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Expansibic heads of polvamuie
Desoription

The inventien relates © an expandable pelictized material based on polyanude, te
moldable foams and foam moldings oblainable therotrom, to processes for thelr

wedaction, and alse o thelr use in the antomoebile industry, airline ndustry,
senstruction indugtry, or packaging industry, and/or in the transport seotar.

Polvamide-based foamy bave 3 comparatively small spplication sector, because of
techmical problams duning processing, and because their densities are usually higher
than those of polystyrene Hams or polyurcthane fams.

Low-density polyamide foams are kuown by way of example from US-4 4022718,
That document uses one or more specific lactams, g basic alkaliwmeatgl salt of g lactam

ay catalyat, analkyl isocvanate activator, and a hlowing agent.

US-A 2006/0167124 desoribes an expanduble polyamide-based pelietized materiad
which comprisey, alongside a polvamde, at least sue compound baving an isocyanate
group, and at Teast one compound having a carboxylic acid growgs

FR 1471 936 (&), FR 2 836 930 (A1) and FR 2 841 233 (A1) describe expandable
polyamide composttions baving chemical blowing agenis.

WO-A 2010/ 000572 discloses seif-foaming polvamides which comprise, alongside a
polvamide, @ copolymer which Bberates €Oy on hesting and thus generates the

polvamide foam.

Despite these advanees, there continues to be much demand for expandable pelletized
polyamide materials and polyamide foams which have not only low density but also
goosd provessahility, A feature of moldable foams here is a high degree of freedom in
the shaping of the cormponents made from the fams; the use of moldable foams is also
very effective in conserving resources, sinee the density of the foan can be adjusted
during the prefoaming process, and with this # 18 alse possible to adjust the amonnt of
raew material recuaired and the properties of the foam. These moldable fosms van then

he foamed to give slabs or complex moldings, in g single operation.

M has been found thet use of a polyamide in whuch crvstallintty, glass transition
temperature, and melting polat lie within a cortain range can give an expandable



2

pelictized polvamide material which can castly be oxpanded o give low-density

foams, by using steant.

The tnvention therefore provides an expandabie pelletized material comprising

195

A} apolymer matrix compased of

Al} atleast 553% by welght of polyanide {based on the entirety of componenis

AlY and A)) with o orystallinity of up to 30% and optionally & meliing

i@ potat in the range from 100 1o 340°C and & glass transition teroperatore in

the range from e 138°%0, and

A2} from U to 45% by seeight of one or more thermoplastic polvimers that differ

from component Alx
By g physical Mowing agent conyposition, and

{3 optionally further additives

28 where orystallinity 1s determined i sccordance with ISG HI337-7 with the aid of
scanning differential calorimetry,
mekting point is determined to INO TI357-3 by using vates of 20 Kimin for heating and
cooling, and

g

glass transttion emperature is determined to 3G 113572 by using rates of 20 K/imin

13
A

for heating and cooling.

The invention further provides a process comprising the fellowing steps for producing

the pelletized material of the Invention:

30 ay  provision of the polyamide A1) vr of its precarsors and optionally of polymer
componeat AZY iy a molien state,
by mixing to incorporvate physical Mowing agent vomponent B and optionally ene
o more additives O into the melt
¢} exirasion, aud

Led
W
i
S

widerwater pelletization of the melt comprizing blowing agent.

Additionally deseribed i3 3 moldable polyamide foam obtatnable via prefoaming of the
pﬁii‘ red matertal of the mvention, and also pmx ides foam moldings oltainable via
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Addittonally deseribed is the use of the moldable polvaside foam in the antomoebile
industry, atrline industry, coustruction tndusiry, or packaging industry, andfor in the

ITRNSpOTL SO,

The pelletized materialy of the vestion, Le. the expandable polvamide-based

pelletized materialy described above, and preferred smbodiments thereof, can be
p;rm‘:esvsedé o give fow-density foan moldings. The soall amount of organie Mowing
agent provides envirommnental and economic advantages; furthermore, the expandable
pelletized -pc»}%;amae;ie material has very good shell Bl Further advantages are very low
heat-shrinkage, hgh susisined use fomperatures, advaniageous fire performance
without flame retardant, good solvemt msistance, good metal adheston, high hest

resistance, and alse pood adhesion and stability when epoxy adhesives are used.

The pelletized material of the fnvention comprises a polyamide AL} with a erystallinity

of up to 30%, with & glass fransition temperaturs e the range from O to 130°C and

aptionally a melting point in the mnge from 1080 to 38°C,

In the invention, the torm “polyamide” means thermoplastivs the repest units of which
are characterized by an amide group, The ferm comprises sot only homopolymers, e
polyanides composed of one acid componeat and of one amine component, or of one
iactam component, but also copolyvmers, Le. polvamides composed of ot least two acid
components and/or of twn amine vomponeais, andfor laclam components.

The polyamide Alyof the invention is 8 bomo- or vopolyamide, or 3 mixture made of
plurality of homee andfor copolyamides, with the proviso that the mixture compliss
with the conditions mentioned in respest of semviorvstadimity, glass trapsition

temperature and optionally melting point.

In the invention, the term "semierystalline” means polyamides with domains that are to
some extent orystailine, where these ~ i the region of smd crvstaliine domains ~ have
not only a glass fransiion lexnperature but alse & melting poa, Polvamide component
Al of the invention can alse be amorphous, te. bave (86 orvetailinity. Iy that case,
component A1) has ne melting point. The exprossion “optionally a suclting point in the
renge froan 1OO°C to 340°CY therefore means that i componeat A1} i not amorphous

it has an appropriate meliing point in 88 orystatiine regions.

