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(57) Abstract T

This invention substantially improves the surface finish on resin filled foamed molded plastic products manufactured by
injection molding by preheating the skin surface (70, 72) of that of the mold in contact with the part to be molded prior to the in-
jection cycle of the machine and then subsequently chilling the mold via internal tube connections(124, 126) to shorten the time
needed in the manufacturing cycle for solidifying the part sufficiently for release from the mold.
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WO 81/00535 PCT/US79/00650

METHOD AND APPARATUS FOR INJECTION MOLDING FOAMED RESIN
PARTS WITH A SMOOTH FINISH

TECHNICAL FIELD

This invention relates to the art of injection
molding plastic products and particularly to the
heating and cooling the skin of the mold cavity to
achieve an improved surface finish.

BACKGROUND ART

In the manufacture of molded plastic parts many
applications require that the part have a shiny or
10 glossy surface when the part comes out of the mold. In
the injection molding of solid parts this shiny
surface is achieved. However, in the manufacture of
foam molded parts, the surface finish is usually a
mottled finish with swirls because the gas used or
15 generated in the process of foam molding escapes to the
surface of the part in the mold until the surface
starts to solidify. As the surface solidifies, gas is
trapped inside the part and the cellular inner structure
develops. During the cooling cycle, while gas is still
20 escaping to the surface, the mottled finish and swirls
occur. This dull finish is objectionable because the
part manufactured by this foam molding process now
requires a secondary operation of finishing the parts
since the mottled appearance of the original finish is
25 not commercially acceptable.
A method of eliminating the mottled appearance is
to retain the heat above the deformation temperature of
the resin at the mold surfaces of the part until the
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cavity is full. This is a difficult and essentially
an impractical approach after the part has been molded.
Other methods are discussed in an article in Plastic
Technology, Vol. 22, No. 5, May, 1976, pages 33-36, to
heat up the mold itself both before and during the
molding c§cle. This article details lengthening the
mold fill time to get a no slip flow condition at the
surface of the mold during filling. Another is to
increase the melt temperature to again reduce the
slip/no slip condition and the third is to increase the
mold temperature which causes a thin surface layer of
the injected melt to retain heat which reduces the
slip/no-slip condition.

A process of heating the mold is described in
U.S. Patent 3,044,118 which heats up the whole mold
above the melting temperature of the plastic, and then
cools the mold down after the injection cycle using
carbon dioxide gas. This method is very slow and time
consuming depending on the particular part being molded
and the structural sections within the part. Also the
mold is subjected to extraordinary stress during this
heating and cooling cycle and such stress could crack
or weaken the mold which limits its useful life. Other
solutions are to use low mass molds and incorporate
low-mass-interior conducting surfaces, backed-up by
insulators to allow the mold to be heated by the heat
of the polymer. This of course requires a whole new
design approach to mold making itself.

A most recent method disclosed is the process of
running superheated steam through the water lines in an
existing mold and then, after the injection cycle is
complete, pass chilled water through the mold to cool
off and solidify the part so it can be removed from the
mold. The manufacturing cycle time to make the part by
this method is increased from 25% to 50% over normal
time in order to retard the heat loss of the resin at
the mold surfaces and give the nice shiny appearance
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which is desired. Although giving the desired finish,
the cycle time is generally considered too long for the
benefit received.

An object of my invention is to heat the working
surface or skin cavity of the mold with a condensing
vapor by injecting the vapor directly inside the mold
cavity to come in contact with the skin of the mold
after it is closed and quickly evacuate it of all
vapors and condensate just prior to the injection
cycle. Another object of the invention is to pass
cooling fluid through the interior sections of the mold
to cool the surface of the part from the inside out to
reduce the cycle time and produce a shiny surface.

Another object of the invention is to use poppet
type valves opening directly into the mold cavity for
inputting the condensing vapor for heating up the mold
surface and a similar valve for evacuation of the
cavity. It is further an object of this invention to
heat the surface of the mold to a temperature that
exceeds the heat distortion point of the material being
molded.

It is a further object of this invention to seal
the periphery of the cavity of the mold with a seal to
act as a pressure barrier in the mold to contain the
condensing vapor.

It is also an object of this invention to measure
the temperature of the skin or surface of the mold
cavity during both the heating and cooling cycle to
determine the appropriate time to inject the plastic
and the proper time to open the mold after the cooling
cycle.

