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to refer only to the thernoplastic itself and The styrene/ mal ei c

anhydri de copol yneric the first and second bl owi ng agents.
materials having cells of very snmall and uni - When the | ow density
pol yol efine materials form dianeter are particularly suitable as are

produced they are as stated above general ly packaging nmaterials and,
particularly after 45 open cellular in nature and are thus porous
conpressi on_between rollers under a pressure 110 to air having a
permeabi | ity to air as neasured  of ¥P&# 100- 10,000 p.s.i., they mday be
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in the vval I the extruder speed of 80 and 2pwertnconfprésied &g esingl henannul ar
Provi si on for the i nj eExavere bf a bl owi n thrtarxhatalemiae 'I{basro ofthadomg a die
ga Of 0,008 b e e ey o A PO NI L ‘gfgféi | gohes
and a | and®| ﬁ:ﬁfﬁ"“@” we'n the A had
alternative kieRehdlan anhirchﬁe F&G@S&b&ﬁ&n @fse t l?een Ifﬁﬂintd pd’u@tas pﬁcﬂe@ﬁngt agertt hhegadi e

poi nt is prowcdhadt atd mgm at] B0] ms-it Wes e nfokmngd-by chemins lnwavsre ti@od ‘s’mr The
foamed copel g ftoiet bty Mgtﬁ‘t%swﬁ?ﬁiw%g S - 4yibing
produced wWasoi gﬁvggh ﬁ gl; the ex- S e at poi nts 12
respectively tinmes its dianeter and haul ed off from the 55 10 on t he
precedi ng section. The extruder barrel die between haul-off nip rollers.
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Cﬂ

The density termnates in an annular die 13. of the
resultant filmwhich was 0.015 inches The foll owm ng exanples relate
to the extru- thick was 0.10 g./cc. and it was of very uni- si on of
styrene/ mal ei ¢ anhydride copolymer in formcell size, the average dianeter
bei ng 50 t he above extruder. In each case the first blow mcrons. The
percentage of its volume occu- 60 15 ing agent used was nethyl ethyl

ket one which pied by closed cells, open cells and the cell was used as
a solvent during the earlier stage walls was nmeasured according to the

met hod of extrusion/polynerisation according to the of Rem ngton and
Pari ser (Rubber World, process described in our British Patent No. My
1958 pages 261 - 264) and found to 1140146. Excess of this blow ng
agent was in be 80% 10% and 10% respectively. 65 20 fact renoved at
position 12 in which in this case was used as a vent for the renoval of
EXAMPLE 2 met hyl ethyl ketone, the vent pressure being The
conditions of Exanple 1 were repeated controlled so that the required

resi dual concen- except that the concentrations of methyl ethyl
tration of nmethyl ethyl ketone in the copolyner ketone and nitrogen were
adj usted to 2. 5% 25 was obt a| ned Inj ectl on poi nt 11 was not used by

a ~n 7 T T



t he second section 4, the | ast by-pass duct and 10% as cell walls. 35

the termnal section 5 before being forced EXAMPLE 3
80 through die 13. Injection point 10 was not The foamed fil ns
produced i n Exanpl es usetd: R
and 2 were conpressed by passing them ' EXAMPLE 1

t hrough a cal endar. The properties of the com Usi ng the techni que

descri bed above a re- pressed product are shown in the followi ng ta- 40
si dual cofncentratl on of 1.0% by vvei,gbtggpf bI e toget her vvlth for ¢
conpari sen oper=——_, j y /B he
ties of a cal endar ed foaned film V\/anﬂxh fhoad Fxrat ;&bxﬁne/ rrabm:ml anhydri de
copolymers in first been foaned usErgries! nucliampng agent Film gas -
section 4 and 960 p.s.1 n- d by C cal

i nter-reacti onngﬂ &?ﬁia%cgn% J ect eg%??r ough p@?dr?t? 9 gi vp‘r%l)g:}oa
concentration lpmar(gsccm xed in the &4uded copd3yner ([erdsd- 45 of

di ssolved nitro Ny i Jn the oI ymer of, 0.15 napg} hal ene Sﬂéphone acid and

calcium car- B | ght The 4ioerrper ature within the ex- bonate).

