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into two nain groups 1) Those having predoninantly closed cells;
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THE PRODUCTION OF PRODUCTS OF
LIGHT CELLULAR PLASTIC WITH CLOSED CELLS.

5 PRIOR_ART.

- Cellular plastics/foamed plastics can be divided into two
main groups: 1) Those having predominantly closed cells;
2) Those having predominantly open cells.
10 '
Closed cells 1in the plastic foam (i.e., -cells which are not
joined together) are a necessary condition if the foam is not
 to absorb moisture. It is also very important ‘that the cells
. ~be closed if 1t 1s required that the cellular plastic have
15 good, long—lasting thermal insulation properties. Also, the
B mechanical ~strength properties of the cellular plastic will;,.~
“ilgenerally be far better if the gas cells are closed. compared:'
 with cellular plastic: with open cells, 1.e., where the gas’
,l cells are joined together (e.g., as_in a eponge).

-There are7;severalﬂ_pnincipally different technologies for
producing foamed plastic _With_'cloeed gas cells. It is
‘conditional for all'.processes that the plastic not be

sheared, 1.e., that the:leyers'of,the'plastic compoﬁnd do not

5 move in relation to-one.ahother after the'blowing'agentlhas

expanded in the plastic compound and before the cell walls in
the plastic compound have become sufficiently strong, either
by chemical reation or by cooling, to prevent the cells from
being torn to pieces by shearing. When a physical blowing
30 agent is used, it is a condition that the gas be mixed into
the plastic compound at a pressure above the expansion
pressure of the gas, i.e., that the gas be mixed into the
plastic compound in 1liquid form. . If the gas has been
permitted to expand before, or in connection with, being

35 blended into the plastic compound, the result will be =a

greater or lesser portion of the plastic foam having open,

continuous cells. When a chemical blowing agent is used, it



- 2) Those Q@@ fbgsﬁr edom nantly open cells. Closed cells in plgnNdodmbiss
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plastic not be sheareJ3 ayers of the P astic _conpound dg
not 5 decomposition takes place under too low a pressure, the

result will be foam with open gas cells.

One frequently used process is reaction injection moulding

(RIM). In this process, two or more liquid components are

1 mixed together and injected into a closed mould cavity.

Polyurethane (PUR) is used for the most part in this process,

but other plastic raw materials such as, e.g., thermoplastic

polyamide, polyester and epoxy, are also used. The method

‘has the major advantage, compared with most other processes.

15 of enabling the production of very large products, and

allowing the plastic to be foamed at the place of usage (in

situ)., PUR foam can be produced with low density and has a

. very good thermal insulating capability as long as moisture

has not penetrated into the foam. However, the foam is

'E-: relatively expensive, 1t is brittle, and' its eOmpfeSsiOn

' strength is limited. Moreover, the gas cells collapse at

very low fluid pressure, severely limiting the insulating

property of the foam ‘under water. ~ The ‘foam also has

. envinomentally negative sides. (One of the components of the

% foam 1s isocyanate. Currently, there is also an extensive
use of KFK gases as the blowing agent in the foam.)

O

0f other known processes used especially for foaming of

~ thermoplastics into light cellular plastic with closed cells,

3 we can mention, in particular: static processes, extrusion
'processes, and injection moulding processes.

Among static processes, the "Styropor process" is the most
well.known. It was developed especially for polystyrene and
35 utilizes volatile carbon-hydrogen compound as the foaming
agent. The foam may be produced with very low densities and
may be foamed at the place of use. Its fire and chemical
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nove in relation to one another after the bl ow ng agent has expanded in’the .
pl astic. capposormgiand before the cell walls in the plastic cecpowsdobesse
beconme sufficiently strong, either by chem cal reation or by cooling, to,
‘prevent the cells frombeing torn to pieces by shearing. Wen a physical
bl owi ng agent is used, it is a condition t®at the gas be nmixed into the
pl asiic conpound at a pressure above the expansi.on iressure of the gas,

i .e., that (RRORAELIRS mileWeYero 2he bRMERY eanpsuiBafdmapagard Mergpver,s
the gas has fpen mmﬁi@ﬂit%ﬁapeﬁﬁlibsf O4fe or-eiatwemyct 19mivedl, befThe
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bl owi ng agent is used, it
5 Another type of static process frequently used is the so-
called "static high pressure method". This process is used
primarily for production of 1light PVC foam with a chemical
blowing agent. The foam can be produced with low density
(a'bout 30 g/cmz), has a closed, uniform cell structure and
¥ has very good mechanical and chemical properties. In terms
of dimension, however, this process has major limitations,
it is quite manual » and pro_duct_ion c.osts are ‘high.

A variation of this process is the injection moulding of
5 'unexp.anded “tablets"-of thermoplastic containing a chemical |
' blowing agent, which are then placed in presses where the
"tablets" are heated up, causing the blowing agent to'
decompose. - The hardness of the product is normally very
limited and the production is slow ' ' |
. o - .
A process used particularly for production of foam products
from EVA is to inject a product having a mass temperature
below the decomposition.______tempe_r_ature for the blowing agent
into an injection mould;;i:;_l‘,;ff;'l‘he mould is filled entirely with
* the plastic compound, g and a pressure higher "than the
expansion pressure for the blowing agent is applied to the
compound. The mould -- and with 1t the plastic compound--
is then heated to above the decomposition temperature for the
blowing sagent system in the compound. After the blowing
30 agent has decomposed, the mould 1is opened and the plastic
expands directly. The process is very sensitive to varia-
tions 1in the process conditions. and it is slow.

There are also several known extrusion methods for production
35 of cellular plastic. A condition for the attainment of
closed gas cells is that the blowing agent in the plastic
compound must not be expanded in the actual extrusion machine
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2 is a cepgbipgpe for attaining foamw th closed cells that pcirano94/00153
deconposi tion of the bl owi ng agent should take place under a pressure great
ennough to prevent expansion of the gas until the entire deconposition phase
has been conpl eted. If t he deconposition t#akes place under too | ow a
pressure, the result will be foamwith open gas cells.

or in a first section of the moulding tool (the nozzle). To

attain a pressure 'in the plastic compound that is sufficient

to prevent the expansion of the gas, flow friction through

the nozzle is used almost exclusively. This produces varia-

5 tions in the velocity'of the plastic compound at the outlet

of the nozzle, which again means that shearing is built into

the plastic compound, inasﬁuch as the expansion gas -- as a

result of pressure drop -- expands. This results in cells

easily being torn apart and to collapse of the expanded

10 plastic compound after a short time. The "Celuka process",
"Armocel process", and "Woodlite process" are examples of the

build-up of the necessary mass pressure with the aid of

) friction. In order to avoid excessive shearing of the
| plastic compound and puhcturing of the gas cells at the

5 outlet of the nozzle, the amount of added blowing agent may
o be reduced, resulting in higher density. = Extrusion of very
_ thin profileé (foils) yields a flatter velocity profile
(fewér ~variations in 'velocitj- of the plaétié compound )
through the mouth of the nozzle, and the problems of shearing

L of_thé“plgstic gompound:with tearing of the cells can thereby
o 'be'reduced. By'using_a physical propéllant gas instead of a
‘chemical blowing agent, the pressure_ip the plasfic melt can

be reduced because the gas pressure 1is faf lower 1in the

~ physical gases normﬁlly used than in chemical blowing agents.
- Shearing of the plastic by friction can thereby be decreased.
The problems of shearing of the plastic melt may also be
reduced by regulating the viscosity of the melt, e.g.,
through temperature control or by utilizing cross-linking of

the plastic in connection with the foaming.

o

30

There are also found extrusion methods for production of
light foam products having closed cells that do not utilize
friction in the nozzle :1n order to obtain the necessary
pressure; An example of this is the "BASF process”, where the
3 plastic compound is extruded into a vessel that is placed
under pressure. The compound is then injected out of the
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One frequently used process is reaction injection nmoulding (RRM. In this

process, twey@bsgi£ | i qui d conponents are m xed together angcrModtoeds
into a closed nould cavity. Polyurethane (PUR) is used for the nbst part in

this process, but other plastic raw materials such as, e.g., thernoplastic
pol yam de, pol yester and epoxy, are also use® The nethod has the ngjor

advant age, conpared with nost other processes, of enabling the production
of .very |arge §PBYBEREr.and TMiswi A§ t Be SERricONtd IMOUSHaRRPCEST he Witle 2

of usage (in sphhhraPURim92atqdn e Qh@dmu\@tﬂs At diiy, and has a
very good thermal insulating capability as long as noisture has not

penetrated into the foam However, the foamis relatively expensive, it
is brittle, aniini ttheCOrgyfrsdiwsr Sbf-eoesb"i forl prceductibi eoferlighte @eblular
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built up by cooling down the plastic compound under high

- pressure 'in_ a special refrigeration unit with exterior
cooling after the exit from the mould nozzle and transferring

it directly into a braking/retaining device where the plastic

1 - compound itself forms a continuous "piston". The “"piston" is
slowed down to a velocity that imparts -the necessary pressure

to the plastic melt in the machine and in the nozzle. The

_ pressure build-up is attained without velocity variations in
. the plastic melt. . After the braking/retaining device. the
15 plastic compound is ‘heated up again, and th_e compound can -
expand without shearing of the gas cells. ""Vférious ‘thermo=-
moplastics may be used, but the braking/retaining device is a
relatively complicated unit.

2 -In;jection moulding of light cellular plastic with closed

. cells 1s done today by various processes, and the product can

'normally be referred to as structural foam. The injection

moulding process is usually divided into two main groups: low

. pressure processes and high pressure .processes. There 1is

s attained up to about a 40% reduction of the foam’s density

compa.red with the density of the unexpanded plastic melt.

Both physical as well as chemical blowing agents are used in
connection with injection moulding of cellular plastic.

3. The low pressure processes are chacacterized by the fact that
the compound cohtaining gas 1is 1injected rapidly into the
cavity of the tool. The amount of the injected compound has,
at the start, a smaller volume than the cavity, whereby the
plastic compound is allowed to foam up until it fills the

3% entire cavity. It is common to £1i1 the tool cavity 70-80%
full. Due to the low pressure in the tool, the costs of the
tool are relatively favorable. Foam products produce with a
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envi r omentvad bsppeegat i ve sides. (One of the conponents of th@CToEMN091S3
Tsocyanate. Currently, there is also an extensive use of KFK gases as the
bl owi ng agent in the foam) . O other known processes used especially for
foami ng of thermoplastics into light cell#®ar plastic with closed cells. we
can nention, in particular: static processes, extrusion rocesses and

i nj ection mMI@NIIERESHURE SREACESS AHSHE1IFataY g rdc BoScn kfiprm SfopBp&truc-

prf)cess" I s e rr?fdlny%imiflne)téullsl tan\uaami@w&i Oﬁﬁfﬁ%EQCItaidIN 6frbufrst gas

pol ystyrene utiliz volat]]e car en conppouynd as

agent. The f‘if?:iﬂ'nsne&r bﬁngﬁducePd W ﬂ?"go %é’hs’f‘?ﬁi Qnof'fr"fﬁ?/ etggér’r&g’

at the pl acenedinsusef. contwoli of ahd ¢bem<mﬂmperature, special processing

) 5 of the tool cavity surface, and after-treatment of the foam
product. ' '

In the high pressure processes the plastic compound contain-
ing gas is rapidly injected at high pressure into the tool
W mould that is filled entirely with plastic compound. A skin
on the product is obtained by cooling down the surface in
the tool,_and'ihe plastic compound expands by virtue of the
fact'that the mould volume is 1ncreased, This is done, for
. example, by drawing the mould plates in the tool away from
15 éach other éfter all thefplastic compound has been placed
into the cavity. = This process yields ‘a ;relatively' good
~ surface on the_.product. so that after-treatment is often
_unneéessafy; . Further, 11£ prodﬁces foam'-pnoducts -hév1ng
-'éSSentially closed, evenly distributed gas cells. The degree
2 of expansion of the plastic can be varied to a certain extent
with the product 6f this method. The tool moulds for this
process are relatively complicated, and the reduction of the
dénsity is limited. A varjation based on the high pressure
~ principle 1is the "Allied Chemical process”. Here, the
% pressure is reduced so that the plastic compound can expand
C) by allowing a portion of the plastic compound, after filling,
' to flow back into the injection moulding machine. The method
produces an uneven cell structure. Another known process
that 1s based on the high pressure principle is the "TAF
3t method". After filling the cavity at a high mass pressure,
an insert in the tool is drawn out so that the volume of the
mould increases and the pressure is reduced. The gas and the
compound are thereby able to expand. Normal degrees of
expansion are 20-30%. -
35
There are several special injection moulding processes which,
in principle, may be classified as low pressure or high
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3 properties, however, are in many cases i nadequate. Mreover. the

mechani cal wyyspesfsi es are relatively Ilimted. The .prommmom
used for production of |arge foam products. Another type of static process
frequently used is the so- called "static high pressure nethod". This

process is used primarily for production of 7ight PVC foamw th a chem ca

pressure injection moulding. An examplehof this is the "Gas
counterpressure method" Here the tool cavity is first
‘filled with gas ‘'under high pressure. The plastic compound
containing unexpanded gas is injected into the mould cavity

5 which, due to the gas in the cavity, is not filled entirely
with the compound. The gas in the cavity is then evacuated
and the plastic compound expands with the lower pressure in
the cavity. ' The tools for this process are expensive, and
only a small degree of expansion is obtained. The products,

10 however, can be made with relatively high volume, and the
surface of the product can be made smooth.

