
(71)    We,  MITSUBISHI   RAYON   point of production, maintenance and
opera-  45     COMPANY  LIMITED, a corporation or-  tion of the apparatus,
it is preferable to posi-     ganized under the laws of Japan of No. 8
tion the endless belts horizontally.     Kyobashi-2-chome, Chuo-ku, Tokyo,
Japan,    In the above mentioned casting processes it 5   do hereby declare
this invention, for which we  is essentially important to control the
speeds     pray that a patent may be granted to us, and   of the two belts
so that they are the same.  50     the method by which it is to be
performed to   When the speeds of the two belts are different,     be
particularly described in and by the fol-  even if in quite small degree,
the relative dis-     lowing statement: -
placement of the two belts will accumulate 10    The present invention
relates to a process  causing an undesirable surface condition in the
and an apparatus for continuously casting a   final product. However, in
general, it is diffi-  55     sheet and the like and in particular it
relates   cult to achieve the same speed in the two belts     to a process
and apparatus for continuously  because there are always some errors in the
manufacturing a polymeric sheet by continu-  apparatus accompanied  by
some hunting 15  ously  polymerizing  a  liquid  monomeric  phenomena in
the feed back control.     material.
According to the present invention there is  60        The casting
processes which have been pre-  provided a process for continuously
manufac-     viously developed comprise supplying a mono-  turing a
polymeric sheet by continuously poly-     meric material such as
methylmethaorylate be-  merizing a liquid monomeric material, com- 20
tween a pair of endless belts located in upper  prising moving a pair of
substantially hori-     and lower opposed positions and running at  zontal
upper and lower belts, which are posi-  65 



the same speed in the horizontal direction  Itioned in face-to-face
relationship to each     from  one end of the belts, polymerizing a
other, in the same direction without relative     monomeric compound by
heating during travel  displacement, locating sealing gaskets between 25
of the belts and producing a polymeric sheet  and in intimate contact with
said both belts     from the other end of the belts.           at the side
edges thereof, supporting said belts  70        In these processes, the
lack of support for  with belt supporting means which are in con-     the
lower run of the upper belt tended to bow  tact with said belts and movable
perpendicu-     it downwardly by its own weight toward the  larly to the
belts maintaining the belts parallel 30  upper run of the lower belt, so
that the spac-  to each other in the transverse direction there-     ing
between the belts could not be maintained.  of, mounting a wedge shaped
liquid feeding  75     This resulted in loss of uniformity in the thick-
means in a corresponding wedge-shaped open-     ness of the final product.
In order to produce  ing defined by the upper and lower belts at
adequate liquid pressure of monomeric com-  one feeding end, in which
opening said feed- 35  position between the belts, the belts may be  ing
means is not in contact with belts at the      inclined or may be vertical
to locate the feed-   major part of belt surfaces in transverse direc-  80
ing side in a higher position but such a con-  tion thereof and forms
clearance with the      struction is impractical as it needs an ex-  belts;
supplying a liquid monomeric material      tremely tall building since
generally the time   into a space formed by said feeding means and 40  for
polymerization is long and hence the appa-  the belts, producing liquid
pressure between     ratus for commercial operation is substantially  the
belts by the liquid in said space, maintain-  85     large in length
because the production capa-  ing a spacing between the belts by said
liquid     city of the apparatus is proportional to the   pressure; the
leaking of said material through     length of apparatus. Speaking from the
view-  clearance between said feeding means and the       [Price 25p]
2                                          1,300,400
2      lower belt being prevented by the flow resis-    Figures 20, 21 and
22 are a plan view, an     tance in said clearance; passing said material
end view and a side view of an upper frame     maintained  in  contact with
belt surfaces  structure;     through at least one zone in which said
Figure 23 is an end view of a frame struc- 5   material is subjected to
solidification and   ture and a heat transfer system in which hot  70
delivering a polymeric sheet from the other  water is used as a heating
medium;     end of the belts.                                Figures 24 and
25 are a plan view and an       The invention also comprises a pair of sub-
end view of a lower frame structure; 



stantially horizontal upper and lower belts    Figures 26 and 27 are
abbreviated views of 10  positioned to locate a portion of each in face  a
conventional type apparatus;           75     to face spaced relationship
with a continuous  Figures 28 and 29 are a side view and an     gasket at
each edge of one of said belts and  end view of a belt driving device;
adapted to define continuous edge seals with   The preferred embodiments of
this inven-     the side edges of the other of said belts when,  tion
provides a process and an apparatus for 15  the latter are in face to face
relationship thus   continuously manufacturing a polymeric sheet  80     to
form a chamber; means for applying pres-  by continuously polymerizing a
liquid mono-     sure to opposed belt portions; means for sup-   meric
composition between a pair of horizontal     porting said opposed belt
portions in lateral  belts.     parallel relationship and at a first
predeter-  The process and apparatus solves the diffi- 20  mined face to
face distance spacing in an up-  culty in supporting the upper belt located
sub-  85     stream  liquid zone of said chamber and at  stantially
horizontally and in maintaining the     another second predetermined
distance spacing   spacing between the belts.     in a down stream
solidifying zone of said     It has been found that it is possible to pro-
chamber, said liquid and solidifying zones ex-  duce a liquid pressure
which is sufficient for 25  tending between an inlet end and an outlet end
supporting the upper belt and maintaining the  90     of said chamber
defined by the opposed por-  spacing between the belts at a predetermined
tions of said belts; means for heating or cool-  distance using a wedge
shaped feeding means,     ing said belts and said chamber; drive means  but
if this feeding means is firmly in contact     for moving one of said belts
at a predeter-  with the surfaces of belts, scratches are pro- 30  mined
speed; and a wedge shaped feeding   duced on the surfaces of belts by
relative shift-  95     head for said liquid monomeric material loca-  ing
of the feeding means and the belt surfaces     ted at a wedge shaped
opening defined by said  whereby the appearance of the product is     upper
and lower belts at the inlet end of said  spoilt.     chamber said head
being in predetermined       A wedge shaped feeding means is mounted 35
clearance relation to said belts.           in a corresponding wedge shaped
opening  100        Preferred embodiments of this invention   defined by
the upper and lower belts at the     will now be described with reference
to the   feeding side wherein said feeding means forms     accompanying
drawing, in which:                a predetermined clearance mentioned
herein-        Figure 1 is a side elevation of an apparatus   after with
the belt surfaces. A liquid mono- 40  according to the invention;
meric composition is supplied into the space  105        Figure 2 is a
perspective view of a feeding   formed by said feeding means and the belts
means;                                         to produce the liquid
pressure between the        Figures 3 and 4 are respectively a side ele-
belts by the liquid mass in said space. Leakage     vation and a
perspective view of another em-  of said composition due to said liquid
pres- 45  bodiment of feeding means;                     sure tends to
occur in the reverse direction of 110        Figure 5 is a side elevation
of another em-   the belts through the clearance between said     bodiment
of the invention;                    feeding means and the lower belt, but
this        Figures 6 and 7 are respectively a vertical  leakage will be
prevented if the reverse flow     section and a cross section of still
another em-   due to liquid pressure and the forward flow 50  bodiment of
feeding means;                     carried by said belts are equal. This
pheno- 115        Figure 8 is a diagram of backward flow;   mena is
referred to as dynamic balance herein.        Figures 9, 10 and 11 are
respectively a ver-   Forward flow  is in proportion to the belt 



