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specifically, this invention relates to an apparatus for ef\ffecting
ol ycondensati on to nake polyesters or polyan1des such as pol yet hyl ene
Pergphthalate or nyl on. 2) Bagkgrgung jof the I nveRtiahmer ci al
preparation of nost |inear condensation polyners, such as pol yesters
pol yani des,
progressive condensation with loss of |ow nolecular weight volatile
material until thEieldiefdthe| Brvenkiomei ght | evel is.achieved. For

exanpl e,
et hyl ene

pol yet hyl ene

i nvol ves heating nononer starting naterials to cause

This invention relates generally to an apparatus for
converting a liquid of low viscosity into a liquid of
high viscosity. 1In particular, the present invention
concerns a reactor especially suitable for
pochondensation reactions in which a volatile component
is remqved and a polymeric material of high wviscosity is
produced while remaining in a liquid state within the
reactor. Most specifically, this invention relates to an
apparatus for affecting polycqndensation to make
polyesters or polfamides, such as polyethylene

terephthalat+« or nylon.
2) Prior Art

The commercial preparation of most linear
condensation polymers, such as polyesters or polyamides,
involves heating monomer starting materials to cause
progressive condensation with loss of low molecular
weight volatile material until the desired molecular
weight level is achieved.‘ For example, polyethylene

terephthalate, is typically formed from reacting ethylene
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2 glycol and either terephthalic acid or its ester equivalent -

di met hyl terephthalate. Either reaction forns the nononer

bi s- 2- hydr oxyet hyl terephthalate. By heating the nononer to proper
tenperatures, generally wth increasingly |ow pressures, the nononer

pol yneri zes 9Wenleanfdueibhesf tereph Fyrold oK ilts RSERBIred fi ber

or filmformng viscosity is achieved. The process is usually carried out
in two or noeduivadentwrtdimehhyl nkerephthatate! onigien 1eartdRcul ar

wei ght, low viscosity polyneric [iquid which is then passed through
vessel s whi choame Kapnkanaeerabiprépeydrexyethylrterephthalaker eBires to
I ncrease the visgositg. These vessels are customarily known as pol yner
fini shers debPghéngdt bhej mepenst tRcPTeReyi EemReXILHRRIMeFeRETA AN d nateri a
'to a relatively high viscosity liquid material. Many of these vessels are
"wi ped" reacWéFg HBERPAGIRULY cbQY REAESYFes hethe MIQRORRY (RALYRRT k28T aces
and/or interior conponents surfaces are_"w ped", not by direct contact,
but by wipi Ngthheveigtienofft akhyhere| 3tyeet fuRtehl i Hhe desiwed fibex Such
apparatus and process are known fromthe following U S Patents:

3,057, 702; 390z4§iigofozmiag, E&@?oss,tzgdggmed@soqgmw%d SThess, 273.

As pol ynmer technol ogy has advanced, the industry has demanded pol yners
havi ng nore BpeERsEclehupualéyi sargted out in two or more stages with

intermediate formation of a low-molecular weight, low-
viscosity polymeric liquid which is then passed through
vessels which are maintained at proper temperatures and
low pressures to increase the viscosity. These vessels
are customarily known as polymer finishers designed to
increase the low viscosity polymeric liquid material to a
relative high viscosity liquid material. Many of these
vessels are “wiped” reactors meaning at least some of the
interior reactor surfaces and/or interior components
surfaces are “wiped”, not by direct contact, but by
wiping the liquid on the interior surfaces into a thin
film. Such apparatus and process are known from the
following U.S. Patents: 3,057,702; 3,248,180; 3,440,019;

3,591,344; 4,801,433 and 5,055,273.-

As polymer technology has advanced, the industry has
demanded polymers having more specific characteristics.
For example, the industry demands improved yarns having

higher tenacity which means that it is necessary to
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For exanple, the industry demands inproved yarns having hi gher tenacity
which neans that it is necessary to 3
i ncrease the relative viscosity of the polynmer. Conventional reactors

suffer several disadvaptages in that for, higher, viscposity polyners, these
T eactor o woulHCTRESE EBCDECLREAYE] YAPGORLFYeOr nibt oy LB Lch eve 1 he

desired IV and therefore are | ractical. Pri iy, ,conventionpal reactors

have severalEapgﬁa%éﬂPagegeéﬁtﬁgstﬁﬁ%gFﬁe§egfggie§§5%$Y?%F%%?stﬁ%n t he

appar at us of Fh resent invention, For. exanple, conventional re ors

have a centr SPAERZPE RABBRT! KASOPHEY BOFVRET b het RS0 LORFLAF BrVEH

volatile material ,to,the vacuum exhaust outl et” because- pol r collects on
5y SY& pthe

the surface BAVEhEC BRaf¥CeBRiVe 2098 1B PFRAeErERcRFR p pafh. I
Pol |1 ecti, t t d the. t timate
roduci ng a BSPBERSSSSuEREORPERERARE S0Pt IPRESRELGoT ynoh FInRRL LY Bl
Li kewi se, polyner guild p cag OCCﬁr I n_ot her séagn nt ée ions within the
vessel espeE%EVﬁ? ﬁﬂn?ggFSﬁg BF St RRVG SRR dhSadEantRIes o 1G actor;ly

i ped b ' . It is th t h r rface
Lo vol une. rabRBtohEKeap6 JREP REFLCARREL ERORCTAE cRBRRAGUS Rt BRE under
reduced pressure i es not bLock the vapor _path and in a

that d
manner whi GhPBPSEBA SPBEREAER- buFPEUERENBRE, ASOBYERE LOREL SFRRFLORF pi ng al

interior surfaces of the .reactor.._ . ]
terio ave a cenpral sﬁa%g which tends to restrict the wvapor

flow of the volatile material to the vacuum exhaust
outlet because polymer collects on the surface of the
shaft, thereby reducing the effective wvapor path.

Polymer collection also creates stagnate areas around the
shaft ultimately producing a carbonaceous contaminate
within the polymeric material. Likewise, polymer buildup
can occur in other stagnate regions within the vessel
especially in regions of the vessel which are not
satisfactorily wiped by an agitator. It is therefore
necessary to choose a large surface to volume ratio of
the polymer melt and to operate such a reactor under
reduced pressure in a way that does not block the vapor
path and in a manner which prevents polymer buildup such
as by progressively wiping all interior surfaces of the

reactor.

