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" EXTRUSI:ON PROCESS OF - POLYPROPYLENE FOAM' This invention relates to an

i npr-oved process for produci ng pol ypropyl ene foam Mre particularly, it

to a process for producing a highly expanded pol ypropyl ene foam y
uniformand fine cell structure., Since polypropylene has a high | &

inity and a low nelt viscosity Tarld s difficult to cross- link, it

erto been quite difficult to obtain a highly expanded product '

therefrom As such kind of product, 10 -radiation-crosslinked foamsheet is

the only one com nercially avail able today Fbmever si nce pol ypropyl ene,

I's superior to polyet h{EXTRUS IONeBROCBSESORNEE BOPYLEDNE HOAM'S expect- ed

to become useful in the field requiring a heat reS|st- 15 ance of 100[ err]

or higher, such as heat-insulating material for hot water piping, if a

highly expgnded product 1431 6gﬂf%n dréﬂEESEr%@‘gﬁ rg%éyégo rocess

| nexpensi ve- ness by the non-cross I ng extrusion ess

simlarly to pgLygtBuh@itg ¥blypropyleneT8dam.t he present inventors
started a study wth the aim of” dev ¥op|ng a technlque for producing a

hi ghl'y expanded product Mfrd Part LpYl&PEyhYitheelatesL A5 A | PKbBEsSXEDYSI ON
foam ng process. In the course of this study, the present inventors

encountered tpgoducing a highly expanded polypropylene foam having

5 uniform and fine cell structure.

Since polypropylene has a high crystallinity
and a low melt viscosity and is difficuit to cross-link,
it has hitherto been quite difficult to obtain a highly
expanded product therefrom. As such kind of product,

10 -radiation-crosslinked.foam—sheét is the only one com-
mercially availabie today.

However, since polypropylene is superior to
polyethylene in heaﬁ'fesistance, polypropylene is expect-
ed to become useful in the field requiring a heat resist-

15 ance of 100°C or higher, such as heat-insulating mateiial
for hot water piping, if a highly expanded product
can be cobtained therefrom with relative inexpensive-
ness by .the non—crbsslinking_extrusion foaming process
similarly to polyethflene.

20 Thus, the present inventors started a study
with the aim of developing a technique for producing
a highly expanded product of polypropylene by the non-
crosslinking extrusion foaming process. In the course
of this study, the present iﬁventors encountered the

. 25 following two problems: (1) the breakage of cell at



25 follomnng two iproblens: (1) the breakage of cell at -2- 1 the
foani hg and (2) the occurrence of uneven foam ng which results in uneven:
¢ surface of. expanded product. Since these problens were not found in the
\Lman1ng process of polyethylene t he |nv tors neasured 5 the

e r\esultp W«%ﬁiﬂ ﬁ&%éﬁ RN ??j%r% teiaavﬁeﬁe# 9@&5 on (el t
ranuf act Lré’sh‘;‘;' O o SR Uyl VAL TBRS o FbPOclibh TAnepn Tester
of 8 mm and afoamifepr %éﬁ 8°fo %Q@*’?sperﬁ@? paysnedeslHeartizdd oo "

ded psodyg d
extruded pgo n%%—g tenS| On at 3 f@i@éodfdﬁéfﬁéh”ggﬁg&%léﬂg -5 U Up

.a speed of 3 s time was det-ect ans of

differential hbi%&ho APy 1RGY d%@Yc%lPizﬁnéeﬁéhQQ&o%Q o
detern1ne m ni mum value™of ténsion (MT.nm™n) and maximum -

. these polymers, etc. to lnvestlgate how  these two polymers

were different from;each other in these proPerties.
.Ae the result, it was foumd that they were different
10 in_melt tension (melt strength) behavior.
| Measureméht of Melt Tension::
Using Melt Tension Tester manufactured by Toyo
Se1k1, a molten polymer heated to 190°C was ‘extruded
through an orifice hav1ng a bore d;ameter of 2.095 mm,
- 15d a length of 8 mm and an entrance angle of 45° aL a speed of
0.72 cm-/min, The‘extruded product was’ passed through a
-tensionedetecting pulley_and wound up a speed of 3m/min.
The tension-at-this time was detected.by means of
dlfferentlal transformer and recorded by means of a recorder
20 to determ:.ne minimum value of tens:l.on (M.T.min) and maximum
value of tension (M, .max). Further, M.T .max/M;T.mih was -
calculated'as a measure of the width of variation of melt

-tension.