tical section, a perspective view and a bottom   speed, reverse flow being
determined by the     view of another embodiment;
viscosity of liquid composition, the sectional 55    Figures 12 and 13 are
respectively a ver-  area of said clearance and the liquid pressure  120
tical section and a cross section of another em-   between the belts. The
leak free clearance size     bodiment of feeding means;
will be determined by the possible path length        Figure 14 is a view
of various gaskets;   through said clearance. In other words, the
Figure 15 is a view of a roller with a flexible  clearance size must be
selected such that the 60  shaft;
flow resistance of the reverse flow through  125        Figure 16 is a side
elevation of a shaft;  said clearance prevents leakage.        Figures 17
and 18 are sections of another    Furthermore it is also possible to
prevent     apparatus according to the invention;         leakage with the
aid of reduced pressure in        Figure 19 is a side elevation of still
another  the closed upper space of said feeding means 65  apparatus
according to the invention;        as mentioned in examples 1 to 3. Also in
this  130         3                                         1,300,400
3     case the mechanism  of so-called dynamic  surfaces. A-B  and E-F  are
positioned to     balance is the same.                           form a
small clearance with the belt surfaces.       It is important for obtaining
a uniform   Two gaskets 10, 10 are respectively carried     thickness of
the product that the belt support-  along E-D  and F-G and move along the 5
ing means generate a pinching pressure to  edges C-D and G-H of the duct
for making  70     compensate for the liquid pressure between   a seal. The
gaskets 10, 10 may be delivered     the belts. The belt supporting means is
mov-  along A-H and B-C.     able to compensate for expansion and shrink-
The material is fed from a reservoir or pre-     age with temperature rise
and polymerization.  paration tank 11 of the polymer material and 10    It
has been found, in other words, that the  fed to the upper portion of the
feeding means  75     belt supporting means control the liquid pres-   9
through pipe 13 by means of a pump 12     sure between the belts, that is
to say, inner  and flows down a duct 14 in a thin layer on     liquid
pressure is determined by the pinching  the inner surface of the feeding
means. The     force of the belt supporting means. Suitable  opening 15 at
the upper part of the feeding 15  belt supporting means are spring mounted
rol-  means 9 is connected to a vacuum source. The  80     lers and/or the
means described hereinafter.   upper space in the duct is maintained at an
It has further been found that for obtaining   adequate reduced pressure
less than atmos-     the uniform thickness of the product, the seal-
pheric pressure.     ing gaskets must have a repelling force of 0.01  The
reduced pressure in the upper space 20  to 0.5 kg/cm when compressed to a
thickness   may be advantageous for removing the gas  85     of the product
at the polymerization tempera-  dissolved in the liquid material and for
con-     ture.                                          trolling the liquid
pressure between the belts. 



When gaskets having a repelling force of    Figure 1 shows an apparatus in
which the     larger than 0.5 kg/cm are used, the thickness  lower belt has
a larger length than the upper 25  of product is small about the centre in
the   belt. Figure 3 shows an apparatus in which  90     transverse
direction and large in the vicinity  lengths of the upper and lower belts
are equal     of the gaskets. Applying a large compression   and the
feeding means does not slide with the     force by the belt supporting
means to com-  belt surfaces. In Figure 4, 16 denotes a feed-     pensate
for large repelling force of gaskets  ing means which is connected to a
injecting 30  results in a high liquid pressure between the  duct 9a at q,
r, t, s. The injecting duct 9a opens  95     belts and this causes the
leaking outside of the   at a, b, d, c between the upper and lower belts.
liquid material. The gaskets having a repelling   The upper surface a, m,
n, c and the lower     force of less than 0.01 kg/cm do not achieve
surface b, r, t, d of the feeding duct 9a respec-     intimate contact with
the belts and liquid  tively forms small clearances with the belts 35
material will leak.                            on the upper and lower
surfaces. The right 100        It has further been found that it is
possible  surface c, d, t, s as shown in Figure 4 and the      to obtain
the same speed in both belts when  left surface a, b, r, q of the injecting
duct 9a      only one of the two belts is driven. In this  form passages
17, 17 to the outside between      case, the other belt is driven by the
medium  gaskets 10, 10. Fluid material discharged from 40  of polymeric
compound between the belts  the opening a, b, d, c of the injecting duct 9a
105      wherein said compound serves to stick the two  flows reversely by
fluid pressure through said      belts together.
passages 17, 17, balanced dynamically with        In a more preferred
embodiment of the  the running speed of the belt as mentioned      present
invention, the distance between the   before and stops at i, j, 1, k and e,
f, h, g. 45  belt surfaces is such that in the former half  Therefore, the
fluid material will not leak to  110      of the polymerization zone where
the liquid  the outside but will produce constant fluid      composition is
still low in viscosity and fluid,  pressure between the upper and lower
belts.      it is held in excess between the belts for ob-  An embodiment
of the present invention      taining a sheet having the predetermined
will be described with reference to Figure 5 in 50  thickness, and in the
latter half of the poly-  which horizontal endless belts are used.  115
merization zone, it is held to the correct    Two endless upper and lower
belts 1 and 2      amount required to obtain a predetermined   are
respectively provided in tension by main      thickness of the product
whereby the residence   pulleys 3, 4 and 5, 6 and driven to run at the
time in the polymerization zone is longer than   same speed. Idler rollers
7 and 8 carry the 55  in a known method so as to increase the pro-  running
endless belts horizontally and control 120      ductivity of the apparatus.
the distance between belt surfaces or the        In Figures 1 and 2, the
endless belts 1 and  thickness of the polymer compound. The      2 are
provided with tension respectively by  liquid material is carried by a pump
19 and      main rollers 3, 4, 5 and 6 and driven by run-  fed between the
belts by a feeding means. Both 60  ning the rollers 4 and 6 at the same
peripheral  side edges between the belt surfaces are sealed  125
speeds. Each belt is held horizontally by the  with resilient gaskets 10.
The polymer com-      idler rollers 7 and 8. The feeding means 9 is  pound
is heated and polymerized by hot water      formed with an opening bounded
by A, B, C,  spray 21, 22 as the belts run and subsequently      D, E, F, G
and H. B-C, D-E, F-G  and   heat-treated by infrared ray heaters 23, 24 65
H-A  of the opening face against the belt  and a sheet polymer product is
taken out.   130  