~ Another .process is the *CUnion Carbide process*. In this
process a combination of extrusibn and injection moulding is

- % used, but it is actually a low pressure method.  The
_bicomponent or sandwich method (ICI) makes 1t possible to'

- produce products having two different plastic raw materials,

ST -PY - P hard outer skin.'with foamed core.- The process 1is

expensive, and the foaming slight. The co-injection method

2 with expansion of the ‘core material by drawing the mould
plates in the tool apart (USM) has, in principle, the same
advantages'as the ICI method. There is normally achieved a

foaming degree of from 5 to 30 % with multi-component

: processee. ' -

2

DESCRIPTION OF THE I'NvgN'rmN

In those processes where the plaetic compound in the plastic

.processing machine contains gas, either decomposed chemical

30 blowing agent or physical gas, due to the required pressure

on the plastic melt in the processing mathine to avoid-

expansion of the blowing'agent before the melt has emerged

from the nozzle, the plastic melt will be subjected to shear

forces in the nozzle. This produces a velocity profile in

35 the melt on leaving the nozzle that has a higher velocity in

the middle zones than in the zones furthest out toward the

nozzle walls. Because the exterior pressure and thus the
[ —
heet Has Been Replaced

g




bl owi ng aggglesirgiie f oam can be produced with | ow density (apommn08000153
glcnierr]), has a closed, uniformcell structure and has very good

nmechani cal and chem cal properties. In terns of dinmension, however, this
process has major limtations, it is quite n@nual , and production costs are
hi gh. A variation of this process is the injection noulding of unexpanded
"tabl ets" of phessupeadni c;hsomlasmimg @w@aismamgdagé‘%ter khiecmozede.,

“then placed i gupr ‘jﬁ%es%ivéﬁeé&nﬁr&ﬁn t%@dpeén%s aiﬁnéeﬁaeéwp, CPHS| Bdp hfiﬁed gas

bl ow ng agent to ose ness of the product is normatlri\c/;r
linited and t G& éFod&Btl%el SPH'E\VC' A BFOCE%S Ug% YR es by anpklge . are
_productlon of shB3echeddwd Sshearing and are easily torn to pieces so that

5 the expanded plastic collapses.

The present invention exploits the phenomenon that, for

chemical blowing agents, there is an interval between the

time when a sufficient temperature 1is reached for the

10 decomposition to start, and the time when the decomposition

actually begins. In the plastic processing machine, which

may be, for example, an injection moulding machine, the

- plastic compound 'is'sub;]ected ‘to heat so that it melts and

hits temperature rises above the decomposition temperature of

s . the blowing agent system. Before the blowing agent has begun

- its decomposition, the plastic' compound is fed into a closed
mould éavity. In the cavity, which is filled up with-the

'plastic compound a pressure is exerted on the compound which

is sufficiently high to prevent the blowing agent from _

.2  expanding when it decomposes, or to allow it to expand only -

' to an insignificant degree. It is also a condition for

; obtaining_closed gas ‘cells that the blowing agent in the

décoinposition phase does not expénd,.or expands only to an.

insignificant degree. Since one does not have blowing agent

5 in gas form in the plastic compound either in the plastic

@ processing machine or in the nozzle, the plastic can be

- worked 'without a particularly high pressure. Moreover, a

- velocity profile having a higher velocity for the cbmpound in

the middle of the matter stream than out toward the tool

38 walls does not mean that the cells will be torn to pieces, as

" the blowing agent does not decompose until a later stage in a

closed cavity. The closed mould cavity may be a static

chamber with walls of, e.g., steel, metal, or of plastic of

-high vis'cbsity. or one or more of the cavity walls may be

B movable so thét the cavity may be expanded 1n the course of

the 1injection of plastic compound so that new plastic

[
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fromEVA is to inject a product having a nass tenperature bel ow the ,
deconposi- W@ﬁ(&?ﬁerature for the blow ng agent into an injgefineosediss d.
The noul d ed entirely with the plastic conpound, and a pressure
hi gher than the expansion pressure for the blowing agent is applied-to -
the conpound. The nould -- and with it tige plastic conpound-- is then

heat ed to above the deconposition tenperature for the blow ng agent system
i n the conpoamgoundAfmust tdmnbtmwthg hgeprahaeddénmnp(med,cavrié:ynin dorder

opened and Itﬁemﬁli?ftta'i% PRAN S aqut process s very sensitive to
varla- tions rocess condit Is slow. There are also
several known extru5| on net hods for product | on “of cellular plastic. A

condi tion fopet BRowiind RFHL %‘yﬁéﬁﬁ%ﬂ%rﬁ@ﬂrﬁ 15 tdiRd1 € 16h Dt @ VéHem paent

0 the plasiic coupound, s fotaRe. ¥ PRIESTL 1 L Ne Sliial SX el Slhoss -

machi ne _

: tion temperature or the decomposition rate for the chemical
"blowing agent (e.g., Zn0). The blowing agent system may also
contain substances that react chemically exothermally or
endothermally in accordance with achieved reaction tempera-

10 ture. Thus one is able, for example, to achieve more rapid
decomposition of the chemical blowing agent, and one may
select a ‘chemical blowing agent that decomposes at a higher

-_temperature than would otherwise have been possible.

15 "I'he pressure in the plastic compound that is necessary in
order to prevent the blowing agent from expanding during the'_
-decomposition phase varies with the blowing agent system._
the temperatures and the amount of blowing agent When, e.g.,
Azodicarbonamide is used, with zinc oxide as a "kicker“, at a

2  mass temperature prior to decomposition of 165 oc, and with a

' "_"blowing agent amount of .10 phr, it would usually be sﬁffici-

- ent to have a mass pressure of about 150 bar to avoid the
expansion or to maintain it at a sufficiently low level.

% The time necessary to attain complete or nearly complete
decomposition of +the blowing agent 1s also dependent on
factors such as the total blowing agent system, the tempera-
ture of the plastic compound, the pressure in the plastic
compound, the amount of 'blowing agent and the plastic

50 compound composition.

After the plastic compound has rested in the mould cavity for

a sufficiently long time to attain the desired degree of

decomposition of the blowing agent, the mould is opened. If

35 the plastic compound is not cooled down prior to opening the

mould, the plastic compound will immediately expand until

equilibrium is reached between the blowing agent pressure in
-

i
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pressure in t

2 Fection of the noul di ng tool'(the nozzl e). PoTMGI00IS3
a

stic compound that is sufficient to prevent the

expansi on_ of the gas, flow friction through the nozzle is used al nost
exclusively. This produces varia- tions in the veIOC|ty of the plastic
conpound at the outlet

10
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33 -

the compound and the tensions in the compound. In order to

" prevent deformation of the product when it is removed from

the mould in a hot state, the mould must be opened very
rapidly and the product removed without delay. If, however,
the surface of the plastic product is cooled sufficiently
before the mould is opened, the expansion can be restrained
long enough for the plastic product to be taken out of the
mould in accordahee with a2 normal opening speed, and the
product may optionally be placed in a different mould, which
may be a cooling/expansion mould, before the product expands
or before 1t has expanded to a substantial degree. In
practice, the product will always expand somewhat, but with
sufficient-coqling'the expansion will be so slight that the
product will not be deformed and will expand to the desired

size after having been removed from the mould, optionally
. after having been placed in an expansion mould. Even though

~ the surface has been cooled down, the calorific capacity in

. the core of the product will normally be high enough that the

surface will be heated up by it, i.e., after a short time,
such tnat the product can expand. .

The present. techhology' also makes 1it. possibie' to produce

products of cellular plastie.  having skin of unexpanded

plastic, from the same plastic material as for the cellular

. plastic. After the plastic compound has been placed in the

tool mould, at a temperature above decomposition temperature
of the blowing agent system, it will take some time before
the actual decomposition begins. This "start time" will vary
with different parameters such as, e.g., temperature  and
blowing agent system. By cooling the plastic compound’s
surface in the mould before the decomposition has started,
the decomposition at the surface can be prevented ansame
plastic material as for the cellular plastic. After the
plastic. compound has been placed in the tool mould, at a
temperature above decomposition temperature of the blowing
agent system, 1t ﬁill take some time before the actual
decomposition begins. This "start time" will vary with
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of. the nozzle, mhich agai n means that shearing is built into the plastic
conpound,. as the expansion gas -- as a result of presFENDSyesP - -
expands. hi’'s results in cells easily being torn apart and to col | apse of
t he expanded pl astic conmpound after a short tinme. The "Cel uka process”,
"Arnocel process". and "Wodlite process"” age exanples of the buil d-up of
the necessary mass pressure with the aid of friction. In order to avoid
excessi ve sudifemgmﬁ dnamntamscsuohpmwmjeuglpuMemperaQWMEt&mdghkocﬁmgs

at the outle t o] le
reduced, resugtl ng Q‘ﬁ’n 'her gensm 'ﬂgixﬁ ugﬁgﬁgo?kv\gr% I'n ror?‘yfp&e in
(foils) yiel G!ieanfqldtd é__ﬁmdh? Bﬁﬁpmpésétéﬂér ha\ﬁarﬁ%n"iﬁ% thﬁ Jecorpey

of the plaghitqonCoAPOYRd) dd¥ LA cBa f’ﬂ&"‘ﬁr@@eh'ﬂ%d“%ﬂ' guterd idy®er has
probl ens_of sheari ng, of thﬁﬂplastlc co ound with tearing of .the cell can

t hereby be r&984&8 &YWRsif; té“?)‘hy§PcaF 3t ofd18 aRFOgHEY n‘é‘?@%ﬂgﬁ?s on

limited expansion before it is removed ‘completely from the
mould. '

The plastic product must normally have a higher viscosity on
10 expansion than the viscosity of the plastic compound when it
is injected into the mould cavity. If the viscosity is too
low when the external pressure 1is :.reduced, there is a risk
that the expansion in the plastic will take place too rapidly
and to such a high degree that the cell walls of the plastic
5 will not be strong enough and will not ha.ve enough flexibil-
ity for the closed gas cells to form in a satisfactory manner
throughout the entire product. The viscosity of the plastic
may be increased by cooling down the compound relative to the
temperature of the compound on injection This is normally
2 done with amorphous thermoplastics such as, e.g., PVC, or
with other thermoplastics having a favorable viscosity/tem-
-perature ratio. When crystalline or partially crystalline
plastics are to be worked by means of the present process,
one will often employ cross- linking of the plastic before
% the expansion takes pla.ce. The cross-linking can be done
chemicallj, for example, using silane groups, with radiation,
or, if a polyethylene plastic is used, for example, with
peroxides. '

30 Normally it would be a prerequisite that the plastic not be
cross-linked 1in the plastic processing machine, due to the
risk that the viscosity of the plastic might become too high
for mechanical processing. When cross-linking with_radiation
is employed, therefore;cthe radiation will take place after

% the compound has been placed into the cavity. '
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chem cal bjygwsjgegiagent, the pressure in the plastic nelt canpdEnNoedonss
because the gas.pressure is far lower in the physical gases normally used
tfian i n'chem cal bl ow ng agents. Shearing of the plastic by friction can

t hereby be decreased. The problens of shearl®g of the plastic nmelt may

al so be reduced by regulating the viscosity of the nelt, e.g., through
tenperat ure cddwsoolwhgn ppenexidesngrer oised i Ak Ry Qfoﬁﬁelélﬂgétni&: agent, the

connecti.on w fcfikofsfzsel 9&%@9 ofTht%@e%faeiﬁe fxrRiHld H%lﬂs'ﬁk@‘?mm foh the
productlon of ua@\ oam products having closed cells that do not utilize
7 A

friction in tH® 9é’1|W-ordg?r%iBBFai"Wst%eh‘h\é%e%W‘;ﬂ’é&sﬁ?@?eﬁﬁture in
exanpl e of thigrder ¢ bBAYedUMprREd. WBYth t BReP| BHhé C eQ@pxauifl fPom when

extruded £t 0 8 0eS e Y enpe At UL RRTREY Sine 1T ER0RTV B ot
~tion and cross-linking of the plastic begins, as well as the
cross—linking time, are dependent inter alia on the type of
peroxide and temperature. It is normal to introduce heat
through the mould walls in the cavity in order to attain a
10 sufficiently high temperature. In the process based on the
present patent application, however, one can utilize the
additional heat generated in the plastic compound by the
exothermic decomposition of the chemical blowing agent, such
that the temperature of the plastic compound is raised to
5 above the decomposition 1eve1 for the peroxide in question.
The_ degree of exothermic reaction assoclated with the
_ decomposition of the chemical blowing agent can be regulated
' s 'by, e.g., selecting different.blow:lng agents,. or by combining
exothermic and endothermic chemical blowing agents, or by
2 . using different accelerators, or by  changing the quantity
ratios in the blowing agent system. The pressure level in
the plastic compound also has considerable significance for
the amount of heat generated with decomposition. - One may
also utilize possible additives in the blowing agent system
5 which react’ chemically exothermally or endothermally to
control the decomposition of the peroxide.

®

DESCRIPTION AND EXAMPLES OF PROCESS CONDITIONS AND PLASTIC
COMPOSITIONS,

30

'Development of the present technology has been carried out

using a relatively small injection moulding machine. This

does not mean -that it would have been impossible to use a

~different plastic processing machine, such as, e.g., an
35 extrusion machine. o '
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5 contai ner.

limtation
production

This is a sem-continuous -process, wth a natural

3? },I ) el oduct's dinensions. |In the "Scandi nor prpe.gm4,m§3

t"cellular plastic with closed cells the necessary nass

pressure is built up by coollng down the plastic conpound under high
pressure in a special reffigeration unit withgexterior

10

15

20.

3

In. the developmental phase of the technology, light products
of cellular plastic with closed cells have been produced from
Polyvinyl chloride (PVC), from Ethylene vinyl acetate (EVA)
and from Polyethylene (LDPE and MDPE). An injectioﬁ moulding
machine of the brand Demag DC 80 was used, with a shot
capacity of about 100 g and 80 tons closure pressure. The
screw diameter of the injection moulding machine was 32 mm
‘'with an 1/d ratio of 20, and the cylinder was equipbed with
three heating belts with a temperature control. The moulding
tool was a steel tool having about 80 ml of moulding volume.
It was equipped with oil tempering for temperature control.
It was further equipped with -sensors for measuring the
temperature and pressure of the plastic compound.

