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therein for 3 seconds.

in the.cavity for sufficient tifre to allow or o
cause the foamabl e conposition

of 2 in which the nould
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According. to the present invention we: pro-

vide a process for the production of articles

having a cellular core and an unfoamed sur-’

50

face skin comprising injecting a predeter- .
mined- amount ‘of an unfoamable thermo-

plastic resin into a mould cavity and sub-

. sequently, and before the central portion of

said unfoamable thermoplastic resin has set,
Injecting -a *thermoplistic resin - composition

55

containing -a blowing agent at a temperature -

at or above the activation temperature of the

-blowing agent into .the charge of the un-

foamable thermoplastic resin that is .in the’

-mould cavity, and maintaining the composi-

- tion within the mould for sufficient time to

aliow or cause ihe foamable composition to

- 60

foam and the thermoplastic materials to set. -

+ The walls of the mould miy, if desired; be-

cooled to enhance the setting of the thermo-
plastic material adjacent thereto. The moulds

used in the process of the present invention.

65

may have a mould cavity of cons.ant volume -

or the cavity may be enlargeable to allow the

70

foamable composition to expand. When a - ..

* constant' volume mould cavity is used the
- amounts of the unfoamable thermoplastic

material and the thermoplastic resin contain-
ing a blowing agent that are injected into
-the mould must be controlled to allow the
required amount of foaming to-produce the
desired foam density. The amounts ' of
material injected will of course also depend
upon the size of the mould cavity. '
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‘the nmpuld cavity:.is: pe_rI;n tted to enlarge.
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reducé t hug)rm to be particularly described in and
e T by the following statement: — :
_ _ The present invention relates to a process
10 for the :production of injection moulded
- articles having a foamed core and an un-
foamed surface skin and to the articles pro-
_duced thereby. .
~ It had been proposed that such articles may
15° be made by injecting a -thermoplastic syn-
thetic resin containing a blowing agent into
- 2 mould” cavity, retaining the composition
. within the mould for long enough to allow-
-~ any. desired setting of the resin adjacent to
20 . the walls to take place and then allowing the
- mould to open by a predetermined amount
. to. gllow the core of the resin to foam. The
- mould surfaces may, if desired, be. cooled to
~ . enhance. the setting of the resin adjacent to
25 the walls. The expansion of the mould cavity
may be instantaneous or may be at a con-
‘trolled rate and may be effected by the pres-
_ .. sure. generated by the decomposition of the
- blowing agent and the relaxation of external
.30 - pressures on the mould and/or by positive
opening of the mould. .
. ""A disadvantage of this process, especially
. in: the manufacture of large mouldings, is
" that due to the presence of the blowing agent
- 35 in-the surface material sink marks and voids
: - tend ‘to appear in the surface skin; further-
more,. the .gases generated .by the decom-
“position of “the blowing agent tend to pre-
1. . vent perfect contact between the thermo-
_ 40 ' plastic ‘material and the mould surface which"

also leads" to'"surface imperfections in the

 [Price 4,__%559_55. Od._ B

. Where a mould having an enlargeable
cavity is used a predetermined amount of ex-




taining red pignent and sufficient to fill

expansi on of the noul d. : .
7. A process according to claim5 or claim nachine was
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the presént mv 1on
tage that if any plgments, fillers or other

-additives -which improve the surface finish
~of ‘the article are to be included in the mould-
ing they need only be included in the un-

feamable resin. For example, additives which -
improve : the resistance  ‘of the article to

. moisture or light, such .as ultra-vmlet light
-~ stabilisers need only be included in the un-

foamable resin. Th1s may result in consider- -

. able financial saving as smaller amounts of

these aadmves or- comnosmens ccntau.m .