4                                         1,300,400         Figures 6 to 8
show an example in which     The value of constant K is 160 to 300 and
wedge shaped feeding means are not in direct  changes in a limited range
according to the     contact with either belt. The two endless belts  shape
of the feeding means.     1 and 2 are arranged respectively above and
Figure 9 is similar to Figure 6. Resilient 5   below and are driven to run
at the same speed.  gaskets 10a are provided from below.     65     The
both edges of the opposed belt surfaces    In Figure 10 on the upper
surface of the     are sealed by resilient gaskets 10 which are  feeding
means 20 there is provided a passage     in contact with the belt surfaces
and slide on  to cause the material to flow therethrough in     the feeding
means 20.                          the transverse direction of the belts.
However, 10    The material feeding device 20 of the cor-  this passage is
constructed in such a manner  70     responding wedge shape is mounted in a
that the width of material feeding at the lead-     wedge shaped opening
defined by the upper  ing end of the feeding means 20 is narrower     and
lower endless belts. This feeding means  than the distance between two
gaskets for seal-     as shown in Figure 6 is held by using a suit-  ing
both sides of the belts. It is necessary, in 15  able bearing device 25
suspended from a shaft  this case, to select said width of material feed-
75     of the main upper pulley 3 and two rods 26  ing such that the liquid
depth in the vicinity     suspended from the bearing device 25 on the   of
the leading end of feeding means 20 at the     one hand and on the other
hand a rod 27 sus-  position of both gaskets is less than the height
pended from a bed with which the main upper  of the gaskets. 20  pulley 3
is assembled. As a result, the feeding  With reference to Figure 11 it will
be ex-  80     means provides for a suitable clearance with-  plained
quantitatively how wide the feeding     out directly contacting the main
upper and   width of the liquid material can be made.     lower endless
belts.                           Figure 11 shows as a pattern a condition
of        Feeding means 20 forms a space between  the liquid material in
the clearance between 25  the upper surface thereof and the upper belt  the
lower surface of the feeding means and  85     which is wider nearer the
nozzle for supply-  the lower endless belt. A rectangular frame P,     ing
the liquid material than the final spacing   P, Q, Q illustrates the lower
surface of the     between the two belts. This promotes flow of  material
feeding device 20. 10a illustrates the     liquid material in the
transverse direction of  gaskets and a line PP illustrates the leading 30
the belts. There are provided sealing blocks   end of the feeding means. A
line R, R illus-  90     28 (Figure 7) made from Teflon on both edges
trates the width of the liquid material on the     of the lower surface of
feeding means 20,  upper surface of the feeding means. The size     which
maintain the clearance between the   of the width is expressed by IF. A
rectangular     feeding means and the lower belt and prevent  frame R, S,
T, T, S, R illustrates the range 35  the leakage of liquid material in the
transverse   of the reverse flow of the material in case there  95 



direction.                                     is no transverse flow. Since
lines parallel to        The liquid material is supplied into the  the line
P, P illustrate equal pressure lines,     space between the upper surface
of feeding   hydraulic pressure drops linearly from R, R     means 20 and
the upper belt 1. The liquid  to S, S and thus T, T and the hydraulic pres-
40  depth in this space produces a liquid pressure  sure reaches a zero
line T, T, i.e. at the lead- 100     between the belts. The liquid material
flows   ing end cf the reverse flow. A length of the     in reverse through
said clearance between the  reverse flow R, T is I, B. This length I, B is
feeding means and the lower belt but the lead-   expressed by the following
equation.     ing end of the reverse flow is apparently 45  stopped in the
clearance by balancing forward                          c[err]h     flow
and reverse flow dynamically as men-                        IB = K.-----
tioned hereinbefore.                                                   yv
When a distance between the lower surface     of the feeding means 20 and
the belt surface  where                                         105 50  of
the lower endless belt is expressed by C cm,    K= 160 to 300 Constant
the viscosity of the liquid material by y poise,  c: Distance between the
lower surface of     the liquid pressure due to the depth of liquid    the
feeding means and the belt in cm     at the leading position of the
material feeding  y: Viscosity of the liquid in poise     device 20 by h
cm, and the running velocity    h: the depth of the liquid material on the
110 55  of the belts by V cm/second, the length of           leading end
position  R, R  of the     reverse flow L cm from the leading end of
material feeding device in cm     the material feeding device 20 to the
leading  v: Velocity of the endless belts in cm./     end of the reverse
flow of the liquid material     sec.     is expressed as follows:
On the other hand, relating to the trans- 115
verse flow, if it is assumed that the line R, S,
c[err]h                T of the end of the reverse flow is a constant 60
L = K. _______                 liquid depth source, the distance Is between
y v                   the leading end V of the transverse flow on        5
1,300,400                                          5       the leading end
P, P of the feeding means and   distance L between shafts of the upper and
the end R of the feeding width is expressed  lower idler rollers. Between
the upper and  60      theoretically by the following equation.    lower
endless belts 1 and 2 are disposed gas-
kots 10 and 10 for sealing the side edges of                          [err]
the endless belts. The endless belts 1 and 2                     impose an
internal liquid pressure on the                           2
liquid  composition  and  a repelling  force  65 



against compression of the gaskets respectively
on the upper and lower belts tends to expand 5  or             [err]
(3)     the distance between the endless belts. This
force acts to produce a deflection of the rollers.
It is provded that a diameter D of the drum  70     where K[err] to 210,
constant                 31 may be sufficiently large so as to make the
Equation (3) has been proved experiment-  deflection substantially
negligible and this     ally.                                        force
acts to produce a deflection of centre        Figures 12 and 13 are views
similar to  shaft 29. The axial distance L at the shaft end 10  Figures 6
and 7. In order to seal the sides of  of the idler rollers determines the
deflection  75     the endless belts, the gaskets 10, 10 and 10a,  and
accordingly the internal liquid pressure     10a are provided on both sides
of the endless  between the belts.     belts respectively in continuation
so as to run  The deflection of the centre shaft 29 is sym-     at the same
speed as the endless belts, in con-  metrical with the shaft so that the
drum 31 15  tact with the belt surfaces and sliding over  remains
horizontal and the drums 31 and 32  80     the feeding means. Therefore,
the feeding   of the upper and lower rollers in parallel.     means and the
belt surfaces do not slide in  Therefore, the distance between the belt
sur-     direct contact with each other.              faces or the
thickness in the transverse direc-        The gaskets are stacked or
adjacent each  tion of the polymeric compound is held uni- 20  other
between the belts. This method is re-  form.
85     ferred to herein as double gasket method and  In Figure 19, a pair
of endless belts 1 and     the two spaced gaskets method as a single   2
are tensioned by main pulleys 3, 4 and 5, 6     gaskets method.
respectively and driven by the main pulley 6        Various examples of
combinations of gaskets  at the same speed. The lower endless belt is 25
by the double gasket method are shown in  horizontally maintained by lower
frame con-  90     Figure 14.                                    struction
37 and the upper belt by an upper        Figure 14a shows an embodiment in
which  frame construction consisting of bars 38 and     one of the gaskets
of each pair has a recessed  side bars 39.     groove and the other a
ridge. The construc-   The term "frame construction" used herein 30  tion
is a slightly difficult one to handle but it  means a rectangular
construction made up of  95     is efficient for the manufacture of a thick
sheet.  bars and serving to support the endless belt        Figure 14b is
an improvement over the gas-  longitudinally and transversely by said bars,
kets of 16a in that each is formed in a cocoon   and in slidable contact
with one of the end-     shape.                                       less
belts. 35    Figure 14c shows a pair of gaskets, one of   The liquid
material is fed by a metering  100     which is thin and formed in a soft
hollow tube   pump 19 and supplied between belts by a     having a large
diameter and the other is a nar-  feeding means 20. The surface of the
liquid     row tube or rod considerably smaller in the   material is
indicated at 14a. The opposite sides     diameter. This form of gasket is
effective for   or edges between the belts is sealed off by resi- 40  the
manufacture of a thinner sheet.           lient gaskets 10. As the endless
belts run, the  105       Figure 14d shows an embodiment adapted  liquid
material is heated at the surfaces of     for the manufacture of a thinner
sheet, in  the belts and polymerized by water sprays and     which one
gasket is formed into a film tape or  discharged as a sheet product after
polymeri-     ribbon shape.                                zation is
completed in an infra red heating 