Thus there is a need for a device for continuous

polycondensation of melts in which you maximize the
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Thus there is a need for a device for continuous pol ycondensati on of
melts in which you maxi m ze the 4
surface area to reactor volunme ratio, but do not block t he vapor fl ow
pat h and satisfg the criteria of w ping all interior surfaces of the
react or. surface area to reactgﬁnﬁg%pmﬁ natd o.nbadt [don not block The
present invention provides a device for conti nugus pol ycondensati on of

pol yner mel tEhenvaper Eompralds apdhaatdfly the igiditiezdia afoMirdmdal or

al nost horlzontal reactor provided with an inlet at one end, at | east
one outlet AL} HENRKRT crfanes RE j619 H82GKA".,  and a vapor outlet. The
reactor contains stirrers for the liquid polymer nelt adapted to the shape
of the reactor which stir the polynmer nelt and wipe all interior surfaces
of the reactor. The space between each stirrer_ and between the edge of
each stirrer and the wall of th8unmarycofithe;Enventiemm||, but it is stil
w ped by the flow mechanics of the polyner. Accordlngly w ped wal |
reactors of the type disclosed herein do not "wipe" a surface like a

wi ndshi el d wi per w pes a windshield, i.e. wi th contact, but instead, the
stirrers or w perEhg@resent tWerPmﬁl@%ﬁ thidevHidenmfas t hat t he

vol atile conponents volatilize nore quickly and exit the reactor

t hrough t he cepoknuns @olm@m%ﬁuxnmanfe@qmmmim which

comprises a heatable, cylindrical, horizontal or almost
horizontal reactor provided with an inlet at one end, at
least one outlet at the other end for the polymer mélt,
and a vapor outlet. The reactor contains stirrers for
the liquid polymer melt adapt to the shape of the reactor
which stir the polymer melt and wipe all interior
surfaces of the reactor. The space between each stirrer
and between the edge of each stirrer and the wall of the
reactors is very small, but it is still wiped by the flow
mechanics of the polymer. Accordingly, wiped wall
reactors of the type disclosed herein do not “wipe” é
surface like a windshield wiperi wipes a windshield, i.e.
with contact, but instead, the stirrers or wipers spread
the polymer into a thin film so that the volatile
components volatilize more quickly and exit the reactor
through the vapor outlet. Wiping eliminates the buildup
of polymeric liquid which becomes carbonaceous material
upon becoming stagnate as with conventional reactors.

Additionally, the reactor of the present invention
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of polymeric liquid which becones carbonaceous materi al upon beconi ng
stagnant as with conventional reactors. Additionally, the reactor of the
present invention -5- achi eves
a high surface area to reactor volune ratio which spreads the liquid

pol ymer nel taghiieves @ JHgh tsprface @nesf iYongeaqtar NGLURe F8tacile materi al
to volatilize nore quickly. The arrangenent of the stirrers and th

desi gn of t HhkdnRKeasts tthe gt B | e ldr enLcR PeRERLEAS €5 s no
bl ockage of the vapor flaow path. J.n accordance wt he .i nventi on,
two paral | elthghaﬁ%@%aﬁﬁ%ﬂgd‘%%l‘ﬁ]ftdfl%ﬂ -2 o§°eé(8:]raé:ﬁ €are

spaced fromone another with spacers such that --stirrers from one shaft
i nt er mesh WiRAFStIHRLY £ r oFRE RFLRRGEMeNt &PF\ﬁHH¥§§a§ha§ﬁaE$ﬁg that the
stirrers wipe the polyner nelt contagt surfaces .of one another.

Addi ti onal | ydegign Q% r%&ﬁ FeAFOR itﬁleerﬂr&rs% fRventien are S4cShpher al
wall of the reactaor. The stirrers of the_ present maxi m ze the

j,nventi on
surface ared B3F rdIR%S 1S Y RPGKATS i t%tvarﬁo&clélr?@’ P3ENrapor path and

wi t hout preventing stagnation of the polynmer nelt thereby producing a
high quality IV polynmer (IV neans intrinsic viscosity) having relatively

| ow or no carbonaceous nmmterial, therein. )
In accordance with the invention, two parallel

shafts having a plurality or stirrers on each shaft are
spaced from one another with spacers such that stirrers
from one shaft intermesh'with stirrers from the parallel
shaft with such spacing that the stirrers wipe the
polymer melt contact surfaces of one another.
Additionally, the stirrers wipe the interior surfaces of
the peripheral wall of the reactor. The stirrers of the
present invention maximize the surface area to reactor
volume ratio without blocking the wvapor path and without
preventing stagnation of the polymer melt thereby
producing a high quality IV polymer (IV means intrinsic
viscosity) having relatively low or nc carbonaceous

material therein.
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- 6- Brief Description of the Draw ngs ot her

obj ects and advant ages of the present invention will becone apparent upon
reading the following detailed description and upon reference to the
drawings, in which: Figure 1) is a partially perspective, exploded view

of the arrangenent of the stirrers and spacers within a reactor; Figure
2) is a frontal-end view of _a, cch0|d profile _stirrer wth correspondi ng

spacer; Figure 3) is a fr n S enbodinment in
t he shape of an involute profile; Figure 4) is a frontal-end view of two

stirrers indexed at 45 err]; Figure 5) is an end vi ew of the spacer

enpl oyed when enploying 45 stirrer indexing; gure 6) Is a cross
sectional end vi e@tbert RBISREFeaBA agyantagesi afo ﬁ?epﬁﬂﬁe¥Ee cycl oi d
stirrers overl apped for _conparison of profile shape, gure 7) is a

per specti ve #P@ﬁn§ﬂ°6nél§ﬁabﬁcﬁﬂﬁhaEE§§P§F uE?PrFﬁﬁglaﬂdtgﬁaE%¥ OvibRGt ed
thereon in which the stirrers are indexed 9Q fromone another; Figure 8)
shows a pl ur dettejled seserdpsipn AREcHREBhFRECTERFAL FBNERE pdTRVIR SR

anot her at various degrees of rotation of the parallel shafts
in which:

Figure 1) is a partially perspective, exploded view of
the arrangement of the stirrers and spacers within a
reactor;

Figure 2) 1is a frontal-end view of a cycloid profile
stirrer with corresponding spacer:;

Figure 3) is a frontal-end view of another stirrer
embodiment in the shape of an involute profile;

Figure 4) is a frontal-end view of two stirrers indexed
at 45°;

Figure 5) is an end view of the spacer employed when
employing 45° stirrer indexing;

Figure 6) is a cross sectional end view of the shape of
both the involute and the cycloid stirrers overlapped for
comparison of profile shape; |

Figure 7) is a perspective view of one shaft with several
stirrers and spacers mounted thereon in which the
stirrers are indexed 90° from one another;

Figure 8) is a cross-sectional end view through the

middle of the reactor with two parallel shafts and the
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7 Figure 9)is a cross-sectional end view through the m ddl e of the
reactor with two parallel shafts and the profiles of the stirrers and the
pol ymer pool |evel and vapor paths being clearly illustrated; Figure 10)
is a perspective view of the end covers for the reactor of the present
i nvention; ambfiled @i ¢hel Btiirrexrspanshéde polymew BPoLhdevedcedd shel |
illustrating the deviation necessary for drainage of the pol ymer from
t he react or vapor paths beindstlgiardy Dddasitpeitedsof the Invention
Figure 1 shows the interior profile 10 (i.e., the i nner wetted surface)
of a reactorFiguate SHows avipdrspectivexplieseofvithbs end geverisr forsthe and
spacers 14. The stirrers 12 and correspondi ng spacers 14 are shown in
t wo par altedctpougss, theagdregentp ibgiemf iosint ed on a shaft (not shown) .
The two parallel groups of stirrers and spacers rotate, preferably in
opposi te di risigimensl0)i ritso aarpenspectivef wilew of ier reaiedogbyheddni ng thin
films of polynmer on each stirrer and on the interior wall of the reactor
by t he widiustaationg the devidtden mesessiany forcdmadnase ©f thenpre
quickly volatilize.lt is not only the novenent of the stirrers and
spacer s t hatpodyeen rdn diiel ngadtiorit le@d reactor into a thin film but
al so the fluid nechanics of

Figure 11) shows a plurality of stirrers in intermeshing

relationship with one another at various degrees of

rotation of the parallel shafts.

