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| NDUSTRI AL EVAPORATI ON APPARATUS Technical Field The
~ present invention relates to a novel industria
.~ evaporation apparatus. 5 Mre particularly, the
present invention relates to an apparatus in which a
liquid containing a material having a | ower boiling

point than th w down

al ong an ext éﬁbﬁ%ﬁ%ﬁgﬂgﬁ%gmgﬁﬁ %Amgs not

t hensel ves have a heat source, during which tine the

| ower boiling point material is evaporated. 10

Background Art It is well-known that various
Technicaldtieldal evaporati on apparatuses are used to renove

vol atil e conmponents and/or | ow boiling point

conphapréseritinvertiow miates to Armvehindustrial exaporation apparatus.

concentrating the |liquid. For exanple, Kagaku Kogyo

Mor? ggrﬁéhlaﬂ the Préseint ingMiarelaténflan appbarats Brlivhicina liquid
the Soci ety of Chem cal 15 Engi neers,

o540 A S oot PO e
e B o PR e
sourash ELripgviish B hedowes BoTingAdiay mAIRTRl 9 Sfapdfid.

horizontal tube falling filmtype, a vertical Iong

tube falling filmtype, a forced circulation 20

hori zontal tube type, a forced circulation verti cal
Backgtourid/fArt, coil type, an agitated film type, a

centrifugal thin filmtype, a plate type, and a flash

eV ajpais aelPKnwin that@aricusdndustrialuesiaponatian apparatuses are used to

apparatuses; for a systemin which the liquid is nade

'ren'ﬁﬂe Vdiste icofipdrieats ARAAP YeWablingipuiitecomponérds by evaporation
ori zont al tube falling filmtype, the vertical |ong

frorh;éq Jl&‘%hhrfﬁu% bbﬁbéﬁ‘tpé:’tﬂg[ lh? ik © F 61 i@hptbl RAgaku Kogyo Binran

orced 25 circul ati on

oG g 3%15’?%@6@5{3 B iy ol Ry 4 Chica
e e T o o O s

rotated over a cylindrical or conical |nner sur f

e .
theinllawingdypes:obindusirial ghaperaion APPAtAtses A Somerard combustion

scraping a
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

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

v FRLSHa 4RI e A Ay e e or

concentrated thrqu evapgrat i pn whi mad

conEALRB Surface Which Srheated roUoR B st heal e, fhus Scraping a
surfaces of horizontally installed tubes; the tube

liquidifismeaff from thecheatdransfensustage as thediquidfilm i formed theteon,
steam flowing 10 therethrough. In terms of the flow of

wherélsy theoliquid is benderdrated through ®yeperdtion whilexmaking:the evaporation
cl osest to the type of the present invention are the

unifyeh andProhivtingthazt tiarsfeérng Moreovéry pith the dhorizentab tuteaifalling film
circulation vertical tube type, but these are of a

typd ¥Pthe forcdd éil‘bdlélﬁ)n hbfizbrilal tabe ayise: WWhich el 0f tita/Bbat exchanger

evaporation whil edescendlnglntheformof a film1l5
\A
typé I?ﬁ? Hﬁ@d i§ tchhﬁ@ﬁéésﬁgﬁtrlﬁf’ \# %ég}bl? I1I§ h%ﬁ?eﬁ]altd%utibgﬁ)w in the
fl ow .o f .

fom) af%i?‘éwéaﬁaw oY w“"ﬁné’gﬁéﬁﬁ&%ﬁ@!f \A%Fa"’"ﬁﬁt*Hbes the tubes

liquid fl down are thensel ves, heat eatl ng
thempaivamarR DESIACOGY A NGRING MSE BLaTLAR SIS HBRING

each of the tubes, unlike in the present |nvent|on in
thergthrengbhe gui des do not thensel ves have a heat 20

source. Mreover, strand evaporators in which a nelt

of &n l:e:t’mmuﬁtherﬂdMef theldiguiid, thesindusidal evaponatigroappaatuses
strands or filanments froma perforated plate into an

clostée Pt type ofthe preeuht iventioh)are thewetticab longrtubetfalting dilm type
t hr ough evaporatl on while falling down freely are

andthe Jotde@rduRRorivraBgal thee lﬂg!?ﬁfé!“bul thédeSareRsit £ fyipe’if- wifih the
3110547; Patent Docunent Ja anese Patent

ilqug'.‘Jlg v'\'Jb %&h&&%ﬁr&%ﬁé@éﬁ% r af’gﬁ‘@fﬁb descBRAM P%Qhe form of a film

evapor at or, or exa

oAb G B el gﬂﬂe"eﬁ%@emnvemon
in @’é‘l{)&rei‘wé‘ é?r%%@'rt% @Hgdown a glngh ggt%?nélhs% ace %rf%tuLlcPe%, 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 invention in which the guides do not themselves have a heat
source.

Moreover, strand evaporators in whic.h 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. 30-2184). However,

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

pol yester or the like is produced while nmaking a

to b FRBEBhteil alipdsdfoA héﬁﬁﬁsé%%%%‘d?h?@ fie 3i8e
eVaDRAIRBAONS 15 ot 308 hERCE DS PUBPOIRLING SITRBCY B ARfrcand

Pat ent Docunent 5: Japanese, Patent plication
moregver thecstrangs erfilamests sway sidewaysindhe eyaparation zonesand are
Pat ent Application Laid-open No. 60-44527; Patent
thusliabledo fuse to dae another,Fand-hencedntinucusrstablecopgratiomis difficult.
61-207429). Furthernore, an apparatus in which wire

Appafatdsegirewhith &ipof@nide 2a pelyesterasrithe like s praduted while making a
hi gh-vi scosity polymer nelt is concentrated through

mo%ﬁr@&ﬁé&ﬁ%@ﬁ&rﬁgﬁ%&tﬁ %\‘J\?ﬁﬂghgﬂiﬁéﬁp%#&r’t@hm BBo been

a oops has been

oh g o A AL 1S P, S o
Dodineri: BPADReS RattiFuelicaiSn . AePBiss, Bhr Doeyment &

Pat ent. Docunent 8: | nternational | cati on VO )
Japaness gi%@ppqlpﬁtlgn hakdoeeT %3@3%%4: %aatt;"ttrh@%ﬁet &s
a method and apparatus al read)é proposed by the
Japgnese Ratent Applisation hakthopen BlopBOYI4EATo katent BopurpentEd
by 20 polynerizing a nolten polynerization starting
Japanese PatenttApplicatin hgid-opemdlo. 61-20¥42%)er Fudheonore, an
starting material flow down along wires or perforated

appaFgtas i1y WhisttiwirgUbaes ateSpetdiiatian anldgporatiorPzone, and a
I nternational Publication WO 99/36457). However, wth

higlﬁ-WsEo@P&gg SHrHél RpvdRtent d“iHrSEgﬁ%vbBSrd%hf&F HtsSghs removed

sheet - gui des, there have en no specific

thefdidm ?ﬁ@é%;eriﬁip Sﬁdv\?\lﬁ?&\é@e%gﬁné Rk Wire! §§p€ ﬁgg Be8h proposed,

el
use o parat us carry o

andf RS hien Fa®dihat afch & 3B8pHeat I8 oin B itioadll e for
1l ton/ hr of the liquidis 3 subjected to the
subjsciipgrapplyrarhonate, selyilipa or mqlhmmjﬁewgf to, ronggnirationdbeough

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

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

sub ic{Hradth ?éﬁcﬁ{ in the case of an apparatus for
vaporalng boi l'i ng p0|nt material froma

Lgﬂﬁgﬁgaﬁﬁéfyt@@r PR bR R oo i e i ooon nc
desBighanotineons svcavaing iagenatainn Sl as dfchltraton, etation.

progressively or suddenly 1 econmes m xed i
crossinkieg: praditetion @fiaa, ultsaiitigh H&? gt weight Séwﬁ'%l?ﬁ%" scorching or
di scoloration and contam nation with solid faoreign :
carbarization duevo sbmaraf thediguidsresiding in-thecapparatusdor a prolonged
product such as polyner etc. However, it i's clear that

periodtdf tinfie. enartiatlanin tepease ofan appamtus forfaevaponating lower
consi derati on what soever has been given, to such

bouﬁ\ggﬁn%iﬁf FHatérial i a IR ﬁﬂﬁﬁ? alFelativelyhighrvisdostty, it has been

according to FIG i n Patent Docunent 5,

rev%!méﬁ Bof ﬁlleaﬁrﬁ |ﬁ18 thﬁﬁlg?l"ﬁ?@hﬁé b PP%éﬂ éénﬂml.ﬁiusl&%ﬁatlon that if

I near suppo e 1's nuch

cuc i %%&s%s@ﬁ%ﬁmé’@agné oB 878 55 g ey
ot A g

what soever has been adopted for re cin

andsgentaminatiorowiih sglig foreign matprial; wh ﬁf?%ﬂé? farith cob§Sitrated
in froma high-viscosity material feeding port (7)

prodast slesh dopolymeratanged period of tine in the "dead
space" between the perforated plate (3) and the

i Nt Goebver Hes\elear thatfwittethef evapuoeation apparatuses known so far, no
hence the above problens occur inevitably. Moreover,

corfRicitation wHiStvieY hBE Reemasivery t@@ﬁ@tﬂﬁeﬁﬂmﬁh uponnrolonged

rreans what soever has been adopt ed 25 r reducing

opq gﬁ’ SPBFExa e?naeggfd‘iﬁ% gg& b PP atehEDEcurlent 8 which relates to

ng zone ng is carried out onto a

o Bl ket EboF i i B i o
so-calied da a% space V\Ifhnerg?r'me poﬁ/mer resides for a prolonged period of time and
is thus heated between a hole portion of a perforated plate and an internal sidewall
surface of a hollow body, and no means whatsoever has been adopted for reducing
this “dead space”. Accordingly, the high-viscosity material fed in 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 hence the above problems accur inevitably. Moreover, even in
recently proposed by Patent Document 8, no means whatsoever has been adopted
for reducing “dead space” in a distributor pipe 3 (FIG. 2), or a feeding zone from

which feeding is carried out onto a perforated plate (FIG. 3a).
4




liquid containing material having a | ower boiling
point than that of the liquid is nade 5 to fl ow down
al ong an external surface of a guide that does not

t hensel ves have a heat :source, during which tine the
| ower boiling point material is evaporated, to
provi de a specific apparatus that can be operated
stably for a prolonged period of tinme on an
industrdal scale such that not less than | ton / hr of

Disqlﬂ%urpiqmp\éeril I'%ubj ected to the evaporation, and

furthernore to provide ag.spegjfic jndustrial . .
evalids aniohiecttihe hresert mVERfion. fo thedse.pan,apparatus in which a

) robl ems due to degeneration caused by sone of the .

liquid; epntainingsmaderial havingea lgweirbailing peint thas that gf the liquid is made
period of tinme. The present inventors carried out '

to flewudbwars alonigoan ektegnalrsurfacefsa guideitbat deassnet themselves have a
previ ously proposed gui de-contacting downflow type

heaP8biFte), dadhg WhictPimiesthedower bw'\?\?q ipointmatetial iz eyaporated, to
IS subjected to polynerization ile being made to

pro%iﬁé' drediBpparalis igt 688 beUsibrated/éthBl-fora prolop@etitperiod of

a :
present 1nventors discovered an industrial

tim%ﬁﬁ%?fiﬁﬁhgﬁiaf‘?@a% %&Mﬁ tﬂ@:\é@@qﬁgﬁ fRFCA [P PnSof tﬁ@tl is subjected

aracterized as escr OW I N I ch the above
object can be t gi ned I [ NG . .
to i biApeERon-Ang hrdhelffhue 3§ Bloyife AkraRiIntfiaP s E8RHton
An industrial evaporatiop a ratus in whi.ch a liquid
aDURERIUE M WRIEHNL® &/ 80 RYSDIALS 0% 10, dpaaReralian Bge Brome of
than that of said liquid is nmade to fl ow down along an
the diguich nesiding i thecapparatusdor adrolenged pesiodAf tiMRnsel ves
have a heat source, during which tinme said |ower o
boi IThegpresent inventars earriex] eut:gtudies doto udirg i vanious applications a
i mprovenent conprises: (1) said evaporation apparatus

previoUBl propeseéd buide-coritacting dognflow typepblymeritatibaagipagatus in
zone for feeding said liquid via a perforated plate to

whiéﬁiadmauéﬂgﬁa%wg%ﬁ id Subjectedo PONIREALALYN WRNE belng Made to fall

evapor at | having a plurality of guides that '
o PRI B e i, ARG ilors docoverod an
b A SR PSP BYRH STl Biblfloricea as
desgigiggaar 5 f‘:)r? %\gg{ q%él a'%}c;jvei gbjgctl gamrﬁr:gg\%éirl%%f iri\uosnreoaghfn%eto the
present invention. That is, the 'present invention provides:
1. An industrial evaporation apparatus in which a liquid containing a material having
a lower boiling point than that of said liquid is made to flow down along an external
surface of a guide that does not themselves have a heat source, during which time
said lower boiling point material is evaporated, wherein the improvement comprises:

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

feeding zone for feeding said liquid via a perforated plate to said guide provide in an
evaporation zone; said evaporation zone having a plurality of guides that extend

downward within a space enclosed by said perforated plate, a side-wall casing, and
5
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(2) a flow path controlling nenber which has a
function of making said liquid 5 fed onto the
perforated plate fromsaid |iquid receiving port flow
mainly froma peripheral portion toward a m ddle
portlon of the perforated pl ate being provided in

o 4 3 o Bt e e Bporation
P ERA HD HO

rati o between said A (n2) and an internal sectional
casingea B (n) taken through a horizontal plane of the
l'iquid discharge port satisfying the follow ng formnula
(2) (2)20flowApati controllifg rfAgmbebwhich basalfonction ekinaking said liquid
casing constituting the bottom portion of said

fed snﬂjombqser&rratewmté)ﬁbﬁgsare ngaiet r%@eﬁindgiﬂoﬂﬁbwnﬂn!?n@hea

C () to said side-wall casing on sai bot t om wal

perrPﬁf. dg\%lorr]tg ok WF%&?& %grdgr & %&165 (hg%'ﬂ 5I§& berng provrded in
of said gU| des sati sfying the foll ovm ng

33'41'64‘%}%@‘{@%“50 150 5 h 5 5000 (4); (7) a total

ext er.nal . surface are Q ai ui des satl

¢ he (PIgA BUPTRT SEEHORS ér?%?(mz takes tRghR noel %P%e of the

vol ume V ( )ofasacelnv\/nlchsaldé)qurd ?
S'dQ"daBé"aBWQs‘efrﬁaid gvappiation zonefatigtying thenigliowing W (1):

said Igur d receiving port to an upper surface of the

per Dof a£e B A0, and an upper surface étka T (m of

t he perforat ed plate incl ud| ng 6 the upper surface

ar eq4)od ratio betwee said Astmn?) ging aryintémmal sedtionah gréaBrini?) taken
(6): 0.02(m 5V/ T50.5(m (6);: and (9) said -

throughWBoNzdrtd) plafé &f tl’ﬁ?lmﬂﬂ \digchérgé@boftfsatisfifireg the folloing formula
evapor ation
(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):

10 = C = 165 _ (3

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

150 < h < 5000 | (4);

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

2 < S = 50000 (5);

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

perforated plate, and an upper surface area T (m?) of the perforated plate including
6
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zone satisfying the followwng formula (7): 5 10 5 Y V

.5 500 (7), 2. The industrial evaporation apparatus
according to item 1, wherein not less than 1 ton | hr
of said liquid is subjected to the evaporation, 3. The
i ndustrial evaporation apparatus according to item!|

the QPB%&@?“‘F%%%& o 18 rorein SRRt Allobid Fofftia (o
(o) BURGnE £ VIR @B The {maust 11 7 Sofggéf‘él o

apparat us according, to any one of :Tgms 1t .
whol®) sid apiue Yol and tha vigjugre ¥4mi) @f/aﬁaage iim the, @y@poration

is cylindrical wwth an inside dianmeter D (cn) and a

zone satjstying thepllowing foomulan¢A)al | casi ng connected at a

bottom 15 portion of said side-wall casing is conical
and10he Iy gvi & dgogchar ge port, which is(f)y the
| ower nost portion of the conical bottomwall casing,

2. "FheCiMHquhl é@épdb‘ahbn %?phféthé’ Accidmttiteift 1 Wherein not less than 1
wherein D, L and safisfy the folllowng formulae (9),

20 5s_D/ d50 (10)
ton (ALY s4id T ?111% diﬂ]éat%’agﬂﬁjééﬁﬁbrgﬁ% (12) 5. The
3. THAARNG Rl BYARSRALh SPoRRARL ALHSKAFF &I ALA% hC2AMKerlR an angle
ovmn f.ormul a 400 . (13), 6. .