Example of a comgosition based_on PVC.

" PVC, S-grade, K-value 58 . 100.0 phr’

Parrafin wax o : 0.8 phr
Glycerine ester - - 0.4 phr
Calcium stearate - 0.7 phr
Butyl tin mercaptide . 2.0 phr
Sodium bicarbonate = - , : 7.0 phr
Azodicarbonamide o | 5.0 phr
. Zinc-oxide | 2.0 phr
‘Polymethyl methacrylate ~ 8.0 phr
Dioctylphalate 10.0 phr
Aluminium hydroxide 2.5 phr

3C

35

The raw materials were uell mixed in conventional manner in a
ﬁigh-speed blender where the temperature was brought up to
1259C, thereafter to be cooled down to about 50 °C before the
compound was taken out of the blender. The mixture was fed
up into the intake hopper of the injection moulding machine.
The speed of the machine was about 100 rpm, and the cylin-
der’s temperature setting was, from the hopper and forward:
110 °C, 125 ©C, and 140 9C. The temperature of the nozzle
was set at 150 ©9C. The total time in the machine for the
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cool i ng af Wy odiigyeexit fromthe nmould nozzle and transferri nq,cl.l.hgd Fo‘aﬁtsl

into a brakl ng/.retaining device where the plastic conpound it forns

conti nuous "piston". The "piston" is slowed down to a velocity that i rrparts
the necessary pressure to the plastic nelt ga the machine and in the _
nozzle. The pressure build-up is attained wthout velocity variations in

t he plastic nplasticAfcempohrdbreasngabetidi n60g decionds.t he mhastcempound’s

dis h th n expa h hearing,
o Thegas cofAhér d8ufes Rowditel WEeROL 1213847 b4 DPHE 088HLBE:
br aki ng/ r et ai hioR §ewppesatyrg rf&!attlw%l blowihpEi @mem Lsmstem lup ttli bthe last

moul dirng -of. | §8&t168! b?' Q;'he()'ﬁgfé&t%ﬁ hmﬁui’ﬁﬁl gjelcfhi e, {t?gf‘ytﬁc\_‘re was

vari ous processes, and ct can_ norm

structurdl foi%h ~-TRE Pﬁjl&ﬁ qeeblEdP kg ﬁF‘GEB§s oifs mlfkﬁ‘F%mﬂHIe@Inl afothe
two main groupkowing agents in the machine.

The compound was well gelatinized after the processing in the
injection moulding machine and had a temperature of about 155

1 OC as it was injected into the tool’s mould cavity. The
actual 1injection took about 3 seconds. The 1injection
pressure was about 180 bar. The mould cavity walls had a
temperature of 175 ©°cC on injection. After about 2 minutes, °

the . decomposition of '?_the bl_‘owing agent 'began'.' and was

5  essentially finished about 2.5 mi'nutes afte'r' start.. The
' plastic compound was then cooled down in the mould cavity to
- about 130 °C at the core of the compound, and to about 80 °C

'-.i-on. the surface. The product was removed from the mould and -

expanded after a few seconds to a density of about 90 g/cni3
2 with uniform cell structure throughout the entire product
- The gas ce11s were small and closed. '

There were also produced products having an integrated skin

-of the PVC material. = The skin was not foamed and the

—_ S transition between unexpanded skin and the expauded cellular
plastic in the rest of the product was relatively sharp. The
thickness of the skin could vary in thickness from one part

of the product to another. The skin was formed by having
reduced the temperature in the mould walls to 120 - 130 ©C

3 during the actual injection of the plastic compound into the
mould cavity:; i.e., below the decomposition temperature of

- the blowing agent system. In this way, the blowing agent
system was "extinguished" in the outer iayer, preventing this
section of the plastic compound from being decomposed because

3%  the temperature of this compound was brought down below the
blowing agent system’s decomposition temperature before the
decomposition started. After the decomposition of the rest
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pressure processes and high.pressure processes. There is attained up to
about a.-40%- reduction of the foams density conpared with H@gﬁgﬁp@m} of
the unexp¥Q®B 2astic nelt. Both physical as well as cheni %g
agents are used in connection with injection nmoulding of cellular plastic.
The | ow pressure processes are characterizggl by the fact that the conpound
containing gas is injected rapidly -into the cavity of the tool. The anount

“of the 'nJeCB?dﬁ%EW¥¥HEh@@5wa§tfiﬁ?sﬁé&rtthé ﬁmaht@é uehpaanahwagirbo1ed
cavity, mherebx t he plastlc conp

til it f
the entire c4@Wny to|abolit, Q’tlétr)] Hl’islt%lehén‘{‘g'cé EﬁgPW fé‘uagobé"f’lﬂpf:tl ﬁ?es

to the I ow pre&awealﬂrddnxnéxmoulmeaﬁQSéﬁp@ﬁdémetboaldensimglaflmMth 90
favor abl e. Fg?gh@roducts produce with a

S

Ex le of a composition based on EVA.

EVA, Melt index 4, VA content 13% 100 phr

Azodicarbonamide 5 phr

ie Sodium bicarbonate 8 phr
Zinc-oxide - N ' 2 phr

" Aluminium hydroxide . 4 phr

| 2.5-3-2.5-d1méntny1hexyne43; 45 %4 4 phr

:ﬁ 2, 5 B-2,5~ dimenthylhexyne was added in order to cross- link
- the plastic compound. ‘This type of peroxide having high
decomposition temperature and long half- life at “"normal"
ftemperatures was selected in order to make certain that the
fdecomposition temperature for the blowing agent system would
‘20 be lower than the decomposition temperature for the cross-
linking agent. (Otherwise there would have been a. risk of
eross-linking in the inJection moulding machine.) |

The plastic'raﬁ materials“were blended using a blade mixer.

s The injection moulding machine’s heating belt was set at 125
OC, 135 ©C and 150 °C (from the hopper and forward). The
machine’'s velocity was set at 110 rpm. The nozzle temperature
was set at 155 ©C. The steel temperature of the tool was set
at 170 O©c. This temperature was lowered to 130 9C after

30 about 5 minutes. The plastic compound had a temperature of
about 150 ©C at the outlet of the injection moulding machine
before it was placed in the tool. Little or none of the

blowing agent was decomposed, nor was there any visible:

decomposition of the peroxide. The compound was placed in
% the tool in about 3 seconds, and the injection pressure was
200 bar.

s Sheet Has Been Replaced

Pt}



6 1 ow presggyppgRcess usual ly have a non-uniform foam st r u@CTNOS/00ESEINY
open cel | s and uneven surface, full of burst gas cells or slips. Attenpts

have been, made to renmedy this by neans of control of the tool tenperature,

al- processing of the.tool cavity surfadé and after-treatnent of the
f oam product ..

speci al:

10

15

In the high pressure processes the plastic conpound cont ai n-
After about 2 minutes following injection, the blowing agent

~in-the plastic compound was decomposed and the temperature of

the compound rose to about 200 ©C. This temperature was

"high enough for a rapid decomposition of the peroxide

material. The decomposition of the peroxide was completed or
substantially completed in the course of about 5 minutes.

Then the tool’s steel temperature was regulated downward to
80 9C, and the product was removed from the mould after 2
minutes. After a few seconds the product expanded to a
product having a density of about 70 g/cm3, with small,
totally uniformly distributed, closed cells. The product had

- no .skin, but a cellular structure all the way out to the

surface.

' There were also produced "EVA- based products having dense,

unexpanded skin and with light cellular. plastic in the rest

:'.,;of the product. This was _done by placing the compound, as in

30

35

‘the example above, 1nto the tool at a temperature of about

150 °C. The tool’s steel walls had a temperature of about.
130 ©°C on the 1n3ection of the compound which was immediate-

1y cooled down at the* surface to below the decomposition.

temperature for the blowing agent system. One thus obtained
a product where neither the blowing agent nor the peroxide
material was decomposed on_the'surface, whereas the rest of
the product expanded to cellular plastic having a density of

about 70 g/ém3, with small, closed gas cells, uniformly
distributed. '

In all of the runs executed with the technicallequipment
described above, the product was removed from the injection
mould and allowed to expand freely. In practice it will
often be necessary to transfer the product from the injection
mould to an expansion mould before the product expands, or
before it has expanded to any particular degree. A final
product is thus produced with more clearly defined exterior
measurements. The degree of expansion, however, will be
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ing gas is rapidly injected at high pressure into the tool nould that is.
filled entirglobsihsfd P! astic conpound. A skin on the product is obtained by
cool i ng down the surface in the tool, and the plastic conpouncPMQ?MQOlw
virtue of the fact that the nould. volume is increased. This is done, for
exanpl e, by drawing the rmould plates in the »ol away from each ot her after
all the plastic conpound has been placed Into the cavity. Thi s process

yi el ds a rel at someyhgtodreduéede the u ft feat i s

of ten unnecesspryro WYLt Qi’ﬁ ;y]roducg"ggg o(aafm %9}355@10% xgéﬁﬁ ecause
essential ly closed, evel Pgﬁr BuPBd°§5§P§ess§rem@ d@@rd’e‘aﬂu@(‘psarlsimvung
of the plasticagemt b@S/afthed productr U@ ncontathed thyt ft@;eoré??#g;, ?hn

nmet hod. The  tPPioFOYSUsein rocess are relatively co cate
the reduction of the densi t% ng?e%ted A variation based on the hi gh

pressure principle is the "Alied Chemcal process” Here, the

15
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35
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pressure |w(s§5)hnfzd so that the plastic compound can expand, Psymmmmﬂng a
porti-dn.of- the -plastic conpound, after filling, to fl owback—nto-the

i nj ection:noul di ng machi ne. The net hod produces an une cel | structure
Anot her known process that is based on thelBigh pressu[ﬂﬂ

"TAF method". After filling the cavity at a high mass mm,t'mltm,lm,

in the tool Esﬁdﬂamhlhdt_sgLﬂhéLJLﬂbéhoIune of the moul d increases *and the
pressure is reduced. The gas and the conpound are thereby able to expand.
-Nornat~degre§s of expansion are 20-30% There are several special

i.-nj ection nmouldi ng processes which. in principle, may be classified as | ow
pressure or A gbrocess for the production of products of light cellular

5  plastic with closed cells from a plastic composition
containing chemical blowing agent and, optionally, other
process-regulative substances and additives, where the
plastic composition is processed (kneaded) mechanically in a
plastic' processing machine to a well homogenized, melted

W  plastic compound,
characterized in that the plastic compound is
then pressed into a closed cavity, at a temperature above the

; .~ decomposition temperature for the chemical blowing agent in

. -.“,, the plastic compound, in combination with possible decomposi-

718" tion regulative additives, end that the chemical blowing

fagent is sti1ll not decomposed as the plastic compound is

"pressed into the closed cavity, and that the mould cavity is

filled completely with the plastic compound, and that the

plastic compound is. held in the cavity at .a temperature above

ca  the . decomposition temperature of the blowing agent system

long enough to attain the desired degree of decomposition of

i;‘the blowing agent, and that -the pressure An the plastic

. compound in - the closed cavity is high enough to prevent

'7expansion of the blowing agent, or to allow expansion to only

_ : 5-'Ma negligible degree, and that the mould is_opened when the

'ED . desired.”degree_ of decomposition is attained to allow
expansion of the plastic compound to occur. |

2.

30 The process as disclosed in claim 1,
characterized 1in that the plastic composition
contains decomposition-regulating additives for the chemical
blowing agent, which react chemically exothermally or

endothermally in the closed cavity.
35

‘3.
The process as disclosed in claim 1,
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count-er-pr-es

pressure injection rmr”mhmm mmi m&e of thisis the "Gas . ... . .
syfr-e-7ef.ho . cavity is first fil | as
[ B’rﬁeggﬁg asa i Cs ound contai ning unexpaﬂcﬁ%ﬂd;og‘#s

~injected into the nould cavity which, due.to the gas in the cavity, is not
filled entirely with the ‘conpound. The gas;gn the cavity is then evacuated

under high

and the pl asti c conpound expands with the | ower

tools for thig progepsaalce €X@epsiives @énd i n that the surface of the

10

unexpanded plastic product is cooled under high pressure in
the closed cavity to a temperature below the decomposition
temperature of the blowing agent before the decomposition of
the chemical blowing agent starts. ‘

4.

