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the reference numeral  with the amount of material which is required  37.
Communication between (1) the mold  to be charged into the mold. The
greater the     defined by mold halves 24 and 25 and (2) the  distance
between the switches 16 and 17, the     zone 35 and the extruder 6 is thus
established.  greater will be the upward travel of the piston 5  As the
instant communication is established,  11. Consequently a larger amount of
material 70     the mixture is forced from the accumulation  will be stored
in the accumulation zone 35 and     zone 35 into the mold because the
pressure  subsequently forced into the mold. Conversely,     within the
region 15, which has now become  decreasing the space between the switches
16     greater than the pressure within the zone 35,  and 17 decreases the
amount of material which 10  causes the downward motion of the piston 11
will be forced into the mold.            75     until it reaches its
lower-most position. If    While lowering the temperature of the mold
necessary, the line 21 and the base member  decreases the time required for
cooling the     22 can be provided with heating means, not  thermoplastic
material in the mold and conse-     shown, to prevent solidification of
thermoplas-  quently decreases the time required for the 15  tic material
therein. Normally however, the  molding operation, when employing high den-
80     short molding cycles used in the present inven-  sity polyethylene
for example, high mold tem-     tion eliminate the need for any additional
heat-  peratures of at least about 265[err]F. can produce     ing.
a smooth glazed surface, which is desirable in       When the piston 11
reaches its lower-most  many applications. Lower mold temperatures, 20
position the zone 35 is essentially collapsed  on the other hand, tend to
produce a grainy  85     and the flange 13 contacts the switch 16, and
surface texture similar in appearance to the     in a manner well known in
the art, gas under  texture of wood.     pressure is caused to enter the
piston housing     Low mold temperatures can be employed     33 through
conduit 30 thereby producing a  without interfering with the flow of
plastic in 25  downward movement of the piston 28 and the  the mold and
without producing  internal 90     rod 27. At the instant the rod 27 enters
the  stresses.     nozzle 23 at the point 36, communication is    The
ability to fill a cold mold (e.g. at room     terminated between (1) the
mold and (2) the  temperature, about 70[err]F.) without encounter-
accumulation zone 35 and the extruder 6 at  ing problems such as incomplete
filling due 30  a point remote from the mold where the pres-  to premature
solidification of plastic and high  95     sure is above the foaming
pressure of the mix-  residual internal stress due to flow resistance
ture. As the rod 27 travels downward it forces  would at least in part seem
to be due to the     the mixture in the nozzle 23, that is, between  fact
that the molten polymer, when suddenly     the point 36 and the mold, into
the mold and  transferred from the high pressure accumula- 35  the bottom
of the rod 27 comes flush with  tion zone to the low pressure mold,
"explodes" 100     the molded article 34. In this manner, a sprue-  into
small particles and fills the mold while     free molded article is
produced and the forma-  in this form. The particles fuse together once
tion of an unfoamed slug in the system is pre-  in the mold, thus forming a
resultant article     vented. The mold halves 24 and 25 are sepa-  which is
substantially free of orientation and 



40  rated and the sprue-free molded article 34, in  internal stresses
(isotropic).        105     this case a tote box, shown in Figures 3 and
The outwardly acting pressure of the ex-     4 and previously   described,
is removed. It  panding particles apparently forces the outer-     should
be evident that foamed articles can be  most mass of polymer against the
surface of     molded according to the present invention hav-  the mold,
thus destroying the cell structure of 45  ing either a sprue or a
depression simply by  this mass of material. This serves not only to  110
adjusting the rod 27. While it is preferred to  form a dense peripheral
shell, but also serves     mold sprue-free articles, the configuration of
to produce a finished article which accurately     certain molded articles
will be able to tolerate  conforms to the configurations of the mold.     a
sprue or a depression. It should also be evi-    The degree to which the
plastic "explodes" 50  dent that the apparatus of this invention can  as
well as the rapidity of filling the mold and  115     be employed to mold
solid thermoplastic  the degree of foaming increase with increasing
articles.                             quantities of blowing gas in the
molten plastic.       Because of the pressure differential between
However, particularly in regard to density, the     the mold and the
accumulation zone, the mix-  size and configuration of the mold influences
55  ture rapidly foams and expands in the mold.  the effect of the blowing
gas.            120     The filling of the mold, which is caused by
Molds which cause sharp pressure drops to     the action of the piston 11,
the rod 27, and  take place therein, due to a complex configura-     the
expansion of the mixture in the mold,  tion, or sharp corners, for example
require the     should preferably involve a period of approxi-  use of a
greater amount of blowing gas in order 60  mately 1 to 15 seconds.
