WD 01/ 39856 PCT/EP00/ 11468 1 Strand devol atiliser *159159* The invention
rel ates t.o a o emdsskevol atiliser having a degassi ng cont ai NBCT/ERDO/Ip468duct
inlet with at |least a distributor tube, a product distributor, a product

outlet 5 and a vapour outlet. Such strand .devolatilisels are. '
particular in polyner production, to renove the volatile co%‘mm\ “\mmmﬂmom

the product stream (see for exanple R J. Al balak, "Polyner
Devol atilization", 'Yegrfej, Dekker Inc., 1996, p. 8). Wth them it58*10
attenpted to fheat ed product stream (e.g. liquefied polyner,

falling) into as many (polyner) strands as possible inside the degassing
container, in order to achieve as |large as possible a surface area. Thin
strands al | owTheriaveiticandgateo the stabdnvaatiledr hevingni tdegassing Sntainer, [aengt h

o o o1 AR Bl B B B AL P b S

i nstal | atg ons aﬁ‘@l%@%&lr%ﬁhé!@' y small throughput, it is sufficient to
distribute the product stream by nmeans of a so-called plate distributor,

in which a perforated plate beneath the product inlet ensures subdivision
of the produgt stream.into.the indivjdual .strands.. Strand devolatilisers
with plate ZO%HFlglst"Hﬂ]flﬁ‘fﬂiata}sérskaﬁ%\%e B PAUEHAT 10 POLYREL BIOSHENQU, d2 "FPRYG | ons
US 5 024 728 WyM%tdleAfco%%ﬂtu%{‘}é'ﬁ lﬁ_eﬁﬂ&hth:t SERAR (s@NK Skanipi IR P! AfbBlak,
dianeter is required for accommodating the drill holes, only a small plate
t hi ckness t her"Blymer Meévodptilizettas's yrcéloDekkerehgt, h1 ¥9%agor’y. éVish themt hie ievent
of a high initial product pressure (i.e, in the event of high thro ut,
hi gh product ¢iteupledityysu @W‘@nﬁ‘?&ﬁﬁﬁeﬂr%ﬂw sysarg; (€ 'lﬂﬁ?f{etﬁlnp YaFrT: tfﬁg‘gg)p
perforated pl ai6. 1 ' ibRlinsi@Ahe dbBRsidb RBFESEr, iRbrdeP R
perforated pl attgs?s %ﬁ&\(ﬁ%y?ggysﬁg%%g;g%%% ]l%én oW ng t%a%tmhg necesers’altr yri nitial
product pressutlgigvé Bs targiens pedsitdb laysutrface neueThinsapgingllew enaofsirambonvevier , a
relatively large plate dianmeter requires |longer drill holJes.in the .
perforated pl aﬁ%zm@a@ﬁec{ RSt UpKeres, rﬁt{afléﬂerg%cﬂggtthb% thesfiright of fhedegassing
still higher vahiifs: @Rl Withih %6408 1ffilschdweldron the necessary plate
thickness. OMng to the restricted product throughput in the case of plate
di stributsors., a strand devolatiliser provided with such a plate

di stributor

In experimental installations and installations with relatively small throughput, it is
sufficient to distribute the product stream by means of a so-called plate distributor,
in which a perforated plate beneath the product inlet ensures subdivision of the
product stream into the individual strands. Strand devolatilisers with plate
20 distributors are known for example from patent specifications US 5 024 728 and US
4 934 433, On a small scale, only a small plate diameter is required for
accommodating the drill holes, only a small plate thickness therefore being
necessary for strength reasons even in the event of a high initial product pressure
(i.e. in the event of high throughput, high product viscosity) for uniform product
25 distribution over the perforated plate. However, on an industrial scale the diameter
of the perforated plates must be very considerable owing to the necessary initial
product pressure, in order reliably to prevent sagging thereof. However, a relatively
large plate diameter requires longer drill holes in the perforated plate, such that the
initial product pressure increases to still higher values, which in turn have an effect
30 on the necessary plate thickness. Owing to the restricted product throughput in the

case of plate distributors, a strand devolatiliser provided with such a plate distributor
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-,c0000z* WD 01/39856 ~ PCT/ EP0O0/ 11468 2 cannot be enl arged however desired,
i n-particul ar Wi gisogsd yner throughputs (> 10 t/h) are not poxsiibbe/1iams nost
polymers with their typically high nmelt viscosity. A further disadvantage
of the strand devolatiliser design with phate distributor is the 5
arrangenment of the vapour outlet, which can only be to the side owing to
the continuous product distribution plate, whereby strand defl ection may

ari se. The object of the invention is therefore to.design and further

devel op an ab&%806 g e@largsd: howeyse Yesirad; i Q%‘T“cﬂléé%ﬁhb@ﬂy‘g?re&‘i“&lﬁilwtsiqﬁ Wor e
detail i . . . e lants.
etail in sucha ens‘r{;gﬁfble gog e Pﬁl&\éﬂeﬁ%ﬁﬁ tHelt tmﬁgﬁlg?iggi;eﬁ%é%blm pl ants

opti mum | oadi ng pr oduct ughput per~uni i's achieved.
Moreover, it is desirable for the device to exhibit high flexibility with

regard to product throughput and choice of materials.. This qbject is
achi eved accordfuigrer disadiantagg of theosirapg dﬁv%lﬁﬁﬂéﬁ?ﬂdﬁ"é@bwgbiﬂkitgg}sltrﬁlé\l"?rclé thes

whi ch conpris S i CQRt A , i lvinAidhpduct
distri bulggr, a 6[?%33{160? Ottgut?lacej‘fa%gﬁ% 02@%8‘2‘3@ g%ﬁ Iogﬁl, B%ﬁgﬁgétdéﬁ se1 gFln t hat
the product dicsfitindout produekdistribtigorf plate) whereby sthemddiefiectidnuhay andet h at | east
one distributor tube and a plurality of die tubes arranged in parallel,

whi ch conprise a plurality of apertures in the tube wall. The die tubes are

LSBTV 0S8 0B S, A e a8 e o

relative to one an : e stran Iser, a nunber of p uct
strands corr espaitidegoladliseh alesetiBedr prefioaslgrinumese detaitsinafuchr a pass dge, of t he
(optionally preheated) product streamthrough the tube distributor and the
out | et of0 t he paftisulanbis laggsi eppnafachiig Plants, f pRIENYMadoading; qegsify ¢ (pduct

