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| NDUSTRI AL EVAPORATI ON APPARATUS Techni cal Field The

- present invention relates to a novel industria
‘evaporation apparatus. 5 Mre particularly, the

present invention relates to an apparatus in which a

liquid containing a material having a |ower boiling

poi nt than tHi‘HBUS%FHAb BEVARORATIO ABATUSW down

al ong an external surface of a guide that does not

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

| ower boiling point material is evaporated. 10

TechBitekgigignd Art It is well-known that various
i ndustrial evaporation apparatuses are used to renove

volf{d %s%ﬂ ARG rBHsA6 z# AV %t{iusﬂﬁalf&) ration apparatus.

conmponents vaporatl on roma liquid and thus

GBS L o SR AR o

contélﬁgﬁgd agéga P ﬁg\xfgr %Fﬁem it ﬂ\ re %ﬁa\ﬁéﬁawd is made to

403- 405 descrlbes the follo es of |ndu
flow 99&’5‘@'8%‘9 &h apprehsudace oha g&%&g&é‘éeamm% V?§/ ﬁeve a heat

a natural circulation inmersed tube type, a natural
source; durirg whichHime the lawerthailing poipt matersalis evaporated.t
tube type, a vertical long tube clinbing filmtype, a
hori zontal tube falling filmtype, a vertical long -
tube falling filmtype, a forced circulation 20
Back@rbuA@Aral tube type, a forced circulation vertical
tube type, coil type, an agitated film type, a

ceng fd Wifdhol thaf bér‘iﬁdéf |ﬁaus@|apb@éﬁbrb}i8ﬁ appBfhtasés afdused to

'~ evaporation type. hese 1 ndustrial evaporation
I Y S

ror ORI iAo SRl Bl o s
RO A i A

the exception of the agitated filmtype, all_ of these .

Engineeraflapss, 1988 NenRatentDacument LisesnaaesdQ3f0pldgscribes
1 exchanger. For the agitated filmtype, scrapers are

the fotlowiregitypes rof indugtriial eviapatation apparatuses! asabmenged cembustion
whi ch is heated through an outer heat source, thus

types arriturzg circulation immersed tube type, a natural circulation horizontal tube

type, a vertical short tube type, a vertical long tube climbing film type, a horizontal
tube falling film type, a vertical long tube falling film type, a forced circulation
horizontal tube type, a forced circulation vertical tube type, coil type, an agitated film
type, a centrifugal thin film type, a plate type, and a flash evaporation type. Of

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

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

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

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

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

exchangéme Fopiise dgitated flimitype, swrapersrarelrotaiéd ovepa cylimdridal or
are of the heat exchanger type, the liquid is

conicﬁ? W%ﬁﬁ%@g WHIER HORe 8 W@gh% vier peBestgrcarthriststraping a

ow I n e tormof a liquid filmover external

v G5 nd 4 EEBA o e oo
whorShT % DB g o T i et

. closest to the type of th resent .jnyvention ar .
unifopis; AN RIOMeng hedidransies , Mereoxst with tha hprizon |Gt fpting fim
circulation vertical tube type, but these ?re f ?
type oy the forces cirputatien horigontal tubedypecwhichiarg g H'ﬁ%gigﬁ exchanger
evaporation while descending in the formof a film]15
type} imediouiid isccariceatrated theoudh edapaeration whiledyging spdeoto fipw in the
system of the present invention in which the liquid
formi T aTRgled fifn ldveresiernalaupiages f boriadntally irstalledotubes; the tubes
gui des, and noreover the tubes through which the

themseftisCark ﬁé’ﬁel WYoLBh S hERIFEMEafN 8atl dsiteam floadihgng

medi um that flows Over the outside (trunk portion) of

the tubes, wunlike in the present invention in
ther%mﬂr{lfgq{'he gui des do not thensel ves have a heat 20

SPGB o I, SR i e

strands or fjlanments froma perforate I LNt
closgsipdna trRmOLRabTasaat inveni giaierrical ARG el BBRm type
t hrough evaporation while falling down freely are, .
and e fored wircylatien perticsl ubsciyrenputithese gre phadywe i, Whish the
3110547; Patent Docunent 2: Japanese Patent .
liquigid concentratedithrosgh 2vappratianwhite deseansing iy the form of a film
drawbacks with such a strand evaporator, for exanple,

throhgls ¥erizallpinstalied Wib2s! as bpposed tntheasystemnofdhe present invention
fall down freely, the residence tinme in the

in wRIERRBEAGURisZA4Ee tS flsWdwn alhghademal berfasemof guides, and
efficiency Is poor, and

moreover the tubes through which the liquid flows down are themselves heated by a

heating medium that flows over the outside (trunk portion) of each of the tubes,

unlike in the present invention in which the guides do not themselves have a heat

source.

Moreover, strand evaporators in which a melt of a polymer or the like is

~extruded in the form of strands or filaments from a perforated plate into an

evaporation zone, and the polymer melt is concentrated through evaporation while

falling down freely are also known (See Patent Document 1: U.S. Patent No.

3110547; Patent Document 2: Japanese Patent Publication No. 30-21 64). However,

there are drawbacks with such a strand evaporator, for example, because the liquid
2
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noreover the strands or filanents sway sideways in the
evaporation zone and are thus |iable to fuse to one
anot her, and hence conti nuous stable operation is
difficult. 5 Apparatuses in which a polyam de, a
pol yester or the like is produced while making a
to berconoematratediswaliowad tprfaib doymdredly, dive desidente lime inrthar
supports have al so been proposed (See, for exanple,
evapBratRIN zdMCisnshurt, andWhepcelndé @Whgb@tin@%fﬁﬁ&ﬁc:y Rapent and
Docunent 4: Japanese Patent Publication No. 48-8355,

morbte SUSASPOL aonttbagg Sl o gpoien soreandar

s 1 09916 95 o y91a0oh Bor s ddppetlion g .
o SARASA i iR R 8 B4 e making

hi gh-vi scosity polyner ne|t is concentrated.tprou
MONQMER Frixtre O mn@mgaﬂw&ma‘%gmﬁr SHPRPHS Eab% %l%g been
made to fl ow down along the wire | oops has been -
proppsedh (See, for esampie, iRatenisDeewnest 3t 'é£ tRatentNen3a4d993; Patent
apparatus can be advant ageously used for subjecting a
Docuyrneyt4r JapmieseRatent Bubliationl No.i48-8355, Rateat Dogument 5:
concentration through evaporation or gas renoval (See

Japd?@sé@at@ﬁ?A?ﬁl(&ati_&h Liaid-opeaiN®rs3-1P568; RatehbDotliment 6:
2002/ 051606); this nethod is substantially the sane as

Japﬁéé%tMnﬁﬂg%Mi@h?ﬂa‘i@-opgh NG BO-RASPP PateRY DbbBEment 7:

present 1 nventors in wh a pol ycarbonate is produced
Lo ' ol | .
Japayse P aBNLRBPACRR, B RpeANGBAIBTAZE.  Phricfbre an
starting .nmpterial flow.d 10 | . f ed
appdftis PGB fops oY b ol? sltedialeh #BR. hda
. International Publ.ication WD 99/ 36457). wever Wit
higheeF bl RAJAPEIED b SoNFE A IMLONEVaPRERUSY P pas S Femoved
sheet - shaped gui des, there have been no specific
therefrem while beingrmade trfewsiewn alongithe wite logps fas| keesy proposed,
use of 25 an apparatus which can carry out the
and évasobeen statexpthatsiuoh astappayatusrcan be ativaniegeously iused for
of time on an industrial scale such that not |ess than
subjecting a/pdiycapbondte dolutitndon meltdn paiticedzirad concehteation through

evaporation. Furthernore, wi th evaporation apparatuses
evaporaibn TP dad'renfohal SdPatift Ddtement 8: International Publication WO
2002/0516086); this method is substantially the same as a method and apparatus
already proposed by the present inventors in which a polycarbonate is produced by
polymerizing a molten polymerization starting material while making the molten
polymerization starting material flow down along wires or perforated sheet-shaped
guides (See Patent Document 9: International Publication WO 99/36457). However,
with such an apparatus having the wires or the perforated sheet-shaped guides,

there have been no specific disclosures or suggestions relating to the scale or use of

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

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

subjacdted to the evagoratibar, in the case of an apparatus for

evaporating lower boiling point material froma
| i Fuirthdmiore|gwith eehpératioh appacdtuses knewh so fat, there hesebeen no
revealed for the first tinme through carrying out

descﬂ?ﬁbr‘? BYRfbaMRTbF BUSHMgPisietdration 88éh b distefdration, gelation,

generation occurs, then the degenerated nateria

cros SR HTo0Gr Y A B BSERFRAR B i, scorcingor
oSO LT G s 6 o

o "B s RSl e

consi derati on what soever has been Qil ven to sy
boiling geiné matedal frpror aud Haying a selative E\higih"'s%‘iltye%mﬁl keen
according to FIG 1 in Patent Docunment 5, which relates
revenled fan thie/firsb ties thnowugipaarying aut prolosged contiayous operation that if
supports, it is dear that there is nuch so-called

such d6géhetaties bewtie! thartheisgeneratedanaesial progregsivelyogsdddenly
period of tine and is thus heated between a hol e

becdiﬁéé hiked®in ﬂheoc%rfdéh%?éﬁ RiAd Soritfing @bt Srobkéms iofl diseoloration

surface of a hollow body, and no neans at soever has

and gﬁﬁféngﬂgf?{;ﬁ %tﬁw‘gohﬁqglhé?gﬂ thatSridlNivhicHis@tabdl #5the concentrated

ccor iscosity material fed in froma
h- vi erlal feedi ng port (7) resides for a

proc&pg %ég P%M%’E‘%af time in the "dead space" bet ween

t he erfor and t he nternal e

Sur Hawever, X g cibar st 438 Svamiaralibh BpataLl %%@@J’J"" s0 far, no

probl ems occur inevitably. Mreover, even.jn recen

conﬁjdewgedmwsogwma%nﬁwnéo sHEh #@sﬁgew%@nmw ed

been adopted 25 for reduci ? "dead space" in
operstions i E@repcamnlm a;:chdtngizq FlGr1 in Patsmt .chym@tfsr which relates to

which feeding is carried out onto a perforated plate
an dvabOratidm) apphriusthetuses liriedrrsuppbrtsnit i clear that thgreds much

of the present invention, in the case of an apparatus
so-dallehiédd 8pace” 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-viscbsity material fed in from a
high-viscosity material feeding port (7) resides for a prolonged period of time in the
"dead space” between the perforated plate (3) and the internal sidewall surface of
the hollow body, and hence the above problems 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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liquid containing material having a | ower boiling
point than that of the liquid is nade 5 to fl ow down
al ong an external surface of a guide that does not
t hensel ves have a heat source, during which tine the
| ower boiling point material is evaporated, to
provi de a specific apparatus that can be operated
stably for a prolonged period of tinme on an
Disclosdtesdf Inmmentieal e such that not less than 1 ton / hr of
the liquid is subjected to the evaporation, and

f unt ResTBbRCE 8 thleQreSBnBingSEor, iff the8akss 6f ah apparatus in which a
evaporation 10 apparatus in which there are no

IlquuFEBmag‘Uﬁ%ﬂ’xégeﬁgl I‘%ﬂ ‘éﬁaJvéPBoﬂﬂg%?g}tqgang Flﬁi dilthe hﬁﬁd is made

I'ng in thé appar at onged
ordiihfhdbn 'a“f?gﬁt%@%! R aﬁ@n@%nﬂéﬁeﬁ%ﬁ@%e%e'ves rave o
v VRS e B SRR SR

IS subjectedto pol yneri zati on V\,hlle beln ?
providg a smgm&@mparaing tl@fm qabha, operaiad SiabbeTor APTR qr&em period of

the present inventors discovered an industrial

timee@regm irdustrial sppler sudsthabnotigsa tharediton ébr of thecliquid is subjected
characterized as described below in which the above

to theldvaporation, edfuUtthemore tolprevidea spexific mdustrial pvaperation
invention. That is, the present invention provides: 1.

appdtatidiRuphith Qﬁer%Vﬁléq{@brdBIbrﬁQ RABab Wegeherdtion causedy some of
containing a material having 20 a lower boiling point

the "Oﬂtﬁ@eréﬁ?“'giﬁ} B B e o e el Voo
o f?%g'f‘%%%?%@fﬁ SHHipd 8LV 345 i usihg 8 ¥R applications a
previdyRyY beaRRged R AEtng HONGTIRB YRS frhé’ﬁaae*%%ﬂ?aﬁétus in

zone for feeding said liquid via a Eerfo\rﬂ?UJ &pl ate

whichza mojtenderepplymards |SHb&$teC§2!9 RIS FigatIeM WhHR e'%mﬁde to fall
evaporation zone having plurality of guides that

downyalengl guisias\auch ad wites aA§ peresulbrbpaegemiinyentgrs discovered an
perforated plate, a side-wall casing, and 5 a

industrisl evepatationappagatusthavirapa speeifiedstrecture ocharacterized as
provided in said evaporation zone; and a liquid

desélilssBélo® inavHich tiny aBeve bbjezt bameenmiingdthiis readhindito the
bottomwal | casing;

present invention. That is, the present invention provides:

1. An industrial evaporation apparatus in which a liquid containing a material having

a lower boiling point than that of said liquid is made to flow down along an external

surface of a guide that does not themselves have a heat source, during which time

said lower boiling point material is evaporated, wherein the improvement comprises:

(1) said evaporation apparatus comprising a liquid receiving port; a liquid
feeding zone for feeding said liquid via a perforated plate to said guide provide in an

evaporation zone; said evaporation zone having a plurality of guides that extend

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

a bottrhdvali aasidgf aeeivagorate matsrial mutieh provided wesaid evaporation
area A (m taken through a horizontal plane of the

efsthRfgPpord &a&awa%weﬁnéﬁ riien i the bettom-wall
zone?ﬁe féé‘ﬁdée\n ng fg%rreo ?jr ! .7 < A <It§JOO (1); (4) a
casi a(ﬁti 0 between said A (mZ) and an |nternal secti onal

ea B (n2) taken through a horizontal plane of the

f
(2D 50 B g PRhjeer it a ol fﬁh‘aﬁ%ﬁgn{%ﬂ%@d quid
fed c@x?éba”ﬁgaéﬁaﬁé g olatS Horm ettt ipd Bety flﬂ“ém?én'v&wgﬂ@
C () to said side-wall caS| ng on said bottomwa
perinhesalpprtion doward 2 middigrppriorcof ;h%ﬁ@r‘f@lﬁt% plate bemg provided in
following formula (3): 110 < C < 165 (3); (6) a

said liguigk feetingczgnepf each of said gui des satisfying the
following formula (4): 20 150 S h S 5000 (4); (7) a

t ot(3)) apvihtingll sextiohalcrearte@n? takgn tfroagh a hprizbetal plane of the
satlsfyl ng the followwng formula (5): 2 S S s_ 50000

s;de(\#au cadiflg 0P sai éliaplopdtich foﬁégauskfﬁh%ﬂﬁ@ fElbWing fomalia (1):

of sal d side-wal | casing of t 25 evaporatl on
zo de closest to said int gﬁga wal 1
satlsfles t‘ﬁe ollowing formla (6): 5 K5 50

BB PN P 4543 e
through a honzonfc'aLf t[.)3llaencet otd the(?lqu cF dlg\éﬁg %%aﬁér? satisfying the following formula
(2):

20 = A/B = 1000 : (2);

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

110 = C = 165 )

(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 £ S = 50000 (5); and

(8) a distance K {cm) between an internal walll of said side-wall casing of the
evaporation zone and the guide closest to said internal wall satisfies the following

formula (6):
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3. The industrial evaporation apparatus according to
item1 or 2, wherein an angle 5 E () between an
internal sidewall surface of said liquid feeding zone
and said perforated plate satisfies the follow ng
formula (7): 100 5 E < 180 (7), 4. The industri al
ev&p L afi En58ppar atus according to any{8he of intes 1
to 3, wherein said side-wall casing of said

2. W@Wiﬂ&%véﬁﬁﬁtnbﬁ appar s i goabrdihd fo Remi 1)svisereirifot less than 1
di aneter D (cm and a length L (cm, the bot t om wal |

ton /?ﬁ%f%&d%&{‘d@?é j@éte t?ﬁ@é@%ﬁ&&aﬁlbﬁn of said side-wall

ing I's conica di scharge port, which

o i W AT S BB 14 2 v an el
= e i s EaF oo o R yifloctio bt s

D5 1800 (8) _55Dd 55L‘D530 (10)
perforateskplate:-s f@ﬂb"efoupw"'i‘ﬂéorr'i'\‘dés(? i al evaporation
apparatus according to any one of itens_| to 4, 20
whet® r=tBe $80une V (m) of a space in (fhich the
liquid is able to be present in the |I|iquid feeding
4. Theindustraltdvapbratidndapperatus acpopding to anyrongpefdmtes 1 to 3,
surface of the perforated plate, and the upper

wheﬁéﬂﬁ GarpsiasSvalilcasiig of shilevapofation ashepisadytindrical waithmgn inside
the upper surface area of holes therein satisfy the

dlanié}% 9"{‘5@9 bén%%l& th £3Em) A dttBm-wall dasingcbniedtéd at a bottom

dust rical evaporation appar atus

port?@cog gi'id'gl E—%Qipﬁﬁﬂﬁ d@&ﬁl#ﬁf%&tﬂeohqin dmﬁéfg%é‘pé’ﬂewﬁifch is in

s 'S rrca pl pe- s aped made
be such, t

uewsm@mpé%ﬁwcarbﬁmaﬂ%q SHES 3 B4 S an oo

dlarrgptgr d (pmﬁsr%grpryy ?.)ati.l saElsfy J.S Ifc|>I owm ér?‘rgu 9?8)( ](é)) (10) and
(11):

< D < 1800 (8)

100

5<D/ds 50 ©)

05 < L/D < 30 (10)
h—-20 < L £ h+300 (11),

5. The industrial evaporation apparatus according to any one of items 1 to 4,
wherein the volume V (m®) of a space in which the liquid is able to be present in the
liquid feeding zone from the liquid receiving port to an upper surface of the
perforated plate, and the upper surface area T (m?) of the perforated plate including
the upper surface area of holes therein satisfy the following formula (12):