SUMMARY OF THE INVENTION

The method and apparatus of this invention produces
a shiny surface finish on foamed plastic parts which
are injection molded by first passing a high pressure

saturated condensable vapor through the closed mold just
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prior to the injection cycle to pre-heat the cavity
skin of the mold to a temperature above the heat
distortion temperature of the plastic to a depth of a -
few thousands of an inch, and then sequentially shut
off the flow of vapor, evacuate the condensate and
5 inject the plastic resin into the mold cavity. The
conventional cooling by passing a cooling fluid intern-
ally through the mold then completes the cycle.

DESCRIPTION OF THE DRAWINGS
10

Figure 1 is a cross section of a mold in a closed
position in a horizontal clamp of a mold machine;

Figure 2 is a cross section of the poppet valve
in an open position in the mold; and

15 Figure 3 is a cross section of the poppet wvalve
in a closed position in the mold.

Figure 4 is a cross section of the pressure
barrier and outlet to the steam trap of mold configur-
ation of Figure 5.

20 Figure 5 is a cross section of a mold in a closed
position in a horizontal clamp of a mold machine.

Figure 6 is a cross section of the inlet poppet
valve of Figure 5.

Figure 7 is a cross section of the vent pin of

25 the mold configuration of Figure 5.
Figure 8 is a cross section of the outlet poppet

valve of Figure 5.

DESCRIPTION OF PREFERRED EMBODIMENTS o
30
In Figure 1 is shown two mold halves 10 and 12 in -
a closed position which comprise a mold assembly 15 in
the clamp section of an injection molding machine
having a fixed plate 14 and a traveling plate 16 held
35 in spaced relation by the bars 17 and clamp actuator
19. A nozzle 30 and shut off pin 32 are shown passing

through the fixed plate 14 and in contact with sprue
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bushing 20. Sprue bore 22 connects the nozzle 30 with
the internal cavity 18 of the closed mold assembly 15.
Holes 25 and 26 in mold sections 10 and 12 respectively
carry the cooling fluid during the cooling cycle of the
process. Vent passages 27 and 28 are shown located on
the parting line between mold half 10 and 12 and is the
escape path for the condensable vapor which is passed
through the mold during the operation cycle and is the
vent passage for the gas used in the foaming process of
the plastic during its chill cycle. Although only two
such vent passages 27 and 28 are shown, it is obvious
that a number of these could and in general would exist
around the mold.

Ejector pins 35 extend through the section 10 of
the mold for ejecting the part upon completion of
the cycle. These pins 35 are connected to ejector
plate 36. The other elements of an injection molding
machine are well known in the art and the method or
apparatus for actuating same is not described or shown
in detail here.

A poppet valve 40 is shown in Figure 1 in its
relation to the mold half 12. Figqures 2 and 3 show the
details of the valve in more easily seen detail. In
Figure 2 the valve plunger 42 has a rod end which
slides in bore 43 and a head end 44 which is a conic
shaped section which will seat in valve seat 48 which
is also a conic section and mates closely with head end
44 to seal when closed. This seat 48 is a transition
between the cavity side of mold surface 11 and the bore
50. Hole 52 is an inlet port for the vapors into bore
50. Diameter 45 of plunger 42 slides freely in bore 43
and is connected by a tension spring 54 to plate 55.

An O-ring seal 56 or other suitable material seals the
bore 43 to prevent vapor from escaping past plate 55
during the vapor cycles.

In figure 3 the poppet valve 40 is shown closed
with the head end 44 of the valve shown flush with the
surface 11 of mold section 12. It is obvious that the
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number of valves used and the locations of the valve

40 or valves would be in a location in the mold so as
not to be objectionable in the part appearance. Minor
differences in the surface of the part between the mold
surface 11 and the head end 44 will occur.

A temperature probe 38 is shown in Figure 1
located in mold section 12 which is used to measure the
temperature of the cavity skin. This will measure the
temperature for both the heating and cooling of the
mold. The probe is a conventional thermocouple type
well known in the art and is positioned to be within
from 0.005 or 0.006 inches from the cavity surface or
skin. Depending on the part to be molded and its size,
this probe could be 0.035 inches from the skin.

The inside or cavity portion of the mold can be
coated or impregnated with a thin layer of Teflon
to act as a thermo-barrier to allow the heat of thé
plastic to be retained at the surface of the mold until
the desired surface finish on the part is obtained.
This will increase the time of the cooling portion of
the cycle because the heat barrier will prevent the
cooling fluid from cooling the part as quickly.