The process as disclosed in claim 1,

c haracterized 1 n that the surface of the
unexpanded plastic product is cooled in the closed cavity to
a temperature which gives the surface a stiffness and

-strength high enough . to allow the. plastic product to be

" removed from the cavity without any part of the product

15

20

K’

30

35

expanding, or expanding only to a negligible degree, before
the entire product is removed from the cavity.

pressure in the cavity. The
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race %fEW#?sig%emmmﬂmmnm\\ﬂLC’bt o o 25 1t SredBU G2

nmade snoot h. Anot hrer ¢proceds s %t he " on Car bi de process” I'n thIS
process a conbi nation of extrusion and injection noulding is used but it
is actually a |ow pressure nethogMENDEDhELATIMGOMPONENt Or sandw ch met hod
(1<) makes iftrepmivedbby the brtednatd opabducesu avy riebrueryditB8% (@0t 00198351 i C
raw mat eri al s, oefginal heladm outamendddi; nrematihidp areihe anehangedhE2 pagesds | s
expensive, and the foam ng slight. The co-injection nmethod with expansion
of the corg material by drawing the nould plates in the tool apart (USM
has. in principle, the sane advantages as the 1Cl method. There is normally

-achi eved aX RERIRSS dEQF edheopradushion of 3progucts mf t1igktpsadinlar

plastic with closed <cells from a plastic composition

containing chemical blowing agent and, optionally, other

process-regulative substances and additives, where the

plastic composition is processed (kneaded) mechanically in a

plastic processing machine to a well homogenized, melted

plastic compound, and transferred directly to a closed
cavity,

characterized in that:

: - 1) the plastic compound, when it is transferred to the form
o cavity, has a temperature which is above the decomposition
temperature of the blowing agent in combination with

optional decomposition regulative additives,

2) the plastic compound is transferred to the closed form
cavity between the point of time when the compound has
arrived at the temperature which is sufficiant for the
blowing agent in the plastic compound to decompose, and
the point of timé when the decomposition starts,

3) the closed form cavity fully 1s filled with plastic
compound and the temperature in the plastic compound in
the form cavity is helt over the décomposition temperature

- for the blowing agent in the plastic compound until it is
ED obtained and desired degree of decomposition of the
blowing agent, and that the pressure in the form cavity is
helt so high that the plastic compound is not expanding or
is expanding to only a negligible degree, when the blowing
agent decomposes, and

4) that the pressure in the closed form cavity 1s reduced,
for example by opening the form cavity, when the desired
-degree of decomposition is obtained in order to allow the
-plastic compound to expend. '

_—
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processes. WO- 88/ 01934 di scl oses a method for producing Ll ul ar astic
with ol ose‘ﬁ T2 and cont ai ni ng pol yvinyl chloride, a che%%rmumé’g?'%%l OW ng

agent, a stabil | zer, and possibly ot her Zprocess control ling substances
and additives, S treated nechanically in a plastic
treating machi ne, ﬁm“ﬂ mmlmlmﬁ this phase of treatnent at a well

gel atinized_state with & m®chem€al: bl ow ng agent which was finely

distri butedzr n the pl astic m xture in connection with gel atini zati on, but
i's not d eTwerpmISEek &/S P |¢tzdc1oxed)rﬂty mlerimpqsed/vaporl zed to a negli -

gi bl'e extend. Tye P agti G x{ treqt e é&i%”c ?Q SRRt i
treating nachlne Hhi®a tenpera ure a ove t econ} p05| ion pori Zing

1 errper at ur eceomtainrs bdgqpngoggéh@nsbemhgting additives for the chemical

blowing agent, which react chemically exothermally or
endothermally in the closed cavity.

3.
. The process as disclosed in claim 1, _
c haracterized i n that the surface of the

unexpanded plastic product is cooled under high pressure in
the closed cavity to a temperature below the decomposition

) temperature of the blowing agent before the decomposition of
thé chemical blowing agent starts.

4.

The process as disclosed in claim 1,
characterized in that the surface of the
unexpanded plastic product is cooled in the closed cavity to
a temperature which gives the surface a stiffness and
strength high enough to allow the plastic product to be
removed from the cavity without any part of the product
expanding, or expanding only to a negligible degree, before
the entire product is removed from the cavity.
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: _ FOR -1 TS
-8 the latter is deconposed/ vaporized while treatnment occurs, at a

. * pressure above the internal pressure of expansion in the .

deconposed/ vapori zed bl ow ng agent, the plastic m xture-af teerrep\acemem shest
deconposi ti on/ vapori zi ng of the bl owi ng: agent being fagdst expand 19 the
desired shape by reduction of the externgal pres- 19 MAR

pDate

PROCESS FOR THE PRODUCTION OF PRODUCTS OF
LIGHT CELLULAR PLASTIC WITH CLOSED CELLS.

ERIOR ART.

Cellular plastics/foamed plastics can be divided '1nto_two
main groups: 1) Those having predominantly closed cells;
2) Those having predominantly open cells.

Closed cells in the plastic foam (i.e., cells which are not
joined together) are a necessary condition if the foam is not
to absorb moisture. It is also very important that the cells
be closed if it is required that the cellular plastic have
good, long-lasting thermal insulation properties. Also, the
mechanical strength properties of the cellular plastic will
- generally be far better if the gas cells are closed, compared
with cellular plastic with open cells, 1.e., where the gas
cells are joined together (e.g., as in a sponge).

There. are several principally different technologies for
producing foamed plastic with closed gas cells. It 1is
conditional for all processes that the plastic not be
sheared, i.e., that the layers of the plastic compound do not
move in relation to..one another aftér ‘the blow:lng agent heas
expanded :ln tpe*‘plastic;compound and before- ‘the cell walls in
the plastic compound have become sufficiently strong. either
by chemical reation or by cooling, to prevent the cells from
being torn to pleces by shearing. When a physical blowing
agent 1is 'iiéed.- it is a condition t!fat the gas be mixed into
the piastic ‘compound at a p:‘essp.re above the expans:lon
pressur.e.._of the gas, i.e., that the gas be mixed into ‘the
plastic "'éampc:ﬁnd in -liquid form. " If the gas has been
permitted to expand before, or in connection with, being
blended ‘into the plastic compound, the result will be a
greater or lesser portion of the plastic foem having open,
continuous cells. When a chemical blowing agent is used, 1t

a7 i e g e VR,
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sure. DESCRI PTION OF THE I NVENTION I n those processes where the plastic

s conpound in the plastic processing nachine contains gas, either deconposed
chem cal bl owi ng agent or physical gas, due to the required pressure on

the plastic nelt in the processing mathine to avoid expansion of the

bl ow ng agent before the nelt has energed fromthe nozzle, the plastic nelt

will be subjected to shear forces in the nozzle. This produces a velocity

proflle|ﬂstdmndﬁdtttunIﬁwwlmgtthndmpzzbamthathheioaedlgbelsveha¢|mmeln the

m ddl e.z g;:[b%qu%n ZHeoi i Shoftit LASATE chRe"BIELE WRkeS o
Because t erior pressure an
pressure great enough to prevent expansion of the gas until
the entire decomposition phase has been completed. If the
decomposition takes place under too low & pressure, the
result will be foam with open gas cells. '

One frequently used process is reaction injection moulding
(RIM). In this process, two or more liqgiid components are
mixed together and injected ‘into a closed mould cavity.
Polyurethane (PUR) is used for the most part in this process,
but other plastic raw materials such as, e.g., thermoplastic
polyamide, polyester and epoxy, are 8lso used. The method
has the major advantage, compared with most other processes,
of enabling the production of very 1large products, and
allowing the plastic to be foamed at the place of usage (in
situ).. PUR foam can be produced with low density and has a
very good thermal insulating capability as long as moisture
has not penetrated into the foan. However,
relatively expensive, it is brittle, and 1its combl_‘ession
strength 1is 1limited. Moreover, the gas cells collapse at
very low fluid pressure, severely limiting the insulating
property of the foam wunder water. The foam also has
enviromentally negative sides. (One 'of the components of the
foem is -isocyanate. Currently, there is also an extensive
use of KFK gases” as the ‘blowing agent in the foem.)

the foam is

Of other known processes used especially for foaming of

thermoplastics into light cellular plastic with closed cells,

we can mention, 1in particular: static processes,
. processes, and injection moulding processes.

- exXxtrusion

Among static processes, the “Styropor process" is the most
well known. It was developed especially for polystyrene and
utilizes volatile carbon-hydrogen compound as the foaming

agent. The foam may be produced with very low densities and

may be foamed at the place of use. Its fire and chemical
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pFessure In the plastic compound is reduced after t he nozzl e,

conpound expands inmedi ately. The expanded gas cells in the plastic,

to the velocity profile,

the plastic

due

are subjected to shearing and are easily torn to

pi eces so that the expanded plastic coll apses. The present invention,
exploits the phenomenon that, - for hem cal blow ng agents, there is an
i nterval between the tinme when a sufficient tenperature is reached for the
deconpos PFPBATLACS: QhOWERRR.  fRe ( {nmanik FagRs te.onMoreoxery

begi ns.

injectio

t hat

It

the thecahasbam PpPEpert s Mt Nane Mt e TRy mQutefer exguRl e,

BePBss Bln B uREa, 2P R forl At el sERE H et orpr at ur o

of the bl ow ng agent system Before the bl ow ng agent has begun

Another type of static process frequently used is the so-
called "static high pressure method™. This process is used
primarily for production of light PVC foam with a chemical
blowing agent. The foam can be produced with low density
(about 30 g/cm2), has a closed, uniform cell structure and
has very good mechanical and chemical properties. In terms
of dimension, however, this process has na:]or limitations.
it is quite manual, and production costs are high.

A variation of this process is the injection moulding of
unexpanded "tablets" of thermoplastic containing a chemical
blowing agent, which are then placed in presses where the
"tablets" are heated up, causing the blowing agent to
decompose. The hardness of the product is normelly very

1imited and the production is slow.

A process used particularly for production of foam products
from EVA is to inject a product having a mass temperature
below the decomposition temperature for the blowing 'e.gent

- into an injection mould. ‘The mould is filled entirely with

the plastic compound. and a pressure '-higher than the

- expansion pressure for the bdlowing agent . is -applied to the

compound. The mould -- and with it the plastic compound--
is then heated to above the decomposition temperature for the
bloving egent system in the compound. After the blowing
agent has decomposed. the mould  is :opened ‘and the plastic

- expands directly. The _process is very sensitive to varia-

tions in the’ process conditions and it is slow.

There are - also several known extrusion methods for production
of cellular plastic. A condition for the attainment of
closed gas cells 1is that the blowing agent in the plastic
compound must not be expanded in the actual extrusion machine

an

This is the replacement sheet
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its deconposition, the plastic conpound is fed into a cl osed rmul'd cavity.
In the cavity, which is filled up wth the

9 plastic conpound, a pressure is exerted on the compound which is

sufficiently high to prevent the blowing agent from expandi ng when
it deconposes, or to allowit to expangl only

or .in a first section of the moulding tool (the nozzle). To
attain a pressure in the plastic compound that is sufficient
to prevent the expansion -of the gas, flow friction through
the nozzle is used almost exclusively. This produces varia-
tions in the velocity of the plastic compound at the outlet
of the nozzle, which again means that shearing is built into

the plastic compound, inasmuch as the expansion gas -- as a

result of pressure drop -- expands. This results in cells

easily being torn apart amnd to collapse of the expanded
plastic compound after a short time. The “Celuka process",
“Armocel process", and "Woodlite process" are examples of the
build-up of the necessary mass pressure with the aid of
friction. In order to avoid excessive shearing of the
plastic compound and puncturing of the gas cells at the
outlet of the nozzle, the amount of added blowing agent may
be reduced, resulting in higher density. Extrusion of very
. thin profiles (foils) yilelds a flatter velocity profiie
(fewer variations in velocity of the plastic compound)
through the mouth of the nozzle, and the problems of shearing
of the ‘plastic compound with tearing of the cells can thereby
be reduced. By using a physical propellant gas instead of a
chemical blowing agent, the pressure in the plastic melt cen
be reduced because the gas pressure 1is far lower in the
physical gases norinaliy used than in chemical blowing agents.
Shearing of the plastic by friction can thereby be decreased.
The problems of “shearing of thé plastic meit mﬁy .also be
reduced by regulating the viscoéity of the melt, e.g.,

through temperature control or by utilizing 'cross-linking of
the plastic in connection with the foaming.

.There . aré also found extrusion. niethoc_ls for production of
.1ight foem products having closed cells that do not utilize
friction in the nozzle in order to obtain the necessary
pressure. An example of this is the "BASF process“, where the
plastic compound 1is extruded 1into a vessel that is plaéed
under pressure. The compound is then injected out of the
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to an I nsignificant degree; It is also a condition for obtaining closed

. gas cells that the blow ng agent in the deconposition phase does not
expand, or expands only to an insignificant degree. Since one does not
have bl owi ng agent in gas formin thé plastic conpound either in the

plastic processing machine or in the nobdzle, the plastic can be Wrked

w t hout a particul ar | y high pressure. Moreover, a velocity profile having

a higher veeBtainerer t HERESmpHRIN® | FemicCONIINUOYE.  REORBFEer ¥itkarm t han

out towar dnaeraPol 16Pta €16ween Ngie Productdls dimendlionswi || be torn to

pi eces as the bl ow ng agent does not deconpose until a later stage in a

cl osed cavity. The cl osed nould cavity may be a static chanmber with walls

of, e.g., 3nedhe MSiceindinoriprsicessc for prgduwetionief, 1ightneedlutare of

the cavity Eﬁktic”&vié}? @ \vaeae éé’iié‘a‘thbh%éée’sédrjfahahﬁ W’ﬁﬁ% | ggthe

course of |nJ ect f) asti.c conpound_s & at newu%l &

u ¥y coo down e plast ¢ compo un er high
pressure in a specia_l refrigeration unit with exterior
cooling after the exit from the mould nozzle and transferring
it directly into a braking/retaining device where the plastic
compound itself forms & continuous "piston". The *piston" is
slowed down to a velocity that imparts the necessary pressure
to the plastic melt in the machine and in the nozzle. The
pressure build'-up is attained without velocity variations in
the plastic melt. After the braking/retaining device, the
plastic compound is heated up again, and the compound can
expand without shearing of the gas cells. Various thermo-

moplastics may be used, but the brakinglretaining device is a
relatively complicated unit.

Injection .'moui'ding. of 1light cellular plastic with closed
cells is done today by various processes, and the product can
normally be referred to as structural foem. The injection
moulding process is usually divided into two:main groups: low
pressure processes and high pressure processes. . There 1is
attained up to about a 405 reduction of the.foam’s density
‘ compared with the density of - the: unexpanded plastic melt.
‘Both physical as well as chemical blowing agents are used in
connection with in;]ection moulding of cellular plastic.