6 Percentage of total volume , 230, 992

6 occupied by closed cells 58 Fil9n from 5 Filmfrom

Cont r ol Exanple 1 Exanpl e
. Percentage of total vol

2 Fi |d’élup1edgby open censlﬂln ckness 1pi nches) 45 55 0.0092

0. 0025 0 070 Density (g./cc.) 0. 264

0. 323 ezzt?%of tﬁtal Ylolume Cel | g| aneter (mcrons) : 40

60 ied by cell walls  porcent #4e of totaf® volume ¥ occupi ed

by closed cell S'I‘ensﬂe strength (p.s.R)B 2,300 9 3,000 780 S

Percent age of total volune occupl ed % open cells 19

65 Stiffass per unit weight (PP} centéalfe of t Pl voI ume21 10°

occupi ed by cell walls 23 45

Tensile strength (p.s

780
8. 1 f 2%, 67A
Stiffness pe‘thEHn&mX}(? I%ﬁéﬂmﬁlﬁ lavel'e rlpeated gg 11456%%1331: (x):/l ? clo ed cells 51 106
EXAMPLE 4 with the exception that the ifjecBonl presiiid 26%, 8 Qﬁﬂ@eﬂlé Qlﬂ 7/0byb:|'eEQ lsOf 2% 67%
15 5The woageh WBSOﬂSed)froxE)G I e il toner e repeat ed of its voI unme was

occupi ed by1 od&g?d‘(?@ é{i staré SCI; f @EF tlonso LFtSn eCtIe n
pressur e %%ip 3o§5 %fati‘ 'Zf cgh IYVﬁ & heD e Ot ageli RO advegp T ai sed
from 960 p. Tﬁb dénsity{d? the filml pRteddwasS0.54 . usdd 'l it Sxafbla fivks Rliced ﬁrsldiyﬂleﬂ 1

EXAMPLE %0 g./cciang asmﬁumfnmﬂ gire, e tlorage Ol Bndi therh bp argad. I’Eﬂe foamedHgmcondi ti ons

of Exanpl e diamgeer ef fh o frlom 3% 'arfQ min dpradugidew gwes | do stjn g:gs was
used'. exacr E‘%f g C&ﬁ%%ﬁsﬁiﬁﬁa 6@” wgiegbigé‘dgcta howx?m Q%)ll A | ésy of
the film pr 1CadhNaSe dfnm;d”ua{a iexanpl e was repl aced first by he-
10 g./cc. and was of uniformcell size, the average I|iumand then by
argon. The foaned filns di aneter of the cells being from35 to 40 m -
produced were conpressed by passing them crons. The thickness of the
filmproduced was through a cal ender and the properties of the 0. 0025
inches and it had a tensile strength at conpressed product are shown in
the followng 25 break in the direction of extrusion of 1650 table:




7 1, 230, 952

7 Nucl eati ng gas Hel i um

Ar gon : Thi ckness 0. 0056"

0. 0059" ) Density 0.24 g./cc.

0.25 g. /cc 7 % vol ume occupl gﬂopgg closed cells 52 7

53 Y5votrume U(..L.upl ed—by openmr—ctetts —29

27 { % vol ume occupied by cell walls - 19 '

20 cet amerer - ZQP- 50 M Cr ons

50-70 m crons Nucleaing ge; cell wall thi 'cknels{"'sllum Argn | ess than
1 mcron | ess tTifickndss M cron neodssne di rect 0.0069t ear strength
1.23 g./0.001" 1.27 g./001" transverse rection tear
strength 1. 98PFHF0. 001" 1. 66 g./0%@hg/ 0db Bt hi ne
direction breaking vBﬁﬂSbéc@p@tHmeghlaeusl700 ®S.1. 1900s59. s. i .

transverse direction breaking tensile 820 p.s.i. 720 p.s.i.
strength % volyge prcprieddy cRsat<Eln el onffation to bredk 3.4%