002(m) = V/T = 0.5(m) (12),
6. The industrial evaporation apparatus according to any one of items 1 to 5,

wherein one of said guides is cylindrical, or pipe-shaped and made to be such that
7
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7. The industrial evaporation apparatus according to

any one of itens | to 5 5 wherein said guides

conpri se guides according to claim®6,. and the gui des

are joined together by transverse supports, 8. The

i ndustrial evaporation apparatus according to any one
the liqhid dreifer gasenus material eannstentepthereis, withyan eutsifle dismeter r

according to claim6, and formone of a grid-like or
(cm), nRRErdih k SafisiciathalfolewingFotrulhieh the guides are

fixed together by 10 transverse supports, a

thqﬁ?.alpagshonal gui de structure in m@igﬁ a plurality
of "grTd-ITke or mesh-like guide structures are

7. P44 RS B B S Ak s o 8RR or i o 5
el S AT, S5 RS BT S A 54 e e

behi nd, and left and right of, one another by
togethes Py EansYessesPRAITS. 15 9. The i ndustri al evaporat| on
apparatus according to any one of itens 1 to
8. Theirelustrialievaporation appagafus| accgrdlagﬁ@aamned?f items 1to 5,
m xture of two or nore kinds of nonomers for-
wherim €aid qudes compeise ajides actordiag, toataiin, anchfospoonyerof a
of the condensation polyner, and/or the condensation
gnd-ﬁﬁé YAPfeshLik® §Gine stideturene whichithe gaites aee fixed together by
by- produced material and/or oligoner produced through

tran§RrEE gé?{bbﬁé‘ g%r@@-dﬁ'fﬁﬁhélégblc @Fl] de ANUchPb th WIS Plarality of

evaporati on '‘apparatus Is densation pol ymer

oo KPFiP 0 BBBLH I 5 oRELES o B tBeningone

anofpe A58 e e ?3‘5’«%@%8»« tréﬁ%%%rzs%#%epﬁﬁe%ﬁiﬁﬁ%é'@f%"-"ke
condensati on pol The |ndu trial ?ﬁ

threggliyaeasigaakgidige rﬁgtttrs i the,giddes ﬁf? figed tagetherin front of

condensation polynmer is a polyester, pol yam de or a

-and pehinch @pdrieft @ndTight Pheonemanether by tr@mawrsatsqﬂpo s,

apparatus according to any one of itens 1 to 8, 8
9. Wherindustsal evdgonatioh apparats acedrdingtth@nyopnenst items 1 to 8
polymer A, said lower boiling point nmaterial is a

TSR 430 S QoS anatar st o v Ko o
morWist8ITeF pRIHLRIAE bHEehSatdripblmet, hdioa prépalyrmer of the
condensation polymer, and/or the condensation polymer, the lower boiling point
material is a by-produced material and/or oligomer produced through condensation
polymerization, and said industrial evaporation apparatus is a condensation polymer
polymerization apparatus for removing said lower boiling point material from said
melt by evaporation so as to increase a polymerization degree of the prepolymer of
the condensation polymer and/or the condensation polymer,

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

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

11. The industrial evaporation apparatus according to any one of items 1 to 8,
8




10

15

20

25

renmoving said |lower boiling point material from said
nmelt by evaporation so as to 5 increase purity of said
t hernopl astic polymer A, 12. The industria
evaporation apparatus according to item 11, wherein
said thernoplastic polynmer Ais a polystyrene-based )
wherpir yaigiquid isa meltrofia thiermophistib pebnend| said igwer boiling point
pol yvi nyl i dene chl ori de- based pol yner, a
matePidl 13& MYrdMdr bholiBoARre, Al ¥-prodaced materizl contained in the
est er-based polyner, a pol ynethacrylic ester-based

polyuﬁ%laﬂﬁ%‘"meﬁﬁd@stﬂigl é@ﬂ%ﬁﬁ?b&aﬁk@ﬁ@Hﬁﬁﬁyi@apﬂ’éi@tus for

ustrial evaporation apparatus according to any one
£ fein aal ConidLi :
remding sFDatvet Bofing skefie@riafhib 14l By BragotsiioRisaas o
. material |s . ol vent in ich said thernopl astic
mcrqggpmﬁly Pi%@éﬁﬁ%ﬂaé{ﬂ‘wé@"&”ﬁonomr, an ol i goner,
and a by-produced material contained,ipn sajd polyner .
12. 15he Bl SvaRAra T ARRAIBI 40PN SR M bh RTRILSaig
is a separation recovery / purification apparatus for
thermopiastio gobuher A isra polystyignediased polsnen g RNy thioride-based
solution by evaporation so as to separate and thus
polymes,cy polyvinytidéme chiopidesiasedgudlymer, & palyacrytonitrisobased polymer,
and increase purity of said thernoplastic polyner. 20
a pofdicaficeataubasdd pelymerf a pbimiethactylic estBreasedysdlymet, or a
evapor ation apparatus according to the present

therhﬁ}bﬁj&iib%ﬁ‘aﬁ m@p evaporation / concentration apparatus
in Ich a [ardge amount of a liquid can be

e L AL
wnei bt ilsls ekl £ RRFFRLBUELRbH €, 59 e boing i

liquid oyer a prolon eriod of tine. .ln.

materialis a8 Ye?ntﬂrh@hwmﬁégﬂhgwm a3t RoWBIeT ip issglved andior a
according to the present invention 9 achieves .

monemssl aewligemesand abytpredused smatedal entaingd iy gaid polymer
evaporation of a liquid having a relatively high

solutibacasd sgid industrinhevaprration apparatusisna separationgecovery /
concentrating such liquids having the relatively high

purificatipsapparbiuscfop Ferauvipgrsaid ow boiing oirt\reateciahfropi said solution
where sone of the liquid resides while being heated

by dvaboratRincd P88 B! separatsl affl thus recover said thermoplastic polymer from

said solution and increase purity of said thermoplastic polymer.

Advantageous Effects of the Invention

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

without occurring degeneration of the liquid over a prolonged period of time. In

particular, the industrial evaporation apparatus according to the present invention
9
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5 time, whereupon this |iquid undergoes degeneration
'such as discoloration, gelation, crosslinking,
production of an ultra-high nol ecul ar wei ght pol yner,
solidification, scorching, carbonization or the Iike,
and it has been found that the degenerated materi al _
achieviesexcelentheffents rethierarnedntriation thrpugh eyapbration afra liquid having
suddenly, causing a deterioration in color and
a rel@thveiRehighedsedsityh ewitneenigpdratlises doon sthfar fodesriaentdating
10 evaporati on apparatus according to the present

such'AEMiHbt hé\ﬁn%?;%n;él?!;l\éérlf g@‘gﬁvis%qh?ddgﬁle@éméﬁém Shéfdhave been

oes not s drawbacks,” and ‘i n particul ar
oA REGH A VR SEhS AN B B oo pors o
ime 2REYEEIH 42 SRR B BRI S A PRI, ptetion

t hermopl asti c pol ynmer sol ution and purifying the,. .
crosgitkings Prodygtion of an Wira-high seelpayiae yaight 'Hﬁ%ﬁﬁﬁ&%@m
according to the present invention is an apparatus
scorching, earbbnizatian or e [ke.fandchit has besd fﬁﬂ@%ﬂpﬂir’f{\)@ gegenerated
pol ymer to be produced with high productivity of not
matdrizs mixdsin thetaoncentratest lahligy pfegressiyelyl asraysideniye cavsingfa
time wth no discoloration or contam nation with

detefi6Ftiofiin Bl drdl propetid dfithe Rondentrated liafuid. heThalrdystrial
. degenerated material. Furthernore, in the case that

evaﬂ&ti&@asga%%%&émdmrtﬂé reSERanvbritibriie d Esntiniptsnt

I'nvention is used as a polynerization apparatus, it
. i Lit . .
cves§ QT oL 1 S bk el P61 bl 4 i pericer
.Drawi n 2 | 1] sch i ' ' .
achiSYEN EREIERP ot & PR RHEIB e SR8l 3t sbhidhssgon polymer
to.the present inyentiop; .10 FIG 2 is a schematic .
2 pugBing SRRRTAREI0rghiORGPIESL IPOhRer, &1 2 ARPBFARTOr Separating and
evapor ati on apparatus according to the present .
thusireceyaringhthempalymer froma daermeniastic palymsk salutign and purifying the
schematical |y an upper portion of the industrial
polymesipoThei ispthepipdustriab evaparation @pparatus ageersing to the present
invention; 5 FIG 4 is a sectional view show ng
inveRtitve &N apphratas thiieevables & high-pérfoimeance and high-purity polymer to
be produced with high productivity of not less than 1 ton / hr stably for a prolonged
period of time with no discoloration or contamination with foreign material caused by
production of thermally degenerated material. Furthermore, in the case that the
evaporation apparatus according to the present invention is used as a polymerization
apparatus, it can be made to be such that there is very little variation in molecular

weight.

Brief Description of Drawings

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

apparatus according to the present invention,
10
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i ndustrial evaporation apparatus of the present

invention; FIG 5 is a sectional view show ng

schematically neans for elimnating "dead space"

between an internal wall of a liquid feeding zone, and

a perforated plate and a flow path controlling _

me 6 2 imadchen@ltic. sedtiosalaview showing avdylindrical wndustrial

schematically neans for elimnating "dead space"
evapofaiith PapFaTatuy &tddbrdingab the brédent invantionf eedi ng zone,

and a perforated plate and the flow path controlling

METE ey 3.%5 féeécgahgl View IhsWirsg B&gémaﬁséaiﬂﬁéﬁ QppéresortibAtof the

3: liqui eding zone, 4. guide, 5: gYaporatlon
incuffigfavahorEAF BbBa R TRk Glthbresdnt ety

In as feedin ort accordin e X :
o1 G4 a SrEng Bev s iR FBmbr@ e ubdes ptien.ithe
. casi ng of evaporation ne, 20: liqujd outlet, 13:
industrigheyararatieon apearatus, o le,seﬂtl'.‘ngg?E)I e of hole of
perforated plate, 22: inner sidewall surface of =
| i riiGd Stie @csendionahdewzhowing schematicaliameans fer-liminating “dead
Best Mbde for Carrying Qut the Invention The present
spade’ betweem ansdnteasal dvalhoft & liquid feediagyzaneaand @ perforated plate and
above object for a continuous type evaporation

a flodRth Forfrollingmembegairtl t i ons nust be satisfied. The
present invention will now be described in nore detail

Wity g &g Faeéé“&ionhpviaﬁﬁéﬁdm?b sbhéﬁﬁtiﬁ&llﬁ_eahsg’gldeliﬁlinating “"dead

illustrating the concept of "the evaporation

spacP RENRLYS aRGHf I%@f @Q?ﬁ@ﬁ(ﬁf&%‘b@%?&ﬁé‘térﬁﬁa Bﬁo¥atteﬂ é)late

Sectional Vi ews wnd a palt o
vaporation a ratus. . 11 Aliquid receiving port 1 is
a"d&%ﬁ‘é‘f’é’at?cﬁP%@Ba&H‘?’ﬂbéﬂtop of aliquid feeding zone
.3.. There ma such i guid.receiyin ort 1,in.Qne..
1: ligyjid gReeiying Post 21 peHpralgd plate politid feefing done. 4 dlide. 5:
l'iquid receiving port | referablﬁ bei ng. di sposed sgpp ,
evaporation znae| G evaparatediiaaleriglputiete £qliqjd Aisrbasge RArty@: liquid
fed onto a perforated plate 2 as 5 uniformy as | ]
dischargs jplirep, 9nan inertga®fading phdraccoeding te geed, 1@ sidewely casing
port 1 in only one place, the liquid receiving port 1
of evapdratite zohe y1 0 tionsdallcasingeof evapauation zonaf20: iquicbputiet, 13:
flow path controiling member, 21: example of hole of perforated plate, 22: inner

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

Best Mode for Carrying Out the Invention

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

showing a part of the evaporation apparatus.
11
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of the Iiquid feeding zone 3. Aflow path controlling
menber 20 having a function of making the liquid fed
onto the perforated plate 2 fromthe liquid receiving
port 1 flow mainly froma peripheral portion toward a
central portion of the perforated plate 2 10 nust be
pr diigied réceitihg portoLiisiprieferablypprovidedin artop of aoliqyid feeding
controlling nenber 20 has an effect of naking the
zonel 3, qUTTserélreay be®uich @!icgﬂﬂ redalving poor 1 irmoné plavedortinea plurality of
central portion of the perforated plate 2, thus
' il i ptefedablybeing Blsplogsd 8tich that
plac%:‘e :ﬂ?{é;gf !g?g% ?ﬁ@hhua@%@'.eiﬂlfr@'ibér? plofed |9 (eg.g.s‘bkza% &

nme I'n a space between hol es

o 14 356 95k BI fr 3 280 e G s 2.0
ek ool b 7S B Pt Bl B oy e

is thus, fed onto guides 4 framthe holes arrapged
place,daughic REeIG pA ds Prol6rAi Araded Hia conlrahpontion of the top
portion of the perforated plate 2. The flow path )
of the aviddepding Zanecdr Adlo tﬁ&mtraﬂmggnap‘@esaq hawinga function of
the effects of the flow path controlling nmenber 20
makingrthé diqaid-fed\oato thripetformted plate fodmahe liQuick reseiving port 1 flow
section of the flow path controlling nmenber 20 is
mainty #beT &belipséral partidn towatd tacceriteal pottioref the perforates plate 2
section of the perforated plate 2. As used herein, the

must 58 ngfﬁvi&&fin PR R z6he Bhe TheMuwppatlh Estitfdliing meenber 20
menber 20

refers to a section obtained by cutting

has %ﬁ‘ %ﬁB@PoftlﬂﬁléiF\bg@% Pg%ﬁa@%@m t)r'iena;g%ﬁﬁv\}ﬁgrﬁf : hdh Roward the central

ransverse I'sS sectlon
.exhi:hi t he X| . O

portge) & 1ie BT Bt &, B s Vatliio Bt i g Foxidlbarees
and the ipternal sidewall , surface 22 t.he |iquid

prolqigedt PRI HEITE iR eta etrarh oles (e St The bifforated pate 2
viscosity 12 of the liquid to be processed and so on,

and pninternal isidewalesurface 22 of theeliquid frading gane S pdihe liguid srade to
used as a polynerization apparatus, a pol yner

flow mainlyyfrorg the paripheral portiarhieward ¢hevcentralportion of the petierated
subj ected to the evaporation having a relatively high

platey R s thristfigd omto gogiesos fronoielhdles afranged behween dhe peripheral
preferable, with from2 to 30 cm5 being nore

portiBh&irRf el nt@NPoftioPreiihé pedforatauptater yet nore

preferable. The spacing between a top internal wall

; g{'ﬁﬁé Rowrbafth cbifolihgthemb8F 8o May REFe any'dthabB&d 1bAY as the
effects of the flow path controlling member 20 can be achieved, but the outline of a
cross section of the flow path controlling member 20 is preferably similar figure to the
outline of a cross section of the perforated plate 2. As used herein, the term * the
cross section of the flow path controlling member 20" refers to a section obtained by
cutting through the flow path controlling member 20 in a transverse direction at the

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

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

surface 22 of the liquid feeding zone 3 varies according to the amount and viscosity
12




10

15

20

26

control ling menmber 20 may be any spacing, but is
- preferably nade to be such that the residence tinme of
the liquid in the liquid feeding zone 3 is as short as
possi ble. For this reason, this spacing is generally
inarange of from1l to 200 cm 10 preferably from 2
of thé liquid Go be provessed arfd sa loiny but imth@ case1b6 that th@levapbration
path controlling nenber 20 can be nade to be such
appatdtas is 0Se@ B pulyPetizasdh bpgaratus, d polgmenipurifiihg apparatus or
surface 23 of the liquid feeding zone 3 and the flow
it WihaRBLigRld ¢ BB t8Ghi BvapBrtRRl haling alrBRtivaRhigh
the h?‘?%h?ﬂg "Pplcﬁiuiudﬁ gg@i Vi ngt ggrt VI Ht o the | rl1tg,er nal 3?3169
. 1 |+ Qi ' . t
viscolfty. » Bifidelfirdr 1o S s B4 RS ipleBbtaB R ith oz 730 om
._harrows,,  or, .conversel dual | y w dens. ML , e .
being fiors AESTeBAbIBcANY et § 426 belna YelTota MRSBLR. ¥ spacing
and the perforated plate 2 is . generally from1 5
betwean appribiemAwall sTack 23 9bhaidurs fesding renai gnd e path
to 20 cm The flow path controlling nmenber 20 can be
contnetitg member 20onay betanyrepaging: ibn is peaferably mage to be such that
perforated plate 2 and the flow path controlling
the residbace 8Mhe of tA8 ligulsinaheiliguid/feetdmgszore 8 ioas shert as possible.
internal side wall surface 22 of the liquid feeding

Z Oy 3hisGebsen, apist §;fdciﬁy3rst%mreliy inwrareyd of feoradl td 20@om,
2, or can also be made to be such that this spacing

prefegéaﬁgfde gr TPMR: nmrew@fé%ag%ng 1538uBd dm\M TREFIowpath

ably matle to be such that the spacing is
con B} ABHIEY 20, o3 Tise & o959 Rl SBaErlbarRBerie op
intern 8ol sukers, 2351 il S66GR0 2008 230ty b Banf Bfiroting
o s 3Gl e e A5 o a1 s
plate 2 has a |large area, it is _also preferable for

side watessusfacer?? of thei lquidfeeding zone 3, hdtiean alsphemaderishe such

cut to the vicinity of the central portion of the

- that thés Spacing gragiailyenatrows, anumoryesssingraduallp evidens r aMoreover, the

portion of the perforated plate 2, in which case 5 it
spadirsg beRiearadblecidwe patrordriteolindeletnber 20and tiee pedorated plate 2 is
plurality of places in the vicinity of a central

gené?ﬁﬂ;[r fr8fh Plto Boerh| Rerdiably PR © 30 B, WRdregireftitably from 3 to 20

anot her suitable portion for
em. The flow path controlling member 20 can be made to be such that the spacing

between the perforated plate 2 and the flow path controlling member 20 is
substantially the same from the interna! side wall surface 22 of the liquid feeding
zone 3 to the central portion of the perforated plate 2, or can also be made to be
such that this spacing gradually narrows, or conversely gradually widens, but is
preferably made to be such that the spacing is substantially the same, 6r gradually
narrows.

