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PROCESS FOR PRODUCING EXPANDED PLASTICS
WITH SKIN AND MOLDING APPARATUS THEREFOR

N FIELD OF THE INVENTION

This invention relates to a process for producing
.expanded plastics with a skin and an apparatus for carrying out
the process.

BACKGROUND OF THE INVENTION

As is well known, expanded plastics are widely used as
heat insulating materials, sound absorbing materials, floats,
etc. Among known moldigg processes for obtaining expanded
plastics is a foaming-in-mold method, in which preexpanded
resin beads are put in a foaming mold, and heating steam is
blown ini:o ﬁhe mold to heat and fuse the resin beads (see, for
example, JP-B-3-56905, the term "JP-B" as used herein means an
"examined published Japanese patent application").

Thermoplastic resin expanded plastics with a skin
obtained by, for example, filling preexpanded resin beads in a.
hollow non-foam molded article and expanding the beads is known
(see, for example, JP-B-42-10752). Appearance of expanded
plastic with a skin has enlarged the uses of expanded plastics.

The expanded plastics with a skin has conventionélly
been produced by blowing a non-foaming parison in a blow mold,
cooling and solidifying the blown parison to form a hollow
article, removing the hollow article from the blow mold,

£filling the hollow article with preexpanded resin beads

-1 - This Sheet Has Been R

L llllﬂ ml III lil!



" the process.

BACKGROUND OF»THE INVENTION

. A5 is well known, ex(;%ded pl astics are w dely used ‘4% heat
lensul ati ng naterlals sound absorbing nmaterials, floats, etc.
Apong known nol di ng processes for obtaining expanded plastics is a
foam ng-in-nold nmethod, in which preexpanded resin beads are put
in a foaning nold, and heating steamis blown into the nold to
heat and fuse the resin beads (see, for exanpl e, JP-B-3-56905, the
term” Jfh&rephaptes HO6MELIMEBARSEEPred to as expeHEdEbdidY ) ShAbwiaRpnese
pat ent application"). Thernoplastic resin expanded

pl asti dseatifgastkaim from a steam injection pipe inserted among the
filled beads to heat and further expand the expanded beads, and
withdrawing the pipe before fusion of the expanded beads (see
JP-B-62-19239 and JP-B-U-62-9073, the term "JP-B-U" as used
herein means an "examined published Japanese utility model
application").

According to the above-mentioned process, there dre
several problems. As the hollow article (skin) and the
expanded plastic body are separately molded, separate molds are
required and the process is complicated. Besides, the time for
cooling to solidify the hollow article and that for heatdng and
fusion of éxpanded beads and for cooling the expanded plastic
body are independently required, resulting in poor
productivity. In addition, since the expanded beads are molded -
in a once cooled hollow article, fusion of the expanded
plastics to the hollow article tends to be insufficient.

In oxrder to overcome these problems, it has been
proposed to inﬁect a reactive foaming liquid (e.g., urethane)
into a parison being held in a closed blow mold, to'blow the
parison to the inner wall of the mbld and then cool and
solidify the blown parison with the mold closed while allowing
the foaming liquid to react and solidify to obtain foam with a
skin (see JP-B-58-10217 and JP-A-3-293113, the term "JP-A" as
used herein means an "unexamined published Japanese patent

application").
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" obtaj.ned by, for exapple, filling preexpanded resin beads in a
hol | ow non- foan1nn|&25 article and expanding the bedads is known

tsee, for exanple, JP-B-42-10752). Appearance of expanded pl astic
with a skin has enlarged the uses of expanded pl astics.

The expanded plastics with a skin has conventionally been produced
by bl owi ng a non-foam ng parison in a bl ow nold, cool ing and
solidifying the blown parison to forma holl ow article, removing

the hollow arti grofehe®) { 38cBL@TNELI€b the abovblmbhBiohd hproewsaiticle
wi th preexpanded resin "beads
since blowing of the parison to the mold wall is effected by
thé_foaming pressure of the foaming material, the blowing
pressure is liable to be insufficient, failing to bring the
parison into close contact with the inner wall, especially of
the mold of complicated shape, and to uniformly inflate the
parison. .
JP-A~-59-145125 proposes a process for producing
expanded plastic with a. skin comprising delivering a heated
parison into a blow mold, closing the mold, blowing pressurized
air from a pipe having been inserted in the parison for blow
molding whiie-feeding preexpanded beads with air into the
parison, expanding the expanded beads by the heat of the
parison, withdrawing the pipe, and cooling the article.
However, since the above process utilizes the heat of
the parison for expanding of preexpanded beads, the heat is not.
suffiéiently'transmitted to the central portion of the expanded
plastic body, resulting in the failure of uniform expanding and
fusion, which leads to a reduction in expanded plastic quality.
SUMMARY OF THE INVENTION |
An.object of-the present invention is to provide a
process for producing.expanded plastic with a skin in which
preexpanded beads are uniformly expanded and fused and an
expanded body composed of those expanded beads is completely

fused to the skin while achieving improved productivity.

I ][]
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(herei nafter sometinmegyreferred to as expanded beads).~ bl owi ng heating
_steam froma steam i nf€ction pipe inserted anong the®#illed beads to heat
and further expand the expanded beads, and w thdrawi ng the pipe before
fusion of the expanded beads (see JP—B—62-19239 and JP-B-U-62-9073, the
term"JP-B-U'" as used herein neans an "exam ned published Japanese utility

nodel

Another object of the present invention is to provide
a simplified molding apparatus for efficiently carrying out the
process.

The present invention provides a process'fof producing
expanded plastic with a skin comprising blowing a parison being
held in a closed blow mold to obtain a hollow article, filling
the hollow article with thermoplastic preexpanded resin beads
before the hollow article is cooled to solidify, heating and
fusing said beads, and cooling the expanded plastic.

Where blow molding and ekpansion molding are conducted
in the same mold as in the process of the present invention,
complexity of the attachment device gives rise to a problem,
which tends to cause an increase in molding cycle especially in
the production of large-sized articles.

In order to solve this problem, the present invention
also provides a molding apparatus for prdducing expanded
plastic with a skin.which is composed of a split-cavity mold
for blow molding, af least one pipe which can be inserted into
the mold cavity and be withdrawn therefrom, and a feedér of
preexpanded resin beads which can be inserted into the mold
cavity and be withdrawn therefrom, said.pipe(s) being connected
to a blowing air source and a heating steam source via the

respective valve.
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application"). % Accordlng to the above-nentieaned process, there are

. several problens. A&’ the hollow article (skin) awd the expanded
plastic body are separately nolded, separate nolds are required and the

process is conplicated. Besides, the tine for cooling to solidify the

hol l ow article and that for heating and fusion of expanded beads and for

cooling the expanded plastic body . are | ndependent |y required,

resul ting in poor productivity. In addition, since the expanded beads

are nolded in a once;gnmﬁmmbﬁs¢ﬁ;pwfmml@feTHﬁungwIp@sthe expanded
plastics to the hollow article tends to be insufficlent.

Fig. 1 is a cross section of a molding apparatus whlch
can be used in the present invention along the parting line of
a split-cavity mold.

Figs. 2, 3, and 4 is each a cross section illustrating
the process of the present invention, carried out by using the
molding apparatus of Fig. 1.

Fig. 5 is a partial cross section of another molding
apparatus which can be used in the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The molding apparatus which can be used in the present
invention is explained below by referring to the attached
drawings.

In Figs. 1 through 5, 5 is a blow mold, and they each
illustiates a cross section of a molding apparatus alone the
parting line of blow mold 5 (one of splits with removing the
other split from blow mold composed of a pair of splits). 4 is
a parison extruder set above blow mold 5. Parison extruder 4
can heat and melt a desired resin and deliver parison 2 to blow
mold 5. ©Parison extruder 4 may be replaced with any other .
parison feeder, for example, an injection unit with which an
increased rate of parison delivery is obtained.

Below blow mold 5 are set pipes 8, 9 and feedexr 7 which
can be inserted into the cavity of blow mold 5 through guide
groove 8a, 9a, and 7a provided on the parting line. The Bottom

ends of pipes 8, 9 and feeder 7 are fixed to vertically movable
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I'n order to overconefﬂhese problems, it has been prgposed to inject a
_ reactive foam ng liqé™ (e.g., urethane) into a parison being held in a
¢l osed blow nold, to bl ow t he parison to the inner wall of the nold and
t hen cool and sOIidify the bl own parison with the nold closed while
allowwng the foaming liquid to react and solidify to obtain foamwth a
skin (see JP-B-58-10217 and JP- A-3-293113, the term"JP-A" as wused herein
means an "unexam ned published Japanese patent application").

mount 6 with feeder 7 being centered. Mount 6 is vertically
moved by elevatin§ mechanism 11 provided at leg 10 so that
pipes 8, 9 and feeder 7 may be inserted into the cavity of blow
mold 5 and be withdrawn therefrom. Elevafing mechanism 11
includes a rack-and-pinion, a servomotér, and a pneumatic 6r
hydraulic-cylinder elevator.

Pipes 8 and 9 are longer than feeder 7 so that, when
mount 6 moves forward, pipes 8 and 9 insert the cavity of blow
mold 5 to a certain depth and uniformly blow air while feeder
7 is on the same or approximately the same level of the inner
wall of blow mold 5 or slightly projects into the cavity of
blow mold 5.