to achieve a particular degree of foaming than  125       The flow of gas
under pressure through con-  a mold which has, for example, a simple
duits 29 and 30 is controlled by means of a  configuration like that of a
bowling pin and     valve system actuated by the switches 16 and  which
produces a more gradual pressure drop.     17 in a manner well known in the
art.      It would appear that the complex mold 65   The switch 17 is
positioned in accordance  configuration, and the consequent sharp change
130
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in pressure which the mixture undergoes cause  feed inlet through which the
mold is filled,                      a substantial loss of gas from the
mixture. This  the position of which in the female half (not
gas leaves the mold through the vent openings  shown) is indicated by the
dotted circle 50 on                      conventionally employed in molds,
and thus  the male half, with the primary channels 51 0                5
is unavailable to produce a foaming action.  and 53 each having at least
four equally spaced  70                        From the foregoing
description, it is evident  secondary distributor channels 55 in communi-
that the process and preferred apparatus of this  cation therewith. Thus,
it is possible to employ                      invention can be employed to
rapidly, efficient-  two or more radially spaced primary distribu-
ly, and automatically mold foamed thermo-  tor channels (52 and 54) in a
mold without 10  plastic articles on a batch, semi-continuous or  any
secondary distributor channels in com-  75                      continuous
basis.                            munication therewith with two or more
radial- 



Figure 2 illustrates an alternative embodi-  ly spaced primary distributor
channels (51 and                      ment of the accumulator device of
this inven-  53) each having two or more secondary dis-
tion. In this embodiment, the piston 11 and  tributor channels in
communication therewith. 15  the shaft 12 are shown co-axial with the rod
With such distributor channels, a mold can be  80                      27
thus providing a more compact equipment  filled so rapidly that the molded
article weighs                      arrangement. The piston 11 and the
shaft 12  less than would be expected but, because of
are provided with a centrally positioned inter-  the unique rigidity to
weight ratios obtainable                      nal bore in which the rod 27
reciprocates. Mi-  with the process of this invention, does not 20  gration
of material between the rod 27 and  exhibit any decrease in strength as
would be  85                      the internal bore of the piston 11 and
the shaft  expected from the reduction in weight.                      12
is prevented by providng a slip fit between  A wide variety of useful
foamed articles can                      the rod and bore and/or providing
convention-  be molded in accordance with this invention.
al scaling rings therebetween. The piston hous-  Illustrative, but by no
means limiting of such 25  ing 33 for the piston 28 is mounted above
articles are shoe lasts, bowling pins, containers, 90
and is co-axial with the piston housing 32 for  particularly fluid-tight
and/or thermally insul-                      the piston 14. The operation
of the accumula-  ated containers, such  as storage battery cases,
tor device shown in Figure 2 is the same as  farm product containers such
as asparagus and                      has been described previously for the
apparatus  tomato boxes, poultry coops, milk cases, other  30  of Figure 1.
containers such as bomb fin, shell and soda  95                         In
one embodiment of this invention, it has  cases, battery trays, shopping
cart baskets, gun                      been found that the use of a primary
distribu-  stocks, paint brush handles, broom and shovel
tor channel in the mold in conjunction with  handles, kitchen drawers, car
seats, seat and                      a plurality of secondary distributor
channels  back pans for children's car seats, highchairs,  35  permits
rapid filling of a mold and results in  frames for baby recliners, top and
storage bins  100                      a molded article of less weight than
would be  for baby dressers, wardrobes and bathinettes,
expected without any loss in strength. This  furniture drawers,
take-or-leave pallets, lawn                      embodiment is illustrated
in Figure 5 wherein  mower housings, conduits, and articles having
the male half of an open structured tote box  the appearance, sound and
weight characteris-   40  mold is shown. A female mold half, not shown,
tics of wood.                               105                      is
adapted to fit over the male half, in an ar-    It is to be understood that
while the mixture                      rangement similar to the mold halves
shown  in the accumulation zone is maintained at a                      in
Figure 1, thereby forming a mold cavity  substantially constant pressure,
this pressure                      and the distributor channels described
below.  being greater than the pressure at which the   45  Such distributor
channels may be employed in  blowing agent causes the foaming and expan-
110                      molds for producing open structures such as  sion
of the foamable material, pressures which                      "tote" boxes
for tomatoes or eggs for example,  would absolutely prevent foaming are
unneces-                      or for producing closed structures such as a
sary in the present invention for minor bub-                      storage
battery casing. The primary distributor  bling is not significant and is
not detrimental    50  channel in the mold is in direct communication  to
the resultant product.                   115                      with the
feed inlet through which the mold     The phrases "melt index," "melting
tem-                      is filled while the secondary distributor chan-
perature," and "foaming pressure," as used                      nels are in
communication with the primary  herein are defined as follows:
distributor channel. For purposes of this inven-    "Melt index" is an
indication of molecular    55  tion, it is preferred to employ a plurality
of  weight and viscosity and is determined in ac- 120
primary distributor channels arranged in an  cordance with ASTM Test
D-1238-57T.                      equally spaced radial pattern about the
feed   The phrase "melting temperature" refers to 



inlet or inlets through which the mold is filled  the general temperature
range at which the                      with at least one of the primary
channels hav-  material becomes sufficiently fluid to be pro-     60  ing a
plurality of secondary distributor chan-  cessed in the manner heretofore
described. 125                      nels in communication therewith.
