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o ) nt 0 %é oxes he t)g E}E’c rhpound. This can be conven- 'g
I nj ectl Onglgfc@%ﬁétlfrﬁng suci as nh r glass ientl ddHy adding the foaming agent P
Accunul2ét @tles,Ziyndecpasing Shiy @mount of plastic  in the f@BO&) spid particles or in the form 85 ! 2
Accurmul at regwireg G%C‘X‘ﬁﬁfﬁlﬁb’ﬂem‘ gsing the cost of a dxspersnon in 33 whicE compatible with { t
Vol d or esgq&h article er economic advantage the basic t:'l?t is then carried out 'I\/bl d 1
P calized in that reinforcing ribs need not onv J&f?} such as a churn, t
t enper at UpLemployed for strength thus very substantial- 415 @rxﬁ ee-roll mill, or Banbury, the / .. 0
EXAMPLBS 2ly decréﬁé@ tlht)l:odrplﬂm d;cdnaqlueulysl Icnglﬂ'.’e lo wlgchaie dsupo g riscosithes #ui pment 25 f
shown in Mcg : #ﬁn ol and fp&‘ fecgquua i lermgsively.cin gbiain ’ P
on- cel | ugélesé‘?ﬁ“' b ROl ol phiucts S abE ?,?t" e Egﬂ@ &“Qfé?&% Iyl -
CroSS SECHdn&Ikhell region and a cellular core region, € IR@gakiedd El’gth@- ¥, @ fédm! and aa m?| t t}
30 u& can also produce an isotropic product free agent must be mcorpm‘htedlbdDandgmmpthe %ol | OWI ng30 o
dl t i onef: internal stresscs and distortions even in sition temperature to prevent the possibility of ¢
molds at room temperature, which have com-  gas losses taking piace in the plastic mass prior 5 su
; plex shapes and thick sections. to expansion. ‘ “fr.
. Foamable thermoplastic polymeric materials In the case of chemical blowing agents pre- i . su
35 in gencral can be molded according to the mixed with the polymer the time-temperature 100 . 35 sh
1 present invention, as for example, polymers relations within the extruder must be adequate T nc
: and copolymers of olefinically unsaturated to decompose the blowing agent to release the } fo.
' compounds and their derivatives such as poly- gas within the extruder. The extruder pressure f 23
ethylene, polypropylene, polystyrene, acryloni- must then be maintained uniformly high at § de
40 trile-butadiene-styrene polymers, and vinyl least until the mixture is transferred into the 105 ' me
resins, nylons, polycarbonates, polyhydroxy- high pressure accumulator in order to prevent i aff
ethers and polyarylene polyethers, premature expansion of the cells. ; ha
The mixture employed in the process can The decomposition of the blowing agent can ; 26
also contain conventional molding additives be delayed through the proper control of the ; . the
45 such as heat and light stabilizers, pigments, extruder operating temperature andfor 110 ! 45 ren
' mold release agents, and slip agents. A conven- through the proper selection of the blowing i anc
tional nucleating agent, such as calcium sili- agent. Thus, for example, diazoaminobenzene ; upj
cate, may be added to the mixture in order can be employed for decomposition at 95°C. i pisi
to enhance the uniformity of the cells produced to 105°C. while azodicarbonamide can be em- hot
50 by the foaming action. The ingredients of the ployed for decomposition at the higher tem- 115 | ap
mixture can be premixed, if desired, and perature range of 160°C. to 200°C. nat
charged to an extruder wherein the thermo- Referring now to F1gure1 the preferred ap- sure
plastic material is fluxed and mixed. paratus of this invention for carrying out the i 1
The blowing agent can be selected from present method is shown to include an extruder sho
55 chemical compounds such as azo, N-nitroso, 6 having attached thereto a line 7 for feeding 120 55 mat
carbonate and sulfonyl hydrazide compounds. & liquid or compressed gas blowing agent blov
which are heat decomposable to yield a gas directly into the barrel of extruder 6. A valve . dire.
such as carbon dioxide or nitrogen. The blow- 8 is provided on line 7 to control the feeding. ! mea:
ing agent can also consist of normally gaseous Line 9 connects the extruder 6 to the internal i ) the ;
60 agents such as methyl chloride, propylene, bu- conduit 19' of a base member 19 which is 125 60 s e
.tylene and gaseous fluorocarbons, as well as shown resting on a support member 20. Ex- perat
gases such as nitrogen, carbon dioxide or air. tending upward from the base member 19 is blow.
Volatile liquids such as pentane, water and an accumulator device which includes a cylin- tially
liquid fluorocarbons can also be employed in der 10 and a piston 11 reciprocally movable extry
65 the foaming of the polymer. therein. The piston 11 is shown having a frus- 130 tion 1
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pr essur eal end thereof. The configuration of the flange
t enpdf atléuis%critical only to the extent that it must

extend from the shaft 12 and contact switches
16 and 17 during the reciprocal movement of
the shaft 12.

Alternatively, photoelectric type switches
can be employed if desired, thus eliminating
the need for a projecting member on the shaft
12. A pair of photoelectric units can be posi-
tioned such that shaft 12 blocks the light path
of lower unit when the shaft moves upwardly
from its lowest position and blocks the light
path of an upper unit when it reaches the de-
sired upper position.