~ ~ them may be. ‘used and many of these addi-
" tives are expensive. Examples of fillers which -
" may be included to improve the stiffness of .
- the” moulding include glass and ‘asbestos
. fibres' or -glass and mica plates optionally
- :coated with a resin to improve adhesion be-

tween ‘the filler and the thermoplastic. If

* - desired, different additives may be included -

-'55.'__ in the foamable "and unfoamable’ composi-

tions. Additives that may be etched to im- .

prove the adhesive properties of the surface
. may be included in the unfoamable matenal,

for example, titanium dioxide may - be in-
- cluded and may subsequently be etched ‘with

chromxc acid. .
- The amount of unfoamable thermoplasnc

' “resin that is injected into the mould will

depend upon the size of the mould and the
required thickness of the unfoamed ..urface
skin, Any thermoplastic which may be in-
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i thermoplastic
e thermoplastic -
maaterial will then adhere to the insert when
it is injected into the mould and ‘thus this

technique may be used to provide a rigid -

backing to the cellular article having the un-
foamed skin. This is particularly useful in
the production of flexible mouldings such as
the interior trim of a motor vehicle where it

‘is desirable tc have a resilient trim with a

pleasing surface which can be rigidly mounted
in the motor vehicle; in this case one of the:
walls of the mould may be lined to provide

-the backing to mount the trim whereas the

other is not lined thus providing the pleasing

include wooden sheets such as plywood and
hardboard; metal sheets or sheets of thermo-
plastic materials which do not melt at the .
moulding temperatures. The lining could if
desued be of a flexible material.

. There are several methods by which the
'process of the present invention may be
operated, one of which uses a_conventional
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FInrroduced to the.machine and 6 in which the enlargement of the nould is
@nt of the barrel.
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-surface. Examples. of suitable lining materials - '

115

injection” moulding machme in which a pre- "

the unfoamable

barrel of the injection moulding- machine

_and the foamable composition introduced into.

the barrel behind the unfoamable material.

This method however suffers from the dis-

~ advantage that if the process is operated re-

petmvely, which is desirable, the second and
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moul ding was free from sink marks in its
unf oamabl e
—was mterial-
f ormed. .
-agentsis in- con- 115

a plug of the required anmount of
surface opposite the point where this rib
has build up adjacent the injection . 50
' : orifice of the machine a bl.owing
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or 12.. A pr ocesdommpble rcdinpryitiorn Alsnatdhlytdwe ipr e- The surface of the moulds used in the
or apd- al | oweg) . tigsti ?}.l.l.élwewbln@fm%w bg used e8¢ sprese dieponzapd bretenred i ngat he
er osilti on v ; aich ‘injects material throug] ,F%paratgjr lxg:d uFf dt}hnllfgn tonthe rﬁ%e@ 5
JJe COMP ozzles into the mould, the timi gr f th Qe 'For_exapplc Cthe. 2%? surface may
closed| was opérition of R maciEmV béiyg corrkleted scS Ubd inkdo eralnkd] BnatiOo 'al_vé)\ﬁ? @é,lx;lar_ _
ast hen reduced thandthehdesimal| ahoudt| ofvewhfdamabip eprttera ulkeeoh s@asf 10 £c ition
ort Qof'o am a% material is first introduced into the mould ing surface finish to the unfoamed skin of °
tic - 2 and is then followed by the desired amount the article. Alternatively, the mould may be 60
sin - of the foamable composition; some foamable coated -with a high ‘temperature resistant .