Crystallinity is preferably in the rangs fom 1 to 25%, particularly preferably frem 3t
2%,

Sy avERa Fea
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in the case of semicrystalline pelymers, the melting podnt is in the range from 100 o

340°C, praforsbly in the range from 130 to 30070, particvdarly preforably from 15030
2847

Glass ransition temperature is preferably in the range from 15 to 136°C, particulaty

preferably from 40t 1207

Preference i therefore stven 1o polvamides A1) with a coystalially in the range Hom
- + 2 = = o

fo 23%, with & melting point n the range from 130 to 300°C, and with a glass

transition fempemiore in the range from 15 0 130°C,

Preference 1s further given 1o polvamides A1) with & crystallinity in the range from 1
o 25%, with a melting point in the range from 108 o 340°C, and with & gl
transition tempersiore in the range from § io 150°C,

Preference is further given to polvanides A1) with & crystallinity in the range from 1
o 5%, with & meltdng point in the range from 138 o 30050, and with a glasy

transition fomperature iy the range from § to 130°C,

Proforence iw further given to polyamides A6y with a crystallinity in the range from 1

o

to 253%, with a melting point in the range from 183 to 3P0, and with g glass

-~

transition lemperature in the range fom 15 130°C
Preference is further given to polvemides Al} with a crvstallimity wp o 30%,
optionally with 2 weliing polrd in the range fom 138 o 300°C, and with & glass

transition temperature in the range fom 1540 130°C,

Preferenve is further given w polyamides ALY with a ceovstallin®y wp w©w 38%,
optionally with 2 melting point In the range Hom 100 1o 340°, and with a glass

transition temperature in the range from 15 to 130°C,

Preference 18 hwther given o polvamides A1} with a crystallinity up o 30%,
optionally with 2 melting polit 1n the range from 130 10 300°C, and with a glass

transition lemperatur in the mange from § © 130

Particular preference is given to polyanides A1) with a orystallindly in the range from
3 1o 2%, with a melting point in the range from 180 1o 280°C, and with & glass
fransition teraperative in the range from 48 o 130°C.
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Partionlay preference 18 further given © polyamides A1) with & crystallinity in the
range from 3w 20%, with o melting point w the range Fom 15010 280°C, and with g

glass transition femperature i the range from & to 150°C,

Particular preference is further given to polyamides ALy with & orystallinity in the
range from 3 to 20%, with 2 mediing point o the range from 150 {0 286°C, and with &
glass transition temperature in the range from 13 1o 130°C,

Particular preference ¢ further given o polvamides &) with & covstallinity 1 the
range from 3 to 20%, with g melling point in the range Hom 158 1o 380°C, snd witha

glass ransttion 'tmmpﬁramfs: in the range from € 16 1507

Particnlar preference is further given to polvamides A1) with 2 crystallinily in the
ange from 3 to 2096, with a melting point in the range from 130 1o 300°C, and witha

gj ss franstion temperature i the range from 40 1o 120°C

Particular preference is frther given 1o polvamides A1} with a crysiallinity in the
range from 3 to 20%, with & melting point in the rangs froe 138 10 30, and with a

plass ansition fomperature in the sange from 15 138°C.

Particolar preference 38 further given o polyamides ALy with a crystallinity in the
vange feom 3 tor 20%, with 2 melting point o the range from 130 10 300°C, and with s

slass transition temperature in the range from 8 o 150°C,

Particular preforence s further given to pelyamides Al with & orystailinily fn the
range from 3 {o 20%, with a melting point in the range from 100 (o 346°C, and with a
glass transition fexaperature in the range from 40 to 120°C.
Partivular preferoncs is further given to pulyveenides AT with a erysiallinity iIn the
range from 3 20%, with & melting point in the range from 1 o 340°C, and with a
glass ‘irzmsiifim tensperature in the range from 15 1o 1387

Particular preforence is further given to polyamades Al with a crvstallinity in the
range from 3 o 20%, with 3 melting point in the range from 106 o 340°C, and with a
glass iransition tomperature in the range from 6 o 150°C,
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glass ranstiion tomperature in the range from 40

"

&

Particular preforsnwe s Ruther given to polvamides Al with a coysteliinity in the

oand with a

range from 2 to 25%, with & melting point in the range from 150 to 28

glass transition femperaturs in the range fom 40 10 120°C

Partionlar preference s further given o polvamides Al with 2 crystalluty in the
range from 2 t0 23%, with 8 meliing point in the range frony 150 1o 280°C, and with g
glass transition temperature in the range from 15 1w 130°C

Particular preference is further given o polyamides A1} with a coystallinity in the
range from 2 to 23%, with a mehing point in the range Som 130 to 280°C, and with a

glass tramsition temperature i the range from 8 o 1HFC,

Particulay preforence is further given to polvamddes A7) with g orystallivaty up to 30%,
optionally with 2 melting point in the range from 150 to 3800, and with & glass
trapsition femperature i the range from 48 to 126°C.

