation apparatus according to the
present invention as a 5 polynerization apparatus or
an apparatus for purifying and/or recovering a
polymer, there may be a very great tendency for this
to happen. In such a case, the polyner attached to

More(%\%@ruinrl(]% figdalis H@h{ara‘ﬂg Hd%?ec?ﬁaﬁmlﬁdsﬁf‘fré@folﬁe%dtér wap, néhd hence

ol-ng-co tiron, Increase’n ecul ar MEIg

rorrBLieBEAARF AT Bk I 8 i o e

preferable for the st
a liouleE B akih Viasosity such 3 F.ETePOLRe T gaiv ST AP case of
to the internal wall to be |ong, and in the case
usingdhe @vapﬁta;mamarawaa@p[@ ngite the, Pr?ﬁeé'i !!M?b’?’@"faéra this
di stance to be short in view of the production cost
polymarizationappacatus ior anappaiatyts fou ppdiying and/o [Reavering a polymer,
with as small an apparatus as possible. One of the
theredhay betevéryigreaf teatieney farfthisie happsent In sueinai casej the polymer
the di scovery of the range of 15 fornula (9) for K

attaclédno tﬁéclﬁ&!rﬁlhﬂﬂaﬂ Bf iMe SVaperation zbne 84s phoré taaandergoing
possi bl e without bringing about adverse effects on

colofitfy BG4Sk y ARG BBS HUIaBAE oo ik
ol B4l o A DB o
s i b ) DR TR 53 s

recei ving port 1 an i nt er nal [l.of the ..
the interad wall 3eaaerlan9<md ¥ot ohekesashen 'e‘a‘ﬁaeleamaf?ﬁ@ 't Is
perforated plate 2, and the upper surface area

preferable fier {is distancedo bieshorbin viewiafithg profuatigpegost @ﬂﬁaﬁ?eas to

area of the holes therein nust satisfy the follow ng
obtaih @ migh avapojation. Gpabifity witti ds gmall anzppdatusss posible. One of
(m is substantially the volunme of the liquid.in the

the chatittétistieddanges 6NtheSpregent iNgeation isthewdisapanpbf the @nge of
t he evaporati on apparatus according to the present 17

formuIQ‘(ggfer(‘(cn@P AcEHRIINP I WRIcH KI(ER) fd a3shert isqusisibié Withgut

r 201 s excluded therefrom The anount of the

bringtrlr%qéﬁ&rtr?d\gréé‘eﬁ%lﬂ 'dn%bﬂ)r?&ﬁ?t‘h %ﬁeﬂaep fé:%btlé‘b’%-@é for K (cm)

["ower ower the residence

is 10 Kk & A0%with 19" £ ¥ £ M50 by fht i Piéferable.

Moreover, 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 joint between the liquid receiving port 1 and the top internal wall of the liquid
feeding zone 3) to the upper surface of the perforated plate 2, and the upper surface
aréa T (m?) of the perforated plate 2 including the upper surface area of the holes
therein must satisfy the following formula (14):

0.02(m) = VIT = 05(m) (14).

V (m?) is substantially the volume of the liquid in the liquid feeding zone 3

during continuous operation of the evaporation apparatus according to the present
17
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zone 3 and hence the less there are adverse effects
~~due to thermal degeneration, 5 but to obtain a

concentrated |liquid and/or polymer of a prescribed

concentration degree or polynerization degree stably

for a prolonged period of tine with not less than 1
' ' § i Qﬁﬂﬁﬂ Hart sexduded
|nven[é§§,pén<§] hé)volhﬂ'@ +fstﬂlgrrf%gfr) tﬁt to *ﬁ@[dﬁ erLe |2F§U| dt

he es int er,f or [ 3
there 8§‘si 1 anBuhlEr SEUIUEheR G iRt fogicipetite %Jr{gu% '%MW"”
t hus be .in tFe above r

e.

The lower s BmouL 158 lpger e Ssmence dimeof the 'MJ'% T the iguid feeding
V/T<04(n),W|th01(n) 5V/ T5 IE:;,pénabeingt,
zone paandiperce thef lesathere arg adverss elesls dtwgﬁhe | dggeneration,
volume V (m) , and the volunme y (m of a space in the
but teeobipir aconcentoateddiquidsand/at polyynartof & preascibead cooeenfration
(16); 105Y/V5500 (16). 15 It has been discovered that

degréedospblyRerizatiba degreanstably fot atgreldrigedi perica ofitame with not less
evaporation per unit tinme efficiently and stably for a

than I%”t@f'\ PREBEtHATdUAE bBing suBjedteting the ebép@@tl@h Oitlis important to feed
deterioration in properties caused by thernal

the I@%S%‘ W&hbR |Rttﬁ§ Ipéﬁbl‘ﬁfﬂf a%tg J ad/i uHHér?nl?'&sp&&l&lQ t hfhas been

OVEé range. prefe e range he val ue of

ot il o e gl A
oo hAdF o B T (LSS EEE 00T, o (o
he | ower surface of theEF)erf rated pI ate 2 to a

= VI’qulﬁooél(QﬂrQﬂ"@ﬂsYﬁmeWPf faeal&i ng the vol une occup| ed

by the guides 4. The internal secfional area
t akethe preseghirwention.Abatvelume éﬂh@“{)p aadhe ao&m)e Uf("h) of a
side-wal | casing 10 of an evaporation zone 5 nust
space & thef gvapurafion ome Somusisdtisfyrthesfoll tyvingiormudeB(B)( 1) .
18 Furthernore, a ratio between A (n2) and the

inergaly pgckl go@ area B (m taken tif@ugh a
hori zontal plane (plane b-b') of a liquid discharge

POlithas Bdr diskbléled thah SBjbava g ahBUm of Me liquid to the
evaporation per unit time efficiently and stably for a prolonged period of time without
bring about deterioration in properties caused by thermal degeneration, the value of
Y / V must thus be in the above rénge. A more preferable range for the value of Y/
Vis15 < Y/V = 400,with20 = Y/V = 300 being yet more preferable. Note
that in the present invention, the volume Y (m>) of the space in the evaporation zone
5 is the volume of the space from the lower surface of the perforated plate 2 to a
liguid discharge port 7, including the volume occupied by the guides 4.

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

0.7 = A = 300 {1).
18
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A/l (2). 5 A B nust satisfy the above formula (2) so
that the liquird and pol yner that have been
concentrated through evaporation, or the nelt whose

vi scosity has been increased w thout bringing about a
reduction in the quality of the concentrated Iiquid

CapyRRefthafe) & 368 bbb W(WP @ndah8 Htbaial WRtlionaldrad B (m?)

11 constitufing a bottom porfion of the 10 evaporation

zZ.0on ' L Rb : : t satisf
takeriiuch, e hofBBAET bESeTpidih b Pl Hisriarge ofl 7 st satisty

nmust sg_}isf he followng formula (3): 110 S C S 165
thef‘%)".'”ﬁ r (Bown the equi pment cost, Cis preferably

as _dose as_possible to 90, but to nove.the

corPei Pt BdS 9004 fal1ing down from tHle | ower ends
of the guides 4, 15 and the nelt whose viscosity has
beéd B must setisfythe iabovedeimiger(g) 50 duat the diguistandRolypmer that
the quality of the concentrated liquid, to the liquid

have Giesnheorgenpratad fhrouhesaparationf or thermaelh mhosefvissasity has been
(3). Furthernore, the length h (cnm) of each of the

incregsed aathéunbengiRgabely atreduction inaiveruality ofithe doficeni2ated liquid
150 S h S 500 4). It is undesirable for h to be

can @ﬁi&&ﬁérg‘eﬁ?‘” 150 cm since then the concentration or
pol'ymeri~zati on cannot be carried out sufficiently. It

S ELPREGTY Epdfin  dPellig 1T AR AR RGBS et ne
vt 5y S B B b PEATESE) b cpsina 10
therezBoyrenrd e SROBLE I SanstsateRaPRIPLOWAIoDEG ()

SatiOr & (et #6bovi ng formula (5) 3 << 50000 (3).

If Sis less than 2 n2, then the desired anount of the

| i Joi kbepudpwno thel eqoipmant cost, C is preferably as close as possible to 90°,
but to move the concentrated liquid falling down from the lower ends of the guides 4,
and the melt whose viscosity has been increased without bringing about a reduction
in the quality of the concentrated liquid, to the liquid discharge port 7, C mt_Jst satisfy
the above formula (3). _ '

Furthermore, the length h (cm) of each of the guides 4 must satisfy the
following formula (4): |

150 = h = 5000 (4).

It is undesirable for h to be shorter than 150 cm, since then the concentration
or polymerization cannot be 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 g‘uide 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 (m2) of the guides 4 must
19
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evaporation of not less than 1 ton / hr or the desired

producti on anmount of the 5 pol yner produced cannot be

attai ned. Moreover, to attain such a production

anount whil e keepi ng down the equi pnment cost, and to

elimnate variation in properties, S nust be nade to

satusf?%@%lld@ﬂﬁ fél‘?ﬂﬂa 00 n2. It has been discovered that

he evapor t| on appar atus according to the present
nweot i y| ng the above variousggmonditions not
y=so V'_es 10 probl ens of the evaporation

T SRR o

elng p055|ble to prodyce hj ual it and

evapRTaIR AR S 9Rs tben cbladd i or b desiat Prafugisr Armpun ffhe

no discoloration in an ampunt of not |ess than 1 ton
polymerproduged ganoet be pitainedg e Morepver 1@ attain sHeha prrguction

| ess than several thousand hours, for exanple not |ess
amouritavhile Kekpihg down thé dqv.xlpmelstqum,sanﬂ theliminate vedalion in

why the industrial evaporation apparatus according to
propéries Seﬁ@ﬂtbé medettb e mothmbid thamB0000m?] | ent ef fects

ist in addition to the various reasons described
abq’t‘c’ﬁ‘as Bo &0 HicBOEreRf thatthedsvasoratibe Qppél%t@@ ageording to the
condi tions are conbi ned. For exanpl e, IS supposed

presérﬁﬁﬁvérjﬂ S%afhsﬁﬁﬁ@ QHMQ%N s E@H&QS?S"?B{ SRy SohVetape

ea sa [ ornulae 4) an are’very

B ey aeééérg i 8o i Sy oo
e S ATE Pt B i, bt oo

~boiling poi nt mat eri al can be carrl ed out efficiently,
high-guiality and bigkrrerfarmancgiromcantigted g or Retymar wih pst
|l ess than 1 ton / hr of high-quality concentrated
discaloratiod in an arobymieof,nai ieisshibascl tan 4 irestablyifer & prolonged period of
satisfying the formula (3) nmakes it possible to 25
time oh Ao l@ssthan several thousahdihaung, foregamaleonoi less thare5,000 hours.
hi gh-quality concentrated liquid or polyner falling

dovipisf dLpipoised teat thesedsdowpy tHe sedustdaicevaporatidreapparatus
di scharge port 7, 20 and thus reduce the heat

accog%iﬁg% Yhe Pradert ﬂ?JerﬁBﬁ e&ﬁ[ﬂsl@@lﬁ:ﬂ@c@ilehﬂ’%&(@%ﬁl iiRaddition

ratus on an i ndustri a scal e can only be

to the &%@ghé i%?é;oﬁsh&é)ééglﬁearéﬂo%gﬁ%ﬂﬁﬁﬁéa eftct 4ifddidwhen the above

conditions are combined. For example, it is supposed that this is because guides 4
having a high surface area satisfying the formulae (4) and (5) are very effective for
efficient internal stirring and surface renewal of a large amount of liquid or
prepolymer or polymer fed in at a relatively low 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 the 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,
20
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production equi pnent, and it goes w thout saying that
“"the.cost of the production 5 equipnent here is an
i mportant factor that nust be taken into
consi deration. Another advantageous effect of the
present invention is that the equi pnment
and tﬁ8§f'e'dlﬂ.‘.'e°tﬁéfﬁgaqﬁf§8rﬁ atio for the evaporation
apparatus according’to the present invention can be
ma I [ -
ap e e Befolingicd BPURPOVERILAET apRUARG B dfindustria

rat R nerlzatlo_ par sSes.
coloSEREA S 5 S5 B SRR or 3057 g ego-sl

evapor ati on appar.atus according tg t prese .
prodyGipBrRIUPMARL Anglbaoes BiERYbsAYn8 ﬁw?ﬁﬁ &Psﬁﬁf@e production

preferable ranges are as follows: A nore preferable
equiprenjdereris anempattanhtacterdbat swist ba takeminteFopsideration.

through a horizontal plane of the side-wall casing 10
Anotiudr advantaganusaaffemt of theepfesent Diventionisthet the equipmers A

5 15 200 being yet nore preferable. Myreover, a nore
cost-fy-péEormhdricd _itiodof the éVaporation appatatesacdordird) tosthe prasent

internal sectional area B (m taken through a

inverliiohl 2 Bé made! BWRr Mhart With!tha ebAvéhirsiin evaprition Appardtases or
5A B5 900, with 30 5 A/ B5 800 being yet nore -

ver, a nore preferable range for the
polvGFER e R

() of the bottomwall casing 11

conRstitutin he bot riti r at.j
sy heiee e Bl aHe8 for dlfsRRY: Bbfes, st so on
C5.165 with 135 5 C 5 165 bein t nore... .
for tg,iBeiésiAB| €vanaselion ARPatatu$ AECDIng 1ot ths, Al pEtinyaRtipn have been
i ncreasing the concentration degree or polynerization.
descebed above, hig rofe prcfenable an.q@&aﬁssra&tfpﬁﬂ apPdPee igferable
taki ng the angles for the ei)/aporati on apparatuses to
rangé éorthe iernatdectionalrarepdcim?) daken through grisirizontal plang of the
make G 5 C 5 C35 .... 25 Moreover, the required
side-wailigiasiry 1C of thef eveaporation zbre GUs @B & Ao &50with 1 = A =
factors such as the ampunt, viscosity and tenperature

