
HIGH SURFACE INTERMESHING PROFILE REACTOR                    Background of
the Invention    1)  Field of the Invention         This invention relates
generally to an apparatus for  converting a liquid of low viscosity into a
liquid of  high viscosity. In particular, the present invention  concerns a
reactor especially suitable for  polycondensation reactions in which a
volatile component  is removed and a polymeric material of high viscosity
is  produced while remaining in a liquid state within the  reactor. Most
specifically, this invention relates to an  apparatus for effecting
polycondensation to make  polyesters or polyamides, such as polyethylene
terephthalate 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 



2    glycol and either terephthalic acid or its ester  equivalent -
dimethyl terephthalate. Either reaction  forms the monomer
bis-2-hydroxyethyl terephthalate. By  heating the monomer to proper
temperatures, generally  with increasingly low pressures, the monomer
polymerizes  with evolution of ethylene glycol until the desired fiber
or film forming viscosity is achieved. The process is usually carried 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  relatively 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                                       3
increase the relative viscosity of the polymer.  Conventional reactors
suffer several disadvantages in  that for higher viscosity polymers, these
reactors would  have to be excessively large in order to achieve the
desired IV and therefore are impractical. Primarily,  conventional reactors
have several disadvantages such  that they are less efficient than the
apparatus of the  present invention. For example, conventional reactors
have a central shaft which tends to restrict the vapor  flow of the
volatile material to the vacuum exhaust  outlet because-polymer collects on
the surface of the  shaft, thereby reducing the effective vapor path.
Polymer collection also creates stagnant areas around the  shaft ultimately
producing a carbonaceous contaminant  within the polymeric material.
Likewise, polymer buildup  can occur in other stagnant 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 o  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                                        4
surface area to reactor volume ratio, but do not block   the vapor flow
path and satisfy the criteria of wiping   all interior surfaces of the
reactor.                        Summary of the Invention          The
present invention provides a device for   continuous polycondensation of
polymer melts 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 melt,   and a vapor outlet. The
reactor contains stirrers for  the liquid polymer melt adapted 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     reactor 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" a   surface like a
windshield wiper 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
stagnant as with conventional reactors.   Additionally, the reactor of the
present invention                                         -5-     achieves
a high surface area to reactor volume ratio  which spreads the liquid
polymer melt into a plurality of  thin films allowing the volatile material
to volatilize  more quickly. The arrangement of the stirrers and the
design of the reactor of the present invention are such  that there is no
blockage of the vapor flow path.         In accordance with the invention,
two parallel  shafts having a plurality of 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 vapor path and
without  preventing stagnation of the polymer melt thereby  producing a
high quality IV polymer (IV means intrinsic  viscosity) having relatively
low or no carbonaceous  material therein.    



-6-                   Brief Description of the Drawings        other
objects and advantages of the present  invention will become 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 arrangement of the stirrers and spacers within a  reactor;  Figure
2) is 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[err];  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)
shows a plurality of stirrers in intermeshing  relationship with one
another at various degrees of  rotation of the parallel shafts   



7       Figure 9)is a cross-sectional end view through the   middle of the
reactor with two parallel shafts and the   profiles of the stirrers and the
polymer pool level and   vapor paths being clearly illustrated;  Figure 10)
is a perspective view of the end covers for the  reactor of the present
invention; and    Figure  11) is a perspective view of the reactor shell
illustrating the deviation necessary for drainage of the    polymer from
the reactors                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 volatilize.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  