4. 2% t 4 ARRMED lglbg,egw,aggl el ongation to brealyp 3. 7%

5.2% VWHAT WE CLAI whose boi |l i ng poi nt
at at nospheric pretdliametes s 1. A proc#sS0fmjeronshe phbdidoricroms of foaned
greater than 20[ eLfilby micigess oy thal L micron  NELIRRIAGHLE POI YTEr'S
in which the pressure A process accorél to claim IS

rel eased from a qoxe&&sdmcscmdtedrcsmgéneous 1l233g¢mn@:lent r at i2dg./001" the sal d

first bl ow ng mxtu e of the molten ther tic polynme agent is

| ess than 50% by WEFGHE mmteéﬁﬁreﬁgﬂbl oW ngﬁaglé)%'%@yst e '6§§I/é'o X/st em com
5. A process accomsthingditetrion Bigakitig@entife sttdith 1700 psi.Si Ng a 1900 $ls.ibl owi ng agent
which is com precedi ng claims in which the thermoplastic 40 pletely
mscible with- the“ﬁ‘@ﬂe“ efeftiPrideaSticc  pofPir i s pol yBBtlene and in
which the first 10 ynmer at the said pressure and which has bl ow ng
agent is pentane ﬁadxnem&cﬁmnmgaﬂidnadsbﬂk 3.a%poi | i ng pouny, at | east
10[err]C below the tem , based on the poly ylene is greater than 20%
perature at whi ch“acnﬁ"érsi)‘rh’étgt?ﬂrdéng??nr’%'l’ sed?%p %m by wei qﬁtzii t he

honpgeneous mi xture and a second differ- 6. A process accordi ng to any

one of claims ko 1 wg80APIOW Ng agent whj,ch, has o] f; 4
in which the t REANRRLATE! be ?Sghaeaa{ofl Bark?  ghbbred s S 6t1%g%9he"yf” e b 3tshe

t her nopl ast | Ctherofl@gio lpyipiRdrs inOwHiEAChE HRBUBDNOATBY proceSaIgAling to clajpp3 jeliichand a
critical teﬁ“rperlalemcb fromsa prebraniped ﬂlﬁnﬁﬁnmhl ?’F e%le?‘rf%'gg()o;tty rveﬁgﬁ fimsn chlavdizei ¢
anhy- hemt TRR2SHD e o ng.i ich
fhe irst bl ol aﬁwﬁnfx“:‘::nz%:y el o1 aBnse of Al 20
and nethyl e 1 @{bgnﬁth &hteh SheRhopBQI! polfmé i€ Pulvethyledd and in wmrh\m mkt the
pressure ofl0t piyngecord saidowsnr armemhxchahasorblowfngla@sslstphme B0 skrgnoppsta based

20 agent wi thubwhmehemmr eam 1 19‘193\3 gz?\ };98 @%:E@f polgsthylensds gafirdia 2l ei ¢
anhydri de cop@?f@,‘.@f@,‘;ﬁoﬁs o R %@nz oAt rols ot BRIV U oAl ot Wik 45 7.
A process accgi U Qe Yhic@MNRs Q By of Uit msmmtﬂmoﬁumepiastmp@yxﬁehds

t her nopl astif caytesst 0. (plP/ebyadmgtg ncthalthmnqptastmhlacqqpotlmer mwnﬂmm)fno (gEl c°mP°'I

until i nmmedi aP‘éY r lged ercet’ ah gégfe‘ﬁgu‘ﬁé thag %{g 9@@“@1 |
injected int Oa oint wh n cal af %‘igllemyd Reroht: ’3191(:19

t her nopl ast i c; Sﬁn{gg preSsufdOds thd)seEohE Bhwinaf atldnrtg lag eai 1exxgstyemﬁnblas¢dhe
mol t en pol yorengems-mhlnttse R altehl KietniobMstia polenert h)e ﬂt;otwm/m@hls ald\ﬁ!drtde Ber.