"Thus, 1t was found that low densmty polyethylene
25. ‘has a high melt tension and a small width of its varlatlon,
while polypropylene generally has a low melt tension and

a great width of its variation.
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value of tension (MT.nmax). Further, MT.max/M T.m n was cal cul ated as.a -
peasure of the width of variation of nelt tension. Thus, it wa$ found that =
density polyethylene 25 has a high nelt tension and a snall w dth of ;;f
variation, while polypropyl ene géif&Tally has a | ow nelt tension and a

gat width of its variation. -2a- Watching this nelt tension behavior,

the inventors studied the relation between nelt tension val ue and faiLung

i.n pol ypropyl ene foaning process to find that the breakage of cell at '
foaming occurred in 5 cases of low nelt tension value and that appear &ice

of uneven surface by UPVERiA§IEhIS METW rt@a :9{] vggd ation of
~nmelt tension was great. In view of above, propylene avi-ng various .

val ues of nu]ﬂvérmmgrsmﬂe&rwéredla&dohh%!i:w&n fnfeANE N DGESoAIge Vere.
tentatively carried out. As 'the result, it was found that a uniform

f oam ng coulahdef =i Frard eihvpobpprobyﬁzehagfoeinm@ lorsé s fednethar oduct
free from unevenness of surface coul d be obtai ned when a pol ypropyl ene
haV|ng a mlhhahnuhetbreakagm obtcell at the foaming occurred in

5 -cases of low melt ten51on value and that appearance of
uneven surface by uneven foamlng occurred when w1dth
of varlatzon of melt tension was great.

In v1ew of above, polypropylenes having 

varlous values of melt tension were prepared and their

10 foamlng processzngs were tentatlvely carried out. As

| the result, it wae.iound that a uniform foamlnq could
be effected Without breakage'of'cell=and a foaned .
product free from unevenness of surface could be obtalned

~when a polypropylene hav1ng a mlnlmum melt tension not



¥ ' :
-3- 1 smal ler tham a definite value and having a small width of variatio

of nelt tension was used. Thus, this invention provides a process for
~yproducing a polypropylene foan1haV|ng uniformand fine cell 5 structure a
- &/snooth surface characterised by feeding, into an extruder, a

-pol.ypropyl ene resin haV|ng a n1n|nun1 alue of nelt tension of 3 g or nore

m
Hgener il BT RAGNE & Shd i L Bty (R E
“thereefter Jag.?_ t'% nao‘f)ln%tl'é %Jr&q@ﬂqgvﬁ@%ed hrough the cylinder of

ext ruder, Yo m Xi t he materi and then extruding the mxture

~while cooling it. Th%%@,ymiﬁrsvh@%ﬂﬁ%m%fmésw prosesdvesr 15 tion
are resins conposed nai nl'y of pol ypropyl ene of which mi ninmum val ue of- nelt
tension i s pFo@ueiingPle pdilyeirtpiillend fbadi HEYing ainiO6in sned of indi céll

~maximum mnimumratio of nelt tensionis 2.5 or less and prefer- ably 2.0
or |ess.5 Strtictesienandi@ siedtivtsatfiace cdhar&tter iped doe, feeding,

et-hyl ene- pr | ene bIock copol et h Iéne r opyl.ene, random. copol ymer
_andynixtuﬁéﬁgﬁ ?g? ypolYp ene esfy'haVan a mlnla Y

value of melt tens;on of 3 g or more at 190°C and a
<

max imum/minimum ratlo of melt tenszon ofA? .52 eﬁ—leeel
together wzth a nucleus-foﬁplng agent, meltzng and _
10 plasticating them, thereafter feedlng a volaﬁlle foamzng
| agent through the'cyl;nde;_of extruder, uniformly
hixing the materiele, and theo extruding the'mixture
whzle cool;ng it.
. - . . The polypropylene resins usable in this 1nven-.
15_tion:are ;es;ns composed.maxnly of polypropylene of
which minimum valde of melt tension is 3 g.of more;
prefefably 5¢g oflmore,-at:190°c and of whioh maximum/

_ -minimnm”ratio'of melt'tension_is.Z.S'or lessnand prefer-
| ably 2.0 or less. ~Said resins include isotactid poly-
2olpropylene, ethylene-propylene block copolymer, ethylene-'
.propylene random copolymer and mlxtures.of two or more
kinds of the above-mentioned polypropylene type resins.