The low pre'ssure' processes are . characterized by the fact that
the compound containiqg g8s.  1s. injected rapidly -into the
' cavity of the tool. . The amount of the. injected compound has,
at the start. ‘a smaller volume than the cavity, whereby the
" plastic: compound is allowed to foam up until it fills the
entire cavity. It is common to f1il the tool cavity 70-80%

full. Due to the low pressure in the tool, the costs of the

tool are relatively favorable. Foam products produce with a
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conpound nust constantly be pressed into the cavity in order to namintain
the necessary pressure. The bl ow ng agent- system may contain, in addition
to chem cal bl owi ng agent, substances that, e.g., change the deconposi -
tion tenperature or the deconposition rate for the chem cal bl ow ng agent
(e.g., ZnO.. The bl owi ng agent system may al so contain substances that
react chemcally exothermally or endothermally in accordance with achieved

react 1 0 gy M dkurd' Froced i) 17, AvE- f%;@i&m mt?oeﬁhwﬁ or e
rapi d deconposition ?%e chem ¢ mgent and. one ect a
cheni caltUfeoniRAp @Pen t Aellgc8BApYREYeR! s&’ fabberht HPE‘PhSﬁswoul d
ot herw ®ellavcoesh1pessi ttempts have been made to remedy this by
means of control of the tool temperature, special processing

of the tool cavity surface, and after-treatment of the foam
product. '

In the high pressure processes the plastic compound contain-
ing gas is rapidly injected at high pressure into the tool
mould that is filled 'entirely-with plastic compound. A skin
on the product is obtained by cooling down the surface in
the tool, and the plastic compound’ expaﬁds by virtue of the
fact that the mould volume is increased. This is done, for
example, by drawing the mould plates in the tool away from
each other after all the plastic compound has been placed
into the cavity. This process 'yields a relatively good
surface on the product, so that after-treatment is often
unnecessary. Further, it produces foam products having
essentially closed, evenly distributed gas cells. The degree
of expansion of the plastic can be varied to a certain extent
with the product of this method. The tool moulds for this
process are relatively complicated, and the reduction of the
density is limited. A variation based on the high pressure
principle 1s the "Allied Chemical process®. = Here, the
pressure is reduced so that the plastic compound can expand,
by allowing a portion of the plastic compound, after filling,

to flow back into the injection mouiding machine. The method

produces an uneven cell structure. Another known process

that is based on the high pressure principle is the "“TAF
method". After filling the -cavity at a high mass pressure,
an insert in the tool is drawn out so that the volume of the
mould increases and the pressure is reduced.
compound are thereby able to expand.
expansion are 20-30%.

. The gas and the
Normal degrees of

There are several special injection moulding processes which,

in principle, may be classified as low pressure or high
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The pressure in the plastic conmpound that is necessary in order to prevent
. the blow ng agent from expandi ng during the deconposition phase varies with

t he bl ow ng agent system the tenperatures and the anount of bl ow ng
agent. Wen, e.g., 10

7
pressure injection moulding. An example of this is the “Gas
counterpressure method". Here the tool cavity is first
filled with gas under high pressure. The plastic compound
containing unexpanded gas is injected into the mould cavity
which, due to the gas in the cavity. is not filled entirely
with the compound. The gas in the cavity is then evacuated
and the plastic compound expands with the lower pressure in
the cavity. The tools for this process are expensive, and
only a small degree of expansion is obtained. The preducts.

however, can be made with relatively high volume, and the
surface of the product can be made smooth.

Another proces's is the "Union Carbide process®. In this
process a combination of extrusion and injection moulding is
used, but it 1is actually a 1low pressure method.: The
bicomponent or sandwich method (IC1) makes 1t possible to
produce products having two different plastic rew materials,
e.g., hard outer skin with foamed core. The process is
expensive, and the foaming slight. The co-inJecti'on method
with expans:lexi of the core materisl ‘by drawing - the mould
plates in the too,l' gpart (USM) has, in principle, the same
advantages as the ICI method. There is normally achieved a

foaming degree of from 6§ to 30 % with multi-component
processes.

DESCRIPTION OF THE INVENTION

" In those pi'_-ecesses where the plastic compound in the plastic
processing machine contains gas, either decomposed chemical
'blowing_ agept or physical gas, due to the required -pressure

" on the plaﬁstic melt. in the processing mathine to avoid
expa.nsion of the bloving agent before.the:melt hes emerged
from the nozzle. the plastic melt will .be subjected to shear.
forces in the nozzle. This produces & velocity profile in
the melt on leaving the nozzle that has a higher velocity in
the middle 2zones than in the zones furthest out toward the
nozzle walls. Because the exterior pressure and thus the

\
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Aiodi carbonanm de is used, with zinc oxide as a "kicker", at a nmss

tenperature prior to deconposition of 165 [err]C, and with a bl om ng agent
amount of 10 phr, it would usually be suffici- ent to have a mass pressure
of about 150 bar to avoid the expansion or to maintain it at a sufficiently

| ow | evel . The time necessary to attaign conplete or nearly conplete
deconposi tion of the blow ng agent is also dependent on factors such as the

total blo mmtznsxabe a%ftht%'mﬂfo%ndt li{serf@fddéé‘il Rlfadr Cttn@ommds the
pressure i iC co arppunt. .0 ovmn agen a
pl astic c&ﬁ‘ﬁo@&ﬁ%@ﬁboﬁ?'@% ﬁf?&?‘sf go o‘rrpo he ﬁ&?apggf’e(g"isn the
noul d cavidellfsor ia stheéi cpbnstycLor@el rte t@het t wehochdydeprofil elegrare of
subjected to shearing and are easily torn to pieces so that
the expanded plastic collapses.

The present invention: exploits the phenomenon that, for
chemical blowing agents, there is an interval between the
time when a sufficient temperature 1is reached for the
decomposition to start, and the time when the decomposition
actually begins. In the plastic processing machine, which
may be, for example, an injection moulding machine, the
plastic compouixd is subjected to heat so that it melts and
its temperature rises above the decomposition temperature of
the blowing agent system. Before the blowing agent has begun
its decomposition, the plastic compound is fed into a closed
-mould cavity. In the cavity, which is filled up with the
plastic compound, a pressure is exerted on the compound which
- is sufficiently high to prevent the bdlowing 'égent from
. expanding when it decomposes, or to allow it to -expand only
to an insignificant degree. It 1is also & condition for
obtaining closed gas cells that the blowing agent in the
decomposition phase does not expand, or expands only to an
insignificant degree. §Since one does not have blowing agent
-in gas form in. the plastic compound either in the plastic
processing ‘machine or in the nozzle, the plastic can- be
worked without a particulerly high pressure. Moreover, 2
:velocity profile having a higher velocity for the compound in
the middle of the matter stream than out toward the tool
walls does not mean that the cells will be torn to bieces. as
the bloﬁing agent does not décon_;pose until a later stage in a
.closed cavity. - The closed mould cavity may be a static
chember with walls of, e.g., steel, metal, or of plastic of
high viscosity, or one. or more of the cavity walls mey be

movable so that the cavity may be expanded in the course of

the 4injection of plastic compound so that new plestic

-_—
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"deconposition of the blow ng agent, the nould is opened. If the plastic
conpound is not cool ed down prior to opening the nould, the plastic
conmpound wi Il imredi ately expand until equilibriumis reached between the
bl owi ng agent pressure in the conpound and the.tensions in the conpound.
In order to prevent deformation of theJproduct when it is renoved fromthe

mould in a hot state, .the t be o ery.ra and th product
renmoved wFORBORRGPUSE F Pnﬁﬁs&gbgugetngegﬁeQ g%¥8f¥PﬁeBﬂg!¥¥| inB is
cool ed sutéimatntainpthernecessanyuipressugesned, the expansion can be
restrained | ong enough for the plastic product to be taken out of the nould

be pl aced iR BLGHARE: BRERFoBYRECH AT SARFAID v AT AAUIF SR H0 FORBLGRN],

before t hblpwd)dgchgemtan@bsrtaheéar that, hesg.exprhinge the seconpoisial

degree.  +tBn temperature or the decomposition rate for the chemical
blowing agent (e.g., Zn0). The blowing agent system may'also'
contain substances that react chemically exothermally or
endothermally in accordance with achieved reaction tempera-
ture. Thus one is able, for example, to achieve more rapid
decomposition of the chemical blowing agent, and one may

select a chemical blowing agent that decomposes at a higher
temperature than would otherwise have been possible.

. The pressure in the pl'astic compound that is necessary in
order to prevent the blowing agent from ‘expanding during the
decomposition phase varies with the blowing agent system,
the temperatures and the amount of blowing agent. When, e.g. .
Azo{licarbonamide is used, with zinc oxide as a "“kicker", at a
mass temperature prior to decomposition of 165 °C, and with a
blowing agent amount of 10 phr, it would usually be suffici-
ent to have a mass pressure of about 150 bar to avoid the
expansion or to maintain it at a sufficiently low level.:

The time necessary to attain complete or .nearly complete
'decomposition of - the bloving agent -is also --depehlent on
factors such as the total blowing agent system, the tempera-
ture of the plastic compound, the pressure in ‘the plastic

compound, the amount of blowing agent and the plastic
compound composition.

After the plastic compound has rested in the. mould cavity for
a sufficiently long time to eattain the desired degree of
decomposition of the blowing agent, the mould is opened. 1If
the plastic compound is not cooled down prior to opening the
mould, the plastic compound will immediately expand until
equilibrium is reached between the blowing agent pressure in
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pr\ac_tice, the product wll always expand sonmewhat, but with sufficient

. cooling the expansion wll be so slight that the product will not be
defornmed and will expand to the desired -size after having been renoved
fromthe nould, optionally af ter  havi ng been placed in an expansi on

nmoul d. Even though t he surface has n cool ed down, the calorific
capacity in the core of the product wll nornmally be high enough that the
the compound and the tensions in the compound. In order to

prevent deformation of the product' wvhen it is removed from
the mould in a hot state, the mould must be opened very
rapidly and the product removed without delay. If, however,
the surface of the plastic product is cooled sufficiently
before the mould is opened, the expansion can be restrained
long enough for the plastic prbduct to be taken out of the
mould in accordance with a normal opening speed, and the
product may optionally be placed in a different mould, which
may be a cooling/expansion mould, before the product expands
of before it has expanded to a substantial degree. In
practice, the product will always expand somewhat, but with
sufficient cooling the expansion will be so slight that the
product will not be deformed and will expand to the desired
size -after having been removed from the mould, optionally
after having been placed in an expansion mould. Even though
the surface has been cooled down, the calorific capacity in
the core of the product will normally be high enough that the

surface will be heated up by it, i.e., after a _short time,
such tnat the product can expand.

The present technology also mekes it possible to produce
products of cellular plastic, having skin of unexpanded
- plastic, from the same plastic material as for the cellular
_plastic. After 'the plastic compound has been placed in the
tool- mould. at a ‘temperature ebove. decomposition temperature
of the blowing agent system, it will take some time before
the actual decomposition begins. This "start time" will vary
with different parameters such as, e.g., temperature and
- blowing agent system. ‘By cooling the plastic compound’s
surface in the mould before the decomposition has started,
the decomposition ‘at - the surface can be prévented ansame
plastic material as for the cellular plastic. After the
plastic compound has been placed in the tool mould, at a
temperature above dgcomposition temperature of the blowing

agent system, 1t will take some time before the actual

decomposition begins.  This "start time" will vary with
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surface will be heated up by it, i.e., after a short time, such tnat the -
product can expand. The present technol ogy also nmakes it possible to

produce products of cellular plastic, having skin of unexpanded plastic,
fromthe same plastic material as for the cellular plastic. After the

pl astic conpound has been placed in tHd tool nould, at a tenperature above

i e bor oy LFhane o elidhee, AR R 08 B nembiEiure id viding o

with diffagent ggstem: er Bysgonling dhg Pleatiq feppound! | sinfiasedant
system e GROU1dJéfered| ORé | GeOMPORIE] on W é agtar ted Nethoudéedifiqy € t he
decorrposmio has st%rte -
- sition at the surface can be prevented an outer layer has
cooled down further so that the product undergoes only a

limited expansion before it is removed ‘completely from the
mould. '

The plﬁstlc product must normally have a higher viscosity on
expansion than the viscosity of the plastic compound when it
is injected into the mould cavity. If the viscosity is too
lovw when the external pressure is .reduced, there is a risk
that the expansion in the plastic will take place too rapidly
and to such a high degree that the cell walls of the plastic
will not be strong enough and will not have enough flexibil-
ity for the closed gas cells to form in a satisfactory manner
throughout the entire product. The viscosity of the plastic
may be increased by cooling down the compound relative to the
teiiperature of the compound on injection. This is normally -
done with amorphous thermoplastics such as, e.g., PVC, or
with other therm_oplastics' having a favorable viscosity/tem-
perature ratio. When crystalline or partially crystalline
plastics are to be worked by means of the present -proéess.
"~ one will often employ cross-linking of the plastic before
the expansion takes_ placé.' 'I:he cross-linking. can.‘be done
chemically,. for "exam'ﬁl't_a.. \isi_pg silene groups, with.radiation,

" or, if a polyethylene pldstic is used, for example, with
- peroxides. o

Normally it .would be a prérequisite,:.;that the plastic not be
cross-linked in the plastic proc_:es,_s__ipg ‘machine, *due- to the
risk that the 'viscos;‘ify'_ of the plastic.might  become too high
for mechanical in"bcess"'ing. When cross-linking with radiation
1s employed, therefore, the radiation will take place after
the compound has been place_d into the cavity. '
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t he deconposition at the surface can be prevented. The product undergoes
only a limted expansion before it is renoved conpletely fromthe noul d.
The plastic product nust nornmally have a higher viscosity on expansion than
the viscosity of the plastic conpound when it is injected into the nould

cavity. If the viscosity is too |ow whjgn the external pressure is reduced,
there is a risk that the expansion in the plastic will take place too

rapi gl y andsoo v perogidesgare nised tde aﬁldrdﬁsl-llsnm‘iwea@mm i chlwi I ;
not t nd
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this "start temperature™ is attained until actual decomposi-
tion and cross-linking of the plastic begins, as well as the

cross-linking time, are dependent inter alia on the type of

peroxide and temperature. It is normal to introduce heat

through the mould walls in the cavity in order to attain a
sufficiently high temperature. In the process based on the
present patent application, however, one can utilize the
additional heat generated in the plastic compound ﬁy the
exothermic decdmposition of the chemical blowing agent, such
that the temperature of the plastic compound is raised to
above the decomposition level for the peroxide in question.
The degree of exothermic reaction associated with the
- decomposition of the chemical blowing agent can be regulated
by, e.g., selecting different blowing agents. or by combining
exothermic and endothermic chemical blowing agez';_t_:s. or by
using different accelerat'ors. or " by changing th?e Quantity
ratios in the blowing agexit_ system. The pressure level in
the plastic compound also has considerable significance for
the amount of heat generated with decomposition. One may
also utilize possible additives in the blowing agent system

which react chemically exothermally or endothermally to
control the decomposition of the peroxide.