Leading from the internal conduit 19' of
the base member 19 is a line 21 which is con-
nected to an internal conduit 22! of a second
base member 22 which is also resting on the
support member 20. Extending downward

“from the base member 22, and through the

support member 20 is a filling nozzle 23. It
should be evident that a plurality of filling
nozzles can be employed to mold one or more
foamed articles. The lower end of the nozzle
23 extends to and is flush with a mold cavity
defined by a male mold half 25 and a female
mold half 24. Mold half 24 is conveniently
affixed to the support member 20 and the mold
half 25 is supported by a reciprocating bed
26 adapted to provide for easy separation of
the mold halves 24 and 25 to facilitate product
removal. Slidably mounted in the nozzle 23
and the base member 22 is a rod 27. The
upper end of the rod 27 is provided with a
piston 28 which reciprocates within a piston
housing 33. The housing 33 is provided with
a pair of conduits 29 and 30 which are alter-
nately connected to a source of gas under pres-
sure.

The operation of the preferred apparatus
shown in Figure 1 is as follows. Thermoplastic
material is fluxed in the extruder 6. A fluid
blowing agent is admitted under pressure
directly into the barrel of the extruder by
means of line 7 and is admixed therein with
the melted thermoplastic. The mixture which
is extruded from the extruder 6 is at a tem-
perature above the foaming temperature of the
blowing agent and under a pressure substan-
tially above the foaming pressure thereof. The
extruder 6, which is in continuous communica-
tion with an expanding accumulation zone 35

: 'apfbexpm ept
,saﬁ:cﬁc‘:ﬁ%; t QJ:tLeQWif nt

3 i |3‘§§l'e’§“‘{fit thé ba

iston
uséjr & the zone 35, the piston
is forced from itslléwer-most position to an
upper, predeRbmined position. In Figure 1,
the lower-masy@osftion of the piston 11 is
hed t ston 11 comes in contact
er 19. The upward travel
of piston.11 toR) 34 is resisted by means
of a gas unde3 ptefsedeiq the-region 15 above

the piston 14\inythe wh‘@r‘iheusing 32. The
phrase “gas und %It‘ ﬁ A ispintended to in-
clude any suitabﬁ- yegx xQ fluid convention-
ally used in such apparatus. In addition, the
region 15 in the piston housing 32 is provided
with a conduit 31 which is in communication
with a source of gas under pressure. As the
material from the extruder forces piston 11
upward, and at the same time forces piston
14 upward, the gas in region 15 is compressed.
Since the charging of the zone 35 is opposed
by the piston 11, the filling of the zone 35

cannot start until the extruder pressure exceeds -
_the back-pressure of the piston 11. As the pis-

ton 11 moves upward, the gas volume in region
15 is decreased and the gas pressure is in-
creased. The extruder pressure must contin-
uously exceed the increasing piston pressure
during the expansion of the zone 35. Alterna-
tively, during the expansion of the zone 35,
the pressure of the gas in region 15 can be
regulated so that a substantially constant force
is applied to the piston 14. In any case, the
mixture being charged into the expanding zone
35 must be maintained at a pressure above
the foaming pressure thercof. While a pressure

‘of as low as about 500 psi will normally pre-

vent premature foaming of the mixture, pres-
sures of at least 1500 psi bave been found to
give best results. Pressures in excess of 10,000
psi are usually not required for proper opera-
tion of the accumulator device and normally
should be avoided because operating expenses
increase with increasing pressures.

In addition, if necessary, the cylinder 10 can
be provided with heating means, not shown,
to prevent solidification of thermoplastic mat-
erial therein. It should be noted, however, that
no additional heating of the molten mixture
while it is in the cylinder 10 is required. Heat
is applicd to the material in the extruder 6
to melt the same and is only maintained
in the molten state in the cylinder 10.

The piston 11 travels upward until the
flange 13, carried by the shaft 12, contacts the
switch 17 located at a predetermined position.
In a manner well known in the art, the activa-
tion of the switch 17 causes gas under pressure
to enter piston housing 33 through conduit 29
and produces an upward motion of the piston
28. The lower end of the rod 27 is thereby
withdrawn from the nozzle 23 until it reaches