Sceording 1o ShecEnk et o PS5 R SO0 IR YesirlBE B WRLARIR o

cont ai ner may ekRibitiHigh Nexa@bilitywith Yegard foqsrbdevt thrdegipat shds¢hoidewifinoneridls.t he
product strands over the cross section of the container, such that the
vol une of the degassing 30 container may be fully utilised. In particular,

const i uents oPs HOOH BaubiePRt FERM a0 BE Baion, By et Sedadlect Sovie
out |l et w4 houtwagl caippisdet UEleh@nadeg@fsin@r dontiivbr} prddudianiet, alproducs disettator,
a product outlet and a vapour outlet, characterised in that the product distributor
takes the form of a tube distributor with at least one distributor tube and a plurality
of die tubes arranged in parallel, which comprise a plurality of apertures in the tube

wall. The die tubes are preferably arranged in several planes one above the other and

20 staggered relative to one another.

In the strand devolatiliser, a number of product strands corresponding to the number
of apertures forms after passage of the (optionally preheated) product stream through
the tube distributor and the outlet of the die tubes, which strands fall freely as a

25 result of gravity and collect in the base area of the container.

The arrangement according to the invention of the individual tubes in the degassing
container may result in optimally uniform and dense distribution of the product
strands over the cross section of the container, such that the volume of the degassing
30 container may be fully utilised. In particular, there are also advantages for vapour
conduction, since the volatile constituents of the product stream may be drawn off

above the product outlet without any constructional effort and thus the risk of strand



WD 01/ 39856 ~ PCT/ EP00/ 11468 3 deflection by |ateral discharge nmay be

el i'm.nated. Tiwo pdoghd - st agger ed tubes according to the prefBCT/ERN0/11468
enbodi ment allow the volatile constituents to fl ow upwards counter to the
falling strands and in the edge area of the container. 5 This may al so be
achieved in that the die tubes are spaced laterally, irrespective of

whet her they are arranged in a single plane or in several superposed

pl anes. Alternatively, the individual tupbes may exhibit a.(circular).round
or oval cr ossgg ?ft“iOBanI?‘l"?rqlng‘é Fecc ey %vﬁ%\%ﬁ@?@ lc'fg?e}bet‘%tg's g?rpgrtéges(e_g_
arill holes) . ;RERa@Rgl kO pRitert d HEGMRIL GIIbly HUTRoRAGCSoisleR &S MR
devol atiliser, howeVer, a (P,o I nation of these and ot her tube shapes

ment i oned bel apwanlg caluster foeha fadlingstiaatie andinabe edgegreaofithe corsaingn ef er r ed
teaching of the invention, the individual tubes take the form of

hal f -t ubes, which are each bounded at the bottom by an especially flat 15

perforated pl c"Tthgs mla? .afsBib% Yoved if EHé@ltlieYdiE RGoRd §Sactll #IBLAY, iBbsgdbBve of
y be uti Il d

hal f -t ubes ma I se or strand formation. e to the small w dth of
an i ndi vi dual wielHer theyaroarranged irad singloglaempan scoreval stperposediplames er of a
conventional plate distributor, the plate thickness of the half-tubes or 20
wal | thickness of the oval tubes necessary for strength reasons may be

consi der ably %a‘?ir Ffﬁ’g% tirlftﬁ}(iﬁhé‘lt ﬁlb'éé‘in?%n@ﬂﬁ%ﬁ &egégfbggd?r}eirml oph%lecross

di stributors. to a turther preferre nt of the

i nvention, ot kegtichubich shapk saserdownwaydlg ditectod hpanirasf(eghdrithables) Dependinghi ch
ot her tube shapes do not, necessarily exhibit 25 around cross sectjon, For
exanpl e, 1% t r c8rihe BEMeiFic ciEmAgnrasrin the sEanddavp BHTissy e sE ot ERIBRINAH Y

thick-wall ed %I?%tsé ald otﬂEIatWBe Qﬁa%taé }n%ﬁtioned below may also be appropriate.

According to further preferred teaching of the invention, the individual tubes take
the form of half-tubes, which are each bounded at the bottom by an especially flat
15 perforated plate. In this way, virtually the entire diameter of the half-tubes may be

utilised for strand formation.

Due to the small width of an individual half-tube or an oval tube compared with the
diameter of a conventional plate distributor, the plate thickness of the half-tubes or
20 wall thickness of the oval tubes necessary for strength reasons may be considerably

smaller than the plate thickness in conventional plate distributors.

According to a further preferred development of the invention, other tube shapes are
provided instead of the half-tubes, which other tube shapes do not necessarily exhibit
25 a round cross section, For example, a triangular or rectangular cross section may be

produced from thick-walled sheets or drawn profiles.

Another particular development of the invention provides that the die tubes are
arranged inclined to the horizontal, in particular sloping towards their ends, at an
30 angle o of up to 15°, in particular 10°, in order to ensure drainage of the tubes if the

product supply is cut off.




