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T3P (54) METHOD AND APPARATUS FOR MOLDING EXPANDED PLASTICS MATERIAL
ARTICLES (71)   We, SELENE TRUST, a Body Cor-  capacity heating system  and
means for porate organized under the Laws of the  rapidly cooling the mold
in order that the Principality of Liechtenstein, of Postfach  two alternate
steps, i.e. heating the mold 34613, Vaduz 9490, Principality of Liech-  and
cooling thereof, do not increase exces- 5 tenstein, do hereby declare the
invention, sively the manufacturing of the articles.  50 for which we pray
that a patent may be    However, since the article is made from granted to
us, and the method by which it  an excellent heat insulating material, this
is to be performed, to be particularly des-  method results in a very
limited production cribed in and by the following statement:-  rate, and
reduces drastically the efficiency 10  The present invention relates to a
mold-  and the profitability of the molding equip- 55 ing method and
apparatus for molding  ment. articles of expanded plastics material.
Another disadvantage which affects this Molding methods for articles of
expanded  method is the consumption of energy. For thermoplastic material
have been known  example, for a medium size article when 15  heretofore
and  especially  methods for  heating 0.150 kg of thermoplastic material 60
manufacturing articles obtained by agglo-  contained in the mold it is also
necessary merating pre-expanded polystyrene beads.   to heat, at each
molding cycle, the 150 kg Presently these methods are commonly  of the mold
material itself. It can be rea- used for manufacturing blocks, supports or
lized that this mass ratio of about 1 to 20 shells  for  packaging  food
products,  1000, brings in a considerable loss of energy 65 machinery or
household electrical appliances  which heavily affects the cost of the etc
. . . They have excellent impact re- finished product. sistance, they are
weather resistant and ' In order to reduce the manufacturing cost their
cost is relatively low.          it has been proposed to provide molds with
25  Usually, the known molding techniques  multiple molding cavities. This
approach is 70 include the following steps:           valid for small size
articles only and on the -filling a molding cavity of a mold with  other
hand the design and the manufac- pre-expanded polystyrene beads
turing of the molds which have to be -injecting steam for heating said
beads  machined accurately, from a good heat con- 30 to the softening
temperature of the polymer  ducting material, such as aluminum, are 75 and
above the boiling point of the pore  very expensive. producing fluid which
is contained in said    Also the expenses for unavoidable servic- beads.
Said steam causes the beads to ex-  ing and maintenance of so complex an
pand and bring them to a partially molded  equipment have to be taken into
considera- 35 state causing them to agglomerate into a  tion. In order to
carry out successive cool- 80 homogeneous cellular mass.             ing
operations, the mold is provided with -cooling the product obtained in a
cellu-  internal passages which allow the cooling lar state contained in
the mold in order to  water to circulate. If this water is not prevent a
second expansion or a distorsion  treated, calcium. deposits will block the
in- 40 of the molded article; and, once the mold is  jection nozzles and
attack the walls of the 85 cooled                                  mold or
of its auxiliary equipment. Further, withdrawing the molded article from
for economical reasons,   the factories that the mold, after which the mold
can be  are using the known method, use, cooling heated again for the next
molding cycle;   systems which operate in close circuit and 45   This
method involves the use of a large  consequently  include storage
containers, 90    tanks for water treatment, water cooling  mold; means for
cooling a portion of said towers and pumping stations which con-  mold
adjacent to the surface of its molding siderably affect the production cost
of the  cavity, means for reinserting the preformed 



molded articles of expanded polystyrene  article into the mold partially
cooled and, produced by mass production             means for removing the
article from said 70 It is therefore an object of the present mold.
invention to provide a method and apparatus  The material used for this
mold is pre- overcoming the above mentioned disadvan-  ferably low heat
conductive material so that tages.
instantaneous cooling of the surface of the 10   The method of this
invention includes  molding cavity does not cool the whole 75 the following
steps:                     mold and consequently does not constitute
-injecting a predetermined amount of  an important loss of energy.