hrough line 9, iat iz a o
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Mol d t enpetibtitureeches its lower—most posmon 'If Whlle ]m}a:ermg tl;q)tcxppc;at;:re of tlhe mold ! ,
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q. p termma g;’ g tcmperature, about 70°F.) without n the | to;
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P h Q the no nglﬂgop WnilsuldeHENSi ty tor
0.96 and @ point 36 and the mold, l mold aﬁéﬂotrar\ﬁﬁi‘rghfrot@fthe rﬁﬁiﬂd’ldﬁ an over al | aj
nel t i pglethe Gbrtotn Of thaded 21 hand's dlubbowiting tlmozwdanto th€4iﬁv pressure m(})‘ld e)}tglod;sl” 100 i per
€ fLo arqqifeu tt ner, e tq, s es the mold while , an
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_ tion of an unfoamed slug in the system is pre- in the mold, thus forming a resultant article : emi
vented. The mold halves 24 and 25 are sepa- which is substantially free of orientation and i the
40 rated and the sprue-free molded article 34, in  internal stresses (isotropic). 105 ; moj
this case a tote box, shown in Figures 3 and The outwardly acting pressure of the ex- ! is a
4 and previously - described, is removed. It panding particles apparently forces the outer- [ rang
should be evident that foamed articles can be most mass of polymer against the surfacc of o in 1
molded according to the present invention hav- the mold, thus destroying the cell structure of T and
45 ing either a sprue or a depression simply by this mass of material. This serves not only to 110 i 45 Suc
adjusting the rod 27. While it is preferred to form a dense peripheral shell, but also serves 3 molk
mold sprue-free articles, the configuration of to produce a finished article which accurately “totc
certain molded articles will be able to tolerate conforms to the configurations of the mold. I or fi
a sprue or a depression. It should also be evi- The degree to which the plastic “explodes” stora
50 dent that the apparatus of this invention can as well as the rapidity of filling the mold and 115 | 50 chan
‘be employed to mold solid thermoplastic the degree of foaming increase with increasing i with
articles. quantities of blowing gas in the molten plastic. ' is i
Because of the pressure differential between However, particularly in regard to density, the nels
the mold and the accumulation zone, the mix- size and configuration of the mold influences distri
55 ture rapidly foams and expands in the mold. the effect of the blowing gas. 120 - 55 tion,
The filling of the mold, which is caused by =~ 'Molds which cause sharp pressure drops to o prime
the action of the piston 11, the rod 27, and take place therein, due to a complex configura- i equali
the expansion of the mixture in the mold, tion, or sharp corners, for example requirc the inlet ¢
should preferably involve a period of approxi- use of a greater amount of blowing gas in order with &
60 mately 1 to 15 seconds. to achieve a particular degree of foaming than 125 60 ing a
The flow of gas under pressure through con- a mold which has, for example, a simple nels in
duits 29 and 30 is controlled by means of a configuration like that of a bowling pin and As
valve system actuated by the switches 16 and  which produces a more gradual pressure drop. prefer
17 in a manner well known in the art. It would appear that the complex mold _ tributo
65 The switch 17 is positioned in accordance configuration, and the consequent sharp change 130 65 inan¢