- Another particul ar devel opnent of the invention provides that the die tubes
are arranged wwbi/zmesk to the horizontal, in particul ar sl opi PQI/ERMAL4ES
their ends, at an 30 angle oc of up to 15, in particular 10, in order to
ensure drainage of the tubes if the produgt. supply is cut off. WD 01/39856
~ PCT/ EPOO/ 11468 4 According to other preferred teaching of the invention,
the die tubes are fitted directly on the distributor tube of the product
inlet, so that no dead spaces arise in the distributor tube. The connection
may be achi eved by wel ding or detachable 5 fastening, e.g. by nmeans of

fllange and scrusmdifi e Refer ARblcted | Bichiiy 8F ARMaVen@én, [ A8 diBMERds &8 it des
that the ends (tips) of the die tubes are made acute-angled by bevelling,

in order to mdirectysen theaistsimaortube of the produet mmied, soltbatine dead spacksarise in the

particularly preferred devel opnent of the jnveption, proyjsion is for
the product diottHBUeR Spbe o%%rfﬁF‘P%cé‘oﬁ Peur 3§ i le?ﬂ?dﬁdﬁy&“f’e’x 0% o PE‘B@%FM ch

are arranged if&lé’%’g%g?ﬁ{e%m qu& screwgh that subdivision of the

product streaminto reans proceeds |nside the degassing container. The
di stributor tube may extend 15 in curved manner in the inner upper area of

the d i tai .. Such "int | di.stributor” t.he,. t
that oty a SiATORET PaBsHE dey SR B T Glrdiden ot i i aimy g e 0
product feed, jauigBed Hoimdde dofteMBIMAET Hebé‘ﬂin%,hﬁ o?'&’éf!t&b GhihiPniVeGeHdphdedfithe 20

However, it is also possible for the product distributor to conprise a

plurality of dutstendbut or tubes | ocated outside the degassi ng contai ner,
such that_ subdivision of the product streaminto substreans proceeds
out si de the degassing container. This alternative devel opnent has the

advant age t haly, WIRHE: REGERSAY brerdikd ASlepal oPURCKSEIHD B0 Gl aced

with less effort t I nt erna stributors”. However,
t hi s advant agdor thevmndadt difteibaios tto @bmiphiee di Hadliggn b fdistrifuterotubes; omigtleare

seal ing (vacuumresi stance). .-To achi eve opti nmum product qualjty, therefore,
the first alt@FaBgsdia the degassing contaipes ﬁ‘éﬂ% ‘E}?%%“Piimﬁt‘?ﬂ of the pﬁdélﬁéﬂfeéai gy

many appl i cat isQf\greams proceeds inside the degassing container. The distributor tube may extend
15 in curved manner in the inner upper area of the degassing container. Such an

"internal distributor" has the advantage that only a single tube has to pass into the

degassing container for product feed, such that it is ensured that the device is

vacuum-tight.

20 However, it is also possible for the product distributor to comprise a plurality of
distributor tubes located outside the degassing container, such that subdivision of the
product stream into substreams proceeds outside the degassing container. This
alternative development has the advantage that, where necessary, an individual
blocked tube may be replaced with less effort than in the case of "internal

25 distributors". However, this advantage is won at the cost of the disadvantage of more

complex sealing (vacuum resistance).

To achieve optimum product quality, therefore, the first alternative, i.e. the "internal
distributor" is preferred for many applications.

30
To avoid the risk of blockage, in particular in the case of non-steady state operation,

a further particular development of the invention provides that the die tubes of the



- 30 To avoid the risk of blockage, in particular in the case of non-steady
state operati owpomsgssy t her particul ar devel opnment of the i nveCH/ER0W/1p468vi des
that the die tubes of the WD 01/39856 PCT/EPO0/ 11468 5 tube distributor
are provided with additional heating tubes.. This devel opment al so has

consi derabl e advantages with regard to product quality, since, as is of

i nportance in pol ycarbonate manufacture for exanple, the tenperature may be
reduced in the pr inary sta

i due tq.the fact that the ener i nput
necessary for M étfﬁg]HEj’rtaﬁ%prd?‘%éla‘P’ﬁ%ﬁgfhé‘og?lr}?%% Hﬁiﬂﬁ'e{llﬂé S’é%lgﬁq'ﬁenq also
tenperature Mys hensinefablet Qavdiade@Shit RUER 1o Thtb&udt’ GEUIRY,” BmeE ead I ¥ Cof |
pretreatnment inproves the col our of such pol ynmers and 't hus product quality.
To this end, ampontdrcerinppafearb@rital enanbiotventfonfexahplej ive tampeanatpreoiagels t hat
the 10 heatin ubes take the formofhal f-tubes, optionall.y with a srmaller
di anet er thang‘fqtﬁ‘ée‘gifbt}{edﬁé MIngry, stage dyg fq @G%é‘ht thafd BiGBertgﬁB@tWSW%g:@re.

Al t hough SUCh 8Vl SRITRAFdnSte AR 14Ghe QRglsking! EhBl R Yrag BENEN to kY S

i ncreased effort y be ‘easi |y conpensate or %y the attendant advant ages.
| nst ead of t héasatrhimatetd Thal prdadublemroteotihe pretreatgers eiotiroves theycadwoobeudsed,
in particular thfe wi fh an oval Cfoss section. 15 Al conponents which
cone into conPaemert #d hHEPIdBeh RSt ream in particular the degassing
contai ner or the product distributor, nmay be nade of any desired nmaterial.
However, these conponents are preferably made of a lowiron material with
an iron conteflio tifis ahd,mosurth€ prefarfed daveloprenplo€, the nienton pirggdes, that the

heat - i nduced deconposition 20, of e product, arjses, as has,been gbserved
in the cdke o%eﬁmgyte fakeths form P%Bﬁﬁg‘wérﬁ%loﬂﬂ,ycwﬂéaﬁ@a FFtQia‘E‘S‘i‘?fge{lt th

(22 4608) - I ncoelenad 5 fhaBhF R AELNGTH oo & AP S R Relopihegd

Al ' oy- C276, Alid ogonduciionAlly oseldizdly |oontphex, cse mtrehsat edifoptr orjia;ctbe easily
glr Z]E relr Pgéf)r ;’5 cE)Tr'?ltpeergsla?eldsfovrvI l;[yh thrcliI gt?enggr?tt ad(i/glrllt%ggst. II%llsltgaXi gf ?hepz?trt.a:[chg&] lhglrf-ltgbes,
other cross sections may also be used, in particular those with an oval cross section.
15
All components which come into contact with the product stream, in particular the
degassing container or the product distributor, may be made of any desired material.
However, these components are preferably made of a low-iron material with an iron
content of at most 10 %, if, for example, iron-catalysed, heat-induced decomposition
20 of the product arises, as has been observed in the case of polycarbonate. All
components which come into contact with the product are particularly preferably
made of alloys such as Alloy 59 (2.4605), Inconell 686 (2.4606), Alloy-B2, Alloy-
B3, Alloy-B4, Alloy-C22, Alloy-C276, Alloy-C4 or Alloy 625. In the case of heated
product distributors, materials with high heat conductivity are particularly preferred.
25
A preferred embodiment of the strand devolatiliser is characterised in that the

apertures are arranged in a plurality of parallel rows along the die tubes, wherein

adjoining rows exhibit centre spacing of 1.0 to 20 mm, preferably 2.0 to 10 mm.