as .composition may be introduced before all material, for example, silicone rubber, to
stic “the unfoamable material has been introduced. impart a desired surface finish.
. ' In operation of the present invention it is - The blowing agent which may be used to
at 93 30 essential that the foamable material be intro- foam -the thermoplastic materials. mzy be 95
uld ' duced into the charge of unfoamable material solids which decompose on heating to yield
sert - that is in the mould. In this way the injec- a gas which effects. foaming, may be liquids
stic . tion and expansion of the foamable material which vaporise on_ heating or on the reduc-
stic .- urges the unfoamable material onto the in- . tion of the pressure to effect foaming or may
hen 10 35 terior surface of the mould' somewhat like be gaseous. The liquids are preferably organic. 100
this the blowing up of a balloon. Thus, it is pre- liquids ‘which are inert to and may - be
igid ferred that both the unfoamable and the - absorbed by the thermoplastic material. The -
un- _ foamable material be injected into the mould - gas liberated by the solid type. of blowing
lin" .. -through- the same nozzle and if this is agent should preferably be inert to the
h as 105 40 not the -case the points: at which the thermoplastic material. By the activation tem- 105
it two mnozzles introduce material into perature of the blorving agent we mean that :
th a the mould -should be sufficiently  close the temperature of ‘he thermoplastic resin -
nted that the foamable material is introduced into composition 'containing -a blowing agent as
: the . : the charge of the unfoamable material. it leaves the injection nozzle is sufficiently
wide - 110 45 - Another method ‘which may be used com- high for the thermoplastic . resin to foam 110
; the : _ prises using a reciprocating screw type in- ' under the conditions to which it is subjected - -
asing jection moulding machine which is provided in the mould. This temperature is deter-
erials with an inlet port either at some position mined by the nature of the blowing agent; :
- and. _ along the extruder screw or at some position for example if the blowing agent is a solid -
gymo- 115 50 . in the barrel wall through which a blowing - that liberates a gas on heating the tempera- 115-
t the _agent may be injected into the thermoplastic ture of the thermoplastic as it leaves the - ..
ad if - material for convenience we prefer to use-a - nozzle should be above .the temperdture at .. .
... liquid or gaseous blowing agent. So that in which the gas is liberated and is with some -
a the . Operation” a tpgrmgplastxc material is intro- - solid blowing agents dependent on the pres-
y be 120 -t 55 . duced to the injection moulding machine and sure. If, however, the -blowing agent is a 120
tional - carried along the barrel of the machine by the liquid which vapourises on heating the con- + -
L pre- _screw 'so that a plug. of the material builds ditions wnder which the gas is liberated will
mable - .up at the ejection end of the machine, simul- .depend on ‘both the temperature of the
of the . - taneously forcing the screw of the machine thermoplastic and the pressure to which it
achine 125 60. back. After.a plug of the required size has s subjected; in this situation the temperature 125
d into _ been formed a gaseous or liquid blowing of the resin as it leaves the nozzle should be ' 4
aterial. ‘agent: 1s ‘injected into the thermoplastic sufficiently high that, when a constant volume :
2 dis- - - material in the barrel of the machine until mould cavity is used the gas will be foried
ed re- 1 the . required quantity - of , thermoplastic ' under the pressures to which the material
d and 130 65 material containing the blowing agent has is subjected in the mould and when a mould 130