10 1,110, 332
Tenperature of material in extruder 400[ err] F.
I\I' t rngr\“ . ||_| -ect I ot PTESSUlT, Fl g. 1, | [ ne 1800 pSI
Accunul ati on zone pressure 2000 psi
Accumul ation zone.tenperature 350[err] F.
Di st ance between’ switches 16 and 17 5-3/4"
Mol ¢ pressure 1,110,332 At m)spher iC d
Mol ﬁ_terrp%{are 7oter+} The nold
was | conpl et @&l CSWd Pvlle‘dl thwdlx{u ndgsgpes A % i lﬂBthgngh ‘%gldahﬁ“d !héd/nﬁn@jlc@: density
S
of .67 taif lca C %su ro ?gt‘::#ﬁ) ni \\?ﬁ s i 1c3§cd édot ‘%.;W%o(a? ned. The
mol § was cofSLaTRRN, Thiilyeiin molds, andikesa (FRORalE Bl Witk the Blitlary EhiahctSs SeCt i on.
o A con- Vit R ulSalkbk dSpr&mE oaming action. and 53 &ch havm@at lctaquuecquviblsgdaddng()B 33
| bs Jwas obt g ddvimpe é‘m“g‘;;“;m?:ﬁfgﬂ L e
that the Te
com mvenuon can d to ra A 1€ el grgaa h’ Efﬁqpé Fdlﬁ%a no VOI ds
vier ¢ The 1S Gh Réeibric Ifdhmed QheFrsb- 1 éhaxwelts 52 and 54) ik wtmﬂom the
5 nol d. plastlc articles on a batch, tehﬂccmcmmmnratmy sc:tendmyedxof:blﬁr obar@el® imaem-us®d
to fold spr a«eglﬂqoe?bﬁslm cel |l batter rX ca F gherewith with two or m(;re radial-
igure 2 illustrates an is
EXANPLE 9 Imentg f the accymu tor d“&;fg{}”éé’%ls lIlVL Tl Fg}é Iﬁy‘ﬂgﬁ[&' tﬁ)g\lﬁ) n%%hﬁ?dt y of 20
10 Exanmpligy é’ 1& t;El“fé‘ Ghisbal 110and i lﬁ&g:ﬁdﬂnelsom a@on withndex of
g0 4.0 tunderist ke shm lDWc shown co-axxalrmmahd od [Widssidr distofutdt SR@ngsa molven b silance
i ng Jcondi t i @Rshus providing a lswteyempact treipwafct diHedsoppidipthay the molded agisle ejghy
Ext rtuder RP®@rangement. The piston 11 and the shaft less than wp be expecte but, ecause_ o
arc, provided with ccntrall ositioned inter-  the unique ltyE;o welght ratios obtainable
Tenmer at ur e qQifbollts elittihe boll 20 Hphdehe%. Mi-  with the p this ‘invention, does not
85 Ni t rjogen mnjg&ﬁbd oNmEE@S betven th g;d 27, anlli reehibit any2<ﬂ€}&s<psl| strength as would be 85
Accumul at i onhedneraal ppregﬁstgqr Eston lll anfcii tll;e shaft exg\ecteg fr 1on in we(xlght |
slip fit between wide v. amed articles can
Accumul at i Odhczscgﬁﬁgd%g@negf (gtdpﬁﬁvhng convention- be molded Y g 551 ith this invention.
Mol & pressu lafsealing rings therebetween. The piston hous- Tustrative,Vuf B k€ limiting of such
90 25 ing 33 for the piston 28 is mounted above articles are shoe Iasts, bowling pins, containers, 90
and is co-axial with the piston housing 32 for particularly fluid-tight and/or thermally insul-
the piston 14. The operation of the accumula~ ated containers, such as storage battery cases,
tor device shown in Figure 2 is the same as farm product containers such as asparagus and
has been described previously for the apparatus  tomato boxes, poultry coops, milk cases, other
95 b b 30 of Figure 1. containers such as bomb fin, shell and soda 95
o In onc embodiment of thls invention, it has cases, battery trays, shopping cart baskets, gun
been found that the use of a primary distribu-  stocks, paint brush handles, broom and shovel
tor channcl in the mold in conjunction with handles, kitchen drawers, car seats, seat and
a plurality of sccondary distributor channels back pans for children’s car seats, highchairs,
100 35 permits rapid filling of a mold and results in  frames for baby recliners, top and storage bins 100
a molded article of less weight than would be  for baby dressers, wardrobes and bathinettes,
expected without any loss in strength. This  furniture drawers, take-or-leave pallets, lawn
embodiment is illustrated in Figurc 5 whercin  mower housings, conduits, and articles having
the male half of an open structured totc box the appcarance, sound and weight characteris-
105 40 mold is shown. A female mold half, not shown, tics of wood. 105
is adapted to fit over the male half, in an ar- It is to be understood that while the mixture
rangement similar to the mold halves shown in the accumulation zone is maintained at a
in Figure 1, thereby forming a mold cavity substantially constant pressure, this pressure
and the distributor channels described below. being greater than the pressure at which the
110 45 Such distributor channels may be employed in  blowing agent causes the foaming and expan- 110
molds for producing open structures such as sion of the foamable material, pressures which
“tote” boxes for tomatoes or eggs for example, would absolutely prevent foaming are unneces-
or for producing closed structures such as a sary in the present invention for minor bub-
storage battery casing. The primary distributor bling is not significant and is not detrimental
115 50 channel in the mold is in dircct communication  to the resultant product. 115
with the feed inlet through which the mold The phrases “melt index,” “melting tem-
is filled while the secondary distributor chan- perature,” and “foaming pressure,” as used
nels are in communication with the primary herein are defined as follows:
distributor channel. For purposes of this inven- “Melr index” is an indication of molecular
120 55 tion, it is preferred to employ a plurality of weight and viscosity and is determined in ac- 120
\ primary distributor channels arranged in an cordance with ASTM Test D-1238-57T.
. equally spaced radial pattern about the feed The phrase “melting temperature” refers to
, inlet or inlets through which the mold is filled the general temperature range at which the
. with at least one of the primary channels hav- material becomes sufficiently fluid to be pro-
v 125 60 ing a plurality of secondary distributor chan- cessed in the manner heretofore described. 125
. nels in communication therewith. Thus the material would thus be about
{ As is shown in Figure 5, it is even more sufficiently soft or fluid to flow through an ex-
, preferred to employ a plurality of primary dis- truder, an accumulator or a mold, or be
i tributor channels 51, 52, 53, and 54 arranged foamed and expanded by an mtemally con-
e 130 65 in an equally spaced radial pattern about the tained gas. 130
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.known- «in the art, a two cell, 3 volt battery was con- - ;
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T)?_ag’s:,)g“ g%z:r{ng Cel;xaGn?p 'c% 8&1: igllteen%?d ttoha;i;’xad ;%iﬂ i%]_%eksvﬁ,#de ow_mg condi t.i ons:
! ! illustrate the present invention without conditions: : .
-Ext ruder S . 22
Tenperature of material in Extruder : 550[err] F. :
Ni trogen injecti ogpi®¥@Me, Fig. 1, line 7 2800 psi -
Accumul ati on zone pressure o 2800 psi {
Accunul ati on zoneTempspuref gpagerial in extruder - 355f&r] F :
Mol d pressure Nitrogen injection pressure, Fig. 1, line 7 rogppRheric S
Mol d tenperature [err]80 F. ’
The nol d was conphawtrailaiof zink pekssured t he nol d-  t P8O aicunul at or of Figuje 2
was used to nold lation zome tempera ed drawers Y3t & Sprue free and had a
cellular milk catFymiqugs 2oms Sps % m acrylonittil e-buta- core &nd a Tt
non-cel | ul ar ski nMola pesssaes secti on. di ene- styréwesphegii n under the zgf
foll owi ng condi Mold temperature 5 | o o l!.?_XANPLE 12 . S iz;

tions:

equi pnment shown in Figure 1 but with i 5
¢
EXAMPLE 2 | ble:
The molded pans had a slightly grainy surface - The equipment shown in Figure 1 was used 20 I
and had a cellular core and a non-cellular skin to mold child’s safety car seats from polyethyl-
in cross section. ene having a density of 0.96 and a melt index |
s — . o o . of 4.0 under the following conditions: .
Extruder RPM’s 17 ;
Temperature of material in extruder 540° F. )
!
Nitrogen injection pressure, Fig. 1, line 7 2400 psi
Accumulation zone pressure 2800 psi - -
Accumulation zone temperature 350° F. , f
Mold Pressure _ " Atmospheric ' ‘
’ ° l A (1
Mold Temperature 50° F. F havsig
[ 20 erial
: f voids
25 The mold seats had a cellular core and a non- to mold sprue-free kitchen cabinet drawers 30 : sprue
cellular skin in cross section. No voids were from a blend of 25 lbs. of polyethylene having - | core a
present in the molded parts. . a density of 0.96 and a melt index of 4.0 and i ... peripk
ExamrLE 3 S 1bs. of medium impact, free flowing polysty- ! :
The equipment shown in Figure 1 was used rene under the following conditions: o 23 .
: ! xa:
~ i betwee
i ~ fection
; from 6
] 30 a ahot
. density

‘. ’ the mo.