While the apparaﬁus shown in Figs. 1 to 4 has two pipes
8 and 9, a single pipe will do, or more than two pipes may be
provided for the production of large-sized.molded articles..

Pipe 8 or 9 includes an open-ended pipe, and perforated
'pipe having a plurality of ports or slits 8", 9" on the side
wall thereof, and a perforated pipe with closed top 8’, 9°
having a plurality of ports or slits 8", 9" on the side wall
thereof. The diameter of the open tip and the ports or slits
on the side wall is smaller than that of expanded beads 3.
These pipes may be telescopic pipes which can adjust the
vertical position of the ports or slits on the side wall
thereof.

Both pipes 8 and 9 are connected to air éource 18

(through blowing air pipe 19 and reducing pressure valve 23),
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However, according te<the above-nentioned process, since blow ng of the
parison to the nold*wall is effected by the foam ng.ipressure of the
foam ng material, the blowwng pressure is |liable to be insufficient,
failing to bring the parison into close contact with the inner wall,

especi al ly of

heating steam source 20 and vacuum extractor 21, and drain pipe
25, via the respective valves 22, to perform combined functions
of blowing of air for blow molding, opening the inside of a
hollow article to the atmosphere or drawing the inside of a
hollow article before and/or during feeding of expanded beads
3, supplying of heating steam to expanded beads 3, evacuating
or drawing duringlthe supply of hea;ing steam (hereinafter
described), and drawing duiing cooling. Separate pipes may be
provided to perform the respective functions.

Feedexr 7 has inlet 12 for introducing expanded beads 3,
air injector 13, which is connected to air source 18, for
filling blow mold 5 with expanded beads 3.through inlet 12 by
pneumatic conveying and piston valve 14 for opening and ciosing
inlet 12 and air injector 13. 1Inlet 12 is led to hopper 15
through flexible pipe 16, and the hopper 15 is equipped with
pressurizing means 17 for effective feed of expanded beads 3.

24 at each upper corner of blow mold 5 is inserted pin.
having a smaller diameter than expanded beads 3.

Production of expanded plastic with a skin can be
carried out uéing the above-mentioned molding apparatus as
follows.

The thermoplastic résin is heated and melted in

- extruder 4 set above blow mold 5, for example, 180 to 220°C for
a polypropylene resin or 160 to 200°C for a polyethylene resin,
extruded parison 2, and delivered to open mold 5 set at 40 to

80°C (see Fig. 2).

This Sheet Has Been Replaced




‘the nold of conpl i cated shape, and to uniformy inf Late the parison.

JP- A 59-

"skin conprising delivering a heated parison into a blow nold,

145125 proposé$ a process for producing exp&ntled plastic with a

mol d, bl owi ng pressurized air froma pipe having been inserted in the

parison

parison,
wi t hdrawi ng t he pi pe,

for blow nolding while feeding preexpanded beads with air into the

expandi ng t he expanded beads by the heat of the parison,

above process utpbEdes blRealktakr ehe LA iRIN N iV HARENY 5>f mount -
pr eexpanded beads, the heat is not

6 is elevated to insert feeder 7 and pipes 8, 9 into parison 2
At the time when the parison delivery completes, mold 5 is
closed to hold parison 2. Then, valves 22 of blowing air pipes
19, 19 are opened to blow air having a pressure of from 2 to
7 kg/cm’G (gauge pressure) from air source 18 through reducing
pressure valve 23 to pipes 8 and 9 into parison 2 for 10 to
20 seconds, whereby parison 2 is blown to form hollow article
2a.

Valves 22 of air pipes 19, 19 are then closed. Piston
valve 14 is opened while hollow article 2a is allowed to cool,
and air from air source 18 is fed to air injector 13 whereby
expanded beads 3 from inlet 12 are fed to hollow article 2a
(see Fig. 3).

Piston valve 14 is then closed. Valves 22 of heating
steam sources 20, 20 are opened to blow heating steam having a
pressure of from 0.1 to 1.2 kg/cm?’G, preferably from 0.8 to’
1.0 kxg/cm?G, i.e., having a temperature of from 115 to 120°C
among filleq expanded beads 3 for 2 to 20 seconds using pipes
8 and 9. As a result, preexpanded beads 3 are further éexpanded
and fuse together to form an expanded plastic body with a skin
on. The expanded plastic with a skin is then cooled.

Finally, mount 6 is lowered to withdraw feeder 7 and
pipes 8, 9, and blow mold 5 is opened to remove expanded

plastics 1 with a skin from the mold (see Fig. 4).
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'suff|C|entIy transn1tL%d to the central portion of the expanded plastic
body, resulting in thgé¥failure of uniformexpanding &8 fusion, which
“leads to a reduction in expanded plastic quality.

SUMVARY OF THE | NVENTI ON An object of the present inventionis to
provide a process for producing expanded plastic with a skin in which

pr eexpanded beads are uniformy expanded and fused and an expanded body
conposed of those expanded beads is conpletely fused to the skin while

achi eving i”PrOVﬁipﬁhﬁﬁuptbihbiic 1 with a skin thus obtained is
composed of hollow article 2a comprising a“polyolefin resin
(e.g., polyethylene or polypropylene), a polystyrene resin, a
polyvinyl chloride resin, an ABS resin, etc. and an expanded
body comprising expanded and fused resin beads 3 having a
diameter of from 1 to 3 mm, such as polystyrene beads or
polyolefin beads (e.g., polyethylene or polypropylene).
Preferably, the kind of the skin and the expanded beads is the
same because of enhancing the fusing the skin and the expanded
plastic to improve the strength of the expanded plastics with
a skin.

In the case of using preexpanded polyolefin beads, it
is recommended to compensate for shortage of foamability of the
polyolefin beads by aging preexpanded resin beads in a pressure
tank while applying air of a given pressure, e.g., 1 to
20 kg/cm?G, preferably 5 to 10 kg/cm?G, for a given period of
time, e.g., 30 minutes to 60 hours, preferably 3 to 12 hours
before feeding them to the blow ﬁold, to increase the inner

. pressure of the preexpanded resin beads.

According to above process, since the expanded beads
are filled in a closed hollow article with no escape of the air
used for'pneumatié conveying, filling tends to be insufficient.
In order to eﬂsure sufficient filling of the beads into the
hollow article, it is preferable to open the inside of hollow
article 2a to the atmosphere before and during feed of expanded

beads 3 into hollow article 2a by (i) opening valves 22 of
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Anot her obj ect of thezp,gesent invention is to provide~a sinplified nolding
apparatus f or effici&ily carrying out the process. % The present
invention provides a process for producing expanded plastic with a skin
conprising blow ng a parison being '

drain pipes 25 and/or (ii) making holes in hollow article 2a
with pins 24, 24. It is also preferable to draw the inside of
hollow article 2a before and during feed of expanded beads 3
- into hollow article 2a by (iii) opening valves 22 of vacuum
extractors 21 and/or (iv) connecting pins 24  to draﬁing
extractors and inserting pins 24 inside hollow article 2a. The
degree of drawing preferably ranges from 300 to 760 mmHg,
particularly from 600 to 760 mmHg.

To furthef improve f£illing efficiency, it is effective
‘to apply pressure of from 0.5 to 3 kg/cm%hhpreferably from 0.8
to 1.2 kg/cm?’G, to hopper 15 by means of pressurizing means 17.

Where hollow article 2a is filled with expanded beads -
3 while drawihg the inside of the hollow article 2a, filling
may be effected by suction of the reduced pressure without
applying fluid pressure, such as air pressure, to the expanded
beads.

Where the inside of the hollow article 2a is drawn,
hollow article 2a is sometimes slightly dented inside depending
on the degree of cooling or the size or shape of the hollow
article. This being the case, it is recommended to draw hollow
article 2a toﬁard the mold wall by (i) drawing through
evacuation ports usually provided on the mold wall (not shown
in Figs.) or (ii) using double-structured pin connected to
vacuum extractor 24a as shown in Fig. 5 which comprises inner
pin 24’ and outer pin 24", innex pin 24’ being inserted inside

the hollow article to draw the inside of the hollow article
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“held in a closed bl ow~ol d to obtain a hoIIOM/artche\ filling the hol | ow
) article with thernnp#&Stlc preexpanded resin beads ‘Béfore the hol | ow
article is cooled to solidify, heating and fusing said beads, and cooling
t he expanded pl asti c. Wher e bl ow nol di ng and expansion nol di ng are
conducted in the same nold as in the process of the present invention,
conplexity of the attachnment device gives rise to a problemy which tends
-to cause an increase in nmolding cycle especially in the production of
| arge- siafihar hdl €%ip .0f outdd Pider 2u0 SPbig! PSS DEDSNEIN d¥1e theesent
invention also provides a nolding apparatus for producing expanded .
interface between hollow article 2a and blow mold 5 to draw the
interface. The double-structured pin may be provided at not
only the upper corners of blow mold 5 but other appropriate
positions, preferably at the position facing to the filling
direction of feederxr 7.
For the purpose of enhancing fusion of expanded beads,
a compression f£illing method in which compressed expanded beads
are fed to a previously pressurized hollow article may be
adopted. The compression f£filling method is particularly
effective for polyolefin eXpanded beads.