Thus the material would  thus be  about                        As is shown
in Figure 5, it is even more  sufficiently soft or fluid to flow through an
ex-                      preferred to employ a plurality of primary dis-
truder, an accumulator or a mold, or be  tributor channels 51, 52, 53, and
54 arranged  foamed and expanded by an internally con-  65  in an equally
spaced radial pattern about the  tained gas.
130                                             1,110,332      The phrase
"foaming pressure" refers to the  limiting the same in any manner.
pressure at which an internally contained gas                  EXAMPLE 1
can produce the substantial foaming and ex-    The equipment shown in
Figure 1 was used  10    pansion of the plastic material within which  to
mold seat and back pans for an infant car 5  it is contained.
seat from polyethylene having a density of 0.96       The following
examples are intended to  and a melt index of 4.0 under the following
further illustrate the present invention without  conditions:
Extruder RPM's                            16                  Temperature
of material in extruder              515[err] F.                  Nitrogen
injection pressure, Fig. 1, line 7      2400 psi
Accumulation zone pressure                2800 psi
Accumulation zone temperature                    350 F.
Mold pressure                             Atmospheric                  Mold
temperature                          45[err] F.
EXAMPLE 2    The molded pans had a slightly grainy surface   The equipment
shown in Figure 1 was used  20    and had a cellular core and a
non-cellular skin  to mold child's safety car seats from polyethyl-    in
cross section.                      ene having a density of 0.96 and a melt
index                                            of 4.0 under the following
conditions:  



Extruder RPM's                            17                  Temperature
of material in extruder              540[err] F.                  Nitrogen
injection pressure, Fig. 1, line 7      2400 psi
Accumulation zone pressure                2800 psi
Accumulation zone temperature                    350[err] F.
Mold Pressure                             Atmospheric                  Mold
Temperature                          50[err] F.   25  The mold seats had a
cellular core and a non-  to mold sprue-free kitchen cabinet drawers  30
cellular skin in cross section. No voids were  from a blend of 25 lbs. of
polyethylene having    present in the molded parts.                  a
density of 0.96 and a melt index of 4.0 and                 EXAMPLE 3
5 lbs. of medium impact, free flowing polysty-      The equipment shown in
Figure 1 was used  rene under the following conditions:
1,110,332                                      9   10
Extruder RPM's                                  25
Temperature of material in extruder             530 F.
Nitrogen injection pressure, Fig. 1, line 7  2800 psi
Accumulation zone pressure                      2800 psi
Accumulation zone temperature                   350[err] F.
Mold pressure                                   Atmospheric
Mold temperature                                  [err]60 F.   



The molded drawers were sprue free, had a  rene. Results were the same and
the Izod im-  10                       slightly grainy appearance and a
cellular core  pact was 1.26.                       and a non-cellular skin
in cross section. The                   5  Izod impact (ASTM  D-256) of the
drawers                     EXAMPLE 5                       was 1.06.
The equipment shown in Figure 1 but with
EXAMPLE 4                    the accumulator device of Figure 2 was used
Example 3 was duplicated using instead a  to mold sprue free rectangular
containers from  15                       blend of 25 Ibs. polyethylene and
1 lb. polysty-  polypropylene under the following conditions:
Temperature of material in extruder             400[err] F.
Nitrogen injection pressure, Fig. 1, line 7   600 psi
Accumulation zone pressure                      2000 psi
Accumulation zone temperature                   350[err] F.
Distance between switches 16 and 17             6-3/4"
Mold pressure                                   Atmospheric
Mold temperature                                70 F.
A shot weight of 3.93 pounds was obtained                    EXAMPLE 7
having an overall density of 0.66 and the mat-    Example 5 was duplicated
with the switches                  20  erial completely filled the mold
leaving no  6-1/4" apart and the nitrogen pressure main-  35
voids in the mold. The molded article was  tained at 1500 psi. The shot
weight of the    sprue free and in cross section had a cellular  container
was 3.68 pounds and the overall den-                      core and a
substantially non-cellular, integral  sity was 0.62. The mold was
completely filled                  peripheral shell.
with material and no voids appeared.                   25
EXAMPLE 6                                     EXAMPLE 8
40                        Example 5 was duplicated but the distance    The
equipment shown in Figure 1 but with                      between the
switches was 6-1/2" and the in-  the accumulator device of Figure 2 was
used                      jection pressure of the nitrogen was increased
to mold sprue-free rectangular containers from                      from
600 psi to 1500 psi. The container had  polyethylene having a density of
0.96 and a                  30  a shot weight of 3.80 pounds and an overall
melt index of 4.0 under the following condi-  45
density of 0.64. The material completely filled  tions;
the mold.      