U.4

peratur. 1n Wth the

carri ed out. is maintained at least at the value at which 7. Ap gﬁrg ggﬁe in
troduced int the h po= tece in ams m wh 0

the vessel co tvgfﬁ:n:ol umedmte ﬁf@éﬁ ‘EC ﬁgm P agde llta{vm is! lﬂjem| 5s5ng

sai d t her nopl 35446 M,r]ﬁfmate mixin® BRhOBow 0t GEmpEREnbaynet ismk th Bkanbhg

agent 825 Am@ra@&zesesteacmrtﬁd mglteh Opotymyr (snets @¢1ubulh3eund§toth€ condls‘sygtoérrma?re added

to the unpol ycrequyed or i n- recedj n 80 RTEY A ﬁ oéﬂg,rle ESESATRBI owi ng

20 comi et el y BRI i T i I wﬁ’fﬁ 2 ety oo

di oxi de or E Fb- added to% &'ﬂp 155@9) a5t i grecilii g)émh{s ih &hxﬁfﬁﬁu&ﬁﬂl blowing 9. A
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7 1, 230, 992

7 Nucl eati ng gas Hel i um

Ar gon Thi ckness 0. 0056"
0.0059™ Uensity - 0.24 g./cc.
0. 25 occupi ed by closed cells 52

53 Iwumluﬂ;ﬂlﬁ &t Im by open cells 29

27 d by cell walls 19

20 cell dianeter 1,230,992 40-50 m crong

50-70 mTT ons

cett—watt

thickness

1Te3s t han

1 mcron_ less than 1 mcron machi ne direction tear strength
1.23 g./0.001" 27 g.7001T ransv dgiTection tear
strength 1. %Iwnnfégsoor' 1. 66 He}l‘B“OOl" Arge machi ne
direction breal{l‘lﬁngndssenm | e strength 17(0000516"5 . OmB9"p. S. i .

transverse diregti,on breaking tensile 720 p.s.i.
strength easicy machi ne direction el o%ggﬁon to BrB&/<3. 4%

4. 2% o, Wb IHAS HupEed bflbibseLéeldN el gpgation to brsgak 3. 7%

5.2% VWHAT W CLAIM | S: - whose boiling point

at at nospheric fpreasgcgupied byopencelly A prBcess for thé?production of foaned
ar eater than 2%%51(111’1&)&11@&2 by 'cA?ll walls

in which the pressure

19 35

dhernmopl astic pol yners
process according to claim3 in which 5 is

rel eased from ll gemeeurised hormgeneougo-—-ﬁm@lcmncentﬁa-ﬂ@ oxrawf t he said

first bl ow ng eof the nolten th | asti Lagent S
| ess than 50% bcﬁnvv{'/réﬂéﬁ and a bl owl%sg&%lng}e)ﬁcmnysﬁeés%%m}s/al system com

5. A process aca®hifd digctiod w@nywapk of tha.23 g/o0poisi ng 1a27fg/roet" bI ow ng agent

which is com receding, clains in whi ch t he t her nopl pletely
mscible with tHEHH HEHOR KEreHegtasti ¢ 1B §fePli s polléﬁ ?Oéne and in
which the fi rstmﬁﬂne&@ammgakﬁgtegsh@st@@m IR60EKSIUr € and 1\94511 g&i. has bl owi ng

agent is pentane and its concentration a boiling point at |east

10[ err] C bel ow tfaﬁiéfel’ﬁwcmb‘ers%gtfﬂs“f he pdPYyeshyl ene i Sypeater than 20%
perature at whi cifrepai pressure is released from by weight. t he
honbgeneous mm«mﬁe&@&oﬁlel&fgﬁ{aﬁ%uﬂdaifer -3.4%, 6. A procesg according to any

one of clainms 45 ent bl ow ng agent WhICh has a solubility of 1to 4
in which the tH&“?i‘B‘@q%‘f“P’éelﬁ’(g‘F&?ﬁfé’rb’ﬁa’% 15- 7%t | east 0.03%b6 by weight in the

t hernopl astic a copolyner fornmed from m)norrerl c conpo-
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