DESCRIPTION AND EXAMPLES OF PROCESS CONDITIONS AND g..I‘.ASTIC
COMPOSITIONS. :

De’velopﬁeﬁt of the' present technology has been carried out
" using a relatively ‘small 1n_;|ectio'n moulding machine. This
does not mean that it would have been impossible to use a

different plastic processing machine, such as,

e.g., an
extrusion machine. '

This Sheet Has Been Repl Iaced

This is the replacement sheet

oae. 18 VAR 109



done with anor phous thernopl astics such as, e.g., PVC, or with other
> thernopl astics having a favorable viscosity/tem perature ratio. Wen
crystalline or-partially crystalline plastics are to be worked by neans of

the present process, one will often enp gy cross-linking of the plastic
before the expansion takes pl ace. The*Tross-1inking can- be done

ggf;?efﬁ;: gnefg gi&é%hﬁpm&ﬁ%&ﬂ gaaeaeo@reues;?ﬁmlagg ii&ﬂt Brodddtd
of cellular plastic with closed cells have been produced from
Polyvinyl chloride (PVC). fpom Ethylene vinyl acetate (EVA)
and from Polyethylene (LDPE and MDPE). An injection moulding
machine of the brand Demag DC 80 was used, with a shot
‘capacity of about 100 g and 80 tons closure pressure. The
screw diameter of the.injection moulding machine was 32 mm
with an 1/d ratio of 20, and the cylinder was equipped with
three heating belts with a temperature control. The moulding
tool was a steel tool having about 80 ml of moulding volume.
It was equipped with oil tempering for temperature control.
It was further equipped with sensors for measuring' the
temperature and pressure of the plastic compound. '

Example of a composition based on PVC.
PVC, S-grade, K-value 58 100.0 phr
Parrafin wax ' 0.8 phr
Giycerine ester 0.4 phr
Calcium stearate ' 0.7 phr
Butyl tin mercaptide 2.0 phr
Sodium ‘bicarbonate 7.0 phr
Azodicarbonamide _ 5.0 phr
Zinc-oxide _ .2.0 phr.
Polymethyl methacrylate . . 8.0 phr
Dicctylphalate ~ . :.' 10,0 phr
~ Aluminium hydroxide | 2.5 phr

The raw materials were well mixed in conventional manner in a
high-speed. blender where the temperature was brought up to
125°C, ‘thereafter to be cooled down.to about.50 °C-before the
compound vas taken out of the, blender.; The mixture was fed
'up into "the intake hopper of the injection moulding machine.
The speed of the machine was about 100 rpm, and the cylin-
der’'s temperature setting was, from the hopper and forward:
110 9C, 125 ©°C, and 140 ©°C. ' The temperature of the nozzle
was set at 150 ©C. The total time in the machine for the
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12 Normally it would be a prereqU|S|te t hat the pl astic not be
cross-linked in the plastic processing nmachine, due to the risk that the
vi scosity of the plastic might beconme too high for mechani cal processing.

When cross-linking with radiation is enployed, therefore, the radiation
wi Il take place after the conpound hasjgeen placed into the cavity. Al so
when peroxides are used as a cross-linking agent, the cross-linking of the

plastic nptasticstcompaunmd amas naboatwE0d sacohds.Per oFhéescomFdultte a

certain t ggRgeRhtafe ! "hovever, vas not raised to above the decomposi-
tion temperature for the blowing agent system until the last
section of the injection moulding machine, so that there was

no -- or only a negligible amount of -- decomposition of the
blowing agents in the machine.

The compound was well gelatinized after the processing in the
injection moulding machine and had a temperature of about 15§
OC as it was injected into the tool’s mould cavity.
actual 1injection took about 3 seconds. The 1injection
preesure was about 180 bar. The mould cavity walls had a
temperature of 175 °C on injection. After about 2 minutes,
the decomposition. of the blowing agent began, and was
essentially finished about 2.5 minutes after start. The
plastic compound was then cooled down in the mould cavity to
about 130 ©C at the core of the compound, and to about 80 ©C
on the surface. The product was removed from the'mould and
expanded after a few seconds to a density of about 90 g/cm3

with uniform cell structure throughout - the entire product.
The gas cells were small and closed.

The

There were also produced products having an integrated skin
of the PVC material. The skin was: not foamed and the
transition between unexpanded’ skin and the expanded cellular
plastic in the rést of the product was relatively sharp. The
thickness of the skin could vary in thickness from one part
.of the product to another.” The skin was formed by having
reduced the temperature in the mould walls to 120 - 180 ©C
during the actual indection of the plastic compound into the
.mould cavity; i.e., below" the decomposition temperature of
‘the blowing dgernt system. ‘In this weay, the blowing agent
system was "extinguished" in the outer layer, preventing.this
section of the plastic compound from being decomposed because
the temperature of this compound was.brought down below the
blowing agent system’s decomposition temperature before the
decomposition started. After the decomposition of the rest

—_—
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order to be deconposed. - Both the tinme elapsing fromwhen this "start

- tenperature” is attained until actual deconposi- tion and cross-Iinking of
the plastic begins, as well as the cross- Iinking tine, are dependent inter

alia on the type of peroxide and tenpgéature is normal to introduce

heat through the nmould walls in the cavity in order to attain a

Suf 1§ c1 ol 1y G ooVt bR B pb?gsiicb%ﬁﬂﬁﬁﬁdtQﬁsp%?fg& pat ent

appl i cati,on hovvev utilize t tional " heat generated i'n the
pl asti c GG¥Po bRy B§ Fﬁer}é)po r Afc We RORLG ¢ PEEOBE (the PROJUGH wWaswi ng
agent, swemoved: frrom tthepmwaldr endf ékpangédstocacdensing of aBoGedgpo above
t he decoggggstlon level for the peroxide in question. The degree of

exot her réaction associated with the deconposition of the chem cal

bl owi- ng agent can be regul at ed by, e. g , selecting different blow ng

agents, i .herm c chem cal bl ow ng
agents, or by

EVA, Melt index 4, VA content 13% 100 phr'
Azodicarbonamide ' § phr
Sodium bicarbonate : 8 phr
Zinc-oxide ' 2 phr
Aluminium hydroxide 4 phr
2,5-B-2,5-dimenthylhexyne-3, 45 % 4 phr

2,5-B-2,b-dimenthylhexyne was added in order to cross-link

-the plastic compound. This type of peroxide having' high

decomposition temperature and long half-life at “normal®

temperatunes was selected in order to make certain that the

decomposition temperature for the dlowing agent system would -
be lover than the decomposition temperature for the cross-

linking agent. (Othe_rw_ise. there would have been a risk of

cross-1linking in the .tnjection moulding machine.)

The plastic rawv materials were blended using a blade mixer.
The’ 1n3ection moulding machine s heating belt was set.at 125.
oc, 135 ‘0C end 160 °C (from the hopper .and;forward), The
maéhine '8 veiooity was .set at 110 rpm. The nozzle temperature
was set at 165 OC. 'l‘he steel temperature of the tool was set
at 170 ©C. This temperature was lowered to 130 OC after
" about § minutes. The plastic compound had. a temperature of
about 150 °C at the outlet of the injection moulding :machine
before 1t was placed in the tool. . Little or none of the
b10w1ng agent was decomposed nor was there any visible
decomposition of the peroxide. The compound was placed in

the tool in about 3 seoonde, and the injection pressure was
200 bar. '
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using different accelerators, or by changing the quantity ratios in the
bl owi ng agent system The pressure level in the plastic conpound al so has
consi derabl e significance for the amount of heat generated with

deconposi tion. One may al so utilize possible additives in the bl ow ng

agent system which react chemcally exoijgermally or endothermally to
control the deconposition of the peroxide.

After about 2 minutes following injection, the blowing agent
in the plastic compound was decomposed and the temperature of
the compound rose to about 200 ©C. This temperature was
high enough for a rapid decomposition of the peroxide
material. The decomposition of the peroxide was completed or
‘'substantially completed in the course of about 5 minutes.

Then the tool’'s steel temperature was regulated downward to
80 9C, and the product was removed from the mould after 2
minutes. After a few seconds the product expanded to =
product having a density of about 70 g/cm3, with small,
totally uniformly distributed, closed cells. The product had

no skin, but a cellular structure all the way out to the
surface.

There were also produced EVA-based products having  dense,
unexpanded skin and with light cellular plastic in the rest

of the product. This was done by placing the compbund. as in
the example above,

into the tool at a temperature of about
150 ©c.

The tool'’'s steel walls had a temperaturié of about
130 °C on the injection of the compound, which was immediate-
ly cooled down at the surface to below the decomposition
temperature for the blowing agent system. One thus obtained
a product where neither the blowing sgent nor the peroxide
‘material was decomposed on the surface, whereas the rest of
the product expanded to cellular plastic having a density of

about 70 g/cm3, with small, closed gas cells,

‘uniformly
distributed.

In all of the runs executed with the technical equipment
described above, the product was removed from the injection
mould and allowed to expand freely. In practice it will
often be necessary to transfer the product from the injection
mould to an expansion mould before the product expands,

or
before it has expanded to -any_pax:ticular degree. A final
product is thus produced with more clearly defined exterior

measurements. The degree of expansion, however, will be
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13 DESCRI PTI ON AND EXAMPLES OF PROCESS. CONDI TI ONS AND PLASTI C.
- COMPOSI TI ONS.  Devel opnent of the present technol ogy has been carried out

using a relatively small injection noul di ng nachi ne. Thi s does not mnean
that it woul d have -been inpossible to use a different. plastic processing
“machi ne, such as, e.g., an extrusion nmachine. In the devel opnental phase .
-of the technol ogy, light products of cejjular plastic with closed cells

have been produced from Pol yvinyl chloride (PVC, from Ethylene vinyl
acetate (Ewomewhdtf rredueed.cbyyltee (sPPoMNExpRIE] on AlduliddS! | BEcARLL di NY

machi ne of t'h@%ebivﬂi' PWEQ %%‘mrﬁ@l’saw& 4n? tﬁgoﬁ)roduct's blowing

agent as the product is contained by the expansion mould
prior to being cooled.
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cépac4—t—y—e1‘——a~bﬁﬂ’f——iee—g—and 80 tons closure pressure. The screw di aneter

of the in ectl ng machine was 32 nmwith an |/d ratio of 20, and
t he cy || Hﬂmumed with three heating belts with a terrperature
contro ool was a steel tool having about

vol une.

-........— -4 -.-....—._..,.-.-

It was equi pped with oil tenpegng for tenpbﬂamsufe "oonﬁfr“c'gr was
further equipped with sensors for neasuring the tenperat L]:i’r@ﬁfﬁ) pres ure of
the pl astp ga qorpqund. € Bxandl m &f a conposition ba'sed—-on- SHULE PVC.
S-grade, K-value 58 100. 0 phr Parrafin wax 0.8
phr & ycerine ester 0.4 phr .

A process for the production of products of light cellular
| plastic with closed cells from a plastic composition
containing chemical blowing agent and, optionally, other
process-regulative substances and additives, where the
plastic composition is processed (kneaded) mechanically in a

plastic processing machine to a well hombgenized.

melted
plastic compound,

characterized i1n that the plastic compound is
then pressed into a closed cavity, at a temperature above the
'decomposition temperature for the chemical blowing agent in
the plastic compound, in combination with possible decomposi-
tion regulative additives, and that the chemical blowing
agent 1is still not decomposed as the 'plastic compound is
pressed into the closed cavity, and that the mould cavity is
filled completely with the plastic compound, and that the
plastic compound is held in the cavity at a teinperature above
the décompbs:ltion temperature of the blowing agent system
long enough to attain the desired degree of decomposition of
the blowing egent, and that the pressure in the plastic
compound in the closed cavity is high enough to prevent
expansion of the blowing agent, or to allow expanéion to only
a8 negligible degrée. and that the mould is opened when the
desired degree of decomposition 1is attaimed to
expansion of the plastic compound to occur.

allow

2.

The process as disclosed in claim 1,

characterized i n thet the plastic composition

contains decomposition-regulating additives for the chemical
blowing sagent, which react chemically exothermally ' or
endothermally in the closed cavity. '

3.
The process as disclosed in claim 1,
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|l ci um stearate . : 0.7 phr Butyl tin mercaptide
.0p nat e - 7.0 phr Azodi car bonam de
.0 p m’ WI h&ﬂi E : 2.0 phr PRel '".:*t H ...;t;:ra_“c
0 phl* 10. 0 phr NTHR Biioes thydr B5&iNtp
5 phr _ _ REFLAGED .
19
" characterized 1 n that the surface of the

unexpanded plastic product is cooled under high pressure in
the closed cavity to a temperature below the decoﬁposition

temperature of the blowing agent before the deeomposition of
the chemical blowing agent starts.

4.

The process as disclosed in claim 1,
characterized 1 n that the surface of the
unexpanded plastic product is cooled in the closed cavity to
a -temperature vwhich gives the surface a stiffness and
strength high enough to allow the plastic product to be
removed from the cavity without any part of the product
expanding. or expanding only to a negligible degree, before
the entire product 1s removed from the cavity..
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eri als were well nmixed.in conventional nmanner in a.