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Temperature of material in extruder          400[err] F.
Nitrogen injection pressure, Fig. 1, line 7   1800 psi
Accumulation zone pressure                   2000 psi
Accumulation zone temperature                350[err]F.
Distance between switches 16 and 17           5-3/4"
Mold pressure                                 Atmospheric
Mold temperature                              70[err] F.           The mold
was completely filled and the con-  weighing 3.97 lbs and having a density
of 0.67 tainers were sprue-free and had a cellular core  was obtained. The
mold was completely filled        and a non-cellular skin in cross section.
A con-  with no voids noted.               15     5  tainer weighing 3.33
lbs was obtained having        an overall density of 0.56. The mold was
com-            EXAMPLE 10        pletely filled with material and no voids
were    The equipment shown in Figure 1 but with        present in the
mold.                      the accumulator device of Figure 2 was used
to mold sprue free two cell battery casings and
EXAMPLE 9                  covers from polyethylene having a density of 20
10    Example 8 was duplicated using a nitrogen  0.96 and a melt index of
4.0 under the follow-        injection pressure of 1500 psi. The distance
ing conditions:        between the switches was 6-3/4". A container
Extruder RPM's                                12
Temperature of material in extruder           600 F.
Nitrogen injection pressure, Fig. 1, line 7   2800 psi.
Accumulation zone pressure                    2800 psi
Accumulation zone temperature                 350[err] F.
Mold pressure                                 Atmospheric 



Mold temperature                               [err]60 F.          The
molded casing was sprue free and had  1% was noted and the strength of the
casing    25  a wall thickness of 190-205 mils and required  was
substantially unchanged.        no further finishing. In a manner well
known        in the art, a two cell, 3 volt battery was con-
EXAMPLE 11                  35        structed using the molded casing and
cover    The equipment shown in Figure 1 but with        with carbon-zinc
electrodes and an alkaline  the accumulator device of Figure 2 was used
30  electrolyte. The dielectric strength of the cas-  to mold sprue free
kitchen cabinet drawers        ing walls was found to be above 80
volts/mil.  from a medium impact, free-flowing polysty-        After one
month, a weight increase of less than  rene under the following conditions:
1,110,332                                    11
Extruder RPM's                                22
Temperature of material in Extruder           550[err] F.
Nitrogen injection pressure, Fig. 1, line 7  2800 psi
Accumulation zone pressure                    2800 psi
Accumulation zone temperature                 350[err] F.
Mold pressure                                 Atmospheric
Mold temperature                               [err]80 F.
The mold was completely filled and the mold-  the accumulator of Figure 2
was used to mold                    ed drawers were sprue free and had a
cellular  milk carton tote boxes from acrylonitrile-buta- core and a
non-cellular skin in cross section.  diene-styrene resin under the
following condi-               5                  EXAMPLE 12
tions:                                     10                      The
equipment shown in Figure 1 but with   



Extruder RPM's                                15
Temperature of material in extruder           450[err] F.
Nitrogen injection pressure, Fig. 1, line 7   2800 psi
Accumulation zone pressure                    3000 psi
Accumulation zone temperature                 355[err] F.
Mold pressure                                 Atmospheric
Mold temperature                               [err]60[err] F.
The mold was completely filled and the mold-  the accumulator device of
Figure 2 was used                   ed article had a cellular core and a
non-cellular  to mold lawn mower housings from polyethyl-
skin in cross section.                     ene having a density of 0.96 and
a melt index               15                EXAMPLE 13
of 0.2 under the following conditions:    20                     The
equipment shown in Figure 1 but with
Extruder RPM's                                15    Temperature of material
in extruder           515[err] F.                                  Nitrogen
injection pressure, Fig. 1, line 7  2700 psi.
Accumulation zone pressure                    3000 psi
Accumulation zone temperature                 350 F.