45    Figure 14e shows an embodiment of a pair  zone 23. The outer
supporting means for the  110     of gaskets which are provided for running
next  surfaces of the belt determines the thickness of     each other
between the belts and which is  the sheet product in the polymerizing zone.
most suitable for a thinner sheet. Said double   Since the thickness of the
sheet is not sub-     gasket method can be applied for the process
stantially changed in the heat treating zone 50  and apparatus wherein the
belts are located in  23, the lower belt may be supported on its 115
vertical or in inclined relationship.        underside in any suitable
manner.       Referring to Figure 15. Idler rollers which  The frame
construction for the upper end-     are outer supporting means for the
endless  less belt comprises transverse bars 38 contact-     belts consist
of centre shafts 29 and drums 31,  ing the belt and side bars 39 to
suppress the 55  32 supported by bearing units 30 and 31 at  repelling
force of the gaskets (Fig. 20).   120     two intermediate points and X and
X. End      Two adjacent bars may be independently     portions Y and Y of
the centre shafts are sup-  moved by bearing mechanisms 40, Fig. 22, to
ported by brackets for the adjustment of the  sufficiently follow the
contraction or shrinkage           6
1,300,400                                           6      due to
polymerization. The bars 38 and the   diameter. Chain sprockets 51, 52 of
the driv-     side bars 39 are provided with sliding mem-   ing equipment
through chains 49, 50 drive     bers 41 respectively for reduction of
frictional  chain sprockets 47, 48 which have common     forces between
them  and the belt surfaces.  axles with the main pulleys. Gear boxes 53, 5
The shafts 29a on which the bars 38 are   54 cause the two main pulleys 4,
6 to be driven  70     mounted are deflected with liquid pressure  in
opposite directions. 55 and 56 are drive     and compensate for shrinkage
by polymeriza-   coupling devices; 57 and 58 are torque detec-     tion.
tors which measure driving power or brake        Fig. 23 shows a frame
structure and a heat  power and 59 is a motor. 10  transfer system in which
hot water is used as    When this apparatus is driven, polymeric  75     a
heating medium. In this system, the upper   compounds between belts adhere
to belt sur-     endless belt 1 is heated by hot water from    faces to
hold the surfaces of belts together     spray heads 21a. The hot water
falls from    according to their adhesive nature. Therefore     spaces
between the bars 38 and the side bars  if only one of two endless belts is
driven, both 15  39 into reservoirs 42 and is recovered. The   belts can
run with the same speed together  80     lower endless belt is heated by
the hot water  without harm to the apparatus or the quality     lower bed
37 in which hot water is supplied   of product produced.     at a
controlled rate to the bed 37 through a   The liquid material used in the
polymeriz-     valve 43 and overflows through the gaps be-  ing process of
the present invention includes 20  tween the lower endless belt and the
lower   a mixture of one or more monoethylenic un-  85 



bed to be recovered in the reservoirs 42 for  saturated compounds in the
liquid state and/or     re-use. Moreover, the hot water contributes to
multi  functional  unsaturated  compounds.     reduction of the frictional
force between the  These monomers may be applied as a mix-     frame
construction and the endless belt.       ture of polymer in a state of
solution or sus- 25    Figures 24 and 25 show details of the lower  pension
or as a partially polymerized mono-  90     frame structure. A group of
bars 44 in a rect-   mer polymer mixture. For monoethylenic un-     angular
box is provided, the construction of  saturated compounds, there are used
as, for     which is almost the same as the supporting   example,
methacrylates, styrene or its halo-     bars for the upper endless belt.
The bars serve   genated or alkyl substitute derivatives, vinyl 30  to
maintain the lower endless belt in horizon-   acetate, etc., or a mixture
of essential amounts  95     tal position.
of these compounds and acrylates, acrylonitrile        In the sliding area
between each bar and the   or its derivatives. For multifunctional un-
endless belt, an antifriction member is pro-  saturated compounds, are used
for example,     vided in the same manner as the frame con-
glycoldimethacrylates, diarylmethaorylate, di- 35  struction for supporting
of the upper endless  arylphthalate, and diethylene glycol-bis-aryl-  100
belt. A reference numeral 46 indicates a slid-   carbonate. The invention
is particularly ad-     ing member which is the same as the sliding
vantageous for a polymerization of methyl-     member 41 in the frame
construction for sup-   methacrylate  and  a  copolymerization  of
porting the upper endless belt.                methylmethacrylate and a
comonomer copoly- 40    Features and advantages of the frame con-
merizable therewith.                            105     struction for the
outer supporting means for   The fluid material mixes with polymeriza-
the belt surfaces are now described as follows.  tion catalysts. For
polymerization catalysts,        The side bars 39 of upper supporting means
there can be used, for example, azobisiso-     and the frame 45 for the
lower bed will  butylonitrile, azobisdimethylvaleronitrile, azo- 45
operate to compensate for the resilient force  biscyclohexanitrile,
benzoilperoxide,  lauroil 110      of the gaskets and the effect of the
gaskets on   peroxide, acetylperoxide, caprilperoxide, 2,4-      the
thickness of a sheet.                      dichlobenzoil  peroxide,
isopropylperoxide-        Thus, sheets having a uniform thickness will
carbonate, isobutylperoxide, and acetylcyclo-      be obtained and
effective sealing of the poly-   hexilsulphonil peroxide as free radical
cata- 50  meric compound is achieved.                    lysts.
Polymerization catalysts of an oxidised  115        Figures 26 and 27
demonstrate diagram-   reducing system such as peroxides and amines
matically a case in which the gaskets having  may also be used in
combination. The fluid      a repelling  force larger than  0.5  kg/cm
raw material may be added by various addi-      generate a large deflection
of the belts between  tives such as stabilizers, plasticisers, polymeri- 55
the supporting rollers so that the distance be-   zation controlling
agents, fillers, dye stuffs, 120      tween the belts 1[err], 2[err] is
larger in the vicinity   pigments, mold releasing agents, etc.      of the
gaskets 10[err] than at the centre of the    The  foregoing  description
relates to  a      belts.                                         liquid
material which is a polymerizable com-        Now, Figures 28 and figure 29
show con-   pound which is polymerized and solidified 60  ventional
equipment for the rotation of two   with the advance of the belt surface to
obtain  125      main pulleys with the aid of chains from  a   a sheet form
polymer. The invention can be      driving system to drive the upper and
lower   applied also for obtaining a sheet form pro-      endless belts in
the same direction at the same   duct by cooling and solidifying a melted
speed. Two upper and lower endless belts 1,  thermosetting polymer
continuously with the 