Detailed Description of the Invention

Figure 1 shows the interior profile 10 (i.e., the
inner wetted surface) of a reactor (not shown) with an
exploded view of the stirrers 12 and spacers 14. The
stirrers 12 and corresponding spacers 14 are shown in two
parallel groups, each group being mounted on a shaft (not
shown). The two parallel groups of stirrers and spacers
rotate, preferably in opposite directions, into and out
of the polymer, thereby forming thin films of polymer on
each stirrer and on the interior wall of the reactor by
the wiping action, which allows the volatile component to
more quickly volatize. It is not only the movement of
the stirrers and spacers that wipe the liquid within the

reactor into a thin film, but also the fluid mechanics of
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- 8- the liquid in the reactor. |In other words, the viscosity of the
liquid aids in wiping the various interior surfaces in the reactor by
entraining any fluid in the area of a noving surface to nove along with
such surfaces. Wile Figure 1 is an exploded view show ng the various
conmponent s spae ekii @pbd t in athe t FRAGEIF ¢ er 0. 10t A Wossoe el # 4 SEHE Wr oup
are actually tightly mounted adjacent one another on a rotating shaft (see
Figure 7). of the widgaids HywiRing e Farigus Rt ric profiles
of the stirrers of the present invention are the cycloid profile of Figure
2 and the inverfaeestinrthe ¥pagtor by entprainingpEngfidid i Jhe es have
the characteristic close spacing along the perineters of mating stirrer

el enents upoareatofiamoeing 3%e FrQureve @lomghaviddy iPHdr al spaci ng of
*the stirrers wipes the interior surface 10 of the reactor shell as well as
Wi pi ng the espoiadesurf@ablefFigere stiis an explodedivrew sHiNG thded by
the extreme peripheral edge 16 of the rotating stirrers and the face 18 of
each stirrervapioys oppponentshspaced amaet, alhcddir stirrers 13d@ndt hat
the end stirrers at each end of the reactor are spaced from the end

pl at es by anspacens hfpipxoneterQupee AGtudbly shghthly HauRtst each

stirrer. In the particular stirrers illustrated by Figures 2
adjacent one another on a rotating shaft (see Figure 7).

Turning to Figures 2 and 3, the two geometric
profiles of the stirrers of the present invention are the
cycloid profile of Figure 2 and the involute stirrer
profile of Figure 3. Both stirrer profile have the
characteristic close spacing along the perimeters of
mating stirrer elements upon rotation, as shown in Figure
8. The peripheral spacing of the stirrers wipes the
interior surface 10 of the reactor shell as well as
wiping the exposed surface of each stirrer. The reactor
shell is wiped by the extreme peripheral edge 16 of the
rotating stirrers and the face 18 of each stirrer 12 is
wiped by the face 18 of adjacent stirrers. Note that the
end stirrers at each end of the reactor are spaced from
the end plates by an amount approximately equal to the

spacing between each stirrer.

In the particular stirrers illustrated by Figures 2

and 3 each stirrer 12 as two faces 18, the outer
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and 3 each stirrer 12 has two faces 18, the outer

-9- peripheral edge 16 of which is in close spaced relationship to the
peri pheral edge 16 of an adjacent stirrer as shown in Figure 1. Each
stirrer face 18 can be forned froma solid sheet material or froma

f or am nous negbtPherat esdgepl e of Hehigh rierin alosmsgseced orned from netal |
plastic or conposite naterials capable of w thstanding the reactor
tenperature,rggéth%9§hk%JtOIEkﬁiEﬁrxﬂhﬁxalnﬁdﬁeniﬁfﬂfraneﬂdjﬁpanﬁrrers, and
being inert to the liquid. If the face 18 is nmade from foramn nous

mat erial, suBhlBEEehedsl FhevWRcirdhigurre bperBarh shistrax fand 11&mamh to
permt and support the liquid bridging the opening, such that a thin film
of |iquid isPeoforEned Eromrarsehid sheel matewialk @x dinomfa t he pol yner

l'i quid. Associ ated with each stirrer 12 is a spacer 14 to space
apart each stPFamineusmemrher Fonhexarnkes the shirreniddoonman & i d
material and_positioned tightly against each stirrer 12, thereby
preventing | FeRmed f FEom Merd nPIas e P RompRside materials arapablle t he
stirrer face 18 and its peripheral edge 16, and the peripheral edge 20 of
each spacer 4% Wikkstarding kherreaghigndemmpratune rtdw rhysizadr e exposed
to the Iiquid. Positioned centrally of each spacer 14 and each
stirrer 12 i03th ebekherkiquid nudie iatating mitirreys, and being

inert to the liquid. If the face 18 is made from
foraminous material, such as metallic screen, the opening
must be small enough'to permit and support the liquid
bridging the opening, such that a thin film of liquid is
on each stirrer face 18 as it rotates out of the polymer

liquid.

Associated with each stirrer 12 is a spacer 14 to
space apart each stirrer from another. The spacers 14
are made from a solid material and positioned tightly
against each stirrer 12, thereby preventing liquid from
flowing between each spacer and stirrer. Only the
stirrer face 18 and its peripheral edge 16, and the
peripheral edge 20 of each spacer 14, and the interior

surface 10 of the reactor 22 are exposed to the liquid.

Positioned centrally of each spacer 14 and each
stirrer 12 is an aperture 24 through which a shaft 26

(see Figure 7) rotates the stirrers 12 and spacers 14.
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(see Figure 7) rotates the stirrers 12 and spacers 14.