partially pre-expanded beads of thermo-    The method of the invention has
many plastic material  into a mold, at least a por-  advantages over the
prior art since it en- 15 tion of which is maintained at a temperature
ables the production time to be reduced, 80 between [err]
the  Production  cost, and  considerably -  heating said pre-expanded beads
in  simplify the installation layout to increase said mold to a temperature
effective to  its efficiency and profitability; in addition, cause them to
expand, partially melt and  with the method of  the present invention, 20
agglomerate together;                    lower density' materials can be
obtained 85 -withdrawing the preformed article from   hence permitting
material savings. said mold, said article being still at a tem-
According to a preferred embodiment of perature above its temperature
softening  the present invention,  the article formed state, while the
article is allowed to further  or premolded inside the heated mold is 25
expand;                                  withdrawn as soon as the first
molding 90 inserting the preformed article into a  step is completed for
being transferred in mold at least a portion of which is at a  the cold
mold. From this very moment a temperature lower than [err] and,        new
article can be injected in the heated withdrawing the article from the last
mold thus permitting to reduce consider- 30 said mold and cooling it to the
ambient  ably the total molding cycle time, this time 95 temperature.
being reduced to about 10 seconds/article, In a first form, the apparatus
of the in-  for medium sized items. vention includes a first mold
comprising a-   When using a heated mold and a cooled molding cavity having
at' least approxi-  mold, the  molds are no  longer sub- 35 mately the
shape and size of the article to  ject to  stresses due  to  repeated  and
100 be produced; means for maintaining this  substantial  temperature
variations, and mold at a constant temperature between can be constructed
from  any material [err] and preferably  about  including metals,
synthetic materials or [err] an injection device for introducing  even
wood. The  construction  of  the 40  particles of thermoplastic material
into the  mold is only limited by well known design 105 molding cavity; one
or more injection  and techniques of the injection or com- nozzles for
injecting-steam into the molding  pression molds. The mold design is
simpli- cavity; a mechanical or pneumatic device  fied in  that the
passages for circulating for removing the preformed article from   cooling
water into the mold which are 45  the heated mold; means for transferring
and  necessary with the conventional methods 110 introducing said article
into a cooled second  and apparatuses are eliminated in the appa- mold
comprising a molding cavity having  ratus of the invention or are at least
of a the exact shape and size of the article to  much  simplified
structure. be produced  this mold being maintained    The invention will
now be further des- 50 at a temperature lower than that of the  cribed by
way  of example, with reference 115 first heated mold; and mechanical or
pneu-  to the accompanying drawings in which: matic means for removing the
article from  Figure I is a schematic view of an em- said cooled mold.
bodiment of the apparatus of the invention, In a second form the apparatus
of  the    Figures 2 and 3 show  details of the 55 invention includes a
single mold comprising  transfer mechanism  of the   tus of 120 a molding
cavity having the exact con-  figure 1, figuration  and size of the
article to be    Figure 4 is a sectional view of an embodi- produced; means
for heating said: mold to  ment of the heated mold shown  in its closed
a'temperature between [err]  position, 60  injection means for introducing
particles of    Figure 5 is a sectional view of an embodi- 125
thermoplastic material into the molding  ment of the cold mold shown in its
open cavity of said mold; one or more injection  position, nozzles for
injecting steam into the molding    Figure 6 is a sectional view of a
second cavity of said mold; means for withdrawing  embodiment of the heated
mold of the 65 the preformed article from  said heated  invention, shown in
closed position, during 130    



3                                      1 523 506 molding operation,
20, the end of pin 23 is guided in the curvi- Figure 7 is a sectional view
of the molded  linear opening acting as a cam  and driving article during
its transfer from the heated  the housing 11 together with the pin to a
mold to the cold mold, and,              position 11' shown in dotted
lines. The 5  Figure 8 is a sectional view of the second  housing 11
rigidly fixed to the member 8, 70 embodiment of the cold mold of the inven-
the pendulum  or swinging motion of the tion shown in closed position
during the  latter is derived from the mechanism  12. final molding
operation.                 The position 11' (as. shown in figure 3) of
Referring now to figure 1, the apparatus  the housing 11 corresponds to the
new 10 of the invention for manufacturing ex-  position 18' of the plate 18
and 23' of the 75 panded thermoplastic material articles in-  pin end 23.