200 Eéinf; et hidtgipiefepalble. PMuTes¥E a mark preterablerdngefor the ratio
boi F'i'ng point of lower boiling point material, the

boruBE AT e ABRRANetlnainka PAORBLSN Aot
pland BPfifin Ry biknBRISpBR ¥ 822 AFBIZ 9007 Wirad Z AN < 800
being yet more preferable. Moreover, a more preferable range for the internal angle
C (°) of the bottom-wall casing 11 constituting the bottom portion of the evaporation
zone 5 to the side-wall casing 10 thereabove is 120 = 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 evaporation apparatuses to be C1, C2, C3 ...

respectively, it is preferabletomake C1 = C2 = 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,
21
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h 5 2500 being yet nore preferable. Mreover, the

requi red total external surface 5 area S (nm) of the
guides 4 also varies with factors such as the above,
but a nore preferable range is 10 5 S 5 40000, with
15 5 S 5 30000 being yet nore preferable. The term

the a Bhehn§ HoRingPoift6f 1IB¢er Bbﬁiﬁg%lﬁtﬁﬁa@ﬁa@' qhe presslreand

e present Tl'nvention neans the total surface area of

moh R bl i 0 S S g

B AT AR ) i w0
< S0 B i BB o 1B R e

apor ati on apparat us accordlng to the present

area Sr(ﬂ%hpf the guides 4alspyapes with fagtara sush @sitha abgvenbut a more
through a horizontal plane of the side-wall casing 10

preferdblé nange EptD a£i 6n s c40000, with 1 2n§ =hFPO00fheing yet more
exanpl e polygonal, 15 elliptical or circular.

prefef3iste at TAS tésm N @déMaDﬁﬂrfa@amat ofvthelguides” used in the present
evaporation zone 5 wunder a reduced pressure, and

inveriBRGRednY tHd A gvblﬁfa%@%@&%ﬂwe gendeen-mrawdw the licRstheattacts

pressure can be tood, butTa circular shape or a

wher W ﬁaccifgﬁ'g B{‘E Ié h t @éé’é 8P4 Sgldﬂ“ﬁ.l ﬁﬁﬂ? . alas means

casi n apor |on zone 'S t

the sEifrrE are% 0t s fuarte 36 Rie Ah%éu%%%t%’é?@fe%sﬁﬁ surface of
the pER PYRTrPh the ki Sapsian fRyeapuRinc BRI fe ﬁ}qﬂaﬂdécﬁ "
the | owernost portion of the coni cal bottom
cadn the industrigl ewam@mpnaapp@o%mra&pp na,!fbmea?@em invention,
according to the present invention, in the case that

the shape sf thes inside sectiondaken throtgh @ henizontallane of thenside-wall
evaporation zone 25 conprise a cylindrical portion and

casiry TOOf thal evapdration asnel Sanay becarabshape, fersagamplegiolygonal,
and the liquid discharge port 7 for the concentrated

elhptic'aﬂé# értﬁﬂalpmdﬁéﬁ'atlbﬁ iCybnerdily eatriecPBut With the dvaporation zone 5
cylindrical portion of the side-wall casing to have an

unde'{ GEC??] dtlre, Cff 8?% céBfy §h!a 8% Ecéedtéﬂlh sclRfg as this

I qul ar ge por have an insid

redu?%cfﬁ?%ﬁ%&lﬁg Férﬁ :%I \g@ws(t%@' W.tt gﬁF&{I%?ﬁﬁé P4 shbYe tt:'il'fse thereto is

preferable. The side-wall casing 10 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 IoWennost portion of the conical 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,
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and (13): 5 100 5 D5 1800 (10) 5 < D'd < 50 (11)
0.5< L/ID< 30 (12) h-20 S L S h+300. (13). For the
evaporati on apparatus according to the present '
invention, a nore 10 preferable range for D (cn) is
150 S D S 1500, with 200 S D S 1200 being yet nore
taking fied &glﬁ'mri%al périBA W ithe SideWall Eé@lﬁ?rt@b'la@efﬁﬂmidﬁiaﬁﬁe’ter D
i's SD/ dS45 wth 7 SD/7 d S 40 being yet

) B RGP 05 artP kg BB s 5 HRRag i
ctam P DT ot SFBBLAl, Ry 6816y B 10,1, (12

with h SL S h + 200 being yet nore preferable. If D,

and (d3%nd L do not si mul t aneously satisfy all of the

above rel ationships, then it becones difficult to
at 180n= theSohBORt of the present invekl®on. The
preci se reason why the evaporation apparatus according

t oSpced@id S Bkntion enabl es producti ¢Hit)of a

hi gh-qual ity and hi gh-performance concentrated 20

| i Qub c<ot /ipl=nBD havi ng excel | ent neck$@) cal
properties with no discoloration stably (in the case

of par oguel N9 <@ Welagmer, wWith very Iittlées)\_/ariation in
nol ecul ar weight etc.) for a prolonged period of tine

ON (P hd) @ugp&ﬂaﬁbn%@gﬁam& J&ﬁgi%m@ﬁgsghi PRehfbs ore

polynmeri zation rate' Is not clear; ought to be
fall X I ceopdi . ago ' :
prefefiitandt Tor DRl I 15012 Phatnt 10 witFR8L P87 P, 200 being yet
mat er i ligquid is led 25 fromthe |iguid,r |\
morajgjefersbls, » NIRaVPE @ Goré Birfhipble fange P/ HIE® £ B/ = 45,
) ;E)erforated plate 2 to the %uiféjh?s4 and is then bl
with € ofec &ht d ae 40 kaing, yet meEe pEg ¢, aMaFROYRI R ROTE RIpfRSAble
23 increased, while flow ng down along the gujdes 4.
rang€fordc{ Dvie 0.6t Sr hdID sEi 25, wih 8+ =sbv/hee 2@ yajfmore
the liquid or nolten prepolynmer occur naturally as the
prefdrabjel d Moreowet, temore predfénable rarigefor doem)as brg1@hd L = h+
gui des, and thus renoval of |ower boiling
250, withh = L = h+ 200 being yet more preferable. If D, d and L do not
simultaneously satisfy all of the above relationships, then it becomes difficult to attain
the object of the present invention.

The precise reason why the evaporation apparatus according to present
invention enables production of a high-quality and high-performance concentrated
liquid or polymer having excelient mechanical properties with no discoloration stably
(in the case of producing a polymer, with very little variation in molecular weight etc.)
for a prolonged period of time on an industrial scale with a fast evaporation 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 liquid is led
from the liquid receiving port 1 via the liquid feeding zone 3 and the perforated plate

2 to the guides 4, and is then concentrated, or has the polymerization degree thereof
23



10

15

20

25

point material is carried out effectively, whereby the
concentration or polynerization 5 proceeds at a fast
rate. The viscosity increases as the concentration or
pol yneri zati on proceeds, and hence the adhesion force
of the liquid or nelt to the guides 4 increases, and

increb 881§ VAhife ASWINGiddvin Ei&ﬁg‘ th8Yuidey 4 "eEffeatilieinesinbabstrang and
gui de I ncreaSes t owar d t he bottom of the guide. This
surfag§ Z%%?ng%f thgﬁgkggrﬂ:ﬁggsn :b'_rgﬁolytﬁer bB&ur ﬁé’tHi’éilﬁsi fﬁg’ If)cf.lid or

ymer on 't ) _ e evaporatio
moltaryprepalyhe e BPwhiees e, blilfs, oy WG ino el of s boiing

o under, its own weight while bei supported.on the "
pointgnatesial isrearded Pb't:gﬁﬁ?t@@hbévh%ﬁgg t%%erﬁ?t\?@rgf RiphgRerization
and hence surface renewal is carried out efficiently.
procemsircaln fastrate. t Theudscasityjoereases asdhe cRpeRRtERtIQ or
mol ecul ar  weight in the latter half of o
polymefization praceeds, arahhemeesthecadhesiomtarce of thenligid or melt to the
viscosity 15 region easily, whereas this has been

guidesD Ascbhbes, windthub ¢he amornit iob trad liquid mpmaelt adhered to each guide
appar at uses or nechanical agitation type

increB96Y IBVArRthe WbVl fel§ige. TThis méafs thatthetrbsidence time of
excel l ent characteristic features of the evaporation

the Iigﬁ@é%Bﬁeﬁﬁf c?%?%r bA thé %tuicfér ¢2tHe 'é\waa?éﬁéﬁ‘ timE"6r

reason a e anou of the Iiquid or nelt

adhered to t.he .gui in j L3t f
polyBEreabn,isiaf 51k 1tessSs  METREF.Jof 4ie fiadif dr tholéh
the incr i ng_ of the adhesive hol ding,f '
propelmaseRBIEIF dun AERE LS A BpioRt W8l SuntiSidd on the
. apgroxi mately the sanme ampunt of the liquid or, nelt .
guide,dhpRyrfacesrex PrRUBItyaight is yesy Digkk gaphpnce syiacs repgwal is
at the same hei ght on each of the plurality of '
carrigdout effici@ntiyhe Contentrationithrough evaperation, aeincrease of molecular
continuously fed onto the 25 guides fromthe top _
weighbity iheflattemialhehpslyinequatiomasamiius e attained én g higle viscosity
same viscosity, or nmelt of increased polynerization

regicifEaslly, WakHdis DN aXbesh %Foéﬂbleﬁﬂm the2domwritional evaporation
viscosity, continuously falls down into the bottom

s iU QSR it s s
of th%%@?eﬁ%érﬁ%\tz a%?%%t&ﬂsetg fggﬂhréggcg 1L PPERAbA RV a8 BcEBHing to the
present invention. _

The only reason that the amount of the liquid or melt adhered to the guides
increases in the latter half of the polymerization or the evaporation is because of the
increasing of the adhesive holding force, which corresponds to the increasing of
viscosity, and hence approximately the same amount of the liquid 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 meit 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
24
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whil e flow ng down the guides collects in the bottom
- portion of-the bottomwall casing 5 11, and hence a
concentrated liquid with very little variation in
evaporation degree, or a polymer with very little
variation in nolecular weight, is continuously

melt \ﬂE@é’éi‘fgeeontﬂﬂo%s!ysfaﬂQ%W:P%‘E\é%otiéiﬁ PRGN betHe bottom-wall

aracteristic teatures o e evaporatlon appar at us

casnng‘?gcﬁf: %H%ﬂa»{()%l %}ﬁs & t@%eq?.@%%éwefﬁét tqytf?f:%%rgﬂ[ | %\%ﬁg e same
v'scoﬂtm BT %RR’B”H?%E@P%%%E&)J’"&% M*év?@%ﬁ%%‘md
whilefiaWieg hg@&dmiegg@&oééf’q% in Getialiads Poftiaraf Patotarpwall casing

this case, additives and so on nay be added in the

11, anatheode @ corieenfratechliquid aviih varg little variationdo fy@paiatian degree, or
apparatus according to the present invention is

a polgraeewithl verg tittiecvaristibnamnidleculpt weéight, iscrantigaioasly produced.
pl ates, and plates that are 16 thickened in a central

This BAridteer sMe bEtHe ei&éﬁeﬁhﬂ@a@ferishc festares ofthei evapotatidre
perforated plate is generally selected from shapes

appaﬁ‘eﬁ%1 aééor‘dwﬁqw ﬁfg pr‘é!‘»éht invehfidle Y| Phe coRGshtRRbA BGORS or polymer

e shape 0 cross section of each of the holes in

colleétﬁg in K& BSL%?W%R gl;es b&fk @%lll &ﬁﬁé%?&ﬁtﬁd&@ly withdrawn

o TR AT B 65t

0.01 to 100 cp®, pr rably fr.om 0. Q5 1
polyrpers i e&antmuqysg'ﬁr@l@ﬂae ya o8 dorainant exadster q’?ﬂﬁﬁ%—pam%swse
bet ween hol es, specifically the distance between hol e
additivestandsso pe ey be addgdrin 8¢ eXYedeno mm  pref erabl y
from25 to 100 mm The holes in the perforated plate
majl hieepéridrated plate Pémthe evaparation gppatates pecorsing tathe present
plate, or alternatively pipes may be provided in the

inveritiohfis geherally silected frdvib flabpletes, cherugatessplates, land plates that are
tapered. In the present invention, as described above,

thickbhéd Pﬁé fc@hﬁh?ﬁorﬁbﬁttﬁer%omﬂetsm e 2 the casss! dwitiohiofihis t

satisfy the relationships of forrrul ae (6) and (7).

perfo'}@éﬁ alo 2[§§?vﬂé+bﬁf§efeﬁtécpﬁoﬁvﬁf5ﬁe§t%%not fcaﬁ N%val triangular,

acco I Ng esent I nvention emsel vés

and &&yso&:he%e%%% oFTHE rdss SodbBRldrih ARt thEhBlesh the

perforated plate is generally selected from shapes such as circular, oval, triangular,
slit-shaped, polygonal, and star-shaped. The sectional area of the holes is
generally in a range of from 0.01 to 100 cm?, preferably from 0.05 to 10 cm?,
particularly preferably from 0.1 to 5 cm?.  The spacing between holes, specifically
the distance between hole centérs, is generally 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 alternatively pipes may bé provided in the perforated plate.
Moreover, the holes may be tapered.