-10- Figure 2 shows the shape of stirrer 12 in cycloid profile.
Figure 3 shows the shape of the stirrer 12 in an involute profile. Note
that the spacer 14 (in both Figures 2 and 3) is a quadrilateral nenber,
each edge 20 of which is identically configured. The thickness of the
stirrer 12 depends on many factors such as the load of the polyner in the
reactor, the rot #iFWsgeahasss tthe shape ©f stigresnpér dhupa syclipdd
reactor, etc. The thickness of each spacer 14 depends on the fluia

nechani cs ofPEHel 18 quikigure velghoxs the shape: efalther s§ilgrey 32 dRe
stirrers 12. |If the stirrers 12 are sufficiently structurally rigid that
they do not &0 vt R¥rfidie .ng Nathedithiadn£het isPacere 1t4hi(éklné9§hof t he
spacers depends only on the fluid nmechanics of the liquid in the reactor
so that a wilighrestd ond Sladif @& amadrilateraj] mepbgi,t kachpagees 204 shown
I n each of Eggurqs 2 and 3 qrelggperalLy quadr angul ar in shape, the actual
shape dependdt Wbirh Hes jifpnGicprldly aenfiguneder Theothigknessne Isithfet .
Turning to Figure 4, there is shown a pair of stirrers 12 each of which
ar ei ndexed A9 ridndaRends @mhaanNFactors sugh asadbes 1oaddefnot rotate
relative to other.  stirrers 12 and spacers 14 on the sane shaft 26 and the

shape of thdhgRA YR igt dhe pagtemhife sotatdndoepeeshptn§hserea of two

adj acent stirrers 12 as shown in
stirrer, the temperature of the reactor, etc. The

thickness of each spacer 14 depends on the fluid
mechanics of the liquid, as well as the structural
rigidity of the stirrers 12. 1If the stirrers 12 are
sufficiently structurally rigid that they do not flex
under operating conditions, then the thickness of the
spacers depends only on the fluid mechanics of the liquid

in the reactor so that a wiping action is achieved.

Although the spacers 14 shown in each of Figures 2
and 3 are generally quadrangular in shape, the actual
shape depends upon the indexing of each stirrer 12 on the
same shaft. Turning to Figure 4, there is shown a pair
of stirrers 12 each of which are index 45° from one
another. Note that the spacers 14 do not rotate relative
to other stirrers 12 and spacers 14 on the same shaft 26
and the shape of the spacer therefore is the shape of the
overlapping area of two adjacent stirrers 12 as shown in

Figure 5. Thus the spacer 14 shown in Figures 4 and 5 is
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Figure 5. Thus the spacer 14 shown in Figures 4 and 5 is

-11- not quadrilateral since the adjacent stirrers 12 are not i ndexed
90[err] fromone another as is shown with the spacer and stirrer shown in
Figures 1-3. Wien conparing the geonetric profile of each of the
stirrers 12 idovinadr Hafersl Zinne Therdidcenthetirgernshd? are ottt he ains
of the present invention is to nmaximze the surface area of the conponents
of the reacirfexgd < toaetonhanqthan as i shovagwithatthehsraega! oi d
profile possesses greater surface area as _conpared to the involute stirrer
12, as show”ht Fhiarer showmmdn FiBirestitd-er 12 provi des 18% nmore surface
area which contacts the liquid than a corresponding involute stirrer.
Primarily, this is due to the spacer profile of the cycloid spacer versus
the involute spacer. Specifically, the face 18 of stirrer 12 in Figure 2
is longer than tWRen fawparifg tihe geonehrio prefdilguod 2adhefuddea he
spacer 14 in Figure 2 does not cover as nuch area as in Figure 3. This is
al so il | ust refferers Fguhowns imdtigunes 2 lpnd chr @fsodieny OtA®dDf t he
cycloid stirrer 12 versus the involute stirrer shown in Figure 6 neans
that each mighationeiehithe aimgiaf the aresenfedinviendiion vist Kion the i nner
contact surface 10. As illustrated in Figure 7, a plurality of
stirrers arfieXieiee sthe suitianedren abitdie gempenandis oig.thl!%ach

reactor which contact the liquid, it is clear that the
cycloid profile possesses greater surféce area as
compared to the involute stirrer 12, as shown in Figure
6. The cycloid stirrer 12 provides 18% more surface area
which contacts the liquid than a corresponding involute
stirrer. Primarily, this is due to the spacer profile of
the cycloid spacer versus the involute spacer.
Specifically, the face 18 of stirrer 12 in Figure 2 is
longer than the face 18 of the stirrer 12 in Figure 3
because the spacer 14 in Figure 2 does not cover as much
area as in Figure 3. This is also illustrated in Figure
6. Note that the corresponding size of the cycloid
stirrer 12 versus the involute stirrer shown in Figure 6
means that each must fit within a reactor 22 and

specifically within the inner contact surface 10.

As illustrated in Figure 7, a plurality of stirrers
and spacers are mounted for rotation on shaft 26. Each

reactor actually has two shafts 26. Each shaft 26 may
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reactor actually has two shafts 26. Each shaft 26 may

This is the replacement sheet -12-
preferably be a quadrilateral in cross-section for that portion 28 within
the reactor upon which are nmounted stirrers and spacers, while the portion
30 of the shptefepabilycbeng tthadujhatedabuisidrosd-séetieacfor wwyt
preferably be a different shape, such as cylindrical so that it can easily
accommopdat e Ponténni 8Ravisbahstheoreashonnupon winick i$ stourftedhi ng feature
of the present invention). The stirrers 12 shown in Figure 7 indicate the
90[err] indegthgrergaghdssparershashileptiberpdntion 3%ohf Spacsafd firnly
contacts each stirrer 12 with the exception of- the spacer at each end of
the shaft 26profiectipgcthrought andcbutsidefof hehe eoeactormaydybenybe
different than the remaining spacers particularly since the fluid
mechani cs of praéerbhdiydbare different shapeecnsucheas otylimdribral ssdrrers
and spacer, as conpared to the fluid nechanics between two rotating
stirrers. that ifheapOpasilyi adesmmodatetbenventionabtseaks s(ietis nore
clearly shown in Figure 8, in cross-section. Reactor 22 is actually two

i nt ersecti ngsbownnandsnglk andistinghishihg featwre cofittie presace 10 of
either cylinder 32, 34 of the reactor 22 has a dianmeter which is slightly
| arger than inwentéegih oThe stirrers1P2 shown in Figure 7 indicate

the 90° indexing. Each stirrer has a spacer 14 and each
spacer 14 firmly contacts each stirrer 12 with the
exception of the spacer at each end of the shaft 26. The
spacer 14 at each end of the reactor maybe maybe
different than the remaining spacers particularly since
the fluid mechanics of the liquid are differént between
the rotating and stirrers and spacer, as compared to the

fluid mechanics between two rotating stirrers.

The 90° indexing of the cycloid stirrers 12 is more
clearly shown in Figure 8, in cross-section. Reactor 22
is
actually two intersecting cylinders 32 and 34. Thus the
inner contact surface 10 of either cylinder 32, 34 of the
reactor 22 has a diameter which is slightly larger than

the length of a stirrer 12.