Mold pressure                                 Atmospheric
Mold temperature                                 [err]60 F.            12
1,110,332     The mold was completely filled and the mold-  the accumulator
device of Figure 2 was used 



ed article had a cellular core and a non-cellular  to mold battery casings
from a polyethylene-    skin in cross section.                   ethyl
acetate copolymer containing 18 per cent                EXAMPLE 14
by weight of ethyl acetate under the following  5   The equipment shown in
Figure 1 but with  conditions:                             10
Extruder RPM's                      19                 Temperature of
material in extruder         405[err] F.                 Nitrogen injection
pressure, Fig. 1, line 7  2850 psi                 Accumulation zone
pressure                  3000 psi                 Accumulation zone
temperature               350 [err]F.                 Mold pressure
Atmospheric                 Mold temperature
[err]60[err] F.       The mold was completely filled and the mold-  the
accumulator device of Figure 2 was used     ed article had a cellular core
and a non-cellular  to mold battery casings from a polyethylene-     skin
in cross section.                   vinyl acetate copolymer containing 28
per cent            . 15            EXAMPLE 15            by weight vinyl
acetate under the following  20      The equipment shown in Figure 1 but
with  conditions:                 Extruder RPM's                      18
Temperature of material in extruder         385[err] F.
Nitrogen injection pressure, Fig. 1, line 7  2800 psi
Accumulation zone pressure                   2800 psi
Accumulation zone temperature                350[err] F.
Mold pressure                       Atmospheric                Mold
temperature                     [err]60[err] F.      The mold was
completely filled and the mold- psi. The mold was maintained at about
70[err]F.    ed article had a cellular core and a non-cellular  and at
atmospheric pressure.     40 25  skin in cross section.
The mold design used was an open structure 



for a rectangular tomato tote box having eight                EXAMPLE 16
equally spaced voids (or slots in the molded      The apparatus of Figure 1
but with the ac-  box) parallel to each other and running the    cumulator
device of Figure 2 was employed. length of the bottom of the mold. The feed
45    One hundred parts of grey pigmented poly-  inlet through which the
mold was filled was 30  ethylene pellets having a density of 0.96 were
located centrally of the bottom of the mold    charged into the extruder.
The polyethylene  (outside bottom of the molded box). Four tote    was
worked and heated in the extruder until boxes molded using this mold had an
average    the material attained a temperature of about  weight of 3.82
pounds and an average tensile   50    420[err]F. Nitrogen was slowly fed
into the barrel strength of about 1200 psi. 35  of the extruder and therein
mixed with the    The mold design was then modified to pro-    molten
polyethylene. The extruder 6 charged  vide a distributor channel running
diagonally    material to an accumulation zone 35 main-  from one corner in
the bottom of the mold    tained at 350[err]F. and under a pressure of 2300
to the other. Thus, the modified mold was pro- 55
1,110,332                                    13                    vided
with two primary distributor channels  initially at 265[err]F., and then a
few seconds                   in communication with the feed inlet and ar-
after the filling operation, rapidly cooled in                   ranged in
an equally spaced radial pattern  order to reduce the cycle time. The
surface                   about the feed inlet with each having a plural-
of the pin was glazed in appearance and the 5  ity (ten) of secondary
distributor channels in  internal structure was similar to that of the  70
communication therewith. Two tote boxes  pin of Example 17.
molded using the modified mold had an aver-                EXAMPLE 19
age weight of 3.61 pounds and an average ten-    The process of Example 17
was employed                   sile strength of about 1200 psi. The average
to produce a bowling pin in a mold maintained               10  weight here
was 0.21 pound less than the boxes  at 235[err]F. prior to filling and
rapidly cooled  75                   molded with the unmodified mold yet
the ten-  a few seconds after filling. The resultant bowl-
sile strength remained substantially the same. ing pin had a rough, grainy
surface, similar                   This was quite unexpected because in
adding  in texture to wood.               a diagonal distributor channel,
it would be ex-    A comparison of bowling pins made in ac-
15  pected that weight would be added to  the  cordance with Examples 17-19
and coated  80                    molded box rather than a decrease in
weight  wooden pins yielded comparable results with                    as
was actually discovered.                regard to impact response, impact
sound and                                   EXAMPLE 17
center of gravity. The surface hardness and                      A mixture
comprising 100 parts by weight  impact strength of the foamed high density
20  of polyethylene and one quarter of 1 part by  polyethylene bowling pins
exceeded that of the  85                    weight azodicarbonamide were
charged to a  coated wooden pins.                    Banbury mixer and
mixed at a temperature    The bowling pin of Example 19 was provid- 



below the decomposition temperature of the  ed with an ethyl cellulose
coating, in order                    azodicarbonamide. The polyethylene
employed  to provide a finished appearance. Although               25  had
a density of 0.96 and a melt index of  adhesion to polyethylene is normally
difficult, 90                   0.2. The mixture was charged to the
cylinder  the coating was found to tenaciously adhere                   of
a screw extruder wherein it was thoroughly  to the grainy surfaces of
polyethylene. The worked and fed therealong by means of a  surfaces of the
bowling pins of Examples 17                   screw. The cylinder was
heated to a tempera-  and 18 were adequate in appearance without
30 ture of 400[err]F. to cause the dispersed azodicar-  the use of a
coating.               95                   bonamide particles to
decompose. The ex-    Because of the ability to accurately measure
truder charged material to an accumulator  the amount of plastic which will
be charged                   maintained at a temperature of 330[err]F. and
to the mold, greater exactness of weight can                   at a
pressure of 1740 psi. The pressure exerted  be attained in the foamed pins
of the present               35  on the composition by the screw and the
back-  invention, than is attained in wooden pins.  100
pressure exerted by the accumulator was such    Conventional stains of the
type employed in                   as to substantially prevent the gas
resulting  staining wood, when applied to conventionally
from the decomposition of the azodicarbona-  molded or extruded
polyethylene articles can                   mide particles from expanding.