In the present invehtion, as described above, the perforated plate 2 and the
25
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el ectrical heater therein, and each of the guides is a
nmenber for-which a ratio of the 5 length in a

di rection perpendicular to a horizontal section
relative to the average |ength of the outer periphery
of such a horizontal section is very high. This ratio

o FerdF 8B R S5 i el 00
AT U R AT A0 o

inveqﬁgby%%ghg&%%}ﬁ{évgg Eggf ﬁr&g%ﬁﬁﬁfﬁg ptgg Sg] FhiliR"br an
direction, Mreover, each of the guides nma rvg_s; )
electrieal hgaterdhereini and aach of theguides is amemberfaywhich agrgtio of the

present invention is that because the guides do not
length lire axtitection pevpenditidat tasa inodzontah sediorsrelativg it tbeyavesage
ri sk of thermal degeneration of the liquid on the

length f ties eutelr pehiphery ofesuchEabbrizbntahsecgtionds vyemphighe & his ratio is
single wire, a single thin rod, a single thin pipe 15

genefaflan PrapRyeSofFrorh N@ttot 11800, 0001 greférdbiefrom 5@t 100,000. The
pr épol yner cannot enter thereinto, or the like, or a

I . o . - _
sheplof 1 hbifz el déchoplls RPelil o8I Shilged Buth as circular,
- | r H .

oval, Ha80af ReueRd PolPERl A e phgiedr “Thd ehdpe B HiZ s8fion may
snmpot h, or may he.  upeven,.and may, have projections

be cqrREaT, ReMay FanudBine Isnai irgfhor. MBES R G4 Raulies may
cylindrical ones such as wires or b&in rod?, thin .

be hcglféyes is§tg@e’wﬂ5@aam&hcrfé§w iof ¢he grases m\fﬁ@bmﬂ%&at
and. punching plate-like guide structures. In the

becayse the guidessia not themselvwes hamsca beabseurceothesp maksaldtely no
according to the present invention, which enabl es

risk gf tioerualidegenkratidn oftthgliguid gn twenserfacaobthe gujdesl  or
pol ynmer on an industrial scale (in ternms of production

amBgeh, of ke lgRiRtmay dR £ sitiglewirduatsingle tisihaod, aaingle thin pipe
particularly preferable guide structure is one of a

madé]c ¥PBe isDicHithatha ligRld 6rinetoRén Breptiymenednfhcterier fheeeinto, or

ormof awre or athinrod or a thin pipe as 26

i BS54 BRABD Y Suph Sl bRaSINGI s il heod s oo
iR RSB e L A o PR fiorg o =
puncﬂyr{gdﬁgte%ﬁlgeh s#&gtlup . ! ee fsgx[féncé) I)f gat\;/id\ E;Sid%rmgy géi snmégt?m, 8 may be
uneven, and may have projections or the like in places. Preferable guides are
cylindrical ones such as wires or thin rods, thin pipes as described above, mesh-like
guide structures, and punching plate-like guide structures. |

In the guide-contacting downflow type' evaporation apparatus according to
the present invention, which enables production of a high-quality concentrated liquid
or polymer on an industrial 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
' 26
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a thin pipe as described above are fixed together

. using transverse supports fromthe 5 top to the bottom
of the guides at suitable vertical intervals, for
exanple intervals of from1l to 200 cm a
t hr ee- di nensi onal guide structure in which a plurality

descr?g #ﬁ&\fs d;Bg{ %Héii%t §h[tﬁﬁlbLUe?ﬁcélrﬂeﬂF é@ téhsverse

one anot her and ] Ol ne

oo} BB Vi SHRRR S b o g
e S By Sl s A o

of awire or athinrod or athin pe as descri bed

a thiropipe @sadescribrd aboyg éra dixed fogetbat ugmgatm'sfyerﬁ%wpm from the
left and right of, one another using transverse

top tostmertottom af thaiguidss @t seitablealertical intervals, fooexamplepintervals of
intervals of from1l to 200 cm The transverse supports

from 21t€ 200tcrend threeafimensional feide stauctive inwhich al plutaditywesuch
the guides approxi mately constant, but are also useful

meshlikd Qundb@irru%ﬁ?rbﬁ Gré Bﬁaﬁbéﬂ% Fromit beaad bebind ors andther and
curved guides, or guides formng a three-dinensional

1omet§ Lc%éﬁﬁé‘f Gsind Wl%ﬂ%UQ%%fé@lpgmé A SuREbid \orfieABnteR 415, ok eﬁémp!e

ui desy or a mat er | aI I'nt pr esent

el B 4 2e¢%&?}%@@@e@a@ﬂPa&ﬂt%&gmaﬁswwéwure
e A B G s r o
som Tt S R

concentration through eva oratl on or pol ynerization
of, oref anothel ugimgdransverse sup suitebleyvertinal inteqvalg, tar example
25 nolten prepolynmer flows domn t he gui des, and al so
intervay of frofruhts 200 cof. Htheltragsvérse suppods are mot osly useful for
prepol yner for a certain period of time. This hol ding
keepirigheiifteied| 8 betweel' tHepgtiles eipproxiniatelp consangrbut are aiso useful
pol yneri zation reaction time. As described above, as

for inkfésirfy e Erh Btrehgilhoéfyﬂﬁ lor ahed\glites G@rd@ndééﬂ forming a

viscosity of t [1qQuid or nelt progre33|ve y

threeﬁ@ﬁ{(?%%l sﬂ'ﬂgtd?&n Cehé REpPBHE hiY b TPt SarhB tnatEhialhs the

guides, or a different material.

In the present invention, in the case that each guide is cylindrical, or has the
form of a pipe made to be such that the liquid, molten prepolymer or gaseous
material cannot enter thereinto, with an outside diamster r {cm), r preferably satisfies
the formula (15):

01 =r =1 (15).

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
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progressively increase. For a given nelt viscosity,
the anmount of the liquid or 5 nolten prepol yner held
by the guides varies with the external surface area of
the qguides, i.e. in the case of cylindrical or
pi pe-shaped gui des, with the outside dianeter.
to thd BV &sdt8fion tik %&%eﬁ&ﬁﬁéﬁ fahdtionltitfe.cVAS destiibed above, as the

apparatus acco ng to the present invention must be
ovap o G A bkt e el B vl or e
| ._bei hel hj : ' f
progBReVgRingEass, etk N el g apklife grholitHeia®

cylindrical or pipe-shaped ui des, .the for (15
progrbsiyprinsiases. < ol araivait mat issdsty.te amannostie il or
prol onged stable operation becones difficult in terns
moltesr prepelymerdinjd by the auides varigs with fhe axiernalisystace arep & the
t he gui des thensel ves becone very heavy, and hence
guidesheecindhe casemf aylirdrica oc pipesshapadguides with tihé outside
perforated plate very thick so as to hold the guides
diameétart he evaporati on apparatus. Mreover, there is an
increase in parts where the anmobunt of the liquid or

NOMSABoREE AR Yittbs Proviaby W8 the eV dbdratib® appatiius according to the
resulting in problenms such as variation in the

presé’ﬂﬁ‘ﬁ@éﬂtfoﬂ%ﬁ%&é@ﬁr&ﬁg %'hohgﬁ St’érglgﬁggﬁ Feir'Biv :bg i Qt Plus the weight

:chI‘ea_Sl ng. sSucC reas _ re prere _ ange
ot nd G o eontod il by ol 5o A e

.., 1s oneg selected fromnetal s suych as _stainless steel
thickpes,ofheauifies 1 dmportesy, and e case ol sylindned] os piRgsshaped
~alum num and .other alloys, highly, heat-resistant
uides, Hyn Myl rip areferably ssbsiad. & bislpes than @d; Bhan prolonged
particularly preferable. Mreover, the surfaces of the
stablg opeeationahednmes dificulitien teoms of theysteengthr whegeas if r is greater
treatnments as necessary such as plating, |ining,
than pattenihel guidés tremssives becomie wasy hegyy, @ndiserndenthers are
a solvent, phenol or the like. 28 There are no-

probiefis $udH & hhiifg!tte sl tHe péfieratsdplatevety thidkedo as tdhpld the
between the guides and the perforated plate or the.

A Fapo At 8935, W00k W G patsi s hr
the anidtirt 'of thd PG o m&TRiH f%polymer or polymer held is too high, resulting in
problems such as variation in the concentration degree or the molecular weight
increasing.  For such reasons, a more preferable range forris 0.15 = r = 0.8,
with 0.2 =< r = 0.6 being yet more preferable.

A preferable material for the guides is one selected from metals such as
stainless steel, carbon steel, hastelloy, nickel, titanium, chromium, aluminum, and
other alloys, highly heat-resistant polymeric materials, and so on. Stainless 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.
28
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prepol yner or polyner can contact the guides and flow
down the guides. The 5 guides and the perforated plate

may be in contact with one another, or not in contact

wi th one another. Although there is no such

l[imtation, it is preferable to provide the guides in-
Cofﬁéu%o%dﬁc? ggn%}dg |ih¥it%tiBﬁk%?a the pdstich F@aaseship between the

The reason I's that design may then be

oo LT iRl G A S B s o
i gL 5 A 1085350 5 S el B e

t he gui des in correspondence with the holes in the
prepghenenprpelymsrsan santactdbe gudesang flawsdown e evideRc The
upper end of each guide is fixed to the underside of
guidestand thevparforatesbplateomayrie insardactovith pae anether, angot iRecontact
gui des are provided such that each guide penetrates )
with drie angthet, heANovigh therefs mo $ack imitatibn pibist preferablestaprovide the
in the perforated plate; (2) a nethod in which the

guidesiA oripon8éneRwitharé #ieldssinftha pérforatadiptatep hahal reason for this
portion at an upper end of a hole in the perforated

is thag Hlé(&}@n Aa¢ thdlf be \CafiGed aaﬁsam-PMaﬂ&fb F4GA or lsedrting Phaterial molten

penetrates through a hole in the perforated

prepdlyRef oy Bifiniel BT rbfh tH8 dettdrafed 1ABR ofct the guides in
. @I ate.. 20 Exanpl es of nmethods for making the liquid or
suitalle DASIONS w1t erial nolten prepol ymer or pol ymer pass

t hrough the_perforate | ate and fl ow dpwn al ong th .
USRESSRISIE AR @ RIES AT rPVB0 e Gl in Scffiphence with
material nolten prepolynmer or polyner is allowed to

the hplesiin doesperforated platedndudeid) gimetiiod inevinich dhe upeggend of
and a method in which the liquid or starting material

eachmuiideis fpechiol theamderside of the flonwpaths contselingenerpper eethe like,
thereto using a punp or the like and is thus extruded

and the uidd®earepprovitiedt sithothat each\gpidef persdifatesttirioughitbe wivinity of a
in which a prescribed amount of the 29 liquid or

central BoitioNGfEPREIBIA thé'Pbiferated pRALY(P'a Mmethvd ywwhichthé egper end
into the liquid feeding zone of the evaporation

of oIS BEFFpbiRt o Sk 21 e
perfdt et Pikte! BHS the YuliliCars BrodidedSuuch tRat each guide penetrates
through a hole in the perforated plate; and (3) a method in which the upper end of
each guide is fixed to the underside of the perforated plate.

Examples of methods for making the liquid or starting material molten
prepolymer or polymer pass through the perforated plate and flow down along the
guides are a method in which the liquid or starting material molten prepolymer or
polymer is allowed to flow down through its own weight or the liquid head, and a
method in which the liquid or starting material molten prepolymar or polymer has
pressure applied thereto using a pump or the like and is thqs extruded from the

perforated plate. A preferable method is one in which a prescribed amount of the
29
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the perforated plate flows down al ong the gui des under
- its own weight. 5 The evaporation apparatus according
to the present invention is an apparatus for
evaporating |lower boiling point material froma liquid
containing this |ower boiling point material, i.e.
iqui P ' I | ik if8d ireithé lighidfeedin
bauic Rt et frcfion e ijmr oF PRIy 5 180 TR e aiagooding

he
A A
iquicrping et P Hrapoimies ot fonier TS ed pht fha guides via

provi ded on an outer wall of the evsgo.r ation .
the pagiprated plate fiowsdawsy along thaguides,under itReWe Yyeighty oyt
by passing steam a heating mediumor the |ike through
t h@hpaaaporatianapparatusraccordingitathe present ipvention is an
tenperature of the liquid feeding zone, the flow path
apparai0$ forl dvaporatinglewer bolingepdint matatig feore a liguid pentaining this
evaporation zone. 15 The evaporation apparat us -
lowers6ifhg bBiht neatehal, Peeserithining aiztédal havinga loweryboilisg point than
as an apparatus for concentrating a liquid, but also

that df$hé ﬂghid? Uk Vo Ry dﬁcﬁ by liHGRE Theluid My Bé abroom
appardtus for a'liqui aving a relatively high :
tempﬁﬁ?ﬁges, I&%‘K aseéé’é?rlaoﬁ f’épH’{n‘fo e é‘vé’ﬁr&ﬂ% :aﬁghi'élﬂs ARRAEHY Ktfuid

: ol ymer, “a puri appar at us for
ool ISP HEH A3 R0 A AR Mgt o
i S b S B Bl Wl BB g mecossar

solution. It is thus preferable to use the ind-st{_ial
heatingas then camied i bytRassingcyeam @ heating @egium g the like hrough
i nvention as a condensation pol yner pol ynerization
the jagies rthus hieating on enaintaining Nag tarperatiyie of the liguidieedisio zpne, the
mononer or a mxture of a plurality of nmononers for 25
flow pateciaritilliny sentrsitel parfaratedplate, ardhe evappratipolzpme:
of the condensation polymer, and/or the condensation

POYEévapHiationa Qs\at@@hbwﬂin/gomhe besmtdhverstioer isses only
a 30 by\fpe%gducedp‘r)rateri al and/o anrpgl i goner produced

osoc 84 Spobhf S RIS Al AT 0 ey prsamel
use O%%Sﬁ I‘g%tgﬁfq@%pqap};?ﬁvﬁgﬁ %j\aﬁlrgg R&viRg '/ ERitiveRf high viscosity, for
example as a polymerization apparatus for a condensation polymer, a purifying
apparatus for a thermoplastic polymer containing Iow boiling point material such as
monomer, oligomer and by-produced material, or an apparatus for separating and
thus recovering the polymer from a thermopiastic polymer solution.