E( ;rﬁél‘ﬂ’ r‘"@i’"%@é%?gdl $'€f%°§p%fa$ad@ dguglifggam&{égqeoa%§asd

one of itenms 1 to 7 wherein one of said guides is
perfgyated platesatisfes mq)tol foremia (e to be such t hat

the |iquid and/ or gaseous materi al cannot enter

t hen@Dn= it kM&8h outside dianeter r  (c@), wherein r

satisfies the following fornula (14):
4. The industrial evaporation apparatus according to any one of items 1 to 3,
wherein said side-WaII 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 (9), (10), (11) and

(12):
100 < D < 1800 (©)
5<D/ds 50 (10)
05 < L/D < 30 (11)
h-20 < L < h+300 (12),

5. The industrial evaporation apparatus according to any one of items 1 to 4,
wherein the h satisfies the following formula (13):
400 <h = 2500 (13),

6. The industrial evaporation apparatus according to any one of items 1 to 5,
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~ (cm), winerein 1 sgtigfies theifellowipg form

0.1 _<r51 (14), 5 7. The industrial evaporation
apparatus according to any one of itens 1 to 5,

wher ei n said gui des conprise gui des according to claim
6, and the guides are joined together by transverse
supports, 8. The industrial evaporation apparatus

whefGiRTite BFsif cBieciBulingli) % fipbraaped i Maldels o such that
the faidindler Goseiuts Tble ) Sancalibh el i Sl Sbiecbheter

supports, a_three-di mensignal guide structure in which

wgsmg):i ke gui de
structures are arranged in front of and behind one
anoOhkr=andsafe fixed together by trans{®)se supports,
and a jungle-gymlike three-dinensional guide

7. ThHelimdustial evaporation apparatds aceowdig fedny opetdidenmat to 5,
front of 15 and behind, and left and right of, one

whetei 1d daiddd %Mﬁéé@uﬁé@%ﬁdin? to Elm 6) et theajuides are joined
evapor ati on apparatus according to any one of itens |

j ' iquid is a nelt of a nononmer or a
tog%ﬂﬁ&yé%%@?%%ﬁﬂp%#rséqki nds of nononers for
oduci ng. a_c t . r
8. BH e fiof oEARBNER <pBArAE Bt by BrBiERERTT o
ol yner,, the |ower, boiljn oint 20 mterial,is a
whesgiry i auies: carbprise Oyidesaceordipe 18 Ainh A {Tmreng g 2
_condensation polynerization, and sai_g?ﬁi ndust ri al
gricshikepor mesbriikegiide stryctute in whikhdhe guides aea M together by
pol ynmeri zation apparatus for renoving said | ower .
trartswetsensupports, athtes-dimensionalguide structurein whighoa plurality of
SO0 as to increase a polynerization degree of the

grideliepol shesh-like guide strootiees ate amapgéd irefroatof and bekind one
condensati on polymer, 25 10. The industri al

andiNaPand kP fixéP RiYetherhyPEaRSvErSE suppbitenar ajimyleigyniike
condensation polynmer i's a polyester, a polyamde, or a

thréé%?ﬁ‘?@t‘iéwﬂﬁtc@idé strictuld i WRRESthE! gtlidéy 8REd Rigether in front of
app ordi ng y 8,

ar_atus_a ! ! FO any one of“itens 1 to ;
and BE0RA a3 b3l b o e G ot
o, "BIOYEL e SLidonEr. and & by b Qdused I el illms 1 1o,
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 is a condensation polymer
polymerization apparatus for removing said lower boiling point material from said
melt by evaporation so as to increase a polymerization degree of the prepolymer of
the condensation polymer and/or the conden_sation polymer,
10. The industrial evaporation apparatus according to item 9, wherein the

condensation polymer is a polyester, a polyamide, or a polycarbonate,
B8



pol ynmer, and the industrial evaporation apparatus is a
_purifying apparatus for 5 renoving said | ower boiling
point material fromsaid nelt by evaporation so as to
increase purity of said thernoplastic polyner A 12.
The industrial evaporation apparatus according to item

1. L3 655540 A BRI o e oS,
oS ol S S50 B i o

ester-based pol ymer, a pol ymethacrylic ester-based .
matgdalis@ mopemer, ameligarpet andca by-p¢ | materiajigentained in the

i ndustrial evaporation apparatus according to any one
polynier, andtihé industijal evaporstionsapparaiuglis a purifping@pparatusdor

a thernoplastic polyner B, said | ower boiling point
remaRing'd=id Iowertbsiling point matehaldfroradaild triedtryevassdration so as to

pol ymer is dissolved and/or a 15 nononer, an oligoner,
] . ned | d I
incrgade BuRly: dTSR ARIRIARCOIpABE AL 1e0 11 Sl d polyrer
12.! T inBR&Yal c{,rvsgégﬁ{ ﬁpﬁara‘iﬁé bmfdﬁ%aifé’ﬁ A ?Wl‘%r%fﬁfsaid

rem)v! ng sal 0 _ pol n rom sal
b g AR b0y b OO £ BBl ey basec
polyait ARAIGRABe o b PRGEARY b BoseiaHEresad polymer

evapor ation apparatus according to the present
a polyaenytic ester-based pohaper. & palyme isrester-based pplymeryer a
in which a large anount of a |iquid can be
themidplasteanelagtormercent r at ed t hr ough evaporation stably
for a prolonged period of tinme, 25 and i n which not

13.| e inbastrial eapdration @ppahfius ascsrdingptccany oneliof itears beo 8,
produced, w thout occurring degeneration of the

whérbtdaild Fi&ﬁfd i8 PEALHSY 8fla RSEMSPIRdtic bofymel B, sBid lower boiling point

particular, the industrial evaporation apparatus
. - [ .
maGFREiST SAvEh b ViEh SRR thelMPishE bol it B Misedie ah b o
moul'lc'xﬂg'r, %nhcﬁ?/g'orr]r%’er, 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
by evaporation so as to separate and thus recover said thermoplastic polymer from

said solution and increase purity of said thermoplastic polymer.

Advantageous Effects of the Invention

The industrial evaporation apparatus according to the present invéntion is an
evaporation / concentration apparatus in which a large amount of a liquid can be
efficiently concentrated through evaporation stably for a prolonged period of time,
and in which not less than 1 ton / hr of the concentrated liquid can be produced,

without occurring degeneration of the liquid over a prolonged period of time. In
9
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a relatively high viscosity. Wth the apparatuses
known so far for concentrating such |iquids having
the relatively high viscosity through evaporation,
t here have been 5 places where sone of the liquid
resi des while being heated for a prol onged period of

paryf; 4 OGHBRL oo et SRR S bRt mveriion
eSS 15 i BB e Eon BB e i

and it has been found that the degenerated nmterial

a relatively high vissosityic eWith:the @ppesatuses kogwe s fa for cancentrating
suddenly, causing a 10 deterioration in color and

suclp liquids thawingpthet letativehchighniscogity ithrough eMaporation there have been
evapor ation apparatus according to the present

plade8\WiNdrebmeé oftiDliquid vesides ahile Wenig heateebior atproldniget period of
does not suffer from such drawbacks, and in particul ar

timé%}ie?éﬁﬁoﬁpﬁski am:gi&ga& dagererafibhSeichZza! digsoloration, gelation,
S or

appar at conden3ation polynmer, a purifying

t . r | i . .
cro¥ifiREG, Hibd Rlinf of 3R BRI holGGlrReiant pofifineth Bafdicstion,
a.ther | astic po r_sol.ution an PA
scofptingsArbaZation, 6 inkie, 304 1 1 o 80 it bl B fiddenereted
according to the present. {pvention is an rat us,
materiak mixesyndhe @HP@W’ %@Hf"ﬂpﬁgﬂ@@%ﬁﬁﬂvﬂy &h 3535831}'. causing a
polymer to be produced with high productivity of not
detgrinratiom imcalor and propersieaiof $he eencentrated liguid.  Jéei ipdusirial
time with no discoloration or contam nation with
evaporatioprapparatusaccoaling do the pfesenbihvention isa continuals y
degenerated material. Furthernore, in the case that

evapbeatiof \@hRiralustRabddes AbLSuffsr dm isneh deawbacky, emerih particular
I nvention is used as a polynerization apparatus, it

achfeBs U cBREIR dffecieas ‘é‘:ﬁb%éﬁzﬁt{i‘tﬁ{ ggbéra}’@é torld &drdensation polymer,

variation in nolecular “werg Brief Description
= A AR 5 I RS BV oG Sl e separating ang
NP 58 b 5 A e oPIAS B nea oo and purting the
polyhra]géztr#t{q?lriﬁ,éﬁg ?rgg(ﬂs?}ieilloerba%%%ﬁ{o%t gp?pa%'g%u%r gcl:c% itng tg Qﬁe present
invention is an apparatus that enables a high-performance and high-purity polymer to
be produced with high productivity of not less than 1 ton / hr stably for a prolonged
period of time with no discoloration or contamination with foreign material caused by
production of thermally degenerated material. Furthermore, in the case that the
evaporation apparatus aécording to the present invention is used as a polymerization

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

weight.

Brief Description of Drawings

FIG. 1 is a schematic sectional view showing an industrial evaporation
10



FIG 3 is a sectional view showi ng schematically an -
upper portion of the 5 industrial evaporation
apparatus according to the present invention;, FIG 4
is a sectional view show ng schematically an upper
portion of the i ndustrial evaporation apparatus of

rese nt| El .S a sectional view
appér Ué) Wgemﬁ}%“‘f el imnating "dead
spa etvvee an internal wall of.,a |i
zonEFGa£ & & Seematic Secbanal MEw showing a sl fasthal
controlling nenber; and FIG 6 is a secti onal view
EVGQW@NDH@QP@F@H&&%QNIW tethespresentinvention;i ng " dead
space" between an internal wall of the Iiquid feeding

zonE|G.ahit & spetidnal aiewl showing schematically lapvuppertportion of the
controlling nmenber. 1. liquid receiving port, 2:

industridl @vapothtipnsdpparadtus! astording 6 dhe presemnt invention de, 51
15 evaporation zone, 6: evaporated naterial outlet, 7:

|| apid 4l 88EMSAYidw showhigeibmaticen gg\ggvﬁérgabm& of the

an inert gas feeding port accordl ng to

indu%'tﬁ’éi é%gk)rétﬁﬂ %k%a{rgfusedﬁﬂg p‘?é nil: bottomwvall

evapadrat on zoné {5’ butlet, 13:

L'emaa-é B A 3B 5H e B -méw o rhating geac
e s a5 37 B oS oS 4 e it anc

invention is based on the discovery that to attain the
a flayppath condralling memberc 8Rdi nuous type evaporation
apparatus, various conditions nust be satisfied. The
pr eSHAL6 isa setiiamal wiew showirgsschesnalidaly meamofor efiotinating “dead
with reference 25 to sectional views (FIGS. 1 and 2)

spaté’ bestverh aigintédat wall & thefiqiit feeding Zorel and apgrforatedsplate
according to the present invention and sectional views

and(thie Bow Pathtbridoling!mehidrng a part of the evaporation
apparatus. A liquid.receivi ng port 1 is preferably

1: |I€%I8Vrgg§ﬁldg;p&'t,l | gbe‘?‘f rateld Ufed ﬁg&%:l’f%eclhﬁ&%n% 47 ﬁfd% 5:

rec V|hg P one pl ate

evapora OPI| zuo'rn"’leI 'Bt %vaporated materlal‘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:
flow path controlling member, 21: example of hole of perforated plate, 22: inner

sidewall surface of liquid feeding zone, 23; upper inner wall surface.

Best Mode for Carrying Out the Invention

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

apparatus according to the present invention and sectional views (FIGS. 3 and 4)
11
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pl aces, the at least one liquid receiving port 1
pref erabl'y being di sposed such that 5 the liquid in
the liquidfeeding zone 3 can be fed onto a perforated
plate 2 as uniformly as possible. In the case that
there is a liquid receiving port 1 in only one place,
the liquid receiving port 1 is preferably provided in
showing-a Pag Ofﬁbﬁﬁvam@%mnrﬁpn%wsof the Iiquid feeding
zone 3. A flow path controlling menber 20 having a .
f unédliquin taceiving poit 1 ispreferably providedtio a to ofca e feeding
plate 2 fromthe liquid receiving port 1 flow 10
zoned. nI There maybe auchadiqulid peceiving porivhinione plader orf in a plurality of
portion of the perforated plate 2 nust be provided in _
pladdictid atieds{ 656l liQGidZe06ivihg gore 1idreferablybensy tisposed such that
menber 20 has an effect of nmaking the liquid flow
the ig@flih e REGHASEARD RS Bln bRIEY ort8 peftiatd plate 25

o SRV B o 5B RRBTA R i r B on
el 3 Wi e et 11 st A 5 S5 Ap Sl e op

fromthe peripheral portion toward the central portiaon

of the ligyid feedingzanes. pﬁ flow pathcontrelingdnembes 2&@&9 g function of
fromthe holes arranged between the peripheral

making the liquidfed lvate the perforated ptate fframdhe lianidrreceiying port 1 flow
plate 2. The flow path controlling nenber 20 may have

maialyfrerinap pedphérahporionttbwar@ @ centred pertivih ofithe fpesforatediplate 2
control 1 ng nmenber 20 can be achi eved, but the outline

mustbefproAdebinthelligae feledimifzdned. PThE oW patdl dant@lling member 20
. menber 20 is preferably simlar figure to the outline

has3n @ff&ét‘%ff%éltﬁgé 'rtnl‘l’é‘ lin?{s]igtflb‘%v RBA f?feaﬁeﬁg)h@ tﬂrﬁo? tSwhPhe central

herein, the Cross section o I ow pat
¥ " ef ! 1
porfii bf g neiferdi Biate ?) iR sEpRoM artilid oftF ey Ve
pro@pgelaierion sime i nsPAss bebiisen Balesie &d i e paifprated plate 2
for the spacing between the flow path controlling
andyainterme sidewaliurfaceciaf the ligsithfeeding 2ae Bac d heziqyid made to
the liquid feeding zone 3 varies according to the
flovamaimly feoml the pedghenal portionitoward thelcentral poption of thegperforated

and so on, but in the case the that the evaporation
plate® iy thus fed onts goides 4frowl thediclesairangag betweers theaperipheral

pol ynmer purifying apparatus or

portion and the central portion of the perforated plate 2.
The flow path controlling member 20 may have any shape so long as the

effects of the flow path controlling member 20 can be achieved, but the outline of a
cross section of the flow path controlling member 20 is preferably similar figure to the
outline of a cross section of the perforated plate 2. As used herein, the term “ the
cross section of the flow path controlling member 20" refers to a section obtained by
cutting through the flow path controlling member 20 in a transverse direction at the

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

spacing between the flow path controlling member 20 and the internal sidewall
12



the like with the liquid to be subj ected to the
evaporation having a relatively high 5 viscosity, a
range of ‘from1 to 50 cmis generally preferable, with
from2 to 30 cm being nore preferable, and from3 to
20 cm bei ng yet nore preferable. The spacing between

nte nal, wal | surf e 23 of t id fee
surfies 439 b Iavie TPRginaZRe S Vafies amrﬂgwqigfsﬁs@r@ewﬁwﬁwmsw
spacing, but is preferabl nmade to be such t
of th&wé]w‘éiﬁ’ berrecessad @1d saen, bytindhecasadhe that *Befeé’@HPFﬂ}'O"
zone 3 is as short as possible. 10 For this reason,
appatatss ispusadcas apalymerization apparatus,; gepalymer parifying apparatus or
cm preferably from2 to 170 cm nore preferably from
the fiké @ithIRe diquidTtochd subjepiedito the eivapbiation e a rélatively high

be made to be such that the spacing between the top

5 viscbgfgf A ¥éin %f'fro?ﬁ 1 RB0 éh |§fge‘hbﬁally' ;ﬁéféi’abl%e WithoFréA®ta330 cm

the Tlow path controlling menb 20 is
bei@“ﬁﬂ' Léflén ﬁ(!? Lﬁlﬁj QQHPSE Qﬂ‘c{rﬁﬁel gl%cﬁi‘fe‘féﬁﬁlémrfhe spacing

betybeh afigp Fie|Hl Wil Grhsecs § fg%l”@%ﬁv% R B ffow path

radual |y wi reover spaci.n e the
confrpling ;m?%bea%srmy ﬁgﬂ%ﬁﬁ?@fngzgwafﬁ fiﬂ\ﬁ%r%p& ki b such that
plate 2 is enerally from1l to 50 cm preferably from
the zealqberm time o%ﬂhe liguigfinthe liquidifeading:zonen3 isas shad as Rpgsible.
path controlling nmenber 20 can be made to be such that
10 t he Fopthis ngasd) thistspaeing isgenerally intzetangeefdramahte 20@ cm,
flow path controlling nenber 20 is substantially the

prefefably fiopiRttbel 70néra| mvre preferatsly fror8fta&0Zin of Thedlow path
Iqu|d feeding zone 3 to the central portion of the

con%ﬂuﬁ@rrﬁé%ei’ bdlcarbe ﬁ{adéalB 58 SGchthaliele spaciRg betwéedn the top

hat "t hi s spaci ng gradual Iy narrows, or conversely

'lnte?rﬁ1 M#I.er%edf@%f t@‘ﬁqﬂ)& tfeél:{ﬁé?lbﬁ@ andi e ﬂ&N?J%tﬁ EShtrolling

e Sspacing Is s e sane

e BGREAB R s gt I B0 BN ol

o sodir s B B S5 Sl e e

be thought of as being a kind of baffle. Noteth in
that this spaging gradually aaswss csicenversalgradyaly allqi%mge Moreover, the
area, it is also preferable for sone of the liquid fed
spacing between the flow path controlling member 20 and the perforated plate 2 is

generally from 1 to 50 cm, preferably from 2 to 30 cm, more preferably from 3 to 20

cm. The flow path controlling member 20 can be made to be such that the spacing
20 between the perforated plate 2 and the flow path controlling member 20 is

substantially the same from the internal side wall surface 22 of the liquid feeding

zone 3 to the central portion of the perforated plate 2, or can also be made to be

such that this spacing gradually narrows, or conversely gradually widens, but is

preferably made to be such that the spacing is substantially the same, or gradually
256  narrows. |

The flow path controlling member 20 obstructs the liquid fed in from the liquid
' 13
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in to be nade to take a short cut to the vicinity of
the central portion of the perforated 5 plate 2

wi t hout "passi ng the peripheral portion of the
perforated plate 2, in which case it is preferable to
provide a hole in one place or a plurality of places

recaifnb #or | Hshbiind led sisFR I ine ROl i @ﬁ%@%ﬁ"ﬂ? g and
nenonanay 8isbibd tuehlofam beipg 7 KRELS! bafle, pNefeL(Aak i Pt gase that

the angle E () between the internal S|devvall surf

the perfotatecﬂu plate 2 hagadampeareagit @alaozprafﬂnablﬁefobéﬁmmtthg liquid fed
plate 2 to satisfy the following formula (8): 100 -<

in tdhe nidde {BiakeHeskort cut tortheodcinity bbithet cantralpertian of the perforated
sidewal | surface 22 is planar, E is an angle between

platé 'multﬁé@t_f prlsisy By periptiaral mﬁoﬁ &f thel pefforated plata2e th which case

late 2 in a section taken t hrough a pl ane

it is ??édﬁ?ilmﬁéﬂ vidl® aXBI8 ih BReRllade ol pltifﬁlﬂfyrﬁf%él%s in the vicinity of a

ace 22 15 and an upper surface of th

oenﬂﬁf {)8&1‘%[’1 AR% b Cﬁathﬂohs ol fﬁg'ﬁ‘@@m i) 6%6&?&%6@%&  portion for

IS a concave curve

AT oo . 1
sidewal | surface 22 at the po nt where qﬁ r?%qnga& fth
alsapreegable farthe angieE 4 hetween the g%te{fba' 2 of the

taken through a plane perpendicular to both
liquisbieeding zone 3anddheqpestoratedrplate 2to satinfwdne fqilqwm forpyula (8):

and the upper surface of the perforated plate 2. A
nmor d00pceflexat80 range for Eis 120 5 E(8).180, with
145 5 E < 180 being yet nore preferable. Mreover, it