10 ski n
“of Q.
. in extruder

injeFtion pressur.e,
Accugﬂlatlon zone pressure

PR T ]

Ext

Mol
Mol

ruder

RPM s
Tenperature of naterlal

i n extruder

Accunulatlon zone pressure
Acc¢nu|at|on zone ‘tenper at ure

pressure
t enperat ure

15

450[err] F.
3000 psi
355[err] F.

At nospheri c
[err]60[err] F.

The {nol d was conpletely filled and t hgied2d- the accunul at or devi @e of

Fi gure 2 Was usSed €d article had a certutarctore—and a
non-icel lular to nmold |l awn nower housings from polvethyl -

in cross sectionEman:RHW’ ene having a density of 0.96 and
a mglt index EXAMPLE 13

2 under the f ol |8W‘9?§“%?fdf‘1‘?‘8h’é‘ extrudes ) 530° F.

equijpment shown in" F' ﬂ!&’o@en]m)@dﬁﬁn \Phelstre, Fig. 1, line 7
Extriuder RPMs 15

. The
2800 psi
) Tenperature of materi al
Agumplation Jzore_pressure 2800 psi Ni trogen

Accu
Mol d
Mol d}

1, 11D, 332

devi

ce of quH

25

| at i on zone t enpieldgiressuge
pressure
t enperat ure

Mold temperature

AQumiarioh 'R thpe?nZQQ psi .

© 350°
3000 psi
350 F Atmospheric

At mosphet
[err SPF

The nold was conpletely filled and the mol d-

lgedV\@§weli'ls gg'e sprue free, had a

shghtly grainy appearance and a cellular core
and a non-cellular skin in cross section. The
1zod impact (ASTM D-256) of the drawers
was 1.06.
EXAMPLE 4
Example 3 was duplicated using instead a
blend of 25 Ibs. polyethylene and 1 Ib. polysty-

* . .
rene. Results were the same and the Izod im-

pact was 1.26.

ExAMPLE §

The equipment shown in Figure 1 but with
the accumulator device of Figure 2 was used
to mold sprue free rectangular containers from
polypropylene under the following conditions:

- Temperature of material in extruder

~ Nitrogen injection pressure, Fig, 1, line 7

Accumulation zone pressure

Accumulation zone temperature

Distance between switches 16 and 17

Mold pressure

Mold temperature

400° F,
600 psi
' 2000 psi
' 350° F.
6—3/4"
Atmospheric
70° F.

A shot weight of 3.93 pounds was obtained

having an overall density of 0.66 and the. mat-
erial completely filled the mold leaving no
voids in the mold. The molded article was
sprue free and in cross section had a cellular
core and a substantially non-cellular, integral
peripheral shell.

EXAMPLE 6

Example 5 was duplicated but the distance -

between the switches was 6-1/2” and the in-
jection pressure of the nitrogen was increased
from 600 psi to 1500 psi. The container had
a shot weight of 3.80 pounds and an overall
density of 0.64. The material completely filled
the mold.

EXAMPLE 7
Example 5 was duplicated with the switches
6-1/4” apart and the nitrogen pressure main-
tained at 1500 psi. The shot weight of the
container was 3.68 pounds and the overall den-
sity was 0.62. The mold was completely filled
with material and no voids appeared.

ExXAMPLE 8
The equipment shown in Figure 1 but with
the accumulator device of Figure 2 was used
to mold sprue-free rectangular containers from
polyethylene having a density of 0.96 and a
melt index of 4.0 under the following condi-
tions:

t he accunul at or

10

15

35

45

et L S S0 S S L
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ed article had a cellular core and a non-cellular to nold battery casings

froma pol yet hyl ene- skin in cross section. et hyl

- Tt EXAMPLE 14 —
hEy .weight of ethyl acetate under the following 5 The equi prent shown in;
I gure 1 but wsth .cbnditions: 10
Fxt ruder RPM s 19 Tenper ature of
mat éri al i-n_extruder 405] err]1 F. Ni t rogen injection
pressure, H9%. 1, line 7 2850 psi ;110,332 Accunul ation_zone
Dr essur e 3000 psi Accunul ati on zone E -
enper at'ure - 350-{-er+}F Met-e—pr essur e '
\t mospheri ¢ Temperature Wﬂﬂiﬂ%ﬁrﬁémm e 400° F. !
err]60[err] F. . The -nol . I fill d the nold- the
ficcunmul at or devi ce oMggeg’ullrI’gJug“ &gséurg’ggg R Zd art?gblo?glhad a cellular core:
gnd a non-cel lul ar Acumuhtiin Batetpessurecasi ngs from a2i8ipgiet hyl ene- skin !