Compression filling can be carried out by, for example,
supplying air from air pipe 19 to hollow article 2a to a given
inner pressure while adjusting the inner pressure by switching
valve 22 connected to drain pipe 25. The inner pressure of
hopper 15 is set slightly higher than that of hollow article
2a, for example, at 0.1 to 3 kg/cm®G, preferably 0.1 to
1 kg/cm’G, by means of pressurizing means 17 so as to make a
pressure difference therebetween.

For the purpose of further enhancing heat fusion of
expanded beads, it is effective to feed heating steam fxrom one
of pipes 8 and 9 while opening the other pipe to the atmosphere
or drawing thereby to obtain a smooth flow of heating steam

through expanded beads. Further, while depending on the shape

of the expanded plastic with a skin, pipes 8 and 9 may be
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plastic with a skin whxch i's conposed of a split-caviky nold for blow

nol ding, at |east onépi pe which can be inserted inta:#the nold cavity and
be withdrawn therefrom and a feeder of preexpanded resin beads which can
be inserted into the nold cavity and be w thdrawn therefrom said pipe(s)
bei ng connected to a blowing air source and a heating steam source via the

respective val ve.

interchangeably connected to vacuum extractor 21 and heating
steam source 20 at a given time interval.

Where a conventional mold cooling system is used in the
molding process of the present invention, steam condensate
tends to remain inside the expanded plastic body because the
heating stream is confined in the hollow article giving no
escape to the condensate, only to produce a molded article
having poor strength. To avoid this, it is preferable to
remove steam condensate and heat by drawing through pipes 8 and
9 by means of vacuum extractors 21, 21 and/or through pines 24
proﬁided at the corners. This cooling process is in place of
or in addition to the conventional cooling system. 1In this
case, pipes of drawing may be provided at appropriate
positions. The degree of drawing ranges generally from 200 to
760 mmHg, preferably from 600 fo 760 mmHg.

In the molding process according to the present
invention, the abbve-deséribed.embodiments of filling, heating,
and cooling steps may be combined appropriately. In a
particularly preferred combination, expanded beads 3 are fed to
hollow article 2a open to the atmosphere while applying
pressure to expanded beads by means of pressurizing means 17;
heating is then carried out by feeding heating steam from one
of two'pipes 8 and '9 while drawing through the other pipe to
thereby obtain a émooth flow of steam throughout expanded beads
3 with exchanging the pipe for heating and that for vacuum

drawing; and blow mold 5 is cooled externally while drawing
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- BRI EF DESCRI PTI ON OF FHE DRAW NGS Fig. 1 is.a cross section of a
mal di ng appar at us whi-g can be used in the present i#vention al ong the

" parting line of a split-cavity nold. Figs. 2, 3, and 4 is each a
cross section illustrating the process of the present invention, carried
out by using the nolding apparatus of Fig. 1. Fig. 5is a partia

cross section of another nolding

through pipes 8 and 9 by means of vacuum extractors 21 to
remove condensate and the heat.

While the invention has been described with respect to
an particular embodiment in which two pipes are inserted into
a hollow article, each of which is connected to a blowing air
source, a heating steam source, and a vacuum extractor via the
respective valves, it is possible that one of the pipes is
connected only to a'blowing air source and a heating steam
source with the other connected only to a blowing air source
and a vacuum extractor. It is also possible that three pipes
are employed, which are individually connected to a'blowing air
source, a heating steam source, or a vacuum extractor. Erom
the standpoint of simplification of the whole equipment and the
operation, reduction 6f initial cost of equipment, reduction of
product cost, and possibility of mass production, it is
preferable that at least one pipe is connected to both of a
blowing air source and a heating steam source. It is more
preferable that one pipe is connected to all of a blowing air

- source, a heating steam source, and a vacuum extractor via the
respective valves.

According to the molding process of the present
invention, expanded plastics with a skin can be obtained
through one molding step in a single mold serving for blow
molding and for in-mold-foaming  thereby achieving
simplification of a molding apparatus and reducing an initial

cost, leading to a reduction in production cost.
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'appa[atus whi ch can &? used in the present invention~, DETAI LED

- DESCRI PTI ON OF THE | NTI ON The nol di ng appir at us whi ch can be’
used in the present invention is explained below by referring to the
attached draw ngs. In Figs. 1 through 5, 5is a blow nmold, and
they each illustrates a cross section of a nolding apparatus al one the

parting line of blow nold 5 (one of splits with renoving the other split
from bl ow nol d conposed of a pair of splits). 4 is a parison extruder set

above bl ow nol dA%c&ﬁlrfgnnt@Xﬁadeﬁbéalﬁaath%t wHIEH® tcBod8dl hed16Rsi N
and deliver parison 2 to bl ow
article is filled with expanded beads while being opened to the
. atmosphere or drawn, a high £filling density can be attained
while greatly shortening the whole molding cycle. Where the
expanded beads are fed under pressure, the filling density can
further be increased.

According to the embodiment in which heating is
conducted by supplying heating steam from one pipe while
evacuating from another pipe, the heating steam is made to flow
smoothly through the expanded beads to cause the expanded beads
to foam uniformly and to sufficiently fuse together. In
addition, the molding cycle can be shortened.

According to the embodiment in which the expanded body
is cooled while drawing the inside of the expanded plastic
body, the residual steam condensate can be removed and cooling
can be accelerated thereby to improve the quality of the
product.

Where the molding apparatus of the present invention is
used to carry out the process of the present invention, since
expansion molding of preexpanded beads can be performed in the
same mold as used for blow molding without removing a hollow
article, the molding cycle is remarkably shortened. Further,
steps of blowing, filling, heating, and cooling can bé
performed with a pipe or pipes interchangeably connected to a
blowing aif source and a heating steam source and, if desired,

to a vacuum extractor via the respective valves. Therefore,

- 14 -
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mold 5. Parison extruader 4 nmay be replaced with any ether parison feeder,
. fdr exanple, an |nJeCT1on unit with which an increased rate of parison
delivery is obtained. Bel ow bl ow nold 5 are set pipes 8, 9 and
feeder 7 which can be inserted into the cavity of blow nold 5 through .
gui de groove 8a, 9a, and 7a provided on the parting line. The bottom ends
of pipes 8 9 and feeder 7 are fixed to vertically novable

drawing or evacuation for efficient filling of a hollow article
with preexpanded beads can be carried out without adversély
affecting the hollow article while being cooled. As a result,
~the whole equipment and the operation are simplified, the
initial cost of equipment can be reduced, which leads to a
reduction in product cost and favors mass production.

While the invention has been described in detail and
with reference to specific examples thereof, it will be
apparent to one skilled in the art that wvarious changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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nount 6 with feeder 7 ing centered. Mount 6 is vertieally noved by

el evat i ng mechani sm 1% ﬁirow ded at leg 10 so that pipes 8, 9 and feeder 7
may be inserted into the cavity of blow nold 5 and be wi-thdrawn T her ef r om
El evating mechani sm 11 includes a rack-and-pinion, a servonoto “
pneumatic or hydraulic cylinder elevator. Pi pes m‘ g\! N\m

| onger than feeder 7 so that, when nount 6 noves forward (ands 9*
i nsert the cavity of bl ow

WHAT IS CLAIMED IS:

1. A process for producing expanded plastic with é.
skin comprising blowing a parison being held in a closed blow
mold to obtain a hollow article, filling the hollow article
with thermoplastic preexpanded resin beads before the hollow
article is cooled to solidify, heating and fusing said beads,
and cooling the expanded plastic.

2. A process as claimed in Claim 1, wherein said
filling is conducted with the inside of the hollow article open
to -the atmosphere.

3. A process as claimed in Claim 2, wherein said
filling is conducted with pressurized air.

4, A process as claimed in Claim 1, wherein said
filling is conducted while.drawing the inside of the hollow
article.

5. A process as claimed in Claim 4, wherein said
£illing is conducted with pressurized air.

6. A process as claimed in Claim 1, wherein said
filling is conducted with the preexpanded resin beads being
compressed and with pressure'being appliéd inside said hollow
article.

7. A process as claimed in Claim 1, wherein said
heating is conducted by supplying heating steam from one of at
least two pipes inserted into said hollow article while

evacuating said hollow article through the other pipe.

e ——
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‘'mold 5 to a certain depth and uniformy blow air while feeder 7 is on the
_sanme ‘or approxi matel §ifhe sane | evel of the inner wal'T of blow mold 5

slightly projects into the cavity of blow nold 5.
apparatus shown in Figs. 1 to 4 has two pipes 8 and 9, Uﬂlﬂ“ﬁﬂ“g Hmﬁ“‘“ll
do, or nore than two pipes may be provided for the pro

| ar ge-si zed nol ded articles. Pipe 8 or 9 includes an open- ended

pi pe, and perforated pipe having a plurality of ports or slits 8", 9" on
the side wall tgereof, gi"BQe@speésf Oéﬁéﬁﬂea' P& Welhifl q_SEdthEeEn, s%:l.d

havi ng a pIurallty of ports or slits 8", 9" on the si de’ wal
cooling is conducted while draw1ng the inside of sald hollow
article.

9. A process as claimed in Claim 8, wherein said
heating is conducted by supplying heating steam from one of ét
least two pipes inserted into said hollow article while
evacuating said hollow article through the othex pipe.

10. A process as claimed in Claim 2, wherein said
heating is conducted by supplying heating steam from one of at
least two pipes inserted into said hollow article while
evacuating said hollow article through the other pipe.