65  2 are tensioned by main pulleys 4, 6 of equal  advance of the belt
surfaces.                 130        7
1,300,400                                         7       The present
invention is further illustrated   having a mean polymerization of about
5000     by the following examples:                    continuously in a
completely sealed condition
without leakage.                             65                     Example
1       Liquid composition having a viscosity of 1                  Example
3 5  poise at 25[err]C. and consisting of methylmeth-   The  liquid
composition  described  in     acrylate (MMA) monomer dissolved 20%  by
example 1 was delivered from the reservoir     weight of MMA polymer having
a mean poly-   11 of Figure 1 to the feeding means 9. Liquid     merization
degree of about 900 and 0.05% by   depth in the feeding means 9 was 5
metres  70     weight of azobisisobutylonitrile was delivered   and
pressure in the upper space of the feeding 10  from the reservoir 11 in
Figure 1 to the feed-   means 9 was about 460 mmHg absolute. The     ing
means 9. The height from the free surface   belts 1 and 2 were smooth
stainless steel end-     of the mixture material in the feeding means  less
belts of thickness  1mm, and  width     to the level of the belt 2 was 5
metres, and  1200mm. The space between the upper and  75     the pressure
in the upper space in the duct 9   lower belts was maintained by roller
groups 1 5  was about 460mm Hg abs. The belts 1 and 2   7 and 8 such that
the sheet polymer would be     were endless belts of flat stainless steel
having   of a 3mm, mean thickness. The whole length     a thickness of 1mm
and a width of 1200mm.  of the polymerization zone covered 60m. The     The
distance between the upper and lower  area at the front part of a length of
40m was  80     belts was maintained such that the polymeriz-   heated by
hot water of 80[err]C. by spraying the 20  ing zone had a thickness of
about 3mm in the   outside of the belt and the area of the rear     region
of roller groups 7, 7 and 8, 8. Gaskets  part of a length of 20m was heated
in air at     10 were of vinylchloride hollow tube of a wall  120[err]C.
Gaskets 10, 10[err] were made of a hollow     thickness 1.3mm and an outer
diameter 10mm.  pipe of polyvinyl chloride containing dibutyl-  85     The
entire length of the polymerizing zone   phthalate equivalent to 60 per
cent by weight 25  was 60 metres; the front part 40m was heated   of a
polymer as a plasticizer with its wall being     with warm water at
85[err]C. from the outside   0.6mm and outer diameter 6mm. Thz gasket
of the belts and the rear part heated in air  had a compression strength of
0.07kg/cm     atmosphere at 120[err]C. The belts 1 and 2 were   when
compressed to 3mm at 80[err]C. If the belts  90     driven at a speed of 1
metre per minute. There   1 and 2 were driven at a speed of 1m, a 30  was
obtained a flat and smooth transparent  minute, a smooth transparent sheet
was ob-     sheet of mean polymerization about 5000 con-  tained having a
mean polymerization about     tinuously.
5000  and  of a  continuous thickness  of
30.3mm.                                     95                      Example
2 



Liquid composition described in example 1               Reference Data 35
was delivered from the reservoir to a feeding  As for gaskets, a hollow
pipe of polyvinyl     means 16 (see Fig. 3 and Fig. 4). Liquid depth
chloride was used containing dibutylphthalate     in the feeding means 16
was 10 cm. Leading   equivalent to 44 per cent by weight of a poly-     end
9a of said feeding means was inserted be-  mer as a plasticiser and having
a thickness of 100     tween the belts along a length of 40 cm. The  1.3 mm
and outer diameter 6mm and exhibit- 40  liquid pressure at the leading end
9a of the  ing compression strength of 0.97kg/cm when     feeding means was
about 2 cm water column.  compressed to 3mm at 80[err]C. Liquid compo-
Part of the liquid composition flowed in re-  sition was manufactured into
a sheet under     verse through the passages 17, 17 5cm  in  the same
polymerizing conditions by using the  105     width between the left and
right surfaces of  same continuous polymerizing apparatus as in 45  the
feeding duct 9a and the left and right gas-  the above example. The
thickness of the ob-     kets 10, 10. The forward end apparently  tained
sheet was 3[err]0.5mm.     stopped in a state of 10cm reverse flow.
Belts 1 and 2 were smooth stainless steel  Example under compression load
of less than      endless belts of a thickness of 1mm, and width
0.01kg/cm[err]               110 50  of 1200 mm. The upper and lower belts
were     The sheet was produced under the same      held by roller groups
such that the sheet  conditions of polymerization by using the      formed
would have a thickness of 3mm. Gas-  same continuous polymerizing apparatus
as in      kets 10, 10 were made of vinyl chloride hol-  the above except
for the gasket. As for the      low tube of a wall thickness of 1.3 mm and
gasket, a hollow polyvinyl chloride tube was 115 55  of outer diameter
10mm. The whole length of  used having an outer diameter of 9mm and
the polymerizing zone was 60m. A zone of  a compression  strength  (or
resistance) of      40m at the front part was heated by hot water
0.008kg/cm[err] when compressed at 3mm  at      at 85 [err]C. by sprays
from the outer surfaces of  80[err]C.      the belts and a zone of 20
metres at the rear  Since the compression load was too small 120 60  part
was heated in air atmosphere at 120[err]C.   in spite of the gasket having
a large outer        Thus, there was obtained a smooth and   diameter, the
liquid material leaked from be-      transparent sheet of very uniform
thickness  tween the belts. The sheet thickness was then         8
1,300,400                                          8      reduced and at
the same time the leaked liquid           Resilience of Gaskets
material was polymerized by hot water but    Compression loads measured in
some gas-     smooth operation could not be obtained.     kets used were as
follows:   



Outer            Wall                          Compression     Compression
diameter        thickness                        up to 3 mm       up to 2
mm             (mm)             (mm)             DBP
(kg/cm[err])         (kg/cm[err])                10             0.9
44 percent    0.39 -> 0.34    0.89 ->  0.78
by weight               10             0.6               ,,          0.14
0.15    0.34    0.33                8             0.4               ,,
0.02         0.08 -> 0.11                6             0.4               ,,
-           0.18    0.14                         Example 4
polymer was transferred to high temperature  50        Two flat stainless
steel endless belts of  heat treatment without completion of poly- 10
thickness 1mm; width 800mm, and respec-  merization at about 80[err]C. and
then rapidly     tively of lengths 15.5 metres and 16.5 metres
polymerized.     were tensioned horizontally by main pulleys    (3) The
running speed of the endless belts     of a diameter 1000 mm and driven so
that  was lowered to 10cm  per minute and the  55     the opposite surfaces
will run at the same   amount of material feed to 150cc per minute 15
speed in the same direction. The polymeriz-  and the distance between belt
surfaces in-     ing zones were about 6 metres, 4 metres, in  creased to
3.5mm for the first 1.5 metres (8     the fore part of which were disposed
flexible  sets of rollers), and narrowed successively by     idler rollers
of a diameter 90mm each in two   steps of 0.8mm (4 sets of rollers) and the
same  60     sets at intervals of 200mm. The distance be-  for the last
group (9 sets of rollers). The 20  tween belt surfaces was adjusted and hot
water  bubbles were removed but there appeared a     of approximately
80[err]C. was sprayed on the   sheet form polymer having a thickness over a
outside of the belt surfaces. The latter half of  range of 20.2mm.     the
second zone of 2 metres in length was    (4) The running speed of the
endless belts  65     heated on the outside with infrared lamps to   was
changed to 12cm  per minute and the 25  120[err]C. or more.
amount of material feed to 180 cc per minute       A viscous liquid of
about 5 poise described   with the distance between belt surfaces being
in example 1 was delivered to the feeding   same. There was obtained a flat
and smooth     means by a pump. For sealing both side edges  transparent
sheet of 20.2mm in thickness.  70     of the belt surfaces gaskets of
polyvinylchloride 30  tube of a wall thickness 0.6mm, outer diameter
Example 5     8mm and containing dibutylphthalate 60 per    This embodiment
is an example having     cent by weight were used moving at the same
approximately the construction of the above     speed as the endless belts.
described embodiment. The endless belt had       (1) First, the distance
between belt surfaces  a width of 1200mm and the length of the  75 35  was
adjusted such that the liquid material had   polymerizing zone was about 60
metres.     a thickness adapted to obtain a product of    The  liquid
composition  described  in     2mm thickness. The endless belts were run at
example 1 was delivered between the belts 



