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

pOi it 't han g GFRIAICEUAPARATIONMEPARATISOW dowr
al ong an ext er na sur

ace a gui de that does 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
TeChnﬁ@UgﬁM al evaporation apparat uses are used to renove
vol atile conponents and/or |ow if t
coffnerpnesenbipventigroieketesio & peKA mqsa&ﬁ' &Vénefqtlﬂ%appafa Us.
concentrating the liquid. For exanple, Kagaku Kogy :
MoreBpartiealarly;’ Beqrasent ifventicrerelatesio abapparaius HEamuF ﬁ liquid
(edited by the Society of Chem cal 15 Engi neers,

contahﬁr?@na 881 Rivinga lewér Bsilingrpoint tharf that of thestiquid is made to
403-405) describes the follow ng types of industrial

flow 88%%654; AR SRAREPLUITESE ofa ultithae does nbtitHenoselvey have a heat

atur circulation i mersed tube type, a natural

souri:%,bti %gﬂ@%é ﬁ%g [ﬁ?rongﬁ}%% ar?}e;oﬁyén' g§ fb ?Ié?noﬁ%uet a

hori zontal tube falling filmtype, a vertical |ong
tube falling filmtype, a forced circulation 20
hori zontal tube type, a forced circulation verti cal

Backgreundyk, coil type, an agitated film type, a
centrifugal thin filmty

evap is welldnmowybat @riousiagustrial ag@m?ra?g%@aaar%ivﬁ%% 3fdlused to
apparatuses, for a systemin which the liquid is nad

reméve vblatils éomponérds mop/atdemioiling peist sompenefts by evaporatlon
hori zontal tube falling filmtype, the vertical |ong

frond &HguiPand sl ddrisehtrating theeliquidc e Boc example, iKagaku Kogyo Binran
horizontal tube type, the forced 25 circul ation

(R o] Ese ety v Sty
Eng?{eeerg,fJéﬁé‘?\, $888: {iBRPASnEDBEUent ¥P&eR\pagey 463408 describes
the following types of industrial evaporation apparatuses: a submerged combustion
type, a natural circulation immersed tube type, a natural circulation horizontal tube
type, a vertical short tube type, a vertical long tube climbing film type, a horizontal
tube falling film type, a vertical long tube falling film type, a forced circulation
horizontal tube type, a forced circulation vertical tube type, coil type, an agitated film
type, a centrifugal thin film type, a plate type, and a flash evaporation type. Of
these industrial evaporation apparatuses, for a system in which the liquid is made to
flow from the fop downward, there aré the horizontal tube falling film type, the vertical
long tube falling film type, the forced circulation horizontal tube typs, 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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exchanger. For the agitated filmtype, scrapers are
rotated over a cylindrical or conical inner surface
which is heated through an outer heat source, thus
scraping a liquid filmoff fromthe heat-transfer
surface as the liquid filmis formed thereon, whereby
the liquid is concentrated t Lo cWtiHdrieal or

exchangerng P or e aPAT I VRS G 0 ek et o o
transfer. Mreover, with the horizantal ' ing a

conical inmer syface whigheisthaated “’UPPSB Iaé‘t‘i"gﬁr ﬁ%?ti %ﬁ?%‘ﬁhpg gsgrap g
type, which are of the heat exchanger,K _type, th

liquid filfrHf from thertueatttranster susfasey?s ww%ﬁ%% tormed thersey
made to flowin the formof a liquid filmover

wher%Bg & Bhuiays banesntrited dhioughtevappraties while making:the gyaporation
t upes

thensel ves are heated through a heating nmedi um

unifoACA G BrRhSHg héaUtHsid0. Msreoibr, auethelorizonial idze tang fim

oW 0 quid, the industrial evaporation

type ?q%g%fgrgﬁg ;,,rgﬁlliaﬁéﬁ Tﬁbri{zSntbrﬁ.IHeV@ﬁeP&hfoh%rB rf demheat exchanger

e vertrcal lTong tube falling filmtype
typer Wasiaus is cncariralsd HROUGN el abiratigh wililébeignadsito flow in the
formiaf RauiTim cxer prinTs) Soptrsegipt JorEppiafy JERARI Y pas: the tubes
TN R L R

al ong external surfaces of guides, and noreover the
therbtHp@ggti.hr ough which the liquid flows down are

thensel ves heated by a heating nediumthat flows over
t helrﬁt&rﬁisdtﬁ thé flewkofithe tiqaid, the insustrial pvaperatigpapparatuses
unl ke 1n the present invention in which the guides dg

oAt [FahtioR @re tha verticabloag tdbe falling film type
Closgé%%l&n{jh%rﬁg%\g?gq%?g&i n which a nelt of a polymer or the

and ol HEL PR e b 858 Wt Eiesarate afra pbaniih tho

e Into an evaporation zone, and

QU (%ﬂc%gfrrptq%tw %?%%qergﬁiiﬁmﬁtcms%ﬁ&n@lﬁm esriroof a film

are al'so known™( See Pat ent
thrc?u.éﬁvnégéalﬁ ingggjgﬁ E@i@q@fﬁsgql@oﬂpq%%&%gtgé ﬁgﬁteﬁbﬁ% %rfgdey invention
i o thaiquid 1 aceda e SoWBCaIaga RN i1y es Ui Guides, and
moreover the tubes ihrough which the liquid flows down are themselves heated by a
-heating medium that flows over the outside (trunkr portion) of each of the tubes,
unlike in the present invention in which the guides do not themselves have a heat
source.

Moreover, strand evaporators in which a melt of a polymer or the like is
extruded in the form of strands or filaments from a perforated plate into an
evaporation zone, and the polymer melt is concentrated through evaporation while
falling down freely are aiso known (See Patent Document 1: U.S. Patent No.

3110547; Patent Document 2. Japanese Patent Publication No. 30-2164). However,

there are drawbacks with such a strand evaporator, for example, because the liquid
2




2 to be concentrated is allowed to fall down freely,
- the residence. tinme in the evaporation zone is short,
and hence the evaporating efficiency is poor, and

evaporation zone and are thus liable to fuse to one
anot her, and hence.c Loy ; ¥
to be goneruigated 18 alaNan 40 JAbLOVR e e osiic 188 i the

pol yester or the like is produced.while. j s
evaparationzongiisshpg, and Hepps it va?‘?f(%m&hf?‘%féé’ng o2

supports have al so been proposed, (See, for exanmple,
moreBabrihie Saniseort fiaMeOtES WK SEOWaNS in 3@12&9@%‘?'3@8? ZRpsand are
Docunent 4: Japanese Patent Publication No. 48-

¢ 8355, .
thus RaBlens fleste®né aRothelarchberceconiinuonsataklaqrasation is difficult
Lai d-open No. 53-17569; Patent Docunent 6: io0 Japat[:_iese King a
ARl atdoRanidieda potyeshér. ordbe 4ké 27 pradhucediwhile making
App Q{éﬁﬁéﬁ’?@' J %aese Pat ent Application Laid-open No.

mon$%f8g8|7ngt§gé o B4AdHAEPHGw dtikm SBRIAGHS sipooits haveialse been

In an evaporation zone, and a

propgiggcggs\,fieﬁ,-cfgﬁie%%mﬁgés%én@é%g/@%nfﬁ%.@@é&ﬁmbmmm& Patent

erefrom whil e being

e iR o B3, P et

uch an
appar at us can_ be advantagequsl f ' .hg. a
JapansispateohAppliaaiion:Laig-open -téérﬁ?ﬁga.té’éctgpgbg{:@&%h%.
concentration through -evaporation_or l9a3 {)ﬁm}val {?ge
JapdtasserRatBot Applitation LaidepeathieRI-466%8( Calenb Hoggment /-
2002/ 051606); this nethod is substantially the sane as
Japanes PawneAgphcationdtaid-openrNadyl 206420 d Fyihaigore, an
present inventors in which a polycarbonate is produced
app%t@ér)}ngﬁhmiké \otpsAargthétaliedl smevaparnation 2one; end@

e maki ng the nolten polynerization

hig@{@@éi%%@@% ig?élt | QNcEANEIed PRSLIGH esbaratioreof hasigas removed

ur des (See Pat ent cument 9:

therlgﬂ'tgﬁ\r ‘gﬁh%%&?{l}%ﬁ lehé\?l{o%&ﬁ\?aﬂ%@%ﬁﬁi}e IddpARYSS beenptdposed,

_ wres or the perforated
anc S5t b3e st 0 ARSI cHFED SO0pRRERc{ 6 oo o
suﬁp8%§|¢$r£3§g g«talﬁﬁg%\gb ﬁ?plt? igppagﬁ‘%.‘{l%q @%Oé{]gé%tration through
evaporation or gas removal (See Patent Document 8: International Publication WO
2002/051606); this method is éubstantially the same as a method and apparatus
already proposed by the present inventors in which a polycarbonate is produced by
polymerizing a molten polymerization starting material while making the moiten
polymerization starting material flow down along wires or perforated sheet-shaped
guides (See Patent Document 9: International Publication WO 99/36457). However,
with such an apparatus having the wires or the perforated sheet-shaped guides,
there have been no specific disclosures or suggestions relating to the scale or use of

an apparatus which can carry out the evaporation operation stably for a prolonged

period of time on an industrial scale such that not less than 1 ton / hr of the liquid is
3

--fyor eover- the strands or--filanments-sway-si-deways in the —— —— -
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period of time on an industrial scale such that not
less than 1 ton / hr of the liquid is 3 subjected to
the evaporation. Furthernore, with evaporation

-appar at uses known so far, there-has been-no

description of nmeans for avoi di ng degeneration such as

.discoloration, gelation, crosslinking, production of
SUbJ%Pcﬁtoc -%Yaé-}?f?g‘?%cm ar weight, solidification,

scorching or 5 carbonization fi i KR
e Euaregior il By alcn aparafiag (IR 58 far, Rerd/ s en no
time. In particular, in the case of an . :
descleipﬁm_m gﬁ%ﬂaaglslfgmvo'lldm degeneraiion syl 83 F’%%Bﬁr" %ﬁn&i detétion,
i qui aving a relatively high viscosity,. it has been, .
crosslRkR), productionhaf dn ultra-highenalaedagweighty %‘?‘#@{Eﬁ%‘f’“- s&rGhing or

prol onged continuous operation that such degenerat i on
carbgaﬁiggﬁ&il dubes sohme dederionid rsiding in the appargiussior agrpiqhiged

enly io beconmes mixed in the concentrated Iiquid,

peric%!)ﬁf‘tﬂ'h@g ﬁgéﬁioﬁlﬁhh‘iﬂﬁ cabe ¢f apcipparatusiior evaporating lower

f ntlamfna nwth solid foreign material, which are
fata or, 1. : HigHvissosity, itiras been
boiling Ep'm@@st'pﬁrﬁg@rgg&cipg{g?q}%gg é]%ﬁf%!yt he \évapgya?i on
appar at uses known so _f ] \ ' Ub\ad bn that
reverias e 13 ane Brateh EamyBl o APgAged copfinm ofefsgon nat
operation. For ex l e, accordi I Bei t :
sucfDdegeReTelan o then e d5qa Tt ditsiarprdarbSsivaly2it suddenly
that uses linear supports, it is clear that re i ;
becomeb mixed i the goncanicates fawid, Rﬂ@giagtﬁi’@“& B %&gr@sq'%‘e%’”am"
for a prolonged period of tinme and is {hus heated d
andlintsamatiohotitn polid fopeignfmatepiat Mdveh ate fﬁt%-'tfef I Soppentrate
internal sidewall surface of a hollow body, and no

roq@&r@% giver ebas been adopted for reducing 20 this
P dead spac%?. Accordi ngly, the high-viscosity nmateri al

fed Hd“wé\fdé?,”i‘t B clBhSat WithGhk tavapotatioreapparatiiseg kpemn so far, no
(7) resides tor a prolonged period of tine in the

coqsdﬁfégg“c?[f) ¥ gsg%glfa}“ﬂﬁg bﬁegﬁ ed?\géfrf & i@ fdegeneratidn upod prolenged

sur t he hol T ow body, and

sl 5, BtEe] SRS AR paeeEDeutbnga on oo o
an evaporation apparatus that usesqin%g(r) g&sgorts, it is clear that there is much
so-called “dead space” where the polymer resides for a prolonged period of time and
is thus heated between a hole portion of a perforated plate and an internal sidewall .
surface of a hollow body, and no means whatsoever has been adopted for reducing
this “dead space”. Accordingly, the high-viscosity material fed in 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 boedy, and hence the above problems occur inevitably. Moreover, even in
recently proposed by Patent Document 8, no means whatsoever has been adopted

for reducing “dead space” in a distributor pipe 3 (FIG. 2), or a feeding zone from

which feeding is carried out onto a perforated plate (FIG. 3a).
4
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25 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

-Di scl osure-of -l nvention It is -an object -of the present
invention, in the case of an apparatus in which a
liquid containing material having a | ower boiling
point than that of the liquid is nade 5 to flow down

~along an external surface of a guide that does not
Disclosurnesef lov@ntiie a heat source, during which tine the

| ower boiling point material, is, eyaporat to : .
pr diviscan abiepteafithe Presantinyention, i “@affﬁsﬁéefdcﬁ%?%‘?aéams in which a
stably for a prolonged period of tinme on an ey d
liquid Bshtaining materdldhavingha fower baiing peint thamthat pbthe ligyid i made
the liquid is subjected to the evaporation, and
to floWabWA BN ah @xRiraEl slefacespfex glide thatidees hal themselves have a
evaporation 10 apparatus in which there are no

' ' ' fabisoévapidnated, to
heatf&{ogpéee%rﬁlpzylﬁ]lgh ﬁﬁﬂfﬁ? [BivieP boflingysintmateviat isoévapidnate

urd res apparatus for a prol onged

provide i fs)gg&f]ﬁ%bﬁggait@ fhal ERY opdrstst Stablyefi i@ mreionged period of

ng 1 n various applications a

. __previously.proposed gui de- ' is subiected
timey5e) st SRB I S AL P Sos T ay TaoN T ot i ol s subi
IS subjected to pol ynerization while .bei ;
to thaaewappsatmmarﬁlfyﬂbeémf&e@ Rrguidea Sﬂ??ﬁ‘gr{%@ (réé’ég?ﬁa,t"’"
the present inventors discovered a i ndustri al _
appanatypinavhich thpesaretnasprablems dyedpiaasnerAtian Gase Py some of
characterized as described below in which the above -
the liduii€ eésidimg ihdhaapparatds farraipralengaed periedof WBe. pr esent
invention. That is, the present invention provides: 1. .
AN TTRErbEeRineaRen edrried cubstudiesinto singi inlvagious geplications a
containing a material having 20 a |ower boiling point

pre\gﬁ'@ﬂy h’g?éoégd @gggdgrtéﬂtiﬂg!dbmﬁﬁv typef palymerizatiar apparakus in

sur a gui de _that 'ploes not t hensel ves
whigh B Bl e, oo Y e R o e oyt on
dovgr aﬁgblﬁi%esggy Las gﬁr;egg é%ﬁd&‘t}é’s&@’ﬁ?g@ts:ecﬁ‘ﬂilrggﬁﬁfréiﬂ&overed an
industrial evaporation apparatus having a specified structure characterized as
described below in which the above object can be attained, thus reaching to the
present invention. That is, the present invention provides:
1. Anindustrial 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 themseives have a heat source, during which time

" said lower boiling point material is evaporated, said evaporation apparatus

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 provided in

an evaporation zone; said evaporation zone having a plurality of guides that extend
5
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25 feeding zone for feeding said liquid via a
perforated plate to said guide provided in an
evaporation zone; said evaporation zone having a
-plurality-of -gui-des that extend 5 -downward w thin-a -
space encl osed by said perforated plate, a side-wal

doWnﬁg?éeRrﬁg]na% %p?cg? gﬁ%;ltgglggggl élari]& gg;ﬁg%te&- |4t% 28 3[Rl casing, and

evapor at | on zone;

and a liquid discharge port .provi j . : ;
a botign walipagng: AB SYePrrArIaerBLaId Bhovieft ih SR dforption
controlling nenmber which has, a functiop_ of,. maki oIy
zone; angLia tiquidedisehargetnast a@vmddﬂéj{%eéwspwm%ﬁéﬂgib%”g‘ wall
receiving port flow mainly froma peripheral portion
casingoward a middl e portion of the perforated plate being
provided in said liquid feeding zone; (3) an internal , .
segh)i Phal (?aue BoAtrNihgtmdrabet whininghasa fanctiosrnfmaling said liquid
of the 10 side-wall casing of said evaporation zone
ol e | e figuitireaelv @ ficwAnandy rom a
fed o?ﬁzg thd e(éﬁgfﬁ?@@ KLY i ( ing po ‘

ween said n2) and an i nternal

peripB§fd) BRftn, fitg fflaib B6Afbd bf Hiddbrforkii glar being prodded in

charge port satisfying the follow ng

caid @5}5%&3@@3&%@3‘15 20 5 A/ B'5 1000 (2); (5) the

sing constituting the bottom portion of

sai d evaporation. zqQne bein nn '