The flow path controlling member 20 obstructs the liquid fed in from the liquid

receiving port 1 from being led directly to the holes in the perforated plate 2, and
13
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this purpose. So that "dead space" is not created in
the liquid feeding zone 3, it is also preferable for
~the angle E () between the internal sidewall surface
22 of the Iliquid feeding zone 3 and the perforated
plate 2 (See Figs. 5 and 6) to satisfy the 10
hencé shayaisodhd thoughbof &3 beihgla Kinddfd&file) . Nokr that imtherzase that
case that the internal sidewall surface 22 is planar,

the pBribfatad piatelEhad atlae arblsit idarbhrbfepabievier somerdfake liquid fed
22 and the perforated plate 2 in a section taken

in to b8 fcf"tsaltkg‘;‘é‘ \Aglpc{)}? Eﬂﬁfi‘fgb@{}iélﬁit%eg ﬁ%‘ gbnﬁtthg gghﬁiﬁoﬂhetﬂ@forated

I nterna sur e 22 1 r surface
pete w5418} ol B L ABbiod R, i case

.. Ccurve urfac I.s.an_angl e between.th upper

tis eEgferale 16/Provide Ah0I85,008 HiRch 8 3 PTAIy T SRt the wigiity of 2
internal sidewall surface 22 at the point where ‘he .

centrahpestion ofshadiaw path sontelling;memper 201q anasiaer gyitable,portion for
section taken through a plane perpendicular to both L

this purposancSodhatiidead spate’ isnaticreatadiin Hue iquiddeeding zone 3, it is
surface 22 and the upper surface of the perforated

also prefeeatle fok therangloEqP eoetiMeenrthadatefnal sidewalll dorfaeE22 of the
180, with 145 S E < 180 being yet nore preferable.

liquiddtieeMY$ Eone B dritl theSserfurafedy plalec2 (Sed Figs S 4me6) to satisfy the
evaporati on apparatus such that the vicinity of the

Y, n the top internal wall surface 23 and the
folloxf;ﬁpgpﬁgﬁfa idewal | surface 22 of the liquid feeding

zonmo’sglo%;% beconme "dead space". It7is 25

prefer t 0 make an angl e between the top internal

oo o e @01 v B 8Bly SRS 2 8 b e R am ance

this case the. 14 vicin of .the joint is, concave and
_betwgendbe |intgmal sm?é@alhwf%%%% and tha periorates Aty e ockion taken

it
invention, the distance K (c bet ween an internal
through & ptane perpesdituwlactp botha heplane ofithe intetng) sidewall-surface 22
zone 5 and the guide closest to the internal wall
and emsippeasudage ohthe péforated)plate Bul Altea)ativelys Brieocase) that the

If the liquid becones attached to the internal wall of
interhBesidbwal wakkcs 22ii8a dohcave curved surface, E is an angle between the
upper surface of the perforated plate 2 and a tangent to the internal sidewall surface
22 at the point where the internal sidewall surface 22 starts to rise up in a section
taken through a plane perpendicular to both the concave surface of the internal
sidewall surfacé 22 and the upper surface of the perforated plate 2. A more

preferable range for E is 120 = E <180, with 145 = E < 180 being yet more

preferable. Moreover, it is also preferable to devise the evaporation apparatus such

that the vicinity of the joint between the top internal wall surface 23 and the internal

sidewa!l surface 22 of the liquid feeding zone 3 does not become “dead space”. Itis
preferable to make an angle between the top internal wall surface 23 and the internal

sidewall surface 22 be greater than 90°, or 90° or close thereto, since in this case the
14
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of the evaporation zone 5, then concentration through

evaporation wll occur on the internal wall, and the
concentrated liquid will flow down the internal wall.
However, since the internal wall is generally heated

by an electrical heater, or by steamor a 10 heating
vicinityedi thes joimt is ¢oredave and bérmcd liquid doesmad stagnal@herexf t he

evaporation apparatus for heating and/or maintaining

t hen tigaTpRIsEnY irfvefiioh NbecdistaAte td (m)dsstwebn drintémnglwall of the

attached to the internal wall becones concentrated to

side—@véﬂifiﬁ%ﬁ{g f6.9% ﬁﬁ évEEBréti&ﬁ 2drfes dndfthe Wit €le¥sstitbehe internal
gul des, d

and thus generally becones increase
[ i ThlSeaid L €1 .L.ng increased viscosity
wall %é‘%gggq'%ﬁé'é? RiBwing fthfluatey 09 L (i.e. the 15
resi denge_ti wi Il be | onger), hence wi || becone
of%gég ﬁiﬁ%éﬁeviscosity. Nbreovgé; this liquidis
general |y heated contipuqusly fromthe oyter wall, and
Peritthe idwq Raromes aveehed d the wisrpal Walf i sdgoway 858ing 10
In the case, in particular, of handling a liquid
of tha@vapgrationi zane/5,4bea icopcentcation thiowah pyaReFELtiog wilh occur on the
polymer as in the case of using the evaporation
interappwaltars] thecondientrated liquid wilk fewtdawny thet internakwall.2 oHowever,
pol ymeri zation apparatus or an apparatus for purifying
sinc@ i Mternaf walis ?énétany heatsd by Bheslectriesl Hemter, oeby steam or a
great tendency tor this to happen. In such a case, the

heatﬂ@ hEBIum Ejéé]&-ﬂ’ of thé e bAtRT Aater Walllof @he bY@poration apparatus
e one

aporat I on 5is prone to undergoing coloration,

for h'g%ﬁbg%ﬁﬁé 'r%%kﬁﬁiﬁbﬁhg‘f@r&'nggt?tgﬂéjoﬂﬂeaé\} ratiftfizone 5, the liquid

ion Wt I ng degenerated materi al

.S pndesi.rable f the pr [ ' —_—
attaciiect B aBR wallbedidh Sahienipd 1S piaher fedrd tndt the liquic
internal wall and e guide clpsest to the internal .
flowlpgl dowia thsOvigi, ang hus:genarallv,becomes forarSed Hisepry, This
_ apparatus, it is 15 preferable for this dist anf? to be
liquid ihawing incraasadofisaasity sakrailengentaiaw dewm the wall {ig. the
obtain a high evaporation capability with as small an
residgncar time witkhbegonger)| and Berce will becoros of xet bighet viscosity.
features of the present invention is the discovery of

Morébger! tHigiquit is @ehmdllz He@ted contitiously framdhediuter wall, and hence
whi ch K (an) is as short as possible without 5

therkidl B8bBAeHieH herBHfisSIRILS t@eESUrON I free 4sw] s partisutar of handling
preferable range for K (cm is 10 s Ks 40, with 12 5
a lidliPha%n & RghXflcotRy Subh 85 BRigdlymer or a polymer as in the case of
using the evaporation apparatus according to the present invention as a
polymerization apparatus or an apparatus for purifying and/or recovering a polymer,
there may be a very great tendency for this to happen. In such a case, the polymer
attached to the internal wall of the evaporation zone 5 is prone to undergoing
coloration, increase in molecular weight and gelation, and contamination with the
resuiting degenerated material is undesirable for the product polymer. It is thus

preferable for the distance K (cm) between the internal wall and the guide closest to

the internal wall to be long, and yet in the case of an industrial apparatus, itis
15
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Moreover, in the present invention, the volune V (m

of a space. in which the liquid is able to be present
inthe liquid feeding zone 3 fromthe |iquid receiving
port I (i.e. the joint between the liquid receiving

port 1 and the top internal wall of the liquid 10
prefetalsid forgthizodistiicetto bensharpimeviewof fthe praductios gast Eod:soeas to
plate 2, and the upper surface area T (m of the
obtalﬁ%f !ﬁl?h@v@ Borativrecapability withngs éhall apreppasatiusarepessiibleot One of
oles therein nust satisfy the follow ng formul a

the c(sxénga?ctte&ti@ F? thHe ﬂ—re%eﬂ% ﬁvéﬁ?ior‘ i2the disédVery %f the range of

antl a evo ume of the liquid in the liquid

S EA 6 e BRI e 453 Ao
i BB e s ) BB BARATE PRl o)

I|qU|d held in the Ii eedi ng zone 3_.is,thus V

is 10( 3 K 140, wilk12: & é‘%og‘ﬂg QK PrEfRrabissi dence
time of the liquid in the liquid feedin zone 3 and
heMderepner, lir$he prasest mvgntaqn.ghgeroéumeaf g'ndlﬁf g gpace in which the
t hermal degeneration, 20 but to obtain a concentrated

liquid iscablel ta.bd/presermt mmae lighiddepdiagaanesii froomiherliquid reseiving port 1
degree or polynerization degree stably for a prol onged

(i.e. PR jopf betwéértheNiduid redeivingport handhe top intemabivaltof the liquid
|'i quid being subjected to the evaporation, it is

1Raf
| feedingpéb; r at [t tﬁ? L?fg)@r sbiff8cé bfitHe? ér?otb&ﬁi bl%'t@i iaﬁd ‘tﬁ@ upper surface

as unlfor y as possible.

areableﬁﬁz” @\éﬁrbgﬁeémetr%&ec%%r ef e% (![.)rl s-eg‘ rantaer QOIBS
f A /| T50.4 h O 1
ther?'ﬁ)m&&%)at quéhe_fgﬁce\m\gggi(rﬂn%laagg) nore pref eg ?bl e\.NI t16 I n
t nt | ti t I dth
vol 0B T8 (1 Vo To' Bl T The d04bor at i on zone s,
must satisfy the followng fornmula (14); 10 5 Y /
500V (mg)) is au%smlaﬂnéhe wpluEe ef the ligwd int thesm@tqew Zone 3

| arge anount of the liquid to the 5 evaporation per
duringncontiriuoeisaifferatiem of thecenapsratioryapparatupacsasdipgdo the present

period of time without bring about deterioration in
inveﬁlfmﬂ efrd the vwiunedf tiye flberpath coatrolingahember 20ds eatluded

0
therefrom. The amount of the liquid held in the liquid feeding zone 3 is thus V (m3).
The lower this amount, the lower the residence time of the liquid in the liquid feeding
zone 3 and hence the less there are adverse effects due to thermal degeneration,
but to obtain a concentrated liquid and/or polymer of a prescribed concentration
degree or polymerization degree stably for a prolonged period of time with not less
than 1 ton / hr of the liquid being subjected to the evaporation, it is important to feed
the liquid to the holes in the perforated plate 2 as uniformly as possible. It has been
discovered that the value of V / T must thus be in the above range. A more

preferable range for the value of V/ Tis 0.05(m) = V/T = 0.4 (m), with 0.1 (m)

< V/T S 0.3 (m) being yet more preferable.
16
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Y / V nust thus be in the above range. A nore
preferable range for the value of Y/ Vis 155Y/ V
s_ 400, with 20 SY/ V 5 300 being yet nore
preferable. Note that in the present invention, the
volune y (m of the space in the 10 evaporation zgne
5 irsthehpresshtimvention,tbe sphuree M (n)1 aad thawelume Y 40¢) of a
the perforated plate 2 to a liquid discharge port 7,
spacé it tHedevigpdratiory 2bne mastusatisfly the follewirguiodaelai(14yhe
internal sectional area A (n) taken through a
hoqbzgt\ayvpgarggd plane a-a') of a si wal | casing
an evaporation zone 5 nust satisfy the foll ow ng

égg{,@éeé‘ﬂgé’? n;'s\:gngr A aftoSoHilctd i LR of éhé‘h?&.ﬁ&ité the
evappRiar e enama s oupd e Bl fr S bAhesd e oftime without

formul a (2)

bringshaut pterratiop FPreRENiRs.causety e H@gﬁwathanam value of
pol yner that have been concentrated throu

Y! Venqﬁdhusub@nn the abewe Fange.whd sorei prefarable %ges%wme value of Y/
i ncreased wi thout bringing about a reduction in the

Vis tBiaki iy Wi <t 80cwitb @0t carelVi 5309 bejng yet mere prefegaldle.
25 Furthernore, a bottomwall casing 11 constituting a
botNstethat inithe préséritanventiapo the volomeovi¢mB) ofthecspasetindhe
at an internal angle C () to the side-wall casing 10

evapl:?ﬁiéi?i&?é’ 8\ thé‘%iuh‘lé%ﬁﬁ@'s%a@e (formuss Iowasr suirfackluf the

ow ng formul a . 110:5. C5165 (3). To keep down
r
SIS0 g, P o sy o

falllng down fromthe | ower ends of the guides 4, 5
é the nelt whose vi SCOSI ty has been increased

{ heTti inteimel Spaibral athaiA (e taken iPegial & Rofifdngl¥ias (prane

7, C nust sati sf
a-a’) of a side-wall casmg 10 of an evaporation zone 5 must satisfy the following

guide;

formula (1):

0.7 = A = 300 (1)

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

20 = A/B = 1000 (2).

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

Furthermore, a bottom-wall casing 11 constituting a bottom portion of the

svaporation zone 5 is connected at an internal angle C (°) to the side-wall casing 10
17 '
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the above fornmula (3). Furthernore, the length h (cm
of each of the guides 4 nust satisfy the follow ng
formula (4): 10 150 < h 5 5000 (4). It is undesirable
for h to be shorter than 150 cm since then the
concentration or polynerization cannot be carried out
thereabbte carehtheyangle C €) omast satisfyl the ffollowing dommeulal (Sliger
than 5000 cm since then the difference in the
vigqeosgt Y & 16% |iquid between the t(®).and the
bottom of each gui de 4 becones too great, thereby

om ol » at, Lherey, )
resy ﬁéep%d»vn ﬂ%egggigm&u Bsb T [B5referabiyids 86skastpisssible to 90°,

concentration or polymerization degree. f
oot B3P % Ay S B A el )y s 4
anc SR VORGP 451 2 rection
i G HaB TR somemasbd k] T b itahetie b3 108 beCsatst
attai ned. Moreover, to attain such a production

the abowedernal(8).keepi ng down t he equi pnent cost, and to
elimnate variation in properties, S nust be nade to
be Furthemmoee,ttherergth 00(an). of| eadienf the guidiss4 owst satisfydhe
t he evaporation apparatus according to the 25 present

followimgedimam @t i sfying the above various conditions not
onl'y solves the problens of the evaporation

appgRitges<kagpem so far, but noreover (4purprisingly,
18 achi eves excellent effects as described earlier, it

o S P DAL o 12049 4 i copcenttion

ornmpHciit) BAsA KD LB SRSl id rReblBi e o oo

orabt A e 608 55 TRl S ESRARF elpeer
the industrial evaporation apparatus according to. the

the tap @insiiheiheriom phaaex auisird betnes e oret thereiRtrasuting in

tend}ngatto’ bele pnu?:?\d\;atrila%gn 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 = 8§ = 50000 (5).

If S is less than 2 m?, then the desired amount of the liguid subjected to the
evaporation of not less than 1 ton / hr or the desired production amount of the
polymer produced cannot be attained. Moreover, to attain such a production
amount while keeping down the equipmenf cost, and to eliminate variation in
properties, S must be made to be not more than 50000 m?.

It has been discovered that the evaporation apparatus according to the

present invention satisfying the above various conditions not only solves the

problems of the evaporation apparatuses known so far, but moreover, surprisingly,
18




to the various reasons descri bed above, a conbi ned
ef fect arises when the above conditions are conbi ned.
For exanple, it is supposed that this is because
guides 4 having a high surface area satisfying the
fornmul ae (4) and (5) are very effective for 10
achievebieceliént affeetsas describedhgaried itheihg pessibiectoaprogiuce a
| arge anount of liquid or prepolyner or polyner fed in
high-ﬁhaﬁgraﬂdﬂﬁigﬁiﬁé‘fdnﬂdnbé BRALahteaRd IRfFH BEPSIgRY AL 86 | ON
of the lower boiling point material can be carried out

cisc G 5y A 450 6511624 e g porio o
e RSEBE bl e BocFHUTE o PHIRLR Bk 68 o0 o,

to, 5 shorten, t tinme taken for the.large anopunt of
5 ¢ ndlRismPgast Hhg b easen R4S ingisira) BvaRe TR pparatus

falling down fromthe guides 4 to be discharged from

accordiag & g@aﬁy@nb tvention exhtpits swsh exgalientgiiectiigithat, in addition
history. Note that the performance of the evaporation

to theppeioas teasomsatescritied @boxe, a sombinedhaffect arises when the above
est abl i shed through prol onged operation using

conditivrgeare contbi€d pr Pouekamplesitls supposeditivat this gobecause guides 4
W t hout saying that the cost of the production

haviiR§l i HGR Burfags BrdHsatisfying thé formulas (4 and\(8) areserp effective for

taken i nto consideration. Another advantageous effect

10 efﬁci%ﬁt infsnal gﬁ'ﬁﬂé dn@lvﬁmddéﬁehﬁgﬁahtétae ﬁ%@e%mtliquid or

ost-to-p mance ratio aporati on

oo BRI FPREISh o AR, Ryt T3, 458 A apration

o EIBREPRSHS il PdABRLLAT b33l ARG Sich s useu for
oot TR SRt D B Brted i

i nvention have been described above, but nore . .
or polymes ransl moreowss he saglesCrsattistying the fepmulan3) meakes it possible to
range for the internal sectional area A (m taken
15  shortén thegimae tdieri foothe large ansowrit of tlee highdgualiy concartrajeddiquid or
of the evaporation zone 5is 0.8 S A5 250, wwith 1 S A

polyfmep fa'iﬁi‘i)% aehdrom theguiiey 4 tcebe iisthakfudfrurr theadistharge port 7,
preferable range for the ratio between A (m and the

and Eﬂﬁeg%ﬁﬁﬁ@hggpﬁkt@_ea B (m taken through a
Note that the performance of the evaporation apparatus on an industrial

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

20 production equipment, and it Qoes without saying that the cost of the production
equipment here is an important factor that must be taken into consideration.
Another advantageous effect of the present invention is that the equipment
cost-toperformance ratio for the evaporation apparatus-according to the present
invention can be made lower than with the conventional evaporation apparatuses or

25  polymerization apparatuses.