30 The adjoining rows of apertures are particularly preferably arranged staggered

relative to one another along the length of the tube.



A preferred enbodi nent of the strand devolatiliser is characterised in that
t he apert.ureswoel/smgsanged in a plurality of parallel rows aPCIBPIhedddi e

t ubes, wherein adjoining rows exhibit centre spacing of 1.0 to 20 mm
preferably 2.0 to 10 mm 30 The adj oi ni ng g.ows of apertures are
particularly preferably arranged staggered rel ative to one another al ong
the length of the tube. WO 01/39856 PCT/EP00/11468 -6 In a particular

advant ageous enbodi nent of the strand .devol atjliser oi_ni n
et ge Ol I A e s emdRem e aRE obSioke P leinre 1o

10 mm The di g Pﬁﬂﬁés ifa foheexMRSL ééﬁ'ﬁl%%p@d”ﬁﬁ'@ftFSW%ﬁ{n@%yfefaﬁl)u &MPmm.to 10
mm particul ar 5 preferably fromO0.5 t mm very particularly

preferably froml to 3 mMm The apertures are preferably drilled in the die

tubes. The d hol f bl f f
ibee, TS L 955 3, B LB 38, LALOSTd e AT, hIASEASHE o5
12.5 m @Ough?}?ééraﬁﬂrtf?&ﬁb'set% Nand, QeN%a?t?&l@a[r@' prefetd®lyRoh I Qo B30A. have proven

particularly favourable for the dril'l' holes.” An I nportant factor in
producing a stable polymer strand is the preferred deflashing of the drill

hol e ends. ol 0 er5| k|.n of e i1l holes.at. the

outlet is par %Ihhelgpgﬁ(q@s @é\%ﬁé‘?@g’ éj}'g ed‘l*ﬁé fﬂ?@rﬁéhﬁﬂqﬁ 2% Rrgfeba:b&f%’r abl y
in the 15 ranggnoly {Hapthé%ut cé%&l hﬁeééoHﬁttﬁé %ﬂnrnkh@lgs 39908 86 GBR! %l TR ely
90 is particularly preferred. The counterS| nking depth is preferably 0.2 to

2 times the drrd»dghnbssl valubi Rynistaemost 12.§ her. Romghioess vaegoriesmiﬁ tol e gedordingitret er
= 30) dig tub ressure gradient alo e is negative inits
of f ect, § nceﬁ@égpﬁpgﬁg@fﬁﬁ?ﬂ P%Tlﬂﬂ@)‘%' {Laweuragg fz grlgé{??eéases in the pol yner

fl ow di rection. Although an increase in die tube di aneter renders uniform
the different throughputs through the apertures along the tube, it results

in a | onger prz’adimqiordmefalctdriimprodubimg at swgblapolgmaa strandi is kheoprefdmed meflaghirguct
AR N DTN ML S IR L TN
pol ymer flow, ohﬂetofsdﬁd’ru&ﬁm‘?}‘; Qﬂ@a‘ﬁ?ag%ﬁjs‘? IDheCOMREREhKih P TRARRNRUSreRFbIFRE (RST €-
15 range of from 60 to 120°. A countersinking angle of approximately 90° is
particularly preferred. The countersinking depth is preferably 0.2 to 2 times the drill

hole diameter.

In the case of very long (length/diameter = 30) die tubes, the pressure gradient along
20 the tube is negative in its effect, since the throughput through the apertures decreases
in the polymer flow direction. Although an increase in die tube diameter renders
uniform the different throughputs through the apertures along the tube, it results in a

longer product dwell time, with the attendant risk of thermal product damage.

25 In a particularly preferred embodiment, therefore, the die tubes are provided with
apertures with enlarged diameters in the direction of polymer flow, in order to

achieve widely constant throughput per aperture.

In another preferred embodiment, the throughput through the apertures along the die
30 tubes is rendered uniform by providing a different number of apertures per unit

length of the die tube. A reduction in the number of drill holes in the flow direction



~I'n another preferred enbodi ment, the throughput through the apertures al ong
the di e 30 tuk@soi/psiendered uni form by providing a differencrmrdan4esf
apertures per unit length of the die tube. A reduction in the nunber of
drill holes in the flow direction WO 01/.39856 ~ PCT/EP0O0/ 11468 7 of the

pol ymer leads to a reduction in the pressure gradient along the die tubes
and t hus throughput per aperture is rendered uniform This prevents t he

t hroughput at i ndi vi dual apertures from becom ng so,.| ow, se of |ow

total throughgfithe prlyaghleadetogeigdustion Kfhe tpﬁf‘éS‘HSIgﬁ‘Pé?ntfallqn&ﬁBﬁg PE MG at
the apertures gl gakQf L%u dﬁuvzﬁp%m%%ﬁa%%h bkl e[#Hsch}e%mg Qh@%@@%ﬂgat

per f or mance. & St & atirliser according to the inventio
used to renovéndivldaili ipertaesssfromuestomitg @mlewl iri itleen sasef ofalow Itotqluthdoughput

mel tabl e polyners and | i ke substances. Apart fromthe sol vent, éhﬁn
vol ati | e consthPughths %V%B\%Wewlm%rrﬁ ﬁ’é‘ﬁntE)GWWgrait dhseneEHEsTra off This
ol i goner and The i nvention further
provi des%use of {ﬂﬁfeaél vo@adte gﬁ)egfgtfgé I'ng to the invention for

removing volatile constl tuent S, in partl cul ar solvents and/or nonomers 15
or oligoners, fromnelts or sol utigns of heat-sensitjve substances, 5‘:
particul ar of Thelsyraed devalatdiser actording & HisciByentionrmaybe Hagdetoj rgmove volatile

foodstutts. THEnghid gfr %Siu%%b#fsaﬁ{ 1@?@5%&9@%&@ el B8 b 8 gta%rcgs.