before the mould tile the thernoplastic

5 was then allowed to cool 2. A process according to

materials to ;eL.

claiml in whic . \ ely openec,

"%l |'s of the noul d cavity are cool ed. m . 'd cavity may be, on-
4LL3L09 havi-ng.a surface skin of 2 in which the nould y Q
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i ect ed ak quired - temperature as it passes along th;| _aae%a icised polyvinyl ' chloride compqq'ﬁio@. 3801
hoctos fill, Fligpetetie Pl igsive hc kRl @ncaining 0 N oo
'%bes_t-oﬁt fi :c 54 Lc@é: to prevent foam- 5 Polyvinyl phl@iiess IO@EQQrH;'w%ht

wel g or - %Qﬁ[ i

/ 10h e tdiing te’ temperature in the - ?li;iso-octysl phthalate 80 b, .
Baj in ibarkel below.| tBd activation temperature and | (plasticiser) B parts- by weight .
] . m 5] d cavirdyng ep fristienat hetingt 6f ﬂég‘iilﬁftﬁﬁ DY Epoxidised Swa Bean csure . hol di ng?
{ 1€ _nou _ as)ytniS'ejec ed thriopghith bare ausisyitr el 0@VvI ng -t He Pre 1§ by ha
FKAMPLE 3 . 4 'the-.?é%iﬁvatio r@f era; his; pegord[ er P hengipdeos @HosPHitef ACES™ 0 _
moul d 12 e_l’;.i:]:thbd" 6&% 2?;’3(1 Iﬁ?f&o Xamples . - ¢ (Kicker)] ‘so the i Aj et ibphregnul d-
bul d t ogetthept suitable liquid IbRRES 2 n j Stearic acid ~ 0.3 part by weighd a
» A 0cess gyg&g Ieng guch oas (esttann 24d Ith MY LCI 'Azodicarb(}nanudedpa&e- and. . &
A pro > an al cUhens egamples of suit- . (blovwing Rgenf)€ prg HE b weﬁgﬁ I.din
charge of pr OWJ i b§w1 nis melude the nitrogepy 5 ' Ble ladkert” N tivate)) P&ehtgi]posii ul- g
5 gradual | v HiREHEE Glow % entfgfor e'!slmjﬁ g:;aio_ ¢ blowingiAgens was i ntroduced to
. A proc sazacdriging tonpehmds, Mnd 44, he
he machi ne affthon dxide Livgmiink bldvingepluy ge Ny : weig di
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filled wit# In some instanéds f i€ Gia@ OpeD¥ecls %; . agq%o T r@l¥16 C to 200°C just before = -
i 4 -pripgi _eqnguc@pgfpxgl agereTin i) Fodinkb1d) Othe 3 nozzle itself being at 190°C. 9o-
Pk ial "to provide sites for bubble forma- ‘The complete charge was -injected into the .
tion, o ' : : mould which had g cavity 1/16 inch wide
. The process. of the present invention may and allowed to cool therein for 1 second.
30" be used to produce a wide variety of articles The pressure holding the mould closed as
~ having a foamed core with an unfoamed - then reduced and the mould allowed to open 95
‘skin.” Articles having a rigid or a flexible skin .so that its cavity was 5/16 inch wide and the .
may be prepared; examples of articles with a composition . allowed to cool. Finally . the .
. rigid skin include picces of- luggage—for ex- mould was completely opened and the sample
35 ample “suitcases, articles of furniture for ex- ~ removed. . : : :
- ample chair seats and television cases, and A moulding having ‘a surface skin 1/32. 100
- panels which may be building panels or panels inch thick and a foamed core 1/4 inch thick
- to form the bodies of motor vehicles and and density of 0.4 grams/cc. was obtained,
. trains. Examples of articles with a flexible sur- The’ moulding had 3 pleasing appearance
40 -face skin incliide parts for the interior trim of . and the surface of the moulding had fewer -
. motor " cars, railway carriages, caravans, aero- imperfecrions than a moulding produced by 105
‘planes, seat covers, for example car seat Tepeating the. moulding cycle with a charge
covers, and a ‘wide variety of other applica- composed entirely of foamable material, "The
tions. Positions sach as ribs or bosses where process was repeated using a_red unfoamable
45. the article may ‘be attached to a supporting’ composition and a blue foamable: composition o
- -thember ‘may. be integrally moulded with the and a moulding having. an unfoamed, red 110
 article and the process of the present inven- surface skin and a blue foamed core with a

. tion has the added advantage that these re- sharp linear- distinction between the two was -

- t he
was conpl etely opened and the sanple re fle_

By

i e ol . el

; latively . thick. - positions may. be moulded obtained,
.. 50 . without the formation of voids or sink marks - : o
' in the surface of the article at that point, If ExampLE 2 ' :
such thick positions are moulded without© - A charge of a propylene copolymer con- 115 .
a foamed core sink marks tend to appear taining 159 by ‘weight. of asbestos fibres
“ because . of . the -contraction of the relatively  sufficient to fill one half of the barrel of the
53 large amount of ‘material at that point. - -injection moulding machine used in Example

-~“The present invention is illustrated but'in "1 was fed to the machine and allowed to _
8o way limited by reference to the accom- . reach the front of the barrel. The remainder 120
panying - examples. _ : of the barrel was then filled with a propylene
e T S copolymer containing. 0.35% by weight of

. S - EXAMPLE 1 .~ azodicarbonamide (as blowi
60 - An 18 inch diameter disc mould was fitted temperature along the_ barre] ranged from
on an 18 oz. injection moulding machine 215°C just before the nozzle to 160°C at 125
which had a 350 ton’ hydraulic lock on the the rear of the screw. - ' : :