S S mar e s3averd el R B Gt rARzbAeFpRe of e

bottomwal | casing, wherein sajd.angle satisfles.
side-wall dasingel sajd feyaparationgone q@@%@g&%@e @p%%ﬁqr g}{ll%?ﬁ

length h (cn) of each of said guides satjsfying the

fol0.PwEhdh 6r380 a (4): 150 5 h 5 5000(i%); (7) a

total external surface area S (m of said guides 5

sat(us ytatie bebwedm shiohh (19°) 4rud anlinte(ril sectional area B (m ) taken
through a horizontal plane of the liquid discharge port satisfying the following formula
(2):

20 = A/B = 1000 (2);

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

110 = C = 165 (3%

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

150 < h = 5000 (4);

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

2 < 8§ = 50000 (5,

2. The industrial evaporation apparatus according to item 1, wherein not less than 1

ton / hr of said liquid is subjected to the evaporation,
6
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2 5 S5 50000 (5), 25 2. The industrial evaporation
apparatus according to item 1, wherein not |less than 1
ton / hr of said liquid is subjected to the
—evaporation, 6 3. The industrial evaporation apparatus
according to item1 or 2, wherein an angle E () .
{i ialed apparitad hesortingrt® item daord2, Ivigriein an angle
3. T?'%éﬁ?ﬁgnggﬁtﬁacﬁgﬁ@gi gpgperforat ed plate satisfies the

E () F)%%%ﬂ $§|ir§t8fr{51' st skReofsard h§@d(FBeding zbneTrd said

evaporation apparatus according to any one
of it 1.tp 3 ' ' ivde-wal | casing of
perfogated Pi%r}%piﬂi' ﬁ?%FPezwg{"iﬁid]@’?ﬁ”ﬂ%@tm with an inside
di aneter D (¢ and a length L (cm, t bott om wal |
caépﬂg—%tﬁnﬁé@@ed at a bottom portion ot”said
side-wal | casing is conical, and.the |iquid disch e
4. The indusitiat Bvaporation @pparaivie aceerding ia ARy, ope °? Hsmsa{ '3,
coni cal bottomwall casing, is cylindrical wth % .
wherelrséald sidb-dialiioesing of Saidevapprationizope is Cylipaneal Wi ri,lnsade
the followng fornulae (7), (8), (9) and (10): 100 S
diamBte? [ 36R) Gt a IBAGICE fé), he bottbrbwall caBing Gmnegjed gt a bottom
h- 20 LS h+300 (10), 5. The industrial evaporation
' S Sl fsCeaHival oaRd He liquidwiischiange port, which is in
portﬁ\/\ﬁ??é?ﬁﬁé@sﬁﬁﬁgi es the foll ovvi‘?]g formula (11):

the Ié‘&ggﬁ%%\ poria s el donial diforh WIPGASIR, iS egmRirtel ¢ith an inside

ccording to any one of items | to 5,

s i . P 5 ¢ g i 7). @, 9 an
and/ or gaseous material cannot enter therein, with an

(10Yout si de di aneter r (cnm), wherein r satisfies the
following fornmula (12):

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

5. The industrial evaporation apparatus according to any one of items 1 to 4,
wherein the h satisfies the following formula (11):

400<h < 2500 | | (1),
6. The industrial evaporation apparatus according to any one of items 1 to 5,
wherein éne 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 folldwing formula (12):

01 Srs1 (12),
7. The industrial evaporation apparatus according to any one of items 1t0 5,
wherein said guides comprise guides according to claim 6, and the guides are joined

together by transverse supports,
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0.1 Sr S1(12), 7. The industrial evaporation
apparatus according to any one of itens | to 5, 25
wherei n sai d gui des conprise guides according to claim
6, and the guides are joined together by transverse - -
supports, 7 8. The industrial evaporation apparatus

8. Tgu%ﬁﬁ&%tﬂgl SapR ¥t Bphraitlie BBcdrding 10, anyvores of itlemaitdto 5,

esS conprise guides according to claim®6, and form

| wherg\agﬁfqg?]d gﬁgeg[ﬁoggﬁéaéfgﬁpﬁg‘égﬁ?@éﬂghﬂahﬁﬁ 65 bhddbim enerdf a

er by transverse

y g h = d i i -l i N 1 1
orc BRI e G SR Pk R iR gt e
anssarsiiprors. adse AR Rorde e AL FRER S Ao o

por
and a jungle-gymlike three-di nensjonal, quid .

grid-like omesk-like gu'rde:atrwtur@ma@@rrmwf I Wk‘%&&“ﬁ‘%‘?h‘“f’ e
front of and behind, and | eft and right of, one )

anotREIArEarefixdd ustherdy Samgerse supports and-aingie-gym-like

evaporati on apparatus according to any one of itens 1
thred-Binfensidial Wifde stiuctarslin whithdhe guidessare fofedtogethardn front of
or a mxture of two or nore kinds of nononers for

and g%ﬁ’nﬁﬁgéﬂ@ 1€k 504 ﬁ?ﬂﬁ&ﬁ 0P aHUthiERy transverse suppers) yer

condensati on 'pol ymer, and/or the condensation
ol Moot | L] 9051?6% ' Ay and &f items 1 to 8,
9. ﬁ?gﬁ?%@%%ﬁh%ﬁ{oiéﬁﬁ%?%r 0 |gcgﬂg?6prgduced t hr ough
condensation pol rizati Stk o ' inds of
wheia SOILIGH R RIRILELR Mo o SR cl BiY/SE i kinds
pol yneri zati on apparatus for_ renovin '
monpoErs fief RISOHEINGEA Epndensation ROYTS ﬁé\%(&% 9@#3%@?‘3’{ olie
SO as to increase a polynerization degree qf the .. .
conderesationpelynaér, antéor a@@ngansmwlyﬁ%ﬂ @ﬁg?ﬁb’Pf Eﬂlé!”g point.
condensation pol ymer, 10. The industri al evapor%ti on .
maténalds albispriucedimaterial andior oligemer praduged throug condensation
- condensation polynmer is a polyester, a polyamde, or a

polyRreAicROBAd SaickiPdbdtrial Beapardtion epparaiuama gongansation polymer
apparatus according to any one of itens | to 8, '

o AP e g ek s ol poihesstaril fom sai
melt by evaporation so as to increase a polymerization degree of the prepolymer of
the condensation polymer and/or the condensation polymer,

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

11. The industrial evaporation apbaratus according to any one of items 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, and the industrial evaporation apparatus is a purifying apparatus for

removing said lower boiling point material from said melt by evaporation so as to

increase purity of said thermoplastic polymer A,

12. The industrial evaporation apparatus according to item 11, wherein said
8
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material is a mononer, an oligoner, and a by-produced
-materi-al contained in the polyner, and the industrial
evaporation apparatus is a purifying apparatus for
renovi ng -sai d |-ower boili-ng point-matertal- fromsaid
melt by evaporation so as to 25 increase purity of

ther 'lé?strék?élgﬁﬁg ASk ifCpdIpityrerie-Basdlpolyiver, a polwviriyhEhloride-based

evapor at | pparatus according to item 11, wherein

' : | i -
o) e S o Rt s
1 nyl]lgene .C -
= olfryic B AR AR e nased petmer o &
ster-base ol yner, h i -
thermpapIgRis SBGIOTT. hor fopl bot | ¢ el act oer, 5 13 The

i ndustrial evaporation apparatus accor
1. S nekusiri! eyaBoraten SPERAISS BECPTARA 1 ALY Ene 31 BEns 7 &,
a thernopl astic polyner B, said | ower boiling point
wheraitt saitdiquicsisaa solitienof arthermeplastic golymar kb Raid iqwer boiling point
pol ymer is dissolved and/or a nmonomer, an ol.i gomer,
matetiallisha B¥hvene IHAWRIEhnEie thexmoptastizi palymenissdissolped yand/for a
solution, and said industrial evaporation apparatus is

mon8mef R BliddHef, &RAVEby-prodilcearinateriz icontaingd ar saidpdiymer

rendving said | ow bolI'ing point material from said

soluﬁ@% M%gﬁ%dﬁf@g%\%bgg%\mﬁ’a rafusSiSRASE St afion réduiery /

I c polynmer from said solution

purifiaanapeausiot ety SEflop AIRRY M HiafBRaVSh said solution

* by oynpaaibn sevaR 1 sRparaiad BytsrRYLfa offndlahtl paymer from

_apparatus in which a large amount of a |iguid can be

saidefofutitircand chmnumtat@&atdwmr@ﬁp@%mfﬂ% stably
for a prolonged period of tine, and in which not |ess
than I ton / hr of the concentrated |iquid can be
produced, w thout occurring degeneration of the

Advhhi@igeBus Fifects of thledngentiqrer i od of time. In 20
particul ar, the industrial evaporation apparatus

AR SRR ipptuan emrueg ool romin o
evapbitiofl /BKcBAtration apparatus in which a large amount of a fiquid can be
efficiently concentrated through evaporation stably for a prolonged period of time,
and in which not less than 1 ton / hr of the concentrated liquid can be produced,
without occurring degeneration of the liquid over a prolonged period of time. In
particular, the industrial evaporation apparatus according to the present invention
achieves excellent effects in the concentration through evaporation of a liquid having
a relatively high viscosity. With the apparatuses known so far for concentrating
such liquids having the relatively high viscosity through evaporation, 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, solidification, scorching,
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 places where sonme of the liquid
resi des while being heated for a prolonged period of )
carbofzelioffor tHE ke LAt has beenfuliid thatthg atagederaiad malegal Mixes
such as discoloration, gelation, crosslinking,
: roduct | i vOVET SiRIdRAlY BBusR& deterioration in color
in th ?ﬁchpgrﬁ'ge?tlﬁ%a%g%%ééﬁ?’% 9 cair;'t)vbni zat |gon or the
l'i ke,., and.it has he QUM L ; ati6d apparatus
and prap@ties) M*%Q"C‘?'ﬂfﬁ%ﬁ%i'g‘g'ﬁ'gemﬁ?a'{‘ Eégaﬂggu.ﬂ radsn appa
progressively or suddenly, causin i - ' '
accotimaio therRrogPBLIEY S Brd PAETLEHE RS 2] SbGagft fridt does
i ndustrial evaporation apparatus ccordin Q,t
not spffessfeom suchedrawbacks, @%Mﬂfﬂﬁ‘gé&agb‘%ﬁ?gf‘g@l?m efiScts as a
apparatus that does 5 not suffer from such, drawbacks

polyrAgizatioroapparatisor acondensaliorpplyanar, @ PHEBHRI apparatus for a
pol ymeri zation apparatus for a condensation polyner, a
thermbpiastic pel aGEan apbaratas fdriseparatingsand thus reesvenng the

an apparafus for separating and thus recovering the

polyrﬁ%t ﬁﬁﬁ aftﬁgﬁwbgéﬁsf r%ﬁrlpﬂnéﬁ blutipalarepurifgingttherpalyrer.  That is,

ng e po . That is, the industrial

the iﬁﬁ@%ﬁ%ﬁ%\i@(ﬁ%g@tﬁ%@ﬁéﬁt&c&@éﬁﬂ?@ tbqhb ppesrtssvention is an

appar at us at enables a

hi gh- per f or mance .and _hi gh- ' d
e 55, SR S s AT PRy g o

t / h tably f i foti : .
it by P rs o SASF e BB et of tme

terial db ducti f, th | .

with ggg;raleslatéi?blﬁ& mﬁ%ag{n%ﬁggtdﬁg?fﬁ%pgn mg{qr}ra% c%%{%%d PH g{oductlon of

t he evaporation apparatus according to tgi? %esent "
therinaig leigeneiated seaterial. a Fuothpnmere.40itaa capp MHaline svagofgtion

can be made to be such that there is very little

app n%’ti@hbé&l‘dﬁ% fhe presentiaveition is Brsiedf asDa polymerizatioprapparatus,
aw ngs Fl 1 is a schematic sectional view show ng :

it ceflbéd Hﬁd%ft&i 5 sGMPPRE #idreNs vappittievasiation in dioteruiar waight.

prese nvention, 20 FIG 2 is a schematic sectional
view showi ng a cylindrical industrial evaporation
apparatus according to the present invention;

Brief Description of Drawings

FIG. 1 is a schematic sectional view showing an industrial evaporation
apparatus according to the present invention; |

FIG. 2 is a schematic sectional view showing a cylindrical industrial
evaporation apparatus according to the present invention;

FIG. 3 is a sectional view showing schematically an upper portion of the
industrial evaporation apparatus according to the present invention;

FIG. 4 is a sectional view showing schematically an upper portion of the

industrial evaporation apparatus of the present invention;

FIG. 5 is a sectional view showing schematically means for efiminating "dead
10
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FIG 3 is a sectional view show ng schematically an
upper -portion of the industrial evaporation apparatus
-according to the present invention; FIG 4 is a
sectional view show ng schematically an upper portion
of the 25 industrial evaporation apparatus of the
space’ FEAFEbn RVREhAallb(a liquidTeadimgiorenahd d perforated pigte and

i'call'y neans l'imnating "dead 10 space"
a oSBT ER A BB o1 S it con ol Fing
chltad fscapestoneb Mo sRoaG Actiagl oyl B eliminating “dead
e oo e M s RS 57 R e

menber. 1: liquid receiving port, 2: perforated plate,
and tRe flbiwopath dontrdiling member.4: gui de, 5: evaporation
zone, 6: evaporated material outlet, 7: liquid

1: ligeidsebeiviRy port,i2; perforatediplated Bs iquid jeeding1zong; 4a@uidRePt
gas feeding port according to need, 10: side-wall o
evapbfiitiondzor¥), 62 ¥aasEraledmatsril ouliét, 7o diguighdiscihdrge geirh §: dauid

evaporation zone, 20: liquid outlet, 13: 10 fl ow path
: | adli Scctirdimg te rfedp 4 0f sidetwall casing
dlscr&?ﬁé ?&%@Fmg&bgfgéem%ﬁgq?g‘rface g? liquid feedi ng

zone,. 23: U Il r sSur e2060iquid outlet, 13:
of evaEPifioRcrantt 11 Lo R ecityor 8vBporaioh ApaF20tau
based on {he discovery that, t ' ;
flow BayeRNRIREEmegkar e b arnle By Bl PoicLaRflefe, 22 inner
various conditions nust be__satisfied. T'Ee ent
sidewal surface ofiliquid ferding 2aB8 23 HeRParINKE, Wa Sufede 't
reference to sectional views (FIGS. 1 and 2)
illustrating the concept of the evaporation apparatus
according-to the present invention and sectional views

7Best(bﬁb@-for%anyling)omsthevlhmtinmart of the evaporation

apparatus. 20 A liquid receiving port 1 is preferably
Pr ophél Brbdemt invePlioffis Basédibhdhé elistiovery thah to attaimitbe @bove

may be such a liquid receiving port 1 in one place or
objel:t"fo?l PLdHitRubLY tﬂ;e 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)
showing a part of the evaporation apparatus.