Apart from-above, a poljmerio substence miscible
with the above-mentioned polypropylene'type'resins, such
25 as high~ and low-density polyethylenes}‘polybutene—l,
ethyleneb#inyl acetate copolymef;.ethylene-pfopylene
-rubber, stjrene-butadiehe-rubber, ethylene-ethyl acrylete
copolymer,'ionomer and_the like, may be mixed into the

above-mentioned polypropylene type resins either alone
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s \of the above-nentioned pol ypropylene type resins. Apart from above, a.
rgric substance mscible with the above-nentioned: pol ypropyi ene type

ch 25 as high- and | owdensity pol yet hyl enes, pol ybutene-I,

- ~ethyl ene-vinyl acetate copol yner,  ethytehe=propyl €ne rubber, L
_styrene-but adi ene rubber, ethyl ene-ethyl acrylate copol yner, iononmer and
the |i ke, Lmaprbdnnithed fiorm dihea dhband nefit twaedrpobypr polyeesrst,ype resins
either alone ~ -4- 1 or inthe. formof a blend.of two or nore pol ynersy
so far as pobgpEepyksn@alynuepyikene chspbhenmain crapeasmt iify thext ure. ¥t
is al so possible_to add various additives 5 such as inorganic filler, -
pi gnent, ant Fgﬁp_é&ﬁ-tﬂ,g MXtaxes ol et absorber, processing aid and the |ike.
The reason why a pol ypropyl éne resin havjng such_a specified nelt tension

is preferably usable i F% % 34RR RIIFLPLet KAt ad@cNazleNs Rdditdvas in

uneven:-
strength

3

u PP SRR 10 el ARG BB A,

er, processing ai

cells can bevggig rg%&&}grnxithhout.breaK&ggnéqtﬂgviiﬁehlghly gxpahdgd'

- product
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The reason why a polypfqpylene fesin having
_ suqh'é_specified ﬁelt téhsiqn'is preferably usable in
| this inventibn is that:such.a resih'is.small in;uné#en-
'nesslbf viscpéity and givés an"ext:uded_product[having
a melt strength-suitable_forffdaming-sd'thét; at the
time of extrusion-foaming, cells can be-ﬁniformly formed
- without breakége_to give a_highiy expanded prodﬁct; _
free from unevenness of surféce., |
If aipolyéropylene~:ésin having a minimum mélt'
tension smaller than 3 g, which is out of the above-
.'mentioned.rangg, is ﬁsed, the foams break.ét the foaminé
so that‘ﬁo'foaméd-pfodudt bf'high-expansiopiratio can
'be obt;inéd. If a polypropylené.resin héving a maximum/'
minimum ratio of melt tenéion‘g;eater than 2.5 is u§éd,'
unevenness due-ﬁo uneven foaming-appears so that a fdamedi:
product having a smooth surfage'stateJcéant bé.obtained,:
The volatile-foaming agents usable in this
invention include aliphatic hydrocarbons such as pentané,"
butane, propane ana the like; fluoro-chiorinated_hydro—'
cafbons such as aichlorotetrailu9r¢ethane, trichldroff
trifluoroethane, trichloromonofluoromethane, dichloro-

difluoromethane, dichldromonofluoromethane;_dibromqé"

»
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free from unevenness of surface. 15 I f a pol ypropyl ene resin
haV|ng a mnimimnelt tension smaller than 3 g, which-is out of the-abo
gentioned range, is used, the foans break at the foaming so that no foang
Product. of high expansion rati o can be obtained. If a pol ypropyl ene resi
havi ng a maxi muni 20 m ninmumrati o .of neﬁt'tension'greater than 2.-.5 i's

hoei ””evﬁggﬁﬁ%%?iaégoati@”” Aot %ﬁo'"t'!‘%e%lﬁfa;s 7 ﬁ%& LRRPRS, 8&""”“
e tane. 55 “EhiiaF 8,-%#5%3?}%\‘-&% RrRAR A %%?%#%é?%ﬁﬁiﬁﬁaﬁs
carbons such 2 gh.ellREObELALUYGEt hARE el EILp! fia £l LhHOEREhBRRGCy,

trichl orononof Tuor onet Aane | 'uorone

di chl or ononof ﬁﬁgnﬁhggﬂeﬁuo%%?%ﬁgbﬁqﬁiaxféﬁéegf Qﬁﬁ&@nﬁyagg%gh% i ke;. g

~and so on. A ydroc ons are preférable in

poi nt of f9r”bﬁgtfﬂéﬁﬁarbtkifl@@%detﬁéﬂ ﬁuwhdLam@%rsya&éﬁeax ognnng
whi ch a m xture consisting of - 30% by wei ght

tr'Ch'0r0tr'faﬂéhﬂérbﬁéﬁraﬁiuﬁ@oetﬂ&béﬁis%péiﬁléﬁlarly preferable
dichl orotetrafl uoroethane is partlcularly preferabl e because it is