10 cm per minute. The liquid material was   which were run at 1.25 metres
per minute.     supplied 150 cc per minute so that the liquid   The
distance between the belts was 6 mm for  80 40  material would have a
thickness of 2mm.  the former 20m  of polymerization zone,     Thus, there
was obtained a smooth and trans-  2.1mm at the last part and linearly
change-     parent sheet of 2[err]0.2mm thickness.       able at the middle
part. There was obtained       (2) Then, the running speed of the endless
a flat and smooth transparent sheet of 2mm     belts was changed to 12cm
per minute and the  in thickness.                               85 45  rate
of material feed to 180 c.c per minute   When the distance between the
belts was     with the distance between belt surfaces being   set at the
thickness of liquid composition for     the same. There was obtained a
polymer hav-  obtaining the sheet of 2mm  thickness, the     ing small
bubbles dispersed in the interior  maximum  belt speed for obtaining a high
These bubbles were produced because the   quality sheet was 1m per minute.
90          9                                        1,300,400
9                       Example 6                    for causing the groups
of the idler rollers to        (i) Two endless belts having each a thick-
pinch  the endless belt was increased to in-      ness 1mm a width of 800mm
and lengths of  crease the internal hydraulic pressure. Thus,      15.5m
and 16.5m made of smooth and flat  the length of the reverse flow on the
lower 5  stainless steel were set up by using upper and  surface of the
feeding means increased to about  70     lower main pulleys of the same
diameter  25cm. As the result, the thickness uniformity     1000mm, with
tension of 6.4 ton applied on   was improved and a milky white acrylic
resin     the upper and lower belts horizontally. The  sheet having a
thickness of 20.1mm and a     polymerizing area had a length of 6m. The
good appearance was obtained. 10  forward portion of 4m was heated by a hot
water spray of 80[err]C. on the outer surface of              Example 7
75     the belt. The idler rollers of a diameter of    (i) A continuous
sheet making apparatus     90mm were disposed at intervals of 200mm
having belts each of a width of 1200 mm and     in each pair of upper and
lower sets. Thus, the   of a polymerizing zone length of 16m was 15
position of the endless belts and the distance  provided with feeding means
constructed as     between the belt surfaces were controlled. The   shown
in Fig. 10. The gaskets for sealing the  80     remaining portion of 2m in
the polymerizing   both sides were tubes each having a wall thick-     zone
was heated to a higher temperature than  ness 0.6mm and an external
diameter 8mm     120[err]C. on both outer faces of the endless belts  and
were made from polyvinyl chloride con- 20  by infra-red heaters. The two
upper and lower  taining 60 parts by weight of dibutylphthalate
endless belts were driven to run a velocity of  being located along the
lower endless belt, 85      10cm./minute. The length of the lower sur-
with  a distance between the  gaskets of      face of the feeding means of
Figure 6 was   1120mm. A clearance between the material 



400mm. The solid seal on both sides or edges  feeding device and the lower
endless belt was 25  of the lower surface was adjusted so that a  a
constant of 3mm. On the upper endless belt     distance between the lower
surface and the  side of the feeding means, there was a depres-  90
belt surface was 1.5mm. The gasket tubes  sion serving as a passage for
feeding the     each having a wall thickness of 0.6mm and   material to the
transverse direction, as shown     an external diameter of 8mm of polyvinyl
in Fig. 10. The width of the depression was 30  chloride containing 60
parts by weight of di-  920mm and the portion outside the depres-
butylphthalate as plasticizer were fed along  sion was spaced from the belt
a clearance dis-  95     both sides of the top surface of the feeding
tance of 1.5mm. The liquid composition des-     means at a distance of
750mm between the   cribed in example 1 was supplied at constant
centres of the gaskets and at a velocity of  rate of 2.2kg/minute through a
constant flow 35  10cm./minute. Liquid material was supplied   pump. The
endless belts were driven at a velo-     through a tube of polyethylene by
a constant  city of 1m/minute. The idler rollers support- 100     flow pump
at a rate of 150cc./minute to the  ing both endless belts in the heating
area were     feeding means. The pinching force of the   adjusted. The
length of the reverse flow in the     groups of idler rollers disposed in
the front  liquid material on the lower surface of the 40  portion of the
polymerizing zone was con-  feeding means was controlled to about 50mm.
trolled so that the internal liquid pressure of  Thus, on the lower surface
of the leading end  105     the liquid compound contained between the   of
the feeding means, the distance from the     belt surfaces was set to about
2 cm. in liquid  gaskets to the position of the liquid material     depth a
distance between the leading end of  was made constant at about 60mm. As a
re- 45  the reverse flow of the liquid material on the  sult, a smooth and
flat transparent sheet of     lower surface of the feeding means and the
20.2mm thickness was obtained.          110     leading end of the feeding
means, i.e. the    (ii) Next, by increasing the quantity of the     length
of the reverse flow was made about 4   liquid material to 3.3 kg/minute on
the lower     cm. As a result, a smooth and flat transparent  surface of
the leading end of the feeding 50  acrylic resin sheet having a thickness
of  means, there was maintained a small clearance     20.2mm. and of good
appearance was ob-  between the gaskets and the liquid material 115
tained. By increasing the pinching force by  without direct contact
therebetween. As a re-     causing the groups of the idler rollers to pinch
sult, smooth and flat transparent sheet of     the endless belts so that
the internal liquid  30.3mm thickness was obtained. 55  pressure was
equivalent to 10 cm depth, the     length of the reverse flow on the lower
surface           Example 8     of the feeding means was increased to about
Figures 17 and 18 are cross sections of an  120     25 cm. As a
consequence, a sheet product hav-  embodiment of a polymerizing apparatus
hav-     ing a thickness of 20.15 mm. and of im-  ing roller means. In this
example, endless belts 60  proved uniformity was obtained.                1
and 2 of smooth stainless steel each of a        (ii) A viscous liquid
milky white five per-  thickness t= 1 mm and width 800 mm were     cent
copolymer of about 12 poise was made  run in the horizontal direction at a
speed of 125     by mixing additives styrene and methylmeth-  0.1 mm per
minute. For the supporting device     acrylate in a ratio of 6 to 4 with a
very small  were used flexible rollers 33 and 34 each con- 65  amount of
titanium oxide. The pinching force  sisting of a rigid drum and a flexible
shaft   