I's Mere, B theadrel that thedintdraal diléwal sprfacé 22ris @IalwraEusan angle
such that the vici nity of the joint between the top

betivBE rtﬁ@'ilggﬁ'ldfl ; ﬁ%gh&% pefbRitbd pfété%' a section taken

sur ace Ing zone 3 does not
5
thrézﬁzn"%sgaa%@%eaﬁﬁ@aggé bl apEhg 400 ieh BBk yrtace 2
ol ) e S G, AR et e
e e . AR SRR e oo e
vol une é&ofasacelnvvhlchthellgwdls
uppes sudape perforated platai2iand adangentdadhe lﬂtﬁmﬁlﬂd@wall surface

liquid receiving port 1 (i.e. the
22 at the point where the internal sidewall surface 22 starts to rise up in a section

taken through a plane perpendicular to both the concave surface of the internal
sidewall surface 22 and the upper surface of the perforated pléte 2. Amore
preferable range for E is 120 < E < 180, with 145 = E < 180 being yet more
preferable. Moreover, it is also preferable to devise the evaporation apparatus such
that the vicinity of the joint between the top internal wall surface 23 and the internal
sidewall surface 22 of the liquid feeding zone 3 does not become “dead space”. Itis
preferable to make an angle between the top internal wall surfaée 23 and the internat

sidewall surface 22 be greater than 90°, or 90° or close thereto, since in this case the
14
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- joint between the liquid receiving port 1 and the top
~internal wall of the liquid feeding 5 zone 3) to the
upper surface of the perforated plate 2, and the upper
surface area T (m of the perforated plate 2
i ncludi ng the upper surface area of the holes therein

.. nust. sati.s t he foIIo formila (6): 0O < V/
vicirfhz8r 4R ol 6 cgheay8 anp et i fBes Moy st et o
the liquid in the liquid feedi zgne 3 10 duri.n
~conin ﬂwgsspbmpnw dheMoninag %Wgtq$%WPﬂmg the hqu'd is
according to the present invention, and the vol une of
able tecbe prasantimthediquid feeding zene & from the liguid feeeiving port 1 (i.e. the
therefrom The anmount of the liquid held in the liquid

 joint stdicen thertigquRl feceiving port(hiind thghtop internal wal ofitheuliquid feeding

the lower the residence tine of the liquid in the

zoné i 46 thé agsenaxrfm the e iatec2 | Abthe @pseraurface area T
adverse effects due to thermal egeneration, 15 but to

(m?Péf tﬂbrb%ifdgﬁf&eﬁlbfé‘i fkihd At BéPéu BR¥a 6ftha holes therein

prescri concentrati on egr e or po ymsrl zation

mu#i%gg,g@ tﬁéc}\m@g{"}lﬁrf?ﬁﬂﬁlggb?nged period of time with not

‘the liquid being subjected to

the a ort ant feed the liquid
PW&B é ‘921}% ggr(f’gpat ed pl Z@e 2 as uni forrﬂy as

OSS|bI§ It has been discovered that tae val ue 8 \Y/

7T Wi )i sybgfantially e valume ofdhe dauid indpe ligwid feeding zone 3

preferable range for the value of V/ T is 0.05 20 5
duripg/contipuousi opefationi af the evapeaiation apparatus agcorging 4 ithe present

yet nore preferable. In the present invention, the
inventionpany tile8diunsa df thecflow patt'eccht(niﬂng)memberp% is excluded

evaporation zone 5 nust satisfy the follow ng fornula

~ therefibm. 10THe ¥mourit of BRDliduid heRbinl mehﬁu@mm 261 8rigthus V (m®).

that to subject a large amount of e liquid to the

The%ﬁ%? kas g‘?ﬁbtﬁﬂr tHéW iver tHE? r@éfu{l1 bric Qﬁ@' llélﬁlﬂ% ¥hé fqu feeding

prol onge rlodo time Wt rlngaou

zongzégéwsﬁ&%@ve s haREA $&ve§£#%@@ Q4 iyl degeperaton
out §5 B B85 A IRHE AR s oL Bl olefaton
deg¥eer-tz opggﬁrr?ér?zfa%g%e%ree stably for a prolonged period of time with not less
than 1 ton / hr of the liquid being subjected to the evaporation, it is important to feed
the liquid to the holes in the perforated plate 2 as uniformly as possible. It has been
discovered that the value of V / T must thus be in the above range. A more
preferable range for the value of V/Tis 0.05(m) = V/T = 0.4 (m), with 0.1 {m)
S V/T = 0.3 (m) being yet more preferable.

In the present invention, the volume V (m?), and the volume Y (m®) of a
space in the evaporation zone 5 must satisfy the following formula (7); |

10 = Y/V = 500 (7).

It has been discovered that to subject a large amount of the liquid to the

evaporation per unit time efficiently and stably for a prolonged pericd of time without
15
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Note that in the present invention, the volune Y (m
of the-space in the 5 evaporation zone 5 is the

vol une of the space fromthe | ower surface of the
perforated plate 2 to a liquid discharge port 7,

i ncludi ng the vol une occupied by the guides 4. The

bring 3B Rt e ptctL % pyBiifics callsctfPihelriatddeeration, the value of
Y/ %&ﬁ%ﬁﬁﬁ? BeGhhe bove ia?ri‘s%ﬁs ﬁ%@?p?:e%ﬁ%ﬁ&?ﬁgléi' ¢ 38 Vahue of Y /
rati o betwee the internal sectional area

Vis(ly =t¥kdh érﬁ%gmmaoﬁ HohY a& épgr’c@uaq)ygh@ose qufe@ble

a liquid discharge port 7 nust satisfy ge f ol I owi ng
f or Mote that)in thes prssent inventior, theo®liymp.Y fn°)fithetspace in the
satisfy the above formula (2) so that the liquid and

- evaporafioarzdness is thewsliraerof tie spate fribatthaloweysurface of the

evaporation, or the nelt whose viscosity has been

perfofte@ PigE 2\d & AYhidtisElHr 98 mtlnéluﬂﬁ'@ﬁb' vilumne ddeeipied by the

gquality of the concentra uid can be discharged.

gu 4?% gurthernore, a bottomwall casing 11 constituting a
tt

‘om portion of the evaporation zone 5 is connected

¢ hen Deuf6E e B arkain b ke BTl Ry iR (plane
a-a' R S Bal Fesinsc 10 Stan SvBparTioBiare.A st 58t the TeilSwing

possible to 90, 25 but to nove the concentrated
fonmmad1h falling down fromthe | ower ends of the guides
4, and the melt whose viscosity has been increased
wi t BoUt=DbAi Bgi30§ about a reduction 16 {Hh.the quality
of the concentrated liquid, to the liquid discharge
por Futhefinorss ta ratioi bestweeh e(m) el therintermal(stictional area B (m?)

Furthernmore, the length h (cn) of each of the guides 4
takeéfhro8gh BHofizbhtal plane (plane b-b’) of a liquid discharge port 7 must satisfy
the following formula (2):

20 = A/B = 1000 ).

A/ B must satisfy the above formula (2) so that the liquid and polymer that
have been concentrated through evaporation, or the melt whose viscosity has been
increased without bringihg about a reduction in the quality of the concentrated liquid
can be discharged.

Furthermore, a bottom-wall casing 11 constituting a bottom portion of the
evaporation zone 5 is connected at an internal angle C (°) to the side-wall casing 10
thereabove, and the angle C (°) must satisfy the following formula (3):

110 < C < 165 (3).

To keep down the equipment 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
16




following formula (4): 5 150 < h :5-1 5000 (4). It is
undesirable for h to be shorter than 150 cm since
then the concentration or polynerization cannot be
carried out sufficiently. It is undesirable for h to
be [Ionger than 5000 cm since then the difference in

the viscosity of the |iquid b t

i theualty 6 thexGoncasteated ot G s, dlssharde bR, C hust satisty
resulting in 10 tendlng to be nuch variation in the

the abave farmitla §3)- degree or pol yneri zati on degree.
Furthernore, the total external surface area S (m
t he Fguhesmona the tengthh (cm) ofteachdafitbeignidesot mush seﬂ;fy the
25 S <50000 (5. If Sis less than 2 n2, then the

following fewhulagant of the liquid subjected to the 15
evaporation of not less than 1 ton / hr or the desired

prodgpt ko anosedp of the pol ymer produq‘?d cannot be .
attained. Mdrreover, to attain such a production

armmrs u%bkﬁaﬁi%efmﬂ% %%%&@?M Bﬁ‘gﬁﬁﬁusgrt?é%e i) gtc%bgcentration

Imnate varti atli properties
or ppﬁ et 5%%%95?@5%%%@9%3 3 o i ASESRIE tdrlo ve

Iondﬁq-?/pegltg g.?)ﬁgsﬁ Ihélt:g% lgqu?p\éaiéiﬂ%asgge&o% t?\eshquzé between
appar at uses known so far, but noreover, surprising I}/
the famaed dhe betiem cfiradly guide ¢ becamees taaw@abdheraly, resulting in

bei ng possible to produce a high-quality and
tending e permuchwatation irctive cancedtratiqnidegoee popglymerization degree
no discoloration in an anmount of not less than 1 ton

| hFusthelinpré, the dotal extenssdupface alea’S @h°)tdfithe glidest4 must
| ess than several thousand hours, for exanple not |ess

sat,gﬂqﬁeffomangﬁﬁma (h: i s supposed that the reason why
he i1 ndustrial evaporation apparatus 17 according to

thegﬁgsgnk SQQG?U on exhibits such e_xcgsjoent effects

In a I on to the various re ns descri bed

2001 i RSB e e eS8 MR BT R LGy sutiepte to e
evatpgra}tlotnhclafsnclﬁesbset 6a}llrJ\S1eto ulI l?reor tﬁe desired production amount of the
polymer produced cannot be attained. Moreover, to attain such a production
amount while keeping down the equipment cost, and to eliminate variation in
properties, S must be made to be not more than 50000 m?.

it has been discovered that the evaporation apparatus according to the

present invention satisfying the above various conditions not only solves the
problems of the evaporation apparatuses known so far, but moreover, surerisingly,
achieves excellent effects as described earlier, it being possible to produce a
high-quality and high-performance concentrated liquid or polymer with no
discoloration in an amount of not less than 1 ton / hr stably for a prolonged period of

time of not less than several thousand hours, for example not less than 5,000 hours.

It is supposed that the reason why the industrial evaporation apparatus
17
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havi ng a high surface area satisfying the formul ae (4)
and (5) are very effective for 5 efficient interna
stirring and surface renewal of a | arge anount of
liquid or prepolyner or polyner fed in at a
relatively |l ow tenperature, and hence evaporation of

acobbl e b Wl e 1 SEERIEFA R s im it

amount of not less than | ton / hr of high-qualit
to theyvariqus easans ﬂa§¢%be£?b9\tﬁ-mmgm sl 3#S wihish the above
angle C satisfying the fornula (3) nmakes it possible )
conditions ass combinache Rorexampenit isssuppesedthgbthisis brcayse guides 4
the high-quality concentrated liquid or polyner _
havihgld high slofacef arem saftisfying thesfotmulaebid) dinslo(5h age sefyr effactive for
the di scharge port 7, and thus reduce the heat

 efficiéritlisternal¥tiring 8Ad sufface eerhewaldicelapge ahrourt of taaitiam

apparatus on an industrial scale can only be

pre[f‘oylgﬁl' b Eﬁ@n}%’ fRH G aPh FLRTVEN ISRREAIpePAtUKS 4 hence evaporation

e-sc production equi pnent, and it goes

o LA el B AR, it o
ook a6 75 38 1300 B R B SR At i

cost-to-performance ratig for the ev

or palmeranY rereovar e angle . sAiSIBR(the ITRIAIGhmakes ikpossible to

made | ower than with the conventional evaporation o
shogep dhe time:taken forthejargemamonnt phihedpghrqualibieepncentrated liquid or
Speci fied conditions and required ranges for
polyheriatiingdowr frohe theaguides 4dp be dischargedrfraratthe gdischarge port 7,
evaporation apparatus according to the present

anditRus Péd@ce thevikedtafistorylescri bed above, but nore
preferable ranges are as follows: A nore preferable

ran N“oé% Q@aﬂﬁﬁﬁfg’ﬁ?g%g? YE e oralisA aﬁghfﬁtué l%:heéh industrial

t hrou ane of the 25 side-wall casing

soabi o o Y RIEHA e gt o Perei 15 it Bche

ool 8 o ety RS f et
equgg)rﬁéﬁtolgrgl i9 @pyll i%%r\%fngg]cgor%h i igld@(% bg&gl%ér(\] int %B}Isiéeirasﬁozle.
Andthe_r advantageous effect of the present invention is that the equipment
cost-to-performance ratio for the evaporation apparatus according to the present
invention can be made lower than with the conventional evaporation apparatuses or
polymerization apparatuses.

Specified conditions and required ranges for dimensions, angles and so on
for the industrial evaporation apparatus according to the present invention have been
described above, but more preferable ranges are as follows: A more preferable
range for the internal sectional area A (m?) taken through a horizontal plane of the

side-wall casing 10 of the evaporation zone 5is 0.8 = A = 250,with1 = A =

200 being yet more preferable. Moreover, a more preferable range for the ratio
18
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bei ng yet nore preferable. Mreover, a nore preferable
~range for ‘tthe internal angle C () of the bottomwall
casing 11 constituting the bottom portion of the
evaporation 5 zone 5 to the side-wall casing 10

t hereabove is 120 5 C5 165, with 135 5 C5 165 being

et re, preferable. Note that | € :
petyper, Rt Bad g fitedial pRcfanl Sres Bdehy TR 8 dogizonta
pol ymeri zati on degree using a plprali of .evaporaf i
plariepfihedisdischABRparh e g s A LB wn 00 wib A %A /B! = 800
apparatuses to be ClL, C2, C3 ... respectivel éi;_it s
being ystanate preferabiskc Morepvep mgse preferable gangs ytbe internal angle
the required length h (cm of each of the guides 4 .
C (°yof ttrsbottdrn-wélbcasing 14 wonstitutingdhebottom peitionafithg exaporation
tenperature of ‘the liquid to be processed, the anpunt
zond oAk dideiwallidaksirgf 10 eniteabeveé iMR2PENC =188, 3lith 138 = C =
pressure and tenperature in the evaporation zone, and
{ ! rap| AFadshvily fHtreasing the
165,30 g6t ffé RISl SNORMIAR B Rise SONLGRSSSHTY fitreasing

contiaf e BTG RBI e G BB Sraporgon

of the gujdes 4 sq varies with factors such
appRTtuseR faking fhe angissdior e, Fuaniption Appfdnitds jibe O c2,Ca ..
40000, with 15 5 S 5 30000, bei ng yet re preferable.
respeatively ihis peefarabie temake eréa@ ée e%go oF the guides”
used in the present invention neans the total surface
ar eMareover the retpired lengthhh ¢em) bteachof thecguides dvarips with
~ when flow ng down; for exanple, in the case of a guide :
factors Sudls as tise pmounti viscosity and teenpearafuse of theeliquid to lhe processed,
outsi de of the pipe, the surface area of the inside

the %ﬁﬁélﬂﬁ%n@fboiﬁrﬁgp_@w Bf war bl péiheniaterialdthéqsressate and
fl ow down not eing included. 1n the industrial

tem%\é?é’lﬁf@fﬂ fhe %@%&ﬁgﬁ;@f&ﬁﬁ fhe rbguFrQ& cBhSéﬁFétli(on degree or

rnventi on, € I nside section taken

ot stortobgies? B gm@rlgﬁgfegggg}%ggégﬁ T Wdﬁ Yith 400 <
e PR WAt P 1 -

19 un?er a reduced pressure, and hence any, shape i;
aread® §pf)aefithe Quidesd also varies with fartes he ‘alpve, dut a more

w t hstood, but a circular shape or a shape cl ose
preférabletrange is 10 < S < 40000, with 15 = S = 30000 being yet more

preferable. The term “total external surface area of the guides” used in the present
invention means the total surface area of the guides with which the liquid contacts

when flowing down; for example, in the case of a guide such as a pipe, this means

the surface area of the outside of the pipe, the surface area of the inside surface of

the pipe over which the liquid does not flow down not being included.