excel | ent in bepasgeaiionspesrelllenty in impregnation property to

polypropylene and processing stability at the extrusion
'foaming’and can give a polypropylene foam having fine
10 cells and a high expansion ratio. | |
From the viewpoint of foaming workability and
quality of foamed product, the amount of foaming agent
'added to polypropylene resin is preferably in the range
of 5~ 50 parts by weight per 100 parts by weight of
} l5p polypropylene resin. If the amount of foaming agent
is less than 5. parts by welght, the plastlclzer-llke
_effect of foamlng agent is small the extruded product
is not easily controllable at the temperature sultable
ffor foamlng and the expanslon ratlo (the term expans;on
26_'ratlo“ hereln referred to means the ratio (dens;ty of
._re51n)/(density of expanded product)): oannot_become high.
. With increasing the amount of foaming agent, temperature
" control becomes easier and expansion ratio increases so that
a foamed.product-of high expanslon ratio becomes obtainable.
25 However, if its amount eroeeds 50 parts by weight, a
separation netween.resin and foamingjagent takes place
in extruder and'“foaming in die“'ooCurs; so that the

surface of expanded product becomes rough and no good



, ypr opyl ene and processing stability at the extrusion foam ng and can,
i.v& a pol ypropyl ene foam having fine 10 cells and a hi gh expansion ratio.
Qo

the viewpoint of foam ng workability and quality of foamed product,
mount of foam ng agent added to _pql ypropylene resin is preferably in
ange of 5 - 50 parts by weight -per” 100 parts by weight of 15

'polypropyleggﬁaﬁa'a.Prgﬁdagaf%?gggaigagp@n1ng -agent i's less than 5 paftsil

by wei ght e plasticizer-like effect of foaming agent 'is small, they

extruded product is ngls @3y InbA@UidtdaRiey adgéhie hsemeiat lth@.sSlihtv%bi'_’;fOF'_

foam ng and the expansion ratio-(the term ."expansion ratio" herein

referred totiBaANgokNeontirdl IidRNdisp&isiosi ad/ §ileasofy cell lexpaheask
product)) cannot becone high. Wth increasing the anount of foam ng agent,

"t enperat ur ecginbeolrelfecasds teasinor ganliexpabstanceat sachnasegsdcism that a |

f bamed product of high expansion ratio becones obtainabl e. 25 However
~its anpuBt earbedatd( mpalics mﬂamygﬁttannumpaxadeonshéuweenbaaﬁumeum
“foanmi ng agent takes place in extruder and "foanming in di-e" occurs, so that
the surfacesuifaxpandaaqmmamﬁnusnﬁﬁxmb amﬂghhanulhe.ggaabon dgoxide

, 0f

generater by the comblnatlon of a blcarbonate or a
carbonate of.sodrum, potasslum,-ammonlum or the l;ké
and anlinorganic or oréaniq acid?such;as_bérig:acid;
10'l¢itric acid} tartaric acid or the like;'thermai-decom-,
pos;tzon type chemlcal foamlng agents such as azo-
dlcarbonamlde, benzenesulfonyl hydrazlde, toluenesulfonyl
hydraz;de and the like; and so on. Ampng them,-flnely
pulverlzedjprodugta of lnorgan;c aubstances:auCh as |
15 calcium qarbOnata, talc and the like are_relatively
preferable in point that they hava no rastriétion as to
extrﬁsion temperature. . | ' o |
| -'Iha amountiof said nucleus-forming agent may be
_aPPFOPriateiy seleqtedtfrom'the range of 0.0l - 5 parts
._20 by weight per 100 partstby waight;df-polypropylene-resin,
In this range, the most Qraferable amount is 0.1 - 3 parts
-by weight. 1In ganeral, an'inCraased amount of_nucléﬁs-
férming agant gives a smaller diameter of cell. However,
if the_amoﬁnt exceeds 5 parts by_weight,~agglomeratioh
25 or insufficient dispersion of nucleus-forming'substance-
occurs, so that the diameter éficeli becomes greater on
the contrary. If the amount is'leas than 0.01 part by

- weight, the nucleus-forming action is too feeble to



.1 .expanded product is obtainable. As the nucleus-form ng agent used in /
‘this inven tion for controlling dispersion and size of cells, there can RQef
tkeferred to inorganic substances such as calcium5 carbonate, talc, clay,— -
tN~t ani um oxi de, silica, bariumsulfate, djatomaceous earth and the |ike:| ‘
~-carbon di oxi de generater by the conbi naTi 6n"of a-bicarbonate or a carbonate
~of sodium

S g B skl VBt S G 10 O R T B, R
eSSBS o Ly oCr R Ve BRSSO AR i allcaiag O,
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t hat theyvhav?a@%hfﬁ%ﬂﬂd&iéﬂhfﬁ?é(lfﬁére§ﬁoﬂ?;ﬁggféghﬁre' The anpunt of

sai d. nucl eus-Torm ng agent nay be appropriate ted fromthe range of

0.01 - 5 pgrts 20 . by wgjigide Naie Yodass SobY R0 hh vehtaehy AORY Init-
resin. In this'range, the nost preferable amount is 0.1 -3 parts by weight. -