The pressure  be rubbed off the surface of polyethylene after
40  on the accumulator continuously increased as  the stain has been fully
dried. The foamed  105                   the extruder operated indicating
that material  article of Example 19, however, retains stains
was being charged to the accumulator. When  without the need of further
surface treatment.                   a pressure of 3200 psi was reached the
rotation  The use of wood colored stains yields an article
of the screw of the extruder was stopped and  which, because of its grainy
surface texture,               45  thus the extruder ceased to charge
material to  has the appearance of wood. Since, as pre- 110
the accumulator. With the pressure on the ac-  viously noted, the foamed
articles can also have cumulator stabilized at about 3200 psi a valve  the
sound, impact response and weight charac-                   between the
accumulator and a bowling pin  teristics of wood, wood substitute articles
can                   mold was rapidly changed to establish com-  be
produced by the process of the present in-  50  munication between the
accumulator and mold.  vention. Of particular significance, is the abil-
115  The material rapidly transferred into the mold  ity to produce a
molded plastic cabinet having  which was maintained at atmospheric pressure
the aesthetically desirable wood-like appear-  and a temperature of
320[err]F. After a few sec-  ance in addition to the characteristic
acoustical  onds elapsed, the mold was rapidly cooled and  properties of
wood. Moisture resistance and  55  then opened and the resultant bowling
pin  high impact resistance can thus be built into 120  weighed. The
bowling pin had a weight of 3.05  a speaker cabinet without a sacrifice in
fidelity.  pounds and had a glazed, polished-like surface.
EXAMPLE 20  ge              The bowling pin was cut in half, and was seen
A mixture of 100 parts of 0.96 density poly-  to have a dense outer shell
and a cellular core.  ethylene and one quarter part azodicarbona-
60  At a distance of about one quarter of an inch  mide were premixed in
the manner set forth  125  from the surface, the density of the material
in Example 17. The extruder temperature was  substantially decreased.
maintained below about 300[err]F. and employ-  EXAMPLE 18
ing the process of Example 17, the mixture  Employing the process of
Example 17, a  was charged into an accumulator initially               65
bowling pin was formed in a mold maintained  maintained at 1450 psi and
below  about 130    



14                                      1,110,332      300[err]F. The
accumulator was heated to 400[err]F.  1 to 7, in which the mixture is
forced from  65     and the material which was heated to 375[err]F., the
accumulation zone into the mold and from     in the accumulator and
maintained at a maxi-  the point remote from the mold into the mold     mum
pressure of 3000 psi was released into  in a time of from 1 to 15 seconds.
5  a 70[err]F. mold, having the shape of a shoe last.   9. A process for
molding foamed thermo-     The shoe last weighed 3 pounds, and had a
plastic articles substantially as hereinbefore de- 70     density of 0.73.
Under internal examination, scribed and with reference to any one of the
the same cellular core-solid outer skin structure' Examples.     produced
by the processes set forth in Exam-    10. An apparatus for molding foamed
ther- 10  ples 17-20, was found to have been formed.  moplastic articles,
which comprises an extruder     The shoe last was found to hold nails even
for extruding a mixture of a foamable thermo-  75     after repeated
nailing and extraction of nails. plastic material and a blowing agent, an
ex-     The extremely fine cell  structure of the core  pandable
accumulation chamber for the foama-     section was also noted to have
adequate nail ble mixture communicating with the extruder 15 holding power.