11. A process as claimed in Claim 2, wherein said
cooling is conducted while drawing the inside of said hollow
article.

12. A process as claimed in Claim 2, wherein said
heating is conducted by supplying heating steam from one of at
least two pipes inserted into said hollow articlel while
evacuating said hollow article through the other pipe, and said
cooling is eonducted while drawing the inside of said hollow
article.

13. A process as claimed in Claim 4, wherein said
heating is conducted by supplying heating steam from one of at
least two ﬁipes inserted into said hollow article while
evacuating said hollow article through the other pipe.

14. A process as claimed in Claim 4, wherein said

cooling is conducted while drawing the inside of said hollow article.

- 17 - This Sheet Has Been Repl
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-thereof The di anet er~of the open t|p and the ports or slits on the side
wall is smaller than&hat of expanded beads 3. These™pi pes nay be

' t el escopi ¢ pi pes which can adjust the vertlcal_p05|t|on ﬂ' Hm “'

sl,its on the side wall thereof.: Bot h pi pes 8 an& " u"ﬂ“ ﬂlwuﬂ
to air source 18 (through blow ng air pipe 19 and reducirng pressufe Yval*ve
23),

15. A process as claimed in Claim 4, wherein said
heating is conducted by supplying heating steam from one of At
least two pipes inserted into said hollow article while
evacuating said hollow article through the other pipe, and said
cooling is conducted while drawing the inside of said hollow
article. |

16. A process as claimed in Claim 6, wherein said
heating is conducted by supplying heating steam from one of at
least two pipes inserted into said hollow article while
evacuating said hollow article through the other pipe.

17. A process as claimed in Claim 6, wherein said
cooling is conducted while drawing the inside of said hollow
'article. |

18. A process as claimed in Claim 6, wherein said
heating is conducted by supplying heating steam from one of at
least two pipes inserted into said hollow article while
evacuating said hollow article through the other pipe, and said
cooling is conducted while drawing the inside of said hollow
article.

19. A process as claimed in anyone claim of Ciaims 1
to 18, which is conducted by using a molding apparatus
comprising a split-cavity mold for blow molding, at least one
pipe which can be inserted into the mold cavity and be
withdrawn therefrom, and a feeder of preexpanded resin beads

which can be inserted into the mold cavity and be withdrawn

is Sheet Has Been Rerlaced

i




~heating steam source 2Q and vacuum extractor 21, and Mdrainpipe 25, via

~the respect ive val ve&#22, to per form conbi ned funct iafs of blowing of air
for bl ow ol ding, opening the inside of a hollowarticle t

or drawing the inside of a hollow article before and/or Jﬂmuﬁ mflmﬁmla n,
expanded beads 3, supplying of heating steamto expanded beads 3t

evacuating or drawi ng during the supply of heating steam (hereinafter
descri bed), and drawi ng during cooling. Separate pipes may be :

therefrom, said pipe(s) being connected to a blowing air source
and a heating steam source via the respective valve.

20. A molding apparatus for producing expanded plastic
with a skin, comprising a split-cavity mold for blow molding,
at least one pipe which can be inserted into the mold cavilty
and be withdrawn therefrom, and a feeder of preexpanded resin
beads which can be inserted into the mold cavity and be
withdrawn therefrom, said pipe(s) being connected to a blowing
air source and a heating steam source via_the respective valve.

21. A molding apparatﬁs as claimed in Claim 20 r
wherein said pipe(s) is/are connected to a vacuum extractor via

a valve.

This Sheet Has Been Re
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'prOV|ded to perforn1yhg respective functions. z>, Feeder 7 has inlet
12 for introduci ng expianded beads 3, air injector 13 which is connected

to air source 18, for filling blow nold 5 with expanded beads 3 through
inlet 12 by pneumatic conveying and piston valve 14 for opening and
cI05|ng inlet 12 and air injector 13. Inlet 12 is led to hopper 15

t hrough flexible pipe 16, and the hopper 15 is equi pped with pressurizing
nmeans 17 for effective feed of expanded beads 3. 24 at each upper
corner of blow nmold 5 is i{iSidger P THeVbIScroSHRE | er di aneter than
expanded beads 3. T Productron of expanded plastic with a skin can
be A process for producing expanded plastic with a skin

and a molding apparatus therefor are disclosed, the process
comprising blowing a parison being held in a closed blow mold
to obtain. a hollow article; filling the hollow article with
thermoplastic preexpanded resin beads before the hollow article
is cooled to solidify, heating and fusing said beads, and
cooling the expanded plastic. A hollow article and an expanded
body are completely fused together, and improved productivity

is obtained.

Thls Sheet Has Been Reﬁla
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carried out using thEIﬂbOVE menti oned nol di ng apparatuas as fol | ows.

.The thernopl astic resf® is heated and nelted in ext Exdler 4 set above bl ow
mold 5, for exanple, 180 to 220[err]C for a polypropyl ene resin or 160 to
200[err] C for a polyethylene resin, _extruded parison 2, and delivered to

open nold 5 set at 40 to 80[err]C (Ei@.Flg. 2).

. 2
N ’ ( 7
24— (A 7 24
. - ,’\,- } é
B S

18\<<J>> f
x 25 | ¢
23— v N ‘ ) 2o
L_-‘ C\/
23| || |2
é\i 122 | 22| 22 -
— oL
19 22 \X 22 19
20 20

2 Ky This Shect 1

m m 71““’



Beforg or after the p{a-s‘l son delivery to nmold 5, nount,- 6 is elevated to
insert feeder 7 and pipes 8, 9 into parison 2. At t Ke%ti me when the
parison delivery conpletes, nold 5is closed to hold parison 2. Then,

vaJ ves 22 of blowi ng-air pi pes 19, 19 are opened to blow air having a
pressure of from2 to 7 kg/cnRG (gauge pressure) fromair source 18

t hrough reducing pressure val ve 23_H;p£pes 8 and 9 into parison 2 for 10
to 20 seconds, whereby parison 2 is blown to formhollow article .
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2a. Val ves Zz\of air pipes 19, 19 are then closed. Piston valve
14 s opened while héi€'ow article 2a is allowed to cdoy, and air fromair
seurce 18 is fed to air injector 13 whereby expanded beads 3 frominlet 12
are fed to hollow article 2a (see Fig. 3). Piston valve 14 is
then cl osed. Valves 22 of heating séeam zources 20, 20 are opened to bl ow
heating steam having a pressure of .1 to 1.2 kg/cnferr]G preferably
from0.8 to 1.0 kg/cnRG i.e., having a tenperature of from 115 to
120[err]C anong filled expanded beads 3 for 2 to 20 seconds usi ng pipes

27 -
o —122-X Y22\ e
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8 and 9. As a result Yy eexpanded beads 3 are further»-expanded and fuse
. tdgether to form an ex.-panded pl astic body with a skirmiz'on. The expanded
plkastic with a skin is then cool ed. Finally, mount 6 is lowered to
wi-f hdraw feeder 7 and pipes 8, 9, and blow nold 5 is opened to renove
expanded plastics 1 with a skin frogaibﬂe‘lrml d (see Fig. 4).

24
1
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Expanded plastic 1 w a skin thus obtained is conpesed of hollow article
- 24 conprising a ponOlhf in resin (e.g., polyethyleﬂe or pol ypropyl ene), a
pel ystyrene resin, a polyvinyl chloride resin, an ABS resin, etc. and an
expanded body conprising expanded and fused resin beads 3 having a
dianeter of from1l to 3 mm such as pol ystyrene beads or polyol efin beads
(e.g., polyethylene or polypropylene). Preferably, the kind of the skin
and the expanded beads is the same because of enhancing the fusing the
skin and the expanded

Fig. 5
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plastic to inprove the strength of the expanded plastics with a skin.

“In the case of using preexpanded polyolefin bTadsghpm
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PROCESS FOR PRODUCING EXPANDED PLASTICS

REPLACEMENT SHEET . WITH SKIN AND MOLDING APPARATUS THEREFOR

3 0 SEP 1996

FIELD OF THE INVENTION

This invention relates to a process for producing

. expanded plastics with a skin and an apparatus for carrying out

the process.
BACKGROUND OF THE INVENTIQN

As is well known, expanded plastics are widely used as
heat insulating materials, sound absorbing materials, floats,
etc. Among known molding processes for obtaining expanded
plastics is a foaming-in-mold method, in which preexpanded
resin beads are put in a foaming mold, and heating steam is
blown into the mold to heat and fuse the resin beads (see, for
example, JP-B-3~56905, the i:erm "JP-B" as used herein means an
"examined published Japanese patent appliéation") .

Thermoplastic resin expanded plastics with a skin
obtained by, for example, filling preexpanded resin beads in a
hollow non-foam molded article and expanding the beads is known
(see, for example, JP-B-42-10752). Appearance of expanded
plastic with a skin has enlarged the uses of expanded plastics.

The expanded plastics with a skin has conventionally
been produced by blowing a non-foaming parison in a blow mold,
cooling and solidifying the blown parison to foim a hollow
article, removing fhe hollow article from the blow mold,

filling the hollow article with preexpanded resin beads




e

are filled in a closed hollow article with no escape of th.e._al—#‘ used for

spneumati c conveying, filling tends to be insu Rﬁﬂ@vgk KEr to ensure
-sufficient filling of the beads into the holl ﬂ“ﬁ' ~t—1 s} pr ef er abl e
to open the inside of hollow article 2a to the atnnsphere befofe and
during feed of expanded beads 3 into hdllow 4drtli cp@ F=P AP i bpeni ng

val ves 22 of

(hereinafter sometimes referred to as expanded beads); blowing
heating steam from a steam injection pipe inserted among the
filled beads to heat and further expand the expanded beads, and
withdrawing the pipe before fusion of the expanded beads (see
JP-B-62-19239 and JP-B-U-62-9073, the term "JP-B-U" as used
herein means an “examined published Japanese utility model
application").