preferably use assin hese po
conprise all plastics mhlch becone free 20 flomnng under the |nfluence of
pressure and heat. Exanples of these are pol ycarbonate, polystyrene

pol ypheny ene Apartifrere thexsilyans, éh%&‘?ﬂé’flleﬁ@ﬂ%ﬁﬁﬁ%mabé‘l’@@%%eemt pen-pakymeriseds
pol ymet hy| (negtb(}n%ﬁ{e%@ %\2@8%% z{n%sdtﬂez'rg&?. rﬁ&B&thrWél htté?iﬁE of as well as

possi ble m xtures o he 1'hvent1on 1s described in nore
detail below with reference to Figures pI’OVI ded nerely as illustrations of
exenpl ary enbodi nents. In these Figures
The invention further provides use of the strand devolatiliser according to the
invention for removing volatile constituents, in particular solvents and/or monomers
15 or oligomers, from melts or solutions of heat-sensitive substances, in particular of

polymers, medicinal substances, natural materials or foodstuffs.

The strand devolatiliser according to the invention is preferably used for degassing
thermoplastic polymers. These polymers comprise all plastics which become free-
20 flowing under the influence of pressure and heat. Examples of these are
polycarbonate, polystyrene, polyphenylene sulfide, polyurethane, polyamide,
polyester, polyacrylate, polymethyl(meth)acrylate, SAN resin and copolymers

thereof as well as possible mixtures of the polymers.

25 The invention is described in more detail below with reference to Figures provided

merely as illustrations of exemplary embodiments. In these Figures:

Fig. 1 is a schematic, cross-sectional, perspective representation of the
arrangement of the die tubes of the tube distributor,
30
Fig. 1a shows the end of a die tube,



“Fig. 1 is a schematic, cross-sectional, perspective representation of the
arrangenent ofwod be3sdse tubes of the tube distributor, 30 Fi gpCI/ERO0shARS t he
end of a die tube, WD 01/39856 PCT/EP00/11468 8 5 10 15 Fig. 2 shows a
vari ant of the tube distributor of Fig. 18.n side view, Figs. 3a - 3d are
schematic representations of four variants of the die tube arrangenent of
the strand devolatiliser according to the invention, in each case in cross

section, Fig. 4 shows the itemfro ig., 1.with heated,tubes and Fig. 4a
ehows the endEi§ 2a die FE%‘@?arfng%mg]f E‘ﬁgﬂge‘?‘\é\gé‘%ﬂ%ﬂf hgor‘nlﬁisbd.% 4% t h-heat ed

t ubes,

Figs.3a-3d are schematic representations of four variants of the die tube

arrangement of the strand devolatiliser according to the invention, in

5 each case in cross section,
Fig. 4 shows the item from Fig. 1 with heated tubes and
Fig. 4a shows the end of a die tube,
10
Fig. 5 shows the item from Fig. 2 with heated tubes,
Fig. 6 shows a schematic longitudinal section through the entire strand

devolatiliser arrangement,
15
Fig. 7 shows a cross section through the strand devolatiliser according to

Fig. 6.



-Fig. 6 shows a schematic |ongitudinal section through the entire strand
devol atil.i ser vap osvgsgrent, Fig. 7 shows a cross section throrghEPda148r and
devol atiliser according to Fig. 6. WD 01/39856 ~ PCT/EPO0/ 11468 9 Exanpl es
Fig. 7shows across-sectional view of a stmand devolatiliser. Product flows
t hrough the product inlet 11 to the product distributor 17 consisting of
distributor tube 1 and 5 the die tubes 2 branching out therefrom (see Fig.
6). The produgt streamexits fromthe apertures 15 in the die tubes 2 (see
Figures 1 andmornﬁ falling strands 5 and collects at the base of the
degassing container 6. A punp 16 conveys the degassed product in the
direction of the product outlet 13. Qutlets 12 for volatile constituents
are fitted i nFidh§ shopsra ¢ross-seictioned vatargaﬁmstrg}ld:mtﬂmr Brodnneflows thiguglf t he

degassing 10 container. ta he f ti ack In.t

enbodi nent, t H¥ RfPdUGtinEs k(lglFoethﬁ Eﬁ‘sﬁ@‘(‘forelg “t?ﬁ% %?ﬁ%?t”lbﬁtoé t'ékieh]q?@
plane (s Fi % r Steah @xits fr

devol at i ?’?ser gl?esdlg t@% 25%: ag?r-}glt% ?ﬁyfeﬁ?ﬁi ?sgé F@%ahgﬁl?lﬁhﬁe rpr odﬁg% SO{nr eam
is fed thr ougrdleaapértstelslllSUh tlre (ﬂlﬂhlﬂ)e?& 2t(seeekiglnes dland yl apfforhts faluhgwsirdudsl 5 atide
tubes 2 openin ich d| t ubes t the form

glnto dIS{ i but or, tube 1,
of hal f-tubes® llgcts ptpthe 5}1%8?353’& GRBHANEL o fh PURR érFqné’e)GrtgFngaé&e
this respect, pfd tﬂ% ethe'd%a% fﬂqg?a(gﬁu Qe 3POLAKE 3b Gk &B@ne%oﬁsumetmd S

qui ckly appar t no product spaces may arise in the distributor
tube 1 becausard figed indiheiugped lidlio€ theudegsssthgacomtdindgrtée Thdicasiog on theoderghsmg
product inlet distributor tube

accordi ng to EPRaingr takppthgifarmy Héégleagmégé%ﬁregf%d}“t?@g F’QOQIPE’QF éh‘b%‘glt‘ft?eﬁﬁéfd in
PLagmer 0, o | SR OB hoBRe S gy tigngec ol anes, Ln e
2 preferably exhibit a slight inclination to the horizontal in the
»? Ihreleft I6(r)]38012 Sé’gleé‘ ::qrr@deurclzg g)s%r?bu%onrdofatilg stran({ Sevo?atlhsgrr igvsh(ojv%g s\é\flle;[rlbatl%al?)'E ?I‘P lglegr 14 at
wherein the product stream is fed through a distributor tube 1 to a plurality of
15 individual die tubes 2 opening into the distributor tube 1, which die tubes take the
form of half-tubes 2 in the exemplary embodiment shown, which is preferred in this
respect, and are closed at the bottom by perforated plates 3. It is quickly apparent
that no product dead spaces may arise in the distributor tube 1 because the individual
die tubes 2 are fitted directly to the product inlet distributor tube 1. In contrast to the
20 embodiment according to Fig. 7, the die tubes 2 according to Fig. 1 are positioned in

staggered arrangement next to one another in two superposed planes.