A liquid receiving port 1 is preferably provided in a top of a liquid feeding
zone 3. There may be such a liquid receiving port 1 in one place or in a plurality of
places, the at least one liquid receiving port 1 preferably being disposed such that
the liquid in the quuia feeding 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 a central portion of the top

of the liquid feeding zone 3. A flow path controliing member 20 having a function of
| 11
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B pl aces, the at | east one liquid receiving port 1

preferably being disposed such that the liquid in the
liquid feeding zone 3 can be fed onto a perforated
plate 2 as uniformy as-possible. In the case that-
there is a liquid receiving port | in only one 25
makirgt# ﬂ‘féela%tgﬁ‘?ed bAtY e’ rHicRCpIaR 2 frbm theplicpfid redeiying port 1 flow
OV

In a central portion of the top of the

main Y R0 Ty Bl oo partes st

g the Iiquid fed onto
must Do pswIcerLin v v eape Atc-al TP SoHl i Rhémber 20
s sy ot atibi e o) bl o HorBhal Fpredh hydif the contra

control ling menber 20 has an effect of {mki %'cﬁ'hef

portion qfithe: periavatechplatend, husinsavertingiberiayd relisy!qiRa for a
central 5 portion of the perforated plate 2, thus

proloPiged iricaicbftinge Iri aspecé betwearshdiesderic 213 in Breoperigated plate 2
period of tinme in a space between holes (e.g. 21) in

and hRShteAdl Qldalnam sirfice 22 obthe lrid feiselingzorsse Bewdlhe liquid made to
surtace 22 of the liquid feeding zone 3. The liquid

. : | ;
flow H@@Vﬁﬁ’%@%é’ﬁ@% g&"tféﬁ‘ tbard fie edstrallpaptior obthe perforate

rtion of the perforated plate 2

i 5.thus fed il r éév fiperipheral
plate, 25,80 ol orBE bFisHY £k AR aRged petibaptittiperio

portion of th rforated . flow path
Poméﬂrﬁﬁdoth?i‘%?@t"ﬁgﬂggp ﬁﬁfeﬁgﬁe‘sﬂ%ﬁ%gpe so long as

the effects of the flow path.controllin

c T flayinath canirBlina Bt 2P A haue 2By sEBRE Sy Pfig as the

of the flow path controlling nenber 20 is ferably.
effects of tize flowgatte cootrolisg membeh0 san épeca*e!!!,%vgfi 3%56'?? 8?-/‘“'"9 ofa

the perforated plate 2. As used herein, the term" the
croskBeetion of sesfiowpatii cohteoliingmaraber 20 ik prsferably siias figure to the

0" refers to a section obtained by cutting through

2
outuga&bffal QWsBBLBLGPBE thel pérfsratnplete 20 As usedrhareine theterm * the
Irection at the place where this section exhibits

cross/aciBNI TR fib&batth cBHE Mg Phembanae” fefers toea sectiar ootained by

ween t he path control I'i ng menber 20 and the
oA bty RS o oyl e ot e
placgagtggﬁ{;ﬁs?“i 1%@%%%&%3‘5%%?{1&“ 482 ORprottrabiB rbhge for the
spacing between the flow path controlling member 20 and the internal sidewall
surface 22 of the liquid feeding zone 3 varies according to the amount and viscosity
of the liquid to be processed and so on, but in the case the that the evaporation
apparatus is used as a polymerization apparatus, a polymer purifying apparatus or
the like with the liquid to be subjected to the evaporation having a relatively high
viscosity, a range of from 1 to 50 cm is generally preferable, with from 2 to 30 cm
being more preferable, and from 3 to 20 cm being yet more preferable. The spacing

between a top internal wall surface 23 of the liquid feeding zone 3 and the flow path

controlling member 20 may be any spacing, but is preferably made to be such that
12



apparatus is used as a pol ynerization apparatus, a
--pol ymer purifying apparatus or the like with the
liquid to be subjected to the evaporati on having a
~relatively high viscosity, a range of from1l to 50 cm
is generally preferable, with from2 to 30 cm being bl
r i tfeediig Zanbea iscay/stortras @ossibie.
the rdSRighdY Gng e lig @l Mo ia ree s

paci ng 25 between a top internal wall
supfage 23 of LGl b1 | Hfdrdnia tbl200 cm,
pa[: Rr &Eﬁﬁ??%qq'itﬂﬂg shé%é%%%ﬁrgrgﬁygﬂé@;%yégpacri ng, but is
preferably e to be sugh 551 OERE '
prefegably from ?dﬂiq%%i Gy Here Pﬁ%??'&?ﬁ@@ﬁ%t‘égﬁg i's asﬁgwoﬁrﬂtih
as possible. For this reason, ,this.spacing.i ] :
contrgingrmemper R0sarvhrymade torzsuch Bab P Shadilo bRtyesy ihe top
from2 to 170 cm nore preferably from3 to 150 cm, ..
interrlevall swface 23 of terliauid ferding z8a8 32 e gy p2th.Sobrelling
such that the spacing between the top 5 internal wall
membeF DBGS saBsthtiallyethel same fronethenliquid necaivingparh & te thgynternal
path controlling nmenber 20 is substantially the sane

i -.Hé%?'iﬂtiﬂﬁefl Ri feeaiingpsite B, but carealsotber made tgibgesuch
s":iev\(»)r/a‘g{nlrg surface 22 oifeﬂt he qugﬁi d feeding zone 3, but can

that ﬂwlﬁ' gg%s?apﬁygdﬁéﬂ\y%rw orldoRiveldaiys giaeitily gvidersiuallbreover, the

convers gradual |l y w dens. Moreover, the
spaci ng he r & 8H6ratéd plate 2 is
spaciibe LAy b cotiiBR) Mefiiitr 2t ond eTpefioraldde
50 cm preferably fro 0 C r r !
genaraliyfart & 1080 i PRSP If S0 i BiorE freRiraBiytrom 3 to 20
can be nade to be such that_the acin t :
‘cm. pdihediaw pathyeenteoling, membrr 24 &4 BBHadg g B%ﬁ“?ﬁghmﬁe spacing
menber 20 is substantially the sanme fromthe inbgr.nal
betwsetethagperforatadplate? apt thadlow prtheantilinggmenthar 24 15,
the central portion of the perforated plate 2, or. ?n .
substhAfalljetheestané frohethiSintarobl sidewailsurfageadd ﬁbth?ﬂ!ﬂﬂvl'fg g8AINg
narrows, or conversely gradually w dens, but is

zon@BabahaleniraRes tibh drehe petfotdted plite 25 pacanagisebe made to be
substantially the sane, or gradually narrows. The

w5 s oty et
pre#gf%ig S5 bl QUi hAtThE SphBinkfis sBBEhAtialythaPsahe, & gradually
narrows. '

The flow path controlling member 20 obstructs the liquid fed in from the liquid
receiving port 1 from being led directly to thé holes in the perforated plate 2, and
hence may also be thought of as being a kind of baffie. Note that in the case that
the perforated plate 2 has a large area, it is also preferable for some of the liquid fed
in to be made to take a short cut to the vicinity of the central portion of the perforated
plate 2 without passing 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 in the vicinity of a

central portion of the flow path controlling member 20 or another suitable portion for

this purpose.  So that “dead space” is not created in the liquid feeding zone 3, itis
13
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20 hence may al so be thought of as being a kind of
baffle- Note that in the case that the perforated
plate 2 has a large area, it is also preferable for
some of the liquid fed in to be nmade to take a short
cut to the vicinity of the central portion of the

' ' siziepall 122 of the
also M‘%@E’ﬁéﬁf ﬂ?ﬁlaﬁb% B (% Basbn s iritemal biciepalli quirtacal 22 0

por e perforated plate 2, in which case it

iquid e Rine! o\ ' Heoioningiformula (6):
i e F) pifdered e usiy Beteroutngtomula
por.ti.o t flow path controlling er 20 or
anabﬂe% ?‘uf‘t e portion for this pulr-rgsge. So t hat
"dead space" is pof,.created i.n the | Quidaf '
3 Hare: b thesasedbabiner Bl VAl e 72 EPHHRR EREn angle
between the internal sidewall surfa

e 22,0f .the .
betwbontinairtomal sipeslcsuutasect4 Ao 1 Paratased Blatp & 19 § goction taken
. satisfy the following formula (6): 100 5 E < 18 aég? o
througY & plare pérpendioelarttatbotinthe piaseraiithe infetmal ﬁldsm%ﬁ ace 2

22 is planar, Eis an angle 5 between the internal

and 8h Uppal buiEs af the2gerfordtédiplatRf oAtteswatively in the gase that the
section taken through a plane perpendicular to both

interbggséigé%ﬁ fs,aFfabQ ?zi 8 eddiRlave icived surfacd, &Cis drRangledoatween the

surface of the perforated plate 2.

uppérltﬁl.ﬁ'éggz t&z‘éﬁ%ﬁeﬁo@%&?%}%@?&aﬁa gttahbént fo'thefimternalisittevedll surface

rved surface, E is an angle
bet ween. t he er_surf. f Bl Rl cti
22 i fip Gopt ene 1 R REER Rl jsuLRe 2 18hE W RS bR Feection
at the point where the internal sjidewall
takepithraup & PAnePependialar 3o Bl the ot e s itHee i hé internal
per pendi cul ar to both the_ concave susfac . the P
sidewallcsuntsce 27 angdhe uppek suEaceOTihE f%‘&?ﬁa'ﬁ#-f Mpreqver, itis
the perforated plate 2. Mreover, it is also ... oint
alscpreferable 1 devisetriesevapnration ppparaten sugipthal the vidnpity of the join
that the vicinity of the joint between the top

bet\lrélér?fr@iogfiﬂtérnﬂwéﬂiserfaee 28 cridtheiinteenal sidewalb sface 22 of the
surface 22 of the 15 liquid feeding zone 3 does not

:iquﬁefsﬁﬂﬁlgi'i’cﬁ?éjs%l%eﬁibt bbboing “BeaHepabbt tlbispreterable to make an
angl e

etween the top internal wall surface 23 and the

enl 5508 B B e g g s cvatce 2
be Greaiftinan i cof 80781 EBYS Rkdid] 3% ithld caskahd viehity of the joint
is concave and hence liquid does not stagnate here.

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

07 = A= 300 (1).

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

the following formula (2).

20 < A/B < 1000 2).
14
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The internal sectional area A (m taken through a
hori zontal plane (plane 20 a-a') of a side-wall
casing 10 of an evaporation zone 5 nust satisfy the
followwng fernmula (1): 0.7 5 A S 300 (1)-.
Furthernore, a ratio between A (nm) and the interna

?S?‘t aflnéé p@% g?ﬁgffngg Bhovk #sPALIA RPSE that the tigaidnard polyenes that

't'quid di scharge port 7 nust satisfy

have ?«peﬁfor%%%%c@@v{:@@&{:ﬁ&éﬁbn?& tﬁe%le@w'hgbﬁﬁﬁsdo%lty has been

ove fornmula (2) so that

) the |iquid and pol r that. Y SIe't fated liquid
increpsed without HBBQ‘EBi %‘yﬁﬁ? G eaﬁélq{ﬂﬁtﬁ\?ﬁ%?g% I'SC o;iil({n?bﬁag eafad
been increased w thout bringing about a reduction in

can bendisghargady of the concentrated liquid can be
di scharged. 5 Furthernore, a bottomwall casing 1
corRurtHentriong, abbtiomewalh saslnarﬁcﬁowmmmﬁsﬁ%ﬂg‘&\%?B of the
5 is connected at an internal angle C‘%tto t he

evapdr&iforyBohe 648 coonédtedtah endatesnal, angiel G athg side-wall casing 10
must satisfy the followwng fornmula (3): 110~C. 5. 165

T afeRNCLMEmasusatisty thecfatiowirg fasmpla (P abl y
theré%goggégnggﬁgosgi bl éh)terg 90, m?no but to nove the

conggt ed ljggui d falling down from t{3§. | ower ends
of e%ﬁél:dé's‘l , and the nelt whose viscosity has

0556 ER b 408, C3s SNty ol o possie o 50

but %5;89&@%@ ﬁggc,r:,émgate& H@%ﬁgﬁh'ﬂ%@%ﬁggﬁr %ﬁﬂ?‘#g the guides 4,
o b It s biceay ks bS5 eb Sk MR byt reducton
in thzhgt:atllﬁ; o; thncc}r?c%nirrgtec? llif.;]lfl(ei ttoht%g Iitqla?d 3%2%aepgter &t;ri 9',”c must satisfy
the above formula (3).

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

150 £ h = 5000 (4).

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

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

2 = S = 50000 (5).

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

evaporation of not less than 1 ton / hr or the desired production amount of the
15
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or polynerization cannot be carried out sufficiently.
It is undesirable for h to be |onger than 5000 cm
since then the difference in the viscosity of the
liquid between 20 the top and the bottom of each-gui de
4 becones too great, thereby resulting in tending to

poly polﬂﬂﬂ Ucé@{:é tg%bét‘falhBS CMreOVdratd atfaif egthe production

yrrerlza ree Furtherm)re t he total

o R i Pt e st

proparies. $ g bebpee fa el r{ﬂm%re”@%p%@gﬁe@’nr o not less

t hit hia peery discopered hatitheAYAROTBEPT, APRATA

to attain such a production anmount while k epl R’% c{ﬂ
presériténeantiopnsatisfying the abave vauousceRditoRsPeten Bﬁ‘) s the

properties, S nust be nmade to be not nore than 50000 | .
probléfs off thbaewa*p@ﬁucdi apparatusesthnown sefasybyonateayer, surprisingly,

apparatus according to the 5 present invention

achle%‘iﬁfs e%IdéJuEﬂt st RS YR skabe® warlie/itbeingrpossiile tmpgoduce a
ves t pr obl ens of the evaporation appar at uses

high SRRNHY &% hihpdtidmiBica Bbtoen WfoenBiied wm»kponymrwmﬂe

it being
discﬁp@ifo%éﬁfagf @,gtu@e,?]& ée%Hr g{é F&riqﬁ ?haﬁgrﬂly f0|' a r%rolonged period of
time,of ﬁlptd qus%&i-n% fétgi/&%l b{] g'géjl.ﬁé,r E 8Q§¢npi%ﬁ§t 159& an 5&00 hours.

not
| ess than sever al thousan hour s,
t habissqmpsed ihat therreasan m@aedvﬁaﬁ?@ﬁ%@bﬁpﬁﬁ“s |
the industrial evaporation apparatus acc rdlgg ?
accqrdiegetotthe presantdnvantiononhibits suchexcalipahefiests &t thal; ig "Sditon
that, in addition to the various reasons descri bed
to mhfaribusaeambs descritfdceabove, isscombined afiest arisrsewhen the above
conditions are conbined. For exanple, it is supposed

condifiéhs bfé éor?'&lr@é!: R exaiins, itislsupposeddhat thisis banaliseguides 4
area satisfying the fornulae (4) and (5) are very

hav‘ﬁéfae@‘gp &Pfa% arséfsbﬁﬁ@mgt !Hét f%hhalaeSM) hhur(e) arsivenyr dffactive for

a large a [iquid
efficient internal stirring and surface renewal of a large amount of |IC|UId or

than 1 ton / hr or the desired groductl 0 am)unég&e
. i thhe

prepolymer or polymer fed in at a relatively low temperature, and hence evaporation
of the lower boailing point material can be carried out efficiently, which is useful for
obtaining a large amount of not less than 1 ton / hr of high-quality concentrated liquid
or polymer, and moreover the angle C satisfying the formula (3) makes it possible to
shorten the time taken for the large amount of the high-quality concentrated liquid or
polymer falling down from the guides 4 to be discharged from the discharge port 7,
and thus reduce the heat history.

Note that the performance of the evaporation apparatus on an industrial
scale can only be established through prolonged operation using large-scale

production equipment, and it goes without saying that the cost of the production
16
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prepol yner or polyner fed in at a relatively | ow

t enper-ature, and hence evaporation of the |ower
boiling point material can be carried out efficiently,
which is useful for obtaining a |arge anmount of not
|l ess than 1 ton / hr of high-quality concentrated

equidsnj\z%?{is 8% 8h irﬂB?MHﬁf ﬁa&éﬂhﬂﬂhﬁ@t’ﬁé 14Hem infeEengideration.

a ying the tormula (3) nakes it possible to

shorien i : iGF il tHe B§uiphfant
MOtwr&éV%ﬁ]gé%%c%ﬁﬁec%%f p{;% é%sﬁbgﬁllvgﬁ%ﬁl pol yrrerg(?_ah i ng

down fromthe quides 4 to b '
cost-{f BeAANgIRLOFof Tty aRTato SO A A B Bine prosent
) Note that the performance of the evaporation .appar ,
inventiondaer i ma Igwer S wilndhe SAMURIPTIAL EepOIRpIHbartises or

t hrough prol onged operation using |arge-scale
olyme ©n apparguisgsent, and it goes wi thout saying that
polyrmerxzation tui d i ith ying th

the cost of the production 16 equi pnent here is an

i mSpecified dardditions dred requitedranges or dimepsions, angles and so on

consi deration. Another advantageous effect of the

for tH iRBASkial BYASBrafon apphbatis beoreing fobetpresent invention have been

cost-to-performance ratio for the evaporation

descﬁgggfa\%g&gf B‘?‘ﬁ@ﬁ%ﬁﬁﬁét Hid Parjesatatas folly@si | Amernpieferable

e coriventional evaporation

{, . i Z At
rangBiBCHR HiFF g inctBpRCenkREA [ aRey FREAYR e ftzontal plane of the
L, di I I d.. he i { al.
sco bR 30 L BieBR Bl A0 B A B Hin 1 = A =
i nventi on have been described above, but nore
200 peisgaretrererRiAfEable e as fol lows: A nore preferable

range for the internal sectional area A t ake

t hridorgover,rmare praferablgsange fontbe ratia Peéﬂn%@! 355'&; ppg the

10 of the evaporation zone 5is 0.8 S AS 250, with |
interRaPsétior@Datea Bdmyktakenrthrougt 2 hatizentahpleseaf the liquigkdischarge

preferable range for the ratio between A (n2) and the

port 7is@5Natl A£B! KOHU0, Withe3® LA /iBrkens00 beinghyet more preferable.
hori zontal plane of the liquid discharge port 7 is 25

vordol, B 5l g v RO et (7 s ton ol
casiF}BeHicnotn%'ii{]u?ilngamglb%ttgn{ boﬂfontt?ﬁhg %%BBH%H zone 5 to the side-wall
casing 10 thereabove is 120 < C = 165, with 135 = C = 165 being yet more
preferable. Note that in the case of progressively increasing the concentration
degree or polymerization degree using a plurality of evaporation apparatuses, taking
thé angles for the evaporation apparatuses to be C1, C2, C3... respectively, itis
preferabletomake C1 = C2 = C3 = ...