Specified conditions and required ranges for dimensions, angles and so on
19
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pl ane of the liquid discharge port 7 is 25 S A B5
900, with 30 5 A/ B 5 800 being yet nore preferable.
Moreover, a nore preferable range for the internal
angle C () of the bottomwall casing 11 constituting
the bottom portion of the evaporation 10 zone 5 to the

for theiinidustrisl evapeiratipri apparatusadecording to2be Preserdinvention have been
135 S C 5 165 being yet nore preferable. Note that in

desciilted 686, Hut Phorer ;ﬂ’éférﬁble%anges @pe asdoldws: A more preferable
concentrati on degree or pol ynerization degree using a

rangé’fd#rtﬁé 'u?t)énﬁ! SBYAGIRAI Fre QA ( rﬁ?@&éﬁ #p&isgh bHerentd 9Iane of the

angl es for the evaporation apparatuses to be C,

s 3o A5G lrtin FRFSR o8 O o
2o S350 i€t MGkl e AP e

cessed, the amouynt and boil in
betwlen A(R) BBA-be inteaal sectionsl %?@&&9‘3 ?a‘mn H’IFQH% Adiqrzental
in the evaporation zone, and the requir
plane-ehtheriquid Aisehatgs pert dris 2908y fef Bz & .9199 u&@t% Sph By = 800
nore preferable range is 200 S h 5 3000, with 400 < 20
beindy& mbt®pleferaplg.et Mummlqn,raefrmrekpreferahdeeenge for the internal angle
required total external surface area S (m of the
C ()@ tisee bottomwall tasings! védristifiativigthe botiom perttdneof&ha\syaporatlon
but a nore preferable range is 10 S S S 40000, with

zonejétogthg S8 WU 90 XRéredBbPe iP120 exal) & T8 Wi 985 < C =

‘total external surface area of the gui des" used in

s HOSRTTERS U AARL TR LAk P g b o

| wncse*%* 37 RS L O TREZBN G delird TGOty RS ihaHfh

t he t he r e area of. the inside f
appapeiuERs. BB Hedndlis toh the avebelatio Frperalyess ORPRoh 2 C3 ..
not being included. In the industrial evaporation
respegiyaiaitus pieferable dg makea G2 5 &2 CAvantion, the
shape of the inside section taken through a hori zont al
pl dMerevivet, Hbe sequiradhlengtithdcmy of eadh of the guides daxarias with
zone 5 may be any shape, for exanple polygonal, 5
factoes such sdhe amaunt cvibedsity@red emperature o tivs liqliy toder predessed,

out with the evaporation zone 5 wunder a reduced
the a{?ﬁtiﬁiﬁ%ﬁi béiliflg el f Werdiigy psinkArRstiabife preskongand
temperature in the evaporation zone, and the required concentration degree or
polymerization degree, but a more preferable range is 200 = h = 3000, with 400 <
h = 2500 being yet more preferable. Moreover, the required total external surface
area S (m?) of the guides 4 also varies with factors such as the above, but a more
preferable rangeis 10 = S =< 40000, with 15 = S = 30000 being yet more
preferable. The term “total external surface area of the guides” used in the present

invention means the total surface area of the guides with which the liquid contacts

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

the surface area of the outside of the pipé, the surface area of the inside surface of
20




reduced pressure can be w thstood, but a circular
shape or a shape close thereto is preferable. The
side-wall casing 10 of the evaporation zone 5 is thus
preferably cylindrical. In this case, it is
preferable for a conical bottomwall casing to be 10

the pipecwettevhich thenliquid doesnot flowedawn natibeinglineludedual |
casing 10, with a cylindrical liquid discharge port 7
beimthedindustiet evapdration @pﬁamat apooridirantoothetpresentinvantion,
bottomwal | casing. In the industrial evaporation

the sREPSHR Héslng gHtiBe tél@bﬁ tHrolgIS aitrizont Mlarnof the sidésvall

case that t SI de-wal I casing and bottom wal | casi ng

s 01510 AT 54 Ak, i S
5 onpipB AR ondife &9%%&%1#8ﬁ*@ﬂ@tqﬁﬂfﬁ{eﬂaﬂ%"’é@"‘“ﬁ°ﬂe s

thecllndrlcal poriion of the side-wal asi
undepayedueed HE@%?H@@A‘I?L’B%?C%“XE e fRacantale Rollopa A this
and taking the liquid discharge port 7 to have an
reduges pressucs mbemgws«@aq.,btma tar%%r shapegra shaRe slospdhereto is
the following fornulae (8), (9), (10) and 20 (11):
prefetéltles DThe sidewalldasirgh® ot Q@poratlﬁﬁ eone § is @hla&pyeferably
h-205 L5h+300 (11). 25 For the evaporation apparatus
cylindée! dirnthid cadd)at ippeefenablefuealconital bottomewalbcasiagdolbe
range for D (cn) is 150 5 D5 1500, with 200 5 D 5

10 prowagg%tlﬂ% BettY Rt of tﬂé cﬁf%ﬁdﬁl afcRrakll %asﬁv@fﬂp\vﬁt‘n a %yl“ﬁdrﬁ:al liquid
preferable range f dis 6

s o PR 4 R P e

casi S L/ DS 20 being yet nmore preferable. I\/breover a
I'fﬂ)re preferable range for L (cm is h- 10 SL 5 h + 5

ql@thg |mtrtal &H&HB{&?IOE\PQRH%T%{;% & ‘QQS‘P ﬁ;é{)é{ﬁ& t*nvention in
e above rel ationships, then it becones difficult to
the cagseéhat the side-wall casing and bottom-wall casing of the evaporation zone
15 comprise a cylindrical portion and a conical portion as described above, respectively,
and the liquid discharge port 7 for the concentrated liquid or polymer is cylindrical,
taking the cylindrical portion of the side-wall casing to have an inside diameter D

(cm) and a length L (cm), and taking the liquid discharge port 7 to have an inside

diameter d (cm), D, Land d preferably satisfy the following formulae (8), (9), (10) and

20 (M)
100 = D = 1800 (8)
5= D/d <50 (9)
05 =L/D= 30 (10)
h-20 £ L £ h+300 (11).
25 For the evaporation apparatus according to the present invention, a more

preferable range for D (cm)is 150 = D = 1500, with200 = D = 1200 being yet
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t he object of the present invention. The precise

reason why the evaporation apparatus according to

present invention enables production of a

hi gh-qual ity and hi gh-performance concentrated 10

l'iquid or polyner having excellent nechanical
morepprefesabliee s Marebvern adhersoprefenablenrangsdfioy D4 dhig BeScised =

of producing a polyner, with very little variation in
with TroEe DUl dir= wWed dleingeyet. more prieferablen| digmsbveera more prefenable

on an industrial scale with a fast evaporation rate or

rangé)f&rmemngete @ Lape £ PAGittOFars tbub &5 206eiaglyet mdre
[ows: That is, according to the evaporatl on

prefe?@r%lé”a &lerlg cgi’efﬁrgfg{gb e bb%r |qu §ﬁ” P& L < h+

&rial T qul m-t he recel vi ng

250, i, 5L, 1 2003y i et Dl oo
smuﬁ%é&t&% aﬁ of ﬂ)aezajt:age nrgr{y?étttb%g it gpsﬂlﬁ{cuﬂ to attain

Effective internal stirring and surface renewal of

the objest pf the presentisvestionr epol ymer occur naturally as the
liquid or nolten prepolynmer flows down al ong the
guiTthespresise reasen maydielevaporatiesr apparalusqaorgdiogioe present
material is carried out effectively, whereby the

invertioncerdbied prastuetion of rrigh-gatklityrandhigbesaiforatancef asicentrated
rate. The viscosity increases as the concentration or

Ilqu1d3@|‘ YADHcF AaVRIY ﬂ&ﬂéﬁﬂ%ecﬁéﬁscﬁﬁﬂ%eﬁi& Witth poi disbdlﬁlfatlﬁn stably
of the liquid'or nelt to the guides 4 increases,

(in th%é} el S¥prodhan féol&@%'%ﬁb@gﬂﬂﬂ&%ﬁa?ﬂ#ﬁ R8I déf.‘t’.lla_'?ﬂ@&ght etc.)

i'ncreases to t om of
o s EBER B, %ﬁ%ﬁﬁns{ﬁfﬁs%ﬁé i g et o
polyaHEain oS Y st 453 i s BRCHPRAS BB solgPeL s according to

whi ch floms down under its own wei ght whi|e be
the eyapawlp@cannarah@ ofggfrﬁ geesart @\sqmtlpac@%téa'watﬁf%d liquid is led
is very hi and hence surface renewal is
fromdhe tqleud regeivistg érwa $he tpaid deedingizonethand dre perforated plate
evaporation, or increase of nolecular weight in the
2 to thei quides 8| &ndis theinycorcentrated) or has the pelymerizationrdegrea thereof
a high viscosity 5 region easily, whereas this has

increR@ed, Win® fisitedawh Rildritptheoguidas 4on Effective intetriab stirring and
appar at uses or mechani cal agitation type
surfde) réABHvaF 8f {HRNiURPBF AHditeRSrepblyfndrocelfnaturally as the liquid or
molten prepolymer flows down along the guides, and thus removal of lower boiling
point material is carried out effectively, whereby the concentration or polymerization
proceeds at a fast rate. The viscosity increases as the concentration or
polymerization proceeds, and hence the adhesion force of the liquid or melt to the
guides 4 increases, and thus the amount of the liquid or melt adhered to each guide

increases toward the bottom of the guide. This means that the residence time of

the liquid or molten prepolymer on the guide, i.e. the evaporation time or

polymerization reaction time, increases. Moreover, for the liquid or molten
22
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of the excellent characteristic features of the

evaporation apparatus according to the present

i nvention. The only reason that the anmount of the

liquid or nelt adhered to the guides 10 increases in

the latter half of the polynerization or the
prepalyswenrwhich fiows doyverausdeoits owa weight whie being supported on the

adhesi ve hol ding force, which corresponds to the

guide, Nlaé eafaog arda pet enuowdght isvenftsighcand penze satfaty rémeawal is
same anount of the liquid or nelt having

camé:PBﬁPéfﬁBi%hﬂi/ y EBﬁcérﬂFéith tﬁﬁﬂfgfﬁ élvépforéﬂ@rﬁ Q’Bﬁlﬁ&e%%etd‘I fnolecular
same height” on each of the plurality of guides.

e e gt o o By s
SRR %@%%a@%ﬁ*%@%ﬁé%ﬁﬁi@@&h@é&ﬁﬁ%ﬁhéﬁm Slaporaon

roxi mately {he sanme i SCQSi t cont nuous
appaySSs A RIPCHANISA AGRBIAN RN BRERAION ABSHBIERSR wdfys is one
casing fromthe | ower ends of the guides. That IS,
of the quelger@pha{qﬁwtm\aatuyes péthaavaporatien appyrats according to the
pol ymer of approximately the sane pol ynerization
presertgneentiqm oduced 20 while flowi ng down the guides
collects in the bottom portion of the bottom wall

casthegdonl} teasorithae tiee amotmt obthe lirjuidl of nipli adiveret tu ¢hg guides
little variation in evaporation degree, or a polyner

incredsb8 jry HeVlattbf hhR o‘F@Hé %I*ﬁféﬁzattm bP 8 avapératibh ,|s bécause of the
conti nuously produced his is another one of the

incre%éﬁgrtl)fecﬂé 2Pk I?dlﬂl?g'fﬁ%cfee Wh‘t‘éheéor?é SHaRe +ﬁé‘b9§mg of

at us acco [ ng resent venti on.

L L. pol |

visodil) S hBhES anbiiiriafiy B %%ﬁa"@@%@‘ §9-d & héft having
continuously w thdra throu h. th ui char

appras'maferlmﬁ shat UREo g SpRgad 2t e seheipBCaR Hch of the

ynmer, is continuousl y eI letized via an ordi nfa

pluraélm at@wﬂe%r Ondheiateer hand, e ligidor mald s eprtnuousty fed onto the
on may be added in the extruder. The perforated plate

guides from the tepaherecfi and hepes hauid having apprexinoatehethe same
present invention is generally selected fromfl at

viscqgity] esmelt@fingetsed pobresrizatiod deigeée havingtapprexintately the same
thickened in a central portion thereof; the shape of

melttvistoen? ContiRGoLEIY falfs d46wn ebithe @budrrpb@m@n%ﬂtﬁe bottom-wall
generally sel ected from shapes such as circul ar, oval,

casifg fdRPHeAbwer ends of the guides. That is, liquid of approximately the same
viscosity, or polymer of approximately the same polymerizatioh degree, produced
while flowing down the guides collects in the bottom portion of the bottom-wali casing
11, and hence a concentrated liquid with very little variation in evaporétion degree, or
a pblymer with very little variation in molecular weight, is continuously produced.

This is another one of the excellent characteristic features of the evaporation
apparatus according to the present invention. The conoentfated liquid or polymer

collected in the bottom portion of the bottom-wall casing is continucusly withdrawn

through the liquid discharge port 7 by a discharging pump 8, and in the case of a
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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 10 generally in a
polymemigecaritinbiously (peligtized viacarcolinarny shdnuger ¢r thepliken. dp this case,

10 cnR2, particularly preferably from0.1 to 5 cnR.
additiVes appiasy o it beaddédirethe sxtawdri cal |y the distance

bet ween hol e centers, is generally from1l to 500 mm

Pr ehesifotalcdai™? i theld\ptiatioapparatiss atcdriing to the present
perforpaﬂﬂed plate may be holes that penetrate thrgough P

mven&nBﬁ |§§%8faﬂ{‘¥lﬁtéﬂ ﬁonﬁla@léfé %irif@é%g%l@f‘e% Bﬁ&l es that are

e

perionp S o S e e KB AR Ak, B4 Wlnguir
gui des is_a nenber for which a ratio of the, length i

and polygenal: | The shape & the Feassisecton &f B@Ghmﬁh%aebﬁgﬂ
relative to the average I ength of the 20 outer

perfopatedipiateyis generally seiéated from ahapes such ab sirguley, owajrriangular,
This ratio is generally in a range of from10 to

slit-sBaped), shgorl. edrat staf-shéped) SThe sedtithdlGDea ofitheshalps i®f
the horizontal section is generally selected from

gene‘ﬁélﬁ}nﬁSa Faigfe GFreth 000H 85 1006A1%, pidfbrdbiy from 0.0500ateem?,
pol'ygonal ,” and st ar - shaped. The shape of this secti on

parh%,ﬂéfg??r Eﬁdﬁ)ﬁﬂbm @A to': ”ar?hﬁ'sﬁab BetWakA ho!es Pec:fically

reover, of e gui des nay be

t
the ditéics, ?éﬁm%étﬁ@%née?ﬁ?%ﬁ%aé%%@ tr6, £ 40 of é'%f%b'y from 25
h I hav heat th b
to 100 1B o119, Bp{ein 3he Bedferaled plétn may 6 bﬁ?sq%\%b Béﬁé'%ﬂ%‘*mugh
e S o G5 S P st
made to be such that the liquid or the nolten
Moreavepdhe melesenaydie tapeead.t hereinto, or the like, or a
plurality of such guides may be conbi ned using a

metTrelgaides imtheébevaporation appgetbe accdrdingptoethe prasent invention
gui des may forma nesh-like structure, or a punching

do nél fefddiled Bava'atheaesoldite stichfrce hehting eiediuindsr arngldotrical
snoot h, or may be

heater therein, and each of the guides is a member for which a ratio of the length in
a direction perpendicular to a horizontal section relative to the average length of the
outer periphery of such a horizontal section is very high. This ratio is generally in a
range of from 10 to 1,000,000, 'preferably from 50 to 100,000. The shape of the
horizontal section is generally selected from shapes such as circular, oval, triangular,
square, polygonal, and star-shaped. The shape of this section may be constant, or

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

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

do not themselves have a heat source, there is absolutely no risk of thermal
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uneven, and may have projections or the like in
pl aces. Preferable guides are cylindrical ones such
as wires or thin rods, thin pipes as described above,
mesh-1i ke guide structures, and punching plate-Ilike
gui de structures. 10 In the guide-contacting downfl ow
degengratioavafjbe liguidrorathessurface ofthegiliides.t o  t he present
i nvention, which enables production of a high-quality
cogaehtofaihe duideguhdy bera sinhlewireoa single thin sod, @ kingleathin pipe
(in terns of production anount, prolonged stable
madéde)l‘Sié' sLiLRthat@hé llhuldaorﬂﬁétrhﬁlt&rﬁb}dbdﬁfrﬁéﬁéﬁ& e@#brCiﬁeremto or

structure is one of a type in which a plurality of

the Illgé“ :ﬂ’eac‘ plefSity G%li@'g ghfﬁﬁsfrﬁégbgfco%%éa us ngﬂ% tRod & ce:f;? as