In the industrial evaporation apparatus according to the present invention,
the shape of the inside section taken through a horizontal plane of the side-wall
casing 10 of the evaporation zone 5 may be any shape, for example polygonal,

elliptical or circular. Operation is generally carried out with the evaporation zone 5
19
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preferable. The side-wall casing 10 of the evaporation
zone 5 is thus preferably cylindrical. In this case,
it is preferable for a conical bottomwall casing to
be 5 provided at the bottom of the cylindrica
side-wall casing 10, wth a cylindrical liquid

di scharqge, port 7 bhei rovided in the | :
undes 3 fedhipacr Bresute, Andaeriie: AT iane s ateepfap PR 1ong as this
i ndustrial evaporation apparatus, accordi ng to thaps .
redysedfrassure.can be withstpod, but a gircular shapgor & sharg.sipse thereto is
casing and bottomwal |l casing of the evaporation zone
prefembdenpf he side-wall casingct) opibeevaporatiorazens b i thus preferably
portion as descri bed above, respectively, and the
cylindrigal.d Idithisheasee it preférdble forree conivakbotiomavall caging tobe
polymer is cylindrical, taking the cylindrica
providéd hPtheXbottdifi of ISk cyidricapsidewvalbPcdeing 19nwithsa dylindrical liquid
- dianeter D (cn) and a length L (cn), and taking the
. . | X
dischafé Bl THciAR HoRAEd i tiePloWRHhoBPpLMEh thecBiaf boflom-wall
cas%grnulae (9), (10), (11) 15 and (12): 100 5 D 5 1800
) 5SD /d550 (10) 0.55L/D530 (11) h-205 L5h+300

(12).,20 For, the evaparation aratus accordin . .
{ el triecinAbstia) Exapartion npAcitls Acseiting & e RrBSehfinyention, in
(cm is 150 5 D5 1500, with 200 5 D 5 128 bei n t
the gase that the siderwall cgsing\and bettommvallcasing ghthe ¢ igp zone
D/ dis 65D/ d5 45, wth7 < D/ d _< 40 being .
compgiserseylinsiricabpontion .andba coniss| pertindras describedabeve, respectively,
range for L/ Dis 0.6 5L/ D525, wwith 0.75 L/ D
and%h@liqbia digclyaigerpore7 26r thecdoncehtratedViguic oe pplymerds eylindrical,
preferable range for L (cm is h- 10 5L 5 h + 250,
takiﬁg tmaa B{Iﬁ\dricél ?ortioﬁQﬁ the isitie-Wall caBing te'reiveraingide diaMeter D
an

do not 20 sinultaneously satisfy alllof t he
B4 AR SR Bt 4 b an nie

diameter d (cm), D, L and d preferably satisfy the following formulae (9), (10), (11)

and (12):
100 < D = 1800 | )
5<D/d < 50 (10)
05 < L/D =< 30 (11)
h—20 < L < h+300 - (12).

For the evaporation apparatus according to the present invention, a more
preferable range for D (cm)is 160 = D = 1500, with 200 = D = 1200 being yet
more preferable. Moreover, a more preferable rangeforD/dis6 = D/d = 45,
with7 = D/d = 40 being yet more preferable. Moreover, a more preferable
rangeforL/Dis 06 = L/D = 25 with0.7 = L/D = 20 being yet more

preferable. Moreover, a more preferable range forL (cm)ish-10 = L = h+

250, withh < L = h+ 200 being yet more preferable. If D, d and L do not
' 20
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The precise reason why the evaporation apparatus
__according to present invention enables production of
a high-quality and hi gh-performance concentrated 5

liquid or polyner having excellent nechanical
properties with no discoloration stably (in the case

BN SLHE ol o, i YBEd i i o s

- on an jndustrial, scale with a fast evaporation rate or
the%ﬁ%‘é{rtﬂgﬁrﬁw IBY@NYQAN. not clear, but is thought to be

as follows: That is, according to the evaporation
apphheprecise rearonwhy the evapenatics apparatus @gcerdigg to present
material liquidis led 10 fromthe |iquid receiving

inveption ehables produtiienuofia highiuality and tighperionmance concentrated
perforated plate 2 to the guides 4, and is then

liquid @rpoimet Ravinglexcelientmeciunical propeities witiyne digdotoration stably
i ncreased, while flowi ng down along the guides 4.

(in tﬁ%}ﬁ%é lof BrodUicind 8 polyrhif, With ety litte vakr inaviklculdi weight etc.)
the !|qU|d or nolten prepol yner occur naturally as the

r . - H

for & bfbfloct peffe bE vk Gt ah WiiiqucIRAE A cPreevipttation rate or
materi.al is carried out .eff Lnehy, y . -

polyBEREaliBn gafe i Tt i i £ SA0dI Y6 b ad GRS TRBL s, according to
rate. The viscosity. increases as,the concentratjion or ...

the s¥ARGFaHoD apParatis ok theieresentinveRtionthe SIBY Baer) fquid is led
of the liquid or nelt to the guides 4 increases, and

arfgipted plate

 from thesliquid reeaiving pert 1 via thediquid zong Fancithep

gui de increases toward the bottom of the guide. This

2 toitbe guidesad, aritisrthen dencentrated, of has thenpolymerization degree thereof
nol ten prepolynmer on the guide, i.e. the evaporation

incréaged, WhilePfowingrdowai aldomgrthe ¢luides 4. nEffectiviy interaal stirring and
Moreover, for the liquid or nolten prepolyner, which

surfg%é’méi&?&‘bfggé ‘HFHH &r ABeprépulymbr b&c@%étﬂrﬁl#fﬂ@ﬁbﬁﬁ;uid or

~gui e surface area per unit weight is
ot e it ABGF i 60288 B bl e ke g
poirsSF9RBRI 5-kartind it Renhian) Sritiony fhe Efneilton 6 fotftherization
Vi scosi t region . easily, whereas thi

h b ]
progagsiscatiafastiaen he isrRslNINeRARes a8 she SPneeNtration or

appar at uses or nechani cal agitation_ type L :
polysaerzationzprocesds,mnd hencsthe adhesionsfasge of the liguid or melt to the

excel lent characteristic features of the evaporation )
guidespdirareases; @nddhog the anoant of the liquid or melt adhered to each guide
increases toward the bottom of the guide. This means that the residence time of
the liquid or molten prepolymer on the guide, i.e. the evaporation time or
polymerization reaction time, increases. Moreover, for the liquid or molten
prepolymer, which flows down under its own weight while being supported on the
guide, the surface area per unit weight is very high, and hence surface renewal is

carried out efficiently. Concentration through evaporation, or increase of molecular

weight in the latter half of polymerization, can thus be attained in a high viscosity

region easily, whereas this has been impossible with the conventional evaporation
21
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present invention. The only reason that the amount of
the liquid or nelt adhered to the guides 5 increases
in the latter half of the polynmerization or the
evaporation is because of the increasing of the
adhesi ve hol ding force, which corresponds to the

sopbE8 o Fehoni55h vB8 DR R AdbaFEeY. A i one
B S st g o e

t he other hand, the liquid or nelt is continuously fed
presemt invenéiom0 gui des fromthe top thereof, and hence -

i quid having approxi mately the sane V|scosity, or

mel Theforily reasordtapthieyarmournbof the lidei eemedtddigred to the guides

approximately the sane nelt viscosity, continuously

mcréé%é@ndﬁ@ﬂaﬂéﬁ Ifalf SEtheQidiegatiornor the éViporatiorn s Bacause of the
the [lower ends of the gui des That is, liquid of

incréa¥ihg of 56 & MeéuEé hofiRg Yoree Cwhich c&fesp?ﬁh&'ﬁ‘thé’fncreasmg of

appr X|nate y the same polymerization degree, produced

s S Sl 1 R i

apqu??%éﬁsﬁaé’%%ﬁfeéﬁwt eyl ol i sath ol o g e
variation in nolecul ar V\Bl i s continuousl Y

plurplity i @tidesrn; Qn the ottiesREE, B}&éhqwdtoﬁ@@&@é}q"@ﬁvously fed onto the

characteristic features of the evaporation apparatus
guidesdoomithg top thereof, anddrendenigutid hevingappreximatelythe same
liquid or polynmer collected in 20 the bottom portion
viscosity, for mheit bb mcveddedopalymerizatiom degreschavipg apprakimately the same
through the [Iiquid discharge port 7 by a discharging

melPVigBosity, adftimnibudhefaia Towi into Bt BOROM poition @mhenmmg Yrom the
peIIetlzed via an ordi nary extruder or the |

!owéﬂ”%ﬁdé:éﬁﬁneﬁlgdéé Vfitat |§gﬁ%ﬁ&6’uo Eﬂﬁ]knﬁﬁtei&dﬁfedsérﬁe%osuy, or

extruder per f or at e e ‘evaporation

\. "
po*»@*‘?%aé@%#@o%@?%%ﬁ/ 118 seihe PufieiRERby degrse ﬁﬁ{*bﬁ% While flowing
and est at.are thickened nt r.al
dowiy e GHidenplikts w@%qu porton, & et n aifRdiRs 1 cand
22 perforated Iate generally sel ected from
hengg acencantiated %h"ﬁ' dﬂﬂhvery iftle vatiatiomin gvaporatigndegree, or a
pol ygonal . The shape of the cross section of each of _
polyrher with yvery littlevariation in molecular weight, is continuously produced. This
is another one of the excellent characteristic features of the evaporation apparatus
according to the present invention. The concentrated liquid or polymer collected in
the bottom portion of the bottom-wall casing is continuously withdrawn through the
liquid discharge port 7 by a discharging pump 8, and in the case of a polymer, is
continuously pelletized via an ordinary extruder or the like. in this case, additives
and so on may be added in the extruder.
The perforated plate 2 in the evaporation apparatus according to the present

invention is generally selected from flat plates, corrugated plates, and plates that are

thickened in a central portion thereof; the shape of the cross section of the
22
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perforated plate is generally selected from shapes

__such as circular, oval, triangular, slit-shaped,

pol ygonal , and star-shaped. The sectional area of the
holes is 5 generally in a range of fromO0.01 to 100
cn2, preferably from0.05 to 10 cnR2, particularly

por BSOS il 5 BT ool FhBPAR LA Bo LR oval, it

centers, is generall roml tqQ 50 er.abl.
and polygops!. tThe shapeof ﬁwecrnaﬁ@gcn?n pggggip? {S}ea ;5'¥ the.
may be holes that penetrate through the perforate
perfotaied plate imgerenally selacied frops shapessuglh as cirewlar, ovahdriangular,
perforated plate. 10 Moreover, the holes may be ]
slit-$reEpede golygonay ldndestat-sharhed.ev'ﬁpmsemﬁml apgmaobithesholes is
according to the present invention do not thenBeres

gen@ﬁﬂ? iR alteAGe P FoRt 00/Cid P00 amAcpidierablyefiomr0.05 tart0 cm?,
electrical = heater therein, and each of the guides is

partg:ufﬁ' fér%y’\%rgjrb 7 16 8 df2.of E@S é&ﬁg'b@tWQen foles, specifically

I'rection pe icular toa ori ont secti1 on

ativ t
the {8l sﬁw%e Qm!ﬁ%ﬁf%‘ﬁ 5 eIy 5R i, preforably from 25
is ra rall ange ,of  f 1
to 190630, odee hes i s peforgipceiats n%yob%befegﬁfhspe%'i%tgatsfthwugh
the horizontal sectlon i's general eg fr |
the pedgeaied plate ser alterpatively pires may hen ﬁngrgfated plate.
pol ygonal , and star-shaped. The shape of this section
Morﬂnyebﬂ'le:hnmanay bertapeted.vary, in the length
di rection. Moreover, each of the guides may be hol |l ow
A 2Theiguidés irihiel eva;immtitm apparatus deairding tofthe ipcesent invention
present invention is that because the guides do not
do AdteRBRsER@s RNR RhBaRSoEskieh dshehealing mesimtoran electrical
risk of thermal degeneration of the liquid on the

heai"érfIr tﬁ?&ﬁn Oénd Eﬁcﬁ Bf ﬂfesgtf Eé& s Sfméﬂﬁﬁeefﬂr@ﬂﬁcﬁﬁ%aﬁs ot the length in

nrod, a single thin pipe

a d'[ﬁcg%’é‘lt @oﬁ;ggn ':EHFTE?Q grnég}%p#e ‘i%cﬂ?ﬁ "reIE{i?e E%{r{ané\leragg,le%qth of the
M o e ) i

f h-1ike struct
range 8 5om 13 ta 1,006, prefaranty om0 1LAB4L 1be duppe of the

snmooth, or may be wuneven, and may have projections or
horizbetdl isketiom ispyensrally selectadfsom shapessushas circular, oval, triangular,

square, polygonal, and star-shaped. The shape of this section may be constant, or

may vary, in the length direction. Moreover, each of the guides may be hollow. A

significantly characteristic feature of the present invention is that because the guides

do not themselves have a heat source, there is absolutely no risk of thermal
degeneration of the liquid on the surface of the guides.

Each of the guides may be a single wire, a single thin rod, a single thin pipe
made to be such that the liquid or the molten prepolymer cannot enter thereinto, or

the like, or a plurality of such guides may be combined using a method such as

twisting together. Moreover, the guides may form a mesh-like structure, or a
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cylindrical ones such as wires or thin rods, thin

pi pes as descri bed above, nmesh-like guide structures,
and punching plate-like guide structures. 5 In the

gui de-cont acti ng downfl ow type evaporati on apparat us
according to the present invention, which enables

r.ooducti qn of a_ hi gh-qua
puning ristedheimitihies: @%%qee&iﬁﬁ@ﬁé%# B sthodth or may be
am)unt pr ol onged, st abI e uction, et
Lneyeih ans, By AV RIPiSciNg o5 dhe;BKS 1 DaCs ¢ ?@%ﬁi'%susﬂes are
type in which a plurality of quides each having .
cyliridsical onesisuch asovires erthin rasts, in Pipes as geperikad g@ove. mesh-like
descri bed above are joined together at suitable ‘
guidesstructalesi ahdpunichingsplate-likeaguiderstricturepports fromthe
top to the bottom of the gU|des Exanpl es are

es [y tHekGuiblgicbntactingUgdwi t)lrpelﬁvaﬁmratlm appardtys at:cordlng to

gui des each having the formo wire or athin rod or

the grés'é'n'i‘ ifleRfioASwhichENndMiek BRINRLIBH ®f & KgR-qualisi Edticentrated liquid

transverse supports fromthe top to the bottom

o« p@ygﬁ%whﬁf@mﬁeﬂe@%@hx o PR, blongd i

ee d Nensi U|de structu ch

prodiyitEh, RRe T achAEwiary arelerale L sl oflfe Er?'i% 8@5“%‘4 in'which a
front of and behi nd gne anot her and j.0i ne é#ﬁ

plurglify.of quidesseach bavingibe farm,of a,yife,er @ g of or 2 thin pipe as
intervals, for exanple intervals of from1l to 200 c

desoribed abaye arejjoined kegethersat suiteblesvestigal lgtﬁru@swmtranﬁverse
in which a plurality of guides each having the formof

supports frone thextaphiorthedubttom of tHe guides.pi Examplesearer mpsb-like guide
above are fixed together in front of and behind, and

strucRirbs M WhidtoA plurality ofrguideredeh hagingdhé fors vkaswire or a thin rod or
supports at SU|tabIe vertical intervals, for exanple

a th'u'i‘ Vs de f’é ﬂlggg% fore%% Cidgetien dsify euRsvelss %aPpat@ from the

not on eeping the intervals between

oo AR BB 4 i 18 o
e 550 . oSt S b W I e g e

mesgh-tke Suiidenstuetiieas arerarrangedhiadrant.of 3@93??"5%# gBe;another and

cylindrical, or has the formof a pipe nmade to be
joineddbgether uslmg trangvetse suppeis gt atptﬂb}ergert@al idenvalss for example

intervals of from 1 to 200 cm, or a jungle-gym-like three-dimensional guide structure
in which a plurality of guides each having the form of a wire or a thin rod or a thin
pipe as described above are fixed together in front of and behind, and left and right
of, one another using transverse supports at suitable vertical intervals, for example
intervals of frém 1 to 200 cm. The transverse supports are not only useful for
keeping the intérva!s between the guides approximately constant, but are also useful
for increasing the overall strength of flat or curved guides, or guides forming a
three-dimensional structure. The supports may be of the same material as the

guides, or a different material.
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-~ matesalgannet entes\thereintor wi

mat eri al cannot enter thereinto, with an outside
diameter r (cn), r preferably satisfies the formula
(14): 50.1 <r 51 (14). The guides in the present

i nvention pronote concentration through evaporation
or polynerization of the liquid or nolten prepol yner