yl acetate g&qpl ynmer containing 28 :

n cross section. A fati . in
Accygulation zone °““’""‘é‘>‘2$A|\/PLE 15 by wei ght vi nyl

er cent ,
gcetate under the f obis@ude verwesdOswitches 16T EQUi prent ssban in Figure 1 but
Wi 1h conditions: Extruder RPM s X 18
efrperat ure of mat er Mald BreisUER ¢ r udet ~ 385 er Afmgspheric :
i'trogen injection pygRSthReankd 9- 1, line 7 2800 p&ip,
Actunul ati on zone pressurs. 2 ;
ccunul ati on zone tenperature 350[err] F. ;
Yol d pressufg: mold was completely filled and the cofil MRSiEHIGY 3.97 Ibs and having a density of Hl7d |
Lt errper/at ur etainers were sprue-fr«;e_ ?nd had a cgl[utar £dr60 En@;f qb}aid?d-. The moldTes conplaely\lied ’
dorp! et ely fHiaingticeli] ;Erl\;%ﬁ?f jictiongl) conTh Fithpt tidiadedmmi nt ai ned at abodf L
forerr] P SEdEEE COR B b bhb Al core and appgpch)lular and at
4t nmospher i Cpldidiy filked vAth materialdd 45 voiGdwede | N The @@fipnRe@CdhbvNin Figure 1 but with {
Fhe nol d depesgm intpedlohas an open struct the@ccumulator device of Figure 2 was used :
to mold sprue free two cell battery casings and
| B ExAMPLE 9 covers from polyethylene having a density of 20
I 10 Example 8 was duplicated using a nitrogen 0.96 and a melt index of 4.0 under the follow-
I injection pressure of 1500 psi. The distance ing conditions: b
; between the switches was 6-3/4”. A container '
1. Extruder RPM’s 12
i . Temperature of material in extruder 600° F.
% \l Nitrogen injection pressure, Fig. 1, line 7 2800 psi.
L Accumulation zone pressure 2800 psi
. Accumulation zone temperature 350° F.
f : ']
Mold pressure Atmospheric i e
! : ] 8]
; Mold temperature ~60° F. ’ 15
| |
: ' |
The molded casing was sprue frce and had 1% was noted and the strength of the casing i
£ 25 a wall thickness of 190—205 mils and required  was substantially unchanged.
11 no further finishing. In a manner well known ;
: [ in the art, a two cell, 3 volt battery was con- ExAMPLE 11 35 {
] structed using the molded casing and cover The equipment shown in Figure 1 but with ;
: with carbon-zinc electrodes and an alkaline the accumulator device of Figure 2 was used i.
30 electrolyte. The dielectric strength of the cas- to mold sprue free kitchen cabinet drawers i
: ing walls was found to be above 80 volts/mil. from a medium impact, free-flowing polysty-
After one month, a weight increase of less than  ren¢ under the following conditions: 40
;
4,
: -




for a rectangular tomato tote box having eight EXAMPLE 16

equal |y spaced voids (or slots in the nolded The apparatus of Figure 1
~—Btt—w-th—the—ac——box)—paral el to0 each ot her and runnipg-tmne . cunarator -

devijce of Figure 2 was enployed. |ength of the bottomof the nold. The feed

. One hundyed parts of grey pignented poly- inlet through. which the

was fill was 30 ethylene pellets having a density of 0.96 were

ed centrally of the bottom of the nold charged into the extruder.

ol yethyl ene  (outside bottom ofts3#4¥B2np| ded box). Four tote 11 was

d and heated in the extruder until boxes nolded using this nold had an

ge . the nmateri-éal—attalned—a-tenperatihoe—of—about——wei ght of 3.82

s and an aver agéxtiudanREMEs 50 420[err]F. Ne2rogen was slowy fed

the barrel st7 t h of out. 12 i. 35 of .the, extruder and therein
w tth<t he ~,.'Tﬁggr¥5ﬁaﬁ“e i?ageﬁ’al\/\l/an frﬁ%ﬁ modi fi ed ?’pr o- mol t en

2t hyl ene. The exNWitrdgtarinjetiahpeegee, Fig.i Jdina7di st r 24satpsir channel runni ng

nal |y mate%l tlg an accunul ation zone 35 pain-, fromone corner in

ottom of the qqumulation, zong presuressor or r 1 F. andMRd a pressure of 2300

e other. Thus, AR&mniiREh Lésedehfetatire’@s pPro- 55 350° g,
1

1,110, 332 3 vi ded
withftwo primary di SMPHIR®E channels initially af®oeseds r]F., and then a
f ew geconds Mold tem qaturd N COMMUNi cation withghhg feed inlet and ar-
afterf the filling i din . ranged in
an equally spaced radial pattern order to reduce the cycle tine. The

surf 3
of tHh
I5 di st
conmy
nol de

C€  The mold was completely fR@YAd thdRolti e € the althiBbiarh¥l df Fig8RCH wad Akl Rmad P! ur al -

e pin edadav@tsadacspiut fraPind didin celulan d milk €arton totet Ypxes from acrpbnisictandar y _
f buétor mmaﬁneqnseliuhr:inj% €009 ectiont 1 ucgilggetms regih idep the fellowing, rondir the 70
ni cati og.t he 'Ef‘ﬁ“.‘ , es""Bi n of Exanple 17.