According to the above-mentioned process, there are
several problems. As the hollow article (skin) and the
expanded plastic body are separately molded, separate molds are
required and the process is complicated. Besides, the time for
cooling to solidify the hollow article and that for heating and
fusion of expanded beads and for cooling the expanded plastic
body are independently required, resultiné in poor
productivity. In addition, since the expanded beads are molded
in a once cooled hollow article, fusion of the expanded
plastics to the hollow article tends to be insufficient.

In order to overcome these problems, it has been
proposed to inject a reactive foaming liquid (e.g., urethane)
into a parison being held in a closed blow mold, to blow the
parison to the inner wall of the mold and then cool and
solidify the blown parison with the mold closed while allowing
the foaming liquid to reacﬁ and solidify to obtain foam with a
skin (see JP-B-58-10217 and JP-A-3-293113, the term "JP-A" as
used herein means an "unexamined published Japanese patent

application"”).



drain pipes 25 and/or (ii) making holes in hollow article 2a wth pins 24,

24. 1t is
and during

al so preferable to draw the inside of hollow article 2a before

feed of expanded beads 3 into holl I ; Tii)
openi ng val ves 22 of vacuum extractors 21 an m ) -mﬁimirg pins 24
extractors and inserting pisns 24 insf de holl ow artli ¢l e 2a. The

to draw ng
degree of
from 600 t
effective

drawi ng preferably ranges from 300 tio {763 O8E8,199%arnt ijcul arly
o 760 mrHg. To further inprove filling effilcijency, it

However, according to the above~-mentioned process,
since blowing of the parison to the mold wall is effected by
the foaming pressure of the foaming material, the blowing
pressure is liable to be insufficient, failing to bring the
parison into close contact with the inner wall, especially of
the mold of complicated shape, and to uniformly inflate the
parison. |

JP-A-59-145125 proposes a process for producing
expanded plastic with a skin comprising delivering a heated
parison into a blow mold, closing the mold, blowing pressurized
air from a pipe having been inserted in the parison for blow
molding while feeding preexpanded beads with air into the
parison, expanding the expanded beads by the ‘heat of the
parison, withdrawing the pipe, and cooling the article.

However, since the above process utilizes the heat of
the parison for expanding of preexpanded beads, the heat is not
sufficiently transmitted to the central portion of the expanded
plastic body, resulting in the failure of uniform expanding and
fusion, which leads to a reduction in expanded plastic quality.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
process for producing expanded plastic with a skin in which
preexpanded beads are uniformly expanded and fused and an
expanded body composed of those expanded beads is completely

fused to the skin while achieving improved productivity.

i's



fo apply pressure of from0.5 to 3 kg/cnferr]G preferably fromO.8

kg/ cn2G to hopper 15 by neans of pressurizing neans 17.

hol low article 2a is filled with expanded beads__3 while-drawrg the inside
of the hollow article 2a, filling may be effé-ghpgg@m\@mt SHEE®D{ the
reduced pressure w thout applying quid‘pres~ ne~-steh—as—alt pressure, to

Wher e

cle 2a is

'
fens

Another object of the present invention is to provide
a simplified molding apparatus for efficiently carrying out the
process.

The present invention provides a process for producing
expanded plastic with a skin comprising blowing a parison being
held in a closed blow mold to obtain a hollow article, filling
the hollow article with thermoplastic preexpanded resin beads
before the hollow article is cooled to solidify, heating and
fusing said beads, and cooling the expanded plastic.

Where blow molding and expansion molding are conducted

- in the same mold as in the process of the present invention,
comglexity of the attachment device gives rise to a problen,
which tends to cause an increase in molding cycle especially in
the production of large-~sized articles.

In order to solve this problem, the present invention
also provides a molding apparatus for producing expanded
plastic with a skin which is composed of a split-cavity mold
for blow molding, at least one pipe which can be inserted into
the mold cavity and be withdrawn therefrom, and a feeder of
preexpanded resin beads which can be inserted into the mold
cavity and be withdrawn therefrom, said pipe(s) being connected
to a blowing air source and a heating steam source via the

respective valve.

to 1.2

t he expanded beads. Where the inside jof apt

, hollow article 2a is sonetinmes slightlyy deﬁﬁ%ggéﬂgﬂ% d¢pendi ng - on
t he degree of cooling or the size or shape of {the hollow artiiclie. This
being the case, it is recommended to draw hol |jow
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“artjcle 2a toward the nold wal l by (i) drawi ng through evacuation ports
: usual Iy provided on the nmold wall (not shown in _Figs.) or (ii)}-4sing

- doubl e-structured pin connected to vacuun1extr (3&@5 in Fig. 5
whi ch conprises inner pin 24" and outerspi n 241% RNAHN p,qﬁsﬁ l:ei ng
inserted inside the hollow article to diaw the in5|de of thg I{l ow
article SEP 199

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross section of a molding apparatus which
can be used in the present invention along the parting line of
a split-cavity mold.
Figs. 2, 3, and 4 is each a cross section illustrating

the process of the present invention, carried out by using the
\

molding apparatus of Fig. 1.

Fig. 5 is a partial cross section of another molding
apparatus which can be used in the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The molding apparatus which can be used in the present
_invention is explained below by referring to the attached
drawings.

In Figs. 1 through 5, 5 is a blow mold, and they each
illustrates a cross section of a molding apparatus alone the
parting' line of blow mold 5 (one of splits with removing the
other split from blow mold composed of a pair of splits). 4 is
a parison extruder set above blow mold 5. Parison extruder 4
can heat and melt a desired resin and deliver parison 2 to blow
mold 5. ©Parison extruder 4 may be replaced with any other
parison feeder, for examplé, an injection unit with which an
increased rate of parison delivery is obtained.

Below blow mold 5 are set pipes 8, 9 and feedexr 7 which
can be inserted into the cavity of blow mold 5 through guide
groove 8a, 9a, and 7a provided on the parting line. The bottom

ends of pipes 8, 9 and feeder 7 are fixed to vertically movable



while the tip of outer pin 24" being positioned at the

‘hol low article 2a and blow nold 5 to draw the interface. The

interface between

doubl e-structured pin may be provided at not Only&ﬁﬁiiﬁﬁir € OF

blow nold 5 but other appropriate positigons, pref

SF-RQL.S f
LA O

gﬁéﬁﬁgytion

facing to the filling direction of feeder 7. For Tt He putpgse of
enhanci ng fusion of expanded beads, a conpression f} gqggﬁ |r whi ch
conpressed expanded beads are fed to a previously pressurF il pw

article my be

mount 6 with feeder 7 being centered. Mount 6 is vertically
moved by elevating mechanism 11 provided at leg 10 so that
pipes 8, 9 and feeder 7 may be inserted into the cavity of blow
mold 5 and be withdrawn therefrom. Elevating mechanism 11
includes a rack-and-pinion, a servomotor, and a pneumatic or
hydraulic cylinder elevator.

Pipes 8 and 9 are longer than feeder 7 so that, when
mount 6 moves forward, pipes 8 and 9 insert the cavity of blow
mold 5 to a certain depth and uniformly blow air while feeder
7 is on the same or apprbximately the same level of the inner
wall of blow mold 5 or slightly projects into the cavity of
blow mold 5.

While the apparatus shown in Figs. 1 to 4 has two pipes
8 and 9, a single pipe will do, or more than two pipes may be
provided for the production of large~sized molded articles.

Pipe 8 or 9 includes an open-ended pipe, and perforated
pipe having a plurality of ports or slits 8", 9" on the side
wall thereof, and a perforated pipe with closed top 8‘, 9°
having a plurality of ports or slits 8", 9" on the side wall
thereof. The diameter of the open tip and the ports or slits
on the side wall is smaller than that of expanded beads 3.
These pipes may be telescopic pipes which can adjust the
vertical position of the ports or slits on the side wall
thereof.

Both pipes 8 and 9 are connected to air source 18

(through blowing air pipe 19 and reducing pressure valve 23),



édopted. The conpression filling nmethod is
;pol yol efi n expanded beads. Conpr ess REPUAGEMEM[ cSzﬁ}:fﬂE
by, for exanple, supplying air fromair pipe go—to-frortow gr

given inner pressure while adjusting thg in
val ve 22 connected to drain pipe 25. The in
set slightly higher than that of hollow arti
to 3 kg/cnm2G preferably 0.1 to 1 kg/cnRG

~-ef-hective for
carried out
tflicle 2a to a

o B EER fob S“oLSQi”?s s

| for T)' e,

at 0.1

y neans of pressurizing nmeans

17 so as to nmake a pressure difference therebetweem For

pur pose of further enhancing heat fusion of

t he

heating steam source 20 and vacuum extractor 21, and drain pipe
25, via the respective valves 22, to perform combined functions
of blowing of air for blow molding, opening the inside of a
hollow article to the atmosphere or drawing the inside of a
hollow article before and/or during feeding of expanded beads
3, supplying of heating steam to expanded beads 3, evacuating
or drawing during the supply of heating steam (hereinafter
described), and drawing during cooling. Separate pipes may be
provided to perform the respective functions.