Sﬁi &Q’E‘Pl ér%%éﬁﬁ iByen I i hekadd WOEW% gsoé{‘ﬁighﬁsai, or has the

form o pipenace D Ga g1aH et e s Bofigh epoier or glseous

evaporation tinme or poIKnerizaIion reaction tine. As )
apeyisidgdiameter risM)nt preferably, satisfies
proceeds, the viscosity of the liquid or nelt
the foroglaéB4)vel y i ncreases, and hence the holding tine
and the anount held progressively increase. For a
given rel ¢ ipcosity, the anount ¢f4)t he liquid or
nol ten prepol yner held by the guides varies with the

ext $hBguided irthe C@?E@nﬂﬁvéﬁkﬁml&o%&té%nchnﬁatiérﬂhtrtrEggh

case of” cyl1 ndri or pi pe-shaped gui des, wt

evaﬁ%ﬁéagopr ﬁgﬂﬁgﬁ%ﬂon@f tﬁ%‘éﬁhid 6Pﬁ\0ﬂéh3§2§?ﬂgﬁi€£:§§§2%?iquid or

n-_appara accordin

ot G v o8 IR B HBAE s oPHBing the

. prepolyner or polyper being held. For this. reason,.the
liquisior APLRRA esgp@vmph@r@w@%i@fpawrt% %ﬁlﬁd’ﬁ"ﬂ ftime is related
case of cylindrical or pipe-shaped guides, the
to therevaporation fime; oppelymesBation seaddiondime; 1 As describad above, as the
than 0.1, then prolonged stable operation becones
evapofationwr polymesdzatioropraceeds | thengsdosityrof the diquitl or melt
greater than 1, then the guides thensel ves becone
pro%%tsiivbﬁﬁmtrea%@d, had tenté tie holding thmetdredithesarabuntsheld
avi

ng to make the perforated plate very thick so as
o g a y . -
pro*/r%rsgg\ég/r 1?1‘3%1&5. \Hoi @Sgilén Mt ﬁgécﬁ’éigygﬁiéﬂn@ﬂﬁ%ﬁﬂ'féﬂiqum or

ere is anincrease In rts where the

moflP 4R 8 L8 AL il B o e

Ing In ens s

o P SNG4 S8R e, i T
dianr'Jlret%fr.erabl e range for r is 0.15 s r _< 0.8,

Moreover, the guides provided in the evaporation apparétus according to the
present invention must be strong enough to support_their own weight plus the weight
of the liquid or molten prepolymer or polymer being held. For this reason, the
thickness of the guidesris important, and in the case of cylindrical or pipe-shaped
guides, the formula (14) is preferably satisfied. If r is less than 0.1, then prolonged
stable operation becomes difficult in terms of the strength, whereas if r is greater
than 1, then the guides themselves become very heavy, and hence there are
problems such as having to make the perforated plate very thick so as to hold the

guides in the evaporation apparatus. Moreover, there is an increase in parts where

the amount of the liquid or molten prepolymer or polymer held is too high, resulting in
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with 0.2 <r s_ 0.6 being yet nore preferable. A
preferable material for the guides is one sel ected
fromnetal's such as 5 stainless steel, carbon steel,
hastel | oy, nickel, titanium chrom um alum num and
ot her alloys, highly heat-resistant polyneric
terials, Stainless steel is articul arl
profSie.subh 45 VARG E the CoBCRRTRIRR ASTiee: éhélm'sgu elght
be subjected to any of vari ous treatnments as
increasiegs aFor suemreasopsanimere prefermble (AGSITORE Ish 15 = r = 0.8,
treatnment, acid washing, or washing with a sol vent,
withgh2nal ros t0h@ beingeyet morehgreferable.no parti cul ar _
limtations on the positional relationship between the
gui Agsrefardblehatetial fortheuideX is one sdlectedsrarm onetals such as
relati onship between the guides and the holes in the

staifes$ @.[éél eébrabﬁtsfeéwhéétewow%ném titaﬂ.uwl cProrhiudh | aldehinum, and
material nolten prepol yner or polyner can contact the

o 53, TR R Je i, 4 B orer s ool
o] o S 6 Ry b B o

n correspondence with the hole
any i vpGous B snaris asecessabs AuPAS AIRIND. fitingy Rassivatiop treatment,
may then be carried out such that the |iquid or
acidswashinggonwashing with riseivent, phena) e the kgl ymer
falling down fromthe perforated plate contacts the
gui déeré are paipadidulangimitationsson the Spsitidrial celationshipthedween the
exanpl es of providing the guides in correspondence
guides and tHeepoddrated Elaw er ti positibnal relationshipdietieen (the guides and
met hod in which the upper end of each guide is fixed

the hBielsl1A tHE Beffeiateq Hate!d fohg shbNigRRNSF Sbhirkgmaksriamolten

e gui dés are provided such that

.pre;?d?\ tral g tron ’f&&ﬁﬁ%gf@ﬁ?%*ggﬁér ora‘% m? g%ndes( 2)'I'he

ouio B e b A ol PR 1785 t%&%wﬁﬁag’g'?h%ﬂ’%% o ot i contac
witho0s; pagthess, oA ough ﬁ‘{é% ugbét@@ca Iiatned s pistetablatnpiovide the

hole in the perforated plate, and (3) a method _in

guidgs inrcarrespepgence withghe helesinghiererforatedielate: o theereason for this
undersi de of the perforated plate.

is that design may then be carried out such that the liquid or starting material molten

prepolymer or polymer failing down from the perforated plate contacts the guides in
suitable positions.

Specific preferable examples of providing the guides in correspondence with
the holes in the pefforated plate include: (1) a inethod in which the upper end of
each guide is fixed to the underside of the flow path controlling member or the like,
and the guides are provided such that each guide penetrates through the vicinity of a
central portion of a hole in the perforated plate; (2) a method in which the upper end
of each guide is fixed to a peripheral portion at an upper end of a hole in the

perforated plate, and the guides are provided such that each guide penetrates
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Exanpl es of nethods for making the liquid or starting
material nolten prepolynmer or polyner pass through
the perforated plate and fl ow down along the 5 guides
are a nethod in which the liquid or starting nmateri al
nol ten prepolynmer or polyner is allowed to fl ow down
t hrough i.ts own weight qr the liquid head  and, a
throigh Rufiblerh Tae BRAITOTRISK plae:ad (Draimethelf FLwbRAIS ppmeg erd of
repol ymer or polyner has_ pressure applied thereto
eacgsﬁ“lﬂﬁ B fﬂ@ﬁdodﬁeﬂlﬁ'éeﬁlﬂé of the P%'f?'ﬁ!ﬁ,‘%f)ﬁ@-uded fromthe
perforated plate. A preferable nethod is one in which
a pExamplésdf methods for making the liquid or staring meategal molten
mat erial nolten prepolynmer or polyner is fed into the
prepolymis of polyimer passrthravigh the perforateat plate amg flowtdown along the
under pressure using a feed punp, and then the I|iquid
guidtis Sread frietSod'TH Which thBliquRNoPSiaRiNg/terRl nisiterBrepolyiter or
|l ed onto the guides via the perforated plate flows

polﬁﬁéﬂs%ll%dttB?lWHﬁﬁé t'g@%@ﬁ‘ JE éwﬁ%éi%@" &the Ii?}i[ﬁﬁi head, and a

evapor at | on appar a Ing to t prese

e YR e By BB AN iAot 8 Bprrr s

| ower baqilin oint material,, i.e. containin teci al
pressiijs applied Sietptauring, RPWBP R the ke ahdds Tis exiided fiom the
The liquid nmay be any liquid. The |iquid may be at
perfosaiad piatep e Aupreferablg methodyisenein Which @ presgribad amount of the
evaporation apparatus fromthe liquid receiving port ]
liquidnorstadimgeatertal enoltenr prepolymenrtoripolyreaeisdfiedyinto the liquid feeding
preferable for a jacket or 20 the like to be provided

zonerofdhe evaporatiohlappiaratos undep pressuve usingea fdedspuinp, and then the
necessary, heating is then carried out by passing

liquRt Gedtartihg YRatdril MBEn Hrepblyiier dri polymBF fiNedidito the guides via
jacket, thus heating or mai'ntaining the tenperature of

o . _ _ . ; "y
the pSPigkaE riatoTEMe ol gfond IS adey AL SO GeighED
The yevanorat i r di ol L:
v dhe Sttt 8aateRls SodEaie e st Rl an
concentratin | {quid, .but also is.particularl . . .
appafalis forseyantialan lever baitig,aPinl MatSud)Fiam @ idtia bogtaining this
l'iquid having a relatively high viscosity, for 27 ,
lowes beiling paintanateriahd.e santaining patedal having ajower boiling point than
condensation polyner, a purifying apparatus for a
that dfchediguik t i Thepliquidenay beeaydiquid. | olirebliquid myay be st room
materi al such as _
temperature, but is generally fed into the evaporation apparatus from the liquid
receiving port in a heated state. Moreover, it is generally preferable for a jacket or
the like to be provided on an outer wall of the evaporation apparatus. If necessary,
heating is then carried out by passing steam, a heating medium or the like through
the jacket, thus heating or maintaining the temperature of the liquid feeding zone, the
flow path controlling member, the perforated plate, or the evaporation zone.
The evaporation apparatus according to the present invention is not only

used as an apparatus for concentrating a liquid, but also is particularly preferably

used as an evaporation apparatus for a liquid having a relatively high viscosity, for
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nmononer, oligoner and by-produced material, or an
apparatus for separating and thus recovering the
pol yner froma thernoplastic polyner solution. 51t is
thus preferable to use the industrial evaporation
apparatus according to the present invention as a

- condensati on pol ynmer pol rizati on apparatus, in the.
example asahpelymesizatign S@PREAYS Y|4 CORdENSHIRD RAVDET. 2 plrtying
m xture of a plurality of nmononmers for produci nttzj a
appartatus dorsa thermopdasticspolymen containing dow bpiling peint material such as
condensati on polyner, and/or the condensation i
mondgraey sligomerdand sy-produced matgriabiortamapparatus fop spparating and
a 10 by-produced material and/or an oligoner produced

thus fédovesiRgithe polyifientem ®thernmipyastici polyrnensolutions enovi ng
the low boiling point material fromthe nelt by

Vel‘ﬁ@&ﬂﬁ# Bti’?%Palﬂé 16 Bisb M ﬁ?ﬁﬁtﬂ vABbTRI dppdratus according to

e
degree o prepol yner of the condensation polyner

e P e S
case BT sRUE S SRSt §rRpd¥of ety ofmonomers fr

terepht hal at e _and pol ybutyl ene terephthalate, and ..
prodyeing gusondgnsalientraiyner, gndlar a pee 9&9@%@@%@@@ polymer,
acids such as glycolic acid and |actic acid, and. |
and/ortheccondensatior polyrser, and thelaw bailingmeintomalasia) semprises a
bet ween an aliphatic diol and an aliphatic ]
by-priidieedanaterial andfbr anroligoavérqureducexptiirpugh dhes coagdensation
aromati c-aromati c polyesters such as pol yaryl ates and

polymefiatior, fof féfﬁbﬁhgﬂﬁémb@ﬂiﬁﬁ puint material from the melt by
copol yesters; pol yam des such as aliphatic polyam des

evap}fl‘&t'rilkg/rf"g?] %%' t8'inérea %éltﬁé‘ E?@ngﬁ afiBn ,@c%reé‘)bf e prépolprhérof the

( and ng on “variouds copol yani des,
condefbd BOGHST AR PRI oS fRBNER Bt oo Sdmpts o
the chdsRsRIEH BB oci Doride SEVEAOIRAICE SoR IR oAIRNAL Rylypsters

25 various copol ycarbonates; . an ol yest er

suchyas pelyethyiene terephthalatepel m%tgps@nsttpﬁﬁpehﬂaﬂﬁ%ﬁ apd polybutylene
according to the present invention, a high-purity and

terephithalaperdnd wariaus cepalyesterss polyestars|of hydraxysamhoxylic acids such
produced stably for a prolonged period of tinme with no

as ghicoalio hoidednd lactic agid, ainddvarimiusrdoplolyesters| aliptiaticegiphatic
material, and with very little variation

* polyesters between an aliphatic diol and an aliphatic dicarboxylic acid, and various

copolyesters, and aromatic-aromatic polyesters such as pdlyarylates and liquid
crystal polyesters, and various copolyesters; polyamides such as aliphatic
polyamides such as nylon 6, nylon 66, nylon 612, nytoh 12, nylon 4, nylon 3 and
nylon 11, and various copolyamides, and aliphatic-aromatic polyamides such as
nylon 6T, nylon 61 and poly(meta-xylylene adipamide), and various copolyamides;
polycarbonates such as aliphatic polycarbonates, aromatic polycarbonates, and
various copolycarbonates; and polyester polycarbonates. By using the evaporation

apparatus according to the present invention, a high-purity and high-performance
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in nmolecular weight. Alternatively, it is also

. preferable to use the industrial evaporation apparatus
5 according to the present invention, in the case that
the liquid is a nelt of a thernoplastic polyner A
and the |l ower boiling point material conprises a

nonoer an oligqoner. .a Qy-pro ' : :
condgRegti belyBter Gan P Kl-pre <8 Yo € BriBhGE BerBi B Hha with no
for renmoving the | ower bojJin oint mpterjal, fromthe . .
discalenatiopor Taatesal gusalid toreioR matedal Bng with vely lghe Variation
t he polynmer. Preferable exanples of the 10
in moleculapmieighti ¢ pol ynmer A include nylons such as nylon 6
and nylon 46; polystyrene-based pol ynmers such as
polAlterpiativedy, ihisgilso prefetabbe Ly use theindustribevaperation apparatus
vari ous copolynmers; polyvinyl chloride-based polyners
accobdifg 18 $hé presént iventiof hindthedasedhdt the liquids isca peeltyofea s ;
pol yvi nyl i dene chl ori de- based pol yners such as

therrggélgéﬁ)iﬁp?ﬁﬁm,%ﬂﬂﬂﬂﬁwe?%ilmrﬂcﬁﬁﬁnﬁﬁ?@l ¥BRipfises a monomer,

ased polyners such 15 as AS resins, ABS

on iR PRI 3o 1S5 o EOMABR i B o
g T o5 4 5 BRI BL BB GAIFH B en

According to the evaporat,io par at us he present

evaposgtion £8:as toriperease die puEtly afdheinalymes gﬁ&fﬁfﬁ'@ xamples of the
contai ned in the thernoplastic polynmer A can be

thermoptastid ppiyreer A include pylans such astnylen § anslnylon 46;
tenperature, and hence a high-purity and

polystyesnesbased polyosers isechws polystyrend, yigh inipack polystyrene (HIPS),

obtained with no thermal deconposition and no
and Jhf6@4 ebpblyRibrs/Pdipvinyitdhicide-based polynierssuehearsaidlgvingl
use the Industrial” evaporation apparatus according to
chiogﬂg,o ¢ §5|‘?6ué¥ Bdaﬁtggr'nt%ﬁse; pd ifideRtcHidride-bised polynferssuch as

I ution o _ plastic polymer B, and’the |
polyVider éﬁfpﬁgrﬁﬁwQgﬁﬁéfééﬁfgx@%@%éﬁﬁ@gﬁﬁ%%ﬁ@awgmgm such
, N 29 - J '
as ASH TR0t AR ES3iRe e YRR oREIBI FOb e & .5
recovery / purification apparatus_fO{ r viﬂg t{u{b sed
polyptapyienssinalyagrylisi esterrhased polymeys; polymethacrylic ester-ba

polymers such as PMMA, and various copolymers; and thermoplastic elastomers.
According to the evaporation apparatus of the present invention, impurities such as
residual monomers contained in the thermoplastic polymer A can be removed
efficiently at a relatively low temperature, and hence a high-purity and
high-performance thermoplastic polymer A can be obtained with no thermal
decomposition and no discoloration.

Alternatively, it is also preferable to use the industrial evaporation apparatus
according to the present invention, in the case that the liquid is a solution of a
thermoplastic polymer B, and the lower boiling point material comprises a soivent in

which the thermoplastic polymer is dissolved and/or a monomer, an oligomer, a
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the solution by evaporation so as to separate and thus
recover the thernoplastic polynmer fromthe solution
and increase the purity of the thernoplastic pol yner.
A 5 preferabl e exanple of the solution of the

t hernopl astic polynmer Bis a solution of a polyner

oo, 8o 5T BT b bRl o soparatr

ol ycarpbonate in a.ch|orinated solvent . g. t hy| en
recovaild ALICALH apBAERS I removing e pwes Péﬁnaa{@m,&e"a? from
hexane), etc. Mrreover, it is also preferable to ,
the solutiondbx eaparation so asdosepanaterand thusseeavarthe thermoplastic
pol ycarbonate nelt 10 remaining a chlorinated sol vent
polyroer fromethessalution andinicrease theppurtyefithe thermoplastiopolymer. A
According to the evaporation apparatus of the present
preférabindxampletdfehé ebiutioh afthle thermoplastiespatymeb8 isensslation of a
efficiently at a relatively |low tenperature, and hence

polyﬁ\er BLEH aE‘SBR}’%R"& EPOM pRIdueedRRoRighl Wi pélyirerization using
pol ymer

can be obtained wth no her mal
1 _ . Lo akhon . .

a sofi 58 3 31 SRR HURBBLRSE, I e Otnatha sDNBrt (0'6° WictRyiene

. pventiopn i s articul arl I table for,renovi .
chiofidg iRy ShenFendiaa soivantis b SllbFe fexee) SiEa Mitghfil Tt is aleo

having a relatively high viscgsity. For exanple, it s
prefasable 19 emavp theisolvant aNdsq e from b asemalic fgiagebonate melt

i ndustrial evaporation apparatus according to the
remainingenchiorinaied soiventoramelastamerremaininggheelymearizalipn goivent.

condensati on polynmer. In the case of using the 20
Accardingetotthe evappratiomeapparatusiofdhe present dsventioa; thehsolvent and

been pl aces where sone of the liquid resides while

impuUtitie8 Cahdss Asmbwsd effielemtiyrza errelstivediow temparaturbcand pence a

this [liquid undergoes degeneration such as _
hlgh%}tﬁﬁfbﬁﬂ?ﬁ#%ﬁeﬁgﬁtgﬂﬁfherﬁ{ H tipo Jﬂg?r BRE&iN6 Obiinéd with no

tra- r wel

ther@%!}lh%éérﬁeég%iti‘gﬁ ?nﬁg@{ ‘gigwlgraﬁ&.pr boni zati on or the Iike,

een 1 npossible to avoid the

dr ack, 25.qf degenerated terial .m Xi in the. .

pol e deRial svBRGEpn raras Acsordifudy Bfe blgenf jnyengion is

to the industrial evaporat 'bon appar.at us _oL t he Br e%.ent
particiiagysuiable; foe remaviag lewen Boling poiptmaterial by gvgporation from a
~_noreover the industrial evaporation agg_ar at us .
liquid havingi antelatively highoviseesity. i ios examplenihisparticuady suidakle for the

ef fects not exhibited by the conventi onal
case of using the industrial evaporation apparatus according to the present invention
as a polymerization apparatus for a condensation polymer. In the case of using the
conventional polymerization apparatuses, there have been places where some of the
liquid resides while being heated for a prolonged period of time, whereupon this
liquid undergoes degeneration such as discoloration, gelation, crosslinking,
production of an ultra-high molecular weight polymer, solidification, scorching,
carbonization or the like, and hence it is has been impossible to avoid the drawback
of degenerated material mixing in the polymer progressively or suddenly. However,

according to the industrial evaporation apparatus of the present invention, there are
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no syehs diawhackshand seereoneqthe: industr

pol yneri zati on apparatuses. In other words, in the
~case, for exanple, of producing an aromatic 5
pol ycar bonate by pol ynerizing a nolten prepol yner
obtained froman aromatic di hydroxy conpound and a
di aryl carbonate, the reaction tenperature nust
generally be in a range of from 200 to,,350C and the .
3l eYanaration appafatiis pccording to
of the polynerization in particular. An aronmtic )
the presentjinventiorcexhyibits excelient efectstnet exbibited hyitve Ganveptiona
reacti on nust be withdrawn fromthe 10
polymietizatidn gpparateses.ty material, and hence with the
conventional polynerization apparatuses, for exanple
evaR dthePwBedd, 9 Herbadelifor ahplenof prsduring apearomatic
ul tra-high-viscosity polyner reactor has been used, it

Son _
poly&ﬁﬁp@ﬁ@‘%ﬁ Eg&ﬁgﬁ(zgl?d tﬂ.rﬁéﬁéﬁ’ préﬁélyéﬁ@ﬁotﬁtﬁﬂféd f6m' &1 afomatic

pr ol onge ime at a hi'gh tenperature of not

5 oy 35 Ao el Bl VAR Brture must goneraly
e 1568 P Ro250 R R G o b Sl n e

according to the pol ynerization apparatus of th

lattephal of tha polymeriation & PREICHIAT. < ARAIOEAtE BaRPNYFesY compound
natural |y acconpanying internal stirring, and hence

produiced iisopghran equiibrivmaeaction owst be withdrawa fiam the o
relatively low tenperature. A 20 preferable reaction

ultratisighasisgosity matetial) antirienceolith the2édrventional polymerization
from150 to 270C. It is a characteristic feature of

appArafuse’, Yoresianile@vennpa hatizentat fReindihagt dgitatioheaype esent
I nvention that polynerization can be carried out

ultra?ﬁ@ﬂ%ﬁ%ﬁfgﬁpéﬁei‘%]doﬁ éh Hé@d.tif‘gﬁs bBeh Maceas&ryab carry

conve anically agitated polynerization
par.at. this i
out {RIRAFHA forH Breictided Bedod B (138 3EAER teibefature of not less than
Lth no discolpration or, deterioratdon in Q I 8S.
300 vidiest 2 Fiah o WA AEFoiE or s e baR 5 8. and
appar atuses, there have been 31 dr av\lo%cks such ai .
morgeyrrpreALEtien ofa high paleghanweisht materialigr shegls ) the like has
of air or the |I|ike through an agitator seal under a
beenidifficvibcuum However, according to the
However, according to the polymerization apparatus of the present invention,
efficient surface renewal occur naturally accompanying internal stirring, and hence
the polymerization reaction can be carried out at a relatively low temperature. A
preferable reaction temperature is thus from 100 to 290°C, more preferably from 150
to 270°C. Itis a characteristic feature of the polymerization apparatus according to
the present invention that polymerization can be carried out adequately at a lower

temperature than in the case of the conventional mechanically agitated

polymerization apparatus, and this is also one reason why a high-quality aromatic

polycarbonate can be produced with no discoloration or deterioration in properties.