and defined by the inner wall of a hollow
cylindrical member and the head of a first pis-  80       WHAT WE CLAIM
IS:-                         ton in sliding engagement with said inner wall
1. A process for molding foamed thermo-  and reciprocally movable in said
cylindrical     plastic articles, which comprises fluxing a mix-  member,
expansion and collapse of the accu-     ture of a foamable thermoplastic
material and  mulation chamber being effected by upward 20  a blowing agent
in an extruder at a tempera-  and downward movement of said first piston,
85     ture and pressure above the temperature and  a filling nozzle
connected to the accumulation     pressure at which the mixture foams,
contin-  chamber and extending to and flush with a     uously extruding
said mixture into an expand-  mold cavity, a rod slidably mounted in the
ing accumulation zone while maintaining the  nozzle and attached to a
second piston adapted 25 mixture therein at a pressure above the foam-  to
reciprocate within a housing, communication  90     ing pressure thereof,
the accumulation zone ex-  between the accumulation chamber and the
panding at a rate substantially equal to the  mold being established by
upward movement     rate of extrusion, maintaining a mold remote  of the
rod until the extremity of said rod     from the accumulation zone at a
pressure at  reaches the point of communication of the noz- 30  which the
mixture foams and expands, estab-  zle with the accumulation chamber
thereby  95     lishing communication between the mold and  opening a
passage for the foamable mixture,     the accumulation zone, rapidly
forcing the  termination of the communication and forcing     mixture out
of the accumulation zone and into  of said foamable mixture out of the
nozzle     the mold wherein the mixture foams and ex-  from  said point of
communication into the 35 pands, terminating communication between the
mold being effected by downward movement 100     mold and the accumulation
zone at a point of the rod, movement of the second piston be- 



where the pressure is above the foaming pres-  ing responsive to movement
of the first piston     sure of the mixture, and thereafter removing  and
thereby establishing communication when     the mixture between said point
and said mold.  the first piston reaches the end of its upward 40    2. A
process as claimed in claim I wherein  movement and terminating
communication 105     the communication between the mold and the  when the
first piston reaches the end of its     accumulation zone is terminated at
a point re-  downward movement.     mote from the mold where the pressure
is   11. An apparatus as claimed in claim 10,     above the foaming
pressure of the mixture, and  in which the first piston is adapted to move
45  thereafter rapidly forcing the mixture between  upwardly at a rate
substantially equal to the 110     said point and said mold into the mold.
rate of extrusion.       3. A process as claimed in claim 1 or claim    12.
An apparatus as claimed in claims 10     2, in which the foamable
thermoplastic mat-  and 11, in which upward movement of the     erial is a
polyolefin.                       first piston is controlled by a gas under
pres- 50    4. A process as claimed in claim 3, in which  sure in a housing
for said piston.   115     the polyolefin is a high density polyethylene.
13. An apparatus as claimed in any one of       5. A process as claimed in
any one of claims  claims 10 to 12, in which the first and second     1 to
4, in which establishment and termination  pistons are coaxial.     of
communication between the mold and the    14. An apparatus as claimed in
any one of 55  accumulation zone is determined by the expan-  claims 10 to
12, in which the filling nozzle 120     sion and collapse of said
accumulation zone.    is connected to the accumulation chamber       6. A
process as claimed in any one of claims  through a conduit.     1 to 5, in
which the mold is maintained at    15. An apparatus as claimed in any one
of     a temperature below the melting temperature  claims 10 to 14, in
which the mold is provided 60  of the foamble thermoplastic material.
with a plurality of primary distributor channels 125       7. A process as
claimed in any one of claims  in direct communication with a feed inlet
1 to 6, in which the mold is at atmospheric  through which the mold is
filled, said primary     pressure.
channels being disposed in an equally spaced       8. A process as claimed
in any one of claims  radial pattern about said feed inlet, at least
14                                       1,110,332       300[err]F. The
accumulator was heated to 400[err]F.  I to 7, in which the mixture is
forced from  65      and the material which was heated to 375[err]F., the
accumulation zone into the mold and from      in the accumulator and
maintained at a maxi-  the point remote from the mold into the mold
mum pressure of 3000 psi was released into  in a time of from 1 to 15
seconds.  5  a 70[err]F. mold, having the shape of a shoe last.   9. A
process for molding foamed thermo-     The shoe last weighed 3 pounds, and
had a  plastic articles substantially as hereinbefore de- 70     density of
0.73. Under internal examination,  scribed and with reference to any one of
the     the same cellular core-solid outer skin structure' Examples.
produced by the processes set forth in Exam-    10. An apparatus for
molding foamed ther- 



10  ples 17-20, was found to have been formed.  moplastic articles, which
comprises an extruder      The shoe last was found to hold nails even  for
extruding a mixture of a foamable thermo-  75      after repeated nailing
and extraction of nails.  plastic material and a blowing agent, an ex-
The extremely fine cell structure of the core  pandable accumulation
chamber for the foama-      section was also noted to have adequate nail
ble mixture communicating with the extruder 15  holding power.