Another embodiment of my invention is shown in
Figure 5. Here an actuator 60, electrically or hydrau-
lically operated, is connected to inlet poppet wvalve
62. The condensable vapor is allowed to enter the
mold cavity through pipe 118 via hole 64 and cross bore
66 when valve 62 is opened as shown in Figure 6 until
it builds up a pressure of from 50 to 300 psig. At
this pressure the surface temperature of the mold
cavity 68 will achieve a temperature of from 250 to
420°F which will be transferred to surfaces 70 and 72
of the mold halves 74 and 76. The inlet valve 62 is
closed quickly and exhaust poppet valve 78 is opened by
actuator 82, which is similar to actuator 60. The area
of the exhaust valve opening to inlet valve opening has
a ratio of 10:1 so that the pressurized vapor in the

mold will literally explode out of the cavity carrying
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any condensate which may have remained on the surface
of the cavity. This exhaust will exit via bore 84 and
hole 86 which intersects this bore. Only a single exit
is shown but obviously, many valves could be installed

5 and synchronized to exhaust the vapor. Pipe 116 is of
sufficient size to carry away the condensate and also
could be a plurality of pipes depending on mold size.
This cycle time of exhausting the cavity is in the
order of 0.01 seconds which drops the pressure inside

10 the mold to atmospheric and maintains the temperature
of the cavity above the heat distortion temperature of
the resin. The total cycle time of closing the inlet
valve and opening and closing the exhaust valve is in
the order of 0.25 seconds. A metallic crush-type seal

15 88 is retained in one mold half. This seal as manufac-
tured by the Advanced Products Co. of North Haven,
Connecticut can be used to seal the periphery of the
mold as seen in Figures 4 and 7. Since a condensing
vapor such as steam will cause water droplets to form

20 on the surface of the mold, a steam trap 90 is provided
at the lowest point in the mold to collect this moistdre
and still maintain the temperature inside the mold
cavity. The trap 90 is connected to mold cavity 68 via
tube 92, connector 94 and hole 96. Such a steam trap is

25 manufactured by the Strong Co. of Fairview, Pennsylvania.

Actuator 98, either electrically or hydraulically

operated controls a vent pin 100 which is shown in
detail in Figure 7 and will be open approximately 0.005
inches to let the gas and residual vapor escape from

30 the mold during the injection step. Only one such
actuator and pin are shown but it is obvious that a
number of them could be placed around the edge of the
part. This small size opening will allow spent gas,
which would otherwise be trapped at the surface to be

35 vented and yet will keep the plasticized resin contained
within the mold. Ejector pins 102, shown best in
Figures 6 and 8, have a flared end 103 which will seal
the mold cavity 68 when pressurized with vapor since
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these pins are normally a slip fit in the mold half.
These pins 102 are shown adjustable attached to ejector
plate 104 by thread 108 and nuts 106.

OPERATION

After the mold halves 10 and 12 are closed and
locked up by the clamp actuator 19 as shown in Figure
1, a high pressure condensing vapor such as heated
steam is allowed to enter passage 52. The spring 54 of
the valve assembly 40 will open when the pressure
build-up to the valve is 10 to 15 psi. The vapor will
now flow into and through the cavity portion of the
mold 15. Since the vent holes 27 and 28 are always
open, the vapor will eventually find its way out of the
mold. However, these vent holes 27 and 28 are very
much smaller in area than the inlet and therefore a
substantial amount of the vapor will be trapped inside
the mold, condense on the skin of the mold and will
heat it up to the temperature of the vapor. Condensate
will then be purged from the mold by flushing the mold
with a drying vapor. The type of plastic used for the
foamed molded part will determine the temperature of
the vapors and the temperature to which the skin of the
cavity need be heated.

After the proper temperature is reached, the
thermoprobe 38 will detect this temperature and the
controls of the unit will simultaneously shut off the
flow of the drying vapor, causing the valve 40 to
close, and start injecting plastic through nozzle 30.
It should be noted that the vapor used to éurge the
mold may be any of a number of gases available having
inert qualities and capable of high heat transfer such
as dry air, nitrogen, argon or helium. Also the vapor
selected should not react with the plastic material to
be used since the cavity will not necessarily be
evacuated before injection of the plastic. Here the
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injection pressures would be substantially reduced
because of the low co-efficient of friction between the
injected plastic and the hot skin of the cavity.