Furthermore, with the conventional polymerization apparatuses, there have been
31



pol ynmeri zation apparatus of the present invention,
_because t'here is no nmechanical agitation, there is no
agitator seal, and hence there is very little |eaking
in of air or the 5 like or contam nation with foreign
materials, which is another reason why a high-purity
nd hi gh- performapce arq i ¢, pol ycar bonate can be .
drawhaghs sah 38 RORATBINGDPR VIR lorsigBTudier @ikarRa0 Iegking Ja ! ai or the
. W th other condensation polyners, in particular
like thepuohsar agitated sgsl vfadﬁrcﬂaglgh'l‘fﬂwém'éx cowewer, aceelging tg the
particularly marked in the case of producing
polymerigatidry apparatus opthepresert ingentjan,ibecausée ¢émere is no mechanical
terepht hal ate, 10 pol ybutyl ene terephthal ate, nylon 6,
agitationtHers i$ Ao agitatorsean and Nérfcechiere I8 varydittle leaking in of air or the
condensati on pol ynerization reaction for polyethylene

e R fore R il Kot ¥ Bh el K W8

oLt o et i pepeguons. oo

' i i 15 . ,

excefigpt Etaré ke Biholachieveal iR prad GohdehBalior Betymers; inpprtioular

POlVSRIPFLARE PRVATICES ot THORS PHRISTE PSS ArSARiculaty marked in the
pol ymeri zation degree rises. It is well known that the

caserpigieducing palysthienederephthalate, polytiimethylensierephihalate,

nore the color and the properties of the polyner
polybuatylene terephthalate, iyloreByar nylon 66he case of
pol ymeri zation reaction of a polyester such as 20

pol F@itdndraple, ey esiiventibaaecorfdnshtionpolymheértation reaction for
t erepht hal ate, pol ybutylene terephthalate or the

poiyéihp%né feréphtRbRfe haegrenémg 0 CArfB8 ok B8 from 265 to 590"0, with

pofymerization tenpératur ones, the greater t

= vl Rorahy1orh Rl 88" eyl FgHReR e FipLormoe as the

al cohpl s such as al | al cohol na clic,.oligoners
poly Befipatior 8iek fges) antitha canasnsafih pofiianzatg rddetion for

However, by using the evaporation apparatus according . ,
polybytylane "&F%é'lthﬁiatq’ hos %PSF&'X?%%@THSE% ﬁb?fom 520 to 290 C, with

_pol yneri zation apparatus, the polynerization 32

a highctemperature of at leass 26067 G deing maintainedeatihe finakstageasdhe

by not |ess than 10C, preferably not |ess than 20C,
polymedizatior degreeefises:i dhis well kaown thakthe! higlaer the podymesziation
temperature becomes, the more the color and the properties of the polymer become
impaired. Moreover, in the case of polymerization reaction of a polyester such as
polyethylene terephthalate, polytrimethylene terephthalate, polybutylene
terephthalate or the like, it is also known that the higher the polymerization
temperature becomes, the greater the amount of by-production of aldehydes such as
acetaldehyde, acrolein or the like, unsaturated alcohols such as allyl alcohol, and
cyclic oligomers such as a cyclic dimer and a cyclic trimer.

However, by using the evaporation apparatus according to the present

invention as a condensation polymerization apparatus, the polymerization
32




out, whereby the renoval of |ow boiling point
- by-produced material produced through the equilibrium

reaction can be carried out efficiently, and hence the
pol yester can be 5 produced with a high polynerization
rate. If the evaporation apparatus according to the
present invention is used a pol,ynerzation o

tempeatirafardhe polvastsr can geneialy Beirealicen by Sob jes than 1956,
exanpl e, pol yethyl ene terephthal ate, then the ;

preferablymatiless than Zéﬁ. endompesqyer efficient surface fepawal can be carried
reaction rate even at 240 to 265C, and hence a

out, Whetetputhetrentovaheplew boiling peint dyypredubed magerial produced through
acet al dehyde content 10 reduced by hal f, containing

the deuilidriin® Fe SRR carbel chfldd quicefBciently; @indrherroe the polyester can be
produced w th high productivity. Moreover, for

5 prodB8dWitha pg;:h g@ﬁ@%ﬂ%’%ﬁﬂgb@nwé% raliRhYapiarats avtording to

reacti on s generally been carried out
O e N s S L
po B3 5Hion 51 SRR S ooRiiere HHETERRI, on e
polymenBalioh R tawba garec ol fpstapetarTate dYer AL 24P 18265°C.

stage as the polynerization degree rises.
and Rence erhighgurithhigheperfarmarice: palymenhaving anacetaldenyde content
condensation pol yneri-zation to produce a nylon, the
10 reducedtadealf, contining Itiereligomeh anddiaving agoodwolegan be psoduced
has generally 20 been of the order of 10 to 20 hours,

with High RSkt onged residence at a high tenperature
haS been essential, and thus thermal degeneration of

t henppb A" Pr%wﬂé}ﬁﬁ?'@h@éh%hﬁ%nd&h@éﬁ&f pélyRierization

properires have able to occur. In particular,
i,.n_th it j.S. o . .
reaciBpdREpiBR e har Yol besh cad oht #2304, 266°C, with a high
liable t cC e t.o heat, .Moreouere i e of
tempgrgecsr 270 oSt beBogRaAIbRL At e 1 HadkEag IR g
t he conventional pol ynerizatjon ag aratus, |lar g_e . |
15 polymerizationstegiem 5es. and theeondensalion PeMRYizatiopTeagtian for nylon
remain in the polynmer. 33 The higher the tenperature,
6 hasrgenarally bean carried oulat 2601927006, With a high/tepapgratire around
exanple, in the case of nylon 6, the equilibrium
2700 beireirmimthined24t the findbgiegeras the polymerization degree rises.
Furthermore, in the case of the conventional condensation polymerization to produce
a nylon, the average residence time in the polymerization apparatus has generally
20 been of the order of 10 to 20 hours, and hence prolonged residence at a high
temperature has been essential, and thus thermal degeneration of the polymer, and
discoloration and deterioration in properties have been liable to occur.  In particular,
in the case of nylon 68, it is well known that degeneration, discoloration and gelation
are very liable to occur due to heat. _Moreover, in the case of nylon 6, it is well

25 known that in the case of using the conventional polymerization apparatus, large

amounts of monomer (around 10%) and oligomer (2 to 3%) remain in the polymer.
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480 and 254, respectively, and in the case of nylon
. 66, 365 and 300 respectively), and hence if the
" pol ynerization could be carried out at a | ower
tenperature then the 5 anount of residual nononer
coul d be reduced, but this has been inpossible with

the conventional meri zation a ar at us e

The bighes ey temeranilo iR rer 10 SAIBGUE CHIRRNgor B THIRN (or
present invention as a condensation pol ymarr zat:_\gri o

exaraplpaindhesaserof nytoniEntherequilibrisun gepstapts abac2 54°C are
tenperature for a nylon can generally be reduced by

480 andl 2545 respeetivél9, dftCin thecdameadf nyloro66) ae&andaaomwectwelv)
and noreover efficient surface renewal can be carried

and Héﬁce #iRé pBlymidkzatioRtcld bé daped oul atw Iqwerntemperature then the

by- produced mat eri al produced through the equilibrium

amo[rﬁf‘(‘}lt reSfiLR prng%L foy Lﬁ&' be4kdBEéd, (Btﬂ'iﬁlbmasﬁtﬁébr’ﬂmdithe with the

on  can with a hi'gh polynerization

i@@ﬂ'ﬁ?‘h@%ﬂ?%‘@ﬁ? pBbytd saéaéﬂf’yn{‘é‘ff%? on 0
15
1a orH é‘?’tﬁﬁ% b(!} '-I%ai;é) eg%‘t'a%{@ 55%"3 gﬁ,@%ﬁﬁ@{?‘@fﬁmm

thus be carried out at a fast reactro rate eve at a
inventiem as & canklessation polymenzatigh; apparatus Ofihe
final stage of 250 to 270C, and hence a hlgh pur y
polymedization tempetaturesfor @ myoy can generally beyredsiced by notless than
di scoloration or gel formation due to thernal
10°Clagreferably not lessithan207€, angandreaveo efficienttsurfacedeoewal can be
with high productivity. 20 Furthernore, although

carfed BlRNSAbicHy tha! rafRsval Bf RAB6HIng Ppoint Py-preduced material produced
pol yneri zation using the conventional “pol ymeri zation

throﬁgﬁ ﬂ‘i@gﬂﬁiﬁﬁnﬁﬁv@ Bk 'cSh‘B%tcarﬁéﬁ fout Eﬁl&fé?'ltﬁrsaﬁ@ IheRBE $he nylon

rnary app |cat|ons for fibers f

can%o' °tr§'gﬂ§%d wih, aoﬁtéhar%ﬁtmeﬁéé Eﬂ*é“e'f %éﬁ’ﬁeb?ﬂbh%m‘“s
cations or i ords or r

aco@iRiia e rjopest fientin.is isad’sy, Wa%rérpir ?@’%ééﬁ @'cany out
necessary to further subject the %nfg t o, sol

polymerizationito pseduca. ifenexamplge pylon 66, beR %HSWHWE{%“QF.C@“ thus
feature of the evaporation apparatus accordin 4

be darieqh outata fastreaciiamrate eventat artemperatusg of 21 Bdﬁ 270 C with a
apparatus according to the present invention is used,

temvbwbtﬂﬁu?naenhrarmm stagensf 2500wl 70670, andi enoecay high-purity ansh
high-performance polymer suffering no discoloration or gel formation due to thermal
degeneration and having a good color can be produced with high productivity.
Furthermore, although condensation polymers produced through meit
polymerization using the conventional polymerization apparatuses have sufficient
performance as polymers for ordinary applications (e.g. for fibers for'clothing), to
further increase the polymerization degree so as to enable use in high-performance

applications (e.g. for tire cords, for bottles, or for engineering resins, etc.), it has

generally been necessary to further subject the polymer to solid state polymerization.

However, another characteristic feature of the evaporation apparatus according to
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produced through solid state polynerization can easily
_be obtained:- In the case of producing a condensation
pol ymer using the industrial 5 evaporation apparatus
according to the present invention, as the

pol ymeri zation reaction proceeds, |ower boiling point

materials b duced throu U|I|br|u r ti
the RIESHtIRULION BoRPL I e BYRRITHoR pobatAS AGPBing e dtdsent
reaction rate can be increased. A _nethod in which an
invention is used, then a pelymechaviag @ miv'a&vé?%@ degrea ona paryith one
reacti on such as nitrogen, argon, helium carbon
proddced thteugh solit state pojymetzatiomcaroeasily be obtainediuced
into the polynerization apparatus, and the | ower
boilhithe case tif prodicing al condeasation polymérb.;smgtr:e industriadl
thus renoved, a nethod in which the reaction is

|
5 evadb’i'éfétgrgeﬁer gg‘f‘gééorﬁlﬁget@%ﬁécbréé@tﬁﬁﬁﬁ@hdﬂ dsithe Ipolygnénization

hus y used Al'ternatively, a nethod in

ol 46 SRt ataad pciesa g Bnamu
et i O ﬁ“%f?%’]“ﬁ?iff’éftt“?%ﬁ%?%‘o pithe e
L A e e

produci ng a condensati on pol ymer using.the 'quStL 3
the reastion such asA)iisegen. arges danlimdcarbon tioxie o Aclower hydrocarbon
i nvention varies depending on the types of | ower

10 gas Edntrodgeedinto the pelyimerizagioprappacatys, and the [awerrhoiting point
nol ecul ar wei ght of the polymer to be produced t he
matéfaly s enthind E;etme a$ anhd thas cemeved a method in which the
case, for exanple, produci ng an aromatic

reao%lﬂﬁ ééﬁ@?:ﬁé@t Jﬁd&ﬂ@recﬂ%& PReSHLRE ObYIIR lier i IS preferibly used.

bi sphenol A and di phenyl carbonate, in the case of a
r can also be
Alte@%g& ?he reacﬁ%‘ﬁ%b@és&@ﬁg% refera olb%ﬂ'!ab rcange

of from 000 Pa, and
prefSigi: 8045 A rosngfil €16 P%%%‘%ﬁﬁﬁﬂce%“@%%‘““m of the
the reaction pressure is refer
15 inertgamingo i POYBPIZAPR apRaralis brTaleriekercial gpaintain an
mol ecul ar weight 35 equal to or greater than 10, 000,
inert gas atraosphateineide ne appajates isrsuffisienbt nore than 300

Pa, particularly preferably in a range of from20 to
250TRe.reaction pressure in the case of producing a condensation polymer

using the industrial evaporation apparatus according to the present invention varies
depending on the types of lower boiling point material by-produced, the type and

20  molecular weight of the polymer to be produced, the polymerization temperature, and
so on, but in the case, for example, of producing an aromatic polycarbonate from a
‘molten prepolymer produced from bisphenol A and dipheny! carbonate, in the case of
a number average molecular weight of not more than 5,000, the reaction pressure is
preferably in a range of from 400 to 3,000 Pa, and in the case of a number average

25 = molecular weight of from 5,000 to 10,000, the reaction pressure is preferably in a

range of from 50 to 500 Pa. In the case of a number average molecular weight
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In the case of producing a condensation pol ynmer using
the industrial evaporation apparatus according to the
present “invention as a pol ynerization 5 apparatus, a
pol ymer having the desired polynerizati on degree can
be produced using only one such evaporation

ccuad 155 8ssic i FEBOHaeRBoA BBl RlR AT than

starting material, the anmount produc of the
300 Bay pariculagly preterably in asrﬁgaerﬁfifrmﬁsc!ﬂe?%op%r ality of
such evaporation apparatuses are |inked together so
t hdn thexeape lof praducing acondgnsationpalymer sigingsteipdystrial
~increased may be preferable. In this case, guides and
evapoeatidn apparatusiaccordingstoithe ipreseéntinventioncs/ apolymefization
degree of the prepolyner or polyner to be produced

appatatisPhgioirbl Haviflgthe debived E@Fybnéﬁza&ibﬁ duiree cahibeproduced
appar atuses individually. or exanple, in the case of

using SNPS 81 Bafdalloh s lrdle SRl on 9 lérizaton
degrd of i iRIRSherlfel B BiolfEH ¥POM I B £F s Paltihg material, the
amof AHEReAe o Bhe, BF et 33 56 ors Arvptart n SR fralifbr sueh
used so that the polynerization degree is .
evaparalipn apparatysesredinked togelben §othal theirglynaefigation degree is
surface areas of the gui des possessed by the )
progressively incieased maydepiaierable do this cass2 guides ad reaction
respectively, the system can be made to be such that

conditioris sifitable fatGh&polyderizatiobdegree rof thén prepoiymer oz polymer to be
tenperature nmay be the same in each of the

prodReby &Ré préfelatily alopted fof each OF tie beaperativh lapparatusés individually.
progressively 1ncreased. The polynerization pressure

For il o8 ARS8 L Dl cotactng aqyow e
vl F5 a0 pgEA e 5 Ao LGBl AR Bl Boymenzation
appqar ﬁ.g, %ﬁﬁ@:ﬁpgﬁc&@?ﬁyﬁﬁg&%& ;%g&ﬁ%ﬁ#t%% gfﬁmfa{u%\fva fourth
QuidSsoniatting, downflo hinst RoVimesYBEomapbaratiis and 56 on are used so that
the polymerization degree is progressively increased, taking the totél external
surface areas of the guides possessed by the polymerization apparatuses to be S1,
S2, 83, 84 ... respectively, the system can be made to be suchthat 81 = 82 =
83 =z 584 = ...