-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 moving surface to move along with
such  surfaces. While Figure 1 is an exploded view showing the  various
components spaced apart, all the stirrers 12 and  spacers 14 in one group
are actually tightly mounted  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 profiles 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 has two faces 18, the outer
-9- peripheral edge 16 of which is in close spaced  relationship to the
peripheral edge 16 of an adjacent  stirrer as shown in Figure 1. Each
stirrer face 18 can  be formed from a solid sheet material or from a
foraminous member. For example, the stirrer face can be  formed from metal,
plastic or composite materials capable  of withstanding the reactor
temperature, the physical  load of the liquid on the rotating stirrers, 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.
-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 member,
each edge 20  of which is identically configured. The thickness of the
stirrer 12 depends on many factors such as the load of  the polymer in the
reactor, the rotating speed of the  stirrer, the temperature of the
reactor, etc. The  thickness of each spacer 14 depends on the fluia
mechanics of the liquid, as well as the structural  rigidity of the
stirrers 12. If 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
areindexed 45[err]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
-11-  not quadrilateral since the adjacent stirrers 12 are not  indexed
90[err] from one another as is shown with the spacer  and stirrer shown in
Figures 1-3.         When comparing the geometric profile of each of the
stirrers 12 shown in Figures 2 and 3, and when noting  that one of the aims
of the present invention is to  maximize the surface area of the components
of the  reactor which contact the liquid, it is clear that the  cycloid
profile possesses greater surface 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
This is the replacement sheet                                        -12-
preferably be a quadrilateral in cross-section for that  portion 28 within
the reactor upon which are mounted  stirrers and spacers, while the portion
30 of the shaft  projecting through and outside of the reactor may
preferably be a different shape, such as cylindrical so  that it can easily
accommodate conventional seals (not  shown and not a distinguishing feature
of the present  invention). The stirrers 12 shown in Figure 7 indicate  the
90[err] 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 different between  the rotating and stirrers
and spacer, as compared to the  fluid mechanics between two rotating
stirrers.         The 90[err] 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
-13-   as the rotation of shafts 26 proceeds, at 0, 20[err], 40[err],
60[err] and 80[err]. Note that the direction of rotation as  shown in the 0
position, is such the shafts rotate in  opposite directions, at the same
rotational speed,  whereby the stirrers 12 travel toward one another in the
bottom of the reactor 22.  While it is contemplated that  the direction of
rotation of the shafts can be oppositely  rotated, where the stirrers
travel toward one another at  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 arrows 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            the polymer by the multitude of stirrers 12.
Also note,  that as each stirrer 12 rotates from the position shown  in
Figure 9 in the directions illustrated by arrows 38  and 40, a thin film of
polymer 42 is produced in the  central most portion of the reactor 22 above
the polymer  pool 36. This polymer film 42 increases the wetted  surface
area of the reactor thus maximizing the surface  area of the reactor. Also
illustrated in Figure 9 are  various vapor 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. In addition  to the two vapor
outlets 50, end plate 46 has an inlet  orifice of 52, and reactor end plate
48 has a polymer                                       -15 -   outlet 54.
The present reactor, primarily designed to be  operated continuously could
be operated batchwise. The  low IV polymer arrives in inlet 52 and exits as
a high IV  polymer through outlet 54.         Figure 11 illustrates the
intersecting cylinders 32,  34 of the reactor 22 and clearly illustrates a
small  deviation 56 which is the only surface within the reactor  22 which
is not wiped to the same degree as theremaining  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 cylinder 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. In this manner, each stirrer rotates in the 