cludes a frame 1, made from tubes or steel    Figure 4 shows schematically
an embodi- sections supporting a container 2 to store  meat of the heated
mold which comprises the raw material in the form of expanded  a male
portion 41 and a female portion 42 15  polystyrene beads 3, a container 4
for col-  into which is formed a  molding cavity 43 80 lecting the articles
produced, and various  to be filled with thermoplastic material. units for
the transformation of the raw   An inlet passage 44 for steam in the male
material and for the control of the appa-  pontion 41 is connected to
internal pas- ratus.                                  sages 45 which
themselves terminate into 20   These various units comprise essentially
nozzles 46. The purpose of these  nozzles 85 the male portion 5 and the
female portion  is to inject steam into the molding cavity (not  shown) of
a heated mold, the male  43 to expand the thermoplastic beads there-
portion 6 and female portion 7 of the cold  in. The female portion 42 is
also  provided mold (described in  detail with reference  with a tapered
injection inlet passage 47 25 to figures 4  and 5) and one member 8 to  for
the . thermoplastic material and with go transfer the article from the
heated mold  steam  exhaust nozzles 48 for the excess into the cold mold.
The polystyrene beads  steam. The nozzles 48 are in'communica- 3 are
supplied to the heated mold'from the  tion with the outlet steam  ports 49,
and container 2.  The male portion 5 of the  with a condensed water exhaust
port 50. 30 heated mold is mounted at the lower end    Figure 5 shows
schematically an embodi- 95 of the member 8 which is positioned so  ment of
a cold mold including a male por- that it can slide on a shaft 9 under the
tion 51 and a female portion 52 of this action of a piston 10 received in a
housing  mold  Both members are constructed so 11 of prismatic
configuration. In addition, that  the molding cavity has exactly the 35 the
member 8 can pivot in its plane like  configuration and size of the article
53 to 100 a pendulum about said shaft 9 between a  be produced. The mold
portion  52 is first position into which the male portion 5  equipped with
pushing means adapted to of the heated mold is placed in front of its
eject the finished article out of the cold corresponding female portion and
a second  mold. This means comprises a plate 54 40 position wherein the
portion 5 is in front  which can be mechanically moved by a 105 of the
portion 7 of the cold mold to effect  rod 55 or pneumatically pushed by a
de- the transfer of the article and introduce it  vice connected to the
port 56. into mold portion 7. This swinging motion    In operation of the
device described is obtained through a mechanism 12 which  above, the male
portion  5 of the heated 45 is shown in more details in figures 2 and 3.
mold is urged against the female portion 110 The male portion 6 of the cold
mold is  of said. heated mold by  means of a piston mounted on the free end
of a piston rod  10, thus providing a molding cavity having 13 which is
slidably received into a cylinder  approximately  the configuration  of the
14 to reciprocate horizontally. Also sup-  article to be produced. This
mold is heated 50 ported by the frame 1 is a control panel 15  by
well-known  means not represented. 115 for the control of various elements
of the  Once the heated mold is ready for the in- apparatus.