:h| gh- spee t he terrpe'rat'u"ré fvvajs brought up to
125[ err m \ mbe cool ed down to about 50 [err]C before the
conpoun

en dut *of the blender. The m xture was fed up into the

I nt ake hopper of the injection nouldi n machi ne. The speed of the machine
was about 100 rpm and the cylin- der's tenperature setting was, fromthe
hopper and forward: 110 [err]C, 125 [err]C, and 140 [err]C The

tenperature of the nozzle was set AMENDED CLAIM§C. The total tine in the
machi ne for (receivedaby the InternationalnBureaubonitd Februasycti9ds(09.02105);
corrpound s tenptqiaﬁbrcéainnmmdedwazemmingacbﬁ@stmmom t{Aepages phposi -

i.

A process for the production of products of 1light cellular
plastic with closed cells from a plastic composition
containing chemical blowing agent and, optionally, other _
process-regulative substances and additives, where the
plastic composition is processed (kneaded) mechanically in a
plastic processing machine to a well homogenized, melted

plastic compound, and transferred directly to a closed
cavity,

characterized 1in that:

1) the plastic compound, when it is transferred to the form
cavity, has a temperature which is above the decomposition
temperature of the bdlowing agent in combination with
optional decomposition regulative additives,

the plastic compound is transferred to the closed form

cavity between the point of time when the compound has

arrived at the temperature which is sufficiant for the
blowing agent in the plastic compound to decompose, and

- the point of time when the decomposition starts, :

3) the closed form cavity fully is filled with plastic
- compound and the temperature in the plastic compound in
the form cavity is helt over the decomposition temperature
for the blowing agent in the plastic compound until it is
obtained and desired degree of decomposition of the
blowing agent, and that the pressure in the form cavity is
helt so high that the plastic compound is not expanding or

is expanding to only a negligible degree, when the blowing
agent decomposes, and

2)

4) that the pressure in the closed form cavity is reduced,

for example by opening the form cavity, when the desired

degree of decomposition is obtained in order to allow the
plastic compound to expend.
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.t|on teapl erature for the bl owi ng agent system until the last section of the

~injecti 1Wne so that there was no -- or only a negligible
anount | on of the blow ng agents in the machine. The

conmpound was vveI gel atinized after the processing in the injection

nmoul'di ng nachi ne and had a tenperature dP about- 155 [err]C as it was
Injected into the tool's nould cavity. The actual injection took about:
3  seconds2: ~ The injection pressure was about . 180 bar. . The nould
cavity walTlse tmb@eﬁen@eraiﬂemgédliﬁ {:mtﬂ;Qpn injection. After about 2

m nut es, eco sitlo t Qe agept

essentlal I yelh%ltghggg t) & P 5 nt n%t es lti)ter a%: 953 plgﬁgi‘g cox?ﬁtg Egﬁ%und
was then cmwlaemepnmpnsiﬁéendremlayms ass itives [%mr]thet chemicale of
the conpoupfowfii ! agahey! RhidH '] feact chemically exothermally or

endothermally in the closed cavity.

3. :
The process as disclosed in claim 1,
¢characterized i n that the surface of the

unexpanded plastic product is cooled under high preséure in
the closed cavity to a temperature below the decomposition

temperature of the blowing agent before the decomposition of
the chemical blowing agent starts.

4.

The procéss as disclosed in claim.1,
characterized in that the surface of the
unexpanded plastic product is cooled in the closed cavity to |
a temperature which gives the surface a stiffness and
strength high enough to allow the plastic product to be
removed from the cavity without any part of the product
expanding, or expanding only to a negligible degree, before
the entire px_-'oduct_ is removed from the cavity.
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on the surface. The product was removed fromthe nould and expanded after a
‘few seconds to a density of about 90 g/cnB wi'th uniformcell structure

t hroughout the entire product. The gas cells were snmall and cl osed. _
There were al so produced. products having an integrated skin of the PVC
mat eri al . The skin was not foaned and the transition between
unexpanded skin and the expanded cel l ul #9° plastic in the rest of the
product was rel atively sharp. The t hi ckness of the skin could vary in

thickness fropg.aResR%bR THE PRODUCTION OF PRODUCTS OF LIGHT CELLULAR
PLASTIC WITH CLOSED CELLS

ABSTRACT

A process for the production of products of light cellular
plastic with closed cells from a plastic composition containing
chemical blowing agent and, optiorially, other process-regulative
substances and additives, where the plastic composition is
processed (kneaded) mechanically in a plastic processing machine
to a well homogenized, melted p;astic compound, and that the
plastic compound is then pressed into a closed cavity, at a
temperature above the decomposition temperature for the chemical
blowing agent in the plastic compound, in combination with
possible decomposition regulative additives.

Rt aw.;-_.- -
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15, . of, the product to another. The skin was fdrg é_’dﬁj”ﬁ@’?ﬁg‘riégafég_ﬁtﬁ? '
tenperature in the mould walls to 120 - 130 [errj] & &GP WYOPhE-EC-Gaf° Foest 2. |
injection of the plastic conpound into the noul d &hHd g e PaEgklfol Fhesd .
deconposi tion tenperature of the bl owing agent syst erping{sh : PRES! waio PR oo
bl owi ng agent system was "extinguished" in the cutédbsagast, :pegsdent thgaeHl -
section of the plastic conpound from béing deconﬁfposed because the
t enperature of thi

4 prt b . 7 I 1
R R I et I W B UL S e -
counterpressure method".. Here the tool cavity 1s first
filled with gas under high pressure. The plastic compound
containing unexpanded gas is injected into the mould cavity
which, due to the gas in the cavity, 1s not filled entirely
with the compound. The gas in the cavity is then evacuated

and the plestic compound expands with the lower pressure in
the cavity.

i
z

The tools for this process are expensive, and
- only a small degree of expansion is obtained. The products,

however, can be made with relatively high volumé, and the
surface of the product cen be made smooth.

A.nothér process is the "Union Carbide procé’ss". In this

process & combination of extrusion and injection moulding 1is

used, but 1t 1is actually &2 1low pressure method. - The

bicomponent or sandwich method (ICI) makes it possible to
produce products having two different plastic raw materials,
€.g8., hard outer skin with foamed core.

The process 1is
expensive, and the foaming slight.

The co-injection method
with expansion of the core materigl by drawing - the mould
plates in the tool apart (USM) has, in principle, the same
advantages as the ICI method. There is normally sachieved a

foaming degree of from § to 80 % with multi-component
processes. '

WO-88/01934 discloses a method for producing cellular plastic
with ciosed cells, and containing polyvinylchloride, a chemi-
cal blowing agent, a stabilizer, and possibly other process
controlling substances and additives, the plastic mixture is
treated mechanically in a plastic treating machine, and is fed
to this phase of treatment at a well ge;atinized state with a
chemical blowing agent which was finely distributed in the
plastic mixture in connection with gelatinization, but is not
decomposed/vaporized, or only decomposed/vaporized to a negli-
gible extend. The plastic mixture is treated mechanically in
the plastic treating machine at a temperature above the decom-
position/vaporizing temperature of the blowing agept so that

EY
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deconposition started. After the deconposition of the rest- of the product
was finished, the plastic conpound was cool ed down to about 110 [err]C in
the nould before the product was renoved fromthe nould and expanded to a

density of about 90 g/cnierr]. Exanpl e of a conposition based on EVA.
EVA Melt index 4, VA content 13% - 1008phr Azodi car bonam de

5 phr Sodi um bi carbonat e 8 phr Zi nc-oxide

2 phr Al um ni um hydr oxi de 4 phr

the latter is decomposed/vaporized while treatment occurs, at
a pressure above the internal pressure of expansion in the
decbmposed/vaporized blowing agent, the plastic mixture after
decomposition/vaporizing of the blowing agent being made to

expand to the desired shape by reduction of the external pres-
sure.

DESCRIPTION OF THE INVENTION

In those processes where the plastic compound in the plastic
processing machine contains gas, either decomposed chemical
blowing agent or physical gas, due to the r%huired pressure
on the plaestic melt in the processing mathine to avoid
expansion of the blowing agent before the melt has emerged

from the nozzle, the plastic melt will be subjected to shear

forces in the nozzle. This produces a velocity profile in

the melt on leaving the nozzle that has a higher velocity in

the middle zones than in the zones furthest out toward the

nozzle walls. Because the exterior pressure and thus the

pressure in the plastic compound is reduced after the nozzle,
the plastic compound expands immediately.

The expanded gsas
cells 1in the plastic,

due to the velocity profile, are
subjected to shearing and are easily torn to pieces so that
the expanded plastic collapses.

The piesent invention: exploits the phenomenon that, for
chemical blowing agents, there is an interval between the
time when & sufficient temperature 1is reached for the
decomposition to start, and the time when the decomposition
actually begins. In the plastic processing machine, which
may be, for example, an injection moulding machine, the
plastic compound is subjected to heat so that it melts and

its temperature rises above the decomposition temperature of

the blowing agent system. Before the blowing agent has begun

its decomposition, the plastic compound is fed into a closed
-mould cavity. In the cavity, which is filled up with the
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2, 5~ B- 2, 5-di nent hyl hexyne-3, 45 % 4 phr 2,5-B-2, 5-di nent hyl hexyne was
added in order to cross-link the plastic conpound. This type of peroxide
havi ng hi gh deconposition tenperature and long half-life at "nornmal"

tenperatures was selected in order to nake certain that the deconposition
tenperature f'or the bl ow ng agent systeg1mou|d be | ower than the
deconposition tenperature for the cross® linking agent. (OQtherw se there
woul d have been a risk of cross-linking in the injection noul ding machine.)

TheI gl aStplIaﬁﬁ!\/anbﬂpbﬁhd Lhar rlels@iﬂ@d fisiex@radd At theEomgbend NREERON
noul di ng chin

L5100, B e P G, Boft s chS Pk AR BB

at
110 rpm . ¥xpandinge whemeitit degomposes, or to allow it to expand only
to an insignificant degree. It i{s also a condition for

obtaining closed gas cells that the blowing agent in the
decomposition phase does not expand,

insignificant degree.

or expands only to an
Since one does not have blowing agent
in gas form in the plastic compound either in the plastic

processing machine or 1in the nozzle, the plastic can be
worked without a particularly high pressure. Moreover, a
velocit-:y profile having a higher velocity for the compound in
the middle of the matter stream than out toward the tool
walls does not mean that the cells will be torn to pieces, as
the blo{dng agent does not decompose until a later stage in a
.closed cavity. The closed mould cavity may be & static
chamber with walls of, e.g., steel, metal, or of plastic of
high viscosity, or one or more of the cavity walls may be .

movable so that the cavity may be expanded in the course of

the 4njection of plastic compound so0 that new plastic

compound must constantly be pressed into the cavity in order
to maintain the necessary pressure.

The blowing agent system may contain, in addition to chemical
blowing agent, substances that, e.g., change the decomposi-
tion temperature or the decomposition rate for the chemical
blowing egent (e.g., Zn0). The blowing agent system may'alsd
contain substances that react chemically exothermally or
endothermally in accordance with achieved reaction tempera-
ture. Thus one is able, for example, to achieve more rapid
decomposition of the chemical blowing agent, and one may
.select a chemical blowing agent that decomposes at a higher
temperature than would otherwise have been possible.

The pressure in the plastic compound that is necessary in

order to prevent the blowing agent from expanding during the
decomposition phase varies with the blowing agent system,
the temperatures and the amount of blowing agent. When, e.g.,

_.. This is the repiacement sheet



16, was set at 155 [err]C. The steel tenperature of the tool was set at
170 [err]C. This tenperature was |owered to 130 [err]C after about 5
m nutes. The plastic conpound had a tenperature of about 150 [err]C at the

outl et of the injection noul ding machine before it was placed in the tool.
Little or none of the 10

Azodicarbonemide is used, with zinc oxide as a *kicker", at a
mass temperature prior to decomposition of 165 °C, and with a
blovwing agent amount of 10 phr, it would usually be suffici-
ent to have a mass pressure of about 150 bar to avoid the
expansion or to maintain it at a sufficiently low level.

The time necessary to gttain complete or nearly complete
decomposition of the bdlowing agent is also dependent on

factors such as the total blowing agent system, the tempera-

ture of the plastic compound, the pressure in the plastic

compoupd. the amount of blowing agent a.r_;d the plastic
compound composition. -

After the plastic compound has rested in the mould cavity for
a sufficiently long time to attain the desired degree of
decomposition of the blowing agent, the mould is opened. If
the plastic compound is not cooled down prior to opening the
mould, the plastic compound will immediately expand until
equilibrium is reached between the blowing agent pressure 1in

the compound and the temnsions in the compound. In order to
prevent deformation of the product when it is removed from
the mould in a hot state, the mould must be opened very
rapidly and the product removed without delay. If, however,

the surface of the plastic product is cool'gd sufficiently

before the mould is opened, the expansion can be restrained

long enough for the plastic product to be taken out of the
mould :1n accordance with a normal opening speed, and the
product may optionally be placed in a different mould, which
may be a cooling/expansion mould, before the product expands

or before 1t has expanded to a substantial degree.

In
practice,

the product will always expand somewhat, but with
sufficient cooling the expansion will be so slight that the
product will not be deformed and will expand to the desired
size -after having bVeen removed from the mould, optionally
after having been placed in an expansion mould. Even though
the surface has been cooled down, the calorific capacity in
the co're of the product will normally be high enough that the

This is the réplacement sheet
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bl owi ng. agent was deconposed, nor was there any visible deconposition of
the peroxide. The conpound was placed in the tool in about 3 seconds, and
the injection pressure was 200 bar. After about 2 mnutes follow ng

i njection, the blowi ng agent in the plastic conpound was deconposed and the
tenperature of the conpound rose to abput 200 [err]C °~ This tenperature
was high enough for a rapid deconposition of the "peroxide material.
The deconposition of the peroxide was conpleted or substantially conpleted
in the cosurdanie abidl benhestesi up Thgnithe 1.Gol, safter! at A At e \Vas
regul at ed sqlq:\ﬂwv&raq ttheBano%{c]tC.cachﬁ&doroduct was renoved fromthe noul d
after 2 ' ot :

The present technology also makes it possible to produce

products of cellular plastic, having skin of unexpanded

plastic, from the same plastic material as for the cellular
plastic. After the plastic compound has been placed imn the
tool mould, at a temperature above decomposition temperature
of the blowing agent system, 1t will  take some time before
the ac_tual decomposition begins. This "start time" will vary
with aifferent parameters such as, e.g., temperature and
blowing agent system. ‘'By cooling the plastic compound's
surface in the mould before the decomposition has started,
the decomposition at the surface can be prevented. The -

product undergoes only a 1limited expansion before it is
removed completely from the mould.