same direction, at the same rotational speed, as the shaft  upon which it
is secured, and wipes the inner wetted  surface 10 of the reactor 22
exposed to the liquid                                       -16-
polymer. Additionally, the rotation of the stirrers  contact the polymer
and pull it upwardly out of the pool  of liquid 36 into a thin film on the
face 18 of each  stirrer, as well as on the inner contact surface 10 of
the reactor 22. The thin film of polymer easily permits  the volatile
component (generally ethylene glycol when  polyethylene terephthalate is
the polymer, for example)  to escape from the polymer, quickly, especially
when the  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 polymer when  it is in a fluid state). Likewise, it
may be preferable  to introduce a vacuum through the vapor 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 reduced if  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 flow path
44, thus defeating  the ability of the reactor to remove the volatile
component and thereby defeating the ability of the
- 17 -    reactor to increase the IV. The optimum rotational speed  of the
shafts must be determined based upon the polymer  employed, the IV of the
polymer as it is introduced into  the reactor, as well as the IV of the
polymer exiting the  reactor, the temperature of the reactor, etc.
Generally,  the rotational speed will be between 2-10 rpm  (revolutions per
minute) and more preferably about 3-5  rpm.         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 1-10mm, 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
-18-    portion which is not wiped by that particular perimeter  edge.
However, the fluid mechanics of the polymer wipes  the remaining inner
contact surface 10 not wiped by a  stirrer 12. The faces 18 of each stirrer
12 are wiped by  adjacent stirrers on the adjacent shaft, and the spacer
edges 20 are also wiped by fluid mechanics of the polymer  on the
peripheral edge 16 of an adjacent stirrer on the  adjacent shaft.
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 polymer
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 shafts 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 wet-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
-19-   as fast as possible, under the operating conditions of  the reactor.
Thus the reactor of the present invention  maximizes the surface area and
reactor volume compared  with prior wiped wall type reactors, thus yielding
the  highest efficiency in converting low I.V. liquid to  relatively high
I.V. liquid. For example, PET entering  reactor 22 may have an I.V. from
about 0.40 to 0.65, and  exit the reactor with an I.V. of 0.90 - 1.15,
depending  on the operating conditions of the reactor and the  polymer
employed.         Thus it is apparent that there has been provided    in
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 is 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
-20 -   within the spirit and broad scope of the present  invention.
-21-        Claims           1.  A polycondensation reactor comprising:
a) a substantially 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 a high I.V.                  polymer to exit therethrough 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 chamber;
-22 -                 f)   a plurality of stirrers mounted on each of
said shafts;                  g)   a plurality of spacers for spacing apart
each                     stirrer on each of said at least two      shafts
such that said stirrers on one shaft                        intermesh with
said stirrer on another                     shaft;       whereby said
stirrers are shaped so as to constantly wipe the 



surface of said interior chamber upon rotation of said shafts, as  well as
wipe said plurality of spacers, as well as wipe each  adjacent intermeshed
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.
-23-          5.  The reactor of claim 1, wherein each of said  plurality
of stirrers comprises two contact faces, each  face having a front and back
surface.         6.  The reactor of claim 5, wherein each of said  stirrers
is indexed 90 from its adjacent stirrer, on the  same shaft.         7.
The reactor of claim 6, wherein each of said  spacers is shaped in
cross-section the same as the cross-  section of two overlapping stirrers.
8.  The reactor of claim 5, wherein each of said  stirrers is indexed 45
from its adjacent stirrer, on the 



same shaft.         9.  The reactor of claim 5, wherein said two  rotatable
shafts rotate in opposite directions.       10. The reactor of claim 9,
wherein said two  shafts are positioned in said reactor such that said
stirrers overlap one another, thus wiping said front and  back surfaces of
each contact face.         11. The reactor of claim 10, wherein said
rotation  of said shafts is such that a thin film of polymer is  formed
when said stirrer rotate away from one another.           -24 -     12.
The reactor of claim 1 wherein the spacing between the peripheral edges of
adjacent stirrers on different shafts is 1 to 10 mm and the adjacent
stirrers are disposed so that the peripheral edge of a stirrer wipes the
peripheral edge of an adjacent stirrer.  13.    The reactor of claim 1
having an inlet end and an outlet end and wherein the inlet is at the inlet
end and the outlet is at the outlet end.  14.    The  reactor  of  claim  1
which  has  two  intersecting cylindrical  interior  chambers,  each  with
a  rotatable  shaft through its length.   15.    A reactor according to
claim 1, wherein the stirrers and spacers are in parallel groups, with all
of the stirrers and spacers in each group being mounted on a shaft and with
a spacer being associated with each stirrer to space apart each stirrer
from another.   16.    A  reactor  according  to  claim  1 or  15,  wherein
the stirrers and spacers are mounted tightly against one another so as to
prevent liquid, when present in the reactor, from flowing  between each
spacer and stirrer. 