jection  process  the  pre-expanded  poly- The transfer mechanism will be
now des-  styrene beads 3 contained in the storing cribed with reference to
figures 2 and 3. container are introduced into  the molding 55 The
mechanism  12 substantially comprises  cavity through an injector. The
expansion 120 two slides 16, 17 and a plate 18 which can  and agglomeration
of the thermoplastic slide vertically in slides 16 and 17 under  material
beads are obtained by means of the action of a piston 19 slidably received
steam injected into the heated mold through into a cylinder 20 and
connected to the  the injection nozzles 46. As soon as  the 60 plate 18 by
a rod 21. A curvilinear  opening  expansion of the material is completed,
the 125 22 is formed in the plate 18 into which is male portion 5, (41) of
the heated mold engaged the end of a pin 23 connected to  integral with the
member 8 is moved to the the housing 11. Once the piston 19 is moved  left
(as shown on figure 1) by means of downwards (as  shown on figure 3) by a
the piston 10; the article formed in the 



65 fluid under pressure  fed to the cylinder molding cavity remains on this
male por- 130    4                                       1 523 506 tion of
the heated mold and can freely  portion of same, references 71 and 72 show
further expand thus prov    stress relief. passages for circulation of
cooling  water. Thereafter, the piston 19 is moved down-  reference 73
shows the molding cavity and wards (as seen on figure 3) inside the cylin-
reference 74 shows the  ejector for  the 5 der 20 moving together with the
plate 18  finished article.                     70 thus moving the end of
pin 23 from c its    While the present invention has  been initial position
shown in figure 2 to its  described with reference to two preferred final
position 23' shown in dotted lines  embodiments, many alternatives changes
in figure 3. The motion of pin 23 pivot-   and modifications will appear
to those 10 ably moves simultaneously the housing 11  skilled in the art
such as particularly: and the member 8 about shaft 9. In the     as the
transfer time of the pre-formed final position of the member 8, the male
article from the heated mold to -the cold portion 5, (41) of the heated
mold is aligned. mold is not critical per se, it ispossible  to with the
female portion 7, (52) of the cold' design a machine having two stations,
one 15 mold into which the now completely re-  station for hot moulding
positioned at some 80 laxed molded article will be partially en-  distance
from  a second station for cold gaged when the member 8 is moved to the
molding, both stations being connected by right by the  piston  10.  At
tht time the  transfer means,  for examle a conveyor piston 19 is moved
again upwards causing  belt. 20 simultaneously the housing 11 and the
the preformed articles can be molded 85 element 8 to swing back to their
initial under vacuum in the cold mold. This tech- positions. For completely
inserting the pre-  nique makes it possible to considerably *       formed
article into the cold mold, a fluid  increase the relative pressure inside
the under pressure is injected into the cylinder  expanded  thermoplastic
material  beads 25 14 in order to move the piston 13 to the  which permits
easier production of low den- 90 right (as seen on figure 1). The male por-
sity articles. tion 6, (51) which  is rigidly fixed to the      both molds
can be  on the same mold- free end of the piston rod 13 will forcibly  ing
press or on separate presses. engage the preformed article 53 into the
one first preforming heated mold can 30 molding cavity of  the cold mold
which has  be provided  for serving several  second 95 exactly the
configuration and size of  the  cooled molds or vice-versa article which is
sought to be obtained.    -the transfer device between molds can Thereafter
the piston 13 will move to the  be  mechanical, pneumatic or of another
left (as seen on figure 1) and the article  type 35 53 formed exactly to
the size and configura-    -heat transfer from the heating  mold to 100
tion of the cold mold will be ejected by  the thermoplastic material can be
made by means of a mechanical action on said push  any known means such as
electrical resis- rod 55 or by the pneumatic means to     tors. steam, or
heated oil. finally be collected in the collecting  con-    Further to the
multiple advantages al- 40 tainer 4.                               ready
mentioned, the method of the inven- 105 Another embodiment of the apparatus
tion enables articles to be obtained  having of the  present invention will
now be de-  a higher density which are more resilient scribed with
reference'to figures 6, 7 and 8. than similar articles molded with the
stan- Specifically, in figure 6. is shown the fust  dard  method. These
articles are more 45 step of the process for the premolding in-  flexible
and less brittle,  which gives them 110 jection step in the heated mold.
The ref-  an improved ability for acting as shock or erence numeral 61
shows the  female part  impact absorbing pads,  especially when of the
heated mold for preforming the  they are used for packaging. article,
reference 62 shows the  male por-    WHAT WE CLAIM  IS: 50 tion of the
mold, Reference 63 shows the.   1. A method for molding articles of ex- 115
molding cavity,  reference 64 shows the in-  panded plastics material
including  the steps jection device through which  the pre-   of expanded
material beads are forced into '  a) injecting a predetermined amount of
the molding cavity reference 65 shows the  partially pre-expanded beads of
thermo- 55 injector body, reference 66 shows heating  plastic material into
a  mold, at least a por- 120 bands and references 67 and 68 are inlet  tion
of which is maintained at  a temperature and exhaust passages for steam.