Figure 8 also illustrates the progression of a pair

of stirrers 12, one within each reactor cylinder 32, 34
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Figure 8 also illustrates the progression of a pair of stirrers 12, one
wi thin each reactor cylinder 32, 34
- 13- as the rotation of shafts 26 proceeds at 0, 20[err] 40[ err],

60[ err and 80 te t i rection of rot in the O
po[5| ti ]on ?%EFS}‘F #ﬁ&%ﬁé’ﬂ afﬁo{’&‘étef ﬁ% BLFBS?FF@'dIa t|'o ?((-i‘ténljleI sanme
rotational S reb the t|rr s 12 travel toward one another in the
bot t om of tﬁ@ﬁ gﬂﬁ S@ adnestpPh 88 FR4BT1PRe3di rection of

rotation of e shaft n be Q 03|tely t re the stirrers
travel tomaﬁ%l 5@W@% aP® SH%&°P0p1§fsPﬁg %é&cﬁgwg%ﬁrrP5F§Fe& Din the
sane direction w.th gne anot her, her clockg% e or count rcl ockw se,

t he d|rectl&PHﬂ%&ﬁﬁxﬁ&f%ﬂﬁ%ﬂ?%’lP&st §d%en TRLAH1PPGdr 88%8rand 9 i s

bt “any degr @@ed%e%ﬁfﬁ ks g | eegfe&y#?"%&ﬁg??%%;'a%@&%ﬁ 255 11 ow
5t “an “ndj ACSHEE Gf ST SEAGIEF 2271 | WP Mo dhadPe SOREROPAALRR, tha ﬁﬁgre o
Tt rers 1o they bt reathgrr@%z 19058, 50% BhetsR 336 ﬁfﬁ%?’%eis Vi qui d

remai ns

. n F| he ol ol Iev 36 is The
rotation 0f§9£ﬁ¥%é1 QIﬁQkﬁJ) egFEypg one anothesat

the top of the reactor, or rotated in the same direction

with one another, either clockwise or counterclockwise,
the direction discussed above illustrated in both Figures

8 and 9 is preferred.

As shown in Figure 8, the progression of the
stirrers of any degree of shaft rotation permits many
open spaces for vapor flow. Also, one peripheral edge 16
of a stirrer “wipes” the peripheral edge 16 of an
adjacent stirrer. Because of fluid mechanics, the entire
inner contact surface 10 of reactor 22 as well as all
exposed surfaces of the stirrers 12 and spacers 14 are

wiped such that only a thin film of liquid remains.

In Figure 9, the polymer pool level 36 is shown.
The rotation of each shaft 26 is illustrated by arrow 38
and 40. Note that the central portion of the polymer
pool 36 is actually higher than other portions which is

caused by the rotation of the shaft 26 and the lifting of
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and 40, Note that the central portion of the polymer pool 36 is actually
hi gher than other portions which is caused by the rotation of the shaft 26
and the lifting of the polymer by the multitude of stirrers 12.
Al so note, that as each_stirrer 12 rotates fromthe position shown in
Figure 9 in the BPL¥BeroRY FheuBbibitudeyohrsbiwress had ALse Bk film of
pol ymer 42 is_produced in the central nost portion of the reactor 22 above
t he” pol yner BBGI35693¢H|§tb6F9ﬁeiszPﬁﬁﬁ25|EE@%aE%% POl HkdR cBhowhyr f ace
area of the reactor thus maximzing the surface area of the reactor. Al so
illustrated iR ELgHFe § &Peth9aﬁiﬁﬁ§tyab§r1¥¥B§Fb%¥ﬁ§ BYl 3RS 238 ow f or
the volatile vapgor to be elimnated or renmpved fromthe reactor 22. Since
the inner cofPdcflsupf fRén16idm ?ﬁep9éﬁ%?6r4%21$SPrQﬁ%@%dw*@h kgery
-rotation of shafts_ 26 (with stirrers 12), these vapor paths do not have
any buildup 6ED5EPYnBPStiBOBEAER Phethapbeacker 22 abgve Hhe fPehyReTay .
Figure 10 illustrates the reactor end plates 46 and 48. Each end plate 46
and 48 has aP@89por°takébif BPlyRapofibpt fétimpreapes ehepiettrdFi gures 9
and 10, note that one of the vapor outlets 50 would be positioned on the
top | eft-han8uEfaEeopreReOf ehRBoFe20LORNERGS tRaX Hrhzing vEhersurfaes f out | et
50 woul d be positigned on the right- hand side of the reactor. Wile the
vapor out| et fE$as@T tHA EEaSBgFt|oﬁ%ﬂoah§%H%FEa§$@rﬂﬁlE%&P¥%p9n%%¢ portion

of the reactor, having the outlets in the end plates 46, 48
various vagor flow paths 44 which allow for the volatile

vapor to be eliminated or removed from the reactor 22.
Since the inner contact surface 10 of the reactor 22 is
wiped with every rotation of shafts 26 (with stirrers
12), these vapor paths do not have any buildup of polymer

to block the vapor path in any significant way.

Figure 10 illustrates the reactor end plates 46 and
48. Each end plate 46 and 48 has a vapor takeoff or
vapor outlet 50. When comparing Figures 9 and 10, note
that one of the vapor outlets 50 would be positioned on
the top left-hand side of the reactor 22, while the other
vapor takeoff outlet 50 would be positioned on the right-
hand side of the reactor. While the vapor outlet(s) 50
can be positioned anywhere within the top most portion of
the reactor, having the outlets in the end plates 46; 48
is convenient for fabricating the reactor. 1In adaition
to the two vapor outlets 50, end plate 46 has an inleﬁ

orifice of 52, and reactor end plate 48 has a polymer
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is convenient for fabricating the reactor. In addition to the two vapor
outlets 50, end plate 46 has an inlet orifice of 52, and reactor end plate

48 has a pol yner -15 - outl et 54.
The present ctor, primarily designed to be . operated cqntlnuousl coul d
be oper at ed Qﬁgiﬁﬁmé% THee 9%§§?qﬁrﬁﬁiﬁﬁ9FVaﬂﬁ¥ﬂé¥ﬁ idgsa@nss 40 its as

a high IV polynmer throu h outl et 54. 11 |IIustra es t he

intersecting® ?Fﬁ%r%"%?nu%w a4 é’ﬁ:t%er?f%g’%%ss‘? 1S rates a
1 d h th | f t th whi ch
ol e s g Al 8 ey A A L

reactor. This deviation 56 is onl the outlet end of the reactor and
permts the RRBYPRHJE 16?"“‘1}?169‘%%]5&:{0'?4'22 fromboth sides and fromthe | owest
point of each cylinder as is clearly shown in Figure 11. It is |ikew se
possi bl e, however, to omt deviation 56 shown in Figure 11, and instead

have dual polyner_outlets, i | ate 48 ca able of Co Ietel ai ni ng
even the | onest %’a‘?"}r%fuea{brﬂ"b%‘[ép itheert q q‘?z

In operation, polymner is |ntroduced into the reactor 22 through the

pol ynmer i nl 34 52f ZFRe tFRAGHRYIM2 ANGFLRAFLY S hUSHFataofgt™dd et 54 i s
controll*ed in such, a mag as, to prqduce a polymer pool 36. Preferably, each
shaft 26 i sA9GtakkRn |30 (ARl rettilm SHovPURLage stihim dhe ZPaGtorFi gure

9. In this manner, each stirrer rotates in the
2 which is not wiped to the same degree as the remaining

polymer within the reactor. This deviation 56 is only at
the outlet end of the reactor and permits the draining of
the reactor 22 from both sides and from the lowest point
of each cylinder as is clearly shown in Figure 11. It is
likewise possible, however, to omit deviation 56 shown in
Figure 11, and instead have dual polymer outlets in end
plate 48 capable of completely draining even the lowest

part of each dual cylindrical 32, 34 of the reactor 22.