PR I v Al kgt 4 w4 R e e
aggl onmer at i onldwitkg mexifdsci ent di spersion of -nucl eus-form ng substance
| | (1) | By attaching various shapes of die to.ﬁhe tip
.of'extruder, a polypropylene foam having the
10 - shapeloﬁ'pipe, sheet, rod, etc. gén be obtained
'“ -as’' a product'of.cpntinuoué length.
'(2). ' Pbiypropylene'foam can be integrally coated'_'.
bn~copper pipe or thg like continuously by
ektrusionf. N
15 (3) . The production process is relatively simple.
(4)  As comparéd_With.crosslinked'p:oduct,.the ' :
o prodﬁct of this pfdcess éah’be heavy-gége.
(5) The cost'of.production is low. |
Furthgf, since the polypropylene_foaﬁ produced
20 by the éfocéss'of this invention has a high expansion “
ratio and fine cells and is excellent in_heét-inédléting
éroperty and heat resistance; it is Satisféctorily'usable
as heat-insulating'material; buffe: material and the like.
| Hereﬁnder, this invention will be illustrated
25 in more detail with-reference to the following illustraQ.
tive exémples which may be modifjed apprbpriatelf unless
they exceed the scope of this invention.

In the examples, melt tension was measured by



occurs, so that the dianeter of cell becones greater on the contrary. . If -

- tRe amobunt is |ess than 0.01 part by weight, the nucleus;form'ng action is -
foy\feeble to 7- 1 decrease the diameter of cell. As the nethod for )
g said nucl eus-form ng agent to leypropylene resin, dry bl end nethod,
er batch nethod and the |ike can be enployed. 5 - Si nce the
process of this invention is a non- crosslinking extruslon f oam ng process
it has the fol- lowing nerits: (1) By attaching various shapes of ¢ to
the tip of exhéUd&thod Reh¥poABHI eAcphganehavi ng the 10 : shape of
pi pe, sheet, rod, etc. can be obtai ned as a product of continuous Iength

(2) Polypropylene foam can be integrally coated on copper pipe or the

li ke contlnuously by extrusion. 15 (3) The production process is
relatively gﬁg@ g & - As .compared with crosslinked product, the product
of this pro ﬁn be heavy-gage. (5) The cost of - productlon is |ow

To 100 parts by welght of a polypropylene (melt

‘index 0.7 g/lo mina'specific gravity'o 91) having a
5 mlnlmum value of melt tension (M.T.min) of 5.8 g, a maxlmum
value of melt tension (M.T. max) of 10 g at 190 Cc and a
- M.T. max/M T. min ratio of 1.72 was ‘added 0. 5 part. by
we:.ght of talc (M:Lcro—WhJ.te.#SOOOS) as a nucleus-form:.ng .
agent, and the m;xture was dry-blended w;th Henschell
10 mixer to dbtain a.compoﬁhdafqufoaming processing.
. An eétrusion'foaminé'prOCess was practised'
by using an extruszon foamlng apparatus whereln the

'flrst extruder (bore dlameter 50 mm¢, L/D = 23) havzng

a foaming agent lnjectlng hole on its cyllnder'was in



Further since the-pol ypropyl ene foam produced 20 by the process of thi
|nvent|on has a high expansion ratio and fine cells and is excellent in
'heat-lnsulatlng property and heat resistance, it is satisfactorily usab
As/ heat-insulating material, buffer mat grgal and the like. Hereunder, this
invention will be illustrated 25 in nore detail with reference to the.

fol lowing i1l | Weries tdorh&eed® wetMhERE Savoha EReirlides ARIeDdRinditer _
unl ess they exceed the scope of this invention. In the exanples, nelt
‘tensi®d was neis s, y/D =-29) thevikghadcoeltihgnedlojapkee dn Bwsml e 1 To
100 parts by weight of a polypropylene (nelt index 0.7 g/10 mn , specific
gravity 0.91) dydidinder d&ndn besneip avae obnrrebtedem.mhna( IHt'Etmm)m:ntef) 8 g,

a maxi mum val ue of nelt tension (MT.max) of. 10 g at 190[err] and a

M T. max/ M T. ni boret ddameter72.%ds cagddd 4@ Joaelementeinymbenr S ¢
(Mcro-Wite  #50005) as a nucleus-form ng agent, and the m xture was
_dry-bl ende® wi th Hensch&inst ni tke mﬁsraentaoasﬁpmmd Wi fof
proce55|ng An extrusi on foan1ng process was practised