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

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

polymerization degree, but a more preferable range is 200 = h = 3000, with 400 <
17
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casing 11 constituting the bottom portion of the
evaporation zone 5 to the side-wall casing 10
t hereabove is 120 S C S 165, with 135 S C S 165 being
yet nore preferable. Note that in the case of
progressively increasing the concentration degree o;’ <
01’)'5’%" ' i NMoredVer tHe fequireddotab extsrnalsurface
h éz;lﬁpgpara'{-‘Jég&sa,t Hﬁiﬂﬁ%ﬁg‘%&tﬁhemangl es forﬂetthe evapor ati on

rea 7 5005k g sl s i mor

Mor eover, the

required | engt ' fetQe ' . i

prefeﬁetﬁﬂ rapgge fso{]@ gu gn garsg qcﬂ{g’ muhln%) = v?s%g(@?aalf%lﬂg yetore
temperature of the Liquid to be pr S ol

oetesBs AhBAarh il koot Frdh SR ey LB prosen
pressure and 25 tenperature in the evaporatign zon

inverdion rkans thaitotalsurtarecarenf it ges’@saélﬂg ich {he fatid’ contacts
pol ymerization degree, but a nore preferable ragge | S

wher2i6wing déwia P examiple, 40 the-casey oha Quitkosudieas @ BIEe. ity means
preferable. Mreover, the required total external

the sSiHaba &ea oF B Sulside of thelpipethd surfacelasea ohtheinside surface of
actors such as the above, but a nore preferable _
i | @i - ot fholeded) yet

the Hﬁ@ér@@en‘ @h?ci\}ﬁgﬁl&ﬁ:c#ﬁ@@@noﬂ‘ﬂé\b dévrondt BEiRg el v

Pre . | e term "total external ;surfa.ce ]
ﬁ%iﬁgﬁ? il S hopedRaf %éfehﬁ%% BTN 10 dnd pres e M ention
oo ) : |
i s B deSF 26k AR 4Pofaite pBhersrfe il

I'S nmeans
casing 49 aifihe RYaPREHIOE 268 S ETBVATe a0 SAPRCos TRAMH RABRae!

l'iquid does not flow down not being incl d. In_the
eliiptical s tcircalar.ev@peratiaros genesaliv G@i’”ﬁg Okt Wmﬁpé‘ﬁaﬂgmﬁ'm zone 5
present invention, 10 the shape of the inside secti ?n
undéek eadudedopreissare) anidwrical any shapeois acseptabie sedeng as this
casing 10 of the evaporation zone 5 nmay be any shape, .
reddc¥id préastreccatPby dathetood, Gut apdrcater shepeiaraushape close thereto is
Operation is generally carried out with the :

r ayhe 13 | 2asiRORD ofthecsipoiiatiorezone 8,is tnes preferably
prefﬁ?éan%gg. axbgs%cgéplg’sll s acceptable so long as this reduced

cyli@ci{g%zugﬁo@gsn?%;%r ‘gtié R5&faPsble o a BofiichPHbREMSHAIPEasing 2o be

O'IS

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

discharge port 7 being provided in the lowermost portion of the bottom-wall cashing.

In the industrial evaporation apparatus according to the present invention, in
the case that each of the side-wall and bottom-wail casings of the evaporation zone
5 comprises a cylindrical portion and a conical portion as described above, and the
liquid discharge port 7 for the concentrated liquid or polymer is cylindrical, taking the
cylindrical portion of the side-wall casing to have an inside diameter D (ém) and a
length L. (cm), and taking the liquid discharge port 7 to have an inside diameter d
(cm), D, L and d preferably satisfy the following formulae (7), (8), (9) and (10):

100 < D < 1800 | 7
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15 preferable. The side-wall casing 10 of the
evaporation zone 5 is thus preferably cylindrical. In
this case, it is preferable for a conical bottom wall
casing to be provided at the bottom of the
cylindrical side-wall casing 10, with a cylindrical

| i gukd D glgsgh&0ge port 7 being provide(B)in the

| ower nost portion of the bottomwall cashing. In the

i ngustL i ph pevapsy ati on apparatus accor®ng to the
present Tnvention, in 20 the case that each of the

Si ﬂe_-ﬁgl L ing ti.p;_tsgﬁ} wal | casi ngs of ttrﬁ))_evaporati on
zone

CTonmprises a cylindrical portion and a coni cal
portign as_describ | LA dh idi
poFor e Bvepdretin ABEatHdY Bpofiting (Fihe nrdsbf iniiH, ¢emore
cylindrical,_tak|ng e I_i £al. | ONOf- t i
prefesable rangs Teri2i(FH) Rhgdcs BY's i ol 2'p Fcr?)%é’n%e‘”g et
a length L (cn), and taking the liquid dischar rt
moreTpreterablee MOTEOYRH @ AOERBE prablesare%fqrfg!aﬁs he PrE s 4s,
preferably satisfy the follow ng fornulae (7), 883 '
with 795 id (£040 beindyst mote pwerqb%. 1MlosepyaIsa Mqrg)Prefergble
5L/D530(9) h- 20 SL Sh+ 300 (10). For the
rang€ Y&POJ Bl is @6 agpard us 250witdioih Eolvi: Hr2@ baing yet more
invention, a nore 5 preferable range for D (cm is 15$0h
o ' FofEtdbld PARGePRIr tishrof®@ < L = h+
prefép?@?éré@?%@%@é%? a mre?ﬂgbeferabcgﬁr ange for DI
{51, 65, DX beitid pabte 40If TR id8nd €ido not
zso'gpﬂi’hehp%e er%%fg. l:?eelo grat |%zg\ﬁ?'rgrréefepreferabl e r|r‘ange

sy e oo b Joufgrihbd, B padods Bt v

preferable rangle for. L (cm is h - 1b 5LSh+ 10
the objest afithe present inventidNo oo hei ng yet nore preferabl e.

If Db d and L do not sinultaneously satisfy all_ pf
t heThé pracise reasoonehny the eyapgralien @E}ééfégs &P&P‘i"i‘?ﬂ &’ prgsent
attain the object of the present invention. Th

) e
invenies eneblesarodugiion ohe higreaality iaod highrpesiorrsanes sPBeeRirated

to present . ' |
liquid or polymer having excelient mechanica| properties with no discoloration stably

(in the case of producing a polymer, with very little variation in molecular weight etc.)
for a prolonged period of time on an industrial scale with a fast evaporation rate or
polymerization rate is not clear, but is thought to be as follows: That is, according to
the evaporation apparatus of the present invention, the starting material tiquid is led
from the liquid receiving port 1 via the liquid feeding zone 3 and the perforated plate
2 to the guides 4, and is then concentrated, or has the polymerization degree thereof
increased, while flowing down along the guides 4. Effective intemmal stirring and
surface renewal of the liquid or molten prepolymer occur naturally as the liquid or
molten prepolymer flows down along the guides, and thus removal o_f lower boiling

point material is carried out effectively, whereby the concentration or polymerization

proceeds at a fastrate. The viscosity increases as the concentration or
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i nventi on enabl es production of a high-quality and

-hi gh-performnce concentrated 15 |iquid or polyner

havi ng excel |l ent mechani cal properties with no

di scol oration stably (in the case of producing a

polyner, with very little variation in nolecular
polyriStiZiiongréededs, @hdeharice! thegrihesior foccatf therisuishormeit to the

industrial scale with a fast evaporation rate or 4

iade. Ll | thd SmBaht 6f 8 liqUidibr melttddherbd to eadh guide

gu'dé%s‘h%ﬂo&%%gv\%’ 'aﬁ]ﬁaﬂﬁ@éi s, according toq t he evaporation

incre%ﬁ?%fq%lral tﬁé &%El&rﬁéfﬁ@%%&?y efhisdheahsthat ties Fésidence time of

romthe liquid receiving

the iakrosimpkan primayrigr oo Wi LR 180y e ARiorath fime o

the
concentrated, or has the polynerizati deqr f
polymegraierieacin R, IFPASeooR ey oh e g or e
Effective internal stirring and  surface renewal
prepblyendrj which flowsidowa ingee |owfbwets§7é Wﬁﬁzﬂt&dﬂ%wep‘é@é? Ro the
l[iquid or nolten prepolyner flows down al on he

: g .
guidé Uhdesurfaeacarb per uaitweightis viepywbight endinggces cgrenewal is
material is carried out effectively, whereby the

' camrid MR BH{cHARN Toneehitamen tabiligh evaporatiedsorincreasesef molecular
rate.

e vi'scosity increases as the concentration or

weighy ;r@@%&%ﬂ%hééﬂ? }agg?igfrfé?&aﬁén, adiltiue iseattained dh ediigh viscosity

or nmelt to the guides 4

regi% %rg?l ; %r%%%@%'ﬂ?%igg@pw&s%ibﬁ witAhe camvehtionaelvaporation

eases toward the bottom of
the guide. This neans..that ' j bs. {1Bis is one
appRrRARS O RENE IR AUPY fip BEVFRRISRRA BekrLSts, TR
evaporation tinme qr 5 pol i zation.r ' ' ;
of thenexasdient ShavBigists featlres, ne, ayaPR /o AL AS dBcording to the
prepol yner, which flows down under its own wei ght
preséritlirvemtiong supported on the guide, the surface area
per unit weight is very high, and hence surface .
r engval orily reasonrthatitheuametint of tecliquid comeltadhered o the guides
. through evaporation, or increase of nolecular weight
incrbBsé4 i thalib@sr Wit &f thie priymerization dothe evaporatien isdecause of the
attained in a high viscosity 10 region easily, whereas
incraiio i ind S8ReLTBHRIIRY fore! Whidrecarpespondsdadhe increasing of
evapdrati on apparatuses or nechanical agitation type
. polymerizatio bandur ¥ thefiquiieor melt having
V's‘%@gﬁl ?%4163'&%88@{&2?15%@%6‘%%%%?9 of the evqaporati on
app?‘g%%a%éllyjrsthg %%%edxyiggosfi& is I?s%pported at the same height on each of the

plurality of guides. On the other hand, the liquid or melt is continuously fed onto the
guides from the top thereof, and hence liquid having approximately the same
viscosity, or melt of increased polymerization degree havihg approximately the same
melt viscosity, continuousty falls down into the bottom portion of the casing from the
lower ends of the guides. That is, liquid of approximately the same viscosity, or
polymer of approximately the same polymerization degree, produced while flowing

down the guides collects in the bottom portion of the bottom-wall casing 11, and

hence a concentrated liquid with very little variation in evaporation degree, or a
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present invention. The only reason that the anmount of

the IHuid or nelt adhered to the guides 15 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 ]
po|yrdsé§%ﬁﬁ?ér89m&f yartdtior(p rhdlecard weighteisapontiowiomalygirpduged.  This

nme anount of the liquid or nelt having

s ondBRL SR FEE sl i ans o g epdraton grss
s RS RSB e P g e e

Hence
l'iquid havin [ oXi ely the ' '
the beisem Rt of B BsHaBryAlLr 920 FE o Rl fiRdEn ffough the
approxi mately the same nelt viscosi.t cont i puoys| .
liquidf dis¢harge port; %by a gischrpoinchPwoPE. andjrthe £388 of %ﬁ\"ﬁﬁ{ 1S
the lower ends of the guides. That is, liquid of o
continloushy peldtizey Viaansardinary sutsudenor the likgol M}rls gRse, additives
approxi mately the sane pol yneri zati on degree, produced

and $bh endy I99VkBded n teextridergui des col | ects in the
ottom'portion of the bottomwall casing 11, and

heRtR aﬁ’erfd?afé%léfﬁ 2 thélgiaporation arpardtm iceording to therpresent
i n evaporation degree, or a 20 polyner with very

i antdil Lt 4Bt f.rs?.ﬂ{. IRbfiligatedplatal, iamdplates that are

‘“"e'?ﬂo(%'ﬁggg'g‘:éllﬁiése%?%aano ﬁggb%g%’of the excel I ent

thickGEeg e o0l PAoR R neVERpR S e Fo R saten e

he concentrat ed
liquid or_polyner collect in ' fiei
performibchplata A aEnoal SRisCled T shirks:FurH £F REclal, ¥vef trianguiar,
through the 5 liquid discharge port 7.b [ reing
and palypgosal. afdie shapeoftheLcrass § ‘Blﬂr&ﬁ’f:ﬁ? éf tﬂsﬁ%ﬁo Sy
pelletized via an ordinary extruder or the like. In, . |
perforated plateis gehtirally sele on HapesEUsh aselEIan oyale tnanguiar,
extruder. The perforated plate 2 in the evaporation

slit-s?meafwwgaﬁﬂp aAtRtart-shapes. privecsactional/are@ ofithpdroles is
general |y sel ected fromfl at gl ates, corrugated

0idao F0Eemd, preferabiyricami0:05 te &Bton
gen%@???@ﬁ rtgﬂg?ggg?ﬁfhe shape of tq:I)We cross section of the

ol | to gRe® 2l petwearheleapepecifically
partBgla/ 3offpBlytdm 9, To ST, 7 e gaae oo
the distance between hole centers, is generally from 1 to 500 mm, preferably from 25
to 100 mm. The holes in the perforated plate may be holes that penetrate through
the perforated plate, or alternatively pipes may be provided in the perforated plate.

Moreover, the holes may be tapered.

The guides in the evaporation apparatus according to the present invention

do not themselves have a heat source such as a heating medium or an electrical

heater therein, and each of the guides is a member for which a ratio of the length in
a direction perpendicular to a horizontal section relative to the average length of the
outer periphery of such a horizontal section is very high. This ratio is generally ina

range of from 10 to 1,000,000, preferably from 50 to 100,000. The shape of the
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and pol ygonal . The shape of the cross section of each
of the holes in the perforated plate is generally
sel ected from shapes such as circular, oval

triangular, slit-shaped, polygonal, and star-shaped.
The sectional area of the holes is 15 generally in a

. o pemz & snewhy circolar, (oves, ttiangular,
honzqﬁgwlondég%cﬁﬁﬁé&&pgg era%il.‘g‘sfrom 0.1 to 5 cnk. :

squarggggépg?;%hg %@%ﬁ%ﬁfgﬁé@ gﬁgﬁ@’jﬁ% i}:/:F?Jrié ¥ectidttmiy Heresisstant, or

om1l to 500 mm

may Vasys OrtRedengih iteciay: SMOTSPVED oftT of Rle’uitlls i be hollow. A

ough
the perforated plate, or alternatively pi ;

signifisantly characteristic feature of e Pﬁﬁ%ﬂf@ inveRgos @i@é#&\é{"gg the guides
hol es may be tapered. The guidps in thghevagﬁrgb%on |

do natpbemsslvesdvaverahegt saurce,dhpraiscalsalulsnte gak ofi&iga
t hensel ves have a heat source such as a heating nmedi um

degeRbratibredfapibictid on ivasarfaddef therguidesl each of the
guides is a nenber for which a ratio of the length in
a HIRCH AR qeﬁdébeméwd akirigle wirkpaisingiedhinged; asingle thin pipe
relatrve to e average length of the 25 outer ‘
[] ' pPESaliMer cankiet enter diereinto, or
madgﬁq bg:gz{c?['otﬂ};tsﬁ%gﬂr?e@%Pﬂ/HeizﬂBgéhrangeyof from1l0 to
1, 000, 000, .nref er ab 9{&&9& Bhfetivasuchf as
the l'i‘ﬁeo"zﬁ H?‘ﬂf?"g’oﬁ{séi&s%ﬁ#%ﬁ%&? géﬁgg,a Iy ofectad from
~ shapes such as circyl ar,. oval rj ke SAYA
twisting tpgisiher, Mareeyer, the.gyidgs Wefogwgﬁgﬁg(ﬁw k3 sec‘t%l'(‘):’r!;a
may be constant, or _may vary, .in the.len
pundliing piaterikeisbiiskrer | TEaSIGFS (o eaghies H%%%W&PF‘BV‘V’T may be
A significantly characteristic feature of tgséoreaent
uneven; emid may iravelprojecticasioetherikegnirlaces. 5 Rgfergpie guides are
t hensel ves have a heat source, there is absolutely no lik
oylirihielsl Ghes BeetTab wikseordhin iods, tin pipes as deecried aove, mesh-like
surface of the guides. Each of the guides nmay be a
il ! cRificRolafllike gulde atrsichgres. t hi n pi pe
gum%aé(}gjc?% Ségga r@ltchatgeq he qu%lidd or the nolten