It is thus preferable to use the industrial evaporation apparatus according to
the present invention as a condensation polymer polymerization apparatus, in the
case that the liquid is a melt of a monomer or a mixture of a plurality 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
30



10

15

20

25

condensation pol ymer and/or the condensation pol ymer.
Pr.eferabl ¢ exanples of 5 the condensation pol yner

i ncl ude pol yesters such as aromatic-aliphatic

pol yesters such as pol yet hyl ene terephthal ate,

pol ytri net-hyl ene terephthal ate and pol ybutyl ene

by-pré%% H%?éﬁéi%qd?&daﬁ’ Slidcdér ﬁn‘&@?&g fi@xg):?_h tRElcvpabARsSticH

ycar boxyl1c acl suc ic acid and

poiymiiaatar forSprahihe el AR LR el rom e molt by

evaparstion;s) 3% 5 Brsase b paiaenaten Jediee 41 4 Bl of the

as polyarylates and liquid crystal polygster and

condensationspdipper gadiasthe cppdonsatineralymgr as‘gfatf?f&i?éﬁ pxamples of
pol yam des such as nylon 6, nylon 66, nylon 612, nylon

the caddemsation polymet incliesprlyesterosudh as grematig-aliphatic polyesters
copol yam des, and aliphatic-aromati c pol yam des such

sucha&s pdlyéthplend teraphtinalte, potytrimbthivlenetecgplythalate and polybutyiene
adi pam de), and various copol yam des; 15

terephfaiSR, BAB3EABUS %bo?és@rﬂs,%ﬂ%ﬂe@bﬁﬁ%ﬁwrﬂrbcxylic acids such

e

aromati c pol ycarbonates, and vari ous

as glﬁ%ﬁ%ﬁc{iﬁ%ﬁﬁ N3tRSacid Bhd OLHETS B6pApbtery, %ﬂﬁﬁéﬁﬁawﬁ?iatic

e evaporation apparatus according to the 7
Polvé%iﬁ%ié}é&ﬂﬁﬁﬁ%%gl@ﬁg?%@%ﬁ%?‘%@%@%@?@ﬁ? 568A Sarious
copoBleR S50 B Slorbi gl s B s B i

very little variation 0 in nol ecul.ar weight. . .
crystal palyesiers, @nd varousSopolssiaTat BRI BMides SULESs Aliphatic
i ndustrial evaporation 6a‘gpar atus_  according to th?
polygmigesrsuchrassnyion 6, nylentGfe nylereb1.nylemd2 n%endh inylop 3 and
melt of a. thernoplastic polymer A and the | ower
nylorb o1 | amd)vadous copalgarnidess angd alipbaticranematie polyamides such as
ol i goner, a by-produced naterial and so on contained
nylon BT! MgoR &l ¥AE polyimetaXylylere adipamide)p andivasiotis copolyamides;
- renmoving the ower boiling point material fromthe

KIAREY Alpralic PolyarbonatBs! sntatidsolpetrbbiates, and |
p°'y‘§%ébBo ?rrer. Pre erab?g%?anpl es of the 31?6:E

v BS80S aforatn
aprGESHr R K o IR A el B pighbrormance
condse%%gtigr? pgf§/|n¥é/ric% be 'produce,d stably for a prolonged period of time with no
discolc;ration or gelated material or solid foreign material, and with very little variation
in molecular weight.

Alternatively, it is also preferable fo use the industrial evaporation apparatus
according to the present invention, in the case that the liquid is a meit of a
thermoplastic polymer A, and the lower 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
31
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chl oride, and various copolyners; polyvinylidene
chl ori de-based pol yners such as 5 pol yvinylidene
chl oride, and various copolynmers; acrylonitril e-based
pol ynmers such as AS resins, ABS resins, and various
copol yners; polyol efins such as pol ypropyl ene;
j tekic ; I 3: C
therrréb?@t%sﬁf&[%%%@e?% |ﬁé!u8§%&%ﬂﬂ?ﬁé%{9ﬁ 6/8/d Rplony4s;

ol yners”such as P and vari ous

85 4E500 P EITEEL BODASFAE 08 b ST RNPS)
st B RS ) PP s S BETEB

efficiently at a relatively | ow tenperature, and hence
chlorigey piyd variPUS orAlrMaTs gpRyERY m@ﬂgfm@-ﬁvﬁaa@@ﬂwew such as
pol ymer A can be obtained with no thernal -
polyvitetidepe shidrisie, and vasious copplymersoacrylqnitelabased pplymars such
is also preferable to use the industrial evaporation
as AS\pesing tABS rdsinacamnd dariogus copdlpmprs; poiyolefinesutoas in
the case that the liquid is a solution of a

polypr ?ﬁl&ﬁ&: FSlyacryRe by baedpulyrhbs; bolyenethathyio@steribased

8
material conprises a solvent in which the

polyrhéfd’ é’sSPMMRP%H&%ﬁbﬁs dbssSIghiees! APitRmaplEdtiesistomers.

an ol 1 goner, a y-produced naterial and so on

Accof@@é@é ﬂiéj ﬂ%&él{%ﬁp@ gp}ﬁgﬂtﬁ O tHd E)l;és‘pﬁﬁ irﬂreﬁﬁBﬁ,ri?rdeﬂgies such as

on~ appar at or removing 't

L

t her nopl ast.i ¢ olymer fromt sol ution and incyease’

efficigmly ﬁ\ﬁ) TQ*?t'YﬁWﬂ‘ﬂ’é tg’ﬁ@??ﬂfﬂ@a@l’ﬁ?‘%&ﬁ“’wrﬂﬁ er abl e
exanpl e of the solution of the thernoplastic polyner B

high-perfarmsance thermsplasticRalymsr Asaerpa ebigined mthaﬁa thermg!
produced through sol ution polynerization using a

decosydasitiamand nardisacalonation. pol ycar bonate in a chlorinated
solvent (e.g. nmethylene 25 chloride, chlorobenzene), a
solAierhatively it ib @istepeeferablatelise tHecindibiriabevaporiationapparatus
also preferable to renove the solvent and so on from

accofding 16 e presept R@NhESA Shahe™ake Wat' thEriquidis @ solution of a
chl orinated sol vent or an el astoner renaining a

therrﬁ%!é?ﬁ% Eé%é?{%séﬂd’ ﬁi&tlowef*%ﬁihg:rgﬁjttrﬁﬁfd?ﬁl BYRPAsas 'goéblvent in

e pr esent 1 nven e solvent an
whici-n gﬁ# ?t'é%{bﬁ:ﬁ)ﬁ %{}e&oqgrhgpﬁs\éﬁigg&g& Shnafr & m3notdrChAIiYSér, a
by-produced material and so on contained in the polymer solution, as a separation
recovery / purification apparatus for removing the lower boiling point material from
the solution by evaporation so as to separate and thus recover the thermoplastic
polymer from the solution and increase the purity of the thermoplastic polymer. A
preferable example of the solution of the thermoplastic polymer B is a solution of a
polymer such as SBR, BR or EPDM produced through soiution polymerization using
a solution of an aromatic polycarbonate in a chlorinated solvent (e.g. mathylene

chloride, chlorobenzens), a solvent (e.g. toluene, hexane), etc. Moreover, it is also

preferable to remove the solvent and so on from an aromatic polycarbonate melt
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hi gh-purity and hi gh-performance thernoplastic pol yner
B can be.obtained with no 5 thermal deconposition and
no discoloration. The industrial evaporation apparatus
according to the present invention is particularl y
suitable for renoving | ower boiling point nmateri al

remafid 8@%’%@%@ %g])yg% H a 'efaél?é’r\‘%g rﬁﬁ@% Mrﬁ?ﬁ%?fbn solvent.
ACCO%FE% e SRR SIS ot e "aﬁﬁb"@ﬁﬁﬁ%ﬁﬁ%%@&"e&‘t and

ymerization agpparatus for a.caon atlo ol yner
5 b e o

lmpumtnea ¢2n bagemevedsftigientheat slatiyRlY Jow E'BBP

appar at uses, there have been pl aces mhere sonme of the

high-purityi and bigheparfarmansebermopiaatiepolyserB gan berrptained with no

period of time, whereupon this 1iquid undergoes
thermhig!enenmtdsitimrsmdmasiisﬁohratiom.ati on, gel ation,
crosslinking, production of an ultra-high nolecul ar

ve Tgbtin@astiaPévapsrhiich éﬁpmwacmr@mne pk&sent invention is
car boni zation or the |i and hence it is has been

dﬁ'ﬁ‘@f. af%llﬂe f& é%ﬁh%m&ww poin® malEed 5 éNapfdration from a

m xing.in the polymer progressively or

Ilqwdsﬁ’é{ﬁrgﬁlg%’relmggyﬁph wsfb%% VA1 B8 SBrhPB, itrﬂggéﬁon’ y, suitable for the

I1on a at us O the present | nv

case 3 SoicRiiredRouiba) SR andt FaPaey Bbeiiaig G sredent invention

i nventjon exhibits excell ent effect not exhibited .
as a DRYMEHALATIRATSIS ToTch GRRenSAL 10&P<§5faar af'agbe cafft otsing the
ot her words, in the case, for. exanple, uci ng
convertignal ipe ywa;aimrbame usps plbeperbare |bi$@“ap gﬁﬂs{ Wwhere some of the
prepol ymer obtained froman aromatic di hydroxy
liquictresjrtasnaihiie beingcheated fara polanged preiod ehtireo wher eupon this
tenperature nmust generally be in a range of from 200 -

liquid undergOes alegehbeatiohssuehi dsydisooloestioes geiation; crosslipking,
the 25 latter half of the polynerization in

prod@étrdri SR litra RighirAsRELRr mehr GRIEHcation, oonthing,
eactl on

hrough an equilibriumr nust be withdrawn from

carchﬂEat?ﬁ'h St tHePiky %ﬁd‘fteﬂ‘c@s’if ishdEh&dr mhposyisle 6 Iré‘:ﬁ@id’\t‘hbh:!ra\.".rt:azalck

e conventloné yneri zation apparatuses for.

A e R

accorc? Ing ?o ne md%s?na?rezapora ion Qﬁparatus of the present invention, there are
no such drawbacks, and moreover the industrial evaporation apparatus according to
the present invention exhibits excellent effects not exhibited by the conventional
polymerization apparatuses. |

In other words, in the case, for example, of producing an aromatic
polycarbonate by polymerizing a molten prepolymer'obtained from an aromatic
dihydroxy compound 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

produced through an equilibrium reaction must be withdrawn from the
33
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out the reaction for a prolonged period of tine at a
hi gh tenperature of not less than 5 300C and under a
hi gh vacuumwith a pressure of not nore than. 133 Pa,
and noreover production of a high nolecul ar wei ght
material for sheets or the like has been difficult.

ultra-{i%\“ﬁ)ﬁ@éo& GHigfelial Gridhdrite \Pﬂﬂﬁ@&bﬁ@ér?t%aﬁ?@ﬁ ti%tn@ﬁ

Irnventt on, Icient surface
sova e, A A0 U S Vo
e BTt ke B4 3 B3 felby t car

preferably from 150 to 270C. It is a characteri
out tHeszeaction 5ar 2 peolgagedrperiod of Smesata high femperatuse ﬁgﬂ%'ess than
the present invention that polynerization can be
300°C and untera highameau withia presswue of natmenedthans 3hBa, and
the case of the conventional nechanically agitated 15
morepeéryprductidn onhadiganriiesulanwdight nsatesialifos sheets ardhe dike has
why a high-quality aromatic polycarbonate can be
beenidifigyged W th no discoloration or deterioration in
properties. Furthernore, with the conventi onal

D0 SO} A SRIRGRII B3 ertIHoh cipapatis it inelpreei vention,
oicieiCriasBogval blodnetdly dsiBuRh B lnRinatiAng, ang pence
the PRk toRSPACHG 8 Re cREird Bl ot foglvelk O lenfSrature, A
preferaplefeasiorTieRAaTe [R5 ok 190 1400 IO MISTPRl from 150

materials, which is another reason why a high-purity

to 278/3. hitgs arrmafa@tﬁﬂnhfef@tldrmf tbe polyroarzatien apragalusa CCOT ding to

produced. Such excellent effects are al so achieved
the prégent itvertiondhatpsiymedzation gap be, carrieg aut adequatebsat a lower
pol yesters and pol yam des. These excellent effects are

tempBrdtlife tHaty ih{th@ealke @f the Ebsverttional niechanidally agitated
pol yet hyl ene terephthal ate, polytrinethyl ene

poiyrﬁSﬁfﬂ*&h@%ﬁaﬁrStuﬁén@th&ébé‘h}Qoeé‘ﬁe Féﬁs@ﬁ“&hﬁb%@h thht?rlar@matlc

or n For exanpl e, the conventi onal

polyc%?ﬂg 4n°r?ee Bﬁ:ldUESEl'vﬁﬂ{ hﬁ%z%c%?&hlﬂﬁ of @gterﬁﬁbﬂ’c?ﬁ ﬁ/bﬁﬁﬁmes.