at a rate of 6. kg/hour to the first extruder of whzch
temperature was adjusted to 200°C. To a reg;on_of the
~ extruder where the'compoﬁnd was molten and kneaded,_a 
mikture consisting of 80% by ﬁeight of tiichlorot:i- |
16 fluorcethane and 20% by wéight of dichlorotetrafluorcethane,
| as a-foaming agent, ﬁas injected at a rﬁte of 1.3 kg/hour
by applYinq a pressure of 120'k§/cm‘;' The kneaded .
mixture was fed tdithe sedond extrgdé: throﬁgh the con-
necting tubé.while'maintaining its pressure at 30 kg/cm?,
15 after which it was cooled to a temperature of iSB‘C and
- ﬁhen;exﬁruded into atomsphefic pressure through a pipe-
_.fdrming die having an inner diameter of 2 mm and an
' 6gter di;meter of 5 mm and foamed thefelﬁo obtain a
pipe-formed.éxpanded producﬁlhavihg a smooth surface and
20 - having an inner diameter of 12 mm ana an outer diameter
of 20 mm. The expanded product thus obtained had a
density of 0.029 g/cm?, a_cell-diameter of 0.4 mm and

a good elasticity.

Examples 2 - 4
25 o " By using various pdlyp;bpylenes of which melt
tension at 190°C fell in the range specified in this

invention, extrusion foaming was practised under the same



usi ng an extrusion foam ng apparatus mhereln the first extruder (bore
ypanet er 50 nn{err] L/'D = 23) having a foam ng agent injecting hole onits -
| i nder was in -9- 1 series connected with the second extruder (bore g;f
N—diameter 40 nmerr], L/D = 20) having'dibooling oil jacket on its cylinder.
and its tip was connected with a static mxer (bore diameter.2.54 cnjerr]
"[1 in[ert]]conlékipnsnashdn Exanple 1 to obt&inspipenéoxhede expamdoned
- conpound was fed at a rate of 6.4 kg/hour to the first extruder of whiet:
t enper at ur eedapradugdsed to 200C. To a region of .the extruder where t b
conpound was nol ten and kneaded, a m xture consi'sting of 8096by wei ght of
trichlorotri- 10 fIuoP@@ﬁ%ﬁ%?ﬂﬁuj%Hﬁgiﬁavﬁ#ﬁﬁ%sofdenSltles and
dlchlorotetrafluoroethane as a foam ng_agent, was injected at a rate of
1.3 kg/ hour £83maphnpeteTs. ﬁrfeglﬁ &xpa IRFCAPEES] WeTenas, FOSWRI i xture
“was fed Lo the_s extruder through the con- necting tube while
mai nt ai n nglPt?agiés ure at .30 kg/cnR, 15 after which it was cooled to a
tenmperature of 158C and then extruded into atomsphetic pressure through a -
- pipe- formng die havi.ng an inner diameter of 2 nmand an outer dianeter of
5 nn1and fogggg &gere to obtaln a

To 100 parts by welght of a polypropylene
(melt index 0.2 g/lo min, SpeCLflc gravlty 0.91) haV1ng
a M. T min value of 7. 3 g, a M. T.max value of 9 3-g at.
10 190°C and a. M T. max/M.T min ratio of 1. 27, was added
.0 5 part by welght of talc (M:Lcro-Wh:Lte .#50008) as
. a nucleus-formlng_agent. The mlxture was dry-blended
by.means_of Henschel.mixer to-obta;n a-foamlng processlng'
compound. L |
15 | ' Using the same extruslon foaming apparatus as
in Example 1, the compound was fed at a rate of 5.8. kg/hour
to the flrst extruder adjusted to 200°C. Into a-reglon
of the extruder where the compound was mplten and:
kneaded, dichlorotetrafluoroethane was injected as ah
20 foaming agent at.afrate of 1.4 kg/hour by appljing,a
pressure'of loq.kglcmﬁ.. Thedkneaded mixture was fed to
the second.extruder through the connecting tube while
keeping the kneaded'mixture at a pressure of 25 kg/cm*;
after whlch the kneaded mixture was cooled to a temper-
25 ature of 156°C and then extruded lnto the atmospherlc
pressure throughea_pipe-forming die having an inner

diameter of 2 mn_and an outer-diameter of 5 mm and



pi pe-formed expanded product having a snooth surface and 20 having an (ffz//
_rnner'dianeter;of 12 mm and an outer dianmeter of 20 mm The expanded = :
product thus obtained had a density of 0.029 g/cnferr], a cell diameter of