mould, - The complete charge was injected into the

. A-charge of a plasticised: polyvinyl chlbﬁdé, mould which had a cavity 3/32 inch wide
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ecte 9. dar G ccor ep & -according to claim 1 or claim 70
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pressur hol digfaq’ had fRRr shreidd rfe&i pY@&terminel @mbitht of CePIRGR g‘é R 75
cont ai n| ng a bl @\mmgmg ticed by k@mm;ed;amdldandmm&aamuk Chlloveeld | mv\ﬁﬂz pl@ceoqmﬂ
are int Oducﬁg qgcl Léggq SRRy ;_qu;tgc,‘t]’r b m:hte feamablg Eopan@tnop Hhas deepi injpcted
beggme 1/4 i 3 W%Q @mﬁ LBEET off d{%ﬂ BBREALD Aefh in T
sanpl e S aIIowe’d to c o} ore 8 soimeld eNesd, 5P 80
that the 40 nrould was o n@da I et eI y andlsrtamexe@:alyrpélewng gnrgreshre holding
and the rJ sanmpl e %ﬁ@up 1 E% ﬁg & mou nﬁngg process acc rthqagt'ouclld together.
fj rg%t ' trOd%e(?; Ecgmg Fféed ﬁ?lg pr ﬁ amnles ressurz holdi & éﬁf%@of he
foamed dore 3/ land ACdkarge of propylene copolymer cob- t ﬁlO d | sagedfet G g@aatﬁlﬁ‘rl rRAQed! ihag 85
screw type in- tauhng:k‘d amh»utf mdsn@mtny tofill 3/4 glioa'ws/acvenwvélsi epansiop @f the grpuld.
moul di ng machi nf e (e ghithy piction mould: t&%@' e 2990uding ‘g g ‘Wﬁ%‘-‘“
formed Wit h rlnbo ine was mt:o heed th Jf mac me I?% whic t e ena Tgement of mou}
I B5" laltowed 1d? B! (HE Fro! HArrbil ur erated wit
i;hch dedp and 1/dfiddacst mbbatkel aad ;heﬁaned PiIs | ';heﬂﬁbuﬁll' l@l’lge g GefxdtddUig}ethe S$IHE W00
a¢ at sdne posi @i mppylxhongwamrr a@eﬂmgcﬁ%‘}ér‘ gsr . . th
T el ing
nbul dind was frqEShr ) SHETHEREL I (18T éf&? SRS TR el an
V@eﬁ,\?' n jwhen 30 the machme was gradually increased from “or more v.:uls of the mould cavity is ‘lined
1e 166°C to 195°C “before the nozzlc, the with a removable insert prior te the injection 95
he nozzle itself being at 190°C. of the thermoplastic materials into the mould. -
le The complete charge was then injected 9. A process according to any of the pre-
into the mould which had a cavity 1/8 inch ceding claims in which the unfoamable -
32 100 . 35 wide and allowed to cool therein for 1 second. thermoplasnc resin and the thermoplastic
ok The pressure holding the mould closed was resin composition containing a blowing agent 100
d. then reduced and the mould allowed to open are introduced into an injection nozzle from
e so that the cavity became 1/4 inch wide.. two separate injection barrels, operation of
ver The sample was allowed to cool before the the machine being synchronised so that the
by 105 40 mould was opened completely and the sample required quantity of unfoamable material is
rge removed. first introduced into the mould. 105
he A moulding having a surface skin 1/32 10. A process according to any of claims
‘ble inch thick and a foamed core 3/16 inch 1 to 8 in which a reciprocating screw type in-
Jon thick and of density of 0.4 grams/cc was ob- jection moulding machine is used which is
red 110 45 tained. The moulding was formed with a rib  provided. with an inlet port either at some .
ha 1 inch deep and 1/16 inch thick and, as position along the extruder screw or at some 110
was well as having a blemish free surface, the' position in the barrel wall and whercin when
moulding was free from sink marks in its a plug of the required amount of unfoamable
3 surface opposite the point where this rib was - material has build up adjacent the injection
- 50 formed. orifice of the machine a blowing agent is in- .
con- 115 jected into the thermoplastic material 115
ibres WHAT WE CLAIM IS:— through said inlet port unil the required .
¢ the 1. A process for the production of articles. quantity of thermoplastic material containing -
mple having a cellular core and an unfoamed sur- the blowing agent has built up behind the
d to face skin comprising injecting a predeter- original plug of material the supply of blow-
inder 120 55 mined amount of an unfoamable thermo- ing agent is then discontinued and the 120
ylene plastic resin into mould cavity and sub- thermoplastic materials injected into the
it of sequently, and before the central portion of mould.
The said unfoamable thermoplastic resin has set, 11. A process according to any of the pre-
from injecting a thermoplastic resin composition ceding claims in which a second amount of
C at 125 60 containing a blowing agent at a temperature unfoamable thermoplastic material is  in- 125
at or above the activation temperature of the - jected into the mould after the thermoplastic
0 the blowing agent into the charge of the unfoam- material containing the blowing agent.
wide able thennoplasnc resin that is in the mould 12. A process according to any of the pre-
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