10                                      1,300,400
10     depicted in Fig. 15. The drum was made of    Mounting shaft 29a;
stainless steel tubing. Dimensions of these      material           SUS 27
parts were as follows:                             diameter          16mm
60                                                         length
80mm        Drum Diameter D = 88mm Length 800mm 5     Centre shaft d1 =
16.5mm  Length 150mm     Moreover, distances between adjacent bars
d2 =19mm    Length 750mm   in the upper and lower frame constructions
were 200mm.        Intervals in the arrangement of rollers were  The
deflection of the bars 44 for the lower  65      150mm  or 300mm  in some
portions and   bed (see Fig. 24) and the bars 38 for the upper      200mm
in other portions. The polymerizing  supporting means (see Fig. 20) were
respec- 10  zone was about 6m in full length. The first  tively less than
0.01 mm under operating con-     part of 4m was heated to 80[err]C. by
being  ditions in which the inner liquid pressure be-     sprayed with hot
water from spray heads 35  tween the belts was about 5 cm water column.  70
and 36 and the second part was heated to  The polymerization zone was about
6m in     above 120[err]C. with an infra-red heater.     overall length. In
the front zone of 4m length 15    The  liquid  composition  described  in
the outer surfaces of the upper and lower belts     example 1 was fed
between belt surfaces  were heated with the water sprayers at 80[err]C.
through the feeding means by means of a  and heating beds (see Fig. 23).
The frame  75     pump. Polyvinyl chloride tubing of a wall  construction
used in the front zone was 4m     thickness of 1mm and outer diameter 1mm
length. 20  was used for gaskets. The axial distance at    Liquid
composition having a viscosity of 10     the shaft end of the roller was
92mm for the   poise at 20[err]C. consisted of the same materials     first
half 1.5m and 91.5mm for the latter half  as described in example 1., the
mixture was  80     2.5m. The rate of material feed was adjusted  supplied
at a predetermined rate and con-     so that the sheet thickness would be
2mm for  stantly between the surfaces of the belts 25  a finished product.
A smooth transparent sheet  through the material feeding device 20 by the
of mean polymerization about 5000 was ob-  metering pump 19.     tained in
which the precision of thickness    Polyvinyl chloride tubing was used
which  85     (= (maximum departure from the mean/mean   had wall thickness
of 1mm and a diameter of     thickness)X100). was 10%  or less in the
10mm, the resilient force of which was 30  longitudinal direction and 5% or
less in the   0.5kg/cm  when compressed to 2mm  (this     transverse
direction.                        means that the gaskets have relatively
large                                                  resilient force).
The distance between the  90                     Example 9
opposed surfaces of the belts was adjusted so       Flat stainless steel
endless belts 1 and 2 in  as to obtain a product having a sheet thick-
Fig. 19 of thickness 1.0mm and width 800mm   ness of 2mm and the supply of
the material 35  were run in the horizontal direction at a speed   was set
so that the sheet thickness generated 



of 0.1m/min and the frame construction des-  was 2mm.
95     cribed was used as upper and lower outer sup-    In this way a sheet
polymer of mean poly-     porting means for surfaces of the belts. The
merization degree of about 5000 having a pre-     dimensions were as
follows:                  cision of sheet thickness of [err]5%  both in
transverse and longitudinal directions was ob- 40    Bar for the upper belt
tained.                                     100           material
SUS 27                  The sheet thickness, in particular in the
width           10mm                  longitudinal direction, was increased
by about           height           60mm                 ten per cent as
compared with the use of an           length           870mm
outer supporting group of rollers used with
gaskets having relatively low resilient force. 105 45    Side bar;
For increased sheet thickness the resilient           material         SUS
27               force necessary was about 0.05kg/cm  when           width
10mm                  compressed to 2mm.           height           60mm
In the same way sheets of 3mm and 4mm           length           160mm
were also obtained.                         115  50    Bar for the lower
belt;                                    Example 10            material
SUS 27                 In Figure 5 stainless steel endless belts 1
width            10mm                 and 2 which are of 1mm in thickness
and            height           40mm                 1200mm in width were
finished to motor sur-            length           730mm
face smoothness and tensioned in parallel by  120
two main upper and lower pulleys 4, 6 of a 55    Sliding members;
diameter of 1000mm. The tension of the belts            material
sheet of phenol resin   was 12 tons, that is to say, 5 kilograms per
thickness        10mm                 mm[err].                         11
1,300,400                                         11  Liquid composition
described in example 1  to the belts maintaining the belts parallel to
was fed between the belts by the feeding   each other in the transverse
direction thereof, 65                means 20. Sealing gasket tubes made of
plas-  mounting a wedge shaped liquid feeding                ticized
polyvinyl chloride were provided at  means in a corresponding wedge-shaped
open-            5  both side edges of the belts. The polymerizing  ing
defined by the upper and lower belts at 



zone was 60m long. In the first 40m of the  one, feeding, end, in which
opening said feed-                zone idler rollers were placed at
intervals of  ing means is not in contact with belts at the  70
300mm and heated by spraying with hot water  major part of belt surfaces in
transverse drec-                at about 80[err]C. from outside the belts.
In the  tion thereof and forms clearances with the            10  latter
20m, idler rollers placed at intervals of  belts; supplying a liquid
monomeric material                2m and the space between two endless
belts  into a space formed by said feeding means and                was
heated up to about 120[err]C. by infra-red  the belts, producing liquid
pressure between  75   heaters in the heating zone. The endless belts  the
belts by the liquid in said space, maintain-                were driven at
a speed of 1m per minute, but  ing a spacing between the belts by said
liquid            15  only the lower belt was driven directly by the
pressure; the leaking of said material through                main pulley.
The upper endless belt was  clearance between said feeding means and the
driven by the medium  of material between  lower belt being prevented by
the flow resis-  80                the belts which synchronized the driving
speed  tance in said clearance; passing said material                of the
two endless belts. The torque for driv-  maintained  in contact with belt
surfaces            20  ing the apparatus was less than 40 kilograms
through at least one zone in which said                meter.
material is subjected to solidification and                  A sheet of
good appearance and uniform   delivering a polymeric sheet from the other
85                thickness was made when the upper and lower  end of the
belts.                belts were separately identically driven. A   2. A
process as claimed in claim 1 wherein            25  slight difference of
rotation of the two main  one of said pair of belts is driven.
pulleys generated a mutual braking action.    3. A process as claimed in
any of claims 1                When the torque for driving was over 500
or 2 wherein the sealing gaskets have a repel-  90                kg/m a
sheet of good appearance was not ob-  ling force of 0.01 to 0.5 kg/cm
between the                tained.
belts at the condition for polymerization.
4. A process as claimed in any of claims 1            30
Example 11                     to 3 wherein the distance between the belts
is                   Two stainless steel endless belts, 1mm   held larger
than the distance for obtaining a  95                thick, 800mm  wide and
5.5m  long, were  predetermined thickness of a product in the
pulled horizontally by a main pulley of  first half of the polymerization
zone.                1000mm diameter and the opposing portions     5.
Apparatus for carrying out the process of            35  of the driving
belt were compressed by idler  claim  1 comprising a pair of substantially
rollers of 90mm diameter which were placed   horizontal upper and lower
belts positioned to  100                at intervals of 200mm. In the first
half of the  locate a portion of each in face to face spaced
driving portion, an infra-red heater was in-  relationship with a
continuous gasket at each                stalled to define a heating zone
at a tempera-  edge of one of said belts and adapted to define
40  ture maximum of 220[err]C. In the latter half of  continuous edge seals
with the side edges of                this driving portion a cooling zone
was formed.  the other of said belts when the latter are in  105
Soft polyethylene sheet of 3mm  thickness,  face to face relationship thus
to form a cham-                both sides of which were covered by soft
poly-  ber; means for applying pressure to opposed                ethylene
film of 0.4mm thickness was sand-  belt portions; means for supporting said
op-            45  wiched between these two belts. A laminated   posed belt
portions in lateral parallel relation-                sheet was made
contiguous by successive utili-  ship and at a first predetermined
face-to-face  110                zation of pressure, heating and cooling in
distance spacing in an upstream liquid zone                accordance with
the operations described. The   of said chamber and at another second pre- 