and defined by the inner wall of a hollow
cylindrical member and the head of a first pis- 80        WHAT WE CLAIM IS:
-                        ton in sliding engagement with said inner wall
1. A process for molding foamed thermo-  and reciprocally movable in said
cylindrical     plastic articles, which comprises fluxing a mix-  member,
expansion and collapse of the accu-     ture of a foamable thermoplastic
material and  mulation chamber being effected by upward 20  a blowing agent
in an extruder at a tempera-  and downward movement of said first piston,
85     ture and pressure above  the temperature and  a filling nozzle
connected to the accumulation     pressure at which the mixture foams,
contin-  chamber and extending to and flush with a     uously extruding
said mixture into an expand-  mold cavity, a rod slidably mounted in the
ing accumulation zone while maintaining the  nozzle and attached to a
second piston adapted 25  mixture therein at a pressure above the foam-  to
reciprocate within a housing, communication  90     ing pressure thereof,
the accumulation zone ex-  between the accumulation chamber and the
panding at a rate substantially equal to the  mold being established by
upward movement     rate of extrusion, maintaining a mold remote  of the
rod until the extremity of said rod     from the accumulation zone at a
pressure at  reaches the point of communication of the noz- 30  which the
mixture foams and expands, estab-  zle with the accumulation chamber
thereby  95     lishing communication between the mold and  opening a
passage for the foamable mixture,     the accumulation zone, rapidly
forcing the  termination of the communication and forcing     mixture out
of the accumulation zone and into  of said foamable mixture out of the
nozzle     the mold wherein the mixture foams and ex-  from  said point of
communication into the 35  pands, terminating communication between the
mold being effected by downward movement 100     mold and the accumulation
zone at a point  of the rod, movement of the second piston be-     where
the pressure is above the foaming pres-  ing responsive to movement of the
first piston     sure of the mixture, and thereafter removing  and thereby
establishing communication when     the mixture between said point and said
mold.  the first piston reaches the end of its upward 40    2. A process as
claimed in claim 1 wherein  movement and  terminating  communication 105
the communication between the mold and the  when the first piston reaches
the end of its     accumulation zone is terminated at a point re-  downward
movement.     mote from  the mold where the pressure is    11. An apparatus
as claimed in claim  10,     above the foaming pressure of the mixture, and
in which the first piston is adapted to move 45  thereafter rapidly forcing
the mixture between  upwardly at a rate substantially equal to the 110
said point and said mold into the mold.    rate of extrusion.       3. A
process as claimed in claim 1 or claim   12. An apparatus as claimed in
claims 10     2, in which the foamable thermoplastic mat-  and 11, in which
upward movement of the     erial is a polyolefin.
first piston is controlled by a gas under pres- 50    4. A process as
claimed in claim 3, in which  sure in a housing for said piston.     115
the polyolefin is a high density polyethylene.  13. An apparatus as claimed
in any one of       5. A process as claimed in any one of claims  claims 10
to 12, in which the first and second     1 to 4, in which establishment and
termination  pistons are coaxial.     of communication between the mold and
the    14. An apparatus as claimed in any one of 



55  accumulation zone is determined by the expan-  claims 10 to 12, in
which the filling nozzle 120     sion and collapse of said accumulation
zone.    is connected to the accumulation chamber       6. A process as
claimed in any one of claims  through a conduit.     1 to 5, in which the
mold is maintained at    15. An apparatus as claimed in any one of     a
temperature below the melting temperature  claims 10 to 14, in which the
mold is provided 60  of the foamble thermoplastic material.     with a
plurality of primary distributor channels 125       7. A process as claimed
in any one of claims  in direct communication with a feed inlet     1 to 6,
in which the mold is at atmospheric  through which the mold is filled, said
primary     pressure.                                     channels being
disposed in an equally spaced       8. A process as claimed in any one of
claims  radial pattern about said feed inlet, at least
1,110,332                                  15                    two of the
primary channels each having a plu-  to  the Examples and as illustrated in
Figs. 3                   rality of secondary distributor channels in  and
4 of the accompanying drawings.                   communication therewith.
19. Foamed thermoplastic articles when pro-  15                     16. An
apparatus for molding foamed ther-  duced by the use of apparatus as
claimed in               5  moplastic articles, substantially as
hereinbefore  any one of claims 10 to 16. described with reference to any
one of Figs.                   1, 2, and 5 of the accompanying drawings.
BOULT, WADE & TENNANT,                     17. Foamed thermoplastic
articles whenever      111 & 112, Hatton Garden,                   obtained
by the process claimed in any one              London, E.C.1.
10  of claims 1 to 9.                                  Chartered Patent
Agents, 18. Foamed thermoplastic articles, substan-        Agents for the
Applicants.                   tially as hereinbefore described with
reference                          Printed for Her Majesty's Stationery
Office by the Courier Press, Leamington Spa, 1968.
Published by the Patent Office, 25 Southampton Buildings, London, W.C.2,
from which copies may be obtained.    