In the variant of the tube distributor shown in side view in Fig. 2, the die tubes 2
preferably exhibit a slight inclination to the horizontal in the direction of their ends

25 and are, moreover, provided with a stopper 4 at their ends (see Fig. 2a).

It is clear from Fig. 1 that the loading density of the tube distributor of the strand
devolatiliser is optimised by arranging the individual tubes above one another in a
plurality of planes and staggered relative to one another. To provide a better

30 overview, individual strands 5 are indicated only at the bottom right of Fig. 1.



It is clear fromFig. 1 that the |oading density of the tube distributor of
the strand dewab at/idssGser i s optimised by arrangi ng the indi vVPOUBPOO{11458S
above one another in a plurality of planes and staggered relative to one
anot her. To provide a better 30 overview, 19gndividual strands 5 are
indicated only at the bottomright of Fig. 1. WD 01/39856 PCT/ EPO0/ 11468
-10 The inproved | oading density, i.e. the product throughput per unit

area, is clea .reveal,ed t.he.schemgtic representati .0 Figur to
S0 T anarr AR optts BT T Bl EEMEP TR, bl giadt B8t
nutual 'y spac %i(efaléﬁ%z the SAHREREAC YepfesRh@tiPRSSEibufdiraugnd! InGniitahgthert Reth
degassi ng contai ner 6, which tubes were nested in one 5 another fromtwo

sides in the extsenl distritattordzlzovp i Figi 3f), BotugHpwpaced fbes ('Hancae') d asepassedan

internal distrjh ' d.hal f-tubes 2. .th mher, of drill
nol o5y be. el Bl B EERRE soBIRE R i SR TG foall g

(nunber of drighbthBok&S tRBMsidésid theleRpdrihénthidthmpie’®s as great as in 10 the
above-nentioned arrangenent. A triangular arrangenent of the drill holes

allows virtually the densest possible |oading. Drill hole spacing of 4 nm

Its | di ameter,. of 1130 il e. Fig. h
G str but or -t G68 SRk T e sashiod spapmbcisFetuPE nBEResy BUEHRER, (e
drill hole areg ams hitserdis drl ROV h{a&q;legd&%mﬁma%dTovalehaﬁ}ﬁ-diﬁhetéhqms a

S
straight distributor tube 1, which reSults in identical tube Iengths and an
i dentical thr ousghptitat peadingumender Bf drill ales pensnit lareta) ishiour tibwes @ great Butror
may have a central distributor tube 1, fromwhich die tubes ran off in
foo di 1ot ondie Shoverrgtioned: fengemenai (ToSRUN irdechexatigr 41! BEF flind
di stributor isi@lap9 MESEnbee -pokﬂbfehloﬁdi(ﬁ@.s@ril?hbﬁaﬁﬂa@&{gt 08 Bl Fedults lifth t 0
each individual half-tube 2, 'its dianeter being slightly smaller than that
of the hal f -t wbeinzymidrangatetenf 1130 prmevent danmmage. A heating nediumis fed to
the individual heating tubes at inlet 9 in the direction of the arrow and
drawn off at the outlet 10 along the arrow, such that counter-current

heating 25 ensygge Fi'é‘?ﬁ@zlgd%&b aFéd?ee@lgkﬁbﬁtfor tR, WalchrEdiRRS d% HIB P@fcﬁg@n%ﬁﬂ

with a stopper 4 (Fig. ). Fig. shows that, although heating t
i ndi vi dul  halléngthsbiesh@ddily holezansa @fd thusidiffechna throeghpitsgpet tibesFig. dmslaiwssa

consi derabl e consiruyctional effort, the possjpbili of gentl e product
treat nent and SHa’ﬁéﬁ' H@H‘quﬁ%rt&}g%ﬂem&“‘?lhreﬁ‘ﬂ ficide %féﬁ ?{‘lﬂiﬁ Wﬂ&@@ apgjag 18@;}%@{
justified. 30 vol @t ki kel t : i } ts,
i ng to ihe paorpanl BeF SRR TR A PR SRR e @ufibicl MeGHAR tabl

| oadi ng densi tdystaimdoretabe énfrdbm wiighhdie tubes 2 branch off in two directions.

20 Figs. 4 and 5 finally show that heating of the tube distributor is also possible. In this
case, a heating tube 8 is fitted to each individual half-tube 2, its diameter being
slightly smaller than that of the half-tube 2, in order to prevent damage. A heating
medium is fed to the individual heating tubes at inlet 9 in the direction of the arrow
and drawn off at the outlet 10 along the arrow, such that counter-current heating

25 ensues. Here too, the ends of the half-tubes 2 may be closed with a stopper 4 (Fig.
42). Fig. 5 shows that, although heating the individual half-tubes 2 by means of
individual heating tubes 8 entails considerable constructional effort, the possibility
of gentle product treatment and a marked improvement in product quality makes this
effort justified.