d usi ng%gu;ﬁg’\é\ﬂitfsl(’ga 'mFéfgtkllgbapgn aver - - EXAMPLE ‘19

age wei ght of 3. - [ - of Exanple 17
was | oyed Extruder RPM? Sile strength of abgut 1200 psi. The average
2; o prloduce. a bow i ngT pin in a nold maintained . 10 weight here
was 0. 21 pound | ess YoRFFaseof psseeid in gperudersi o 1 F. 978 to filling and
rapi,d y cooled 75 Nijurogen injecti Ephdgg-yt -t h thgy ygnodi fired nold yet
the tien- a few seconldgge%ﬁ’eeronfPirﬁsﬁg@me resul t ant EOV\A -
'sile jstrength renni fedimgilaien zont ipeebsiie t he sane. i ng3099 psihad a rough, grainy
surface, simlar . This was quite gxpected because in ’
adding in texture tSTYEEen Zone temperature a di agon%? ?I stributor channel,
it would be ex- Mgopratdeson of bow i ng pi ns maskhoipherRC-

15 pected that wei q‘%dwoul d be added to the cord%&cg w th Exanples 17-19
han

and -cpated 80

temperature mol ded box rathef” a decrease in

wei ght wooden pins yielded conparable results wth _ as
was -at ual lﬁxe g,'oﬁc‘,g},/ %‘Jm%%tely filled and the mold-  the §9&Gardrebild t? 'igurreef R2d'Gsed ! mpact _
i

sound| and g article had a cellular core and a non-celiular  to mold 1aw¥) hau

ngs from polyethyl-

centef of gkiminickogs sectiae surface har dnessen@hsbing a density of 0.96 and a melt inded M Xt ure

conpr

silig 100 part sExmrielfht i npact of02ander the éfllowipgcofdiomesd hi gh #ensity

20 of pol yeftyAupmens g incFgftiat P& "8t 1 part by pol yet hyl ene bow i ng pins

exceefled that of the 85

wei ght azodi car bonam de were

charged to a codrey V\D(grdﬁil;-%psi TS- 5 Danoury m xer and -
m xedfat a tenperat ure” e bowing pin of Exarrp‘l e 19 was provid-
35 : Temperature of material in extruder 515° F.
Nitrogen injection pressure, Fig. 1, line 7 2700 psi.
Accumulation zone pressure . : 3000 psi
9 Accumulation zone temperature 350° F.
Mold pressure ' i Atmospheric
Mold temperature ' ~60° F.

A 3 P e SR DA €IS g ST

[OOSRV SRS S

PETpp————

e - O S gt T L e e



bel ow t he deconposition tenperature of the ed with an ethyl cellul ose
coating, in order azodi car bonam de. The pol yet hyI ene
fenpl oyed to provide a finished appearance. Artiouglr : 25—

a gdensity of 0.96 and a nelt index of adhesion to polyethylene is nor ma |y
dl fficult, 90 - ) 0.2. The m xture was charged to the

cyI inder the coating was found to tenaci ously adhere
a screw extruder wherein it was thoroughly to the grainy surfaces of
pol yet hyJ_elﬁe The worked and fed th&i¥sdng by means of a surfaces of the

bow i ng pi IThe GbldFasbaRlpRelylfled and the mold- the accumuls®ér/d@ike of Fgurey? WRIREa Was
heated to ad arectpMa-cclluanciréLﬁdmmecemq uatneld buttappwrgafrﬁm aVpolyarhyléne-

30 ture of sdi [Céqssrsfqm"to cause the di S'{éww%ge{a rh’i&;ggar:%mmm%; eceetf a ‘,

coating.s t F but with _condi
T-ﬁhecg prmen s la‘t'usf%"e% e abit tfoy to accurately rreasure 10

deconpose. }
truder charged nateri al to an_accunul ator _the amount of plastic which will

ibbe char ged Extruder RPM’sNBI Nt ai ned at a tenpegwature of 330[err]F. and

}to the nol d, greater_ exactness of weight can at a
loressure of 1740 psiTempesurp ofgaterish iesmdesd be at t4951Bd in the foaned piins
s

'gof the prosent Nitrogen injection Dressdft, Fie1, sitiog 5ob%5bt he screw and theé s

iback- invention, thanis attained | n wooden pins.
Ipressure exerted by Arquauladonirend pressare was such Csdepst | onal st ai ns of the 15 2
type enployed in Accumulation. zone tem as. 10 substantl %L‘y prevent the gas ! ,‘,’,f,'
resulting staining Woo when fﬁrl %% to convent i3ha Ty : as
ifrom the deconposi t Mefd pr'éssttrhe azodl carbona- ol deduﬁ{sp}ﬁaﬁ ruded ,

mde particles from expand| ng 20 ofj

of

L]

)
(-]
A E DD MO e e e ,

i
P

‘pol yet hyl ene arti cl g@ can

The pressure be _rubBSIeBPFE e surface of pol yet h{1®nE after

40 on the accurml ator conti nuously |ncreased as the stal n has been fu‘I Iy tl)lar
dried. The xtruder t ed i ndicating el
[ehat mator it Sy St i - o B Al S
swas being ﬁhaﬁgedsacﬁont he accunul at or.. gq,cetgfé pg{? itur her: 0.2.

',surfaceli reat ment. ExAMPLE 15 a by veightuviayl cateta'ﬂe’ZGﬁepﬂte fnmﬂngeaohed t he ofa;
WOr.