When the injection of the plastic is complete,

5 shut off pin 32 will seal off nozzle 30 and the cooling
cycle will start with a cooling fluid forced through
the cooling passages 25 and 26. The cooling fluid
could be chilled water, carbon dioxide gas, Freon or
some other cooling fluid. Here the velocity and

10 quantity of cooling fluid passages will determine how
quickly the part cools off. Again the temperature
probe will determine the proper temperature for the
cycle to be completed. The cooling passages may be
connected in series or parallel fashion depending on

15 the shape of the mold. An attempt will be made to
reduce this time as much as possible since it will
account for 75% of the manufacturing cycle time.

As the mold 15 starts to open, the-ejector pins
35 will cause the part to be pushed off the mold half

20 and onto a conveyor or other device located near the
mold to receive the part. The cooling fluid would now
be reduceq or stopped and the molding cycle started
again.

The finished part would have a cellular inner

25 structure with a shiny or glossy surface finish so
that additional finishing of the part would not be
required. The sprue 22 in the mold section 12 is shown
as a large conical opening but in reality could be very
small to allow a simple clean up operation for completing

30 the part. Also, the material prior to injection would
be colored the appropriate color so no additional
finishing operations would be required.

Also in Figure 1 only two valves 40 are shown
opening into mold cavity 18. Obviously more or less

35 valves could be used depending on the size and structure
of the part to be molded, and the heat necessary. If
required, vacuum pumps could be attached to vent

passages 27 and 28 to aid in vapor flow through the
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mold. Also the impregnating of the cavity skin with a
thermo-barrier material could be made thinner or
thicker on certain sections of the mold depending on
the heat transfer properties of the plastic to be
molded, the mold sections themselves, the vapors and
cooling fluids.

Figure 5 shows the preferred embodiment of my
invention. After the mold halves 74 and 76 are closed
and locked up by the clamp actuator 110, a high pressure
and high temperature condensable vapor such as super
heated steam is allowed to enter passage 64. The
poppet valves 62 and 78 would be in a de-energized or
closed position. The valve 62 will be opened by
actuator 60 and the vapor will now flow into and
throughout the mold cavity 68 heating it up. The
crushable seal 88 will prevent the vapor from escaping
and the pressure inside the cavity may reach 300 psig.
A substantial amount of the vapor will condense on the
skin of the mold and will heat it up to the temperature
of the vapor. Condensate will accumulate until droplets
are formed and these will be purged from the mold via
the steam trap 90 by the internal pressure in the mold.
The type of plastic used for the foam molded part will
determine the temperature of the vapors and the tempera-
ture to which the skin of the cavity need be heated.

After the proper temperature is reached, the
controls of the unit will simultaneously shut off the
flow of the condensing vapor by actuator 60 causing the
valve 62 to close, and open exhaust valve 78 with
actuator 82. Since the relative size of the inlet
valve to the exhaust valve is substantially larger and
at least 1:2, any condensate which may not have been
forced into the steam trap would now be blown out the
exhaust valve 78. The total cycle time to purge the
mold would be less than 0.25 seconds. If part size or
other restrictions prevent an exhaust valve from being
installed in the mold, the mold halves themselves could
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be momentarily separated to let out condensate which
did not get forced into the steam trap.

Upon completion of either purge method, the con-
trols will now start injecting plastic through nozzle
112. It should be noted that the vapor selected to
heat the mold halves should not react with the plastic
material. As the mold is filling, vent pin actuator 98
will be energized, as shown in Figure 7, to vent the
cavity 68 of the mold halves. The opening will be
approximately 0.005 inches. Also the injection pressures
would be substantially reduced because of the low
co-efficient of friction between the injected plastic
and the hot skin of the cavity. The heated surface
will keep melting the surface of the part in contact
with the mold and produce the desired results.

When the iﬁjection of the plastic is complete,

- shut off pin 114 will seal off nozzle 112 and the

cooling cycle will start with a cooling fluid forced
through the cooling passages 124 and 126. “The cooling
fluid could be chilled water, carbon dioxide gas, Freon
or some other cooling fluid. Here the velocity and
quantity of cooling fluid passages will determine how
quickly the part cools off. Again the size and shape
of the part and type of plastic resin will determine
the proper temperature and cycle time for the part to
be molded. The cooling passages may be connected in
series or parallel fashion depending on the shape of
the part. An attempt will be made to reduce this time
as much as possible since it will account for 75% of
the manufacturing cycle time.

As the mold halves 74 and 76 start to open, the
vent pin actuator 98 will de-energize and ejector pins
102 will cause the part to be pushed off the mold half
74 and onto a conveyor or other device located near the
mold to receive the part. The cooling fluid would now
be reduced or stopped and the molding cycle started

again.
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The finished part would have a cellular inner
structure with a shiny or glossy surface finish so
that additional finishing of the part would not be
required. The sprue 115 in the mold section 76 is
shown as a large conical'opening but in reality could
be very small to allow a simple clean up operation for
completing the part. Also, the plastic material prior
to injection could be colored the appropriate'color so
no additional finishing operations would be required.