B{ﬁ O*%ﬂigg?ﬂ?\ ctg@itcgfwﬁfiw ipel Suapiratiornapparatus accarding to

suc es may be conbi ned using a

e A B | o RSB o 2Rty corerirtod i
or polymer on an industrial scale (in terms of production amount, prolonged stable
production, etc.), a particularly preferable guide Structure is one of a type in which a
plurality of guides each having the formof a wire or a thin rod or a thin pipe as
described above are joined together at suitable vertical intervals using transverse
supports from the top to the bottom of the guides. Examples are mesh-like guide
structures in which a plurality of guides each having the form of a wire or a thin rod or
a thin pipe as described above are fixed together using transverse supborts from the
top to the bottom of the guides at suitable vertical intervals, for example intervals of

from 1 to 200 cm, a three-dimensional guide structure in which a plurality of such

mesh-like guide structures are arranged in front of and behind one another and
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punching plate-like structure. The surface of each
gui de fmy be snmooth, or nmay be wuneven, and may have
projections or the like in places. Preferable guides
are cylindrical ones such as wires or thin rods, thin
pi pes as described above, nesh-like qguide structures,

joined‘w%éiHQFﬂéiﬁg tiRinaVSrsbi duppakts da stitabletvertisal interyats, forexample
guide-

contatCting downfl ow type evaporati on apparat us
. CQFAing,. i ' ailinfdhsioiedl igesde structure
inter B RbE, k8208 O, B 2 et e B o
. POl r n industial. . i 0 ded o thin
oo o B S A G 1 of £ o bi%
~ particularly preferable guide str - f :
pipe Bg slesPrbeAbrT are e focayesinJisr 6 Bb el Brdipfl and right
formof a wre or a thin rod or .a.thin pipe as 20
of, onz anoites disitigvansvessg sUpRArts ab%fllﬁbﬁe g?rt@af)lpmgl%, for example
vertical intervals using transverse supports from tlhte
intervale of fronfi¢ tb @00wm.of Thé trageverse. supponsiase net enly useful for
mesh-1ike guide structures in which a plurality of
keep%t% #eSintarvAlsstiveen tihe glides afpraximatelyaonstart, butrase ajso useful
a thin pipe as descri bed above are fixed together

. 1S] i bt fatldratiriée guides, bogtides farninga
for lﬁéﬁﬁgbéﬁé‘é\g@%@?ﬁbl e vertical gi ntervals, for

thre?e-ﬁﬁgngﬁﬁph&%%cﬁg : gﬁl‘ih%gmfgﬁa%]mé? beQst thesathe material as the

ructure in which a plurality

. ,of sucg% mesh-1j ke, guide structures are arranged in
guides .ot a gifferait BEYRMAL one anot her and 22 j oi ned

t oget her using tranpsverse su rts it :

vor i1 el prose@pYaraIOn, 5t 1 SR et BREh bl Byparical,or has the

to 200 cm or a jungle-gymlike three-di nensional
formyo alpipst madede de sw%ﬂhag%edw' P&F?CSS?“O‘?"GBB@H@ canppt enter

having the formof a wire or a thin rod or a_ thjn .
therginte, with dasutsite diametee r foro), fripreferablyesatisfies the fomuiay£12):

and behind, and left and right 5 of, one another using .

trapsvesse supports at suitable vE)i cal intervals,

for exanple intervals of from1l to 200 cm The _

LranRy &&fﬁﬂ@@%@ﬁt%@ﬁ prpromiste fooncentratiorethpough

the interval s between the gui des approxi mately

const ant, [ & ‘ Blteh MFEEAFHRE akhie liquid or
oG et et o o et pregamss i

. _ _ curved gui des, or guides
mol{ﬁi{,g]@%g?m?rf@é@g Hgv'vﬁgﬁé :Q@Efelsaéhp h‘ﬁieéb‘ héve SYEn&HHPEr hdlding the

liquid or molten prepolymer for a certain period of time. This holding time is related

to the evaporation time or polymerization reaction time. As described above, as the
evaporation or polymerization proceeds, the viscosity of the liquid or meit
progressively increases, and hence the holding time and the amount held
progressively increase. For a given melt viscosity, the amount of the liquid or
molten prepolymer held by the guides varies with the external surface area of the
guides, i.e. in the case of cylindrical or pipe-shaped guides, with the outside
diameter.

Moreover, the guides provided in the evaporation apparatus according to the
23
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10 guides, or a different material. In the present
invention, in the case that each guide is cylindrical,
or has the formof a pipe nade to be such that the
liquid or nolten prepolymer cannot enter thereinto,
with an outside dianeter r (cm, r preferably

prese?ﬁ!'iﬂa@e‘riti;eﬁ ikt Heostrongrendadh té siprrt Siin awy weightiplus the weight

guides in the present invention pronote concentration

of the FGAHEP m&iﬁﬁ%ﬁ?&@?@ﬁr PN MER bt hetd, OF of this feapany the

nolten as - the liquid or nolten

.. prepol ymer .f 1.0 ' firkfidah e pipe-shaped
thickesot B GHOR ARG Bl R e Y R P s
_for a_certain peri f, L hi ' ' 4 d
quidasythe s (LS evalperbly SaliEtsde 1Fr 5P ert 017 thén prolonge
reaction tinme. As _described abgve,, as .th P
stablevapesetian broamen Bl Ags o1 e sedaath. BhBreas pis prpeter
of the liquid or nelt Erﬁogressively i ncreases thand
than He tioen tHeegiidesithemselves Bagomevannbaavy.Andhence there are
progressively increase. For a given nelt v[scosit¥,
probidifs 8UEHES haling'te hakeithi perforated plate vepuihjskeso ASite heid the
the guides varies with the external surface area of s where
- agﬁ; fiorfaphdratlns ddsrecvier,dnbrenidrarcincrease in parts
g""d%?g’etﬁgp drgagu? dggﬁ? vavith the outside 25 dianeter.

the AXB GG thel gmgrg@ (i8R EPUpEI9ther Br pblynTardredd & foarhigh, resulting in

ratus ‘according to the "23 present invention nust '
e strong en o) 'reg_je@e thinakediait Weight

prol:\?@paﬁycﬂ%,s \ﬁ%g{%spﬁ{-m@‘%‘?%qt{%ﬁhpq pol yﬁmter?g]or pol yner 9
bei ng

held. FE hi ' '
ncrgnings FQr furgiesvs. & TR brelelebiecBhiy Rastine 15, r = 08

or
pi pe- shaped ui des, the fognu (12) is preferably
withihgiéfireé. Olergemquimetm& "3!.:’%; then prol onged 5
st abl e operation becones difficult in terl;rs of t.h

st r Apyeferableanatesial forthe guigasisane seiggied from gpptpﬁf»esuch as

gui des thensel ves becone very heavy, and hence there d
staifess sRfedbtbon Stesh, astabioy, micked tiamium, SarQraIUMy QjuEYUM, an

plate very thick so as to hold the guides in the _
othé‘rvélrbgéaﬁibﬁry [RRpaESELt pYlyrmene materals cand saoni nGtainlass steel is

In parts where -
particularly preferable. Moreover, the surfaces of the guides may be subjected to
any of various treatments as necessary such as plating, lining, passivatiqn treatment,
acid washing, or washing with a solvent, phenol or the like.

There are no particular limitations on the positional relationship between the
guides and the perforated plate or the positional relationship between the guides and
the holes in the perforated plate so long as the liquid or starting material molten
prepolymer or polymer can contact the guides and flow down the guides. The
guides and the perforated plate may be in contact with one another, or not in contact
with one another. Although there is no such limitation, it is preferable to provide the

guides in correspondence with the holes in the perforated plate. The reason for this

is that design may then be carried out such that the liquid or starting material molten
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the ambunt of the liquid or nolten prepol ymer or

pol ymer held is too high, resulting in io problens
such as variation in the concentration degree or the
nol ecul ar wei ght increasing. For such reasons, a nore
preferable range for r is 0.15 Sr S 0.8, wthO0.2 S

O iied FalRhg Bowe fromitee pbiforatad plateaantaes the guides in
prepd%r}%r?lg?&?or t he ggui des is one selected fromnetals

: 33..Stainless steel, carbon steel, hastell oy,
su'tabﬂlg@ggﬂ',%’m?itani um chromum alum num and 15 other

2! oY Sic N SRt AL SRLiicsd Bt tidhAY HiEPbiiesH ebiraondertbe with

partiCul arly preferab
Mor eover, the syrfaces of .t ' : e '
the holgs 1 iy Berfomatet plate aciiie 1L dteBa TRNIOR (34 ApESt 64 of
plating, |ining, passivation_treatmnment .aci j :
achiguide e DS udesnus it Tk BRI oty pietBRCotthe tike
are no particular limtations on the@go%it' onal icinity of a
and thelquidesate providesosuch et each guidgcengiates, thrpuph dhe vicypity ©
plate or the positional relationship between the
centralpeipnasfc holbdn tiué perforated elater (2) camethqs inywhish the Hpper end
as the liquid or starting material nolten prepolyner

P & 0Btiphéral bortioni atem uppbrierahotiahole inthe
ofeagﬁigg.ﬁéﬂéé./f%_fﬁ]xe gui gggpand Phe perforated plate may be in

peﬁoj%%%l?;é@”&ht@ﬁggaﬁ&% SR proRidedi$uchthabsacis uide pénatrates

there is no such limtation, it is

oo R AR 3 314 i g dpprond o

ate. The reason for

this .is that design r out such that
each ﬂ‘é'dﬁi'ﬁﬁ?‘%d g‘? thg 3‘?‘??%@3%%:‘5?{3’5% ﬁ%‘? P 3@%4 pr epol yner

or polynmer falling down fromthe rfaqr

corxamplestf reetheds fthaLlﬂgtnibBﬁ'ngggﬁ ﬁ?g‘k&d”%&sﬁﬁqﬁ%‘te”

pref erabl e exanpl es of providing the, guides,in
prepolymersgropalymes Pass ItthUQg the pedofaied ﬁ’@qﬁ aniow dgwr 2lpRa the

include: (1) a nethod in which the upper end of 5 each
guidesizfe a mefHodeith whichltiee liquidrarisirtiog raaterigl fmltpatmepo!ymer or

controlling nenber or the |ike, and the guides are
polyRietié BRewEHE6 fibhedoventiroagh dts qremweigtit s théliquigthead: and 2

a

vicinity of -central portion of a hole in the _
metRGd fPHAIPRNR IR of Starthg Riatéiial imbligh prepolymerppepolymer has
pressure applied thereto using a pump or the fike and is thus extruded from the
perforated plate. A preferable method is one in which a prescribed amount of the
liquid or starting material molten prepolymer or polymer is fed into the liquid feeding
zone of the evaporation apparatus under pressure using a feed pump, and then the
liquid or starting material molten prepolymer or polymer thus led onto the guides via
the perforated plate flows down along the guides under its own weight.

The evaporation apparatus according to the present invention is an

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

lower boiling point. material, i.e. containing material having a lower boiling point than

that of the liquid. The liquid may be any liquid. The liquid may be at room
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of each guide is fixed to a peripheral portion at an
upper 7and of a hole in the perforated plate, and the
gui des are provided such that each gui de penetrates 10
through a hole in the perforated plate; and (3) a

met hod in which the upper end of each guide is flxed

températireebuhidegenetallyfedtint uneré\mpmaitbrpamaramfaqm the ligid
nmet hods for making the liquid or starting nateri al

rece:ﬂﬁé?%ﬂ ind ReMedRateOr MuTbEBUEY, ithagenelallyyybferable for a jacket or
orated plate and flow down al ong the guides are a

the uﬁ?&ﬁﬁ? y&w@a egxém&[ne Wall Gf e Slapératisn Epparatak. Mflreeessary,

ner or nmer is allowed to fl ow down
wsn A i . A Dt
o kS B o AEIRS To PaH o3 J1E588 zome. e

perforated pl at e. Apreferable net hod i s one ng
flow pathroostoilingomemben: theperiosated; Riaiey Op %?é?wrﬁﬁm z0
material nolten prepolynmer or polyner is fed intaq

| | Qiiedevapeation apparatus mcqrd@getod PEEFHN l@ﬁﬁmla ?only
under pressure using a feed punp, and then the liquid

used@s &t appangustsrascnebntreting a liguith diug also ismpaptitulary pterfg@bly
|l ed onto the guides via the perforated plate flows

usedH¥En éLJQPSrétﬁ’aﬁ SPppafigtes Yoos Iugumm aqetivelyHigh viscosity, for

evaporation apparatus according to the present

xanﬁg%'% gl(ynﬁ |?g%%§|‘a?étu§ 16104 cSMé@:QéélIdnr]sblirmw ra Eurlfymg

I roma |iquid containingt
25
app%tys pEp tﬁ%&ﬂl‘é@gaﬁfé@&weg%ﬁf%@“aA?w?"%"ﬁ%ﬁﬁhf;{'ﬁﬁ?"?' feh @
T Ligujd j
montot s o o b ik pitfga o
t he evaporation appar at the i r.ecei ving
thus seeqvaringthedaiymes framea t tic pely fael%'PHr ly

preferable for a jacket or the i ke to, be rovi ded on
an Ibist thusypreferablettheisetbp dndustaal eyaparall paratus according to

necessary, heating is then carri ed out by assi ng .
the presem ingehiior Bs@ pulyinerization appariakus fan emisatien polymer, in
j acket, thus heating or maintaining the tenperature of

the ¢d¥@ th&aﬂtﬂéduéuﬁa% BInaiP6Ea nidromér ema paikiure oh arphlidalityoof

menbe the perforated plate, or the evaporation zone.
monomers for producing a condensation polymer, and/or a prepolymer of the
condensation polymer, and/or the condensation polymer, and the low boiling point
material comprises a by-produced mateﬁal and/or an oligomer produced through the
condensation polymerization, for removing the low boiling point material from the
melt by evaporation so as to increase the polymerization degree of the prepolymer of
the condensation polymer andlor the condensation polymer. Preferable examples
of the condensation polymer include polyesters such as aromatic—aﬁ_phatic polyesters
such as polyethylene terephthalate, polytrimethylene terephthalate and polybutylene

terephthalate, and various copolyesters, polyesters of hydroxycarboxylic acids such

as glycolic acid and lactic acid, and various copolyesters, aliphatic-aliphatic
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The evaporatioh apparatus according to the present
inventton'is not only wused as an apparatus for
concentrating a liquid, but also is particularly
preferably used as an evaporation apparatus for a
l'iquid having a relatively high viscosity, for 10 )
polyeSterEblefwéén anraliphatic diohand raraai@naﬁcmérboxﬂtc acid, and various
_ condensation polymer, a purifying apparatus for a o
copoixgare??, 1P Aot R- Aok aticOpol pésteRdsucva polyangatesi arid liquid
terial such as nononer, oligoner and by-produced
I i §; Ridsnsich ek aliphatic
crysllfiidbrs, S SRanetopoesiss g frea

I ] omaI ermopl asti c pol yner

Com 1t . .
polyabSih 5 o o HMCREEL BV 614 i P2 i o
oo AT SRR B g oo

a nelt of a nononer or a mxture of a plurality of,
copolyamides;palysarbpoalesi sughascalirhatic Ralysarbenatas, arommiicy,
a prepolymer of the condensation polyner, and/or the
polyczpboreates;} and vanoysreopolycatbohataspand galyesterienlygarbonates. By
mat eri al conprises a by-produced material and/or an