between [err] Figure 7 is a sectional view of the molded    b) heating said
pre-expanded beads in article at the time of its transfer from the  said
mold to. a temperature effective to 60 fist heated mold to the second and
final  cause said beads  to expand, partially melt 125 



cold  mold.                              and agglomerate together Figure 8
shows the second and final mold-    c) withdrawing the prefferd  article
ing step in the cold mold. In this figure  from said mold, said article
being still at a reference 69 shows the  female portion of  temperature
above its temperature soften- 65 the cold mold  reference 70 shows the male
ing state, while the article is allowed to 130    tion of the heated mold
and can freely  portion of same, references 71 and 72 show further expand
thus providing stress relief. passages for circulation of cooling water.
Thereafter, the piston 19 is moved down-  reference 73 shows the molding
cavity and wards (as seen on figure 3) inside the cylin-  reference 74
shows the ejector for the 5 der 20 moving together with the plate 18
finished article.                    70 thus moving the end of pin 23 from
its    While the present invention has been initial position shown in
figure 2 to its  described with reference to two preferred final position
23' shown in dotted lines  embodiments, many alternatives changes in figure
3. The motion of pin 23 pivot-  and modifications will appear to those 10
ably moves simultaneously the housing 11  skilled in the art such as
particularly:    75 and the member 8 about shaft 9. In the    - as the
transfer time of the pre-formed final position of the member 8 the male
article from the heated mold to the cold portion 5, (41) of the heated mold
is aligned  mold is not critical per se, it is possible to with the female
portion 7, (52) of the cold  design a machine having two stations, one 15
mold into which the now completely re-  station for hot moulding positioned
at some 80 laxed molded article will be partially en-  distance from  a
second station for cold gaged when the member 8 is moved to the  molding,
both stations being connected by right by the piston 10. At that time the
transfer means, for example a conveyor piston 19 is moved again upwards
causing  belt. 20 simultaneously the housing 11 and the    -  the preformed
articles can be molded 85 element 8 to swing back to their initial  under
vacuum in the cold mold. This tech- positions. For completely inserting the
pre-  nique makes it possible to considerably formed article into the cold
mold, a fluid  increase the relative pressure inside the under pressure is
injected into the cylinder  expanded  thermoplastic  material beads 25 14
in order to move the piston 13 to the  which permits easier production of
low den- 90 right (as seen on figure 1). The male por-  sity articles. tion
6, (51) which is rigidly fixed to the    - both molds can be on the same
mold- free end of the piston rod 13 will forcibly  ing press or on separate
presses, engage the preformed article 53 into the    - one first preforming
heated mold can 30 molding cavity of the cold mold which has  be provided
for serving several second 95 exactly the configuration and size of the
cooled molds or vice-versa article which is sought to be obtained.    - the
transfer device between molds can Thereafter the piston 13 will move to the
be mechanical, pneumatic or of another left (as seen on figure 1) and the
article  type 35 53 formed exactly to the size and configura-    -  heat
transfer from the heating mold to 100 tion of the cold mold will be ejected
by  the thermoplastic material can be made by means of a mechanical action
on said push  any known means such as electrical resis- rod 55 or by the
pneumatic means to  tors, steam. or heated oil. finally be collected in the
collecting con-    Further to the multiple advantages al- 40 tainer 4.
ready mentioned, the method of the inven- 105 Another embodiment of the
apparatus  tion enables articles to be obtained having of the present
invention will now be de-  a higher density which are more resilient
scribed with reference to figures 6, 7 and 8. than similar articles molded
with the stan- Specifically, in figure 6 is shown the first  dard  method.