The plastic product must normally have a higher viscosity on
expansion then the viscosity of the plastic compound when 1t
is injected into the mould cavity. If the viscosity 1is too
low when the external pressure is reduced, there is a risk
that the expansion in the plastic will take place too rapidly
and to such a high degree that the cell walls of the plastic
will not be strong enough and will not have ‘enough flexibil-
ity for the closed gas cells to form in a satisfactory manner
throughout the entire product. The viscosity of the plastic
may be increased by cooling down the compound relative to the

temperature of the compound on injection. This is normally
done with amorphous thermoplastics such as, e.g., PVC, or
with other thermoplastics having a favorable viscosity/tem-
perature ratio. When crystelline or partially crystalline
plastics are to be worked by means of the present process,
one will often employ cross-linking of the plastic before
the expansion tekes place. The cross-linking- can. ‘be done
chemically, for example, \ising silane groups, with.radiation,

or, if a polyethylene plastic is used, for example, with
peroxides. '
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m nut es. After a few seconds the product expanded to-a.product having a
density of about 70 g/cnferr], wth

, small. totally uniformy distributed,
cl osed cells. The product had no skin,

but a cellular structure all the way
out to the surface. There were al so produced EVA-based products having
dense, unexpanded skin and with light cellular plastic in the rest of the

product. This was done by placing the ound, as in the exarrp‘l e above,
into the tool at a tenperature of about 150 [err]C. The tool's steel

Compound, SRS Wacl§ rwald: B ® BRERRELF ik °*-‘h%@$ﬁ%9’s %‘83‘-'3‘:?2“‘5‘2?%% the
deconposi tgrats-1ieigeaY ainr ahleorpléet bt oprogesgdne Machine . cdue; gy the
obtained @&, 0rgduct (nheyeB8ELR§" oehenk %@&mwmrbém@e’cw begh

for mechanical processing. When cross-linking with radiation

is employed, therefore, the radiation will take place after

the compound has been placgd into the cavity.

Also when peroxides are used as a cross-linking agent, the
cross-linking of the plastic must first take place in the

mould cavity. Peroxides must have a certain temperature in

order to be decomposed. Both the time elapsing from when

this "start temperature® is attained until actual decomposi-
tion and cross-linking of the plastic begins, as well as the

cross-linking time, are dependen_t inter alia on the type of

peroxide and temperature. It is normal to introduce heat

through the mould walls in the cavity in order to attain a
sufficiently high temperature. In the process based on the
present patent application, however, one can utilize the
additional heat generated in the plastic compound by the
exothermic decomposition of the chemical blowing agent, such
that the temperature of the plastic compound is raised to

above the decomposition level for the peroxide in question

The degree of exothermic reaction associated with the

decomposition of the chemical blowing agent —‘éan be regulated
by, e.g., selecting different blowing agents, or by combining

exothermic and endothermic chemical blowing agents,

or by
using different accelerators,

or by changing the quantity
ratios in the blowing agent system. ‘The pressure level in

the plastic compound also has considerable significance for
the samount of heat generated with decomposition. One may

also utilize possible additives in the blowing égent system
which react chemically exothermally or

endothermally to
control the decomposition of the peroxide.

&
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mat eri al - was deconposed on the surface, whereas the rest of t he product

expanded to cellular plastic having a density of about 70 g/cnferr], wth

smal |, closed gas cells, uniformy di stri but ed.
17

13

DESCRIPTION AND EXAMPLES OF PROCESS CONDITIONS AND PLASTIC
COMPOSITIONS.

Development of the present téchnology has been carried out
using a relatively small injection moulding machine. This
does not mean that it would have been impossible to use =a

different plastic processing machine, such as,
extrusion machine. '

e.g., an
In the developmental phase of the technology, light products
of celiular plastic with closed cells have been produced from
Polyvinyl <chloride (PVC), from Ethylene vinyl acetate (EVA)
and from Polyethylene (LDPE and MDPE). An injection moulding'
machine of the brand Demag DC 80 was used, with a shot
capacity of about 100 g and 80 tons closure pressure. The
screw diemeter of the injection moulding machine was 32 mm
with an 1/d ratio of 20, and the cylinder was equipped with
three heating belts with a temperature control. The moulding
tool was & steel tool having about 80 ml of moulding volume.
It was equipped with oil tempering for temperature control.
It was further equipped with sensors for measuring the
temperature and pressure of the plastic compound. '

Example of a composition based on PVC.

PVC, S-grade, K-value 58 100.0 phr
Parrafin wax 0.8 phr
Glycerine ester 0.4 phr
Calcium stearate 0.7 phr
Butyl tin mercaptide 2.0 phr
Sodium bicarbonate 7.0 phr
Azodicarbonamide 5.0 phr
Zinc-oxide 2.0 phr
Polyméthyl methacrylate 8.0 phr
Dioctylphalate 10.0 phr
Aluminium hydroxide 2.5 phr

EY

~.. . Tnis is the replacement sheet

pate: Y4 JAN 1998



In .all of the runs executed with the technical equi pnent described above,
the product was renoved fromthe injection nould and all owed to expand
freely. In practice it will often be necessary to transfer the product
fromthe injection nould to an expansion noul d before the product expands
or before it has expanded to any parti ¢4l ar degr ee. A final product is

t hus produced with nore clearly defined exterior neasurenents. The degree
of expansion, however, wll be sonmewhat reduced by the use of expansion

moul ds, , lTeeaues waver 16ills welreaye e uﬁrkéwq&:or&ﬁwnﬁtﬂdﬁélh%aﬂ{n%qu% 2
bl owi ng ags q&&i%%eéyaéqé§%§; %%e@pntEﬁQEQemﬁera expansi-on rior to
bei ng cool

ure was brought to
125°C, ‘thereafter to be cooled down to about 50 °C-before the

compéund was teken out of the blender. The mixture was fed

up into the intake hopper of the injection moulding machine.

The speed of the machine was about 100 rpm, and the cylin-
der’'s temperature setting was,

110 °C, 125 ©C, and 140 ©cC.
was set at 150 ©C.

from the hopper and forward:
The temperature of the nozzle
. The total time in the machine for the

plastic compound was about 50 seconds. The compound'’s

temperature, however, was not raised to above the decomposi-
tion temperature for the blowing agent system until the last

section of the injection moﬁlding machine, so that there was

no -- or only a negligible amount of -- decomposition of the
blowing agents in the machine.

The compound was well gelatinized after the processing in the
injection moulding machine and had a temperature of about 155
OC as 1t was injected into the tool’'s mould cavity.
actual 1injection took about 8 seconds. The 1injection
pressure was gbout 180 bar. The mould cavity walls had =
temperature of 175 ©°C on. injection. After about 2 minutes,
the decomposition of the blowing agent ﬁbegan. and was
essentially finished about 2.5 minutes affer start. The
plastic compound was then cooled down in the mould ,cavity to

about 130 °C at the core of the compound, and to about 80 °C
on the surface.

The

The product was removed from the mould and
expanded after a few seconds to a density of about 90 g/cmS3

with uniform cell structure throughout the entire product.
The gas cells were small and closed.

There were also produced products having an integrated skin

of the PVC material. The skin was not foamed and the

transition between unexpanded skin and the expanded cellular
plastic in the rést of the product was relatively sharp. The
thickness of the skin could vary in thickness from one part

x
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of the product to another. The skin was formed by having
reduced the temperature in the mould walls to 120 - 130 ©C
during the actual injection of the plastic_compound into the
.mould cavity: i.e., below " the decomposition'temperaﬁure of
‘the blowing sdgent system. In this way, the blowing agent
system was "extinguished® in the outer layer, préventing this
section of the plastic compound from being decomposed because
the temperature of this éompound was brought down below the

blowing agent system's decomposition temperature before the

decomposition started. After the decomposition of the rest

of the product was finished, the plastic compound was cooled .
down to about 110 ©C in the mould before the product wvas

removed from the mould and expanded to a density of about 90
-glcmS.

Example of a composition based on EVA.

EVA, Melt index 4, VA content 18% 100

phr
Azodicarbonamide $ phr
Sodium bicarbonate 8 phr
Zinc-oxide 2 phr
Aluminium hydroxide 4 phr
2,5-B-2,6-dimenthylhexyne-3, 45 % 4

phr_

2,5-B-2,5-dimenthylhexyne was added in order to cross-1link .

the plastic compound. This type of peroxide having high

decomposition temperature sand long half-life at "normal"™
temperatures was selected in order to make certain that the
decomposition temperature for the blowing agent system would -
be lower than the decomposition temperature for the cross-
linking agent. (Otherwise there would have been a risk of
cross-~linking in the injection moulding machine.)

The plastic rav materials were blended using a blade mixer.
The injection moulding machine’s heating belt was set at 126
©°c, 135°C and 150 °C (from the hopper and forward). The
machine's velocity was set at 110 rpm. The nozzle temperature
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pl astic conposition is processed (kneaded) nechanically in a plastic
processi ng machine to a well honogenized, nelted plastic conpound, and

transferred directly to a closed cavity, wherein 1) the plastic conmpound,
when it is transferred to the form

cavity, has a tenperature which is
above the deconposition- tenperat ur g of the blow ng agent in conbination
W th optional deconposition regul ative additives, 2) the plastic

compound is transferred to the closed form

cavity bet ween the point of
time when the sc (%Hl%sg T dteA e attemberoa‘t whe Woalh was set
suf fi ci ent*For ? | oW n ent .in the b fed OTR° tecd se,
and t et pdi7 @t ?ﬁ ti rﬁ“\mege’é‘ggr&@l‘,‘bﬁp&aﬁp g?s; %farts the osed

form cavi tahdwt | § mdnbitksed Witer plastic compound had a temperature of
about 1560 °C at the outlet of the injection moulding :machine
before it was placed in .the tool. Little or none of the
blowing agent was decomposed, nor was there any visible
decomposition of the peroxide. The compound was placed in

the tool in about 3 seconds, and the injection pressure wvas
200 bar.

After ‘about 2 minutes following injection, the blowing agent
in the plastic compound was decomposed and the temperature of
the compound rose to about 200 ©cC,
high enough for
material.

This temperature  was
a rapid decomposition of the peroxide

The decomposition of the peroxide was completed or
substantially completed in the course of about § minutes.

Then the tool's steel temperature was regulated downward to
80 9C, and the product was removed from the mould after 2
minutes. After s few seconds the product expanded to a
product having a density of about 70 g/cm3,

totally uniformly distributed, closed cells.
no skin,

surface.

with small,

. The product had
but a cellular structure all the way out to the

There - were also produced EVA-based products having 'dense.
unexpdanded skin and with light cellular plastic in the rest
. of the product. This was done by placing the compound, as in
the exampie above, into the tool at & temperature of about
150 ©C. The tool’s steel walls had a temperature of sabout
130 °C on the injection of the compound, which was immediate-
1y cooled down at the surface to below the decomposition
temperature for the blowing agent system. One thus obtained
a product where mneither the blowing agent nor the peroxide
material was decomposed on the surface, vwhereas the rest of

the product expanded to cellular plastic having s density of
about 70 glcm3. with small,

closed gas c¢ells, uyniformly
distributed.
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conpound_and the tenperature in the plastic conpound in
Is helt over the deconposition tenperature

pl astic conmpound until the desired degree of deconposition of the
bl ow ng agent . is attained, and that the pressure in the formcavity is

hel d so high that the plastic conpound ii not expandi ng or I s expandi ng
to only a negligible degree, when the bl W ng agent deconposes, and
4) that the nould is opened when the desired degree of deconposi tion

I's attaineq,ing pfdefe tonal I Qyhd h%x@c@ﬁ:técf; with CONPOWRd ] c®iP28guipment
described above, the product was removed from the injection
mould and allowed to expand freely. In practice 1t will
often be necessary to transfer the product from the injection
mould to an expansion mould before the product. expands, or

the formcavity
for the blow ng agent in the

before it has expanded to any particular degree. A final
product is thus produced with more clearly defined exterior
measurements. The degree of expansion, however, will be

somevwhat reduced by the use of expansion moulds, because
there :will always be an overpressure in the product's blowing '

agent “as the product is contained by the expansion mould
prior to being cooled.
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CLAIMS

1.

A process for the production of products of light cellular

plastic with closed cells from a plastic composition

containing chemical blowing agent and, optionally, other
process~-regulative substences and eadditives, where the
plastic composition is processed (kneaded) mechanically in a
plastic processing machine to a well homogenized, melted

plastié ~compound, and transferred directly to a closed
cavify , Wwherein '

1) the plastic compound, when it is transferred to the form
cavity, has a temperature which is sabove the decomposition
temperature of the blowing agent in combination with
optional decomposition regulative additives,
2) the plastic compound is transferred to the closed form
cavity between the point of time when the compound has
arrived at the temperature which is sufficient for the
blowing agent in the plastic compound to decompose,
the point of time when the decomposition starts, _
the closed form cavity fully 1s filled with plastic
compound and the temperature in the plastic compound in
the form cavity is helt over the decomposition temperature

for the blowing agent in the plastic compound until the

desired --degree of decomposition of the blowing agent
is attained,

and
3)

and that the pressure in the form cavity {s
held so high that the plastic compound is not expanding or

is expanding to only a negligible degree, when the blowing
agent decomposes, and

4) that the mould is opened when the desired degree of
decomposition is attained in order to allow the plastic
compound to expand. -

*
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