In operation, polymer is introduced into the reactor
22 through the polymer inlet 52 and the amount of polymer
exiting through outlet 54 is controlled in such a way as
to produce a polymer pool 36. Preferably, each shaft 26
is rotated in the direction shown by arrows 38 and 40 in
Figure 9. 1In this manner, each stirrer rotates in the
same direction, at the same rational speed, as the shaft
upon which it is secured, and wipes the inner wetted

surface 10 of the reactor 22 exposed to the liquid

This Sheet Has Been R,

) T



same direction, at the sane rotational speed, as the shaft wupon which it

I s secured, and wi pes the inner wetted surface 10 of the reactor 22
exposed to the liquid -16-

polynmer. Additionally, the rotation of the stirrers contact the pol yner
and pul | it pogwamedl.y dddigfiopad lyeotheorokptipa 86 Fheoskirkersfil mon the
face 18 of each stirrer, as well as on the inner_contact surface 10 of

t he react or CPAtathe thg polymerofngoPikdr 1E8a8PKFaratynPut ofhEhgopaei| e
conponent (generally ethylene glycol when polyethylene terephthalate is

t he poIynerPffdﬁqé%énﬁﬁe}ntpoae§g&§efﬂ#@npﬂh§hﬁoﬁ§ﬁﬁr}qufcﬂﬁ9h especial | y
when the reactor is at an_elevated tenperature (sufficiently high to keep
t he pol yner Sitd rriegui @sf ¥ehl asdoPethgoinagrhrgptags FBr§é690¥P 8firn, or

ot herwi se degrade the paolynmer when it is in a fluid state). Likew se, it
may be pref reacter g2roddbe shdBciid REODGAYRAE 98BSLYoREFBELSO to
further increase the renoval of the volatile conponent. As_each stirrer
pul | s anay fehemvicdatdder coporaens (depsrerdysethyéengngddarti WRAR thin

pol ymer surface is _produced as illustrated by 42 in Figure 9. This further
i ncreases t POlygthydeng: &grephthadase s the Palvwer, H5QEvexamphed pol yner
filmis substantially reduced if the shafts 26 and the_stirrers 12 are
rotated at &Ov&sgapeokrom dheppodymerot quadgkily, af§Pechall¥owBPRathens of

rotational directions. Contrarily, if the shafts and
reactor is at an elevated temperature (sufficiently high

to keep the polymer in liquid form, and yet not so high
as to scorch, burn, or otherwise degrade the polymér when
it is in a fluid state). Likewise, it may be preferable
to introduce a vacuum through the wvapor outlet 50 to
further increase the removal of the volatile component.
As each stirrer pulls away from its corresponding
adjacent stirrer an additional thin polymer surface is
produced as illustrated by 42 in Figure 9. This further
increases the surface area to reactor volume ratio.
However, this polymer film is substantially reducedlif
the shafts 26 and the stirrers 12 are rotated at a very
low rate, or are rotated in any.other combinations of
rotational directions. Contrarily, if the shafts and
stirrers are rotated at too high of a revolution, the
polymer is slung throughout the entire reactor and
completely blocks the vapor blow path 44, thus defeating
the ability of the reactor to remove the volatile

conmponent and thereby defeating the ability of the
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stirrers are rotated at too high of a revolution, the polynmer is slung

t hroughout the entire reactor and conpletely blocks the vapor flow path
44, thus defeating the ability of the reactor to renove the volatile
conmponent and thereby defeating the ability of the

- 17 - I eo@a ooy ot ninereas e hthd \IV. . Thehep tdphimumo trattiadrianadpegedf t he
shafts nust be determ ned based upon the polyner enployed, the IV of the
pol yner as i¢fithé shatitscmushtlze ddtrermidardbasezl wHdn dhe pollyveaf the

pol ymer exiting the reactor, the tenperature of the reactor, etc.

Ceneral ly, enployedt it I¥pedhe IHolymedrtasedt 251G ngpoduoeaydinttad ons per
m nute) and nore preferably about 3-5 rpm : Al t hough the spacing
bet ween t he e i pdactdr edae WHll &s thhe SEV rafertheapebliymer mxdtiswy fthee 10 of
the reactor can vary dependi ng on the operating conditions of the

reactor, thergattomrs Ul tsmpgratherd lafi dheectemtiteos ofetiche Gerlenadrl yat
operating conditions (for exanple to IV), etc., it is generally believed
that the spathegretatienabespeash willlorhg hetwfeemlA4101r3mm Li kewi se t he
spacing between the peripheral edges 16 of adjacent stirrers on different
shafts is belrevehutione péx minute sl enoxenpge fdraktllyy about Spdcer

t hi ckness and the thickness of the stirrers is also believed to be within
t he above steRmed range. Again, all the spacing is dependent upon

Although the spacing between the peripheral edge 16
of the stirrers and the inner surface 10 of the reactor
can vary depending on the operating conditions of the
reactor, the polymer employed, the fluid mechanics of the
polymer at operating conditions (for example to IV),
etc., it is generally believed that the spacing can be
between 2-10mm, preferably 1-3mm. Likewise the spacing
between the peripheral edges 16 of adjacent stirrers on
different shafts is believed to be within the above
range. Lastly, the spacer thickness and the thickness of
the stirrers is also believed to be within the above
stated range. Again, all the spacing is dependent upon

the conditions mentioned above.

Thus it can be seen with the rotation of the shafts
in opposite directions at the same rotational speed, the
perimeter edge 16 of each stirrer 12 wipes a portion of

the inner contact surface 10 of the reactor 22 leaving a
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the conditions nentioned above. Thus it can be seen with the
rotation of the shafts 1in opposite directions at the sane rotational

speed, the perineter edge 16 of each stirrer 12 wipes a portion of the

i nner contact surface 10 of the reactor 22 |eaving a )

-18- por PPERiaRi vhich A6t natpwiiped bPHathphrpacticulperParibeterdge.
However, the fluid mechanics of the polymer w pes the renaining inner
contact surBdge-10Havevarpehpy fiuidi mechanios qhethecRalymenfWERRH stirrer
12 are wi ped by adjacent stirrers on the adjacent shaft, and the spacer
edges 20 ar &hgl s6mAipéngbinnpy; goRrteahnFusLacet he potywipedoayt &e

peri pheral edge 16 of an _adjacent stirrer on the adjacent shaft.

Addi tional | ptizgernhé2tacdbe18appst h8 oft pacBrsthrsert ke odfh vheedoPymer
pool 36, the drag on the faces by the polymer also serves to w pe the
faces. LasBrjacens G§WF£FF§n°BGt¥§ adpegepy sbafbn andthRe $PaGPRg pol yner
out of the reactor 22 through outlet 54. Thus, all interior "wetted"
surfaces of edaesr 88cese ahsehwiped bypéiuidi wechanicguprd pheyhel YBeE wi ped
with each rotation of each_shaft. The shafts are designed to be rotated
at the sameopothei peairbgsad Bdgei A6opfoant adjareptt bhsrer on theThe

wetted surface area to reactor volune ratio is nmaximzed with the present
i nventi on bagdiasenthéhafiecer Additionally, as the faces 18 of the

stirrers pass through the polymer pool 36, the drag on
the faces by the polymer also serves to wipe the faces.
Lastly, the deviation 56 is wiped by action of the
flowing pnlymer out of the reactor 22 through outlet 54.
Thus, all interior “wetted” surfaces of the reactor which
are exposed to the liquid polymer are wiped with each
rotation of each shaft. The shaft are designed to be
rotated at the same rotational speed but in opposite

directions.