Feedex 7 has inlet 12 for introducing expanded beads 3,
air injector 13, which is connected to air source 18, for
filling blow mold 5 with expanded beads 3 through inlet 12 by
pneumatic conveying and piston valve 14 for opening and closing
inlet 12 and air injector 13. 1Inlet 12 is led to hopper 15
through flexible pipe 16, and the hopper 15 is equipped with
pressurizing means 17 for effective feed of expanded beads 3.

24 at each upper corner of blow mold 5 is inserted pin
having a smaller diameter than expanded beads 3.

Production of expanded plastic ‘with a skin can be
carried out using the above-mentioned molding apparatus as
follows.

The thermoplastic resin is heated and melted in
extruder 4 set above blow mold 5, for example, 180 to 220°C for
a polypropylene resin or 160 to 200°C for a polyethyléne resin,
extruded parison 2, and delivered to open mold 5 set at 40 to

80°C (see Fig. 2).



'expanded_beads, it is effective to feed heating steamfromone of pipes 8
¢ aBd 9 while opening the other pipe to the atnps “wgmmdLaM%pg thereby to
-.obtain a snooth flow of heating steam throug _ HINDSHEET | Fur t her
whi | e dependi ng on the shape of the expanded "5§E?E%§Iﬁi aisKin, pipes 8
8

and 9 may be
30 SEP 1995

Before or after the parison delivery to mold 5, mount
6 is elevated to insert feeder 7 and pipes 8, 9 into parison 2.
At the time when the parison delivery completes, mold 5 is
closed to hold parison 2. Then, valves 22 of blowing air pipes
19, 19 are opened to blow air having a pressure of from 2 to
7 kg/cm?G (gauge pressure) from air source 18 through reducing
pressure valve 23 to pipes 8 and 9 into parison 2 for 10 to
20 seconds, whereby parison 2 is blown to form hollow article
2a.

Valves 22 of air pipes 19, 19 are then closed. Piston
valve 14 is opened while hollow article 2a is allowed to cool,
and air from air source 18 is fed to air injector 13 whereby
expanded beads 3 from inlet 12 are fed to hollow article 2a
(see Fig. 3).

Piston valve 14 is then closed. Valves 22 of heating
steam sources 20, 20 are opened to blow heating steam having a
pressure of from 0.1 to 1.2 kg/cm’G, preferably from 0.8 to
1.0 kg/cm?G, i.e., having a temperature of from 115 to 120°C
amﬁng filled expanded beads 3 for 2 to 20 seconds using pipes
8 and 9. As a result, preexpanded beads 3 are further expanded
and fuse together to form an expanded plastic body with a skin
on. The expanded plastic with a skin is then cooled.

 Finally, mount 6 is lowered to withdraw feeder 7 and
pipes 8, 9, and blow mold 5 is opened to remove expanded

plastics 1 with a skin from the mold (see Fig. 4).



s
interchangeably connected to vacuum extractor 21 and heating steam source

:20 at a given tine interval. Where a conventional nold cooling
systemis used in the nolding process of the - TSt eam
condensate tends to remain inside the expandedgﬁP i%mﬁ§ﬂ§ ] g;use t he
heating streamis confined in the holloWwarticlle giving no esdade to the
condensate, only to produce a nolded article hav)ngpgeP 1996ergtih. To
avoid this, it is preferable to renove steam cpnfensate and helat] by
drawi ng through pipes 8 and 9 by neans of vacupntextrtactors 21, R1 and/or
t hrough pi nes 24

Expanded plastic 1 with a skin thus obtained is
composed of hollow article 2a comprising a polyolefin resin
(e.g., polyethylene or polypropylene), a polystyrene resin, a
polyvinyl chloride resin, an ABS resin, etc. and an expanded
body comprising expanded and fused resin beads 3 having a
diameter of from 1 to 3 mm, such as polystyrene beads or
polyolefin beads (e.g., polyethylene oxr polypropylene).
Preferably, the kind of the skin and the expanded beads is the
same because of enhancing the fusing the skin and the expanded
plastic to improve the strength of the expanded plastics with
a skin.

In the case of using preexpanded polyolefin beads, it
is recommended to compensate for shortage of foamability of the
polyolefin beads by aging preexpanded resin beads in a pressure
tank while applying air of a given pressure, e.g., 1 to
20 kg/cm®G, preferably 5 to 10 kg/cm?G, for a given period of
time, e.g., 30 minutes to 60 hours, preferably 3 to 12 hours
before feeding them to the blow mold, to increase the inner
pressure of the preexpanded resin beads.

According to above process, since the expanded beads
are filled in a closed hollow article with no escape of the air
used for pneumatic conveying, filling tends to be insufficient.
In order to ensure sufficient filling of the beads into the
hollow article, it is preferable to open the inside of hollow
article 2a to the atmosphere before and during feed of expanded

beads 3 into hollow article 2a by (i) opening valves 22 of
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‘provided at the corners. This cooling process is in_place.of~or in
-addition to the conventional cooling system Ay e

drawi ng may be provided at appropriate positj| egT e dr awi ng
ranges generally from200 to 760 mmHgpoprefetably fro g%% tp ¥60 mmtg.

In the nol di ng process according to the preseft} iho | ofY,” t he
above-descri bed enbodi nents of filling, heating,l and cooling'sieps may be
conbi ned appropriately. In a particularly|preferred conbi natii on,
expanded beads 3 are fed to hollow article 2a.aopep-te—ttre—arnosphere whil e

applying pressure to expanded beads by nmeans of pressurizing nmeans 17,

drain pipes 25 and/or (ii) making holes in hollow article 2a
with pins 24, 24. It is also preferable to draw the inside of
hollow article 2a before and during feed of expanded beads 3
into hollow article 2a by (iii) opening valves 22 of vacuum
extractors 21 and/or (iv) connecting pins 24 to drawing
extractors and inserting pins 24 inside hollow article 2a. The
degree of drawing preferably ranges from 300 to 760 mmHg,
particularly from 600 to 760 mmHg.

To further improve filling efficiency, it is effective
to apply pressure of from 0.5 to 3 kg/cm’G, preferably from 0.8
to 1.2 kg/cm?G, to hopper 15 by means of pressurizing means 17.

Where hollow article 2a is filled with expanded beads
3 while drawing the inside of the hollow article 2a, filling
may be effected by suction of the reduced pressure without
applying fluid pressure, such as air pressure, to the expanded
beads.

Where the inside of the hollow article 2a is drawn,
hollow article 2a is sometimes slightly dented inside depending
on the degree of cooling or the size or shape of the hollow
article. This being the case, it is recommended to draw hollow
article 2a toward the mold wall by (i) drawing through
evacuation ports usually provided on the mold wall (not shown
in Figs.) or (ii) using dduble-structured pin connected to
vacuum extractor 24a as shown in Fig. 5 which comprises inner
pin 24’ and outer pin 24", inner pin 24’ being inserted inside

the hollow article to draw the inside of the hollow article
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heat.i ng is then carried out by feeding heating steamfromone of two pipes
8 and 9 while drawi ng through the other pipe to thereby aobt.ain-a--snooth

flow of steamthroughout expanded beads 3 with dxg A%m%ﬁﬂﬁﬁﬁé for
heati ng and that for vacuum draw ng; a‘qd bl ow nu --coo‘f'eﬂ“‘qxternally

whi | e draw ng 30 SEP 199

while the tip of outer pin 24" being positioned at the
interface between hollow article 2a and blow mold 5 to draw the
interface. The double-structured pin may l;e provided at not
only the upper corners of blow mold 5 but other appropriate
positions, preferably at the position facing to the filling
direction of feeder 7.

For the purpose of enhancing fusion of expanded beads,
a compression f£filling method in which compressed expanded beads
are fed to a previously pressurized hollow article may be
adopted. The compression £filling method is particularly
effective for polyolefin expanded beads.

Compréssion filling can be carried out by, for example,
supplying air from air pipe 19 to hollow article 2a to a given
inner pressure while adjusting the inner pressure by switching
valve 22 connected to drain pipe 25. The inner pressure of
hopper 15 is set slightly highex than that of hollow article
2a, for example, at 0.1 to 3 kg/cm’G, preferably 0.1 to
1 kg/cm’G, by means of pressurizing means 17 so as to make a
pressure difference therebetween.

For the purpose of further enhancing heat fusion of
expanded beads, it is effective to feed heating steam from one
of pipes 8 and 9 while opening the other pipe to the atmosphere
or drawing thereby to obtain a smooth flow of heating steam
through expanded beads. Further, while depending on the shape

of the expanded plastic with a skin, pipes 8 and 9 may be
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into a
source,
val ves,
bl owi ng
only to

lhrough pi pes 8 and 9 by neans of vacuum extractors 21 to renpve
‘condensate and the heat. VWile the i iﬁkﬁﬁ@é' $sdescribed
MWth respect to an particular enbodi ment in £ ﬁ) +drle i nserted

hol l ow article, each of which is connecfed to a bl owind air

a heating steam source, and a vBcuum pxfr o SEPV996t e | respecti ve

it is possible that one of the pipes s} connected only to a
air source and a heating steam sourcg Wwtirtte~otter donnected
a blowng air source and a vacuumexfractor. It is al do possible

that three pipes

interchangeably connected to vacuum extractor 21 and heating
steam source 20 at a given time interval.