17.    A  reactor according claim  1,  15 or  16,  wherein  the stirrers
have faces and peripheral edges and the spacers have peripheral edges and
the stirrers and spacers are so disposed that only the faces and peripheral
edge of each stirrer and the peripheral edge of each spacer and the
interior surface of the reactor are exposed to liquid when present in the
reactor.   18.    A reactor according to claim 1, 15, 16 or 17, wherein the
adjacent stirrers on the same shaft are indexed from one another and the
shape of each spacer which spaces one stirrer apart from another is the
shape of the overlapping area of its two adjacent stirrers.
- 25 -    19.       A  reactor  according  to  claim  1,   15,   16,   17
or  18, wherein adjacent stirrers on the same shaft are indexed 90 from one
another.   20.       A  reactor  according  to  claim  17,  18  or  19,
wherein  the spacing between the peripheral edge of each stirrer and the
inner surface of the reactor and the spacing between the peripheral edges
of adjacent stirrers on different shafts and the thickness of each spacer
and stirrer is 1 to 10 mm.   21.       A reactor according to claim 1, 15,
16,  17;  18,  19 or 20 which further comprises means for rotating each
shaft in a direction  such  that  at  the  bottom  of  the  reactor  the
stirrers mounted on one shaft travel toward the stirrers mounted on the
other shaft.       22. A device useful for the continuous polycondensation
of a liquid polymer melt which comprises:        a) a horizontal or almost
horizontal reactor having an inlet end and an outlet end and comprising two
intersecting cylindrical interior chambers, each with a rotatable shaft
through its length whereby the shafts are parallel to one another,
b) an inlet for polymer at said inlet end;        c) an outlet for polymer
at said outlet end;        d) an outlet for exhausting vapor from said
reactor,        e) a plurality of stirrers mounted on each of said shafts
for rotation therewith, each stirrer  having stirrer faces and a peripheral
edge; and        f) a plurality of spacers, each having a peripheral edge,
mounted on each of said shafts for  rotation therewith, a spacer being
associated with each stirrer whereby each stirrer is spaced apart  from
another stirrer,  wherein all of the stirrers and spacers on each shaft are
tightly mounted adjacent to one another  with a spacer positioned tightly
against each stirrer to prevent liquid, when present in said  reactor, from
flowing between each spacer and stirrer, whereby only each stirrer face and
the  peripheral edge of each stirrer and of each spacer and the interior
surface of the reactor are 



exposed to such liquid,  and wherein adjacent stirrers on the same shaft
are indexed from one another and the stirrers on  one shaft intermesh with
the stirrers on the parallel shaft,  and wherein the stirrers are so
disposed that the spaces between each stirrer and between the  peripheral
edges of the stirrers and the inner surface of the reactor are such as to
enable the  stirrers, during rotation in the presence of molten polymer and
with the aid of the fluid mechanics  of the molten polymer, to spread a
thin film of the molten polymer on all interior surfaces of the  reactor.
-26-       23.    A device according to claim 22 wherein an aperture is
positioned centrally of each stirrer and each spacer through which aperture
the shaft rotates the stirrers and spacers mounted thereon.   24.    A
reactor  according to claim 22 or 23,  wherein  the spacing between the
peripheral edge of each stirrer and the inner  surface  of  the  reactor
and  the  spacing  between  the peripheral edges of adjacent stirrers on
different shafts and the thickness of each spacer and stirrer is 1 to 10
mm.   25.    A reactor according to claim 22, 23 or 24, wherein the shape
of each spacer which spaces one stirrer apart from another is the shape of
the overlapping area of its two adjacent stirrers.   26.    A reactor
according to claim 22, 23, 24 or 25, wherein adjacent stirrers on the same
shaft are indexed 90 from one another.   27.    A reactor according to
claim 22, 23, 24, 25 or 26 which further comprises means for rotating each
shaft in a direction such that at the bottom of the reactor the stirrers
mounted on one shaft travel toward the stirrers mounted on the other shaft.