The wetted surface area to reactor volume ratio is
maximized with the present invention because the spacer
thickness is the thinnest possible which still permits
polymer to adequately wét-out on each face 18 of the
stirrers 12; as well as manufacturing the stirrer
thickness as thin as structurally possible, considering
the reactor operating conditions. By creating many thin
films of polymer on all interior surfaces within the

reactor, the volatile component evaporates or flashes-off
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t hi ckness is the thinnest possible which still permts polynmer to
adequatel y wet-out on each face 18 of the stirrers 12; as well as

manuf acturing the stirrer thickness as thin as structurally possible,
considering the reactor operating conditions. By creatln many thin filns
of pol yner @&F dast ReBGTSRYFadidas thhen aperatigge canditiengordti| e
conponent evaporates or flashes-off

-19- as fddte 3Ry vl Ehumddie R sF a5 ﬁ’(ﬁ‘ec@ﬁ(ﬁsﬁn&nsmﬁﬁnttlﬁé’ react or.
Thus the reactor of the‘fresent i nvention maximzes the surface area and
reactor vol FMAFIENART ddie FUTa5e drem pad %chpé’qlé’&@t GeTPaTeGs yi el di ng
the highest efficiency in converting |ow . I|qU|d t.o relatlvely hi gh
|.V. |iquid.Y¥dt REEERIEPesEak YRRy reraé'éé’cré"'r' i‘“ﬁaylﬁ’d@é they “from
about 0.40 to, 0.65, and exit the reactor, with an [.V. of 90 - 1.15,
dependi ng cﬂ#QhﬁﬁQmﬁ§%&9#ﬁPQ%nkﬂtQQﬂﬂﬁﬁﬁinﬂhéOWbébtor1&&@1@h§° pol yner

enpl oyed. Thus it is parent that_ there has been provided I n
accor dance wWie¥rtieelneigh cﬁr‘g- rdgtist. t Far epamplesaPES e@dami®@dbbj ect ,

ains, and the advantage as set forth above. Wile the invention has been
described i Feahqiurd iR Wave died V- IHaTo A 9 -Wletdo- 6% ad evi dent

that many al ternatives nodifications and varjiation w_l| be apparent to
those skil | &Kith iR zRACtAq s ahdsd saf Rt 5 # -RiSgudePeRddndar appi ng

the reactor in a jacket to heat_ it as is generally known, or
on the operating conditions of the reactor and the

polymer employed.

Thus it is apparent that there has been provided
with accordance with the invention a reactor that fully
satisfies the object, aims, and the advantage as set
forth above. While the invention has been described in
conjunction with specific embodiments thereof, it is
evident that many alternatives modifications and
variation will be apparent to those skilled in the art
such as those set forth in Figure 11 or wrapping the
reactor in a jacket to heat it as it generally known, or
to make each shaft 26 hollow so that a heating medium can
be introduced there through to heat the shaft, stirrers
and spacers, and others apparent to those skilled in the -
art in light of the foregoing description. Accordingly,
the present invention is intended to embrace such

alternatives, modifications, and variation that falls
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to make each shaft 26 hollow so that a heating nediumcan be introduced
there through to heat the shaft, stirrers and spacers, and others apparent
to those skilled in the art in light of the foregoing description.
Accordingly, ., the present, inventjon is intended to enbrace such

al t er nat i vedithid fihenIRikit AP Poats iSGPPenst fthye present

-20 - within the spirit and broad scope of the present invention.

-21- igvgniston. 1. A polycondensation reactor conprising:

a) a substantially horizontally extending interior
chanber for pol ycondensati on of a polyner;

b) an inlet at one end of the reactor for ’ i ntroducing a
low I.V. polyner into said i nterior chanber;
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c) at.least one outl {for, opposite said
inlet, for a high I. mll mm,im, I'i m poI ynmer to exit therethrough from
said interior chanber an outlet in said reactor

comruni catin . Wit h said interior chanmber for
exhausti ng ayedor ; e) at least two rotatable shafts,
nount ed substantially horizontally and extendi ng t he
| engt h of said reactor through sai d i nterior chanber;
-22 - f) éﬂurallty of stirrers mounted on each of
sai d shafts; 1.  A’polycongensatinn kgaqtprfcomprdding:or spacing apart
each stirrer on each of saird at | east two shafts
such that said stirrers on one shaft intermesh with
said stirrer on another wher eby said
stirrers are shaped sflas td Iif%ﬂf%’%%tl}a;VW‘%)@ thtantlally

horizontally

extending interior chamber for

polycondensation of a polymer;

b) an inlet at one end of the reactor for
introducing a low I.V. polymer into said

interior chamber;

c) at least one outlet for said reactor,
opposite said inlet, for extracting a high

I.V. polymer from said interior chamber;

d) an outlet in said reactor communicating
with
said interior chamber for exhausting
vapor;
e) at least two rotatable shafts, mounted
substantially horizontally and extending
the
length of said reactor through said
interior
heet Has Been Replaced
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surface of said interior chanber up |d shafts, as well as
wi.pe said plurality of spacers, @gui Hﬂ adjacent i nt er meshed
stirrer. 2. The reactor eby said plurality

of stirrers are shaped as a cycl oid. . The reactor of claim
1, whereby said plurality chambgiristirrers are shaped as an invol ute.

4. The reactor of claim1, wherein said interior chanber is at |east
two overl appi ng cylindrical chanbers.

- 23- 5. The reactor of claiml, wherein each of said plurality
of stirrers conprises two contact faces, each face having a front and back
surface. 6. The reactor of claim5, wherein each of said stirrers
is indexed 90 fromits adjacent stirrer, on the sane shaft. 7.