* usin@lHeoeveRsoratien upparatls acgirdirketobe presantiavention, a high-purity and

pol ynmeri zation, for renoving the | ow boiling point

highFeefhmahcd EBHH&H@atid?‘Pédl¥tP|)ér eHA R rokdated etatly far a prolonged

increase the polynerization degree of the prepol yner

ol HETH EPBE 03491 ot e star ot and

witt 8 e opBRH G i ARSI e "t o cpnihal e,

pol ytri net hyl ene terephthal ate and po ut vl

t er%ltﬁmﬁav%lv,ét isAl80 %gﬁtﬁiﬁe ?%HB?@%%F’Q%B‘%@@@E%&E gpparatus

hydr oxycar boxylic acjds such as gl egc@ol ic,acid ?{]d
accardiogi to the pgese invatiopuin k8 s@aspdbakine liquid is a melt of a

al i phatic-aliphatic 26 polyesters between an aljphatic
thermibplastiopolymer A pared the Idwes bioding painbimaterial gampaises monomer,

copol yesters, and aromatic-aromatic pol yesters such as

an ol§biviar V4 By-ppodutsed Mmaterial aodysst o contajrext iertbe polymer, as a

vari ous copol yesters; polyam des such as aliphatic

purifﬁﬁg\é %é}?ﬁ.ﬁﬁ&? \lj%@iﬁ\éiﬁytgé é%vp%r{ﬁygm ggfnt ;m#geﬂaﬁi&nahd melt by
eva@é;?ﬁgﬁgﬁcéﬂoqwa%eﬁﬁé YRRthOssthe dlymér. YPreferable @smples of the
thermoplastic polymer A include polystyrene-based polymers such as polystyrene,
high impact polystyrene (HIPS), and various copolymers; polyvinyl chloride-based
polymers such as polyvinyl chloride, and various copolymers, polyvinylidene
chloride-based polymers such as polyvinylidene chloride, and various copolymers;,
acrylonitrile-based polymers such as AS resins, ABS resins, and various copolymers,
polyolefins such as polypropylene; polyacrylic ester-based polymers; polymethacrylic
ester-based 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
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copol yam des; pol ycarbonates such as aliphatic
pol ycar bonates, aromatic pol ycarbonates, and vari ous
copol ycar bonat es; and pol yester pol ycarbonates. By
usi ng the evaporation apparatus according to the
present invention, a high-purity and high-perfornmance

be reﬁ@“v@ﬁ@ﬁéibﬁi(ly BPA YSlR(iveIRlow temperhtars] anddisncefa high-purity and
prol onged 10 period of tinme wth no discoloration or

high-@éb@%ﬁ%#@%@@?péﬁicﬁwrﬁefRba'hgs@, oiStaiziedabith aodhermalt h

atio n nol ecul ar wei ght.
decofiRgg er A o PN S0 01 ot B ™ accor ding o the
R i ISR 1 o s
acconfing sihe pessept pvaliondn iHe cAsa e 1o Cgug S A Re iR af @

in the polynmer, as a purifying apparatus,for renovi rb% ti
therrhiyslabtimpolyiner| B, randoibieriowen belingipointgRaieiel fRMPrisgs a soivent in
evaporation so as to increase the purity of the
which@ha Bsrmdplastio pdiyraer isdipselved fandfor 2 mesemss| a8 oligomer, a
pol ymer A'include polystyrene-based pol yners such as ]
by-pRiutedthsfial and 8B driegthined iithy pelyendrisdidjon, sasda separation
various copol ymers; polyvinyl chloride-based 20 .
reco@%nt%/l’ﬁfrﬁiéﬂﬁﬁ‘ %Bﬂh? IYd(aJ"g)éFncﬁm Helower Boiling pointsmaterial from

}
YITErs,; po I ny ne chloride-based pol yners

e 45 BRI R M oo tremopistc

o RS B BB ppestcpobmer. A

est er-based pol yners; poJynethacrylic ter-bas :
prefeeabjerexampla-of the soghon aﬂfﬁe\ﬁéﬁm aE%BS@H%QFsé,) Psa% golutlon of a

t hernopl astic 25 el astoners. According to.the N .
polyenarsuchatasoB3BRp Bit at BPDMM predugadthepial sQilien pRlymerization using

i mpurities such as residual nononers contained in the
a sdlltimenarmatomatimpolyearbsnatain 2 thissinetachselvert; (e.g. eathylene

at arelatively |ow tenperature, and hence a

chidiideh cRigFoBehzeng), dsalentcld ortohene, horamaypetest iMoreover, it is also
pol ynmer A can be obtained with no thermal

preﬂ?&ﬂ?@ ?érhb?é‘ tﬁ% Eol@@nﬂhﬁ@ 8bUrAfrbiiman Afdmsatiapolyeanhoniate meit

'S also preferable to use the industrial evaporation
rem%?rﬁr% %téﬁorinated solvent or an elastomer remaining a polymerization solvent.
According to the evaporation apparatus of the present invention, the solvent and

impurities can be removed efficiently at a relatively low temperature, and hence a

-~ high-purity and high-performance thermoplastic polymer B can be obtained with no

thermal decomposition and no discoloration.

The industrial evaporation apparatus according to the present invention is
particularly suitable for removing lower boiling point material by evaporation from a
liquid having a relatively high viscosity. For example, it is particularly suitable for the
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
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5 according to the present invention, in the case that

the liquid is a solution of a thernoplastic polyner

B, and the |ower boiling point material conprises a

solvent in which the thernoplastic polyner is

di ssol ved and/ or a nononer, an oligoner, a '
convéntidiad gulyeseriztioni apparatises, therehavebaen placeasiwhere some of the

pol ymer solution, as a separation recovery /
liquidresidesGathilePPeifBltitiatéd for Pproiergad pariedef timepwhbredparpthis

point materital "from 10 the solution by evaporation so

|iquicf)§qc§/egg§8$ra%§1é§%@d?ﬂnté“ dLEVRbrdtion, HBRIBAPLATEIIvking,

e solution and 1 ncreaSe the purity o

orodd TSR b s PR, BBUGREAR i,
carb ek B R 5 s B e rawback

solution of an aromatic pol ycarbonate in a chlori at?_go

of degeneeated matgriahmiing nthe1prlyRed PTQQ!'?S%‘H?UrQFb%ﬁ’E’r@HB) , pwever,
solvent (e.g. toluene, hexane), etc. Mreover, it is

accoeding to theeinaluatriat evaporationappasatus of dhe pessent invantippothere are
an aromatic polycarbonate nelt remaining a )

no &l erawliicke, 0d nesreover the intasttiahevaporatiom epparatus according to
pol yneri zati on solvent. According to the evaporation

the RESEHtAhVENtRIN &BfbiS 8x@lfent BFEEIEINOR exhibited Wyvihistcomventional
Impurities can be renoved efficiently at a relatively .

_po|y|hlgé'ﬁé€5§$é§£,lgﬁsesand hence a 20 high-purity and

nmance t hernopl astic polyner B can be
obtai ned wi { Ot OSk L. ;
ai SR HErwpish. Wing (iRider PRRERCSE picthchitan Sromatic
according to the present. invention i argd cul .
poly iTpoRslecSy BRlvRTIANG Mol Psbey a4 pippatic
~evaporation froma_ |iquid havi a relatively high
dihydfosy comRBRUNChANG Ripiv Cathonats, 168 reaciion leRaralulg st generally
for the 25 case of using the industrial evaporation
be irapange of fraoc20@t;§502C  and thecwsensityrineieases dramatically in the
pol ynmeri zati on apparatus for a condensation polci/rrer.
r

lattel Ralf 0 trenpslynferization in partictarc o Anaaromatigl monohydroxy compound
pol yneri zati on apparatuses, there have been pl aces

OfibrilinCreaetios fiude BeWnthdratvei framthet ed
proc%ﬁgrﬁﬁghpro oérﬁ]gg per“ilod of tinme, whereupon this |iquid

ultraglé‘iﬁg{\ﬁ%!%%i ﬁ@%ﬁ%ﬁ%@%ﬁ til &N eHtRhaPPelymerization
apparatuses, for ekample even if a horizontal twin-shaft agitation type
ultra-high-viscosity polymer reactor has been used, it has been necessary to carry
out the réaction for a prolonged period of time at a high temperature of not less than
300°C and under a high vacuum with a pressure of not more than 133 Pa, and
moreover production of a high molecufar weight material for sheets or the like has
been difficuit.

| However, according to the polymerization apparatus of the present invention,

efficient surface renewal occurs naturally accompanying internal stirring, and hence

the polymerization reaction can be carried out at a relatively low temperature. A
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production of an ultra-high nolecular wei ght polyner,
solidification, scorching, 5 carbonization or the
i ke, and hence it is has been inpossible to avoid the
drawback of degenerated material mxing in the
pol ymer progressively or suddenly. However, .according '
prefetablé headtivdutstmpenatues ipthustiram 1961ar2003€., arorepseiarakly ffom 150
invention, there are no such drawbacks, and noreover
to 2767, | RSBlHaRACtEN@ROleatreIof e polymerizationrapipagatus accpeding to
present invention exhibits excellent effects not

the pfé@ni’iiri\f%?\tisﬁ thi¥SpdpEABAGGHISan b8 d2efiedrout adéduately at a lower

apparatuses. In other words, in the case, for exanple,

of .produci.n ' : itate
tempﬁ{ﬁtﬁw??\aﬂ E_S:%Ee%% BEHie FonyBristndl iseAhficaly agitated
aromafi c [ r ox onpaopnd i 3 ;
powm?rgat@gbgmafwe&aﬁ'ae 350 oot Fhy et ey romatic
0 rom 200 to 350C, and th [ ity i . .
polyaaromatpazen e producsd it ap dscolprplion of cRlErcTEG in properties.
~ polynerization in particular. An aromatic nonoh ro&y
Furtheomooenwith the dapantionabnolymenization BPpRratHEeS g'a?ﬁyegﬂPV been
must be withdrawn fromthe wultra-high-viscosity. .
drawBBERS kath aswdntemination with foecignmateriatsn and leaking in of air or the
pol ymeri zation apparatuses, for exanple even if a
like tﬁfﬁdg@ﬂrﬁ ithitr Be&h@rhderaghightvaouumy peHowever, according to the
ul tra-hi gh-viscosity polyner reactor has been used, it
poly ?QFQE&? SBEQWQW@?Q%%%&QR@H, Bdtauss disérieds rioaneehanical

| Iesso?%Zn errod o a i gh tenperapure gf pot .
agitasiop. therg |%p§%&ﬁa%$ee%!]gagﬁi Wgﬂ’e@%&%ﬂ@oﬁﬁm in of air or the
ike Graatgmisatiarwfh Rt MefifiE B S pBHeEradior @hy 2
righama G e orhanta seaats SAEBTRY Bid 2pBoe Afcuced. Such

occurs naturally acconpanying internal stirrin nd ..
exceilent eﬁecﬂsearpcalmchigugg vithratfet Fandensatign ROYREis 1, S?”'Cu'ar
at a relatively low tenperature. A 29 preferable
polyesters iapd gotyarmicesur Fhiess excelléntefiectanecparyoaarlysparked in the
preferably from150 to 270C. It is a characteristic

casé BRpHduCHg poigettletEterastithalate plytrimethyleneteiephthaiate, |

polybutylene terephthalate, nylon 6, or nylon 66.

In the case of producing a condensation polymer using the industrial
evaporation apparatus according to the present invention, as the polymerization
reaction proceeds, lower boiling point materials by-produced through an equilibrium
reaction are removed from the reaction system, whereby the reaction rate can be
increased. A method in which an inert gas that does not have an adverse effect on
the reaction such as nitrogen, argon, helium, carbon dioxide or a lower hydrocarbon

gas is introduced into the polymerization apparatus, and the lower boiling point

materials are entrained by this gas and thus removed, a method in which the

reaction is carried out under a reduced pressure, or the like is thus preferably used.
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the present invention that polynerization can be

carried out adequately at a | ower tenperature than in

the case of the conventional mechanically agitated 5

pol yneri zati on apparatus, and this is al so one reason

why a high-quality aromatic pol ycarbonate can be
AlteritReNC athuthod inviits thser tid methodsoaneassed tagatherican also be

properties. Furthernore, with the conventi onal

prefegel%% WBEHZ Al SktPRRASSItHBRS is hd ABEd @ irtrdaves a irgavasdunt of the

as contamnation wth foreign materials, and
. I | ' e A ik ; intai
inert 488 e g PofmeHzetiSh spratlis  But RIS S Rpintalg an
. ol ymeri zatian . ratu f nt invention,
inert B@Eé‘g}é@s? Pé”?'agﬁ@e ﬁBEﬁQ&P%g&@éﬁ'gti on, there is no
agitator seal, and hence there is very littl - [
0 Tbe rameian Prassure INdberase RIRAHTD G- codarsapE bpfner
materials, which is another reason why a hi h-.Rurita/ .
usingatie indystriabevaparation apparaius acwdyagamb\%&fesg‘aﬂ pgntion varies
produced. Such excellent effects are al so achi eved

depenidiriy o ties typesdf heeer boiling peird meaterial hyrpraduses thestype and
pol yesters and pol yam des. These excellent effects are

moleBaldr Waigiat ohthepokyerer to bdproduesd, tife polgmerization temperature, and

pol yet hyl ene terephthal ate, polytrinethyl ene
S0 o%,?étgcsmﬁ@géé&ifﬁr t@ﬁérﬁﬁl&, ¥ préduciie B trematie polydaribortate from a

I'on e case of producing a condensati on

moit&y lgﬁ%lwégt @%J&difw BiddHnol R"é’i@aﬁggb@ﬂ EPPSNE the case of

€ present ' nvention,
| ynerization 20 reacti r s i
a nufsBiek BvREacs raresiy v n etk RPRE .5, 808, trétsekith pressure s
reaction are renoved fr react.i Qn s
prefemblyrinatange offram 450 0B, 300 e Rése Bk iheicgverage
an inert gas that does not have an adverse effect, o .
molachéanrwaight offromdh 088 tai1 006k e FRardien MERSYIR, IS Pé?fﬁl#’y ina
di oxi de or a | ower hydrocarbon gas is introduced into
rangehsf frorh \50etoi 500 Pan  pther casesof andmbes average meiacuiry weight

point 25 materials are entrained by this gas and thus

equalaBRY feater W4 90,000, tHe @actior pressureiiopreferably notmore than
out under a reduced pressure, or the like is thus

soo PSR S S oo T P L v !
In the case of producing a condensation polymer using the industrial
evaporation apparatus according to the present invention as a polymerization
apparatus, a polymer having the desired polyme'rization degree can be produced
using only one such evaporation apparatus, but dépending on the polymerization
degree of the monomer melt or molten prepolymer used as the starting material, the
amount produced of the polymer, and so on, a system in which a plurality of such
evaporation apparatuses are linked together so that the polymerization degree is
progressively increased may be preferable. In this case, guides and reaction

conditions suitable for the polymerization degree of the prepolymer or polymer to be

produced are preferably adopted for each of the evaporation apparatuses individuaily.
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preferably used. In such a case, there is no need to
introduce a large anount of the inert gas into the
pol ynmeri zati on apparatus, but rather just enough to
mai ntain an inert gas atnosphere inside the apparatus
is sufficient. 5 The reaction pressure in the case of

For eR&APIE ifthePcsst6Ra S péteaninowhichie firstiguide-cdriacting downfiew type
evapor ati on apparatus according to the present

| polyni)ég"éﬁﬂé}d @&gl}é?éthgsa sswgiy;m&m&tmg IGRSTIGW typepolymerization

_ | nt nat err al - produced,” the type and
appar; l.rlie,?ﬂl;f ?@éﬁ@%g%&@?@%p&%?ﬁ%ﬁ&ﬁbﬁ%&s, a fourth
ouideS e SVaIBY S Dol RS LA SPBEBHOTRR 0 on ars used o that

from bi sphenol A and di pheny| carbopate, in
the polymesizatinn dlegrae isRfegrRssbaly mor%?%ﬂ?a'sﬁg Hos Eq?ﬁlr%@ﬁgﬁ\
5,000, the reaction pressure is preferably in rar]t%eb S1
surfacé afeasofibe gudes posseasedinttherpalyraerzation PBP"FFﬁI‘ﬁ?ér be s,
average nol ecul ar weight of from5,000 to 10, 000, _the
S2, S2®1 | orespectivelythesysterh cantie/madedo becsuph that Blosk 52 =
to 500 Pa. In the case of a nunber average nol ecul ar i
S3 ¥egght 15 efisrboler, e ﬂ@l?ﬁfeﬁtatimwrﬂlﬁeme may be the same in
reaction pressure Is preferably not nore than 300 Pa,

eachgﬁ;f_rtﬁ% &B&;ﬁﬁéﬁ'zé?i’bﬁffﬁp%%lgsbg, & Airastidly higybe Progressively

_ e case of 'producing a condensation polymer .
incregSed. e‘ng g'gg\ﬁﬁéﬁi#é@h presel rgten Asd8 %F@Qr%sﬁéryqb@ueéd in the

yneri zation
appar at us, mer havi ng the desired pol ynerization
polyraeg

a pol
?%‘é’rbﬁﬂpﬁ'fég) duced 20 using only one such

evapor ati on apparatus, but dependi ng on the . .
pollpthisi senspolR theé‘@ssef%@mﬂﬁﬁogf&rghWI‘{e?%P‘cF%ﬁ‘% the
prepol ymer used as the starting material, the ﬁr’gunt
polymeridatienl degreehesing hwenpojyregfizalionApparaiiises elf- ishiivihi ch
a plurality of such evaporation apparatuses are
guidbicokesttingaidvreows typehpalymiezatitry appanaiius and asfcend; s
progressively increased may be preferable. In this

guidePtadirigdRswitiitsv fypropolgmerizatiom dpparatss, sListpretesablerto use
t he polynerization degree of the prepol yner or pol yner

i i PR3 AR ol P f he st hers
polymerization apparatus and the total external surface area S2 (m?) of the guides in
the second polymerization apparatus satisfy the following formula (13):

1 =81/S2 =20 (13).