Moreover, the polymerization temperature rﬁay be the same in each of the
polymerization apparatuses, or alternatively may be progressively increased. The
polymerization pressure may also be progressively reduced in the polymerization
apparatuses.

- In this sense, in the case, for example, of progressively increasing the

polymerization degree using two polymerization apparatuses, i.e. a first
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o m&ﬁ%ﬂ

gui des such that the total external surface area Si1
-(m of the guides in the first polynerization
apparatus and the total external surface area S2 (m
of the guides in 5 the second pol ynerizati on appar at us
satlsfythefollovvlngforrrula(15) 1581/ S25 20

gutdé-ééhtadaﬁg %ﬁnﬂ%@a ﬁﬁn&ﬁ% h agpianiy 8¥BcBhHS €

suc arlatlo r -wel ght 1 ncreasing

i e G R ST i e
quiad Scts et B Ftal et shidtRee ared 54 (75 opngps J8R i e first

ng down the yi des in the se ond ri |on
polyrmBZRHN SPRATBbIRaNd s otel Xteriel SUAGS siseLBRATE) af iheuguides i
such as the residence tinme of the nolten prepol yner
the secondpolynerizationsappatatusi satishibedollowingiformula (15)bt ai n
a polynmer of the required nol ecul ar weight. For such
reds@sS148i=e 20 eferabl e range(i18).1.5 5 S1 / S2 5
15. 15 According to the industrial evaporation

apppsay s erse@@tnaﬁei Ithéhlpmbleﬁwamegﬁcwés Vafatioie itte
|nvent| on, not | ess ‘than'| ton a concentrat ed

mole'c? el c'i%“t |n8|‘ﬂa¥‘.[@]s& %t?ﬁ‘glhhgeﬁ %téHIQ ﬁréﬁﬁtmhrbééb?néé‘ﬂﬁﬁcult

cing a C densat’i roma nononer

[ r
and @F%@@%ﬂ@@ﬁ%@ﬁ%@&nﬂé&& %@4%%@ 458pHE ieteas if 51/ 52
. react,i on Ll e. dischar b oduced .| ower, 20
s gf%ﬂ? a2t ther the DnTete BEinemBliaR PESRoNREr fnfnadown the
| S necessar for the nononer nelt or nolten

QU*d?ﬁ F—'yﬁﬂéfpn gnzai@rgaenaraﬂgs begarmes, highy apd qse@sult

into the polynerization apparatus or equi prment in an
problems arisesuch as the zesideneantimetnf thagmoltemprepolysnen bacoming short

nononmer melt or nolten prepol ymer constituting the

so that il bedofmes difficaltttd ©btain 20meipme of theprgaired molesularweight. For
dependi ng on the pol ynerization degree thereof 25 and

suchtré@sons Wdréﬁéf@ﬂalﬂé% # 15he © yger < ashe
produced, but is generally from 10 to 500 kg/hr

0 SRURFAhBAB the SRl evaboldirRlodEfusR NG iPor]
equifthehf &fthe atesk i ihvanidlf rot Wesina folld ir dta Gondsttirated auid or

polymg} can Q%SW be tp'rgcrfucec{. OL‘ﬁQhe case of producing a condensation polymer

from a monomer melt or a molten prepolymer, the polymerization is car_ried out
through an ordinary polymerization reaction while discharging by-produced lower
boiling point materials out of the system, and hence it is necessary for the monomer
melt or molten prepolymer used as thé starting material to be fed into the
polymerization apparatus or equipment in an amount greater than 1ton/hr. The
amount of the monomer melt or moiten prepolymer constituting the liquid fed into the
evaporation apparatus thus varies depending on the polymerization degree thereof
and the polymerization degree of the polymer to be prod_uced, but is generally from

10 to 500 kg/hr greater than the amount of the polymer produced per 1 ton / hr of the
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evaporation or purification through evaporation on a
thernopl astic polymer or liquid containing |ower
boiling point material, the anount of the liquid fed
in varies 5 depending on the | ower boiling point

mat erial content and the required concentration

degree, or ,puri.fication deqree uf J.s neral,y i
POlYETBANRERT Lo i SoENIBPTGEN Ao 10 5 Bndl it Rel 46y e the

1.005 to 50 ton / hr, nore preferably from1.01.t0,20
polymenprodyced so Masagvers in the Gas@ aficarsin 9ﬁb¢a?'mfgwﬂ°ﬂ tﬁmug“

apparatus according to the present invention L
evapsoeatiost oreurifioation thifoLighrevapesatianben) ai thermeplestic pelymsrer liquid

noreover has a 10 correspondi ngly suitabl e nmechani cal
contaihingrigwer bbliagipuintyhaterial,dhe @oneuntaf the fiquidtfed in vagiese

of any type, and may have adj oi ned thereto equi pnent

depeidifig én SRV YIling point hediditontéatt drd theequited ¢oncentration
operation. Mreover, according to the industrial

: f . L on.
ceorfy B SALAYPSBA, it B gl 108G U IBHETO0 fo 100 ton /b,
;) h !
prte B e o008 S0, B ARG RO 08
" B A sl S e B85 p the presen
. reference to Exanples and Reference Exanp] es. 20
inventiorusatisties the sanditigns desaribed i theslaigs. Andmarerver has a
havi ng a di sk-shaped flow path controlling nenber 20
corresipondingly ssitabie pnechanical istrepgthmtie industrial evapamtioncapparatus
in FIGS. 2 and 3. The disk-shaped fl ow path

may bervframy type, andiaray Bédveadjoinedttieretosmpiphent having lseme other
top thereof such that the spacing fromthe top

funclioh fFéqlited’Br corfin@dus’Spératioh] dNidlebvsidaoebraintrtoXhedadustrial

approximately 8 cm Moreover, the spacing between the

evarfofiS Bbpd 61 incipieaBfifipgentin, iy bl sl
evarg iRyl aPBoyatess, 3y bt pagsthe Ekfe e Sguipment having
sompdumci Qiner MiarPeparAlion oy eaapiaite Her By | g

menber 20 was
Examples

Next, the present invention will be described in more detail with reference to
Examples and Reference Examples.

[Example 1]:

‘An industrial evaporation apparatus having a disk-shaped flow path
controlling member 20 of thickness approximately 2 cm and guides 4 as shown in
FiGS. 2and 3. The disk-shaped flow path controlling member 20 was fixed
suspended from the top thereof such that the spacing from the top internal wall 23 of
the liquid fegding zone 3 was approximately 8 cm. Moreover, the spacing between

the internal sidewall surface 22 of the liquid feeding zone 3 and the flow path
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desi gned such that the vertical section thereof was a
semcircle of radius 5 approximately 1 cm and was

t hus devised such that the |iquid would not stagnate
around this peripheral portion. Mreover, the section
of the joint between the intemal sidewall surface 22

contrg lln@gﬁeh‘l&%&‘&ﬁ ‘g§§gb@e Concaie on' %IJF:IHGE 56%'?%3 S OVVn
perforgigrlatee? g 18 downaln m&d‘@bﬁ%ﬂ%’%ﬁ%ﬁ%ﬁgﬁw 8 om.

appar atus, 10 was all made of stainl ess steel 5
A perpherhpgttion of the disk-shaped iow ﬁogfétaumam&mbeh O neas
case that the concentrated liquid is of hi
desigriesbauaht that theivericalsestionithereof wag.a @emm?ﬁ of radiys i n
the case that the viscosity is not so high. The
approXithatélyi bem, and wasthusdevigea) sucksthiab thealiquid walild ost stagnate
side-wall casing 10 and a conical bottomwall casing

arouﬂé th i8 'ijériﬁﬂérélgﬁ?t idiatMbreover, A8 sedtioh of it BetiWeen the
cm d 40 cm C=155, S—ZSOWQ A=19. 625n2, A/ B=

oy 55 21 g g S
was ﬁé% § ﬁg{i #& 'ng%%c'f\l% %n&h&ﬁﬁ@ﬂ? %SW "\,\E‘gﬂéf %grd érﬂé‘h@e E for the
dsing Bt was apntpduately 475:o Fhe “5?3%53* %fﬁﬁﬁsaepefaqmeapparaws

perforated plate 2 srap roxi mately gal? and ihe 20 :
was glh pade;of stainless steelr okhe ﬂ@cb@rlgmg avw § 1spreferably 4 gggr pump
the upper surface area of the holes therein
in the appe thatithe copcentratedieguid is. of high viscasity: asd iy an ardinary
approximately 0.161 (m. The volune Y of the space in

| liquid-feeding pands intthease thatthe viguosityiismbbsy high? 2. Thenididustrial

and hence the value of Y | V was approximtely 70. All

evaperatich Appavatisthad @ cylinddicalwide-aalli cakirgf10 ande vasical
t aken such that, in'the liquid feeding zone 3, the 25

bottdan P?] ﬁg qqn ﬁWa%d%ﬂ'thh{‘Q =|0Pbbb aRtigLigto &RIDIF500 cm, d =
From-t I

rece|¥|ng port passes betweeh the
40 ol 6% 155° %%5 z?érniﬁ%%*“ﬁ e B PTI a8k o =2
dj b I
andgui}ée& ﬁrﬁ‘%&ehﬂwgéﬁﬁ%&%ﬁﬁ th6 I3 5an be
pat h controllln nenbe and is then distributed
presgm indhenliguic tmdmezm %iroe% the liquigl receiving Rert A e the joint
plate 2

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 (approximately 3.17 m?), and the
upper surface area T of the perforated plate including the upper surface area of the
holes therein (approximately 19.63 m?), i.e. the value of V/ T, was approximately
0.161 (m). The volume Y of the space in the evaporation zone 5 was approximately
222.8 m®, and hence the value of Y / V was approximately 70. All of formulae (1) to
(14) were satisfied. Care was taken such that, in the liquid feeding zone 3, the
liquid containing low boiling point material fed in from the liquid receiving port 1

passes between the upper surface of the flow path controlling member 20 and the
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to the guides 4 while flowng mainly fromthe

peri phieral portion toward the central 5 portion of the
perforated plate 2. An inert gas feeding port 9 was
provided in a |ower portion of the evaporation
apparatus, and an evaporat ed material outlet 6

top infBET M&i’%ﬁ’@%ﬁﬁw 57 268" %8@'5%5\??9%"‘* Interml
side Gl pace 64 of i I fescing zanet anf T fekiia Ee"'narmember

a heating nedi umwas provided on the 10 outsi de of

20, andi dhen Histribyted uaifoamlySomitbe holps @801 dnte, perforated plate 2
apparatus could be nmintained at a prescribed

to the gujdesad while floiwing niainlydeam tige pedpbenal padionrtowasd the central
Exanple 1]: Using the industrial evaporation apparatus

portioh oEtfnpedorktés piate 2l Y il inesttgaw feedingaport 9w pravided in a
condensati on polynmer, ‘an aromati c pol ycarbonate was

|oweﬁgeﬂm thé evﬁﬁofﬂﬁdfﬁé‘p r8RER YR8 an SvHPRAted RBRIRI outlet 6

['ecul ar vvelg t 000) for the aromatic

oo Ao e TSR A1 g ) o
ow Ca@nbonﬁiw?mﬂfis henﬁ"‘"‘i\%‘!ﬁ"}wga?’Péﬁsfa*@@&?%ﬁ%e%ﬂégg‘%"

fromt UId ece|V|n ort
appaigiusen 45%1 98%9 4o ad?ﬁﬂ‘l"ﬂdﬂﬁ@!“?‘ W@c"r F? V’G'eBH?—!‘ the

20 evaporation zone 5 (polynerization reacti on zone)
outsidecfithe evapowtionrappasatus: o thatdbe eyppewmtiongnrpasatus could be

flow ng fromthe peripheral portion toward the central
maintained @b agfresbrbeg tenperature ysing thecheating sedjwot ed t o

pol ymeri zation while flow ng down al ong the guides 4.
[ReférepceExammplezdi i on reaction zone was held at 80 Pa via

a vacuum vent ‘6. Produced aromatic pol ycarbonate

em@éihg‘ihé fRIJR04AI @Vaperatio apparafus! oFExd@mple 1 as a polymenzation

pol ynmefri zati on apparatus fromthe bottomof the guid

sop o B p i B B0t PLAEAIRABIS s oo A

L RN A R, e p—

poly%ienyggtrreg@\%g?\\ég rba en pr;oadtexgéjc!l E)mwggsgnengéh A glf'ld tdh|:ﬁ'n=:ny ga?;t;o%ate
(molar ratio of diphenyl carbonate to bisphenol A= 1.05) and-was held at 260°C was
continuously fed into the liquid feeding zone 3 from the liquid receiving port 1 by a
feed pump. The molten prépolymer, which was continuously fed into the
evaporation zone 5 (polymerization reaction zone) from the holes in the perforated
plate 2 while flowing from the peripheral portion toward the central portion of the
perforated plate 2, was subjected to polymerization while flowing down along the
guides 4. The polymerization reaction zone was held at 80 Pa via a vacuum vent 6.
Produced aromatic polycarbonate entering the bottom portion 11 of the
polymerization ahparatus 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
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w t hdrawn froman outlet 12 after 50 hours from
commencenent of operation was 5 10,500, and the
aromati ¢ pol ycarbonate had a good col or (b* val ue
nmeasured using ClIELAB nethod on a 3.2 mmthick test
pi ece= 3.2). Mreover, the tensile elongation was

pumﬁ%"%u Wlﬁai’ﬂ'lé@ﬁoﬂﬁtemhﬁeodroh‘fﬁlcﬂi%rbén lid 4Ré %ﬂéhﬁportlon 11

ravvn fromt outlet. 12 after 60 hours,
500 hours, 1,000 hours, 2,000 hours, 3, OOO
was o'#?tént4 000 hours and 5, 000 hours from commencenent

b 10 10 |
00, BBShEb8E alElae Maleukitveidhi qféégé‘??fﬁaﬂﬁﬁb@%%wam
with Sﬂféﬁ By el 15 e 88 hSiss W ferimeacemant §Eoparaton was
Cl ELAB nethod on a 3.2 nmthick test piece) of 3.2.
10,500, anhthenanematiorpaiyearbongte had asgogddwlgrs(bfoaamameasured using

material or other foreign material caused by
CIELABR hethed ones B @omore thicls tatt péetecsl 32). aMorebSer ithe tensile
aromati ¢ pol ycarbonate produced as above had a content

elongétucﬂi wak o8kl aThe ¥alies of N dbr the srandticpRilydarbonate wittsdrawn
of 0.04 to 0.05 ppmin terns of the netallic

fromqhs TROEE 12 \WiteF BOWdiIrs! SRSD ﬁéur%h 506 fodky St.ood hear® 22083 hours,

Pol ynerli zati on equl pmant for a condensati on

3,000Ho0E 4, 6@6 13l 6 £B0Y FBlrd fron? LontieRehth of opration were

rr'a eva dra on appara ses eac avin

1053840 8855507 BT Mo, S B oo

car bonat e was produced using this polymerization
and Ea D RERARELICN Was sta§ YRS MOERQ Izﬂ)stalpgm ¢aRleiely sppstant at
pol ymeri zation apparatus). The material of the
a b* yaluedmaaswed psing-C RLAB mathed onmad mm-thick test piece) of 3.2.
steel. The discharging punp 25 8 for each of the
No centgmoination withdpypurities ssichas colgredrmpterjal off bthdriforgign material
pol yneri zati on apparatus, which was of a

cau&ulbiﬁpmﬁgwre@ueimeﬂ%@uetm abafl a 41 cylindrical
side-wall casing 10 and a conical bottomwall casing

irln Tt?‘ér%éléényﬁlgca: 153?&@%804%3%:% ﬁ%@ggﬂn &nt'of%h metal

=75

andlﬁé@gmgeénﬂ métal chmipobinds of 8.0% tc?8'85 ppm fh ferfi® oﬁﬂé‘?ﬂetalhc

elements, which was used as the catalyst.
[Example 2]:

Polymerization equipment for a condensation polymerization type polymer in
which two industrial evaporation apparatuses each having a flow path controlling
member 20 and guides 4 as shown in FIGS. 2 and 3 are arranged in series. An
aromatic polycarbonate was produced using this polymérization 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
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di ameter of the cross section of the flow path

controlling nmenber 20 was a little small, 5 but this

cross section had the same shape as in Exanple 1, and
-the spacings between the flow path controlling nenber

20 and the wall surfaces (23 and 22) of the liquid
cyliniiAeali dide- Wit 10 andRReoM h%tlftﬁﬁﬂvélh&(flh?% Péﬁ&‘ was such

control ling nmenber 20 and e perforate ate wer e

that B 980 ojﬁpl 858:q em?y 4 Qol‘a‘@r@'—e éo g 750 m?, A=

sec Ion e join be meeh t hé erna

12 5@3‘55' a(’:ﬁﬁ q ‘8‘} &?Zgz gﬁ QSI g%@&% bg}]and t"gtﬁe th%t the

as shown | and an gle Efor_th
d'a"ﬁt%’ ‘%gthﬁcﬁ' ‘P%ﬁe%&‘ %'Fﬂbﬁélg“\fra?fé‘l cgpnif@mg wermrcszwas [elittle smail,
volume V of the space in which the |iquid can be

but thiscaress seetiombad theisameshape@s ibrixampler brand thestnacings

of the liquid receiving port 1 (i.e. the joint between
betweia the dlowdipathamintialingomembier 20caridthe wall sutfaces:(23ahti 22) of
of the liquid feeding zone 3) to the upper 15 surface

the liglid feediey zoneabad thé spacing baaweer thafleW)path €antr8lling Mémber 20

the upper surface area T of the perforated plate

and tﬂé%é’f%rﬁfbd b%té’&%re%& ‘haEﬁarﬁb@aLe Vgréo 'fé“s\sl |r$ Egﬁ:ﬁgﬁl@ 1, the

(approxi mat el y

sec‘ﬁﬂ?@@%iﬁ’“ﬁ%‘%’%%eﬁqﬁs(' &%% W4l ik 22 f%?ﬁnﬁméﬁ%éd‘"g zone
and ﬁ%o@%ff%f%%@‘aie?ﬁéﬁdéwgnéﬁ To BB RsRfara.on e Heidg fﬁ)shown n

ver, econd pol yneri zati on apparat us_was
FiG. Fpgd Srcangié r}h%ﬂﬁ@lstmmoammmxmatew hie Aratio of the
[ Ref erence Exanple 2]: A nolten prepol ymer (nunber
volwaee\( awwmmavhmbutmiqud cambe pogsendin the liquid feading zone 3
pol ycar bonat e that had been produced from bi sphenol A
fromahel bottpheofthediguidi régiving portol fre. the jointhetwieendhgliquid -
carbonate to bisphenol A = 1.06) and was held at 265C

recelvity porttli antbthe toplintérhdliveall BEthel lifuidi fdekisl Bona 37 ¢o the upper
fromthe liquid receiving 42 1 port 1 of the first

T8 T SR 2 308, o DT st rs
T of i pémSratéd pRe ifttidihg the BPFersdtiddi aRel d1tha Haths therein
(approximately 12.56 m?), i.e. the value of V/ T, was approximately 0.162 (m). The
volume Y of the space in the evaporation zone 5 was approximately 135 m®, and
hence the value of Y / VV was approximately 67. The above values satisfy all of
formulae (1) to (14). 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 diphenyl carbonate to bisphenol A = 1.08) and was held at

- 265°C was continuously fed into the liquid feeding zone 3 from the liquid receiving
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plate 2 in the first polynerization apparatus, was
subj ected to polynerization while flow ng down al ong
the guides 4. The pol ynerization reaction zone of the
first 5 polynerization apparatus was held at a
pressure of 800 Pa via a vacuumvent 6. Aromatic

ot B3 TR A NEES 2 e R g mpten rpotmer

wei ght Mh = 5,500) entering the bottom.portion.11 of
whick Wb eantinwensvleddodh RoMeTFAtaR (Rl BR ZoRs vid the gerforated
gui des 4 was continuously w thdrawn at a constant )
platef2 invthedfirst polymerizatian appharajes,puas subjegted-te nalymeHzation while
punp 10 8 such that the anpbunt of the aromatic

: ﬂowiﬁ doa Slongtthe guidesd.pr Eipe pplymerizatiohaeattion zoneof theofirst

was constant. This nolten prepol yner was

polyrﬁ%@i%uﬁbf?ﬂﬁbﬂraft@w:agq'féid aha {Jréﬁu'rd df 800i Py viaen eacudmoent 6.