These articles are more 45 step of the process for the premolding in-
flexible and less brittle, which gives them 110 jection step in the heated
mold. The ref-  an improved ability for acting as shock or erence numeral
61 shows the female part  impact absorbing pads, especially when of the
heated mold for preforming the  they are used for packaging. article,
reference 62 shows the male por-    WHAT WE CLAIM  IS: 50 tion of the mold,
Reference 63 shows the    1. A method for molding articles of ex- 115
molding cavity, reference 64 shows the in-  panded plastics material
including the steps jection device, through  which  the pre-  of: expanded
material beads are forced into    a) injecting a predetermined amount of
the molding cavity reference 65 shows the  partially pre-expanded beads of
thermo- 55 injector body, reference 66 shows heating  plastic material into
a mold, at least a por- 120 bands and references 67 and 68 are inlet  tion
of which is maintained at a temperature and exhaust passages for steam.
between [err] 



Figure 7 is a sectional view of the molded   b) heating said pre-expanded
beads in article at the time of its transfer from the  said mold to a
temperature effective to 60 first heated mold to the second and final
cause said beads to expand, partially melt 125 cold mold.
and agglomerate together; Figure 8 shows the second and final mold-    c)
withdrawing  the preformed  article ing step in the cold mold. In this
figure  from said mold; said article being still at a reference 69 shows
the female portion of  temperature above its temperature soften 65 the cold
mold, reference 70 shows the male ing state, while the article is allowed
to 130    further expand;                        means for maintaining said
mold at a cons- 50 d) inserting the preformed article in a  tant
temperature between [err] mold at least a portion of which is at a
injection means for introducing particles temperature lower than [err] and,
of thermoplastic material into the molding 5   e) withdrawing the article
from said last cavity; one or more injection nozzles for mold and cooling
it to the ambient tem-  injecting steam into the molding cavity; a 55
perature.                              means for removing the preformed
article 2. A  method according to Claim  1, from the heated mold; means for
transfer- wherein two molds are used, a first of  ring and introducing said
preformed article 10 said molds having at least a portion main-  into a
cooled second mold comprising a mined at a temperature between 90 and
molding cavity having the exact configum- 60 [err] and comprising a molding
cavity  tion and size of the article to be produced having at least the
approximate configura-  and which is maintained at a temperature tion and
size of the article to be produced  lower than that of said heated mold;
and 15 and the second of said molds being at a  means for removing the
final article from temperature lower than [err] and having  said cooled
mold.                    65 the exact configuration and size of the    8.
An apparatus according to claim 7 article to be produced.
wherein said heated mold is maintained at 3. A  method according to Claim
2, a temperature of [err] 20 wherein said first mold is maintained at a
9. An apparatus for molding articles temperature of [err]
made from expanded plastics material in- 70 4. A method according to Claim
2 or  cluding a single mold comprising a mold- Claim 3 wherein the molding
cavity of said  ing cavity having the exact configuration second mold is
maintained under partial  and size of the article to be produced; 25 vacuum
during at least part of the time of  means for heating said mold to a
tempera- the final forming step.                ture between [err]
injection 75 5. A  method according to Claim  1, means for introducing
particles of thermo- wherein a single mold is used, said mold  plastic
material into the molding cavity of being temporarily cooled in a portion
ad-  said mold; one or more injection nozzles 30 jacent to the inner
surface of its mold cavity  for injecting steam into the molding cavity
during a period of time corresponding at of said mold; means for
withdrawing the 80 least partly to steps c and d of the method  preformed
article from said, heated mold; of claim 1.
means for cooling a portion of said mold 6. A method according to any one
of  adjacent to the surface of its molding cavity, 35 Claims 1 to 5 wherein
the article preformed  means for reinserting the preformed article within
the mold at least a portion of which  into the mold partially cooled and,
means 85 is maintained at a temperature between  for removing the article
from said mold. [err] is transferred to the mold    10. An apparatus
according to claim 9 at a temperature lower than [err] by means
characterized in that the mold is made from 40 of a part of one of said
molds.         a low heat conductive material. 7. An apparatus for molding
articles           MARKS & CLERK made from expanded plastics material in-
Chartered Patent Agents cluding: a first mold, comprising a molding   57-60
Lincoln's Inn Fields, cavity having approximately the configura-
London, WC2A 3LS. 45 tion and size of the article to be produced;  Agents
for the Applicant(s). Printed for Her Majesty's Stationery Office by The
Tweeddale Press Ltd., Berwick-upon-Tweed, 1978. Published at the Patent
Office, 25 Southampton Buildings, London, WC2A 1AY, from which copies may
be obtained.    