Pl pe’ as escri above are | ol t oget
“"'st@taa%@ﬁ'*‘@’gplf Yfiaer dhg ol %r%'@'aﬁcfﬁ'?‘h %%Fgﬁﬂ%g%ﬁg%@ ora

es are nmesh-1i ui_de tures i n, whi
punchig I R A iR IFaRA ALEAGTLOugR ey b eathopr may be
a thinrod or a thin pipe as descrlbed above are
unevenyand maydiane Pf@;ﬁQ’ﬁ@nﬁrCﬁrtBQ dke én plasesy t Ereferahle guidasse
to the bottom of the guides at suitable vertical
cylindnicat ones such@s wiresipt thin nods, \thinpipés 26 desoribad abovgomesh-like
cm a three-dinensional guide structure in which a
guidesltueturds] apid purthingpiae-likd guigle structtmesct ures are
arranged in front of and behind one another and

j ol el F;thétﬁftaétﬁ'ld@odrﬁm‘fﬂié BvapLIEAGH apaéraﬁus h@&bl@llng to

vertical intervals, for exanple intervals of froml

the pg%%ﬁ(?n tlo rvﬁldﬂ%\%\m EFBJM iBnt raeﬁgﬁ dﬂmﬁ) %entrated liquid

e's ure In a plura gui'des eac

or P%ﬁﬁé*“ﬁg taﬁé@@ﬁ%fﬂéﬁ%@%ﬁbrt§wﬁg P?QL@%S@%Z#WWB %@o?tab'e

behl and ef t a right , o one. anot her .usi
prodv&m Gulart nefecabledRige shieles < BF 41 Mwhich a
or exa Ie 25 intervals of from1l to 200 cm  The,
PlUfat'l%‘Pufs@éﬂ@% eagh paving thedorm of awije gt arthin rogyor athin pipe as
the intervals between the gui des approxi mately
describad @iove arefjoined tegatbengisuitablg verticatintervalsgising transverse
overall strength of flat or curved guides, or guides
suppootsfrorg the tophtoethedotioms ob the gaidesct Exemplésasuppshilike guide
may be of the sane material as the 5 guides, or a

strucliireb eh SVHiCHTB ioiraily. of'g‘waé@eﬁélﬁ%ha@ihlglthy%ﬁﬁ efa wire bha thin rod or
case that each guide 1s cylindrica or has the
a thin pipe as described above are fixed together using transverse supports from the
top to the bottom of the guides at suitable vertical intervals, for example intervals of
from 1 to 200 cm, a three-dimensional guide structure in which a plurality of such
mesh-like guide structures are arranged in front of and behind one another and
joined together using transverse supports at suitable vertical intervals, for example
intervals of from 1 to 200 cm, or a jungle-gym-like three-dimensional guide structure

in which a plurality of guides each having the form of a wire or a thin rod or a thin

pipe as described above are fixed together in front of and behind, and left and right

of, one another using transverse supports at suitable vertical intervals, for example
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formof a pipe made to be such that the liquid, nolten
prepol ynmer or gaseous material cannot enter
thereinto, with an outside dianeter r (cm, r
preferably satisfies the forrmula (13): 10 0.1 <r<1
(13). The guides in the present invention pronote
intervatsotfnomat 10200 bmougihe saegnarse suppoits pre pakenty isefi for
of the liquid or nolten prepolyner as the liquid or
keepinigl the intenaiie btweerf thevguidesvapproximatede sonstant, diut aréalse useful
a function of holding the Iliquid or nolten prepolyner
for inb@asthgC el sVetalP StrbAGthadf flgt BF curveidsguigeslisrguidesfdrming a
related 16 to the evaporation tinme or polynerization

three[cﬁﬁ'féﬁ'uisﬂi?\a‘i SiBctuls. 9FRE %hgédrté e BFtHe $amé Yaderial 49the
or' po "% he

ynerization procee viscosity of the

quid gﬁg%ﬂﬂﬁéFﬂﬁhﬁﬁﬁﬁﬁogreSSiVely i ncreases, and hence the
[

he anmount held progressively

increase. For.a gj.ven nelt viscqsity, the.amuns.
¢ nin & piasedh iveBlioRringhe 5P Mt qrchiadide i BiRligal or hes the
varies with the external surface area of the 20
form gfiadire made tq be sueh thal dhe fiawig) NPAEPBYMAT 5K 9asapUs
gui des, with the outside dianeter. Mreover, the .
mategal canngirentertaerainto, withampuiside diametery s r peeferably gatisfies
to the present invention nust be strong enough to
the formylan(13%. heir own wei ght plus the weight of the
liquid or nolten prepolymer or polyner being held. For
t higsq rgapod, 1t he 25 thickness of (18 guides is
inportant, and in the case of cylindrical or

pi %f@g&g in ﬂ'iré present MRehid hﬂnétb?ﬁoﬂo"en%ﬁﬁﬁftﬁ@u?g

satis r is l'ess than 0.1, then prolonged
e nojafy < dl: i -
ovart it £ B8 et 2848 BPRALAA o ilon) oph s i o
ui des .t hengel ves becomne .very , .
molidh preRBRLRwE GonroE e ity a8 At bafRi G 5 Bhing the
. .plate very thick so as to, hold the. guides in.the. .
i ob oiter RsRPA e 201 ceiBiniRRriad of s 16 hkingriime is related
in parts where 5 the anount of the |liquid or nplten
to the reyppPiation time o6 pplymenzation reactien tingn, As<iercribed abpve, as the
problens such as variation in the concentration degree.
evaporatidreonpblymarizatior pghteeds, 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
present invention must be strong enough to support their own weight plus the weight
of the liquid or molten prepolymer or polymer being held. For this reason, the

thickness of the guides is important, and in the case of cylindrical or pipe-shaped

guides, the formula (13) is preferably satisfied. If r is less than 0.1, then prolonged
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i ncreasing. For such reasons, a nore preferable range
for r is 0.155r 50.8 wth 0.2 Sr S 0.6 being yet
nore preferable. A preferable material for the guides
is one selected fromnetals such as 10 stainless
steel, carbon steel, hastello ni ckel , titanium

stable nperatunrm bemqnnes]dufﬁcu&na ter@us]@? they stfgrggthhwgﬁqgas tf ris greater
heat -resi stant polyneric materials, and so on.

than $} thienl the guidesihensselyss becomeavbgy pea\f)e andl hencetthere, afe,
the surfaces of the guides may be subjected to any of

probléﬁfs' SUeh 44 REVIABNS tndke theqrsifaratedsplate @ery(thitkistoas to hold the
l'ining, passivation treatment, acid washing, or

guudé@ﬁ*}hg% bet% ;ﬁ?ﬁ&s pWﬁ:?ervé’rr tHdte is 'ahfincrbésahﬁ?bﬁrts where

re no patlcul mtations on'the positional

e AL s A R o

es . and the hol

problfis $iEr B yaleliRn G B dogeEeti dRbfs fetﬁeafbﬁ'séﬁﬁ';?%'ﬁ%ht

or, pol ynmer can contact the i d andf ow, d t
incregBinges FOFHCh GRRSRIS., &HOMHR SiRiAPIE LGP 1or Ais.0rgy o4 508,
contact with one another, or not |n contact 20 with
with @2 Sarmoshdd.6 beinghyelgnotenprefenableno such |imitation, it
is preferable to provide the guides in.correspondence
wi tWiptefierais emtenal faetheayuidesiiscohepselectedTinemrmeataisisiich as
thls is that design nmay then be carried out such that

stainidde dteSlUEarbon sthall haSIIoR kel titaniuns,chromiwn| giuetinom, and
pol ymer falling down fromthe perforated pl at e

otheF&ng%?r?rﬂf‘ﬁ?SN#éiﬁgarg% n%rﬂéhé‘%éieﬁéf%‘ bh@3% org5 Stainless steel is

preferab l'es of providing the guides

vt e GBI Sb)d 1 SRSt e Al et o
ary G %‘gﬁ%%#a%vtsﬂﬁ@ S g vesmor

..are ovi ded, such t hat each rates through
acid W?éhfngamwaﬁhmg with a-splvemt. f"@‘? &TQEP?kehol e in the

perforated plate; (2) a nmethod in which the upper end

of Ehars ajaingcpartcylpk bmitations ga the ResitiPnalielatignship bgfween the

upper end of a hole in the 5 perforated plate, and the
guidgs addsheperforated géatesardhe pbamoeabﬁelgmm:;pbemm the guides and

through a hole in the perforated plate; and (3) a
the hatéd irtthienpertorated plate sw kingeasitief 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
prepolymer or polymer falling down from the perforated piate contacts the guides in
suitable positions.

Specific preferable examples of providing the guides in correspondence with

the holes in the perforated plate include: (1) a method in which the upper end of
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each guide is fixed to the underside of the perforated
-pl ate. Exanples of nethods for making the |iquid or
starting material nolten prepolymer or polymer pass
t hrough the perforated plate and fl ow down al ong the
10 guides are a nmethod in which the liquid or starting
each gaider isdixedudb ties underside/ obthediow patheontralling memekeprtar the like,
flow down through its own weight or the |liquid head,
and tiHé ?uﬁies@bfb?dvidéd\wi:h hhatheadh guidd penetriates thnoughather viainity of a
nol'ten prepol yner or polyner has pressure applied

i Hupe ke éthotilnwiieh thede d
centr%lrk?;tfr%ﬁ ?Iﬁgﬂ %@?2} at ed rﬁrg%défpl'gt%ﬁg? g(rigbl eo_ method is oﬁ%er o
C: LESC [ i

of eagf ghldeiy TrePlFREperify APuTbn B hpek? Ul dhéibin the

i nt e Liquid feedin e 0 ]
perfoigled Ate. atilfar opEES alf erG ke Soh Miar Sb4s Bonyrates

the liquid or starti mat er | al lten pre nmer_ or
througBia,fiele In e PRefaraled platscans (3 mataod {%@&E&%@ﬁl’@& end of

plate fl ows down al ong the guides under its own
each\mii%'ts.ﬁxﬁﬁbtoethﬂwd@ﬁlgﬁ of fisnparerated etei ng to the

present invention is an 20 apparatus for evaporati n(}:;t

| oBExanpdes of metioods formaldng the Higuidoristarting neaterial moftgn

this lower boiling point material, i.e. containing
prepdipiner ioalpogmvéma& th thei perfarated plate ad flowrdowalong the

the liquid. The liquid may be any liquid. The liquid
guiddBArePS nidithb@ PWhicH PRI IRfui 6r sBiind Mmaliéind maditen prpolyrher or

the evaporation apparatus fromthe |iquid receiving

pt:;lyrgté.?nfe %eélgbu%g‘@ﬁcﬁg dﬁ%ttﬁm%{ 15%8\?[’11 W ' iPL\f Sr $@RfLM h¥ad, and a

| acket e to be provided

on .an ,out er l.l. of '
methid 8 au) e in of 9o MABHRM LGN BEARIGHGE or pRiymer has
steam .a heating pediumor the like fhrough
presSuBiaRPISEHIerata LeacR BT, ikerand MRS fcidod Bomhe
he |iquid feedi , the fl h folbli
pertarsakp ek oS BT Con WA BB of e
The evaporati on apparatus according to the present .
liquid av starfingmiateniaitmalterny prepofmersorpolmes isfegintathe liquid feeding
concentrating a liquid, but also is particularly

zonensfetherevapyratoruamphratusaundsar pressureasingadeed pampp@and then the
liquid having a relatively high viscosity, for exanple

|iqui%‘§|r sﬁg{ag gﬁgﬁgﬂ@ﬂg@pw@rﬂer bopolgnp tisgs el éreto 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 lpwer boiling point than
that of the liquid. The liquid may be any liquid. The liquid may be at room
temperature, but is generally fed into the evaporation apparatus from the liquid
receiving port in a heated state. Moreover, it is generally preferable for a jacket or

the like to be provided on an outer wall of the evaporation apparatus. If necessary,

heating is then carried out by passing steam, a heatihg medium or the like through
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apparatus.for a thernopl astic polyner containing | ow
boi ling point material such as nononer, oligoner and
by- produced material, or an apparatus for separating
and thus recovering the polyner froma thernoplastic
pol ymer solution. 10 It is thus preferable to use the
the jackel, thus héatingaprmatritainingoihertempsratoce efithegliquid feeding zone, the
present invention as a condensation pol yner
flow pfth XCBBIroliAg indemben ahe pesforatad iphate, orithe evaporation zongii d
is anmlt of a nononer or a m xture of a plurality of

mo ionfHraIURCacRofdINg €0 8% prusent invention éAbonly
a gﬁgﬁ%ﬁm& Fﬁﬁg condensatlgon poPyrrer, and/ or the

oo AR 7 A It oty oy
usoc 5B RARHSEOIALEH o SONE Aoty vioosty, o
oxams S bl ekl SR sBboR B e

of the condensation polyner and/or thﬁ condensatipp
apparaiuy ferra thereoplasiicoalymaneertatiing lave beding aeinimaterial such as
pol ymer include pol yesters such as aromatic-aliphatic
mongmeéry efigemer addhyeprogsiced nyatetial, onantappapaiui foeseparating and
pol ytri met hyl ene terephthal ate and pol ybutyl ene
thus tedovehih ahabelynssrdromra thesmoplastiy pelymer, sgloligrest er s of
hydr oxycar boxyl i c acids such as glycolic acid and

| agitiisGh@s prbfertiMl KRLSE Ue FARSHrieR 8 ap6ration apparatus according to
al i phatic-aliphatic polyesters between an aliphatic

the p@%%qt@ﬁ%rﬂi@naéé Qg@ﬁﬂénégt%rwﬂb} Po%éiz&ﬁﬁﬁ appar&tus, in the

ers, and aromati c-aromatl c pol yesters such as

casol by I ElE B S A4 P AL g YRSy honomersfor
orodG S5 BN sy e 8 o S lymer

copol yam des, and aIiphatic-aron&%ic-polyanidef such
and/ekthergansgiensatiompplymes) ang the law, bating Peintymalgpal comprises a
adi panmi de), and various copol yam des; pol ycarbonates
by-pragticed snalieriphand/or polojigamss paoducedthéprgh the condensation
pol ycar bonates, and various copol ycarbonates; and
polyipeliyatidre fop@nyoving thetows boiing ypointgnateeiakfrapdhetmelt by
apparatus according to the present invention, a

gy sb st Aot gotf i grosmelroppaere e
cond¥risBtiBR polymer and/or the condensation polymer.  Preferable examples of
the condensation polymer include polyesters such as aromatic-aliphatic polyesters
such as polysthylene 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
polyesters between an aliphatic diol and an aliphatic dicarboxylic acid, and various
copolyesters, and aromatic-aromatic polyesters such as polyarylates and liquid

crystal polyesters, and various copolyesters; polyamides such as aliphatic

polyamides such as nylon 6, nylen 66, nylon 612, nylon 12, nylon 4, nylon 3 and
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di scol oration or gelated material or solid foreign
material; and with very little variation in nolecular
weight. Alternatively, it is also preferable to use
the industrial evaporation apparatus 10 according to
the present invention, in the case that the liquid is
nylonal Tyand vafrioss cnpelyanpdasmnﬂ gliphaticraramaticcpalyamidesesuch as
boiling point material conprises a nononmer, an
nylon@T, g9t 6] andpolp(rmeizrdylenbaidipdmiaie), sl mimmcmalwnides;
in the polyner, as a purifying apparatus for renoving

polychRorif®5ulPhs iaNphai polyeaitinatds, BreMatiidpo trbdnates and

evaporatlon SO astomcreasethe purltyo t he

vanoxﬁ’é’i:é{ﬂapcilgﬁﬁgrﬂsgghﬁ );:Fﬁcfﬁésg?s ¥ Cﬂ?é%rbﬁﬁ g'@f l??ﬁé bG%I;ooratlon
appa%%%% ﬁ%ﬁaﬁéﬁg%ﬁ@y&%%@ﬁp pPEL@ %ﬁéﬁ%@@“ﬂam
condgq\ﬁ%}q ylgéla gélg ed%gs Sd ios Su%&ngﬁdo pgiq@my ime with no

chlorlde based pol yners such as yvi nyliden

discolgratien ge gelated mtemlsarc&gbslfg)m& ma&@m@ll eﬁqi w*th \éermélgt@jvanaﬂon
pol ynmers such 20 as AS resins, ABS resins, and various

in mateqmoéanweight. pol yol efi ns such as polypropylene;
pol yacrylic ester-based polyners; polynethacrylic
es pdteriEtively, ithe blstepreferable tasude\id, industrinbevaporation apparatus
copol ymers; and thernoplastic el astonmers. According

accofding fPtHRVERIEAL iN0BNnAG 3h Hréi8asé tHAAChSNigSIAINS a MERRTiz0N,
inpurities such as resi dual nmonomers contained in the

therﬂ&kﬁé%&?ﬁe? ﬂ’%}w&r{ﬁé I&vélaﬂmﬁﬁ% bS eral &frﬁbﬁé&[‘é nYonomer,

lve ow tenperat ur ence

o B2 AR B,

.deconposi ti n and no |scolo ati on. Ite Lvel it
puritiGS 3PBgage fah B v N %er b ing i et \?iﬂ&ﬂﬁﬁeoweﬂ by
apparatus according to the resent |nvent|on in ?
evappgaion smas i ncreags the Rury ©6tha pelymer. aPerﬁea%&P(agms of the
pol ymer B, and the | ower boiling point materi al
therm,mlpﬁﬁlcspelymesa ingludei nylenswpiichas nylonteand pylan 4€;

pol yner is dissolved and/or a nononer, an oligoner, a
polystyrepedshseeipotpmers slicknas petystyrenetigh mapachpwlyetyrene (HIPS),

pol ynmer solution, as a separation
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 be removed
efficiently at a relatively low temperature, and hence a high-purity and

high-performance thermoplastic polymer A can be obtained with no thermal
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recovery / purification apparatus for renoving the

| ower boiling point material from the solution by

evaporation so as to separate and thus recover the

t hernmopl astic polyner fromthe solution and increase

the purity of the thernoplastic polyner. A 10
decompasitionbind rexdispdlorationt he sol ution of the

t hernopl astic polymer Bis a solution of a polyner

s uahernatiGEIR it BRaleo préfehatse ¢o usedhé indusgiial sMaporation apparatus

pol yneri zation using a solution of an aromatic

accoramgwaathawaséhtnﬁvaqtm fif {head that URNiiquia iDa seRitionl ofre
Fori de, chl orobenzene), a solvent (e.g. toluene,

them?éiﬁ%@g)qq@hsopﬁ ‘H*(@f wértbdllfr@ﬂbélﬂt &AM Jf‘r@e% a solvent in

i35G e bl dﬁsgéw%ﬁs?ﬁﬁéfﬁﬁi' g

According tq the evaporati tus

by-prdia Tterial Atk Ya RON@IRA i DB By Eer Sallige 5%%5\986@““
efficiently at a relatively |ow tenperature, and he

recovgry hpgifi Cpa!ilpntqpraﬁettmfghrqm\ﬂa@ tha lower hailing,paist material from
pol ymer B can be obtained with no thernal

the salatiompy siviaporationismas i separatenand thusecpver thedthermpglastic
evapor ati on apparatus according to the present

polymenveothitiee solutiopaarid intterseithe wiuriabbbthedherraoplastig pblymer. A
boiling point material by evaporation froma |liquid

prefefibié %ﬂaﬁmp!e?bﬁiﬁé’ﬁiwtﬂh ghthe tﬁéﬁﬁbp[‘astiE?blm ia sbiutioh of a
particularly suitable for the case of using the

polymé}détﬁhréé‘éBﬁ’mb?E'ﬁﬁM ?uﬁd%ﬁréﬁ Eg!uﬁGnﬁiblyFrH@nzatlon using

resent 1 nveidtion as a pol ymeri zat on appar at'us

e sl e P S s
BB 5T 53556 s A =il a0

this 31 Iiquid undergoes degeneratlon such as

preferabie &9 FPEOVE the g@lvaf\? and s r%‘sféq’mrﬁn ﬂi?ma‘fﬁ pelyeatbonaty melt
an ul tra-hi gh nol ecul ar WEI% oly

remairong aidhlerinated solwest ohanglas @mebasemmm@ﬁ relymedzatiqresolvent.
and hence it is has been inpossible to avoid the