erep as genera een carried out at

Furthze?%oré) w%%“\e con\pentlonal polymerization apparatuses, there have been

drawbacks such as contamination with foreign materials, and leaking in of air or the
like through an agitator seal under a high vacuum. However, according to the
polymerization apparatus of the present invention, because there is nc mechanical
agitation, there is no agitator seal, and hence there is very little leaking in of air or the
like or contamination with foreign materials, which is another reason why a
high-purity and high-performance aromatic polycarbonate can be produced. Such
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,
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a high tenperature of at |east 280C bei ng nmai nt ai ned
at the final stage as the 5 polynerization degree
rises, and the condensation pol ymerization reaction
for polybutyl ene terephthal ate has generally been
carried out at from240 to 270C, wwth a high

‘polybl iR Erdgingledi SR, o BB ) dooree risee. 1t is

- well known that the hjgher the lyneri zat.i an .
{ chBEPERTPIS. §2% RReentcla! FandendRDob Y aliedfon reaction for
properties of the polyner beconme 10 i npaired. o .
polyekhylens tarephthalate hasaeneralibger Faied ot 3t&om 268 19299°C, with
pol yester such as polyethyl ene terephthal ate,
a high ¢émperatetehgf atdeast28056x b&ihﬂMannchat thedinal stage as the
terephthal ate or the like, it is also known that the
polyriériditiontdegyree rige® r ardhthieocondetsation polyendrizatiossreactien for
greater the amount of by-production of al dehydes such
e bAMAIALS harCdeHcrhlly Béet Barrlddaut atifrsh 248tte70°C, with
polyb?%%ﬁ%l sréts)uch as allyl al '(I:%hpl , and 15 cyclic .
a higﬂ%é&@gﬂtﬁ%esb‘lc& I@ésla%éb"@ b&ing'rﬁﬁhtaMéH at Herfindl stageas the
wever, by using t

e evaporati on apparatus accordi ng

o B b I 30 e, GRDNEBREP By poymerztor
oL Bk i e 3o 1 SRS Lo B b bcome

_ and noreover efficient surface renewal .can_be carried
impapzed.ouMoreprarcihthecaseafprlymerzation regction gf B(Hqi¥ester such as
by- produced material produced throu%h the equi|ibrium
polyatbylene derephthatatec polytrimethylens terephthalale, Ralybyyiene t he

pol yester can be produced with a high polynerization
terephtiiaiate dr thbdikey it falsoilmowapibat theikighet thedpolymesizatioa
present invention is used as a polynerization

tempé?ﬁl@f@bééomés,ctﬁéfgreatdr the layaurit o by protoctiorodiualdehydes such as
exanpl e, polyethylene terephthalate, then the 25

acetéﬂgélbf | PSR oCRB IKBYBNSSUFREH IdRebHIE saéh asfaﬂglt alcohol, and

eact| dn_ rate even at 240 to 265C, and hence
cvei G Wb SR B S Y T o0
S 67 R B AR R BAEoiB e prosent
inver%%(oarlwngé S’cotnggn(s:gtygnegéi;rgn%ﬂza 181[11 %%Bgnaétiug,nthg%cm%reiriz 1icimon
temperature for the polyester can generally be reduced by not less than 10°C,
preferably not less than 20°C, and moreover éfﬁcient 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 polyester can be

produced with a high polymerization rate.  If the evaporation apparatus according to

* 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
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reaction for nylon 66 has generally been carried out
—at 230 to 290C, wth a high 5 tenperature of 270 to

290C being nmai ntained at the final stage as the

pol yneri zation degree rises, and the condensation

pol yneri zation reaction for nylon 6 has generally

r : d
recu gl iaf ity e Shidorhf, afhatihg 2 bl &lor ean be produce
. e polynerization degree rises.
with mﬂﬁg’ﬁ% Ey in the case of the coriventional
condensati on rization roduce 10 a _nylo .
o Blosgaveore B aoctpTe: e arnertions Grphsalod polrilizchfg
has generall% been of the order of 106 Eaur , .
reactiondfon Bylon 669 bas ggoarally heeerasmied oyt At §30 te 8%9 avith @ high
has been essential, and thus thernmal degeneration of
tempéttatuneodfy2#D to 200°C beingahaintaines abthe fiealstage asithd i n
properties have been liable to occur. In particular,
polyrhérizatieoncdsifeafrisey) and te condersatioh|pdlymenzationt reaction for nylon
degeneration, discoloration and gelation 15 are very

6 haéng?ﬁ%]rglly Be@ﬁcdé‘fnéﬂl éui &t I50to 2 MR WiEH a High témpetareadround

, 1t is wel known that in the case of using

270"6'1)%it?§ %ﬁ@i%t tﬂglﬁﬁé%! %s%‘\em?fh@h!ﬁtlor‘l a6 |%e rl%e%

mononmer (aroun ol I goner

remain
F“mﬁrgof%v!&lh? t REsB LI ErnvahitBodL ife %ﬁ*’é%ﬁﬁ@ﬁ% ion to produce
a nyIgB, BB -Aesede OS9G inodn e Pel e HRYOH A 'p??éfu%”ﬂas generally
res ect|vel and in the case of n on 66,. 365 and 30
beenr@‘stge@rder@ v10 to 20 hoyes, @ad; henageprp rgﬂ?&'ﬁ?ﬁl%"&ﬁ aéaﬁla
be carried out at a |ower tenperature then the ano
tempefatues hds beenassentialc and thusthesmal dageneretionof tm\%golymer and
been inpossible with the conventional polynerization
discalpration tangedeteHoratioerin pogperties fiave deendiableita oecur.  In particular,
apparatus according to the present 25 invention as a
in thé BA&E BE AYIOABE A i¥ Wl Kriwrpthat RiegeAbration| discoloration and gelation
condensati on polynerization terrperat ure for a nylon

are Very! |§i§18€if: Hckcur Eﬁe kG HBSED N¥retver, |if Hite EBSS 03ﬁ¥lbﬁ© it is well

re erabl'y not less than 20C, and noreover efficient

oL ATIT SR 900 Y SRl s,
a5 S BB R4 o o pomer,

The higher the temperature, the lower the equilibrium constant for a nylon (for

example, in the case of nylon 6, the equilibrium constants at 222°C and 254°C are
480 and 254, respectively, and in the case of nylon 66, 365 and 300 respectively),
and hence if the polymerization could be carried out at a lower temperature then the
amount of résidual monomer could be reduced, but this has been impossible with the
conventional polymerization apparatuses.

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
' 36
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can be produced with a high polynerization rate. If

t he evaporati on apparatus 5 according to the present
invention is used as a polynerization apparatus to
carry out polynerization to produce, for exanple,

nyl on 66, then the polynerization can thus be carried

°CJ Pl i @fa) can b
10°C gt @abl o Thss T 20T, SHIpBIS\ e effhibr SifaRk oRade) can be
. 250 to,270C, . and hence hi_gh- puri .
carief i, BERre R et AL P BFYRB He ity osuapd material produced
gel fornption due to thernal . 10 degeneration, and
throufdhe gaIgHUm 1EGEHPN SaR BscCasFisd b STAGTHY,REH hance the nylon
productivity. Furthernore, although condensation
can heoprpaeced withom bigh polymegratien fatgol Jiteeieyappetionarparatus
the conventional polynerization apparatuses have
accomdifid tocthenpresprt inventiorcis usedoas arpmlynedzatioriapparatus to carry out
applications (e.g. for fibers for clothing), to
polyrhetiZdien to'prbéass fohexamplareyiorese, ched ¢ye pelyswerization can thus
enabl e use in. high-performance 15 applications (e.g.

be cdrfibd out &t 8Fa8tTeatfin b ldveh at ¥ tehferafids @ 21010 270°C with a
resins, etc.), It has generally been necessary to

tempét‘e{t{.ﬁbeét e Nl "slat%gof%d’fﬁeﬂo ard héhcd & hRyh-purity and

meri zati on. wever, ‘another characteristic
. fegture of the evapor.aiign. S j
high-BBAEHRENFHORNTIS SRENH AL WPoRRLAsy e Foihater fue I fhermal
according. to the present inyentian is used .
degepBIiast A VRGO Gt Faer 3t Prayred Wil o R dudiyiy.
one 20 produced through solid state gol merizati orh ca
eadiurthesmop aliheugh copdensation polymes @6%@%?&2 rough met
condensation polymer using the industrial evaporation,
polyraepzatiorussing e dongentionahpolymesizetionapparatuses have gufficient
pol ymeri zation reaction proceeds, |ower boiling point
perfommiaice alsspdlymproftraedinahy appiications deid. fanfibers foreclothing), to
are renoved fromthe reacti on system whereby the
furthéEmgredye hétﬁblﬁﬂériﬁﬁio?ﬁdé ess@sito dnabiehee inthighvpeformance
an inert gas that does not have an adverse effect on

appli%?@g(rﬁ%ié?g.'rﬁg tifé‘o EEr RS TAH IO br 6 ERGine8fhd réains;,eutb.q,gt has

wer hydrocarbon 37 gas is introduce

ond BT SBERYAE o A ERREA T e eyt potmization

o BB SR 58 e her 8 Pl sepprana o
the ptrglsjgntpiF\&Lnet{o%bils%hgtsi%ePh'e evaporation apparatus according to the present
invention is used, then a polymer having a polymerization degree on a par with one
produced thfough solid state polymerization can easily be obtained.

In the case of producing a condensation polymer using the industrial
evaporation apparatus according to the present invention, as the polymerization
reaction proceeds, lower boiling point materials by-produced fhrough 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 an adverse effect on

the reaction such as nitrogen, argon, helium, carbon dioxide or a lower hydrocarbon
37 '
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reactiggy iscglied, gULRIRTE

Alternatively, a nethod in which these two nethods are
used together can also be 5 preferably used. In such a
case, there is no need to introduce a | arge anount of
the inert gas into the polynerization apparatus, but
rather just enough to maintain an inert gas

gas i@‘rﬂ&?ﬂ%@ﬁ to b %glﬁrﬁ‘@ri%gi%@; %ﬁé&éz?fu% §Ijé fthé \Wdr- boilveg point

reag Ion pressul I'n t _ _ pfo C! ng a _
mate AL BT g Py I e R 0

10 dependi ng, on the@tdyﬁs of | ower

et En |
3 wromaangr 1 IRe R0 Blearably used
Altormalivel: & eOCHnOUNIBD e Wi MaNhddRHE4Sd ogRthsr 5 @so be

of producing an aromatic pol ycarbonate froma nolten
prefepallp aiseder Ipsuthia edse; therdispo ased taintreduses large amount of the
carbonate, in the case of a nunber average nol ecul ar
inert ¥as ¢ib teé @riationteppabatd8pbut fatherdast erougl tosmaindain an
I's 15 preferably in a range of from400 to 3,000 Pa,

inert gg@ atfobPerednsidelthe lis @ Suiffigient.mol ecul ar  wei ght
fromb, 000 to 10,000, the reaction pressure is

pr el'fh%régl:ﬁoﬁ ﬁ{)&sufé‘ﬂgﬁ\eoéaéer redutifig P Eordenskfioh plymer
case of & nu

er average nol ecul ar weight equal to or
. eater . 0 L QN [e LS. ¢: . ,
using B bfls}ar Reaorglion bl B ok fFihe bt invention varies
referably in a_.range aof from.20 to 250 P
depeBiig o the bipe ot iowetchs i B3 ErmtpBaCip/ Bk g b8 and
i ndustrial _evaporation appajatys,accqrding to [he
molepylas saightrrfdhe Pelyroey 9 %P&Rﬁﬁ&*éaﬁ%ﬁyﬁﬁﬁgﬁt&‘?‘bﬁﬁmﬁe’at“m- and
pol ymer having the desired pol ynerization dePree can
so omebyiiim the: caise, det exaropley obpeodiiging an gpomatic galycarbonate froma
appar atus, but depending on the polynerization degree

molteri ptépolymeoproducedfrom bispheno! Aranddiphenyl wadionate; inthe case of
starting material, the 25 anmount produced of the

a nuRPky BREragR HoRRuUMT welgRYSft fot rhore/danl 5,000, theabacoropressure is

such evaporation apparatuses are |inked together so

preférgﬁﬁr ih Qﬁg?x%ﬁf?fdn? abpQy 600 PR, bAd istheeags 664 nugiber average

I'ncrease y be_preferable. I'n this case, guides and
el Sl B LA00 150108, kB pRELSTETs by i
ranggzpz g{%ﬁ é‘@é@ bqloﬁoé‘%lo Stqglﬂpgq%rseeo%cahm?ﬁmb&PSv@r‘é%B%@feicﬁlkr weight
equal to or greater than 10,000, the reaction pressure is preferably not more than
300 Pa, particularly preferably in a range of from 20 to 250 Pa.