Particular preforence is further given to polvamides Ay with a on
optivnally with a melting point in the range from 130 w0 280° 'Tv, amié wﬁh a glass

fravsition eniperatiee in the range from 5w 13070,

Particnlar preforence is further given to polvamides A1) with g crystallinity up o 30%,
optionally with & meliing point in the range from 130 o 280°C, and with a glass
fransition tomperature i the range fom § to 1307

Particular preforence is funther given © polyamides Al) with a covsiallingty in the
range from 2 0 25%, with g melting peint in the range from 138 to 280°C, and with a
12000,

Partfondar preforence is fusther given o polyamides Ay with 2 orystallindty in the
rangs from 2 to 35%, with a melting point in the range from 100 to 340°C, and with a
glass transition temporature n the range fron 46 0 120°C.

Particudar preference s further glven to pelyamides A1) with a crvstallinity up to 384,
optionally with a melting peint in the range from 130 to 280°C, and with 2 glass
transition temperature in the range from 4840 120°C

Partivular preforence is further given to polyvamides A1) with @ coystallinity up to 30%,
optionally with & melting point in the range from 100 o 340°C, and with 3 glass
transition fomperatore o the range from 40 o 12890,

NRIASIN F e
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the known tuansamidation meothods 18 sultable

in the iovestion, crystallinity is determined with the ald of Jdysamic ditfereniial
calonimetry (D8C, differential scanning calorimetryy via integration of the melt signad,

ie. 100% orystallintly comesponds to 230 Mg Qownal of Pelymer Sclence Pat B

by
Polymer Physics 35 (19973 2218922311 In the fnvention, the measurement is made in
i

asccordance with IRG 13577

v

In the invention, melting point Is delermined to ISO 1133723 by using rates of
20 Kiman for heating and cooling,

Iy the breomtion, glass fransition tomperatire 13 detormined to ISO 11357-2 by using

rates of 20 Kimin for heating and cooling.

Polyvamides A1) that can be used are known types of honw- andfor copolyamide where
these have the required propenty prefile; these are to some cxiont commercially

avaiiable

Ancther possibility 13 o use an appropriate mixture of various monomere acid
coraponernts anddor of varions amine componends, and also, for example, wnderwater
pelistization, to produce copedyvamides which have the 1‘--’3{3&;}1‘@& property profile. By
way of example, it ix possible to react @ mixture of acid monomers and amine
monemers  {or lactams) whivh have excessive ;;:nfaﬁ.aiiizﬁtv in the famn of
homppoiyvanudes, o8 polveaprolactam {PA 6). with ather monomeric compongds
which in the form of howopolyannde form amorphous o very-low-crysiallingty

struciures, &g polvisophthalic ackd (PA 611 o give s copolyamide of the ivention.

w2

{ther materials suitable as polyanide A1) are various vopolyamides based on mone

3

than  twWo  Donomers, examp}ﬁes belng  ABK, AR, X2 ARVAS.

AE AR ABL ARVARYX, where
Ay Ag Az, A are idemical or differen, being C-C-dlamine,
B, By, By By ave Wentieal or different, being Cp-Cip-diacid and

XY, and £ are identical or different, being Co-Cie-lactam,

In another, preferred vartant, the polyamide Al} wed in the invention i &

)

copolyamide, and is produced vis wansamidation of appropriate polyvamides. Any of

w,k

or this purpose, examples being
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deseribed in Kuwsistoll' Handbuel, 34, Polvamide 25, [Plasties Handbook, 34,
Polvamides 2-5] ISBN 3-446-16486-3.

Particular prefersnce is given fo reactive mixing lending) of the respeciive
& B X & ¥
polyamides, in partivular mmediately prior to impregnation of the melt with the

hlowing agent component.

Particularly yoitable materials for this varland are mivures made of various
sernterystaliine polyamides or made of semicrvstalline and amorphous polyamides,
where these are reacted via trassansidation inthe mell to give the {coipelvamides A}

used in the invention.

Lnless otherwise stated, the feravmsiogy vsed for the types of polyamdde (PA) §s
avcordanee with ib&} 18741, The division inte semuorvataliine or amorphous types iy
iy gecordance with the conventiona! division used in the Hierature.

Suitable semicrystalling precursors of the polyamide Al) are bowepedyamides such as
polveaprolactam (PABY, polybotylensadipamide {(PA 4,
polvhexamethyleneadipamide (P& 88), polvhexamethyleneschacamide (PA 810y,
polvhexamethylenededecanannide (PA 612}, poby-1l-aminoundecaamide (BA 113,
polylsurolactam {PA 13y poly-m-xviviencadipamide {PAMXD &},
polypentamethylonesebacamide (PA S10), 6TX (X = lgctam), 6T/6L 8THEIXY,
STXT (X = steaighi-chain or bmanched Co-Up-diamine), XT (X = OpCip-diaming),
mixtwes  of two  lavtams, sweh oas 6120 PA PACM 12 PAlM = e
diaminodicvelohexyvimethaney  and PA MPMD 6 (MPMDR 0= 2.
methyipentamethylondiomine), PA MPMD T, and aleo PA MPMD 12, Preferred
sermiorystatline precursors of the polyamide Al are PA & PA 66, PA 310, and PA