Where a conventional mold cooling system is used in the
molding process of the present invention, steam condensate
tends to remain inside the expanded plastic body because the
heating stream is confined in the hollow article giving no
escape to the condensate, only to produce a molded article
having poor strength. To avoid this, it is preferable to
remove steam condensate and heat by drawing through pipes 8 and
9 by means of vacuum extractors 21, 21 and/or through pines 24
provided at the corners. This cooling process is in place of
or in addition to the conventional cooling system. 1In this
case, pipes of drawing may be provided at appropriate
positions. The degree of drawing ranges generally from 200 to
760 mmHg, preferably from 600 to 760 mmHg.

In the molding process according -to the present
invention, the above-described embodiments of filling, heating,
and cooling steps may be combined appropriately. In a
particularly preferred combination, expanded beads 3 are fed to
hollow article 2a open to the atmosphere while applying
pressure to expanded beads by means of pressurizing means 17;
heating is then carried out by feeding heating steam from one
of two pipes 8 and 9 while drawing through the other pipe to
thereby obtain a smooth flow of steam throughout expanded beads
3 with exchanging the pipe for heating and that for wvacuum

drawing; and blow mold 5 is cooled externally while drawing



are enpl oyed, which are individually connected to a blowing air

heating steam source, or a vacuum extractor. FrgﬂL_LheﬂsLandp@rﬁt

source,

-sinplification of the whole equipnent and the |[HRPIAGRMENTd
initial cost of equipnent, reduction of __product T
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mass production, it is referable that at | east o6n [ cohnected to
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both of a blowing air source and a heating ste t
preferable that one pipe is connected to all of {aibl ow ng—ad+

heating steam source, and a vacuumextractor vigq the respective

According to the nol ding process of the present <

through pipes 8 and 9 by means of vacuum extractors 21 to

remove condensate and the heat.

While the invention has been described with respect to

an particular embodiment in which two pipes are inserted into

a hollow article, each of which is connected to a blowing air

source, a heating steam source, and a vacuum extractor
respective valves, it is possible that one of the p

connected only to a blowing air source and a heatin

via the
ipes is

g steam

source with the other connected only to a blowing air source

and a vacuum extractor. It is also possible that three pipes

are employed, which are individually connected to a blowing air

source, a heating steam source, or a wvacuum extractor. From

the standpoint of simplification of the whole equipment

and the

operation, reduction of initial cost of equipment, reduction of

product cost, and possibility of mass production,
preferable that at least one pipe is connected to bo

blowing air source and a heating steam source. It

it 1is
th of a

is more

preferable that one pipe is connected to all of a blowing air

source, a heating steam source, and a vacuum extractor
respective valves.

According to the molding process of the

via the

present

invention, expanded plastics with a skin can be obtained

through one molding step in a single mold sexving f

or blow

molding and for in-mold-foaming thereby achieving

simplification of a molding apparatus and reducing an

cost, leading to a reduction in production cost.

initial

a



I nvention, expanded plastics with a skin can be obtained through one
- molding step in a single nold serving for blow .nol ding and for
-in-nol d- f oam ng t her eby achieving sinplification of a._nol.ding

apparatus and reducing an initial egst, |eadi %PEA{@MF.@WCSE@V n
production cost. b
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According to the embodiment in which a closed hollow
article is filled with expanded beads while being opened to the
atmosphere or drawn, a high filling density can be attained
while greatly shortening the whole molding cycle. Where the
expanded beads are fed under pressure, the filling density can
further be increased.

According to the embodiment in which heating is
conducted by supplying heating steam from one pipe while
evacuating from another pipe, the heating steam is made to flow
smoothly through the expanded beads to cause the expanded beads
to foam uniformly and to sufficiently fuse together. In
addition, the molding cycle can be shortened.

According to the embodiment in which the expanded body
is cooled while drawing the inside of the expanded plastic
body, the residual steam condensate can be removed and cooling
can be accelerated thereby to improve the quality of the
product.

Where the molding apparatus of the present invention is
used to carry out the process of the present invention, since

' expansion molding of preexpanded beads can be performed in the
same mold as used for blow molding without removing a hollow
article, the molding cycle is remarkably shortened. Further,
steps of blowing, £filling, heating, and cooling can be
performed with a pipe or pipes interchangeably connected to a
blowing air source and a heating steam source and, if desired,

to a vacuum extractor via the respective valves. Therefore,



_According to the enbodinment in which a closed hollow article is filled
W th expanded beads whil e being opened to the atnosphere or drawn, a high

filling density can be attained while greatly shortening the whol e nol ding
cycle. Wiere the expanded beads are fed under pressure, the filling
density can further be increased. 15 According to the enbodinment in

whi ch heating is conducted by supplying heating steam from one pipe while
evacuating from anot her pipe, the heating steamis nmade to fl ow

drawing or evacuation for efficient filling of a hollow article
with preexpanded beads can be carried out without adversely
affecting the hollow article while being cooled. As a result,
the whole equipment and the operation are simplified, the
initial cost of equipmeht can be reduced, which leads to a
reduction in product cost and favors mass production.

While the invention has been described in detail and
with reference to specific examples thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.




-snnothly t hrough the expanded beads to cause the expanded beads

~uniformy and to sufficiently—fuse together. In addition, the nolding

- cycle can be short ened. According to the embodi nent .0 which the
expanded body is cool ed whil e draw ng the ingi %gg

the residual steam condensate can be ren 1o

accel erated thereby to inprove the quality of |{thHe product.
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t he nol di ng apparatus of the present inventior i|s 6&kéﬁpfﬁ9&a.r) out the

is Sheet Has Been Re;

process of the present invention, since expansijon nolding of {pneexpanded
beads can be_perfornmed in thes ' -

WHAT IS CLAIMED IS:

1. A process for producing expanded plastic with a
skin comprising blowing a parison being held in a closed blow
mold to obtain a hollow article, filling the hollow article
with thermoplastic preexpanded resin beads before the hollow
article is cooled to solidify, heating and fusing said beads,
and cooling the expanded plastic.

2. A process as claimed in Claim 1, wherein said
filling is conducted with the inside of the hollow article open
to the atmosphere. |

3. A process as claimed in Claim 2, wherein said
filling is conducted with pressurized air.

4, A process as claimed in Claim 1, wherein said
filling is conducted while drawing the inside of the hollow
article.

5. A process as claimed in Claim 4, wherein said
filling is conducted with pressurized air.

6. A process as claimed in Claim 1, wherein said
filling is conducted with the preexpanded resin beads being
compressed and with pressure being applied inside said hollow
article.

7. A process as claimed in Claim 1, wherein said
heating is conducted by supplying heating steam from one of at
least two pipes inserted into said hollow article while

evacuating said hollow article through the other pipe.

——

i e

to foam

Wher e
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8.
cooling is
article.

9.
heating is
least two

evacuating

10.

heating is
least two

evacuating

11.

cooling is

article.

12.

heating is
least two

evacuating

cooling is

article.

13.

heating is
least two

evacuating

14.

T
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A process as claimed in Claim 1,

wherein said

conducted while drawing the inside of said hollow

A process as claimed in Claim 8, wherein said
conducted by supplying heating steam from one of at
pipes inserted into said hollow article while
said hollow article through the other pipe.

A process as claimed in Claim 2, wherein said
conducted by supplying heating steam from one of at
pipes inserted into said hollow artiéle while
said hollow article through the other pipe.

A process as claimed in Claim 2, wherein said

conducted while drawing the inside of said hollow

A process as claimed in Claim 2, wherein said
conducted by supplying heating steam from one of at
pipes inserted into said hollow article while
said hollow article through the other pipe, and said

éonducted while drawing the inside of said hollow

A process as claimed in Claim 4, wherein said

conducted by supplying heating steam from one of at

inserted into said hollow article while

pipes
said hollow article through the other pipe.

A process as claimed in Claim 4, wherein said

cooling is conducted while drawing the inside of said hollow article.

R O A '

t he
i ng,

rchangeabl y



-dramﬁng or evacuation for efficient filling of a hollow article wth
- preexpanded beads can be carried out without adversely affecting the
hollow article while being cooled. As a result, _the whol.e.eqgui pnent and

t he operatipWe_ i ni fgi al COEREFUA%HM&EW” be
reduced, whi eads to a reduction in product-eost-—ahrd—avgry nass

producti on. VWil e the invention has been described ir detail and
with reference to specific exanples thereof, Jt wol§ SER 1996

15. A process as claimed in Claim 4, wherein said
heating is conducted by supplying heating steam from one of at
least two pipes inserted into said hollow article while
evacuating said hollow article through the other pipe, and said
.cooling is conducted while drawing the inside of said hollow
article.

16. A process as claimed in Claim 6, wherein said
heating is conducted by supplying heating steam from one of at
least two pipes inserted into said hollow article while
evacuating said hollow article through the other pipe.

17. A process as claimed in Claim 6, wherein said
cooling is conducted while drawing the inside of said hollow
article.

18. A process as claimed in Claim 6, wherein said
heating is conducted by supplying heating steam from one of at
least two pipes inserted into said hollow article while
evacuating said hollow article through the other pipe, and said
cooling is conducted while drawing the inside of said hollow
article.