The reactor of claim6, wherein each of said spacers is shaped in
cross-section the sane as the cross- section of two overlapping stirrers.
8. The reactor of claim5, wherein each of said stirrers is indexed 45
fromits adjacent stirrer, on the
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sanme shaft. t of claim5, wherein said two rotatable
shaft’'s rotate in o,pumuumnmmﬂf"l,m\s 10. The reactor of claim9,
wherein said two shafdstare peosi<ioned in said reactor such that said
stirrers overlap one another, thus wi ping said front and back surfaces of
each contact face. 11. The reactor of claim10, wherein said
rotation of said shafts is such that a thin film of pokyner is_ forned
when said stirrer rothte aAvBLYFAehehrdiifgiers mounted ampgach of 15

The reactor of claim1 wherejn the spacing between the peripheral edges of
adj acent stirrers on diffefdid shafits is 1 to 10 nmand the adj acent
stirrers are disposed so that the peripheral edge of a stirrer w pes the
peri pheral edge of an adjacent stirrer. 13. The reactor of claiml
having an inlet end and an outlet end and wherein the inlet is at the inlet
end and the outlet isght thePHEIEiteRE specers Inp sRAGIRADAPARL claim 1
which has two intersecting cylindrical interior chanbers, each wth
a rotatabl®CBhaft through its |ength. 15. A reactor according to
claim1, wherein the stirrers and spacers are in parallel groups, wth al

of the stirrers and spacerStiFreldn @k deiFhidAmhtl&RrSh @WShaft and with
a spacer being associated with each stirrer to space apart each stirrer
from anot heshaftgeg, A reactor according to claim 1 or 15, wherein
the stirrers and spacers are nounted tjghtly agai nst one another so as to
prevent |iquid, when presefichnthdfe sakdirirresinan s Fhafdt ween each

spacer and stirrer. . L. . . )
interdigital with said stirrer on another

shaft;

whereby said stirrers are shaped so as to constantly
wipe the surface of said interior chamber, as well as
wipe said plurality of spacers, as well as wipe each

adjacent interdigilated stirrer.

2. The reactor of claim 1, whereby said plurality

of stirrers are shaped as a cycloid.

3. The reactor of claim 1, whereby said plurality

of stirrers are shaped as an involute.

4. The reactor of claim 1, wherein said interior

chamber is at least two overlapping cylindrical chambers.
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17. A reagtl mﬁmmﬂrmﬂﬂmﬁlm 1, 15 or 16, wherein the stirrers
have faces and o | and the spacers have peripheral edges and
the stirrers and spaéerg ale so di sposed that only the faces and peri pheral
edge of each sti r%fer and the%%ri pheral .edge of each spacer and the
interior surface t HE§ FRATDPTE SdfdFed 1t HPEEGAPd SR/FEN Ofr §8d/t in the

react or. taor, according to claim1, 15, 16 or 17, wherein the

1811.' Are .
adj acent st iRYHRALIGY He St et OmbTd SiEFd &8d CORGRCENE 258§ hE€ACENd t he

shape of each spacer, which spaces one stirrer apart fromanother is the
shape of theg]acﬁfgrarfaa"dﬁ?%f 10@”@(? SYFTaCEt stirrers.

- 25 - 19. A reactor according to ‘claim 1, 15, 16, 17
or 18, wherein adjacent stirrers on the sane shaft are indexed 90 from one

anot her. 20. A. reactor according_to_ claim 17, 18 or 19,
wherein the spading DRSWEFERGHF S iSRS HHE TSN 88F NS OFr S8Adand t he
inner surface of the reactor and the spacing between the peripheral edges
of adj acent EtHTH&HS I6h deXEL M0 S 145 add@centc ghdEEest OBckbhgpacer
and stirrer is 1 to 10 nm 21. A reactor according to claim1, 15,
16, 17, 1639 ShaLHy which further conprises neans for rotating each
shaft in a direction such that at the bottom of the reactor the
stirrers nmounted on one shaft travel toward the stirrers nounted on the

ot her shaft. 22. A device useful, for the continuous pal ycondensation
of a liquid polyfer neif® BEaqkodofdy icd@dm 6, whergin,eggh 9&nsaidor al nost
hori zontal reactor having an i.nlet end and ., an outlet end and conprising two
i nt er sect i n¢RAHSLR r"’isczﬁhgqprﬁderlinoFr&$§ﬁ1§@|c§,1°§a@ﬁevﬁlaﬂ‘eaalsottaﬁaﬁlrés§haf t
through its | ength whereby the shafts are parallel to one another,

b) an inl et &5t Petvgt overdappigd skdrrers.  ¢) an outlet for pol yner
at said outlet end; d) an outlet for exhausting vapor from said
react or, e) a plurality of stirrers nounted on each of said shafts
for- rotation therewith, each stirrer _having stirrer faces and a peri pheral

edge; and & o TheuTSRctP o T FA@4Ms 57 c WERTRAD RECH PErSpAGral edge,
mount ed on each of said.shafts far, rotation therewith, .a spacer being
associ at ed \ﬂ%ﬁ%&@hﬁﬁ’%"%é%b rom- i tS; pAYACeRE SFAZE8YapQPt EREr om
anot her stirrer, rein all of the stirrers and spacers on each shaft are
tightly mouf®¥ &8% Eent to one another with a spacer positioned tightly
agai nst each stirrer to prevent |iquid, when present in said reactor, from

fl om ng between each spacer and stirrer, whereby only each stirrer face and

the peripheral edge each stirrer ind of, eagh spacer and . the interior
surface of the réacto geactor of claim 5, wherein the stirrers on -

each shaft are aligned in the same manner.

10. The reactor of claim 5, wherein said two

rotatable shafts rotate in opposite directions.
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exposed to and V\herel n adjacent stirrers on the sane shaft
ar-e indexed m ' ﬂl and the stirrers on one shaft intermesh with
the stirrer shaft, and wherein the stirrers are so

di sposed t hat the spaces bet ween each stirrer and between the peripheral
edges of the stirrers and the inner surface of the reactor are such as to
enable the sti rrﬁgs, ,&l\.l ﬂ% rotat| n in the presence of nolten pol yner and
with the aid of the-fl %ﬂ%‘?ﬁ % Staimel QoI Whar §id) \Faskd &%P spread a
thrnfrlmof hgtm)lteng %/l cgn all jnpterior surfaces of the reactor.

- 26- S 2HeP TR HY IB I ERAR X \isheithadlh sidd ture i s

positioned cegtral I% of each stirrer _and each spacer through whi ch aperture
e

t he shaft ro‘? tEESTROEET ?%r%n%rﬁf‘%‘f}%f’c"e'r SSHBURE RS etad¢h Tronty and

react or cl ai , efein the spaci ng between the
peri pher al Cld?j og‘“eg%he'%t% n‘EP‘tth%cvg] €. surface of the reactor
and the spacing between the peri pheral edges of adjacent stirrers on
di.fferent shafts and the thickness of each spacer and stirrer is 1 to 10

nm A re}a%t or.according to_claim?22 23 or 24, wherein the shape
of each spacer whtth spPAEeEeHrPR(qT rehaidhrl f“fl'tﬁﬁea?ﬁbtsr?e‘rd i tatd athape of
t he overlappl]gct a of _its, two adjagcent stirrers. A reactor
according td° I%ﬁi Shabls ’ﬁl Hchthah & e‘-'rbri-‘h(ﬁléé‘brﬂf qurXF‘@rrsJ(ﬁt t he same
shaft are |gldexed 9Q from ope anot her. A reactor according to
claim?22, 2 Gt B A EFRSH t%%rﬁd‘fﬁ%é‘s‘%% o thsitat i ng each

shaft in a direction such that at the bottomof the reactor the stirrers
mount ed on one shaft travel toward the stirrers nounted on the other shaft.
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