Foo,

&/66, and particular preference is given to PA &,

Matertals which are sullable amorphous precursors of the polvamide ALY ae
}:{vm\;}aivmmw» such as polyhexamethylontsophthalamide {(PA 61}, PA 16T, PA &~
i {polyamide made of terephthalic avid and of & mbuure of 224 and 244
mmei‘hy&bsxamai‘hyierzd;&mﬁine}. Prefersnce §3 given to PA PACM 12 (PAUM =
prlaminodicyciohexyimethaney and PA MACM 12 {MACM = 33-dimethvlpe
dignsnedioyvelohexylmethane}. Particular preference is given to 8 copolymer made of
caprofactam, hexamethylendiaming, sophthadic sold and terephthalic acld (PASIET)
fe.g. CGrvory 018, EMS-Chemiz OmbH, Grof-Umstadt, Germany), nvlon-
S8 HPACME {eg. Ultramid IC, BASE 8E, Ludwipshafen, Germany? and nyvlon-8.]
{‘e:‘ Drurethan T48, Lanxess AG, Leverkusen, Germany),

TETRE SO
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PA 61 is preferred as amorphous precursor of the polyamide Al

Preferred mixtures for generating the polyamide Al) are composed of PA 6, PA 666
andicr PA 610 in & maxture with BA 6L Particular preference is given to the mibxture of
PA fand PASL

The polvamides mentioned are known and commereially avatlable, an example belng
PA S with the nsene Ultrarid® B from BASE 8E, Lodwigshaten, Germany,

The intrinsle visosity of the polvamides used in the jnvention i geoemily from 3010
350 mifg, preferably from 40 o 200 mllg, determingd in 4.5% strength by weight
solution in 96% ttrenpth by sulforie actd a1 253°C o 18O 307,

The following ratios by weight have proven suecessfid in particalar for the misture of
PAG and PA 6L 1 ¢ from D25 o 3, preferably 10 fom 64 1o 2.5, particularly
preferably 1 fom 83w 2

in the Hght of the above information, o particndar relating 1o the types of polyamide,
the persen skilled i the art can eastly we routine experiments whers apprpriste t©
obtain varions suifable polyantide componenty Al tn addition 1o those specifically

deseribed,

The mvention therctore also provides an expandable pelletized material of the
invention, whore corapenent Al comprises two or more polvamides oy the group of
pedyeaprolactam {PASY, polvbutvlencadipamide {PA 46},
polyvhexamethyviencadipamide (P& 661, polvhexsmethvienesehapamide (PA 618,
polvhexamethylensdodevanamide (FA 612} poly-1-aminoundecangmide (PA 11
polylsurclactm (P& 123 pedvenexyiviencadipamide {PAMIXDY 6
polypentamethyieneschacamide (PA 310 8T/X (X = lactam), 6T/8L 6T/6UXY,
STXT (X = straight-chain or branched UpCipdiamine), XT (X = CpCpp-diamine,
612, PA PACM 12 (PACM = pdiaminodicyclohesyimethane), PA MACM 12
{MACM = 3, 3-dimethyl-p-diaminodicycichexylmethanes, PA MPMD & (MPMD =
Zrmethylpentamethvlesediamine),. BPA MPMD T, PA MPMD 13,
polvhexamethylencisophthalamide (PA 81, P& 66T, PA 6-3-T {polyamide made of

v

terepithalie ascid  and mixtwes made  of 224 and 4.4-

ﬁ(

rimethylhexamethyienedionuing) and thelr transamidation products, It is po “e::mbi
that component A1) comprises PAS, PA 6/66 andior PA 610 In 2 nxixture with PA
and/or comprises thelr teansamidaiion produgts.

T 3
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In one prefécred embodiment, the pobymer watris A} I composed of polvamide
component Al Lo (A2 = 08,

The pelletized material of the wventivn opticnally cempﬁ €8, as component A2}
{hased on the entirely of components A1) and A2Y) up 10 45% by weight of one

mere thermoplastic polymers that differ from component A1)

It is preforable thet component A2Y is not miscible with polyanide component Al

thus causing formation of domains of components Al and AZ) I the pelletized

material of the invenlien compwises both components, # & posaible © use
megsnrements or domains of polyamide vomponent Al) to determiine the invemﬁve

properties of the polyamide component. It 35 preferable that component A2} does nat

wvoba pelycondensates.

In one preferved enbodiment, the pelletized material of the Invention comprises (hased
ont the eatirety of compongats Al and A from §.1 o 20% by weight, panttoularly
from 24 w 153% by weight, o partieular from T to 12% by weight, of one or more
thermoplastic polvmers A2Y in particulsr of one or more styrene polymers {see
bedow).

Preference is also given 1o s expandable pelietized muterial where the polymer matrix
Aj comprises, based on the entivety of components &1 and A2} from &1 £ 4.9% by

weight of pne or more thenmaplastic polveers A2)

Inert polviners which exlubit higher solubility than the pelyvamide At} for the blowing
sgont, and which therefore serve as blowing agent roservolr, are preferred as

pos

-

compenent A% Addition of this type of component A2} can produce foams with low

density, preforably o the range sround 23 10 100 gl

Preference is therefore given to the following materials a3 component A2) styrens
polymers, polyacryistes, polyolelins, polysulibnes, polvether sulfones, polyphenyiens
sthers and blends made of tan or more of said polymers

Particdar preforence is given o the following materials a8 component AZ) styrens
polymers andior thelr blends with polyphenyiene sther.

AR i
TATRR A
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Particular preference v alse given to an expandable pelictized material comprising, as
component AJ), one or more stvrene polymers anddor their blends with one or more
polyphenvicne ethers.