In the case of producing a condensation polymer using the industrial
evaporation apparatus according to the present invention as a polymerization
apparatus, a polymer having the desired polymerization degree can be produced
using only one such evaporation apparatus, but depending on the polymerization
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
38
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For exanple, in the case of a systemin which a first
..gui de-contacting downflow type 5 pol ynerization
apparatus, a second gui de-contacting downfl ow type
pol ymeri zation apparatus, a third guide-contacting
downf | ow type polynerization apparatus, a fourth

pro Sl 1125k M 5¥ T LRHADIP = P B4 4068 anc rsctr
conclignt ERAR o5 e 53 er 1 BRI RV popr t e

ossessed by the pol ynerizatiop apparatuses to pe S1, . .

prociigpckare praferbhly SdoRted faaarLt e SyBPoTALE SREATah SeRdgviduall.
to be such that S1 z S2 S3 >_ sS4 ? .... Mreover, the

For exampierin 1he case b aysystenyirwiigh » 8rstiguiderrantastiag gewsflow type
the polynerization apparatuses, or alternatively my

polyrheriztiogr apeirateisy aisecond geite-tontacting downflowtype polymerization
pressure nmay al so-be progressively reduced in the

appafatLi¥ & thikbgliee-cohtactigrdaimiiows typepolpmerizatise apparaths, a fourth

- case, for exanple, of progressively iIncreasing the

guidéalg%bﬂ%%firbg gg%pogﬁ%@PoWWJtM AParaRis drith §6Bn are used so that

ar at i rst guide-contacting downfl ow

the PRI RS IHRGrA B RPRES R el 38k NG total external
appar at u it..s prefe ' {

surfaBRares o e QuiRa PoSt kel re ARTmellzHliy BRpSisitine Wpe 1.
in the first polynerization apparatus and,the. {Qt

52, $3, 984 naresapctivbly ey siom can B MeHe el el 2 52 2
second pol yneri zation apparatus satisfy the follow ng

83 ZoPAUBA -(16): 1 < S1/ S2 520 (16). If S1/ S2 is
less than 1, then problens arise such as variationin .
t hdi@®owet, doe palymerizstioni temperatiirgmay hethe pamedn gaeh of the
st abl e production becomes difficult, and it becom ng

polyrflefitation apparatises| or altemativelylmaly pe progressivelynimeragsed. The
whereas if S1 / S2 39 is greater than 20, then the :

polyrhbaYaticH redbuld @alilis® Be preg@issively fdduivid dn thvvgokyhmrization

guides in the second pol ynerization apparatus becones
apparhii¥ilegand as result problems arise such as the
PP resi 3ence time of the nolten prepol yner becom ng short

In this sense, in the case, for example, of progressively increasing the
polymerization degree using two polymerization apparatuses, i.e. a first
guidé—contacting downflow type polymerization apparatus and a secbnd
guide-contacting downflow type polymerization apparatus, it is preferable to use
guides such that the total external surface area S1 (m?) of the guides in the first
polymerization apparatus and the total external surface area S2 (m?) of the guides in
the second polymerization apparatus satisfy the following formuta (16):

1££81/82 =20 (16).

If S1 /82 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 / $2
39
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so that it becones difficult to obtain a polyner of
the required nol ecul ar weight. For 5 such reasons, a
nore preferable range is 1.5 < S1 / S2 5 15.
According to the industrial evaporation apparatus or
pol ymeri zation equi pnment of the present invention,

is gre%ge%r )}hﬁﬁ 90 fh ﬂ\ﬁtﬂy‘%{'atgrof e ﬁ\(fﬂ@mﬁtﬁhb%?éi‘ fldv?iH'g Hown the

ner “can easl € produce e case o

quidel iR i 55 FRGRER FaloR pREIIF hropfoR Mol AEs s,
problegs asiag SichAY AT eBEpEBATRE B TR /BPRoDEF PP Bt PREoMing short

materials out of the system and hence it is necessar
so thatdt beermes siffieult torebtairba peinesofihesenyises malecHiacweight.  For
starting material to be fed into the £olymerization

such sgas0ms; asmore prefénabientarige iad.2nBufi /H2a8el5t han | ton
[ hr. The anpunt of the nononer nelt or nolten

pr Apebidiy te tesindustriahgvapuration appafatds onpolyrerizition
evaporation apparatus thus varies depending on the

equipAReNt B th drésdht ARaEr@ien! ASY 188S thand thh ¢ hpof rooncenatrated liquid or
degree of 'the polyner to be produced, but is generally

polyngéoroégn &Qsi%bdeaggaﬂ%/gpf | H & %‘T]ér Bﬁ;?kd:iﬂ%in@r@ Fﬁ&ﬁdéﬁsétib:ﬁ polymer

l'ymer p ton the “pol yner

om RSy eCor bSO 8 el Sk

t he case of carrying. out concentration thrqugh
through EELenEH RV FRioeRGHOn TR eI BB Brthied lower
_thernopl astic polynmer or |iqui cont.ai ni ng | oyer
boilingcaintmatrrials OHﬁf’éﬁﬁaﬁY,Stqrﬂea gAee dris mee?#*wiv?@ thgnonomer
in varies depending on the |ower boiling point
melt onmeltenlprepolyser used asHbersiaiinganatesiat hbe fed o the
degree or purification degree, but is generally in a
polymevigtionf agparatul. diGEquipmaADint amamdunt greatef tharbl Jori f bin The
1.005 to 50 ton / hr, nore preferably from1.01 to 20
amourbfAhé mordmé&iomeR e® nasiterhgrepotiunér ceristitutingothatliquid fed into the

apparatus according to the present invention

evaprérgérﬂgg{/éeﬁﬂéﬂﬁ 08 dhakie 8 e paRarg difthd ﬁbl?ﬁﬁriﬁhﬁéﬂﬂegﬁéﬁthereof

as a 40 correspondingly suitabl e nechani cal

ot B B, 11 Y 0 BeaRRRPL U YA o
1o 5 RO P B S8 8 e R i 8 /1 o e
polymer produced, i.e. in a range of from 1.01 to 1.5 ton / hr per 1 ton / hr of the
polymer produced. Moreover, in the case of carrying out concentration through
evaporation or purification through evaporation on a thermoplastic polymer or liquid
containing lower boiling point material, the amount of the liquid fed in varies
depending on the lower boiling point material content and the required concentration
degree or purification degree, but is generally in a range of from 1.001 to 100 ton / hr,
pfeferably 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
40
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evaporation apparatus of the present invention, a
- plurality of such industrial 5 evaporation apparatuses
may be joi ned together, and furthernore equi pment
having sonme function other than evaporation may be
adj oi ned thereto. Exanples Next, the present
ol e ' %)l‘gé‘rﬁ i ' RaGtia dvapor&tion apparatus
corre#;fél%’rgﬂrl]ﬁ lgg uﬁ%bfellﬁs arr%% |e§§'%g‘r%ﬂ 'F@Pé'redence Exanpl es. pp
Ex le 1]: i ndust ri,al '
may igof Ay et cdinapbE¥e pofind) fReFE o pMRREPELE some other
of thickness approxi mately 2 and gui des.4 as.sh .
function regvigasl o ceRindoUsRReEatoR. s MREgVer arraiing ©the indlstrial
control ling member 20 was fixed 15 suspended f_rc?m t_hie
evaporaion iapparatus of the peasenhinveption. pluralify i Sugl jndustria
internal wall 23 of the liquid feeding zone 3 was .
evapanation dppat atlipe s may bevjoiner tagether: apg feithermare\aquipmenthaving
internal sidewall surface 22 of the liquid feeding

someZdRNetien atiterithgn vaporatibh mayberadjdined thereler 20 was
approximately 9 cm and the spacing between the
perforated plate 2 and the flow path controlling
menber 20 was approxi mately 8 cm 20 A peri pheral

ion of the disk-shaped flow path controlling
Exan‘%én%er 20 was designed such that the vertical section

t her eof., was i clrele ' : ' J:

croNeif s et IMNabioD i e HtbRel [RSRIASTER it rterance to

not st te around this peripheral portion.
Exanwﬁ?%@vaﬁ?&?f@%e@%ﬁfeﬂ'eaf the joint between the

internal sidewall surface 22 of the liquid feeding
[Exampleel]s and the perforated plate 2 25 was designed to

be concave on the inside as shown in FIG 6, and an

and\neingusioial ewaporatien agpaatus bavingsa diskraapestiiow pathp.

The material of the evaporation apparatus 41 was all ]
controtielg mémbea0l ofdisickhess apfiozimatebh2 coi and guidessd ag shown in

preferably a gear punp in the case that the

FIGSC 28! atTRd didiishabadfiew paitly Bomirsiing inhemben20 mwasdfixed
ordinary liquid-feeding punp in the case that the

PSSOV b i i ot i 2
the 1§31 1&8Hing zone 3 was approximately 8 cm. Moreover, the spacing between
the internal sidewall surface 22 of the liquid feeding zone 3 and the fiow path
controlling member 20 was approximately © cm, and the spacing between the
perforated plate 2 and the flow path controlling member 20 was approximately 8 cm.
A peripheral portion of the disk-shaped flow path controlling member 20 was
designed such that the vertical section thereof was a semicircle of radius
approximately 1 cm, and was thus devised such that the liquid would not stagnate
around this peripheral portion. Moreover, the section of the joint betweeh 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. 6, and an angle E for the

rising portion was approximately 170°. The material of the evaporation apparatus
41
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5 bottomwall casing 11, and was such that L = 1,000
-cm h =900 cm D=500cm d= 40
cm C=155, S:250nr2, A=19. 625 nR, A/ B=156. 25, D/ d= 12. 5,
L/ D=2 and r = 0.3 cm N = 140 approxi mately, and T/
= 470 appr oxi matel y. The distance K between the

was é!{‘ﬁw%BB?&f s%lb §§téé?e ?Méréﬁ)é@ia@ﬂgm 8¢l préferably é&gear pump

sest to |s I nternal wall™ was apprOX| mately 1

R
vl e W65 Byt | Fcse

internal wall 23 of  the |iquid eedln zone 3 t0‘the
evapoiatien apparatus had a pyindncabsi ?@@'LP%&@Q Oanda
(approximately 3.17 m , and the per surface are :
bottoorwal capiagr U, andavas sueh thatd T di Gppel cauld aae’VPO cm, d =
area of the hol es t herei n (approxi mately 19. 63 nR
40 o, © = 156% ie=250un?, o =V19.625 mfpA / Brpriohi 2miRY ¥ 01261 L /D =2,
(rr) The volune Y of the space in the evaporation
and rZﬁ)D@ éTlV\NS:'- 20 Epprotinitely 287 3 /1B~ 4iliapproxinatety. v alhee
V was appr oxi mately 70. Al of fornulae (1) to

of
dlstanl(x We@ 3hb HitbAtAl wWell &F tH@%vhébl%‘iloﬁ%he afththe guidéftfosest to
I qui

ing zone 3, the liquid containing | ow

this l&%t%él\%%@%%%?%%b@lgﬁg%m n Afréﬂérbu% YoldedV of the space in

asses between ft pper surface o

wich W B G A0 G R e g i

bet th t d LI 2.
fm o ot B R o o o
mber 20, and is then.distributed unlformJBron;épthe

the hﬁumefge@é\ggzonez'a))toﬂhe {uRpehsurfaca P

guides 4 while flowing mainly fromthe peri pher al
(approimately 8d7emd), ahd thenpper spdace areal of the perfptated piate
plate 2. An inert gas feeding 25 port 9 was provided

includingaht upper parface ared of the kolep tarsin(appppdmatealy 19:63Im 2, ie.
an evaporated material outlet 6 (generally connected

the vaRigPofod? TCHAS x:ﬁﬁt’elg 0.761 ghyssSThevokshe Yol the space in the
apparatus) for the | ow boiling point material was

evapBFéﬁﬂrg:‘;%é g X@%aacpﬂﬂﬁﬁﬁnélﬁfyt 2PN @ Karethaivaiie of Y/ V was

appar or a heating'tube for a heating

sprrlfabdl 5 DUPABFR AR (a8 SlichEs, PeaRayRs fiken such
that, rlrrﬂr{]et f?quag ?eea&mg zgneséscr | quuldecrE%? |%itnariswl‘§dlﬂ% E)gﬂt material fed in

from the liquid receiving port 1 passes between the upper surface of the flow path
controlling member 20 and the top i_ntemai wall surface 23 of the liquid feeding zone
3, and between the internal sidewaii surface 22 of the liquid feeding zone 3 and the
flow path controlling member 20, and is then distributed uniformly from the holes (e.g.
21) in the perforated plate 2 to the guides 4 while flowing mainly frofn‘ the peripheral
portion toward the centrai portion of the perforated pl-ate 2. Aninert gas feeding

port 9 was provided in a lower portion of the evaporation apparatus, and én

evaporated material outlet 6 (generally connected to a gas condenser and a
42
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ft 3

5 heating nmedium [Reference Exanple 1]: Using the
i ndustrial evaporation apparatus of Exanple 1 as a
pol ynmeri zati on apparatus for a condensation pol yner,
an aromati c pol ycarbonate was produced. A 10 nolten
prepol ymer (nunber average nol ecul ar wei ght ©Wh =
) ' B8 ReAded in an
Press R T B B B e P

phenyl carbona

or G 1 B4 Lt 3 s
mediymas gyided S F piie b diepartriaarREES kit e

was continuously fed into the 15 evaporgtion zgne 5.
evapqrptioy apparatus 6auldhe MaiMainedat 3 P(ﬁﬁ‘ﬁ@g f%%qnegrac*wq Hsing the
perforated plate 2 while flowng fromthe periphera
heatingpmeidiumt oward the central portion of the perforated

plate 2, was subjected to polynerization while flow ng
down along the guides 4. The pol ynerization reaction
zone was held at 80 Pa via a vacuumvent 6. Produced

[ReferdritEtkdmpR) yEar bonate entering the bottom portion 11
of the 20 polynerization apparatus fromthe bottom of

th sﬁﬁtﬂ%ﬁg&?%@ﬂ/ éﬁﬁd#ﬁﬁ&vﬁhﬁara%é BAERMMpR 1 @asfd polymerization

rate . romthe di scharge port 7 by the

' I o?;Hﬁ ?HP%EHrb d. A

appa%}@i&?i%%eyr%ar S%a e ?rhtab ﬁégog%tﬁ tc m Or“&fa%tbrliﬁias %%duce
constant. The nunber average wei :

moltefy aepRl e (UBTHE) GYPEARRE EeuE RPN 30 fir e aromatic
outlet 12 after 50 hours fromco ncenent .Q

polycapkanate Shatid basy) BISRICRHAAM DSHNGHR) ABTELAghany satkenate
had a good col or (b* val ue neasured using 43 B o

(molmati@a? gipheng! campanals tewbisphgnglAst d.G5)ang wawﬁe&ae??o C was
the tensile elongation was 98% The values of M for

contintmusly fedhinte thepliquid féeding cone hisemvhe liguishfeceiving prdt! by a
12 after 60 hours, 100 hours, 500 hours, 1,000 hours,

feed Euﬁ@@ e molted ppéiolimer, svhidh 0263 cuntiriouslyded, ioiodhe
ours from comrencenent of operation were 5 10, 500,

evapé%t@gigzorngglno @Y?&ﬁim rékitioA Gond) frofPthelNoles Gn trnperforated
plate 2 while flowing from the peripheral portion t_oward the central portion of the
perforated plate 2, was subjected to polymerization while flowing .down along the
guides 4. The polymerizati.on reaction zone was held at 80 Pa via a vacuum vent 6.
Produced aromatic polycarbonate entering the bottom portion 11 of the
polymerization apparatus from the bottom of the guides 4 was continuously
withdrawn at a flow rate of 5.5 ton / hr from the discharge port 7 by the discharging
pump 8 such that the amount of the aromatic polycarbonate in the bottom portion 11
was constant.