Also in Figure 5 only a single valve is shown
for each inlet and exhaust valve. Also a single vent
pin 100 and actuator pin 98 are shown. Obviously
additional inlet and exhaust valves and vent pins could
be used depending on the size and structure of the part
to be molded, and the temperature necessary. If
required, a vacuum pump could be attached to exhaust
passage 86 via pipe 116 to aid in exhausting trapped
condensate from the mold. Also the impregnating of the
cavity skin with a thermo-barrier material could be
made thinner or thicker on certain sections of the mold
depending on the heat transfer properties of the
plastic to be molded, the mold sections themselves, the
vapors and cooling fluids.

While certain embodiments and details have been
shown to illustrate the invention, it will be apparent
to those skilled in the art that various changes and
modifications could be made therein without departing
from the spirit or scope of the invention described in
the appended claim.
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I claim:

1. Apparatus for injection foam molding a thermo-
plastic resin comprising an injection mold means having
two mold halves and a ca&ity means therein, a nozzle
means communicating with the sprue opening of said mold
means, and cooling passages internal to said mold means

5 wherein the improvement comprises valve means communica-
ting said cavity means in said injection mold means to
selectively connect a heated source of condensable
vapor directly to said cavity means, means to exhaust
said mold cavity means to atmosphere and a seal means

10 peripherally located between said mold halves.

2. The apparatus of claim 1 wherein means connect-
ing said mold cavity means to atmosphere is an exhaust

valve means and a passage means.

3. The apparatus of claim 2 wherein a vent valve
means is selectively operated to vent said cavity means
subsequent to operation of said exhaust valve means.

4. The apparatus of claim 1 wherein the temperature
of said mold cavity means is heated from 250°% to
420% by said condensable vapor and at a pressure of
from 50 to 300 psig.

5. The apparatus of claim 3 wherein the tempera-
ture of said mold cavity means is heated within from
ZSOOF to 4200F by said condensable vapor and at a
pressure of from 50 to 300 psig.

6. Apparatus for injection foam molding thermo-
plastic resin into an injection foam molding means
having two mold halves affixedly held in a horizontal
press with a nozzle means communicating with the sprue

5 opening of one mold half, cavity means internal to said

mold means and cooling passages internal to said
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molding means wherein the improvement comprises a
plurality of valve means communicating with said cavity
means in said injection molding means and selectively
operated for communication with said molding cavity
means connecting a heated source of condensable vapor
directly to said cavity means, a plurality of exhaust
valve means selectively operated for communication of
said mold cavity via passage means to atmosphére and a
seal means peripherally located between said mold

halves.

7. The apparatus of claim 2 or 6 wherein a
steam trap is connected to said passage means.

8. The apparatus of claim 7 wherein a vent
valve means is selectively operated to vent said cavity
means subsequent to operation of said exhaust valve

means.

9. The apparatus of claim 6 wherein the temperature
of said mold cavity means is heated from 250°F to
350%g by said condensable vapor and at a pressure of
from 50 to 200 psig.

10. The apparatus of claim 8 wherein the tempera-
ture of said mold cavity means is heated within from
ZSOOF to 3500F by said condensable vapor and at a
pressure of from 50 to 200 psig.

11. A process for foam molding a thermoplastic
resin in a foam molding means having a cavity means
therein comprising the steps of:

a) closing said mold means;

b) selectively flowing a condensable vapor
heated above the heat distortion temperature
of said resin into said mold cavity means;

c) selectively exhausting said vapor and con-

densate from said mold cavity means;
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10 d) selectively venting said mold cavity means
and injecting foamable thermoplastic resin
into the pre-heated mold means;
e) reducing temperature at said mold cavity
-means; and
15 f) opening said mold and removing solidified
part.

12. The process of claim 11 wherein said con-

densable vapor is super heated steam.

13. A process for foam molding a thermoplastic
resin in a foam molding means having a cavity therein
comprising the steps of:

a) closing said mold means;

5 b) selectively flowing a heated condensable
vapor into said mold cavity means until
said mold cavity surface is heated above
the heat distortion temperature of said
resin;

10 c) momentarily opening said mold means to remove
residual condensate from said mold cavity
means;

a) 'simultaneously venting said mold cavity
means and injecting foamable resin into

15 the pre-heated mold cavity means;

e) cooling said mold cavity means upon comple-
tion of said injection step by the flowing
of cooling fluid to said mold; and

f) opening said mold means upon solidification

20 of said resin, removing solidified part and
reducing the flow of said cooling fluid.