O0-4. nmand a good el asticity. Exanples 2--g 25 ' By using various

. pol ypropyl enes_of which nelt tension at_1§ [err] fell in the range By
speci fied iIn' tfyalndUHE P b0 OB EAEH 08 HOPE-FErad Rikpahnided profict he same - -
-10- 4 conditions as in Exanple 1 to obtain pipe-forned expand- ed

produb¥s. D Mpiaiiarts smobRCSust ¢ 6 Sandenavings aandnheamadianter HDf the
‘expanded products were as shown 5 in Table 1. Exanple 5 To 100 parts by

wei ght of a pdlymwm@tidren (oeter i diemete? gfl @lnmm,. specific gravity.0.91)
“having a MT.nmin value of 7.3 g, a MT.max value of 9.3 g at -10 190C and a
MT.max/ M T.nin ratio ofThe 2xpandeddprddoct phus bbtadingid had taldensity
(Mcro-VWite #5000S5) as a nycleus-form ng agent. The mixture was

dry-bl ende® of 0.026 g/cm”, a cell diameter of 0.6 mm and a good

'elastiéity.

COmparati§e~Ex§érimént 1
. Using a polypropyiené (melt index 0.3 gllo min,

specific gravity 0.91) having a M.T.min value of 4.5 g,
10 a M.T.max value of 16.1 g at 190°C and a M.T.max/M.T.min
| .. ratio of 3.58, an.extrusicn foaming process was practised

" under the same conditions as in'Exampie_l. As the reSult;_

uneven foaming took place, and nothing was obtained

other than a product having an uneven surface.
15 i The expanded product had an inner diameter of

| :8?512 mm, an outer diameter'of_IS-;zs mm, a density of

0.028 g/cm® and a cell diameter of 0.4 mm.

" Comparative Experiment 2 _ _ |
Using a polypropylene (ﬁeit index 3.0 g/10 min,
20 specific gravity 0.91)'having a.M.T.mih value of 1.6 g,
a M.T.max value of 3.5 g at 190°C and a M.T.max/M.T.min
ratio 6f.2.19,_an.ektruéion foaming process ﬁas practised
qnder.the same conditions as in Exaﬁple l. As the result,
the surface was roughened due to. the breakage of deils'
25 at the time of foaming and cavities wefe fprmed dque to

the-qoarse and large cells, so that no gobd expanded



pans of Henschel m xer to obtain a foam ng processi ng conpound. 15 |
¥1g the same extrusion foam ng apparatus as in Example 1, the conpound
s/fed at. a rate of 5.8 kg/hour to the first. extruder adjusted to

o0[err]. Into a region of the extruderpwhere the conpound was nolten and
krieaded, di chl or ot etraf | uor oet hane was injected as a 20 foam ng agent at a
rate of 114 kgbébhaut Wasappaimedy pressure of 100 kg/cm The kneaded

m xture was fed to the second extruder through the connecting tube mhiFE%
keeping the kneaded m xture at a pressure of 25 kg/cnR, after which the*
kneaded mi xturé was cooled.to a tenmper- 25 ature of 156[err] and then
ext r uded lntcomparatmvepﬂnpetlpeu§sQre t hrough -a pi pe-formng di e havi ng an
i nner dianeter of 2 mm and an outer dianeter of 5 nm and 1 foaned there
to obtain a pipe-for nedséngand®eLyRreRlens i imelwobadesuPt Aca/ARdmiavi ng.
~an inner dianeter of 11 mmand an outer diameter of 21 mm - The_ expanded
product t husSB®EAfAEdIRaYisYdOndl)y aving @ dbe gm%%vahueepf &l-§rr§trer of

0. 6 nn1and a good elastigit Compar ati v eH
gM .max va& eyof np g at §g a M T. max/M T.min

rat;o of 4. 56, an extruslon foamzng process was practlsed.
under the same condltlons as in Example l. As the result,
the surface was.roughepe@_due_to bxeakage of cells,
cavities‘were formedsdue to the eoarse_and Large'cells

10 and unevenness'eppeared on the-surface due to the uneven

foaming, so that no good expanded product was obtained.



USI ng a poI ypropyl ene (melt

i ndex 0.3 g/10 mn 'specific gravity 0.91)
hawngaMT mn .value of 4.5 g, 10 a MT.mx val ue of 16.1 g at 190C a

a MT.max/ MT.min ratio of 3.58, an extrusion foaning process -was practised

- Mpder the same conditions as in Exanpl &

t ook place,

3 £t

he result, uneven

foam ng

and nothing was obtained other than a product havi ng an uneven’

'surface 15 : The expanded product had an inner dianmeter -of 8 - 12.