Th'e number average molecular weight Mn of the aromatic polycarbonate

withdrawn from an outlet 12 after 50 hours from commencement of operation was

10,500, and the aromatic polycarbonate had a good color (b* value measured using
43



and hence operation was stable, and noreover the col or
was conpletely constant at a b* val ue (nmeasured using
Cl ELAB nethod on a 3.2 nmthick test piece) of 3.2.

No contami nation with inmpurities such as col ored
material or other foreign material caused by

CIEL@I?E!H”%?%%H ?%i.ﬁ Shi\emel&gﬂséé ad3 21 alibrecker, The tensile

I ¢ polycarbonate prdduced as above had a content

consBfog i e e B B RPNl ) Sscrao v
rom R4 4R A i D05 b EonlRifErE SoBours,

pol ymeri zation type_polynmer in which two indystrial

3,000 Ri5: 4,000 haBAt 000 TERn Tom PRl ReneypRiahpreration were
controlling nmnenber 20 and quides 4 _as shown jin FIGS.

10,500, 48559, 40:500, 8RR 110:50%1%:500,A10,580 oard 118,500 respectively,
pol ycar bonat e was produced using this polynerization

and hence ppenatidr vaststahie] sma mareoventhemeloravas complietelycennstant at
pol ymeri zation apparatus). The material of 20 the

a b* VRGP phahsredasng TIEEAB method on Be8)2 nuh-thickitebesiece) of 3.2.
steel. The discharging punp 8 for each of the

No cﬂ?ﬁ%é‘drﬂﬂitﬁﬁﬁéﬁﬁﬁé@ﬁkm cBlopEd maEAE! or ldtRef faréign material
pol'ymeri zati on apparatus, which was of a '

caus%i‘bg%&éﬁ%ﬂb@ﬁ%é\gqug"g{?&%&té&@ﬁ'athaﬂd a cylindrical

casing coni cal bottomwall casing
g Sopitic Hoibarb ke neoaldiy &¥anBye Hinth Exhtelt F ARGIi metal
n2, A/ B=400, DY d=20, L/ D=2. 375 r=0-3cm. N = : .
andiaggkainerganth e pmpourigs.or B o Dk RRRLInIRRE B the metalic
di stance K between the 44 internal wall of the
elementspwhich was usad asrhewgaalysh de cl osest to this

internal wall was approximately 14 cm Note that the
di anmeter of the cross section of the flow path
controlling menber 20 was a little small, but this
[Examﬁ.@g];secti on had the sane shape as in Exanple 1, and
t he spaci ngs between the flow path controlling nmenber

ffe) gglsﬁgég%ér}gmé%du ﬁeehg ggg!iﬁﬁgﬂ%eer{mﬁigﬁqzo#gﬁe]Ei.l’{%twnbtayrﬁq:olymer in
whic:l‘zf1 gﬂ{) E%%ﬁ%l %%@%ti&paﬁﬁﬁafﬁs%&%ﬂiﬁ@ alflo¥ gath atitelling
member 20 and guides 4 as shown in FIGS. 2 and 3 are arranged in series. An
aromatic polycarbonate was produced using this polymerization equipment (first
polymerization apparatus plus second polymerization apparatus). The material of
the evaporation apparatuses was all made of stainless steel. The discharging pump
8 for each of the evaporation apparatuses was a gear pump. The first
polymerization apparatus, which was of a guide-contacting downflow type, had a
cylindrical side-wall casing 10 and a conical bottom-wall casing 11, and was such
that L = 950 cm, h = 850 cm, D =400 cm, d = 20 cm, C =150°, S =750 m?, A=
12.56 m>, A/B=400,D/d=20,L/D=2375andr=0.3cm, N=2500

approximately, and T/ Q = 1300 approximately. The distance K between the
44
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Moreover, as in Exanple 1, the section of the joint
between the internal sidewall surface 22 of the
liquid feeding zone and the perforated plate 2 was
designed to be concave on the inside as shown in FIG
6, and an angle E for the rising portion was 10

interr@PWal of W 8vapdréflon Aohaldre the duide elRiseseto\thiEfintdraal wall was
space in which the liquid can be present in the

appr&(;irﬁgf:eﬂ{ f'hg %Jﬂ%. NONGRNRabtHe &itﬁh{gﬁ f thidi Fos£68EH6MF th@fﬁfvlpath

Ooi nt~ between qui d receiving port

cont a8 T g i I SH APt s
e 0 B 0 e o en o BBE G5 20 an

area of the 15 holes therein (approxi nate 12. 56 nt
the wall surfanes (3 aad 48) of ek SearipB ST ARG 16 Hach® Rafpeen the
The volune Y of the space in the evaporation zaone 5

flow padls captrotiirg meembgr 20 3kdibe perteratedopiatens wese @6 igExample 1.
V was approxi mately 67. The above values satisfy all

MoreovYerf asinExample 1} the( dédtionfrthe jaint betweendberioternal sidewall
pol yneri zati on apparatus was the sanme as the

surfag® 22 B the AbiiaTes@ipaiztnesartd tHexpemdratdd piate PRedsdesigred to be
Exanple 2]: A nolten prepolynmer (nunber average

concdle 6 %%fnsﬁé SQ%htB@rn?n F1G08) and® &n dhglerEFBRHeCrising portR:m was

pol ycarbonat e t ha ad been produced from bi sphenol
: . I . . !
apor GBI 120Y., AFEnBnSHeIdeY, of B1d Spdte M yANERthe fguid can be
265C ti I d_i X Qi i
presef i 15 b9Hid Foefii 2papa oy JohitelcpfVit pof (B i it
verwa iy i oSSBT e e Tob Rt i BLiRcing zome
~ polynerization reaction zone via the perforat g ;gl a'tétg .
3) to the upperesurfacst ofsbe pesioratedi R!atea%&m{%@atﬁlﬁ-é B dcend the
to polynerization while flow ng down al ong the guides
uppet surfhee praia Tref theapedorated pldte inclading dhe upper sudace area of the
pol ymeri zati on apparatus was held at a pressure of 800

holesihevéin (approxitmatenen? 56.m3), Reothet value of WJaF, wasaapproximately
nol t en prepol yner of increased polynerization degree

0.162 Eﬂﬁb eTh@VERLAEELYBT IS Shake WeiHhévdbration 2698 Samasappiximately
the” bottom portion 11 of the

135 m®, and hence the value of Y / V was approximately 67. The above values

satisfy all of formulae (1) to (15). Moreover, the second polymerization apparatus

was the same as the polymerization apparatus of Example 1.

[Reference Example 2

A molten prepolymer (number average molecular weight Mn = 2,500) for an

-aromatic polycarbonate that had been produced from bisphenol A and diphenyl

carbonate (molar ratio of dipheny! carbonate to bisphenoi A = 1.06) and was held at
265°C was continuously fed into the liquid feeding zone 3 from the liquid receiving

port 1 of the first polymerization apparatus by a feed pump. The molten prepolymer,
45
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pol yneri zati on apparatus fromthe bottom of the guides
~— 4 was continuously wthdrawn at a constant flow rate
fromthe discharge port 7 by the discharging punp 8
such that the anmobunt of the aromatic pol ycarbonate
nol ten prepolyner in the 10 bottom portion 11 was
whicho®as tamtinuoUslysfetbihtcethepel polkeyiaatiormesactiontzameovia itiye perforated
into the liquid feeding zone 3 fromthe liquid .
\/] t SNgaBup[EHed & pSymerization while
plate gg@&%ﬁﬁ%pgmengg%npéﬁpa?ﬁ%hé nol tejng%repo yger, whi ch
flowinlfbf Blcrg 8 Hlaecs, o TR ohifiseitiiatlon 2nb oA the A
ol rizatign a ratu bj
polyniBibian ApReras WAk e S & B St H5rE = 1 e necyymyrant e
4. The pol yneri zojti on reacti or}.zone of, tB,e sg:ﬁ?nd
Aromatit pRiycamhnatm maliepprepaly Mer Ot iRgTeased ROlMIERNIeN feasee
Pa via the vacuumvent 6. Produced aromatic .
(numiper gnerage melecdar weighi Mmes 5500bentesngitae bettogy pertien 11 of the
second pol ynerization apparatus fromthe bottom of
polymérization dpparatua fronvthe botbomlof the ghitieswhwas continbausiyt e
of 6 ton / hr fromthe discharge port 7 by the
withdelivire BB Gonstapt Apwdate frbn thetdisdéreargé poroli by thé disoharging pump
aromati ¢ pol ycarbonate in the bottom portion 11 was

8 suchQASt MBtamodficofMHERPEMAYE PagRarBdrRits Infditerepapolyrhenin the

the aromati c pol ycarbonate "wi thdrawn from an outl et

botto%cﬁ{sioﬁ NS W& EStBAL Y i éfél%é&é?r%??%ﬁﬂ@a@&bﬂﬁnﬁ&s% fed into

from conmencenent was 11, 500, an

o 85 08 s B RETRE 5 AR of e ek pnrstion
appallSs BrndBaa ks o T e R FORL WP GREELH Al o

wi t hdrawn fromthe outlet 12 after 60 hours, 100
into tihe pplymeszationgeaslinrszone vigdha ,ratzﬁétﬁém é‘!e LR
hours, 4,000 hours, and 5,000 hours from commencenent
polynusrizationapipanatiuer was subjEgted to pelymerization while fiowing down along
11,500, 11,500, 11,550, and 11,500 respectively, and
the ghideset. opkneapolgmarization adhetionszohenof the\sacont polyrperzation
was conpletely constant at a b* val ue (neasured using

' appan%ﬁéﬁ%sﬂﬁlb@tj aQredsiiredbf S0PE vid the vatiunpivent. oPratiuted

contami nation with inmpurities such as col ored

aromrggé ﬁggﬁ%g&i&égé 4 geerl;r{b; lgkg{bttaq%? ﬁbi’tﬁin TR SBedidpsipmenzation
apparatus from the bottom of the guides 4 was continuously withdrawn at a flow rate
of 6 ton / hr from the discharge port 7 by the discharging pump 8 such that the
amount of the aromatic polyéarbonate in the bottom portion 11 was constant.