In the mvention, the foon stvrene polymer comprises polymers based on styrene,
alpha-mety! styrene, or @ mixture of styrene and alpha-methyl styrene; this applies by
analogy to the styrene content in SAN, AMBAN, ABS, ANA, MBS, and MABS {(see
fefowl

Preferred sivrene polymers e plasselogr polystyrene (OGPPSR}, impaot-resistance
polystyrene  {HIPS}), andomiecally polvmerized ;}Q}};’styraiw o7 unpact-resistancs
polystyrene {ACPS),  styrone-giphssmethel  styrene  copolymsrs,  acrylonitle
butadienie-styrene polvmers  {ABS),  styrenc-acrylonitrile  copolymers  {8ANY,
acrylontiniie-alpha-methyistyrene copolvmers (AMBAN), avrylonitrile-styrene-aceylate
{(ANA), methacryiste-but aﬁm‘xe«iy&m (MBS} methy!  methacrviste-acnviontivtie~

butadiene-styrene (MARS) polymers or 8 mixturs thereof or with pui‘cp*zm\ lene ether
{PPE}.

AMEHS W h ‘3 dﬁ- Bt sairssmm;af}i-v impair a:h-ezz‘ properties, a@mamiiv in avsounts of &
minst 3% by welght, 1w pactionlsr 1o amows of from 1 e 2096 by weight (hased on

somponsat A2

Teo mraduce the pelics of the invention, a melt of componsnt At} and, optionadly, A2)
i impregnated with blowing sgent component By,

A suitable blowwng agent component B) is one or mwre physical blowing agents, in
particalar prganie Mowing agemts, .8 shiphatic hydrocarbons having from 2 0 7
carbon atoms, alcohols, ketvmes, ethers, and halogenuted hydrocarbons, andior COs.
Preferpnee 18 given 1o use of isopentane, n-pentane, neopentane, isohutane, n-butene,

sthanel and Bsopropanel, aad it i partionlerly preferable © use Isopentase, r-pertane
and neopentans, or else 2 muxture of two or more of said isomers, .8 a minture made
of n-and ésa};;mmam;. Preforence is also given to misiores made of gt least two phvsical

blowing agents, e.g. a pemtane and cthanel. The polymer melt vomprising blowing

agent generally comprises a total propeation of from 8.01 to 796 by weight, preferably
from 004 to T.O% by wel g%; particelaly preforably from 008 to 0.2% by weight,
based on the polvmer melt comprising blowing agent, of homoegensously distributed

‘i\imxmo JGERT cemponent.
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Te improve foamubility, water can wdvantageousdy be introduced into the polymer
satery, Water can svay of example be added divectly by way of the vee of & starting
material vomprising water, or by way of addition to the pelymer melt, or by way of
addition during or after pelletization. B is preferable that water s sdded directly 1o the
molten polyroer matax, o tenns of logation and e, the addition of the water can
take place prior o, togother with, or after the feed of the blowing agents.
Homogeneous distribution of the water can be gehioved by means of dynainic or static
mixers. A sufficient amown of water is generally from 01 to 10% by weight,
preferably from 9.3 to 835 by welght, particularly preferably o 9.5 to 4% by weight,
hased on the entirety of components A1) and A2}

The bulk density of the polyamide-based pellets of the fnventivg 1s geversily up w
SO0 g, prefe kzbis i the range from 400 o 800 g/, particnlarly preferably in the range
from 300 to 700 gl When fillers @re used, bulk densities in the vange above 900 g
can arise, depending on the nature and amount of the filler.

Further sdditives and suxiliaries can be added, alongside the blowing agent component
and water. Proference is given here to any auxilisvies and additives that are already
coroprised in the polymer composition, and by way of example tale can be wsed as

mucleating aid,

To produce the pelletized material of the fnvention and the wmoldable foam abiained
therefrony, the &m:mfix}g agent is invarporated by waixing divectly oo the polymer melt
at clevated pwesswres, andfer a polymer material previously impregnated with the
blowing agent 15 melied. & possible process comprises the stages a) production of
malt, by ntroduction and mixing of the blowing agents, ¢} optionally cosling, &)
conveying, o pelletization, and ) expansion. Each of the stages 8} 10 ¢ can be carried
sut By using the apparatus or apparatus combingtions that are known for plastics

processing. The pedymer melt can be taken divectly from g polvmerization reacton, oy
can be produced divectly 1 the mixing exyruder or in a separate plasticating extruder
by melting of pelletized polymer matorial. Matic mixers oy dynamic mivers are sutiable
for mixing © weorporste the Mowing agents, examples being extruders. The melt can
aptionally be cooled In vrder to adjust 1o the desired melt tomperature. The miring

assomblies used ave suitable equipment Tor this purpose, as also are semmiemoﬁsm oF

ﬁh

heat exchangers. The pelletization process adventageousty tabes place via pressurize
underwater pelletization. The result Is complite or 2t least partial suppression of any
expansion of the melt comprising blowing agent during discharge frow the die. The
moveased pressure for the pelictization dies can be achieved by using the mixing

TLATEL A
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assenvhly {extruder) per se or by weing an addiionsl ol axsembly that increases
pressure, It s preforable b use & gear pump. Nom-restricting examples of apparatus

srangements suitable for camrving out the provess are!

g polymerization reactor - stalic mixerfvooier - gear pump - pelletizer

¥,

z

polvmerization reactor — meht extnader - gear pump - pelletizer

extruder - statie miver — pelletizer

¥
N

dy  extruder - static mixer — gear punp - pelietize

gy extruder ~ pelletizer

f  exiruder - atatic miner « gear pump - pelictizer

g} extruder — gear pamp ~ stabic mixer ¢ heat exchanger - gow pamp - pelletizer

hy extroder - static muber - gear pump - static mixer / eat exchanger - gear punip -

pelletizer,

The arrangement can moreover have one or more sncillary extruders or anaillary feeds
for infroduction of further polvmers and additives, o.g. of solids or of heat-sensitive
additionad substances. Liguid additives can also be imjected at any pomt within the

process, prefergbly in the reglon of the statie and dynamic wixing assemblies.