‘rotation TH&e eaupment shavacin Figrsrichat it ﬁ@’d‘yP‘Ef ds an article W
of~the-screw of the extruder vas stopped and which, because of its grail nys3o mr:‘
H

rsurface texture, thos—tte E'X'h-u-g'er—cea'sed to charge bona
has th&’“@ﬂ%e‘g’%ﬁce of wood. Since, as®pre- 110 '{ trude

imaterial to
the ‘accunul at or. W TéngeRfrdéfanfidRinGaridée ac- Vi gwsly noted, the foamgd e
jarticles can also have cumul ator stabili zed at about 3200 psi a valve thes g%

jsound, i npact respoﬂ%’ég"aﬁ’a% BEsurehEg-ole Jin - 2800 psi bet ween t hé press
| es as to

;accunmul ator and a bQW b ifioR zéhe dedukeSt i CS of vvood J9Q¢ substitute arti¢
;.can 8 vvase pTrrapl dly changed to es?’abl ish com be !f;:’ég

i produced by the pro@osmﬂambnmtpnpe@m in- 50 nBA°dFation between the, 4o on th
jaccunul ator and mold. , vention. O particular 5|g1Q| f i ance is the ablg- the e

1115 The materi al rapld’fy“feransferred into the no Y to produce a : was b
a pres

inol ded plastic cabiMeld wuipedatnge  Whi ch was mai nt ai nech‘aF at nospheric pressure of th
"the aestheticall = = ature of ¢ 45 gyt
- 320[err]F. After afewsec- ance in addition to the characteristic - the ac

acoust i calThe owbiswae , filleth endrtb¢ lokla spsi. é’rhe tHold vee olaimthinadhat abprt GRYR.t | es iof cumul

betwee

!\wood. My Fﬂ?’é‘e hasks cellulan cre adct n°5'5€““1f“heﬂ‘d he’&‘ﬁéfetsWé resul tant b8 ing  Petwee
“pin high® ’Frff‘a‘a‘fss?ﬂgg’f‘stance can thus bg){g ﬁ;g‘;ig’ g'm u’"’The |50 munics
E

bow ing pin had a wekglie @6 3. 05 spfc LBt (oMk1btE G hean grl firGge in Them
fidelity. Poapdgatend Reac by Iwataehst ac—poqus hadlel tokeacls urhéxaa:s runnmg the % which 1
teomt off the e fgdds geen 2ndat

EXAMPLE 2 \q:%or dev1ce of l?gure 2 viay ﬁ‘ d
. g s o onds ef;
: A m xt Lg‘oe e le 1t$§ 6%5&14 yloﬁ centrafiv lc?‘&t&?eﬁny%% &mer She|55 then o
~and a cel l¢ g"tﬂ lﬁtﬁrtﬁa extﬁﬂd’in‘WﬁolibﬂQlcﬁH’le(oﬁkbld’d’ﬁo&ﬁm RAhE mdfd : weighed
60 At a okaswaskgleandf heatbxbint thonreruqu amtilerbogds nevhled ngty thivinoél Mérae a Qm xediin P,I%ung(s).

e bov

gim§ u‘f’ﬁ*@t‘hef 3. gnen'pg sf"l £5 avsfage Ffesﬂﬁats‘én al gy pant

the manneff t‘“?bﬁglﬂ“ﬁedsow "3

in Exarml gf X3 THaR mbb R Shel” & THE eI He@tnwﬁm%eased 60 At a dis
mai nt ai necholml p:ﬂyeﬁiidﬂtl.t T&)&Eredef kFchar&‘dd diytﬂbut fnfng diagonally from the

"ing the pms@gd ﬁgp 'Ese'awgtl@ Jope ﬁqggﬂ(gn ene @) thngaottmo thecrmeld o J . Substanti
Exanpl e 174 F. aofimdes & Areses cch ‘Ei“%‘ﬁeﬁ‘m‘i“s pro- 65  Empiq;

bowl ing pin was forned in a nold_ naintai ned rral nt ai ned- at 1450 psi an&5 bowtmgg
bel ow about 130




14
accurml ator was heat ed to 400[err] F

1, 110, 332
_1__to__ 7

300[err]F. The

) |n_ Wmch the m’xture |_s~
rrul ation zone |ntothe rmldand from in theaccurrul ator and
i ptai ned at a maxi- . the point renote fromthe nold into the nold mmg
pregsure of 3000 psi was released into in atinme of from1l to 15 seconds.
5 70[err]F. nmold, having the shape of a shoe |ast. 9. A process for
nol ¢i ng foaned ther no- The shoe1}1g§3t32\AB| ghed 3 pounds and h a

— plastic artrctessubstantTatt db nwernuel ot e de—+6 density—of 0.73.

lefaaté

Undér i nt et"ﬁsﬂ wih A¥e BED 82 ‘s" dre "éf"é‘rseﬂéehma &ny*c@nd; of the
' rbr@br; t('j
aliﬂural-

the {same cé} P'Cﬁ'ﬁz‘é’ﬁt e et B “":’l"r"f inpr oduced
by tthe progRLe@s fesiniet Wk @act lihv uap@nerca xuspp Pncal i Meng T oarred
ot heri- 105 ol éen)1df- smndawaetstﬂbmcthanoelhave!mb@elnsttﬁourm,s simihrpdo Bt iof vl t70C| es,
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for fextr udﬂﬁ“?ﬁg%ﬁ# o] anf ah oelbpOlR. t heg sl Exam 1 1 5ks LoRgat ed
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ldedh withie uprand ten- 4 few sqepndp afien filling. g‘ge teg baw have

viccar o nAR SRR Bl S OEEE SR ST 1) e
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