The number average molecular weight Mn of the aromatic polycarbonate
withdrawn from an outlet 12 of the second polymerization apparatus after 50 hours
from commencement of operation was 11,500, and the aromatic polycarbonate had a
good color (b* value measured using CIELAB method on a 3.2 mm-thick test piece =

3.2). Moreover, the tensile elongation was 99%. The values of Mn for the

aromatic polycarbonate withdrawn from the outlet 12 after 60 hours, 100 hours, 500
46
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The aromati c pol ycarbonate produced as above had a
-content of alkali netal and/or al kaline earth netal
compounds of 0.03 to 0.05 ppmin terns of the netallic
el ements, which was used as the catal yst. 10
I ndustrial Applicability The continuous evaporation
hours2R R0 dLFrs 28 000t [ 00D folF < 000 houes) tana 5,000 hours from
preferably used as an industrial continuous

com Cb%&ﬂ{eﬁt 1,9? IBRgPégﬁa[n%g:% #5685 1e§ég,f}1,sbéj #{ 856! ¥1,500, 11,500,

ncen ar ge arnount d i'qui d contai ni ng

teri,al_having a | ower ol Mol n

11,5505 1580 TP S B s BfoR W bRy b Fhor@over the
contam nation with foreign material or.deleli |

color passeRptahegonstant a3 Bt VA (neasured Heiriai kAR ietSd on =
the continuous evaporation apparatus, according to the

3.2 mpr-thieitest piace)af dre.i rNe wentaaaieat'watmm@nqr@'eﬁ%'ﬁﬁsasaw'°fed
relatively high viscosity. Particularly preferable '

materiglgriother foreignfmateral calssd byproiongedhirsidenseawas detasted at all.
apparatus according 20 to the present invention are as_
a Thedeomatic polyeathormte peoduced asebove hpdar cantent of alkali metal
purifying apparatus for a thernoplastic polyner nelt,

and/o? aligiling RiMAinetal lcemprindis aif 003 103 P ineeonsof thg metallic

the polyner froma thernoplastic polyner solution and

elemé}ﬁéh\&wcﬁgﬂaé U@e&%&ﬁﬁ"calﬂ%stpml M5 W claim 1. An

rial continuous evaporation apparatus in which a
liquid containing a material having a | ower boiling
point than that of said liquid is made to 5 fl ow down

l. 0 n external surface of a guide that does not
Indu W@%éﬁ‘ Rifave a heat source, during which time said

| ower boiling point material is evappra eg_,aav\here{'.n tion |
t hdhejcamtipveus AvapeRlPn spparalys acgp '%Q/,Sﬁ) priegfRM invention 1s
apparatus conprising a liquid receiving port; a li ciu_i d '
prefetahdylused asran Industria sontinuanisievangration, BaParaties suitahle for
plate to said guide provide in an ) _
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. Itis particularly
preferable to use the continuous evaporation apparatus according to the present
invention in the case that the liquid has a relatively high viscosity. Particularly
preferable applications of the industrial continuous evaporation apparatus according
to the present invention are as a condensa_tion polymer polymerization apparatus, a
purifying apparatus for a thermoplastic polymer meit, or an épparatus for separating
and thus recovering the polymer from a thermopiastic polymer solution and purifying

the polymer.
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10 evaporation zone; said evaporation zone having a
plurality of guides that extend downward within a
space encl osed by said perforated plate, a side-wall
casing, and a bottomwall casing; an evaporated
material outlet provided in said evaporation zone;
and a liquid discharge p@@itAM®Vi ded in a | ower nost
portion of the bottomwall casing; 15 (2) a flow path
We cigfipt rol I'i ng nmenber which has a function of making said
uid fed onto the perforated plate fromsaid Iiquid

{i&zlé”‘ﬂgﬁﬁﬁ%' SaorfifBEs Bbobf ket A B TR iR EIAT
ded d | f
contai eder a%ﬁhgﬁ#%g%gn%ﬁ%ﬁgﬁ%ﬁqnﬁ?flsdﬁ@ o
row G S A B e S T 8 e o
(1); (4) aratio between said Alﬁ\g and an interna
sourcee dufiog avhich timesaidjowenkailing peit matarialds ieyareeated \Hh%feln the
of the liquid discharge port satisfying the follow ng
impravemaritzomt)ses25 20 5 A/ B 5 1000 (2); (5) the

bottomwal | casing constituting the bottom portion of

sa{ ) sideospbiation apparatne comprisingpaniquidcaivirgport; a liquid
|nternal angle C () to said side-wall casing on said

des proasd
TN TSR oo

ovapbchet Sk SleseprP oL S B o S hrrtns

cowrblaoy i g o= B 3@8%@3@5&9@?%“9@ g, and
a botfgg%mlb n aver a%mﬁﬁr%jateorgal u!lleP provPoeed ih $fd gtraﬁgrla‘?lon

zone; and a liquid dlscharge port provided in a lowermost portion of the bottom-wall
casing;

(2) a flow path controlling member which has a fdnction of making said liguid
fed onto the perforated plate from said liquid receiving port flow mainly from a
peripheral portion toward a middle portion of the perforated pla_te being provided in
said liquid feeding zonhe,

(3) an internal sectional area A (m?) taken through a horizontal plane of the
side-wall casing of said evaporation zone satisfying the following formula (1).

07 = A = 300 | (1); |

(4) a ratio between said A (m?) and an internal sectional area B (m?) taken
through a horizontal plane of the liquid discharge port satisfying the following formula
(2):

20 = A/B = 1000 (2)

(5) the bottom-wall casing constituting the bottom portion of said evaporation
48
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10 nR) satisfies the followng formula (6); 50:s:

~——=N<_ 3000 (6); and (9) a ratio between an upper surface

area T (m of said perforated plate including an
upper surface area of said holes therein, and a total
effective sectional area Q (n) of said holes

zone $ain (?Sédrﬁféctétﬁaf an rteirizg ahglenCl(8) to79aid $ileb@al casing@in said
3000 (7). 2. The industrial continuous evaporation

* bottoRPRE! @%Hﬁg?@@@f&ﬂh Raid Anglka ) batishbS ﬁllﬁﬁﬁnd RIMUIAEB):
1 ton 0

said liquid is subjected to th
ratpo 5 3. The industri al cont‘ uous
evaporation apparatus according to cla 1 or 2,

Ul Bl 1S o gabn O 567088 SHASURG o3 rafdNANG formuta (4)
70008 & B 5Bt "25"4. “The i ndust 1 alzont | nuous
eva oration according to any gne of clainms 1

whéf)ea total extemnghsdrfacg arga §e(mm\; efhsaifl guides ﬁatlsfwg'gl thgfollowing

said side-wall casing of 49 the evaporation zone and
formulaé5yui de cl osest to said internal wall satisfies the

followng formula (9): 55 K550 (9). 5 5. The

I ngust 1§ ak 0000 nuous evapor ati on appa{3) us accordi ng

to any one of clainms 1 to 4, wherein said side-wall

ca glerzgehuSSIOIHAIOS N2 hé# of Waiidh geiferdted plats (number /
an%?)gﬁglldee%iganeter D (cm an‘gét?length Lg(cn) t he (

m?) sBR54 it gqt)ho‘gﬁ.@fgg.n ected at a bottom portion of

sal casin "conical and the liquid

h V\h|ch|sinthelovver { rtion of
Béﬂl'cggaéott i i alid i

om wal | casmg, is 10 rrndrical with

éé)P%S,Ir 2 B aréeetpceéq,ﬁp ar tir(ﬁce ?rff)nl' Pl‘tll}ﬁfa c&%ﬁ@gét%)falate

1005D. S 1800 55Dl ds50
including an upper surf( ace area of said holés %%erem, and a total effective sectional

area Q (m?) of said holes satisfies the following formula (7):

50 <T/Q < 3000 @)

2. The industrial continuous evaporation apparatus according to claim 1,

wherein not less than 1 ton / hr of said liquid is subjected to the evaporation.

3. The industriat continuous 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 (8):

100 = E<180 (8).

4. The industrial continuous evaporation according to any one of claims 1

to 3, wherein a distance K (cm) between an internal wall of said side-wall casing of
49
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0.55 LID 530 (12) 15 h-20 5 L 5 h+300 (13). 6. The
i ndustrial continuous evaporation apparatus accordi ng
to any one of <clains 1 to 5, wherein the volunme V (nm
of a space in which the liquid is able to be present
in the liquid feeding zone fromthe |iquid receiving
the evapdrafion 2one ppdrthe guideccosést tdGaidintermal walltsatisfesithe following
and the upper surface area T (m  of the perforated
formuPa fd)e i ncluding the upper surface area of holes
therein satisfy the followng fornmula (14): 0.02 (m
S ¥ L -kt X0H (M (14). 7. The indust r('g)_l conti nuous
evapor ation apparatus according to any one of 25
claims 1 to 6, wherein one of said guides is
cylindrical, or pipe-shaped and nmade to be such that
the | iguid ,and/ or gaseous material cannot enter.
t ndr e He opstriakeasTinLegs evaBoRtioRARRBrAtls ARForgig o ARy one of
~r satisfies the followng fornula (15): 0.1 5 7r 5 ﬂ .
claimg 19p 4, svhergin $aid gide-wall casing of Rl exaRerstion;zane is cylindrical
apparatus according to any one of 5 clains 1 to 6,
with arhimsidendiamieeryi(deg apdrplength bucmdsthadwaliam-walk easigi m
7, and the qguides are joined together by transverse
connéctpd @t asbotfbm Poetiomdisdid iside-wall taasingLis cewnigab aatitoe liquid
apparatus according to any one of clains 1 to 6,
dischaffs BoR, Which i§ih #RSloWeMMbsE podiontsftheconlodl bottom-walkcasing, is
7, and form 10 one of a grid-like or nesh-1like guide

cylinctfrfcfaF%tHrzﬁ nidi diahekdred ?‘?ﬂ?g%’%ﬁ’ bi Kehd P98k thdTollowing

ransverse supports, a e-di nensi onal qui de _
u [ ' plurality of grid-Iike or
formLﬁééKfﬁS)l. @’gﬂ‘.%@ﬁ’?’ tures are arranged in front of
an ehi n not her and are fixed et her by
trgﬂavgrig%ui%%@ts, and a jungl e- gymkft%e :
t hree-di nensj gnal guide structure in whj,ch the guides
ar @ ﬁiﬁzédt% er in front of 15 and S{eﬁl nd, and |eft
and right of, one another by transverse supports. 10.
Th8.5 rduk{ B & 3Bnti nuous evaporation &pParat us

according to any one of clains 1 to 9, wherein said
i gu B0i & & = +&00a nonomer or a ni x{1¥) of two or

6. The industrial continuous evaporation appafatus according to any ohe of
claims 1 to 5, wherein the volumse V (m®) of a space in which the liquid is able to be
present in the liquid feeding zone from the liquid receiving port to an upper surface of
the perforated plate, and the upper surface area T (m?) of the perforated plate
including the upper surface area of holes therein satisfy the follqwing formula (14):

0.02(m) = V/T = 05(m) (14).

7. The industrial continuous evaporation apparatus according to any one of
claims 1 to 6, 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
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nore Kindg- of nononers for producing a condensation
- polymer, and/or a prepolyner 20 of the condensation
pol ymer, and/or the condensation polyner, the | ower
boiling point material is a by-produced nmateri al
and/ or oligoner produced through condensation
diametet y(cmn), :diarein r satdfiesthb folidwing farmule 4Kk at i on
apparatus is a condensation polyner polynerization
appara ysfor renoving said | ower boil{1%y. poi nt
material fromsaid nelt by evaporation so as to
i ncrease a polynerization degree of 25 the prepol yner
of the condensation polynmer and/or the condensati on

pogy :Tz@e industral ﬁgnpggﬁ'ﬁgéw?&%%%§ feL8RfRGtd 8Ay one of

appa us accor rern the
.__cqondensation paolyner is r 16e,
claimg S16% Wasra S bliles. Soflles DS anePrdfig G Blfif 7, Und'the
.., evaporation aratus according to any one 5 of
Quided P JaiNed (R0GNBHRLTANAVEISPEUPPLIRG | 5 a nel t of
t hernopl astic polyner A said |ower boiling point
material is a nononer, an oligoner, and a by-produced
material contained in the polymer, and the industria
evapoT heiindusipploantiosous exaporationi apparalusaceording &e any one of
renmoving said |l ower boiling point material fromsaid
claimsdltb 6)whereirpsaidiguidesscomprise guiteseoardingito glawh A antl form
thernopl astic polymer A. 10 13. The industrial _
one of @ridliike!&r MEBRANR! dde 3RDBILRG WS WiIEHPING duidés afd fixed together
12,7 wherein said thernoplastic polyner Ais a
T by si ' & 1M WhicA% prReafy of
by oSSR S it lop b i sl

, ased polyner, a
., +bol Onj i] e- V. . i .
oricBB o A I0b bR Pinas PN Kok ennd ope
ol ynmer, or t her lLastic elastongr. 14.. .
anott {3} g are SeddnorRies Y tviserea Sipdif, and uhiBsarmr g
to any. one of clains 1 tg 9, wherein sagid lLiquid is_a
threeglimgnsionab guige: steciyg inarhieh g guidesmgre dixed togetiaer in front of
boi i ngcgoi nt material is a solvent in which said
and hehindrmsiddeftiandoightes ong apother bydransyessisupparts.
nmononer, an oligonmer, and a by-produced nateri al
contained in said polyner solution, and said
i ndustrial evaporation apparatus is a separation
10. The industrial continuous evaporation apparatus according to any one
of claims 1 to 9, wherein said liquid is a melt of a monomer or a mixture 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 produced through
condensation polymerization, and said industrial evaporation apparatus isa
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.
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recovery | purification apparatus for renoving said
| ow boiling point material from said solution by
evaporation so as to separate and thus recover said
t hernmopl astic polynmer fromsaid solution and increase
purity of said thernoplastic polyner. 25 52

11. The industrial continuous evaporation apparatus according to claim 10,

wherein the condensation polymer is a polyester, a polyamide, or a polycarbonat_e.

12. The industrial continuous evaporation apparatus according to any one.
of claims 1 to 9, wherein said liquid is a melt of a thermoplastic polymer A, said lower
boiling point material is a monomer, an cligomer, and a by-produced material
contained in the polymer, and the industrial evaporétion apparatus is a purifying
apparatus for removing said lower boiling point materia! from said melt by

evaporation so as to increase purity of said thermoplastic polymer A.

13. The industrial continuous evaporation apparatus according to claim 12,
wherein said thermoplastic polymer A is a polystyrene-based polymer, a polyvinyl
chloride-based polymer, a polyvinylidene chloride-based polymer, a |
polyacrylonitrile-based polymer, a polyacrylic ester-based polymer, a polymethacrylic

ester-based polymer, or a thermoplastic elastomer.

14. The industrial continuous evaporation apparatus according to any one
of claims 1 to 9, wherein said liquid is a solution of a thermoplastic polymer B, said
lower boiling point material is a solvent in which said thermoplastic polymer is
dissolved and/or a monomer, an oligomer, ahd a by-produced material contained.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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