Iquid receiving port of the second
r .
Arorfilc/ SRl lon e nRREA ety Mer o1 IR9Ea T PolyHerizTOR degree
ol ynerization reacti n i :

(nunarBradE bRl SERBIRO NG 3. 500, SErRE 1€ bBHER PErfbR 11 of the

subj ected to pol ynerj zati.on il e flow Ay
polyRBLgtPa epparatis HORLirA Ratiora et he PULES 418 St iy

__second polynerization apparatus was heLF abag . =

withgravensat @ constaot flawvate frem theclissharaa Post 7 by Hog disgharging pump

aromati c pol ycarbonate entering the bottom portion 11
8 suoh thatethe amountwditijerarsmatic polycaphanate mollengprepplymer in the

bottom of the guides 4 was continuously wthdrawn at a

bottdrhPoriien 41 aéorstanty/ Mhis mokeniprepolynietwas gontinupusly fed into
the di scharging punp 8 such that the anount of the

the IR dding 2bME I BEAAE liglid rReelaid ponrosttthersetbndaolymerization

constant.” The nunber average nol ecul ar wei ght M of

ped c ' Was c8Hfinsbusly fed
appé%’ﬁéﬁaﬁ? %ggégggﬁj' dly pﬁ@gmﬂﬁl%gtq%ha%npgﬁfg after 50 y
. ours, from.conmencenen f [ i ’
into MR PEvatariALSR TFSakFT A So8 Hettokaind a2 P sctibha
val ue neasured using C ELAB, pet hod on_a 3.2. i
polymasizaiopapparatys was ublesie s bolumediafion wi\'%"i"@ fiown along
was 99% The values of M for the 43 aromatic N
the guidgs 4. bkha polymeniaation readlion zrne.ek thesecond polymegization
hours, 100 hours, 500 hours, 1,000 hours, 2,000
apparaius was, [0 ab apressure0fG0Bavig thereaaiunp et sPradyeed
aromatic polycarbonate entering the bottom portion 11 of the _second polymerization
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 polycarbonate 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
43
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commencenent of operation were 11,500, 11,550, 11, 500,
11, 550, 11,500, 11,500, 11,550, and 11,500
respectively, and hence operation was stable, and
noreover the 5 color was conpletely constant at a b*
val ue (nmeasured using ClELAB nethod on a 3.2 nmmthick

aroniaﬁﬁp@@éggpn% withdraWh ff ?ﬁ’ltﬁg] t ?dﬂe} BOIHBUIS, 106 Rours, 500

ored materl or ot oreil gn mat er | a

hour 88, o) SHBP RN, ef?ﬁ@%@g%@@h@@éﬁ‘?%gﬁt 300 Pk rom
com%nen@'e%@m of peestioBvers 15508, 155kt 001156217508 1,500,

ment s, which was used as t he cat al yst. Industri al
1 S%panct%ﬁpptrysmw@%aa hense onssation was stekledang mereover the
the present invention is preferably wused as an
color wels coniplétetyconatant atra bp yaluet(measured bsingfGIELAB method on a
efficiently concentrating a 15 |large anmount of a
3.2 rhivgthick test pigice) ofi312at Mo sbntamvinatior withvimpuboities isagh as colored
point than that of the liquid, wthout drawbacks such

mateifal @r%ﬁﬁér%ﬂélgl@ matéﬁaltéﬁﬂs@atbmomdd%d sRiedie was detected at all.
material, or deterioration in properties. It is

paffﬁ&?#&iﬁéﬁc BoREE e fiflafe pfodined!aieabGIRad 8'ddtient of alkali metal

appar atus acc e present

and’ﬁﬁ%ﬁ@hﬂ?&#@%%*@? SpihpeilAda r DT 405t e Ak netatic
elen] E\r/*?ﬁlsﬁat i0 %gj)gar at USMIOL? ngo:ﬁ }C/)rrtelr:]e pr esent

pol yneri zati on apparatus, a purifying apparatus for a
t her nopl asti c pol yner malt, or an apparatus for
separating and thus recovering the polymer froma

Industriad Applicahility pol yner sol ution and purifying the
polymer. 44 CLAIMS W claim 1. An industrial.
ev dplee avaporatiph zzpphmtuis racebrdihg o tHeopriedenbimventiomds preferably
material having a |l ower boiling point than that of

usefas @n' ihdustiial SvaPiation abpartes shitablé Fenéffidiently cBhBéntrating a
surface of a guide that does not thenselves have a

Iargéi1 Sﬁ{mﬁﬁ‘i’ Bf éﬁlqgrdjbﬁﬁtghr%hﬁ#e%é ﬁvﬁ@eg I&@%\%on% bbit than that of

IS eva

Ithe liquid, without drawbacks such as discoloration, contamination with foreign

material, or deterioration in properties. It is particularly preferable to use the
evaporation apparatus according to the pres.ent invention in the case that the liquid
has a relatively high viscosity. Particularly preferable applicatioﬁs of the industrial
evaporation apparatus apoording to the present invention are as a condensation
polymer polymerization apparatus, a purifying apparatus for a thermoplastic polymer
melt, or an apparatus for éeparating and thus recovering the polymer from a

thermoplastic polymer solution and purifying the polymer.
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i nprovenent conprises: (1) said evaporation apparagtus
conprisi-ng -a liquid receiving port; a liquid feeding
zone for feeding said liquid via a perforated plate to
said guide provide in an 10 evaporation zone; said
evaporation zone having a plurality of guides that
extend downward within a fpmgncl osed by said
perforated plate, a side-wall casing, and a '

weﬁgtﬁomwall casi ng; an evaporated material outl et

Vided in said evaporation zone and a quuid

di scharge por prowd in-a I ortl t.he

bot Torandustialvaporation Spsarafiiin WEh 2 IS SeRaIG 2

menber_ whi ch has a function of makln sald i UId fed
matefial bavine lowelbaling poiat than Biet skseiiliayil i madeito fiay down

port flow miinly froma peripheral portion toward a
alongiandéxiemal sudace bf arguige tHat does gt theroselies hiave@ heatsource,

in said liquid feeding zone; (3) an internal
durirgewhiohtirhe aatthlofverboilirgjesint materidl is ebapdrated, avhereimthe

of the 20 side-wall casing of said evaporation zone

mpré@éhféﬁt’b@ﬁu tigesf ol lowing fornula (1): 0.7 < A 5 300
( 1); (4) a ratlo between said A (n2) and an internal

5 B ol Bl o RSSO i

k4 O i e ot 638 e B
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of i d evapqration .45 zon ein onnec gt _an
vaRQralioh ZPg RAE Seeprationsane havis By §/s f@"aﬁs thit extend
bottomwal | casing, wherein said angle satisfies
downward withing sga¢e epalosed by said perfgra!;ed piais. a gde-wjl cgsing, and
length h (cm) of each of said guides satisfying the

a bottom-wall cgsing; anlevapoyated natediaboutiet ppodided4n said7evaporation
total external surface area S (m of said guides

zones ainds4 liquid disehergé [poni provided in a lowermost portion of the bottom-wall

casing;

(2) a flow path controlling member which has a function of making said liquid
fed onto the perforated piate from said quuid receiving port flow mainly from a
peripheral portion toward a middie portion of the perforated plate being provided ih
said liquid feeding zone;

(3) an internal sectional area A (mz) taken through a horizontai 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 )

(5) the bottom-wall casing constituting the bottom portion of said evaporation
45
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formula (5): 2 5 S <_ 50000 (5); (8) volune V (nB) of

a space in which said liquid is able to be present in
said 10 liquid feeding zone fromsaid |liquid

receiving port to an upper surface-of-the perforated. -
plate, and an upper surface area T (m of the

zonef{&ing cbhfidciBuitan Mfere! Aifhle G'E) Rl Sl %E@f@@@ﬁfﬁ“’
bottof il einty, uherBi s prohe o) safiisdt igfad Sorilia (o)

evapqoration 15 zone satisfying the followi ng fornula
% éé’a‘\é/ 1955 500 (7). 2. The indudghi al

eva oration apparatus according-to claim1, wherein
n0t(6) a dengthtniem) ofeach ofisaid oukles satishiag the talbing Sumuila (4):

to the evaporation. 20 3. The industrial evaporation
apd&Oatiish a&cb0dng to claim 1l or 2, whid)yein an angle
E () between an internal sidewall surface of said

| i qP) d tblaeeieenalcnefacacires 8 (nfasfisaicdihaiden!satisfying the following
satisfies the followwng formula (8): 100 5 E < 180

formG@)(5): 25 4. The industrial evaporation apparatus
accordlng to any one of clainms 1 to 46 3, wherein
sal §a3|ng of said evaporat% E zone is
cyllndr|031 MAP an inside dianeter ? nm and a

h L bott om wal I, casi.n cted at a .. .
boﬂﬁim' o5 V. ) 6F = 388 5 Whicn.Faa gic G 5 i%ﬁﬁ@gﬁsent in said
. the |iquid discharge port, which is in
hqu'qa ma)éene)ﬁpm §wdleUt reCeing apﬂsemwaur@ﬁsmghe
lindrical with an inside 5 d%aneter d (cm
perf latepand amupperssurface,arend (rof) ofthe perforated platedpeluding
(10), (11) and (12): 1005D51800 (9)
the upper surface area of holes therein satisfying the following formula (6):
002(m) = V/T = 0.5(m) (6); and
(9) said volume V (m%), and the volume Y (m®) of a space in the evaporation
zone satisfying the following formula (7):

10 < Y/V £ 500 (7).

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

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

3. The industrial evaporation apparatus according to claim 1 or 2, wherein
an angle E (°) between an internal sidewall surface of said liquid feeding zone and
said perforated plate satisfies the following formula (8):

100 < E<180 (8).

4. The industrial evaporation apparatus according to any one of claims 1 to
46
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550/ d550- (10) 0.5 S L/ D5 30 (11) 10 h-20 5 L S
h+300 (12)...5. The industrial evaporation apparatus
according to any one of claims 1 to 4, wherein the h
satisfies the follow-ng formula (13): -400-< h _<-2500
(13). 15 6. The industrial evaporation apparatus

3, whéref Qéiﬂ%é(g&iv\?ﬂyc% dﬂf ssﬂ{j j%vgpoﬂaﬂo?n 2 %@hﬁdﬁbﬁ? ggtl'f%n inside

sai d gui cyll ca pi pe- shaped and ma

ciarBfort T Bl 4 o e, P Hon PSRRI GAdled ot @ botom
portif B sal S8 il i, X iod sl e i iskBRIBA ot i i
apparatus accordi ng to any one of clains

1 5,
the IQREMBHR Rorfian 96 tha SomiGALPOtam gy ieasing, 6 clindiaas withcanside

6, and the guides are |joined together by transverse

- diameteryd (em), viterein Dhb anddlisatisfuthe fallowing famulas 8)(18), (11) and

according to any one of clainms 1 to 47 5, wherein
(12):sai d gui des conpri se guides according to claim6, and
formone of a grid-like or nmesh-1like guide structure
in 190 b bhe axgodes are fixed together gy transverse
supports, a three-dinmensional guide structure in which

a muahty fgqgrid-1ike or nesh-1ike 4ggide
st %cTuPe’tsd/a_reS%rranged in front of ano(qELhi nd one 5

an e n i xed together by tran se supports,
angig %iidﬁ%?%iﬁblike three-dinensionjﬁ?guide
structyyre in j ch e guides are fixed,together in
frdht éa’ndgt;ém » and left and righ(t&bf, one

anot her by transverse supports. 9. The industria
evapor ation apparatus according to any one of clains 1

to 10 8, wherein said liquidis a nelt of a nononer
or & nThe industrial ewaporativnrapperatis agcording to any one of claims 1 to

4, wherein the h satisfies the following formula (13):

400<h < 2500 (13).

6. The industrial evaporation apparatus according to any one of claims 1 to
5, wherein one of said guides is cylindrical, or pipe-shaped and made to be such that
the liquid and/or gaseous material cannot enter therein, with an outside diameter r
(cm), wherein r satisfies the following formula (14):

01 <r=1 (14).

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

joined together by transverse supports.

8. The industrial evaporation apparatus according to any one of claims 1 to
47
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nononers for produci ng a condensati on pol yner, and/or
a prepol ynmer of the condensation polyner, and/or the
condensation polyner, the | ower boiling point

material is a by-produced nmaterial and/or -oligomner
produced through condensation polynerization, and

5, wﬁ@egueéﬁgmﬁr]é%%?@kggg @id%%%@g% Sidith 6 and form.one of a

condensatd ol 57 _ tTon apparatus for
aric- 8 BY FpoRecoud¥ Sirudfig i B e JBAEE ofh it d bty

degree of the prepaolyner, of the condensatio ol
transygise, SURPRItS, &@@@Mﬁﬂﬂﬁﬁ?kﬂm{]@ strgcture an Wikel 8 Sdrelty of
. evaporation apparatus according to claim9, wherein
grid-tikeor pesbdikecgigde istruchiey ake arranged in frent ef and behind one
pol yam de, or a polycarbonate. 11. The industria
anotherand are fixed ggetheuby transvelse guppodsyanda jufgletgymalike
to 8, wherein said liquidis a nelt of a thernoplastic

thregrdinisigional Qidé stradiire o Whidhothelidés ard fixaditogether in front of
nmononer, an oligonmer, and a by-produced materi al

and 6ehingl ARd 1dfhand rfph?oﬁ‘adé@'iothéf‘l?{/ traﬁsmaé%t?bahs.

evaporation apparatus 1s a purifying apparatus for
renmoving said |lower boiling point material from said
nmelt by evaporation so as to 48 increase purity of

said theroopl astic polyner A _12. The i.ndustri al .
oo Hie Bitisiial siaPEratBr adiard e AEOIRG 13 nyfine.of claims 1 to
[ her I [ roAi I ne-
8, wﬁ&e‘fmtﬁaiﬁ Igou%b?sf’,qta, rrfg}f 845%/ %mq{;@a& it %%@ﬁgf pap g‘so?_g kinds of
pol yvi nyl i dene chl ori de- based pol yner, a
monpoiefa forproducingl a:condensationpalymen apdlaraprapalymer of the
ester-based polyner, a polynmethacrylic ester-based
condegisatien polymer, ahd/ordhé ashdensdtiost polgmer, the IGwer boiling point
i ndustrial evaporation apparatus according to any one

matetial ¢ &ibysprbdudéd heat8rialdied/or oligorher prodhuced ithrough condensation
solution of a thernoplastic polyner B, ‘said | ower

poly?t?%ri'zhfi&n i &éidgﬁ&@éﬂ'@l e*%@gm *gﬁ%’%‘ﬁ% iréfﬁa-ébnéé}'léiation polymer

ernopl'astic polymer 1s e monormer ,

v e By S Yo Bl A A s

vaporation apparatus i s a separation recovery. /
melt Ry SYaRaaion S8 g54P dncieape A PlBsTirgten AOiR iR Rragolymer of
point material fromsajd sol ution
the condensation polymer and/or the condensation polymer.

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

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

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

removing said lower boiling point material from said melt by evaporation so as to
48 ,
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15 by evaporation so as to separate and thus recover
sai.d.thernopl astic polyner from said solution and
i ncrease purity of said thernoplastic polyner. 49

increase purity of said thermoplastic polymer A.

12. The industrial evaporation apparatus according to claim 11, wherein
said thermoplastic polymer A is a polystyrene-based polymer, a po!yvin'yl
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.

13. The industrial evaporation apparatus accbrd-ing‘ to any one of claims 1
to 8, wherein said liquid is a solution of a therrnoplasﬁc polymer B, said lower boiling
point material is a solvent in which éaid thermoplastic polymer is dissolved 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
by evaporation so as to separate and thus recover said thermoplastic polymer from

said solution and increase purity of said thermoplastic potymer.
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