If S1 /82 is less than 1, then problems arise such as variation in the
molecular weight increasing so that prolonged stable production becomes difficult,
and it becoming difficult to obtain a prescribed production amoun{, whereas if S1/ 82
is greater than 20, then the flow rate of the molten prepolymer flowing down the
guides in the éecond polymerization apparatus becomes high, and as result

problems arise such as the residence time of the molten prepolymer becoming short

so that it becomes difficult to obtain a polymer of the required molecular weight. For
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For exanple, in the case of a systemin which a first

gui de- contacti ng downfl ow type pol ynerization

apparatus, a second gui de-contacting downfl ow type

pol ymeri zati on apparatus, a third guide-contacting

~ downfl ow type polynerization apparatus, a fourth

such@8asens; @nhors prederdiblefanps isylpd BoSyIne82 zat 1bn

apparatus and so on are used so that 5 the

polfw_es igdtd bYaporaton Sppardts ion ation

ta |ngrqlﬁgidt)g?aﬁag?(?gnaliﬂgurface areas of the guides

equi@ﬁéﬁ@@‘ﬁﬂ%ﬁ:&éﬂﬁn%%ﬁ? 'th %E?ﬂaﬁﬁ Reh 7t o a dohceRtrafed liquid or

respectfve e system can be nade to
be such that S1 2?2 S2 Z > > . .
polyrBgf GarARSIN Pe RreadRRt: adiie Fase BLPrasiveing g BbRESatior foymer
t he pol yneri zation ar at uses, ,or al ternat.ivel
from gamppemiee Sust a1 § MataerepabaMeY, HiseBYMAHERIONT; SarffRd out
pressure may al so be progressively reduced in th
throygh amordinanyi palympizatianesastion while discharging erfm@ced lower
case, for exanple, of progressively increasing the
boilimppyin materials out of thecsystemganddiepok s megassaiy for the monomer

apparatuses, i.e. a first guide-contacting downfl ow

melt lof PRoIRS prepbiyhadn b e teaétadtirgateriat o be féd into the
gui de-cont acti ng downfl ow type pol yneri zati on

poly?%@iéﬁéﬁﬂ?bpéﬂatﬂzsgoiloé&ﬁiﬁm fh hA anssunt Grbaes tiareh tohahr. The

total external surface area Sl ( of the guides
. fi : . S
amoly & e h&iomeP el hgfon BodtAfpebbfietiling b fqliided into the
second pol ynerj.zat.i r ' al |
everiafih abparsjus 8 vefits WPRRNT o5 6 PbYmictialiBh e thereot
| ess than 1, then proplens aris uch as variation |
and the-polymesizatign dﬁer%h?P ﬁhﬁ&%ﬂ?ﬁhgﬁ 68 %‘i‘ﬂ% Bl r?g@%l‘é’g“y from
st abl e production beconmes difficult, and, it beconng
10 tal500ikglhrigreatastihan theaamoust of thepqlymer E’FPQHPGQERﬁfnﬂ‘J" / br of the
whereas if S1 / S2 is greater than 20, then the flow
polyrer produdet: i.eoirt 2 rangeepbirgmet.Of to i ; tpriblmpent torylingekthe
in the second pol ynerization apparatus becones high,

polyhitt preducsdll tMafedvenhh ¢he casé stcamrgingasit chacertsatimitieough
time of the nolten prepol yner becom ng short so that

evaé%rgﬁ?f: mﬁgtﬁc}ﬁ%%?rgﬁ?@é%poﬁ 0P iHEmoplastiegolymer or liquid
containing lower boiling point material, the amount of the liquid fed in varies
depending on the lower boiling point material content and the required concentration
degree or purification degree, but is generally in a range of from 1.001 to 100 ton / hr,
preferably from 1.005 to 50 ton / hr, more preferably from 1.01 to 20 ton / hr.

So long as the industrial evaporation apparatus according tp the present
invention satisfies the conditions described in the claims, and moreover has a
correspondingly suitable mechanical strength, the industrial evaporation apparatus
may be of any type, and may have adjoined thereto equipment having some other

function required for continuous operation. Moreover, according to the industrial

evaporation apparatus of the present invention, a plurality of such industrial
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32 rte. such reasons, a nore preferable range is 1.5 S
S1/ S2-S 15. According to the industrial evaporation
apparatus or polynerization equipnent of the present
invention, not less than 1 ton / hr of a concentrated
liquid or 'polymer can easily be produced. In the case
evap6fatiohQspiziraises ariydse juihed togathgmendSufthenmereraquipment having
- nmelt or a nolten prepolymner, the polynerization is
ki ’ y Baradjeinedd iRéret@t i on
&Hnéﬁiﬁ%?ﬂﬁﬂ%ﬁﬁpéhgﬁggﬁgngggg%$?5¥%duced | ower boiling
point materials out of the system and hence it is
necessary for the nononmer nelt or nolten prepol yner

used as the starting material to be fed into the
Exa"ﬂé??rreri zation apparatus or equi pment in an anount

greater than 1 ton / _ hr. The 10 anmount of . 0

oo thedrE AT PG Wil R HEser g Hgnora. ety i Eirence t

into the evaporation apparatus thus varies dependi ng
Exaropleslendodeference Bxamplafegr ee t hereof and the

pol yneri zati on degree of the polyner to be produced,
[Exalmple 1k generally from 10 to 500 kg/hr greater than

t he anmount of the polyner produced per 1 ton / hr of

t henn RUSHRI evBpEr:tioA apparatushavinga gisikeshdpenhflaw @ath o
1.5 ton / hr per 1 ton / hr of the 15 pol yner

contilIf hRthbeZ M BicknkSs BPBro:dmately 26 antnlides 4 as shown in
concentration through evaporation or purification

CVRRO k! | 0 Was fixed -
FIGS: % Y3, SRk sfapad sow i ERRBTingmBRIATD wés fix
amount_ of .the |jquid fed i | £S. '
cus RN oS ot A Y e TR P8P e et 23 o
concentration _degree or. purificati degre but_ i
the lignid feading zane 3 apprONTRle BGH (Moreayer rglﬁe/s%mdns%etwee"
preferably from1.005 to 50 ton / hr, nore refﬁraMQ/
the intesmalisidewalh sadface 32 of e ligid fepdingzanec3 and (ke flpw path
evapor ati on apparatus according to the present
controlling member20 wasepproximatelyiQ tonand ke spaciagibetwaen the
claims, and noreover has a correspondingly suitable
perfiRREQPital2 aid tHeddw patrecomtrbliing reimber2wasiapproximately 8 cm.
apparatus may be of any type, and may have adj oi ned
Noté {Ht & PerfsHEranFdtion dY i dsRBhapllfiow path controlling member 20
was designed such that the vertical section thereof was a semigircle of radius
approximately 1 cm, and was thus devised such that the liquid would not stagnate
around this periphéral portion. Moreover, the section of the joint between the
internal sidewall surface22 of the liquid feeding zone 3 and the perforated plate 2
was designed to be concave on the inside as shown in FIG. 6, and an angle E for the
rising portion was approximately 170°. The material of the evaporation apparatus
was all stainless steel. The discharging pump 8 is preferably a gear pump in the
case that the concentrated liquid is of high viscosity, and is an ordinary liquid-feeding
pump in the case that the viscosity is not so high. The industrial evaporation

apparatus had a cylindrical side-wall casing 10 and a conical bottom-wall casing 11,
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25 function required for continuous operation.
Mor eover, according to the industrial evaporation
apparatus of the present invention, a plurality of
such industrial 33 evaporation apparatuses may be
' j oi ned together, and furthernore equi pnent having "~ o
and PAXTBUEHIIHaR ILan 1 @OTeEm! hao®ly eimp Cet iS00 omyd bsttdinpined 55°, S =
thereto. Exanples 5 Next, the present invention wll

E Aesgd 2i 19 i i 2 BE B g r=0.3cm. Allof
250 £ AETSIATH Y BEASHR O s sl 05 cm Ao

e TR IR AR B AEPT go ppnat v onic
e BT oS A SRl b s R e

. .20 was fixed suspended fromthe top_thergof such fhat .

liquid reseiving pag ¥ Pathestketwepnithe UPRAT syase offherfiow gath Sontroliing
liquid feeding zone 3 was approximately 8 cm

membler 20\and, thenepérptamaigvailez&eg e liawid feading gpne 3; afdhetween the
surface 22 of the-liquid feeding zone 3 and the fl ow )

intenmaltsidewalnsurdads 2P ofthdliquid feeding Zppedkandiths flow path controlling
and the spacing between the 15 perforated plate 2 and

membBf 20! and PaiHercdistrboted DEiferaip fon2the/boles e g 2i1 i they
8 cm Note that a peripheral portion of the

perfdiafld 515%"?% ;ﬂét’ﬁhi%&m WA fioWing YaaiiyRem #e parigheral %ortion

esi gned suc at the vertical” section thereof was
semcircle of .. ' ' y " . 9 was
towafE P LaLdl rioiet ipofRiR fRIFSY | Apfiba e f8ding het
around this peripheral portion. er,. it ' :
proviledtine oweh Poiar BEhHE HEPaIA T AP PUIARL anglgifeRiraRl material
surface22 of the |jquid feeding zone, 3 and the . ‘
outle$ & (miensrally gannested tom gaa coNgRERL AN PEBTRUGICHICIP.
inside as shown in FIG 6, and an angle E for the .
apparatiis) dotbetlowar haling peins-materialsway provided ifhae upger pprtion of
the evaporation apparatus was all stainless steel.
the elaporatisrnappanatus ujatkesopa biseting tybexfayeaheatingmedium was
the case that the concentrated liquid is of high _
provietF &) e/ ouitis btharevaperatinvappatatus; Sedhatthe evaporation
apparatus could be maintained at a prescribed temperature using the heating
medium.
[Reference Examp|e' 1}:

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

evaporation zone 5 (polymerization reaction zone) from the holes in the perforated
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25 punp in the case that the viscosity is not so high.
The industrial evaporation apparatus had a
cylindrical side-wall casing 10 and a coni cal
bottomwal |l casing 11, 34 and was such that L = 1, 000
cm h =900 cm D=5000cm d=40cm C =155 S ="

plate %ﬁﬂg% ﬁ%@gﬁmﬁg&zﬁéﬂ BoRlofrtbwapd tdedntraldporfio ofithe

to (12) were satisfied. Care

L i ' |22 iRENt Zdthh glong the
perfoﬁéd P%%?d%%ﬁ%ﬁ%ﬁ%@@%ﬁ%ﬂm nt\mgrr'gt erials g
L fed in fromthe 5 Liguid r | YL t 6.
quides -t PREMESEaRoR (FHYRs 77 WS Pefiat a¢ £Ria R vaquum vent
menber 20 and the top internal [l 23 of th [eTOY
Produastiaregalis Rolzcaranaisenieand ive the boBRptpolidh.{i.otthe
surface 22 of the liquid feeding zgneqfi and the flow
polynperizaticarapparatusdromting bettom of the guidesd was cantinyguely
uniformy fromthe holes (e.g. 21) in the perforated .
withdPaved &t @ fiow tate of .5 ton Ahvinoindhe disehaggenwort 7 by thaisgbarging
peri pheral portion 10 toward the central portion of )
pump S2uBRthaY el s the afomatie polygasbdreteiim thepbottore portion 11
was provided in-a |ower portion of the evaporation

was At Us, and an evaporated material outlet 6
E!gle“nerally connected to a gas condenser and a

B{)i = “rﬁ;irpéﬁfﬁféﬂggsrﬂg@gg%g g@gﬂt%ntcﬁ the arshat® bbiy&fﬂrbonate

n an upper portion-o

. he evaporati r S, Al j

withdrghn B A, ok ot A b S 1 EAmRener et of bty wes
t he evaporation apparatus, so,that the eygpokxatio

10,500 AN N AOTANE RV GRPADAIERAN a00od IRt pog 2 Moreover, the
tenperature using the heating nmedium [Reference

tensitex elopigatian was!sﬁi&?g. t T vaines of Mn fey H}ﬂ)?‘%’ﬁ'@ﬁ? RYyRppate
of Exanple 1 as a polynerization 20 aggarat us for_a

withdrangeinomttheoutiet ¥ 2after 80 HoussEt0d:heaisy 58P Henes.cl .QRQ hours,
produced. A nolten prepolymer (nunber average

2 ooutngﬁyj AD00PioURS, AMDOGh6uR)andfH000 heuss from cammencement of

""“pol ycarbonate that had been produced from bi sphenol A

oper%neg%é}aem{s ,Wd?ﬁsatﬁ),iogmlngso,am,soof 10j500¢19)550, and 10,500

carbonate to bi sphenol 5) and was held at 260C
resp\é%ﬁvely, and hence operation was stable.

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

elements, which was used as the catalyst.

[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. 2and 3 are arranged in series. An
aromatic polycarbonate was produced using this polymerization equipment (first

polymerization apparatus plus second polymerization apparatus). The material of
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{ T continuously fed into the liquid feeding zone 3 from

the liquid receiving port 1 by a 25 feed punp. - The

nol ten prepol ynmer, which was continuously fed into the
evaporation zone 5 (polynerization reaction zone) from
the holes in the perforated 35 ptate 2 white flow ng

the e{é&?ﬁégﬁ g@??i’éiﬂ?égﬁ%g?%ﬁl@t@iﬁlés%%& t Thecdisshaabingapurnp for

ora ate 2, was subjected to

each BG4 M o OTH St

a via
a vacuum vent 6. Produged. i : O
appatEiNorVHGh R0t QUi CaTeGuR FRMYGw Bfbq)fica Bffifarical
pol ymeri zati on apparatus fromthe. botjompf the Ldes_ asn
side-walssing 10 A0S AICAbOHEmWALESIDG | bydivas gficd théitS= 050
ton | hr fromthe discharge port 7 by _the iﬁ(:hﬁgEW B =
cm, hpa@508cra D 46acm, k= 20mm: Cot 160% Sirdmiine A= 1< AIB=
pol ycarbonate in the bottomportion 11 was constant.
400, Ped 2upmdr / BvepaJs, andecud.drcmei Hote Watdhe diametes ehthe cross
pol ycarbonate 10 withdrawn froman outlet 12 after 50

sectif of thd fIOW LN EBAGSNTAG méhbep20 avasoa littlessmal), ddhiszordss
the aromatic pol ycarbonate had a good color (b* =

sectiégﬂ?gstwgsea%@ §lg?|5%‘ %s it Exairidie 9| GREIKE SPatings BRtwedi the flow

: X I e aromati c pol ycarbonate w thdrawn
. t . "
path 5O Bheft abarit Ryl pTHSs G R 1 ey feeding
, d 5,000 h f ;
ZonespangihG FPAEING BRWEED the BORLAT EONEBIT B emERT 20 and fhe

10, 500, 10,550, and_ 10,500, respectively,.and he :
perfarpiahplats Zwereasi BXEMPE s HMRTees s ELERRREL T he section of
produced as above had a content of alkali, petal
the jeindbetwedik the interoat sidewsall wﬁe@ﬁﬁ&ﬁfdbe&ﬂuw.r%&ns Zong3 and the
ppmin terms of the nmetallic elenents, which was used
perfératéd plate Lakvas tesighed fa beydancave ohdhgriaside asi fhipwn in FIG. 6, and
equi pnent for a condensation polynerization type

~an aﬂ%ié’ Ebr tH® rising portion was approximately 170°. The above values satisfy

all of the formulae (1) to (12). 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
calrbonate (molar ratio of diphenyl carbonate to bisphenol A = 1.06) and was held at
265°C was continuously fed into the liquid feeding zone 3 from the liquid receiving
port 1 of the first polymerization apparatus by a feed pump. The molten prepolymer,
which was continuously fed into the polymerization reaction zone via the perforated
plate 2 in the first polymerization apparatus, was subjected to polymerization while

flowing down along the guides 4. The polymerization reaction zone of the first
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which two industrial evaporation apparatuses each
having a flow path controlling menmber 20 and guides 4
as shown in FIGS. 2 and 3 are arranged in series. An
__25 aronatic pol ycarbonate was produced using this

pol ymerization equi pnent (first  ‘polynerization - '

polyrfRAatih tppaates WREONGIdr sy pres surel of B00:PaaiaavacLUTheent 6.

material "of 36 the evaporation apparatuses was all

oS sttt sl oo

a gear punp. The first

a8 5P M 00 i ot porton 11 of e

_ | _ cylindrica
polyraarizaiion ageerslyBira e olo§iy 8 gy & WplfontiRplaH

400 cm d = 20 cm C=150, S=750Q. = =

withdtaen aba canstantdiov e o hegschar port 7Py4Ne fisdrging pume
that the diameter of the cross section of the flow,

8 sugrathiat teamolunt ofjthecarnomatizipalyeargonate meltenprepolymer in the
this cross section had the sane shape as in Exanple

bottoh paitibri Tlewapaonstzmt beThisanoktére prepnlympawas contingpushy fed into
menber 20 and the wall surfaces (23 and 22) of the

e Tl iRl A3 Hor eRSliduiandositmgarurt 1 nf the sesand palymerization
H"ow pat T controlling rr?nber 20 gmhém per f or at gdb’

app%ﬁ'{sﬁ:j% Y6dP pigl " Bltén bropaiymiey aWhich wascontimgusly fed

the joint between the internal

. i dewal | surface 2 L Oui '
into ﬁmpot \ ﬂ%@ez-a?é?riﬁehﬁép?%"ﬁe o lolfEd phle ZNNE seecnd
e inside as shown in .FIG 6, A0y
P°'vme§'_zﬁ§°@»ﬁpﬁfﬁm?ga%aap:sgﬁ%t?@"%ﬂ%ﬁ%ﬂ%ﬁ%@@“@i {géin along
satisfy all of the f I 1 . , |
e ies oL oo otynerali, il b a4t AU o
t he pol ynerization apparatus of Exanple 1. %Re ergnce .
appétatupivas Teid at anpressure of 5OIRanvia 3 Madam veht agg’r0 uced aromatic
nol ecul ar e ght Mh = 2,500) for an 20 aromatic .
polyealichatd entringt thetbatiod besrtionptocithedserconsh pelywpaezalionapparatus
and di phenyl carbonate (nolar ratio of diphenyl

fronf HieBEIER of the s pvaé confindbusipudtndeawn el a flow ratemE 6 ton/hr
uousl'y fed into the liquid feeding zone 3

from {HETiEBRargePtirt'7 byARb isharging 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* = 3.2). Moreover, the tensile elongation was 99%. The values of
Mn for the aromatic polycarbonate withdrawn from the outlet 12 after 80 hours, 100
hours, 500 hours, 1,000 hours, 2,000 hours, 3,000 hours, 4,000 hours, and 5,000
hours from commencement of operation were 11,500, 11,550, 11,500, 11,550, 11,500,
11,500, 11,550, and 11,500 respectively, and hence operation was stable.