mm .an out er ~ di angt erlaf 19 -} 25 mm._a density gf 0,028 g/icferr] Jand a
cel | Wraneter of Q.4 pm Conpgar ati ve Experinent {2 Using a pol yproqyl ene
(el t |ndex 3.0 g/§j10 mn, 20 speC|f|c gravity’ Q.9 havi ng a MT.im n val ue
-of 1.6 g, a MT. mgx vpl ye of 5 g at 190C and ¢ NI MB §ig ratio of

. 2:19, an extrusion fopni J:f procﬁss was practlseo ur@lerﬂtge &pBES candj,ti ons
as in Exanple 1. As thewra@sul{t,othe surface was he.n:ed d tgb the::

. breakage of cells |25 pt Hfe tfi of foam ng and ca tlg’s;..we:e:sf@ dreobdue to-
the coarse and larjgg feM s, do ®hat no good expc}nd@ ,,,12,, §) rqdugt was
obt ai ned. Conpar atji gej Experi nent 3 '
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a polypropylene (nelt index 0.7 g/10 min, specific graV|ty 0.91). R
aMT.mn value of 1.8 g, 5 a MT. nmax value of 8.2 g at 190[err] _
: M T.max/MT.nmin ratio of 4.56, an extrusion foaning process was ‘;;f
practi¥/sed under the same conditions gs h” Fxanple |. As the result, the ™
surface was roughened due to breakage 0f cells, cavities were forned due to
the coarse and |arge cells 10 and unevenness appeared on the surface due’

to the uneven foam ng, so that. no good expanded product was. obt ai ned. —,
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uni form and fine cell structure and a snmooth surface, . which conprises
-feeding a polypropylene resin having, -at 190[err], a m ni num val ue of ns
fensi giras- def i ned herein of 3 g or nore and a wjmmnmlmmlmlmlo of
mel t. tensi.on of [err] 2.5:1 into an extyduder toget t

nucl eus-formng agent.to forma first mxture, neltlng and plﬁstﬂcatlng t he
first. mxture thereafter feeding a. v@LRIMS foam ng agent into the

_ cyllnder of the extruder: and uniformly mxing the first mxture and the

f oam ng. agent to forma second mxture, and then extruding the second '
m xture whi de cooling & pr?cess for pPRAGRGINg & RALNBIPRYLeNS feam Wikkeli n

T T e R TR
v AR oS i Tk e
L1 ehi or ot ieer 0o Ba08 naRe A0 U oot Wi o0 ALIRLE A LEL 9 Fane.

'l : A process for producing a pol ypropyl ene foam which having @

4. A"procéss acc to any one of rece ere
5-50 parts tsygfve»rghbrteoamms mﬁnwﬁ%&&rréﬂb ¥ e W ﬂ@riQiBn of
- pol ypropyl ene resin. 5. A process according to any one of

preceding &ai. Samﬁinw And ekkrudedr toduthdy Mt}ﬂl&'rﬁi@.éﬁiﬁdﬁnﬁﬁ@rﬁgéﬁt
used- per 100 parts by wei ght .of pol ypropylene resin.
to form.a first mlxture, melting and plasticating the first
mlxture thereafter feedlng a volatlle foamlng agent into the
"cyllnder of ‘the extruder and uniformly m;xlng the flrst
.mlxture and_the foam;ng agent to form a second mixture, and
-then extruding the second mixture while cooling.it.
:2. _. A process accordlng to clalm l. whereln sald
polypropylene re51n has, at 190°c, a minimum value of melt )
Htenslon of 5. g or more and a max1mum/m1n1mum ratlo of melt
..tenszon of 2.0 or less. | | _
113, .'. hf A process accordlng to clalm 1l or 2, whereln said
.'uvolatlle foamlng agent is a mlxture con51st1ng of 90 - 30%
”by welght of trlchlorotrlfluoroethane and 10-70% by welght _
of dlchlorotetrafluoroethane._- |
4. A process,accordlng.to,any_one of the preceding
claims wherein 5-50 parts by weight foaming agent islused.
per 100 parts by welght polypropylene res1n.'
5,- _ A process accordlng to any one of the precedlng
.clalms whereln 0.01-5 parts by welght nucleus forming agent

- is used per 100 parts by welght of polypropylene resin.



~16 - Aprocess according to any one of the preceding clains

des ribed w eremcest o* any one of the Exanpl es.

- 16 -

3

w?g ein the gent is talc. 7. A process for produélng _
\ a'p Iypropyl ﬂﬂﬂmﬁl g to claim1l substantially as herei nb Qe - J

,—-..' c

6. ' A pfocess accord:Lng to any oné of the precedlng-f
claims where::.n the nucleus form:mg agent is talc.

7. | A process for produc1ng a polypr0pylene foam
accordn.ng to cla:l.m 1 substant:.ally as herelnbefore descrlbed

with reference to any one of the Examples.