Accortiing/ta the sedparatienapparaiusref the pdesenkinvention, tthe solvent and
pol ymer progressively or suddenly. However,

impuRGEOEah be refdved efficlently aba rﬂuﬁ@dyabwqemﬂammat whddfence a
the present invention, there are no such drawbacks,
high- EUHWCPHW péﬁﬁ'nﬁdﬂ%&héhﬁbplﬁ&ﬁ@ BbRMEHB 28R Petdbtbined with no
ccording to
thermal decompaosition 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

conventional polymerization apparatuses, there have been places where some of the

liquid resides while being heated for a prolonged period of time, whereupon this
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the present invention exhibits excellent effects not
exhi bited by the conventional polynerization
apparatuses. In other words, in the case, for exanple,
of producing an aromatic 10 pol ycarbonate by
pol ymeri zi ng a nolten prepol yner obtained froman,
liquid oes degeneratioy suchps discaleratian jgelalien.capselinking,
the reaction tenperature nmust generally be in a range
produthiohrof ran2dfrathigls fkeculadwelight polymer, sglidifications esorching,
dramatically in the latter half of the polynerization

carbdriizdlitnt dralbaike, Afd REABAItIS hal heRydmpogsiblenwoavald the drawback
produced t hrough an equilibriumreaction nust be

of deﬁ%ﬁ&%ﬁ@d%aﬁér?ﬂ"r?iﬁﬁ\gliﬁ tHb érgﬁrog‘ré%w Yr BB8ashiy! . However,

d hence w e “‘conventi‘onal pdl ynmerization

. , if ' / .
accof iR SHiETRusBLe Ul ¥R Bt R oreBBheinyention, there are
| ymer reactor has be used, .i,t.h n .

no suEf FRPpoRS Al mreaust e IidUsirel sy BRGE RIEF A ¥geording to
time at a high tenperature of not |ess than k6 300C and

the pragest inventign %M@mw[lwtaef&%% aat %%Slt?ﬁsv the eopyepional
133 Pa, and 20 noreover production of a high nol ecul ar

polymerizgtionnapparatusesor sheets or the like has been
difficult. However, according to the polynerization
apraothersvartls; inghe rcasenfor iexamptlée,oof, progédingiamaromaticace
renewal occur naturally acconpanying internal

polycsrbériate by RilgmBEERG a iMattepQrgpolyhisrtobtained M an arematic
be carried out at a relatively low tenperature. A 25

_ . y
d.hydgggfcgb@gyrbana%a BlaryISEBoRAte! the fodclius témperatard fnaist generally

e preferably from150 to 270C. It is a
; I edd ' o t ' '
o WL B R B, B AL gty

o PR PR AT LI A RS Erdkrhy compoune

conyentional nmechanically agitated .pqglynerization
prodygadl THpuGh 2 el um toaglio Tove! bewitBArdey frgf the

hi gh-quality aromatic pol ycarbonate can be produced
ultra-Righvviseosity tetesial: anmh hapceudittrthecenventienal ghization

5 Furthernore, with the conventi onal Eol ynerization
appanphusest ios exampleeevem if\eehdrizantaldwinvshatt aggation type

contamination with foreign naterials, and leaking in
ultradfigiviscosity pelymer reactor has been used, it has been necessary to carry
out the reaction for a prolonged period of time at a high temperature of not less than
300°C and under a high vacuum with a pressure of not more than 133 Pa, and
moreover production of a high molecular weight material for sheets or the like has
been difficult.

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

efficient surface renewal occur naturally accompanying internal stirring, and hence
the polymerization reaction can be carried out at a relatively low temperature. A

preferable reaction temperature is thus from 100 to 290°C, more preferably from 150

to 270°C. It is a characteristic feature of the polymerization apparatus according to
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~ like through an agitator seal under a high vacuum
However, ‘according to the polynerization apparatus of
the present invention, because there is no nechanica
agitation, there is no agitator seal, and hence there
is very little leaking in of air or the 10 like or
the presantimventiorothatipolymenizatipn can be carried ouli adequately @t gdewer
reason why a high-purity and hi gh-performance
temparaturetthan irotheceaseoithe comvehtiomalanectahicallycagitated
excell ent effects are also achieved wth other

polynfet Y4866 dpparats) aitkits id Als@diel reben whya High-quidlitp afomatic
pol yam des. These excellent effects are particularly

o5 i o S 53609 o oo
Furn RO S ST EEHDE e SRy B8 el poen
cravhs A B T Sl PR 2 B r e

) tenperature of at |east 280C being paintained at the

like thropgh agyagitatersseal sindgp ayvigh vacym, Hlowever.acceeding g the
the condensation polynerization reaction for 20 )

polymerizationydppasatus of tite peesent inventignnkbecause theenisoae meshanical
out at from240 to 270C, with a high tenperature of

agitation, |therst is2@04yitatomgeatpand hienee thretib eefy litte isaldog irsf air or the
the polynerization degree rises. It is well known

like of kahtantiAation Aath fbRg PateRalsZ #hichis droifistrebeos why a
becones, the nore the color and the properties of the

high-Eglllit;jrrEﬂd Rgﬁ%ormbrﬁgmﬁwgrp‘?ﬂ?&?boﬁﬂetd&ﬁ Eé?éﬁ:%foed. Such

nerizdtion reaction o pol yester such as

excof B S8 BB LINLIRA DA @5 pers, i particuer

polvesta ekl ool Phe b e al 5t bifguippy rapeoctin te
t he anount of by-production of al dejl]a/o_les such a?]

case & preguring pelyethienaierepithelate; pivinimigioylene dpephtalate,

al cohol s such as allyl alcohol, and cyclic oligoners
polyhsliane sergpbthalate, aylend, fradyioreG@l i c triner. However,

by using the evaporation apparatus according to the

pr &oe exaniple, the tonventional condersation polymerigation readtion for

apparatus, the polynerization tenperature for the
polyd}gjgﬁﬂé tevephiial gl issgéneraily bedn caftidy onait frorm 265t@290°C, with
a high temperature of at least 280°C being maintained at the final stage as the
polymerization degree rises, and the condensation polymerization reaction for
polybutylene terephthalate has generally been carried out at from 240 to 270°C, with
a high temperature of at least 260°C being maintained at the final stage as the
polymerization degree rises. It is well known that the higher the polymerization
temperature bacomes, the more the color and the properties of the polymer become
impaired. Moreover, in the case of polymerization reaction of a polyester such as
polyethylene terephthalate, polytrimethylene terephthalate, polybutylene

terephthalate or the like, it is also known that the higher the polymerization
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preferably not | ess than 20C, and noreover efficient
surface renewal can be carried out, whereby the
renoval of |ow boiling point by-produced nmateri al
produced through the equilibriumreaction can be
carried out efficiently, and hence the polyester can
température meamines; dhevgréatar thegampunt/ofdry-pradustionof @ldehydessuch as
evaporati on apparatus according to the present
acetaldetiiiel, abroisin st dbe ke aurnatyraitad alzbhols synbeasaald alaohol, and
carry out polynerization to produce, for exanple,

cycliPAligurhers! stich 404 BpAid dihitr and! & eyclidWimepol ymer i zat i on

can thus be carried out at a fast reaction rate even

at I-ﬁ)%\fef,ob;"yﬁg i t@%?yﬁé@%ﬁg@i pakatdy récEMTd&%% to the present

hi gh- per an acet al yde
iver 37 PR BAER e mEg terE  efl b b rayor

with hjgh productivity. Mreover, for, exanp]e, the, .,
tompBtAI il duPObBRIRS o Gaster bl Yo Esducid IBANOF 158 thafh 1915
nyl on 66 has generally been carried out at 230 to )
prefep@igynokiass thani2PnC, aedmargpverelficient suiface tenewaliGay be caried
mai ntai ned at the final stage as the 20 pol ynmerization
out, wieereby the sempvahef lowebailingipoishby-progutedmaterialipseduced through
reaction for nylon 6 has generally been carried out

the eqLiliBR0n r@a2B0€ canibecarried gut effigiently; and hencerte paly@ster can be
bei ng mai ntai ned at the final stage as the -

prod@é&d’ﬁﬁﬁiazﬁbh?blﬂ%ﬁf&idd &h6.- If the blaporation dppaldias eeserding to
-of the conventi‘onal condensation polynerization to

the pg%%yﬁi Giverflions 2Beddic gg@hﬁﬁ&aﬁ% ia?ﬁﬁ?élu& ittggaﬁﬁ} dufe

nmerizatlon appar at S gener y 25 en"of the
rder,. of 10 to 20 I e gl e
polyprighqtLte Prebfigd. o Bafpid HouiiREso8 i ahulate metfite
t hernal degeneration, of th | yner,. and 4 °
polyipSeaias 7 ke camiedt ol Tt {Sacpf Bt #ien siga0 to 285°C,
been liable to occur. In particular, .in the %alae oé
and hgnesha bigh-purityshightnerionbance pRlYRRIJeing anscetaldehyde content
di scoloration and gelation are very liable to occur
reduded by halfe gontaining bitiergligomarhand hewingra gppd colr gan hesproduced
- well known that in the case of using the conventional

with highypreduetiityon apparatus, large 5 anounts of nonomer
(around 10% and oligoner (2 to 3% remain in the

polMBRIover, ToEekampRy, thé eoheartional cosderisatiohpulymetization

equi | i brium constant for a nylon (for ‘
reaction for nylon 66 has generally been carried out at 230 to 290°C, with a high
temperature of 270 to 290°C being maintained at the final stage as the -
polymerization degree rises, and the condensation polymerization reaction for nylon
6 has generally been carried out at 250 to 270°C, with a high temperature around
270°C being maintained at the final stage as the polymerization degree rises.
Furthermore, in the case of the conventional condensation polymerization to produce
a nylon, the average residence time in the polymerization apparatus has generally

been of the order of 10 to 20 hours, and hence prolonged residence at a high

temperature has been essential, and thus thermai degeneration of the polymer, and
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exanple, in the case of nylon 6, the equilibrium

constants at 222C and 254C are 480 and 254,

respectively, and in the case of nylon 66, 365 and 300

respectively), and hence if the polynerization could

be carried out at a | ower tenperature then the 10
discolmations and detariatation ropropertiesohdave beem Gabledd, ocout. tlhiparticular,

has been inpossible with the conventiona

in theRsdsen& yiéh BeNit apwall Rhowathat Begeresratity, discolgration and gelation
evaporation appar at us accordlng to the present

are vé MR ﬂf‘oéé.lrad eB by FEtheZciseUT rinRbak iSwell

e condensation po yrrerl zatl on tenperaturée for a

oo SRSl SN o s, o
amoufyz of gioas ”3%%# ﬁ@"?ﬁng Blpterss 30 sbreBitingt I ghymer.

produced through th l'ibriymreaction
The Hiaher (68 tempecaiLI e, taaower theedikrium ﬁenﬁtfﬂa r %ﬁﬁoaéfm
produced with a high polymerlzatlon rate. .
example; o the cane @t)pnlmta;éhe aautibdumcanstants q&r’z@eeﬁtand 254°C are
invention is used as a polynerization apparatus to
480 arat 254,qespactivaly, ymdrin the case bbnpiondl; 865fand 3@ nespactively),
nyl on 66, then the polynerization can thus be carried

and heHcedt the polyinerigatidn coulddieccavied dt 2 atlowpe terhperature then the
210 to 270Cwith a tenperature at the final stage of

amo-.ﬁ'ﬁQ)f ?ana SCmonrbhel %89[?1 Fo PadiitaR bl thi$Ads been im Possmle with the

I gh- per ornance pol ymer suffering no discoloration or

convgﬁﬂlor{égplgyrh&nzéﬁéﬁé a}%@gg@l degeneration and havi ng

or can b uced with high productivity.

25 urt hernore. de
BT Ry sa-gﬂ"’fh% etvgﬂaa?@ﬁae“piaiéﬁug%@&@ﬁﬂﬁ 1 the present

conventlon ol yner,i zat.i o ar at us hav

inverdigmat p sondenbian ol arizatior: 3 lofa 8B Vﬁlﬁ e nﬁPB?ﬂ#m

applications (e.g. for fibers for cl ot hi ng)

polymegization tempearatise forca pyloprean generaly asgpeec% bwot igss than
enabl e use in high-performance applications (e.g. for

10°Ct preferably st fess than 2026, amd niareoverngfficient syfacs renswal can be
etc.), it has generally been necessary to further

carriéd bUE GWhdraby ftise permoval of dow ibdiligapainoy-preducaalt materiab produced
However, another characteristic feature of the

throﬁi‘ﬁﬁ@ré&dllﬂﬂlm PEHGNOHSTarIS Ediritd d@t effidientdy, eP@itience the nylon
I'nvention is that if the evaporation apparatus

can B pRSRICEE With biHig? pERAYrization rate.  If the evaporation apparatus

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

polymerization to produce, for example, nylon 66, then the polymerization can thus

be carried out at a fast reaction rate even at a temperature of 210 to 270°C with a

temperature at the final stage of 250 to 270°C, and hence a high-purity and

high-performance polymer suffering no discoloration or gel formation due to thermal

degeneration and having a good color can be produced with high productivity.
Furthermore, although condensation polymers produced through melt

polymerization using the conventional polymerization apparatuses have sufficient |
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invention is used, then a polynmer having a

pol yneri zati on degree on a par with one produced

through solid state pol ynerization can easily be

obtained. In the case of producing a condensati on

pol ymer using the industrial 10 evaporation apparat us
perfornancelias polymensdop pedinany applieations(e.gsfor fibers Tor clothing), to

pol ynmeri zation reaction proceeds, |ower boiling point
furtherdhergaskethéd polynuatizatidntdegreg isoas tecpridblé useim highepeidfomance

are renoved fromthe reacti on system whereby the

appliESisHs (@7y.'faF GreCetdd Sfor bORIERABF for ehgisering riesing) ietd)), drhas
inert gas that does not have an adverse effect on the

genef %cﬁédéwoé Fgﬁed%tﬁ%ggﬂb el ﬂ@bolgﬁ'ei‘ %aﬁ&&&@é‘ pol merization.

oca bon 15 gas iIs 1 ntrodu
e ?ﬁé\ﬁsﬁﬁh%%@@%%@?%%@f i BEphAtEd acoardpa

the prggant dveRtions ﬂé}eét“ﬁe%@eé%%ﬂ@éﬁﬁe@ﬂ RSGRaNg, (B dhe present
thus preferably used. Alternativel thod in
inventionds Lsees thenapalymes having.a PAXMerZAtIoRAearss o & papwith one

preferably used. In such a case, there is no need to
producad thraugh solidistpte potymerizstionteanzeasily det okjainegdat o t he
pol ymeri zati on apparatus, but rather just enough to

mailntlkeé case of progiucirges cahdengdtionepolymied asingdhappdusttiaks
is sufficient. The reaction pressure in the case of

evapRF MBIt apSaratusCastonging it6 the pregat invemtiod, 46 the polyaterization
evaporation apparat us according to the present

reacfb%}?{ ﬁfﬁdéé@sV%We‘?%onﬁﬁggfdlﬂi Ratdihls B w@éed)fhrbﬁgﬁ? bn equnhbnum

I'ng pol nt mate produce the type and

el S B Yy BB o con
nrsgief AT e r S Eﬁaﬁﬁ%%%ff%v%p?%a&x%@e et on

from bi sphenol A and di phen car bon int
the rgaction s\¢has nawggarsﬁrf ﬁa} Oaﬁqm ﬁw%ra}iwéﬂcamon

5,000, the reaction pressure is preferably in a_range
gas isfinfredusarbinte ti'-aap@menaatualn @pparatus angkthedowgr hQH‘ﬂGrPDmt
average nol ecul ar weight of from5,000 to 10, 000, the
materizds ar@entraiaed nychissgas afie thus lgemwad & methpd iafwhicbthe
50 to 500 Pa. In the case of a nunber average

reactioh & chledViit Udder aGedlcéd passsure adrahe lika s fHusQireferably used.

reaction pressure is preferably not nore than
Alternatively, a method in which these two methods are used together can also be
preferably used. In such a case, there is no need to introduce a large amount of the
inert gas into the polymerization apparatus, but rather just enough to maintain an
inert gas atmosphere inside the apparatus is sufficient.

The reaction pressure in the case of producing a condensation polymer

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

molecular weight of the polymer to be produced, the polymerization temperature, and

so on, but in the case, for example, of producing an aromatic polycarbonate from a
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300 Pa, particularly preferably in a range of from 20
to 250-Pa. In the case of producing a condensation
pol ymer using the industrial evaporation apparatus
according to the present invention as a polynerization
10 apparatus, a polyner having the desired

moltep @rgpelyimea produckehirers hisphenol prantlidipihenyktarhooatey inthe case of
such evaporation apparatus, but depending on the

a nunitseraver age rickeculdeweryht of nbtwmone treare5,008| theoreawtibh gmessure is
prepol yner used as the starting material, the anount

prefe@bﬂfjw@ Farje 6 FoRAUO0R) 3,000P % andfn the 248 Aol rurnbércéverage
a plurality of such evaporation apparatuses are

moleéﬂ&lﬂﬁg H’ SFfrB 5%90%3 Ao 663? tﬁ§ 'r%ée@%irné@'g?ggﬁé%ﬁir@f“erﬁﬁg in a

r SSIV ncr eas

rangep@fsfem%dﬂz%?m?%eg?@@* %ﬁ%@f’%ﬂkt&%@?*’%ﬁ@@a‘a@%@% Ven
qualo gy Erantes e 40,0005 b eaeliOiPaeasUTg. < Preierabinpf Gore fhan
the case of a systemin which a flrstzé:l),ll de-contacti ng

300 Fbmmﬂlwuyyp@femlwm range effreip i 220 Pa. second
gui de-contacti ng downfl ow type pol ynmerizati on 20
appethet ease of produdingu cendsnsation ipolyrienwsing the jnsistrial
pol yneri zati on apparatus, a fourth guide-contacting

evapoeitioh lapparatns geebsding ko tie praseppinvention asa polymerization
used so that the polynerization degree is

appaFHtQQ,réeéélyW@r)hdvﬂfg{ mlreﬂ%lmehﬁﬂaémﬂébr@@ﬁ pé'produced

surface areas he gui des possessed by t
i : ' tio
using3 B0 2 RpRRRRIP i aus” pae depending gf@sc Tetization
degr%%ﬂé@xaiﬁaﬁémﬁﬁﬁéoe €8 RS st iSsH s/ HB gt Haterial, the
i n apparatuses, or_alternatively
amouf e e iBaS it St  SyssRET 'i"z‘%‘?'f’br? Aty pg sucn
may, al so be progressively reduced in th
evapeatspﬁ@np@aaﬁwﬁs 259 fiaked togetnen so that the eﬂwermtipﬂ degree is
case, for exanple, of progressively increasing the 5
progreskiyetyringeeaised raay, bepreferablet win fié gase. guidesAand reaction
apparatuses, i.e. a first guide-contacting downfl ow
conditipps spﬂhbhéb'r s polym@pization degeewloftheqrepdlymer or polymer to be
produced are preferably adopted for each of the evaporation apparatuses individually.
For example, in the case of a system in which a first guide-contacting downflow type
polymerization apparatus, a second guide-contacting downflow type polymerization
apparatus, a third guide-contacting downflow type polymerization apparatus, a fourth
guide-contacting downflow type polymerization apparatus and so on are used so that
the polymerization degree is progressively increased, taking the total external
surface areas of the guides possessed by the polymerization apparatuses to be 81,
$2, 83, S4 ... respectively, the system can be made to be such that S1 = 82 =
S3 2 84 =