The aromatic polycarbonate produced as above had a content of alkali metal
38
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15

port 1 of the first polynerization apparatus by a feed
punp. The nolten. prepol yner, which was conti nuously
fed into the polynerization reaction zone via the
perforated 25 plate 2 in the first polynerization
“apparatus, was subjected to polynerization while

and/dr MRS diptnmataitenigoendsi of@:03 to 0106 prrvindemzsef he metallic

reaction zone of the first 37 polynerization apparatus
h 4 &33HE @afily&t00 Pa via a vacuum vent 6.
e‘e’“%w‘gﬁ@“g%?%gr bonat e rthen prepol yner of increased’
pol yneri zati on degree (nunber average nol ecul ar

wei ght Mh = 5,500) entering the bottom portion 11 of

t he l'yperi zati on apparatus fromthe bottom of the
lndusjnauﬁ@aaﬁy continuously 5 withdrawn at a constant .

flowrate fromthe discharge, port, 7 b ' L Q4
puTe /aRoElam ApPaTRLIE AGEAT TG oy e PLY SRRt nerRfoRls ¢réérably
pol ycar bonate nolten prepolyner in the ot t.om portj
usedlds aaindusirial avapomation anpare%:sm@agla/& Pﬂfﬁ@t‘)y eoncentrating a
continuously fed into the liquid feeding}zpne 3 {{on1h t of
large Anolintiol & ligeideiontaigingrmateriabhaving alowesidoiling point than tha
pol yneri zation apparatus by a feed punp. The nolten
the IiQLRE QitHERA drabadks aicroan tiscoloration, cedtarsination with:foreign
.pol yneri zation reaction zone via the perforated plate

matefig b A AGAEH inRbYTES 2ok ioparnlary! preferabis to use the

pol ymeri zation while flow ng down al ong
evaraiatifiiaRBas PoSraRle T or A ibAaRidr theTaseinafive liau
) f. 50 Pa.vi ; ) .ade | . .
has BrraiaP MgaMRcaRibon S EHELY Fry R arigatsteir the industrial

tom portion 11
of the second pol ynerization appar at At
evaporation-appatatiss @mt‘h&? R’Sﬁgﬁgﬂ%ﬁ'ﬁ?f}% 4 a8 g]a&mddg‘%g{‘sgtm
flowrate of 6 ton/hr fromthe discharge rt 7 .
polytrier philyroecizafionappangtus, MIWIRS@W%SHF]@?%?W?PQ%S“C polymer
aromati c pol ycarbonate in the bottom portion 11 wgs
melt @R ghaipipardtus fousbparating angdhus recavesingtbe FHYMer tem a
the aromatic pol ycarbonate w thdrawn from an outl et
th stfd%fbl ap Belutioh)are purifyingrthepolyreets af ter 50
eiﬁﬂﬁ% 0 ?fznwconnencenent of operation was 11, 500,
and the aromatic pol ycarbonate had a good col or (b* =

3.2). Moreover, the tensile elongation was 99% The
val ues of
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Mh for the aromatic. pol ycarbonate wi thdrawn fromthe
outl| et—12 -after 60 hours, 100 hours, 500 hours, 1,000
hours, 2,000 hours, 3,000 hours, 4,000 hours, and
5,000 hours from comencenent of operation were

11, 500, 11,550, 11,500, 11,550, 11,500,725 11,500,

11,550, and 11,500 respedTLAMIS, and hence operation
was stable. The aronmatic pol ycarbonate produced as

Wec%*ﬂ‘ﬂ‘ve had a content of alkali netal - 38 Rte: and/or
aline earth nmetal conpounds of 0.03 to 0.05 ppmin

catan 40 indRaGE oo APBER: IR ARG o

appar atus accordi.ng to t SNk oy ieSto flow down
matejaaranagR/owaE baRd Rt Bt baid RiGHS; fladeto flow
apparatus suitable for, effjcgiently, caoncent [
along an gstemelsurtase of  DuidednEbAPER RPHTEREI oY g st source,
| ower boiling point than that of the Ii uli@%’ it hout
duringrwaimichdinse saicHower bbiioglpsinttmateriak lﬁrﬁ‘éﬁ}ﬁq(aﬁ oW 'R
foreign material, or deterioration in properties. It
improverR@nt ¢omprsés: preferable to use the 10 evaporation
apparatus according to the present invention in the .
C as(?? EQ@ evdborafich/agparaiiss complising eeliquid reteivingest; @/fiquid
Partlcularly preferable applications of the industri al

feedﬁﬁﬁ?‘[eafcjr ?@e&\ﬂggégi @i&%@é ?bgﬁrét@d@ﬂeﬂb&a@guide provided in

ention are ndensat i _ p_oI ynmer S
an o o 32H 285 AP o o ORI of yees ot xtend
cowRuBeh iEa $hSch BORchSAEY e et Al AT abidta Lasig, and
a b&%@hiﬂﬂﬁ%&%@%@éﬁﬁ%ﬁ%ﬁﬁl éuﬁl%}')g%%h{l 'g?k:' eyappration
zongrg Lﬁihuﬂ.ﬁé.éggaég%ém%é% wetmost portioncof 1R bottom-wall
casing; |

(2) a flow path controlling member which has a function of making said liquid
fed onto the perforated platé from said liquid receiving port flow mainly from a |
peripheral portibn toward a middle portion of the perforéted plate being provided in
said liquid feeding zone,

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

07 < A< 300 (1%

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

20 = A/B = 1000 2)

(5) the bottom-walll casing constituting the bottom portidn of said evaporation
40
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5 along an external surface of a guide that does not

t hensel ves -have a heat source, during which tine said

| ower boiling point naterial is evaporated, wherein

i mprovenent conprises: (1) said evaporation apparatus

TTeonprising a liquid receiving port; aliquid Tfeeding T
zone Eomndated ahgn faterhdl IamgieJICv(l“)itcasald iside-wal ¢agingten sald

sai d guide provided in 10 an evaporation zone; said

bottoﬁmaﬁ lcakirR) wheRéinlkaid aagie ©(Yy tisfigs tHe Willbdiry fomaula (3):
ext end dovvnvvard wi thin a space encl osed by said

per‘flgrgt@l@ £, a side-wall casing, Fg) a bottom
mall casi ng; an evaporated material ouflet provided in

' ; I t .
or 60 SRR (o) pr BREG of 3B g Seleflirg BB formuia (4)
casi_ng;. 15 flow path controlling nber mhlch
haésﬁ é%%bﬁéc#péh maki ng said liquid # ¢ onto the
perforated plate fromsaid |iqguid receivin .
mai(7) § tetabextarnal surfase asea §0W o Sﬁtslwaeagﬁﬁﬂ&m the following
portion of the perforated plate being provided in
formwlai(8):1 i qui d feeding zone; (3) an internal sectional
area A (m taken through a horizontal plane of the 20
si et | <c8800Q of said evaporation z¢be satisfying
the followwng formula (1): 0.75_A300 (1); (4) a

rati o between said A (n2) and an internal sectiona
area B (m taken through a horizontal plane of the

L5 R PR 8t e B Pt an o
less i3 D fof PRCS! St b B3 b etiotid sipdiatior B

angle C () to said side-wall casing on said
bottomwal |l casing, wherein said angle C () satisfies

the follow ng fornula : 1105C5165 X . ' .
3. The mdu%tnal evaporaglo% apparatus accorc‘nn& 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 (6).

100 < E <180 (8).

4. The industrial evaporation apparatus according to any one of claims 1 to
3, wherein said side-wall casing of said evaporation zone is cylindrical with an inside
diameter D (cm) and a length L (cm), the boftom-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
diamster d (cm), wherein D, L and d satisfy the following formulae (7), (8), (9) and
(10): |

100 < D < 1800 (7)

5<D/d S 50 (8)
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(6) a length h (cm of each of said guides satisfying
~the followng formula (4): 5 150 5 h 5 5000 (4); (7)
a total external surface area S (m of said guides

satisfying the following formula (5): 2.5 S5 50000

(5) 10 2. "The industrial” evaporat’ ion” apparatus—— 7

aco@ & ng/DoZI30 m 1, wherein not |es@}than 1 ton /
hr of said liquid is subjected to the evaporation. 3.

The ipgdust Ui & He¥@poration apparatus afi@rding to
claiml or 2, wherein an angle E () between an

i nternal si devval | surface of said |iquid feeding zone
and 15 said perforated plate satisfies the follow ng

f or.mu (; g i
evépor Bﬁ”%‘ﬂ%g?‘é‘?f%’%‘ﬁ‘g’& %%?'F?g”?ér any € %‘?‘PéPeaiDFrglaims 1to
wher ei_n I de- yal | ng of said

4, W"@Fﬁ'ﬂdhﬁt"\ %ﬁ?'S?Sﬁ SOI@EW' E?BM??ﬂ)t h an inside 20
dianeter D (cm) and a length L (cm, hf bott om wal |
cadi0Bg< boEn d at a bottom portion of1Baid side-wall
casing is conical, and the liquid discharge port,
which is in the | owernost portion of the conical
bottomwal |l casing, is cylindrical with an inside

di @®retEie ihd(stial eviporation Rpparatos adcemting toyany ene of claims 1 to
following formulae (7), (8), (9) and (10): 25

- anddmizide(t8)b h that
5 WSRO ot anrso mcn

the *@eﬁ&f‘éﬁﬂnﬂfﬁg GIS fifleridl AYoPBepndrof, Withla Sufside diameter r
(cm) w erem r sa?speos ﬁ'lje]fbuowmg formula (12).

01 =r =1 (12).

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 1to
5, wherein said guides comprise guides according to claim 6, and form one of a
grid-like or mesh-like guide structure in which the guides are fixed together by
transverse supports, a three-dimensional guide structure in which a plurality of
grid-like or mesh-like guide structures are arranged in front of and behind one
another and are fixed together by transvefse supports, and a jungle-gym-like
three-dimensional guide structure in which the guides are fixed together in front of

and behind, and left and right of, one another by transverse supports.
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6. The industrial evaporation apparatus according to
-—any ome of clains 1 to 5, wherein one of said guides
is cylindrical, or pipe-shaped and nade to be such
that 10 the liquid and/or gaseous material cannot
“enter therein, with an outside dianeter r (cny,

wher eTheling@étiial éspdratiorf apparstumatcordinigato(ds) on@of claims 1 to

sr51 (12). 7. The industrial evaporation apparatus

8 wh%?&igfs%ii@ GiB i€8menef Aimehdth8Bora infixture df twwlosmedre kinds of
' 'sald guidées conprise guides according to claim6, and

moncfs 3 Rty g SR AT mdar rsptymer o o
cons§5Fh B T el bl AL i

one of a 20 grid-1ike or sh-1i ke qguide r re i .
mateqial 516 byreredercmatanal Apdlpr gemee Pragicad irddal sindénsation
supports, a three-di nensional guide struyct urecj n wpi ch
polyraerizatics, iang ssfid inglustrial ienaporatieaapnaratisds agondensation polymer
structures are arranged in front of and behind one i
polyraarizdtion appbraties for removiogeaic lowsr hoiling peint matepgidrarg said
and a jungle-gymlike three-dinensional guide
melt By TevapuFatidrsoVak & iridfeag ih potymerizdtionedegregef ke prepolymer of
ffont of 25 and behind, and left and right of, one

the cORALASALdY R&gﬁ@m the RBPUbAsatick pSlymBre | ndustri al

evaporati o pparatus according to any one of clains 1
to 8, wherein said liquid is a nelt of a nononer or a
m xture of two or nore kinds of nononers for

progduci a copdensat i . I ;
or “{the Th iRl B APy BHoREPH RSy BEpRinG 10 EERR Wiorein the
ol ymer, the |lower boiling point.,5 material .i

concggnsptl@a PO A P@!Ve%tﬁa/aoPg'MPW %PBIHE@@&%?%F'oug h
condensati on polynerization, and said industrial
evaporation apparatus is a condensati on pol ymner
pol ynmeri zation apparatus for renoving said | ower .
boi 11. ngThindustridl evapbraticorapperatus ascording 4o apy one of elaims 1
so as to increase a polynerization degree of the .

to 8 AWRERkY §8id IRfuid ishe nEinslentrarmoplasticypolymand/ saidiibwer boiling

condensati on polyner.
point material is 8 monomer, an oligomer, and a by-produced material contained in
the polymer, and the industrial evaporation apparatus is a purifying apparatus for
removing said lower boiling point material from said melt by evapbration soasto

increase purity of said thermoplastic polymer A.

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

ester-based polymer, or a thermoplastic elastomer.
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10 10. The industrial evaporation apparatus according
to-claim9,~wherein the condensation polyner is a

pol yester, a polyam de, or a polycarbonate. 11. The

i ndustri al evaporation appar at us according to any one
“TofTclaims 1T 15Tt078, " wherein said Tiquidis a nmelt of -

a tiBer Mhplindtstrialeiapoeation apparatusaccorting orany ens of clalms 1

material is a nononer, an oligoner, and a by-produced

to 8, Whepdih&aid ﬁ’cﬁﬁléwa%o!mlontdfa thermoplastigmblyrer Bpsaidtower boiling
evaporation apparatus is a purifying apparatus for

| point:rrg?itg\ﬁgm a°'%ﬁehﬂWmEﬁ'sbld“ﬁ\eﬁﬁbﬁlasﬁBtﬂwﬁér isrdiseohediand/or a

evaporation so as | ncrease purlty of said

m°ﬂ%5§é3ﬁ“p$’@#e§p§§¢ ?Béép@g@ég e epiie 3 poymer
s e SR K ettt R ity

yvi nyl i dene chl ori de- hase .
purlﬁpatlgraappamus fanemsumjsqﬁ?%ﬂomf% ERJPW@W jgl from said solution
: ester-based pol yner, a polynmethacrylic 25 ester- ba?
by eyaporation so@sdotseparate lansthus ceervassaid thermoplasti¢polymer from

i ndustrial evaporation apparatus according to any one
said ebiutibaiamd ihcreasedurith of said thefmioplagtic polymes. sol uti on
of a thernoplastic polyner B, said | ower boiling
point material is a solvent in which said
t her nopl astic polynmer is dissolved and/or a nononer,
an ol i gomer, and a by-produced nmaterial contained |n
said polynmer 5 solution, and said industria
evapor ati on appar at us is a separation recovery /
purification apparatus for renoving said | ow boiling
point material fromsaid solution by evaporation so
as to separate and thus recover said thernoplastic
pol ymer from said solution and increase purity of
sai d thernopl astic polynmer. 44
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