19. A process as claimed in anyone claim of Ciaims 1
to 18, which is conducted by using a molding apparatus
comprising a split-cavity mold for blow molding, at least one
pipe which can be inserted into the mold cavity and be
withdrawn therefrom, and a feeder of preexpanded resin beads

which can be inserted into the mold cavity and be withdrawn

AN 0



épparent to one skilled in the art that various changes and nodifications
-can be made therein without departing fromthe spirit and scope thereof.
d ai ns 1. A process for producing expanded

plastic (1) with a -ski-A—CcoOmpri si ng

e St @ e e e Uy

therefrom, said pipe(s) being connected to a blowing air source
and a heating steam source via the respective valve.

20. A molding apparatus for producing expanded plastic
with a skin, comprising a split-cavity mold for blow molding,
at least one pipe which can be inserted into the mo.de cavity
and be withdrawn therefrom, and a feeder of preexpanded resin
beads which can be inserted into the mold cavity and be
withdrawn therefrom, said pipe(s) being connected to a blowing
alr source and a heating steam source via the respective valve.

21. A molding apparatus as claimed in Claim 20,
wherein said pipe(s) is/are connected to a vacuum extractor via

a valve.

REPLACEMENT SHEET
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a dosed blow nold (5) to obtain a hollow article

+(2a), filling the hollow article (2a) with thernoplastic
preexpanded resin beads (3) before the hollow arti -

cle (2a) is cooled to solidify, heating and fusing said
beads (3), and cooling the expanded plasti&0(1).

2. A process as clainmed in Caiml, wherein said filing
is conducted with the inside of the hollow article

(2a) open to the atnosphere. ABSTRACT OF THE DISCLOSURE 3. A process
as claimed in Gaim1l, wherein said filling

I's conducted while drawing the inside of the holl ow

article (2a). 4. A process as clainmed in
Caim2 or 3, wherein said : filing is

conducted with pressurlzed.a.LsrS 5. A

process as claimed in C arif=fo g - AG
is conducted with the prég%,An“dﬂifitd!IL@iEEEW
bei ng conpressed and with pressure being applied
i nsi de sai d hol | odv BFOcesE TRy producing expanded plastic with a Skln

and a molding apparatus therefor are disclosed, the process
comprising blowing a parison being held in a closed blow mold
to obtain. a hollow article, filling the hollow article with
thermoplastic preexpanded resin beads before the hollow article
is cooled to solidify, heating and fusing said beads, and
cooling the expanded plastic. A hollow article and an expanded
body are completely fused together, and improved productivity

is obtained.

FIGURE 1

i5 Sheet Has Been Re; laced
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6 A process as clained in daiml, 2, 3 or 5 wherein
'said heating is conducted by supplylng heati ng
steam fromone of at |east two pipes (8, 9) InsertedﬁEPLACENﬂmﬁ‘SHE'T'

into said hollow article (2a) while evacuating said

hol I ow article through the other pipe. 1 7. A
process as claimed in Claiml1, 2, 3, 5 or 6. 30 SEP 1996

wherein said cooling is conduct ed mhlLEﬁﬂLéw ng

the inside of said hollow article. A4 A
process as clainmed in anyone claimof Cains 1

to 7, which is conducted by using a nolding appa-
ratus conprising a split-cavity I for7T4dl
nol di ng, at | east one pipe (8, 9) jwhich can pe
inserted into the nold cavity and {be mﬁthdraﬁr 4
therefrom and a feeder (7) of pr expanded re

beads (3) which can be inserted i rthemofjd-cav- ity and be w t hdrawn
therefrom said pipe(s) (8, 9) ) ~_2 bei ng
connected to a blowing air source (] heati ng steam source

(20) via the respecéli'v e 7 24 (22).
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é. A nol di ng apparatus for produci ng expanded pl as- tic (1) with a
for blow nolding. at |east

*sidn, conprising a split-cavity nold (5)
one pipe (8, 9) which can be inserted into the nold cavity and be
wi t hdr awn therefrom and a feeder (7) of prespanded resin beads (3)

whi ch can be inserted into the nold caw ity and be wi t hdrawn
therefrom said pipe(s) (8, 9) b@iny @nnected to a blowing air source

(18) and a
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‘heat i ng steam source (20) via the respective valve 10. A nolding apparatus

.as claimed in Claim?9. wherein said pipe(s) (8, 9) is/are connected to
a vacuum extractor (21) via a valve (22).
18 15. A process as clained in O ai REPLAGEMENT SHEET
3
Fig. 3 30 SEP 1996
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heating i s conducted by supplying heating steam from one of at

‘pipes inserted into said hollow article while

article through the other pipe,

and said

cooling is

drawing the inside of said hollow article.
clained in daim®6, wherein said

steam from one of at
whi | e

heatingt i s conduct

| east two pipes d into sfai

evacuating said hollow article t
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artrcle. 18. A process as clained in daim6, wherein said
‘heating is conducted by supplying heating steamfromone of at |east two
pipes inserted into said hollow article while evacuating said holl ow
article through the other pipe, and said cooling is conducted while
drawi ng the inside of said hollow articlge. -A.process as
claimed in anyone claimof Cains 1 to 18, whi using a
nol di ng apparatus conprising a split-cavity g, at

| east one pipe which can be inserted into the

Fig. 5

;}5 N\~ 24a

/o
\24'

&V

[
.z L 7



with rwa,wnwi..her“eiam —af-a—f-eeder
i nsel ted{ﬁi’hﬁ@l’-t‘/if@‘"ﬁé?@i Ed8vi t ¥Cand
“sali dl it E)‘Béfsiwnbel m@fiﬁ)nn&@éﬁeQ@ ‘a
pagsd % to paged .\

- of preexpanded resin _beads whi BT be

be wi t hdrawn ' t herefrom

1

: paged ..... to paged ...
: paged . li’ to paged .....
| pare oF RECEPT.AML...... REPLACEMENT SHEET
Claims
1. Aprocess for producing expanded plastic (1) with a
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2.

skin comprising blowing a parison (2) being held in
a closed biow mold (S) to obtain a hollow article
(2a), filling the hollow article (2a) with thermoplastic
preexpanded resin beads (3) before the hollow arti-
cle (2a) is cooled to solidify, heating and fusing said
beads (3), and cooling the expanded plastic (1).

A process as claimed in Claim 1, wherein said filling
is conducted with the inside of the hollow article
(2a) open to the atmosphere.

Aprocess as claimed in Claim 1, whe;'ein said filling
is conducted while drawing the inside of the holiow
article (2a).

A process as claimed in Claim 2 or 3, wherein said
filling is conducted with pressurized air.

A process as claimed in Claim 1, wherein said filling
is conducted with the preexpanded resin beads (3)
being compressed and with pressure being applied

_ inside said hollow article (2a).

7.

A process as claimed in Claim 1, 2, 3 or 5, wherein
said heating is conducted by supplying heating
steam from one of at least two pipes (8, 9) inserted
into said hollow article (2a) while evacuating said
hollow article through the other pipe.

A process as claimed in Claim 1, 2, 3, 5 or 6,
wherein said cooling is conducted while drawing
the inside of said hollow article. .

A process as claimed in anyone claim of Claims 1
to 7. which is conducted by using a molding appa-
ratus comprising a split-cavity moid (S) for biow
molding, at least one pipe (8, 9) which can be
inserted into the moid cavity and be withdrawn
therefrom, and a feeder (7) of preexpanded resin
beads (3) which can be inserted into the mold cav-
ity and be withdrawn therefrom, said pipe(s) (8, 9)
being connected to a blowing air source (18) and a
heating steam source (20) via the respective valve
(22).



and a heating steam source via the respective val ve. 20. A nol di ng
appar atus for. produci ng expanded plastic wth a skin, conprising a

‘split-cavity notd for blow nolding, at |east one pipe which can be

i nserted Imﬂj&@“ ‘1’&% ity and be withdrawn therefrom and a feeder of

pr eexpand E‘! E ich can be inserted into the nold cavity and be

vm'thdrawnH N sal | pe(s) being connected to aﬁ&:ﬁ%@g%maﬁ%‘iource
21. A

and a heating steam source via the respective val ve, :
nol di ng apparatus as clainmed in Caim20, wherein said pipe(s) is/are
connected to a vacuum extractor via a valve.

9. A molding apparatus for producing expanded plas-
tic (1) with a skin, comprising a split-cavity mold (5)
for blow moiding, at least one pipe (8, 8) which can

_be inserted into the mold cavity and be withdrawn
" therefrom, and a feeder (7) of preexpanded resin
beads (3) which can be inserted into the mold cav-
ity and be withdrawn therefrom, said pipe(s) (8, 9)
being connected to a blowing air source (18) and a
- heating steam source (20) via the respective valve

, 10. A molding apparatus as claimed in Claim 8,
~ _ wherein said pipe(s) (8, 9) is/are connected to a
vacuum extractor (21) via a valve (22).
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ABSTRACT OF THE DISCLOSURE

PROCESS FOR PRODUCING EXPANDED PLASTICS
WITH SKIN AND MOLDING APPARATUS THEREFOR

A process for producing expanded plastic with a skin
and a molding apparatus therefor are disclosed, the process
comprising blowing a parison being held in a closed blow mold
to obtain. a hollow article, filling the hollow article with
thermoplastic preexpanded resin beads before the hollow article
is cooled to solidify, heating ahd fusing said beads, and
cooling the expanded plastic. A hollow article and an expanded
body are completely fused together, and improved productivity

is obtained.
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