Moreover, the polymerization temperature may be the same in each of the
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gui de- contacti ng downfl ow type pol ymerization

apparatus, it is preferable to use guides such that

the total external surface area S1 (m of the guides

in the first polynerization apparatus and the total

external surface area S2 (m of the guides in 10 the
polymesization apparatuses, tar atemativelyt may de: progyessiely mqreasef.!; The

formula (15): 15 S1/ 825 20 (15). If S1/ S2 is

polyrrieeﬁatlblh presisuré ety alsobecprograssively neducetl inthe giolymerization
the nrolecular weight increasing so that prolonged

apparglddlse production becomes difficult, and it becom ng
difficult to obtain a prescribed productl on anount,

?T@W‘?ss e’y Ine e é%ﬁ%’%’@af?ebf bligfegdvel idiehitpg the
polynfhlzAfiSn diotds3BGHE BfBliratid} heRa R Boq BreO™S

resi dence ti of the nolten ol r becom n hor t
guidescontagting gowe <ipelMeiizatioR appatats 2nd &
the required nol ecul ar wei ght. For such_ reasons
guidergontagiing dewnflew typgypolymerization gpparatgs it @aorewable touse
According to the industrial evaporatjon apparatus or
guidessughehatthei total externahsurfacef areads b (rodeofithe iguidas iorthe first
not less than | ton / hr of a concentrated I|qU|d or

polyrsrization apparstasidnd the totabdxieenal sunfdcecareas2 (h?) of the guides in
produci ng a condensation polyner froma nononer nelt

the sédord ﬁay&@ﬂzafsﬁgbwﬁ&us 588s1p they FRIOWIAG fenulg ($8Y: T i ed
out hif ough an ordi nary polymerization reaction while

di char g bgg-? poduced | ower 25(¢?é| l'i ng point
material's out the system and nce it is necessary

fo r e
k#fﬁgﬁﬂﬁi’%ﬁ thaftl, il pioriP sFE R By 4R Ta
moleqlﬁﬁf‘k%t npaana i thar brides taRle Brefichon bEROmbs dficutt
epol yner_constituting the liquid fed into the
and I&wm difficals fa ehtain atmagcrm Rrodyefien mrtsnwwaeas if S$1/32
yneri zation degree thereof and the polymnerization
is gremqrtbenﬁo tinen the f?@mrate(pftibe praitarcpeepolymern Bowjsgaiown the

from5 10 to 500 kg/ hr greater than the amount of the
guidgsdh)the sepond pobdngrizatibntapparatos beicohtes high) gmeas result

produced, i.e. in arange of from1.01 to 1.5 ton | hr
problBfis drisePsuch & th résience time of the molten prepolymer becoming short
so that it becomes difficult to obtain a polymer of the required molecular weight. For
such reasons, a more preferablerangeis 1.5 = §1/82 = 15.

According to the industrial evaporation apparatus or polymerization
equipment of the present invention, not less than 1 ton / hr of a concentrated liquid or
polymer can easily be produced. in the case of producing a condensation polymer
from a monomer melt or a molten prepolymer, the polymerization is carried out
through an ordinary polymerization reaction while discharging by-produced lower

boiling point materials out of the system, and hence it is necessary for the monomer

melt or moiten prepolymer used as the starting material to be fed into the
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pol ymer produced. Mreover, in the case of carrying

out -eoncentration through evaporation or purification

t hrough evaporation on a thernoplastic polyner or

liquid containing |ower boiling point material, the

amount of the liquid fed in varies 10 depending on the
polymbeiratiord apparatugor etuipmieet imbn@miuntigreater than A dooi/ hed The

concentration degree or purification degree, but is

amouf€srahal h¥nbme et &amelten E%pdy&@ilcbﬁstikﬁﬁhg the liquid fed into the
preferably from1.005 to 50 ton / hr, nore preferably

evapdrafidh égplératté’s #Husfies ﬂggﬁ%@ﬁ%@?ﬁ%ﬁ‘&i&?ﬂﬁ?tﬁg@ée thereof

evapor on apparat us acco
i nyention isfies c L j '
and e iSiieP2aRBh sBaistof $8 STkt LEPF pr6aad: Bt IS horiialiy from
hani cal strength, the |ndustrial evaporation
10 to 55 Kadr et et i atngpint GEIDR BaimeE HRREIFBAET o ton b of the
t heret o equi prent havi nt% some ot her f{L:mcti 0 re}qu.i &eﬂ
polymes predugeach iguin a Fange poifomyvbPado ded to: *arrmfnﬂt% langf the
industrial evaporation apparatus of the present
polyrienpeodiced. Mptaover,iin they tase ohcamyingtaut spnesntsatian thseugh
appar atuses may be joined together, and furthernore
evaparation oe purifieatiorothr@igs evapdration ioora thidmmoptasdic polymer or liquid
evaporation may be adjoined thereto. Exanples Next,

contair_h‘r@% RVRSEBilind g6t rizitetidll thebameantsf thediquid fear ia driesi |
with reference to Exanpl es and Reference Exanples. 25

: deperﬁéég'lm tﬁeé%)\gﬁlggﬂi'gﬁg é&%ﬁ tirﬁéteﬁéﬁ(?&ﬁtéhi 8Rd BPRIGRiiné® concentration

ng a ow pat 39 controllinhg nmenber
0 b : :
degrefyqpunfh b Ehrgs Bt 14 BRhEHnaMeRgs A il dofib 100 ton /i
contgrolli er was fix u n fr h
prefefaly e AOBSIA oRdihn: Rere PEGERPY TR 14 B ton Fhr
internal wall 23 of the liguid feedi (r;ﬁq zone jggﬁg
apppdenaasdhs industial gyapgration aprarejisA6coreiBg present
. the internal sidewall surface 22 of the |iquid feeding
invention safistiesithencoriditionsdascribedrin tie claims nand moreoverhas a
approximately 9 cm and the spacing between the
correpporidinglyeslitable me2hamidal $teerigtbythedndustdat evapdration apparatus
menber 20 was approximtely 8 cm
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
evaporation apparatuses may be joined together, and furthermore equipment having

some function other than evaporation may be adjoined thereto.

Examples

Next, the present invention will be described in more detail with reference to
Examples and Reference Examples.
[Example 1]

An industrial evaporation apparatus having a disk-shaped flow path
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A peripheral portion of the disk-shaped flow path
controlling nmenber 20 was designed such that the
vertical section thereof was a semicircle of radius 10
approximately 1 cm and was thus devised such that the
liquid would not stagnate around this peripheral

contrglting membevt2@ of thickness approximataly 2 ¢re gnsl guides thassshown in
the internal sidewall surface 22 of the |iquid

FIGSf 2efid® ZIiediskamdpeldiowe paidr cortblinigireniber@ibwas fixed

desi gned to be concave on the inside as shown in FIG

susp é’\dé&%rﬂﬂhé’&% therebPSudt that ihés;!%hlﬁ? flonPthe'\®D internal wall 23 of

approximately 170. The nmateri al he evaporation

n@ﬂ@i%%é'géggﬁgzsﬁ,&a@abg By B GBieigClne diting beteer

the InjSEaLSABYa! 3 “2?30@38?' %ﬁgbq’dﬁfﬁ%g@mg}e Sempith

the case t t he viscosit S not
controlag semaer féwf&omfpas»m%tséaé S anAdhe épgyﬁnsﬁiﬁ%wear‘ the
side-wall casing 10 and a conical bottomwall casing
perforated piate\2:and thenflew path cantrolting mamber 20 w@s approgmately 8 cm.
500 cm d =20 40 cm C = 155, S = 250 n2, A= 19.625
A penigheral pdtion bf the2diskshaped-flowepath ¢ontralling member G was
0.3 cm The distance K between the internal wall of
designed sichltRaBiheorericaisectiod thérecbwada semivirsle dforadiiss
Internal wall was approximtely 15 cm A ratio of the

appr&@hﬁf@!y\f &@h, éﬁk?w’i@atﬁés 'd@vi&%d@ﬂ.nch hBat theUicgic #oultEnot stagnate

present inthe liquid feeding zone 3 fromthe |iquid

arouﬁ@frﬁé ghél%f E)oéloﬂ ‘M%%B@ﬁ} %é‘%e&%ﬂ‘@%etjbﬁ'\t Fbﬂ/?%éh the

recel e top I nternal

AR Ha%%fg?md@q‘rﬁeﬁqwgsée SAERS b pte 2

ve S 4858 ik of 51 RS o v

pproximately ~19.63 nf), e. the val ue of V J
rlSlngr\a@rtl@ppvaﬁ(anmuya\@M 8407 m)TheWﬁ@thﬁl lﬂfrﬂ'm(ehﬁ?p‘?rﬁgon ‘apparatus
space in the evaporation zone 5 was approxi mately
was a2l matiendf, staintbssasteal. t Adhewdischarging pump 8isgpreferably a gear pump
approximately 70. Al of fornmulae (1) to (14) were
in the ahss thatdhe Concentrated ligaideis of bidh visassity, andlie ahicgdinary
feeding zone 3, the liquid containing | ow boiling

hquudlféeaﬁng paipihahe tase itthatfthe Viddasity ismbtcsd Kighi vThe industrial
1 passes between the upper surface of the flow path

evapgsﬁér}ﬁrf’%ﬁézéggt% Blc%ﬁné\ﬂfél 'siRfe-Wam ch8ing" 1tand@l donical
bottom-wall casing 11, and was such that L = 1,000 cm, h =800 cm, D =500 cm, d =
40 cm, C = 155°, S =250 m? A=19.625m? A/B=156.25,D/d=125,L/D=2,
andr=0.3cm. The distance K between the internal wall of the evaporation zone
and the guide closest to this internal wall was approximately 15 cm. Aratio of the
volume V of the space in which the liquid can be present in the liquid feeding zone 3
from the liquid receiving port 1 (i.e. the joint between the liquid receiving port 1 and

the top internal wall of the liquid feeding zone 3) to the upper surface of the

perforated plate 2 (approximately 3.17 m?), and the upper surface area T of the
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feeding zone 3, and between the internal sidewall

surface 22 of the liquid feeding zone 3 and the fl ow

path controlling nmenber 20, and is then distributed

uniformy 10 fromthe holes (e.g. 21) in the

perforated plate 2 to the guides 4 while flow n ) '
perforatachphate including theuppehsurtdcepareaiafithe bmsdtrerwn?(anprmmately

portion of the perforated plate 2. An inert- gas
19.63fm8di.e thpovdiud® of WY THwasi agfokimately @81 pm).t | Theablurhe Y of the

evaporation apparatus, and an evaporated nateri al

spacefiHith8levApbeiory Zire/s mrﬁwrsﬁnmen? 2858 a) dpttincatbe value
pressure- reduc:| ng appar at us) for the | ow boil i ng poi nt

of Y 1 VRkSS 'agkm%%afm ‘?bdesi\n' @ée‘{ﬁ’ & (12 Wér@%a%gé@e Care was

evaporation app rat us. at| n

taken%y?ﬁi&émn{?@%ﬁ%%ﬁnﬁiﬁ?‘%??%’E%ﬁ'aiceﬁg%ﬁ@ﬂﬁgﬁfb&'%

sc d be mai.ntained at a prescri
materfsﬁﬁf@ Fbt?]eél SRS RO PRsth v eRBrBP pper surface of
nﬁ‘h 20 Using the industrjal evapgration
the ﬂ% pa mr@hnmmw 20 asd she tap Internahwall surfags L3ef ke liquid
for a condensation polyner, an aronatic poltycar_bo_nate ]
feedingizome 3dand thetweemthe mﬁerpabgdey/aﬂ isutfaceiz22r ofthedigyisl feeding
nmol ecul ar wei ght Mh = 4,000) for the aromatic

zone BaEnd-thelfiovapath cantrdiling neenber20] aneds themdistrimited ainifarmly
and di phenyl carbonate (nolar ratio of diphenyl

from t%éflhﬂéélw t 91 PinStﬁBq;‘éHoréteﬁ dlafe™? tafhe yaides & wWhitd IdwRig mainly

contlnuous y fed into the liquid feeding zone 3

from fh'é‘}SBrfrﬁH”erél' ﬁ*lgn "t&ESa‘d’ f 2 porifdh & thB?é‘ilfo?m platee2. An

was antl nuously fed into the

vt e A BB AR o A e,
q&»oé’\fvs P B ) o b 588 anc

ynerization while flow ng down aI ?v%pthe gwd 8 é
PFBSSFH%'T?@-IW% apparates) foethe lownboiling PRInt gabwag@redded in an

a vacuumvent 6. 5 Produced aronatic %é:ar bonat e )
uppeeperionraf the @vapomamn@nnarmsn%ackat@r gbeating tubgfopa heating
apparatus fromthe bottom of the guides 4 was
medigmnvas provided onithé dutside of the évaporativreapparatas, tsorthat tine
fromthe discharge port 7 by the discharging
evaporation apparatus could be maintained at a prescribed temperature using the
heating medium.
[Reference Example 1]

Using the industrial evaporation apparatus of Example 1 as a polymerization
apparatus for a condensation polymer, an aromatic polycarbonate was produced. A
molten prepolymer (number average molecular weight Mn = 4,000) for the aromatic
polycarbonate that had been produced from bisphenol A and dipheny! 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
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punp .8 such that the anobunt of the aromatic

pol ycarbonate in the bottom portion 11 was constant.

10 The nunber average nol ecul ar wei ght M of the

aromati c polycarbonate w thdrawn from an outl et 12

after 50 hours from comencenent of operation
evaporetignaena S polenerizatinnireagtion seneldremdhe heles l@dba perforated

col or (b* val ue neasured using ClELAB nmethod on a 3.2
plate 2while fiowingdtomitiez peript3era) pottondoward thencenteal giartion of the

el ongation was 98% The values of Mh for the aromatic

perforatéd phitd enaias subjevtied v pdFnierizativh aviilet icsting 2owrt alongahe
hours, 100 hours, 500 hours, 1,000 hours, 2,000 hours,

guides 40 OGI'H@H& meﬁzgﬁ&w Feattidn 25 Wad RBIALEG PEf\ﬁ’Qh vacuum vent 6.

comencene of operation were 10, 500 10

ProdJc%d%Q{na]tﬁl Qn?:\e %ntéﬁnéﬂ% bdflom Gh Jcﬂ 'tr'i_’é)o

respec nce op on s abl'e, and

polyn{EizaHef e hﬁfrtag i A u SRRt 1o éabﬂ%?“ %g% Shtinfolsy,
withlfanty & FOW e AT 55 (o811 Teprhdbe AHSHaEs® BOR, by beigsparoie

material caused by ?rolonged resi dence was detecte

pump:R such thatiiee amaunt iof tha aroraatispelyearhopate:isdh asqumortlon (L
had a content of alkali nmetal and/or alkaline earth

was aoasténtconpounds of 0.04 to 0.05 ppmin terns of the
metallic elenments, which was used as the catal yst. 25
[ EXnepiuentidr: avéehgermioleculaoweight Mnwohithef arontatic polycarbonate
condensati on polynerization type polyner in 42 which

w1thd'r'éWn Frofy ah duiet $2 aher 8OIHRUIrSABAT SdMARMMcRARNt B bpBeatidn was
ow path controlling nenber 20 and gui des 4 as shown

10,5chn r‘hﬁﬂwgoﬁj tgirraila%%ﬁ_ én go@ﬁ%ﬁ é?%luérﬂé?gdréd using

car onate uced usi I's polynerizati on

Cl‘EL%%ﬁbﬁ@%%@ﬁ%%%ﬁﬁ%ﬁE&f S0 P45 5

made of stain

etongliBBiwas bEbky; SeLvanag oplfitior ine BForaaipg Sethenate withdrawn
evapor at j on_appar at uses_was a gear pu The fi
from {11 Qs e @ BlpTEad 08 oM. S00rBaUTS 1,900 hours, 3,000 hours,

gui de-cont acti ng downfl ow type, had a
3,000 hours, 4,000 hours, and 5,000 hours from commencement of operation were

10,500, 10,550, 10,500, 10,550, 10,500, 10,500, 10,550, and 10,500 respectively,
and hence operation was stable, and moreover the color was completely constant at
a b* value (measured using CIELAB method on a 3.2 mm-thick test piece) of 3.2.
No contar_ninatibn with impurities such as colored material or other foreign material
caused by prolonged residence was detected at all. |

The aromatic polycarbonate produced as above had a content of alkali metal
and/or alkaline earth metal compounds of 0.04 to 0.05 ppm in terms of the metallic
elements, which was used as the catalyst.
[Example 2]

Polymerization equipment for a condensation polymerization type polymer in
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cylindrical side-wall casing 10 and a coni cal
bottomwal |l casing 11, and was such that L = 950 cm
h =850cm D=400cm d =20 cm C = 150, S = 750
n2, A= 10 12.56 n2, A/ B =400, D/ d =20, L/ D=
2.375, and r = 0.3 cm The distance K between the

whichi tmodndustriabevapsiratior: apparaiuses each bawngaifiow pathicaatrolling
closest to this internal wall was approxinmately 14

membEn2M\at@ glultlels 4 bs shHowndh FN1GS. 2tarel 8 20s arraagedan sendés. An
the flow path controlling nenber 20 was a little

aromalﬁa;bélycémbnbté wa$ pPeduGeRIlisiAg thid polyrériZaRion édqmpmeﬂs (first

in Exanple 1, and the spacings between the flow path

polyrr{?%i‘éﬁ?ﬁ ngallg% Pglgtfjs:%cg?ﬁ f‘“gméhgﬁ" ! ﬁp E@ééesﬁagmé‘@?'lal of
the e‘@%"?@ﬁé‘? é@%’%&ﬁé@%g@ﬁ Ihade ot SEhEH 888 > pfGiEhEraing pume

the section of the |nt bet he
8 for GRRILALIP SYAROIEAN SoRATaRBeSMaR Sl Pl o b
zone and the perforated plate 2 was designed to be
polymeasizatios appatatus, wancaefv%eofsa Swide-pontagling dawaflaw type, kad a
E for the 20 rising portion was approximately 170. A
cylindrigal sideswalheasing d0=nd atonical bptem-wall gasiog 11t Apd was such
l'iquid can be present in the liquid feeding zone 3
that Lf= 860tche; Host85Gnem{ Dt=h400 icryicti= 20ezm; @i=ng5@RIS =750 mé. A=
the joint between the liquid receiving port 1 and the