¢ hlowing agent s conveyed

Ry

The temperature ot which the polvmer melt comprisin
through the die plate i3 generally in the rangs from 120 o 4047, pfem&'«i freamy 168

&

to 350°C, particularly preforably in the range from 170 1 280°C,

The dic plate is hested at least to the crystallization temperature of the pulvmer melt
vomprising blowing ggent, in arder 1o fnhibit deposition of polymer 1 the diey and 1o
provide problem-free pelletization. 1t is preforable that the temperature of the die plate
is in the range from 10 to 200°C. particularly from 10 to 120°C, above the
erystallization point of the polvewr melt comprising blowing apent. The water
temperature fs preforably 10-90, particularly preferably 20-80, in particalar 40-70°C.

In crder to obtain marketable sizes of pelletived wmaterial, the diameter (1) of the die
holes at the exit frow the die shouwld be in the range fom 0.2 © 2.0 mum, preferaily in
the range from 0.3 to 1.5 wmm, particularly preferably in the range from 03 to 1.0 nun.
The petictized material can thus be adjusted specifically in particnlar to the range frorw
0.4 to L3 mam, even afler die sweedl

Paticular preforence i3 given to 3 process comprising the followmng steps for
producing @ pelletized material of the vvention:
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a}  production or provision of a melt of polymer components Al and optionslly
A},

b}  mixing to ncorpurale at least one blowing agent component and optionally
additives, sach as water or tale, tnto the polymer melt by static or dynamie
mixer at @ femperatwre of at least 130°C

¢} thermal homogenization and ﬁpum}aﬁv cooling of the blowing-agent and
polvmer melt to g onmperature of af least 126°C,

dy  discharge through a dic plate with holes of which the diamsier m the
discharge from the die is at most 1.5 mum,

i3

g} underwaler pelletiaation of the selt comprising blowing agent divectly

behind the die plate &t a prossuse iy the range from 1 o 20 bar, prefombly &
20 bar, for example 3-10 bar or 1328 bar,

£ prefosming of the resuliam pelietized material w give w maoldable PA foan,

Step (D) of the provess of the invention is usually carvied ouwt with chronological
separation from steps {a) to (), for cxample at wser's premises.

As sn allernative, # is also possitde that the polyroer(s) is/are treated with blowing
agent in the non-molien state, for example under presyuge in an autoclgve, For this, by
way of example, polymer particles are used as initial charge in an autoclave and
impregnated or saturated with the physical blowing agent {e.g with an organie
blowing agent, such as pentane, €Oy, Ny or airh. After depressurization of the
aptaclave, the impregnated polymer particles are heated for the preexpansion process.

The invention alse provides an expandable pelletized wmaterial of the invension,

obtairable vig

provision of a mixture comprising two or more polyansides from the group of

fastd
R

polyveaprolactam (PASY, polybutylencadipamide (A 361,
polyhexamethylencadipamide (PA 86} polvhexamethyleneschacamide (PA
810y, polyhexamathylenedodecanamide (PA 612}, poly-11-amincundecanamide
(PA LY polvlaurclactam (PA 12}, polyan-xviviencadipamide (PAMXD 6),
polypaamethyleneschacamide (P& 3103, 6T/X O = lactam), 61761, 6TIBIXY.
SUXT (X = siraight-chain or branched CoCig-diaming), XT (X = CpClg
diaming), 612, PA PACM 12 (PACM = p-dianinodicyclohexyimethane), PA
MACM 12 (MACM = 33-dimethybp-diaminodicvelohexylimethane), PA
MEMD & (MPMD = Z.anethylpentamethylensdismine), PA MPMD T. PA
MPMD 13., polyhexamethylensisophthalamide (PA 65, PA 88T, PA 63T
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{polvamide nade of torephthalic ackd, mixtures made of 224~ and 344

X

srimethvibexamethylonsdiamine) and their tansamidation products,

By mixing W worporste physical Mowing agent coraponent BY and optivsally one
or mere aiditives € wnto the mels,
¢} extruston, and

g} underwater pelistization of the melt comprising blowing agent,

The pelictized materialy of the invention can be prefoamed in a first step by means of
hot air or steam wowhat are known as ;}wmm\e;q o give the foam particles of the
invention with 8 density in the range from 23 o 308 g4, o particuler from &8 o
200 ¢4, and in 3 second step they can be fused i a closed mold o give foam moldings
{muade of molkdable foam) For thiis, the prefoamed particles are introdueed into molds
which do not give a gas-tight seal, and are treated with steam {for example at from 1.8

o 3.2 bark The moldings can be removed after onoling.
The pellotized materals of the tovention can vomprise, hased on the polvmer mairix,
from Ot SO%: by wedght, In p&rf;izcruim up s A% by weight, preferably up o 3% by

P

weight, of further additives )

Proferance 18 n iven o an aX§3aﬁL\£}§3§t pedistized material sccording to any of claimy 1
w0 12, comprising. as additives O} (based on the entirety of components AL BY and
), from 81 © 48% by W gh& of one or mewe compounds from the group of the
stabilizers, oxidation retarders, agents that counteract decomposition due o beat and
decomposition due to ultmyvioler Heht, lubricants and moldrelease agenis, dyes,

plgments, nucleating agenty, plasticirers, flaane retardants, and Gllers.