belts were run by driving only one of the end-  determined distance spacing
in a down stream            50  less belts directly.
solidifying zone of said chamber, said liquid
and solidifying zones extending between an  115                   WHAT WE
CLAIM IS: -                         inlet end and an outlet end of said
chamber                   1. A process for continuously manufacturing
defined by the opposed portions of said belts;                 a polymeric
sheet by continuously polymeriz-  means for heating or cooling said belts
and                 ing a liquid monomeric material, comprising   said
chamber; drive means for moving one of            55  moving a pair of
substantially horizontal  said belts at a predetermined speed; and a  120
upper and lower belts, which are positioned   wedge shaped feeding head for
said liquid                 in face-to-face relationship to each other, in
monomeric material located at a wedge shaped                 the same
direction without relative displace-  opening defined by said upper and
lower belts                 ment, locating sealing gaskets between and in
at the inlet end of said chamber said head            60  intimate contact
with said both belts at the  being in predetermined clearance relation to
125                 side edges thereof, supporting said belts with  said
belts.                 belt supporting means which are in contact    6.
Apparatus as claimed in claim  6, in                 with said belts and
movable perpendicularly   which means for driving the other of said belts
11                                        1,300,400
11       Liquid composition described in example 1  to the belts
maintaining the belts parallel to     was fed between the belts by the
feeding  each other in the transverse direction thereof, 65     means 20.
Sealing gasket tubes made of plas-  mounting a wedge shaped liquid feeding
ticized polyvinyl chloride were provided at  means in a corresponding
wedge-shaped open- 5   both side edges of the belts. The polymerizing  ing
defined by the upper and lower belts at     zone was 60m long. In the first
40m of the  one, feeding, end, in which opening said feed-     zone idler
rollers were placed at intervals of  ing means is not in contact with belts
at the  70     300mm and heated by spraying with hot water  major part of
belt surfaces in transverse direc-     at about 80[err]C. from outside the
belts. In the  tion thereof and forms clearances with the 10  latter 20m,
idler rollers placed at intervals of  belts; supplying a liquid monomeric
material     2m and the space between two endless belts  into a space
formed by said feeding means and     was heated up to about 120[err]C. by
infra-red  the belts, producing liquid pressure between  75     heaters in
the heating zone. The endless belts  the belts by the liquid in said space,
maintain-     were driven at a speed of 1m per minute, but  ing a spacing
between the belts by said liquid 15  only the lower belt was driven
directly by the  pressure; the leaking of said material through     main
pulley. The upper endless belt was  clearance between said feeding means
and the     driven by the medium of material between  lower belt being
prevented by the flow resis-  80     the belts which synchronized the
driving speed  tance in said clearance; passing said material     of the
two endless belts. The torque for driv-  maintained in contact with belt
surfaces 20  ing the apparatus was less than 40 kilograms  through at least
one zone in which said 



meter.                                         material is subjected to
solidification and        A sheet of good appearance and uniform
delivering a polymeric sheet from the other  85     thickness was made when
the upper and lower  end of the belts.     belts were separately
identically driven. A  2. A process as claimed in claim 1 wherein 25
slight difference of rotation of the two main  one of said pair of belts is
driven.     pulleys generated a mutual braking action.    3. A process as
claimed in any of claims 1     When the torque for driving was over 500
or 2 wherein the sealing gaskets have a repel-  90     kg/m a sheet of good
appearance was not ob-  ling force of 0.01 to 0.5 kg/cm between the
tained.                                        belts at the condition for
polymerization.                                                       4. A
process as claimed in any of claims 1 30                  Example 11
to 3 wherein the distance between the belts is        Two stainless steel
endless belts, 1mm   held larger than the distance for obtaining a  95
thick, 800mm wide and 5.5m  long, were  predetermined thickness of a
product in the     pulled horizontally by a main pulley of  first half of
the polymerization zone.     1000mm diameter and the opposing portions
5. Apparatus for carrying out the process of 35  of the driving belt were
compressed by idler  claim  1 comprising a pair of substantially
rollers of 90mm diameter which were placed   horizontal upper and lower
belts positioned to  100      at intervals of 200mm. In the first half of
the  locate a portion of each in face to face spaced      driving portion,
an infra-red heater was in-  relationship with a continuous gasket at each
stalled to define a heating zone at a tempera-  edge of one of said belts
and adapted to define 40  ture maximum of 220[err]C. In the latter half of
continuous edge seals with the side edges of     this driving portion a
cooling zone was formed.  the other of said belts when the latter are in
105     Soft polyethylene sheet of 3mm  thickness,  face to face
relationship thus to form a cham-     both sides of which were covered by
soft poly-  ber; means for applying pressure to opposed     ethylene film
of 0.4mm thickness was sand-  belt portions; means for supporting said op-
45  wiched between these two belts. A laminated   posed belt portions in
lateral parallel relation-      sheet was made contiguous by successive
utili-  ship and at a first predetermined face-to-face  110      zation of
pressure, heating and cooling in  distance spacing in an upstream liquid
zone      accordance with the operations described. The  of said chamber
and at another second pre-      belts were run by driving only one of the
end-  determined distance spacing in a down stream 50  less belts directly.
solidifying zone of said chamber, said liquid
and solidifying zones extending between an  115        WHAT WE CLAIM IS: -
inlet end and an outlet end of said chamber        1. A process for
continuously manufacturing   defined by the opposed portions of said belts;
a polymeric sheet by continuously polymeriz-  means for heating or cooling
said belts and      ing a liquid monomeric material, comprising  said
chamber; drive means for moving one of 55  moving a pair of substantially
horizontal  said belts at a predetermined speed; and a 120      upper and
lower belts, which are positioned  wedge shaped feeding head for said
liquid      in face-to-face relationship to each other, in  monomeric
material located at a wedge shaped      the same direction without relative
displace-  opening defined by said upper and lower belts      ment,
locating sealing gaskets between and in  at the inlet end of said chamber
said head 60  intimate contact with said both belts at the  being in
predetermined clearance relation to  125      side edges thereof,
supporting said belts with  said belts.      belt supporting means which
are in contact    6. Apparatus as claimed in claim  6, in 



with said belts and movable perpendicularly   which means for driving the
other of said belts           12
1,300,400                                        12      comprises liquid
monomeric material fed to   provided in the form  of frame structure in-
15     the inlet end of the movable chamber by said  cluding rigid bars
slidably contacting said     feeding head.
belts under spring pressure.       7. Apparatus as claimed in claim 6 or
claim  10. A process for continuously casting a 5   7 in which means for
applying pressure to  sheet substantially as described herein with     said
belts comprise a plurality of rollers each  reference to the accompanying
drawing.   20     in the form of a rigid roller supported by a   11.
Apparatus for continuously forming a     flexible shaft.
sheet substantially as hereinbefore described.       8. Apparatus as
claimed in any of claims 10  6 to 8 in which the means for applying pres-
JENSON & SON,     sure to said belts comprise spring mounted
Agents for the Applicants,     rollers.
8, Fulwood Place,       9. Apparatus as claimed in any of claims 6
London, WC1V 6HG.     to 9 wherein the belt supporting means are
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