30
The strand devolatiliser according to the invention results, owing to the particular

structure of the tube distributor, in a high loading density and extremely high



- WD 01/ 39856 PCT/ EPO0/ 11468 -11 flexibility with regard to product

t hroughput an@veboioges of materials. Since the individual tubBsT/EPOY/1D65S
prefabricated without difficulty, further advantages result with regard to
manuf acturing effort and materials availapjlity. As already stated, optinum
vapour conduction nmay al so be achieved, since, with the arrangenent 5
according to the invention of the individual tubes the vol atile

constituents . he drawn of f abov C

constructi onalrﬁaé‘lbfblﬂ?'t %Fﬁﬁgéglprg%ﬁgﬁgpﬂgp‘ﬂs 8ﬁntnéa}q %1?; SRRy the
copol ynmer Wi t by fviaRat @BEs Riay ARP5RKbriA09 “Rﬁﬁhpﬁlfﬁéﬂlfiyt ifhi®he? QRIPAMBEES result
(styrene, acrylonitrile, Ky | benzene (solvent)) is evaporated in a strand

devol atiliser “attnmgdrdng) trmnﬁfagtunﬁg effortaand m;huezrtals evplabittyr As alreaBogated,
viscosity of over 1000 Pa.s. .is. obtai n d. iStri bu{ or, accor di ng
ane

A t
Fig. 6 or Fi gOPHmmn Hamrfqoe}s\écgw@aglav it ge agh lgye >t &V the arafgemen
I's used. sThe Q&Jragg% R ﬁ{v% tfortof fr@nﬁ&wdﬁu A%ed, NBe DOLLIRTCIEORLAS nEMY | Ses

a wall thickness of 25 nm e dri ol es are stepped, tapering from 3
to 2 mm |n tldeavared ahbmthepimludtmdtlet witheutdioastBtctipnaleffértnm t he aver age

peak-to-valley height Rais 3.0 m while, in the area where the drill hole
dianeter is 2 mm(at the outlet), the average peak-to-valley height Ra is

1.6 m The dr'ﬂ;hcﬁ&h%xﬁ%gf are defl ashed and countersunk. In a strand

devol atili ser ong polyner filanments and at a throughput of
approx. 100 g per hour and drill hole, a residual volatile conmpound content

i_ ta ge aide asS?\dst?'rregg-%glgtaglfinglgngc%po{y?ne(r)t\?\}lt%l ancec%tent 0 ap%%)? %%88 ppm CT/f%Ic:;P?l/lell468
compounds (styrene, acrylonitrile, ethylbenzene (solvent)) is evaporated in a strand
devolatiliser according to Fig. 6. At a product temperature of 220°C, a viscosity of
over 1000 Pa.s. is obtained. A tube distributor according to Fig. 6 or Fig. 7 with half-
tubes (as in Fig. la) located in a single plane is used. The half-tube plate 3

15 constituting the bottom closure comprises a wall thickness of 25 mm. The drill holes
15 are stepped, tapering from 3 to 2 mm. In the area where the drill hole diameter is
3 mm, the average peak-to-valley height R, is 3.0 um, while, in the area where the
drill hole diameter is 2 mm (at the outlet), the average peak-to-valley height R, is
1.6 um. The drill hole ends are deflashed and countersunk. In a strand devolatiliser
20 with 6 m long polymer filaments and at a throughput of approx. 100 g per hour and
drill hole, a residual volatile compound content in the degassed product of 100 ppm

is obtained.



1. A strand devol atiliser device at |east conprising a degassi ng contai ner,
a product inl &g oms9dsoduct di stributor, a product outlet andrcr/EP@au46s
outlet, 5 characterised in that the product distributor takes the formof a
tube distributor with at |east one distriputor tube (1) and a plurality of
die tubes (2) arranged in parallel, which conprise a plurality of apertures
(15) in the tube wall, and in that the die tubes (2) are preferably
arranged in seyeral planes one above the other and staggered laterally
relative to ofd2iother. 10 2. A strand devol atiliser according to claim 1,
characterised in that the individual die tubes (2) exhibit an oval or
circular cross section and in each case conprise dowmmwardly directed drill
hol es as aper tlur es A 3fand #6vaatiles tdevinel atidaast avmprisieg aadegassing)gonteinet, & m 1,
characterised in that, the individual ,din,;fltubes &ﬁc taﬁe t he form of
hal f-tubes (2), whiPEMugh énlgls @npiodisiadiairRptornga msoquch AUl apf asyRenPYets | ot
per forat plate ( A St v W : I t | Qi .
char act e?’?sed in t%g%raétﬁréfé& Eel{ ?E%egf\eZg%%‘)u tdgf{ébl?ﬁ‘gq ]%'rsnmﬁhgf fbtr{;hl ggéﬁuﬂt%bre or
rect angul ar profi | distrizéviibrcivithrag 1€ac bnddigtribacbratibé (9 dndta plrddity af deer tubesat ed
plate. 5. A strand devol atil iser_according to any one of clains to 4,
charact erised in t 4% ayangediin paraels Whish goraprised pligality of apertgy @]521 iR ghe e
hori zontal of up t 5 5.1n: i ) .
devol atiliser acco?ul nvgva@’oa%d]n;}pg{naré tgéflh%lr %llﬂrgr%k% %rg pggferc@gfg{ét fislgdseiv%ralt hat
the die tubes (2) apiaesbrsstbvanist disreindacthggeret heemlly redstivertdsne avlthérl/ 39856
PCT/ EPOO/ 11468 -13 7. A strand devolatiliser according to any one of clains
1 to 6, Yharacterised in that the die tubes (2) are fitted, in particular
wel ded or fastened d a L e . h L.Skri : ( t he
product inlet .2' 5 8.A %@ﬁ@a@égg%@g{rat%{’%o&lgg %cglc??rhi trll’g C?%%gtﬁ?gégﬁgl ot?lltc?lgei ms 1
to 7, characteri sedndividubiadie thlitees [§2 peikiibit eh Skl drudirnlac 0ross isskidnanglineadh ty

of distributor tubes (1), which are_arranged. inside the degassing contai ner
(6). case comprise downwardly directed drill holes as apertures ?15).

15 3. A strand devolatiliser according to claim 1, characterised in that the
individual die tubes (2) take the form of half-tubes (2), which are each
bounded at the bottom by an especially flat perforated plate (3).

4. A strand devolatiliser according to claim 1, characterised in that the die tubes
20 (2) take the form of triangular or rectangular profiles, which are each

bounded at the bottom by a perforated plate.