Iy order to stabilize the extrusion procedure, the pelletized material of the tnvention
van somprise cemponnds which bring about an increase in molecular weight, examples
being chain extenders andfor branching agents andfor crosslinking agents. Exansples
sve amines, carboxy compoonds, cerbodiimddes, oxazolines, epoxy-Runctinnalized
compounds and componnds comprising maleie anhydade groups, where these are used
in the form of low-molecularaweight conmpounds anddor of fanctionalized polymers,
for example based on styrene or op acryiate. Examples of susiable compounds are
those marketed with trademark Joner!™ ADR by BASF SE.

Examples of crosslinking sgonts that can be added are water-soluble hos *m;mw WS
based on acrylic acid, for example those obtainable with trademark Sckalan® PA from
BASF SR

o
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The pelletized materials of the invention can comprise, a5 componert €), from 8 to 3%

by weight, preforably from 0.04 to 3% by weight, with preference froms 0.05 1o 1.5%

wht, of a lubuwicant.

Yua '

by weight, and in particudar from 8.1 to 1% by we
Preference iy given to the AL alkeli metal, or alkaline earth metal salts, or esters or
amades of fatly acids having from 10 to 44 carbon atoms, preferally having from 14 to

44 carbon atows,

The metal jons ave preferably alkaline earth metal and Al panicular preference belng

S 2

aiven to Ca ur Mg,
Preforred metal salis are Ca stegrate and Ca montamate, and also Al stearate.
It {5 also possible to use a mixture of various salts, in any desived mixing ratio.

The carboxvlic acids can be monobasic or dibasic. Examples which may be mentioned
are pelargonic aed, palmtie acid, launie acid, margaric apid, dodecanediolc acid,
behenic aeid, and particularly preferably stearic acid, capric acid, and alse montanic

acid (a mixture of fatty scids having frore 30 1o 40 cwrbon stoms)

The aliphatic alcohols can be monohydnie © tetrahydric. Examples of aloohols are

o1
3
1

n-tantanel or neoctancl, stearyl aleohol, ethylene glveel, propyviene glvenl, neopentyl

b3

glveol, pentacrythritod, preference betng given to glycerol and pentaervihitol.

The shiphatic amines can be mono-basic to idbasic. Bxamples of these are
stearylamive.  ethylenediamine, propylenediamine, hexamethylenediamine, (6~
ammohexyilamine, particolar preference being given o cthylenediaming and
hexamethylenediamine, Preferred esters or amides are comespondingly glyeernd
distearate, glyverol tristearate, cthylenediamine distearate, glveern! monopalmitate,
glveerol trilaurate, glyeernl monobehenate, and pentacrvthritod tetrastearate,

{15 also possible {0 use & mixiure of various esters or amides, ot of esters with amides

in combination, in any desired mixing mtic,

The mventive pelletized wateriale van comprise, as other components ), heat
stabilizers or antiosidants, or a mixture of these, selected from the group of the copper

compounds, sterdeally hindered phenols, sterically hindered aliphatic amines, and/ar
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The nventive pelletized materials optinaally comyprise from GO to 396 by weighy
preferably from 007 to 1.5% by weight, and in particniar from 8,05 10 196 by weight,
of eopper vompounds, preferably in the fonm of Cutl) halide, in particular in 2 mixture
with an atkali metal halide, preferably K, in particolar in the ratio 14, or g sterically

hindered phenol or an amine stabilizer, or 2 mixture of these.

Preferred salts of wonovalent copper wsed gre cuprous acetate, cuprows chioride,
cuprows bromide, and coprous fodide. The materials comprise these in amounts of
from 3 1o 300 ppm of copper, preferably from 10 1o 2530 ppn, based on polyamide.

The advantageous properties are in perticudar oblained i the copper is present with
molecutar distribution in the polyamide. This is achieved if g convenirate comprising
polvamide, and comprsing a salt of monovalent copper, and comprising an alkali
metal halide i the form of @ solid, homogeneous solution s added to the pelyvmer
compongnt. By way of example, # typical concentrate is composed of Hem 79 to 95%
by weight of polvamide and from 21 w 3% by weight of & mixture composed of
copper todide or copper wontide ard potassium iodide. The copper concentration in

the solid hemogeneous solution ia preferably from §.3 to 3% by weight, in particular

from 0.5 0 2% by weight, based on the total weight of the solutivn, and the molar ralio

~

of cuprous todide to potassiom jodide is from T to 11.5, preforably from 110 5.

Suttable polyvamides for the concentrate are homopalvamides and copelvamides, in
particular nylon-6, nylon-6,6, and nylon-6.1.

A general overview of plasticlzsrs suitable for polyamides can be found in
{achierMiller, Runstsioftadditive [Plastics additives], €. Hanser Verlag, Znd edition,
. 296,

Examples of conventional compounds suiteble as plasticizers are esters of
prhydroxybenzote acid having from 2 to 12 corbon atoms in the alechol component,
and amides of arylsulfosic acids having from 2 to 12 carbon atoms in the amine
cornponent, and preferably amides of benzenesalionic acid.