12. 56!%5 A nget aed, DV £ 20f LYite=I2 gp5 daricee€i0Ng cARNETHD distance K
t he upper surface of the perforated plate 2

betwéem{?gﬁt)égrﬁw«au éf thd é@agoﬁﬂﬁh &pﬁe aRAho guraea%saétqa tﬁas

orat ed pl at I'ncluding t upper surface
( raxi nat :
nterl §31fad Q@odaaﬁtew S (49005 08 ltele: G158 5Hosg secton
e Vo thes int r.ation zon

of thesﬁ”%eahbs%tm SE8EE G wes 4, iin il EREHISHER 5 e raa

oxi mat eI 67. The above val ues sati sf
the S@Pefsi\aeap&n(ﬁﬁameﬁeh@nd s sreGS batEeadbe flgw Bath controliing

neri zati on apparatus was the sane as the
memlw thgnd 1be wadl w&sat(aa angr22paf e iquid feedirgrzanerand the
Exanple 2]: A nolten prepol yner (nunber average
spacing lbetweean theeflgitpath contoling ) mémben20 amddhatpecforated plate 2
pol ycar bonat e that had been produced from bi sphenol A

were a8dn Ex@ahgilg 1.  Moreover, as in Example 1, the section of the joint between
the internal sidewall surface 22 of the liquid feeding zone and the perforated plate 2
was designed to be concave on the inside as shown in FIG. 6, and an angle E for the
rising portion was approximately 170°. A ratio of the volume V of the space in which
the liquid can be present in the liquid feeding zone 3 from the bottom of the liquid
receiving port 1 (i.e. the joint between the liquid receiving port 1 and the top internal
wall of the liquid feeding zone 3) to the upper surface of the perforated plate 2
(approximately 2.03 m®), and the upper surface area T of the perforated plate

including the upper surface area of the holes therein (approximately 12.56 m?), i.e.

the value of V / T, was approximately 0.162 (m). The volume Y of the space in the
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carbonate (nolar ratio of diphenyl carbonate to

bi sphenol A = 1.06) and was held at 265C was

continuously fed into the liquid feeding zone 3 from

the liquid receiving 10 port 1 of the first

pol ymeri zation apparatus b aaf eed punp. The nolten
evapqratiprozgne 6 wasappreximatel ﬂ%s mioastynemsg thavaluemef Y/ V was

pol ynmeri zation reaction zone via the perforated plate
approRimatety 7 .f | Tise abolg vahiesatatisfy alppificamutae (1o {14). e Maerdover,

to polynerization while flow ng down al ong the guides

-~ the setondolRReN RO abparatisswas tien samacasothel fslyierizhtion apparatus

pol ymerl zati on apparatus was held at a pressure of 800
of Exaiipld f# @ vacuumvent 6. 15 Aromatic pol ycarbonate
rmPten' prepol yner of increased polynerization degree

rage nol ecul ar wei ght Wh = 5,500) entering
[Refeﬁbé@ﬂ%hn%%p%”i on 11 of the polynerization apparatus
fromthe bottom of, th ui des 4 s contin |y
wi R PraPo R TRet AvaTRgS moTeeulel WRBhE ML 1 2 R0) for an
port 7 by the discharging punp such that, the ajount
aromgic pelycabenate @%MW&#@%?@W@P@B@P pdidipheny!

20 bottom portion 11 was constant. This nolten
carbopatshglae raticef diphenyl.cankoyateda bisphenol A 1 i0§)iand was held at
feeding zone 3 fromthe liquid receiving port 1 of the
265°C e@srabrioLipuslyifed intorthe digpiafeedingmore 3 fred thenliquid neceiving

nol ten prepol ynmer, which was continuously fed into

port 1 SethBdirstslymatization appiratils By Bdesd puie PEHd Aiciencbrepolymer,
plate 2 in the second pol ynerizati on apparatus, was

whicr'gx.ggjs BOhBAUSEIP Pécwm 'trg%@?rg@embti& teamidrtzsiiathe Périorated

t he gui des” 4. rization reaction zone
p . . -
plate 317 438 A DORBERF oot &2 R iectRl 13 Bolynbrization while
.aromati ¢ polycar.pongt e ent eri .t he t1 [
Rowirky SR RE GUrgna: | J8 RV apaiel B RRR S the frst
bottom of the gui des 4 was conti nugéﬁdf wi. t hdr awn at a}
polymerizaticn@prapatus washeld atahpresadref, geia gacqupy vent 6.
t he di scharging punp 8 such that the anount  of the
Aromatie patycarhanaje mytaiuprepoly erofinereased molyraerizatiofdegree
constant. 5 The nunber average nol ecul ar wei ght M of
(numbaeaveragathaolepolay seightn e 5,500hdnterimgfthehadionvpoition 11 of the
12 of the second pol ynmerization apparatus after 50
polyniaritefionfappar stusiiram ¢he bbttom ofthe guides daasidoriibouslyd

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

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

apparatus was held at a pressure of 50 Pa via the vacuum vent 6. Produced
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- T

good col or (b* val ue neasured using Cl ELAB nethod on a

3.2 Mmthick test piece = 3.2). Mireover, the tensile

el ongati on was 99% The values of Mh for the 10

aromati c pol ycarbonate wi thdrawn fromthe outlet 12

after 60 hours, 100 hours, 500 hours, 1,000 hours,
aromatiopoly nathonateseneoingdhe bottaropertivoutisof thadesond @Oimmgzatlon

from commencenent of operation were 11,500, 11,550,
apparktusSHom the, Bcitbm b tHeOGuidés 4588s continadiisly aithddawrb@da flow rate

respectively, and hence operation was stable, and

of 6 tOMMERYAT tHehdisclsdrgepoe Clbg@ﬁawcﬁay gifig PRI B stichahétthe amount

val ue (nmeasured using LAB nethod on a 15 3.2

of thelFchticknd edroBhah 106 bBudm PlitiAnt PTbEBbheANIY L1

LA 5 e e

iy i S E20 8t vl S o Fo pours
el ements, which was,  used as the catal yst.
from eemmancementof opeeatian was &S00 apeitae .aemaks‘a Relycgebonate had a

accordlng to the present invention is preferabI% used
good gelar{bl" nalustmeasuredaising CibbAB ppethedan 8 3.2 mmdhicktest piece =
efficiently concentrating a |arge anount of a liquid
3.2). c Muraowen thertensile @lorigationgvas 99%er The Valags pbMri for tias
that of 25 the liquid, w thout drawbacks such as

arom8iié pélyeaidrite witpdFawh fraii the adtlét 1205/8rdB0 holrise 08 hours, 500
or deterioration in properties. It is particul ar | y

hour)Me0@3 ABLIE, PDAPRolRE3, 00D, IFXMREO4 BDDHBLRE, PAIPS 'e)‘eo hours from

according to'the present invention in the case
| S
comrigfeedht of cpfuch bt 1 501 ESPO LS8 18 50, 4,299, 1150
11 ,SQ%V E‘ﬂ: i owg%op%g{igetlgzq@ﬁéé% gﬂera& st%%[se and moreover the
pol yneri zat.i on par at rifying ap
C°|°rt é&? Véoﬂé Fa;°§’r‘r’@ﬁ!9p tjfﬁ?aéﬁeawél?%b%@%rmetmd ona
separ at ing and thus recovering the polyner froma
3.2 "‘[fh-éiﬁlﬁb pestieee)sd| 3/ 2er Noslontarsinatien Vﬂth inARIritigst such as colored
pol ymer. 46
material or other foreign material caused by prolonged residence was detected at all.
The aromatic polycarbonate produced as above had a content of alkali metal
and/or alkaline earth metal compounds of 0.03 to 0.05 ppm in terms of the metallic

elements, which was used as the catalyst.

Industrial Applicability

The evaporation apparatus according to the present invention is preferably
used as an industrial evaporation apparatus suitable for efficiently cqnoentrating a
large amount of a liquid containing material having a lower boiling point than that of
the liquid, without drawbacks such as discoloration, contamination with foreign

material, or deterioration in properties. It is particularly preferable to use the
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CLAIM5S W claim 1. An industrial evaporation

apparatusin which a liquid containing a materi al

having a | ower boiling point than that of said liquid

is made to flow down 5 along an external surface of a

gui de that does not thenselves have a heat source, o
evapadlatiom appbiatis atcordig ¥ the\presdntiihvergiqrainithe case that thediquid

evapor at ed, wherein the inprovenent conprises: (1)

has a58iztivelyangh ¥i9coBity P Rartitulary Prferaiis aapplitatipristof the industrial
receiving port; a liquid feeding zone for feeding

evapo;)rré{ingn IEE Hiluy 'h@%%}dg@" foharesehtahfentibridietadt icdfdensation

oVvi I n an _apor at'i on_ Zone, sal d evapor ation
o ARSI s Sepeldich 54 R e

side-wal |l casin and a ttomwall. casin

melt, & 4Pt paERI AL CeRaT A Rt Ts (Aiugring 1e Pyt from a
evaporation zone; and a |i,quid di scharge port

thermeplastigsplyrensolutian #pgipysbying dhe BRIIMRE. bot t om wal |
casing; 15 (2) a flow path controlling nenber which
has a function of naking said liquid fed onto the
perforated plate fromsaid |iquid receiving port flow
mainly froma peripheral portion toward a m ddle
portion of the perforated plate being provided in
said liquid feeding zone; (3) an internal sectiona
area A (m taken through a horizontal plane of the 20
si de-wal | casing of said evaporation zone satisfying
the followwing fornmula (1): 0.75Af300 (1); (4) a
rati o between said A (n) and an internal sectiona
area B (m taken through a horizontal plane of the

“liquid discharge port satisfying the follow ng fornula

(2): 25 20 S A B5 1000 (2); (5 the bottom wall
casing constituting the bottom portion of said
evaporation 47
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zone being connected at an internal angle C () to said
side-wall casing on said bottomwall casing, wherein
said angle C () satisfies the following fornula (3):
110 5 C 5 165 (3); (6) a length h (cm of each of said
gui des satisfying the foll ow n? formula (4): 5 1505
h 5 5000 (4); (7) a totalC nal surface area S (n0D)
of said guides satisfying the followwng formula (5):
Wecladink: S 5 50000 (5); and (8) a distance K (cm between
an internal wall of said side-wall casing of the 10

evaPOoARTh@UstAAINS apofatidieapparatusCinagisich atliqtﬁ@lcdntalmng a
internal wall satisfies the following fornula (6):

materfal thavi Aiﬁa (Ker lfo:hﬂr_é‘?oinv‘ﬂ\ﬂﬂﬁ{ frisfbf salama% Isor'ﬂa aﬁarnewown

accor gtoc rein not SS t an 1 ton

l J
s b 3 il A T a0 B BB e
. cl ai or 2, wherein

during Wi imS s g e, Banb el it PygorareL affeyein fe
and said perforated plate satisfies the follow ng

improvgmant SoMpyisesy 100 5 E < 180 (7) 4. The industrial

eva1porat| on apparatus according to any one of clainms 1

t o{ 1) Baidvavapsrationagperates eamprising adquid regelying port; a liquid
evaporation zone is cylindrical with an inside

feediny aome éor Beding)said liqaid via gt gerforéied plateto aid guideypidvide in an
casi ng connected at a bottom 25 portion of said

evapériation\Yenk; s&idivapofatipizeiid havidg Taf‘;ﬂuiaquubﬂ?@idés llaatastend
port, which is in the [owernost portion o

down@/ahd Q\ﬁﬂhlrpﬁtsgﬁﬁé%'clos%a%yﬁﬂald'p%r&)‘étleﬂ%’lét@ab siddvaltasing, and

i nsi de anet er , wherein L and d satisfy

a bot%‘ﬁ‘g Jf@oé?%w G é’JéBHer%d(rﬁEter{e%utlét]ﬂ')nvmﬁ in(shid ev&&&‘aﬁon

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

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

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

07 = A =< 300 (1

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

20 £ A/B = 1000 (2);

(5) the bottom-wall casing constituting the bottom portion of said evaporation
47
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550/ d 550 (9) 5 0.55L/D530 (10) h-205 L5h+300 (11).
5. The industrial evaporation apparatus according to
any one of claims 1 to 4, wherein the volune V (n) of
a space in which the liquid is able to be present in
10 the liquid feeding zone fromthe |iquid receiving
zone being aonnactathatan dematangle € K tp seidsigeemalhrasiag onnspid
the upper surface area T (n) of the perforated plate
bottomrwéludés‘ig% whereitngaid anglé £c€) satisfies thedbliewingdommula (3):
satisfy the following formula (12): 0.02 (m 5V / T5
0. g™ €123) 168> 6. The industrial evadyration
apparatus according to any one of clains | to 5,

A gl i 8 e o Rl fomua (4

angior g s terial cannot enter therein, with an
fé(?d% ﬁ'go r (cm, wherein r satl’sfies the

W%Ie&fﬂéﬁﬂ%?%af@ﬁél(% ]:gf %ﬁfé &}-@?ﬁfﬁ ﬂg-{%?] following

of clalnB 1 to 5, wherein said guides conprise guides
formwa 2% ding to claim 6, and the guides are joined

toget her by transverse supports. 25 8.- The industria

evapsr & iSrBdr at us according to any(¥nandf clains 1

to 5, wherein said guides conprise guides according

t o(8)l aadlistanceai derhp betweaen an irderal gralldof sgick side-wall casing of the

mesh-1i ke guide structure in which the guides are
evapéﬂa’ﬁéﬁ zbﬁa%rihﬂheb?mdé CRIBBYEICSEIG iiteAidl wallbsatisfies the following

hr ee- di nensi o guide structure in which a plurality
rid-l1ike or mesh-1ike guide structures are

forml‘ﬂr&f’#enged in front of and behi nd one another and are

ﬁ l%ﬁg t?ﬁ by transverse supports, ;@and a
ymTTke 5 three-di nensi onal gu‘ e structure in

V\/nl ch the gui des are fixed together in front of and
behi nd, and left and right of, one another by

transyverse supports
The mdust?lgi evaporat:on apparatus according to claim 1, wherein not

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

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

100 < E <180 (7).

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

- 3, wherein said side-wall casing of said evaporation zone is cylindrical with an inside

diameter D (cm) and a length L {cm), the bottom-wall casing connected at a bottom
portion of said side-wall casing is conical and the liquid discharge port, which is in

the lowermost portion of the conical bottom-wall casing, is cylindrical with an inside
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9. The industrial evaporation apparatus according to
any one of clains 1 to 8, wherein said liquid is a
nelt of a nonomer or a mxture of two or nore kinds of
10 nmononers for produci ng a condensati on polyner
and/ or a prepolynmer of the condensation pol yne
diametadd ¢cm),whereirs B $ saricod satisfy tibe follovdng mvmulae |(B] (1%) (10) and
point material is a by-produced nmaterial and/or
(11). ol i gomer produced through condensati on
pol yneri zation, and said industrial evaporation
appan akup s fggpndensation pol yner  p@)jyneri zation
apparatus for renoving said | ower boiling point
et ¢, fremgpai d 15 nelt by evaporat('egyn so as to
i nCrease a polynerization degree of the’prepol yner of

th e a j pol ynmer and/or the co nsation
ﬁ}“;‘crrgr]q'll]@ 3333 i ndustrial evaporati oﬂ%jppar at us

accor n o_cl aj wherein the con sation

pollyt %%s}-aépa'?gbaer a pol yani de, eﬁg

pol ycarbonate. 20 11. The industrial evaporation

apparatus according to any one of clains 1 to 8,

wherein said liquid is a nelt of a thernoplastic

pobyn¥heAndustiial evaperation apparatysoaceordingdoiaxy one ef claims 1 to

nmononer, an oligonmer, and a by-produced materi al

4, whensihahe ediuine Vi{ne®) pb byspace iamthithnthe liglid is able to be present in
evaporation apparatus is a purifying apparatus for 26

the nqma%mag Fohe ffonie RQLIKIrBeeiRRigort®s 8hiupbef EaaESbthe
It by eévaporation so as to increase purity of said

perfoFeﬂS& baghd fh@ﬂéé‘&ﬁéurﬁce%gé'# (rtﬁgeof'tﬂg ;g%ﬁ'fi)\'ﬁ\%ﬁ plate including

evap tI on apparatus accor di ng cl al

the U§§%fdﬂéfaeée”5"%sa@'ﬂ°ﬁ# ff*%%ﬁaﬁ“‘aﬁ%ﬁ@&%@w%@ﬁﬁ s
Dol V7 e BhEdMporymer - (Whool yacryl i

ester based pol ynmer, a polynethacrylic ester-based
pol ymer, or a thernoplastic elastomer. 13. The
i ndustrial evaporation apparatus according to any one
of 6¢| dihesindustrisl evaparstion appaiatus ageerdingstoanyoeng phataims 1 to
of a thernoplastic polyner B, said | ower boiling 10

5, wheeotintonmobfesaidlguidesds s:ylimhidal,i or pibe-shapadd@nd made to be such that
t her nopl astic polymer is dissolved and/or a

the liquid and/or gaseous material cannot enter therein, with an outside diameter r

{cm), wherein r satisfies the following formula (13):

01 =<rs1 (13).

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

joined together by transverse supports.

8. The industrial evaporation apparatus according to any one of claims 1 to

5, wherein said guides comprise guides according to claim 8, and form one of a
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nononer, an oligomer, and a by-produced nmateri al
- contained in said polymer solution, and said

i ndustrial evaporation apparatus is a separation

recovery / purification apparatus for renovi ng sai d

| ow boiling point material fromsaid sol ution
grid-like ap ovesh-like guide stnucturejamdiich thedguides are fived togﬁahelr by

t her nopl astic polymer from 15 said sol ution and
transverse sappontsira threeddimansiohbguidp Istrsicture o which a plarality of
grid-like or mesh-like guide structures are arranged in front of and behind one
another and are fixed together by transverse supports, and a jungle-gym-like
three-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.

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

the condensation polymer and/or the condensation polymer.

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

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

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

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

ester-based polymer, or a thermoplastic elastomer.

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

said solution and increase purity of said thermoplastic polymer.

b1