S. A strand devolatiliser according to any one of claims 1 to 4, characterised in
that the die tubes (2) are inclined at an angle o, to the horizontal of up to 15°,

25 in particular up to 10°.

6. A strand devolatiliser according to any one of claims 1 to 5, characterised in

that the die tubes (2) are closed and bevelled at their free ends.




9. A strand devol atiliser according to any one of clains 1 to 7,

charact eri sedwmott®ssdhat t he product distributor conprises aP@I/BPH@I468 Of
di stributor tubes (1), which are arranged outside the degassi ng contai ner
(6). 10. A strand devolatiliser accordingjto any one of clains 1 to 9,
characterised in that the die tubes (2) of the tube distributor are
provided with additional 15 heating tubes (8). 11. A strand devol atili ser

according to ¢laim,0Q har erised i.n that the ating. tubes . e the
form of half- ? ubes Aa%a“gir‘gev_sﬁlﬁ%ﬂ ageorHing tQ;any b a@iﬁls P}%ﬁﬁ 02135&\(?@%“% 2. A
strand devol ati|i sefat 36 Bfctuba $22 afttéd) &n Phrtich Al Reldedtt fAstenddhddtahbisly] sed
in that that the conponents of e strand devol atiliser which cone into

contact with the pdodethtorctwsiisitibusbr abe Gly-ofthaproductinlel with an iron
content of at nmost 10 % 25 13. A strand devol atiliser according to claim
12, characterised in that the material is selected fromthe alloys

Al | oy-B2,5 Al l Qy- B3,A &kdrdYdcRBiatifbdrQ¥letdingAb laRY vfe éBelaithd PYo FAcHaFachirlsey ib25.
30 14. A strand devolatiliser according to any one of clains 1 to 13,

characterised in thit thheraguet tdistelsutorl 8ymprisesas phnglésy dfndiatributor dubesy (10f
paral l el rows al on t'qf VO 01/d398 6,,PCT/ EPOO/ 11468 '61)4 di e tubes (2),
wher ei n the adj oi ni%ﬂbc Frerangndgniide s degasspg PR 8- 0 to 20 mMm

preferably 2.0 to 10 mm 15. A strand devolatiliser according to claim 14,
characterised in that the 5 adjoining rows of apertures (15) are arranged
st agger ed rel & i ve A srawedeanitilissr aata@dipgtthany engvficlaimg héo 7 udwracterised in

10 that the product distributor comprises a plurality of distributor tubes (1),

which are arranged outside the degassing container (6).

10. A strand devolatiliser according to any one of claims 1 to 9, characterised in
that the die tubes (2) of the tube distributor are provided with additional
15 heating tubes (8).

11. A strand devolatiliser according to claim 10, characterised in that the heating
tubes (8) take the form of half-tubes and are fitted on the die tubes (2) from
above.

20

12. A strand devolatiliser according to any one of claims 1 to 11, characterised in
that that the components of the strand devolatiliser which come into contact
with the product consist of a low-iron material with an iron content of at
most 10 %.

25

13. A strand devolatiliser according to claim 12, characterised in that the
material is selected from the alloys Alloy-B2, Alloy-B3, Alloy-B4, Alloy-
C22, Alloy-C276, Alloy-C4 or Alloy 625.

30 14. A strand devolatiliser according to any one of claims 1 to 13, characterised in

that the apertures (15) are arranged in a plurality of parallel rows along the




- 16. ‘A strand devol atiliser according to claim15 or claim 16, characterised
i n that -the ady@omntgssy apertures (15) in a row exhibit centrepcprPiONg4esf 1.5
to 20 nm 10 preferably 2 to 10 mm 17. A strand devolatiliser according to
any one of clainms 1 to 16, characterised_is_that the dianmeter of the
apertures (15) ampunts to fromO0.1 to 10 mm preferably fromO0.5 to 5 mm
particularly preferably from1 to 3 mm 15 18. A strand devolatiliser

according to any one of clai 1.to 17, .characterised in that t ures
are drilled, in thgfe 85@31' Yqﬁerﬁ’c?l §angS‘}m%F%wsd%’fhﬂ%fEﬁ%reastpa‘flﬁg ogﬁégt% d/ or
in that the drill %g@reg@lyg@%q@%ersunk at their outlet to the

degassi ng container (6) and optionally at their inlet. 20 19. A strand

devol atiliser according to claim 18, characterised in that the drill hol es
(15) exhibit eak-to-vall ei.ght Ra of at st 12.5 m _ 20.. Use of the
strand devol aﬁ?i i sét Sgéﬁéyr‘g%'ﬁg‘_tlilgeraﬁ%?o Re 4P 5?‘5‘? n]l]szl’ 10%@@c§§1s?cbrm2t§atr Bovi ng
volati| e consti t uehlipinihd BRS $CHRHuSO(IHMAE ARMYEES STHRORET flfve Obi GRTST S,

fromnmelts or solutions heat - sensi tive "substances, 1n particular
pol ynmer s, nedi ci nalansthbisdlamgthe lenptlt of the tutet eri al s or foodstuffs.

16. A strand devolatiliser according to claim 15 or claim 16, characterised in that
the adjoining apertures (15) in a row exhibit centre spacing of 1.5 to 20 mm,

10 preferably 2 to 10 mm.

17. A strand devolatiliser according to any one of claims 1 to 16, characterised in
that the diameter of the apertures (15) amounts to from 0.1 to 10 mm,
preferably from 0.5 to 5 mm, particularly preferably from 1 to 3 mm.
15
18. A strand devolatiliser according to any one of claims 1 to 17, characterised in
that the apertures are drilled, in that the drill holes (15) are deflashed at the
ends and/or in that the drill holes (15) are countersunk at their outlet to the
degassing container (6) and optionally at their inlet.
20
19. A strand devolatiliser according to claim 18, characterised in that the drill

holes (15) exhibit a peak-to-valley height R, of at most 12.5 um.

20. Use of the strand devolatiliser according to any one of claims 1 to 19 for
25 removing volatile constituents, in particular solvents and/or monomers or
oligomers, from melts or solutions of heat-sensitive substances, in particular

polymers, medicinal substances, natural materials or foodstuffs.