14. The process of claim 13 wherein said con-

densable vapor is super heated steam.

15. The process of claim 12 or 14 wherein
temperature of said cavity means is within from 250°

(o]
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AMENDED CLAIMS
(received by the International Bureau on 27 March 1980 (27.03.80))

1. Apparatus for injection foam molding a thermo-
plastic resin comprising an injection mold means having
two mold halves and a cavity means therein, a nozzle
means communicating with the sprue opening of said mold
means, and cooling passages internal to said mold means

5 wherein the improvement comprises valve means communica-
ting said cavity means in said injection mold means to
selectively connect a heated source of condensable
vapor directly to said cavity means, means to exhaust
said mold cavity means to atmosphere and a seal means

10 peripherally located between said mold halves.

2. The apparatus of claim 1 wherein means connect-
ing said mold cavity means to atmosphere is an exhaust

valve means and a passage means.

3. The apparatus of claim 2 wherein a vent valve
means is selectively operated to vent said cavity means
subsequent to operation of said exhaust valve means.

4. The apparatus of claim 1 wherein the temperature
of said mold cavity means is heated from 250°F to
420% by said condensable vapor and at a pressure of
from 50 to 300 psig.

5. The apparatus of claim 3 wherein the tempera-
ture of said mold cavity means is heated within from
250°F to 420 by said condensable vapor and at a
pressure of from 50 to 300 psig.

6. Apparatus for injection foam molding thermo-
plastic resin into an injection foam molding means
having two mold halves affixedly held in a horizontal
press with a nozzle means communicating with the sprue
5 opening of one mold half, cavity means internal to said

mold means and cooling passages internal to said BUREA D
Gy
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molding means wherein the improvement comprises a
plurality of valve means communicating with said cavity
means in said injection molding means and selectively
operated for communication with said molding cavity
means connecting a heated source of condensable vapor
directly to said cavity means, a plurality of exhaust
valve means selectively operated for communication of
said mold cavity via passage means to atmospﬂere and a
seal means peripherally located between said mold halves.

7. The apparatus of claim 2 or 6 wherein a
steam trap is connected to said passage means.

8. The apparatus of claim 7 wherein a vent valve
means is selectively operated to vent said cavity means

subsequent to operation of said exhaust valve means.

9. The apparatus of claim 6 wherein the temperature
of said mold cavity means is heated from ZSOOF to
350°F by said condensable vapor and at a pressure of
from 50 to 200 psigqg.

10. The apparatus of claim 8 wherein the tempera-
ture of said mold cavity means is heated within from
250°F to 350 by said condensable vapor and at a
pressure of from 50 to 200 psig.

(amended) 11. A process for injection molding a foamable

10

thermoplastic resin composition in a foam injection
molding means having a cavity means therein comprising
the steps of:

a) closing said mold means;

b) selectively flowing a condensable vapor
heated above the heat distortion temperature
of said resin into said mold cavity means;

c) selectively exhausting said vapor and con-

densate from said mold cavity means;
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d) selectively venting said mold cavity means
and injecting foamable thermoplastic resin
into the pre-heated mold means;

e) reducing temperature at said mold cavity

15 means; and

f) opening said mold upon solidification of said

resin and removing the solidified part.

12. The process of claim 11 wherein said con-

densable vapor is super heated steam.

(amended) 13. A process for injection molding a foamable
thermoplastic resin composition in a foam injection
molding means having a cavity therein comprising the
steps of:

5 a) closing said mold means;

b) selectively flowing a heated condensable
vapor into said mold cavity means until
said mold cavity surface is heated above
the heat distortion temperature of said

10 resin;

¢) momentarily opening said mold means to remove
'residual condensate from said mold cavity
means;

d) simultaneously venting said mold cavity

15 means and injecting foamable resin into
the pre-heated mold cavity means;

e) cooling said mold cavity means upon comple-
tion of said injection step by the flowing
of cooling fluid to said mold; and

20 f) opening said mold means upon solidification
of said resin, removing the solidified part
and reducing the flow of said cooling fluid.

14. The process of claim 13 wherein said con-

densable vapor is super heated steam.

15. The process of claim 12 or 14 wherein tempera-

ture of said cavity means is within from 250° g 4200
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