Plasticizers that can be wuwsed are inter alin ethy! phydroxybenzeate, ooty
prhyvdroxyvbenzoate, ::\4*nwhu1'#'3%9&.&;6:11@suiifmzmzzzda, Neg-octyBeduenesuifonamide, N-n-
butylbenzenesulfonamide, N-2-cthythexyibenzencsulfonamide. A preferred plasticizer

18 Nep-butyibenzenesutfonamide.

AT o
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Within the preferred range, the pelletized materials of the lovention comprise from § to

15% by weight of plasticizer - based in each case on the polyamide,

Suttgble sterically hindered phenels are in principle all of the compounds which have
phenelic structure and which have at §<§< stome bulky group on the phenolic ning

Examples of corapounds that can preferably be used are those of the formula

RY R“"

i which:

R and B are av alkyl g Lmup a sphetitpted adky! group, or 8 substituted wiazole group,
whese the radicals 87 and R® can be identical v different, and R is an ally! group, 2

substitnted atkyl group, an alkoxy group, or a substituted wnine group.

Antioxidanmts of the bpe mentioned are desoribed by way of example in
BEA 2702661 (US-A 4308617

Another group of preferred sterically hindersd phenels i3 those derived from
subatituted benzenecarboxylic aclds, In particular from substituted benzenepropionic

3

cids,

£

Particularly preferved vompounds from this class are compounds of the formula

4 ?
R\\ o {} z’g
‘J_‘A...._. i rm
HO—{  gCH;~CH,~C~0~ REO-C-CHy—CHy— \\ OH
R \RB

4 ol 5t E .
whers BY, R, R, and RS, independently of one another, are C-Ce-alkyl groups which
themselves may have substitation (at least ope of these betng & bulky growp), and R%is
g divalent aliphatic radical which has from 1o 10 carbon atoms and whose main chain

may alse have U-08 bonds.

Preferred compounds corresponding to these formudae are

>
@
%
s
&
g
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HO=y OO GO CHe B O CHy~CH- 0 Gl c~w~<;~c,~u~f\ CH } 08
e ‘

4 4
CHe CH,

{Brganox® 245 from Ciba Speviaiititonchemie inhH)
CH,  OH, O,

J\’ e W ""\ .’ S 3
Yy ;/}':::\ i . : ff'::.w""’\ C?‘i_s
HO—  p=CH,~CH,;—C-0——{CH,)~0-C~CHyCH—(  )—OH

" A ) - s &

CHyn /™ X _eH,

CH o H ,»-"h\.

L o {:\ N e
3 3 {:H;". &A‘“‘ES

{Frganon® 258 from Ciba Spezialitienchemis Garhil)

All of the following should be mentioned as examples of sterically hindered phenols:

22 emethylenebis(d-methyi-Gtart-butviphenel), 3&«-&@&&36&&02 BIS{3~(3.5-divert-
butyl-4-hvdrogyphenypropionate],  pentacrvthrind  tetrabds]3-(3,5~di-tert-butylg-
hyvdroxyphenyDpropionate], distearyt 3»,5~<§:i*tegi‘*ﬂbs,zzym~n§-=a‘i:ar\:kxynen;e‘:y}ﬁpmﬁphami@,

2.8, Troxa-phosphabioyelnl2.2 2loctdoshuathyl 35-di-tert-butyl-d-hydroxyhydro-
cinnamate, 3. S-sdi-tere-butyi-4-hpdroxy phenyl-3, S-disteary ltioteiary laming,
242 rpdroxy<3 hydrogy-37.5 -didert-baty iphenyl b S~chlorobenzotriazole, 2,6-di-tert-

%mi}-‘?w&}«sa}};-{imx.ym&mvipﬁmnmA 1.3, 5 trimethel2 4 610603 S -ditert-hutyl-dhydrogy-
benzylbenrens, 4.4 -methyienebisi2 S-di-tert-butyiphenol), 3 S-di-tert-butyl-

Sehvdroxybenzyidimethylandne.

Compounds which have proven particularly effective and which are thersfore wsed
with preference are 2.2 -methylonebistdanethyb6etert-butviphenad), 1 6-hexanediol
bis{3 S-i-tert-butyl-d-hydroxyphenyDpropionate  (Jrganox® 2539}, pentaerythrityd
tetrakis] 33 S-di-tert-butyl-d-hydroxyphenyi propionate], and alse NN
hex:ameti‘;_vEéenehisﬁ\5~d§~ ert-butyl-d-hydrexyvhydrocimmamide (frganox® 1088}, and
the product brganox® 245 desertbed shove from Ciba Spezahifitenchemie GmbH,
which has partionlarty good suitability.



18

20

L2
pmme,
Seast

S
5

b

&

The material :@g}tﬁ(}miiy comprises apwonts of from @ {33 o 3% by weolght, preferably
feom 8.1t 1.5% by weight, in particnlar from (U1 1o 1% by weight, based on the totd
weight of the components A) to €}, of the phenolic antioxidunts, which may be nsed

individually or in the form of a muixturs.

In some instances, compounds that prove particulady advantageous are sterically
hindered phenols having no more thay one sterdeally hindered group in ortho-position
refative 1o the phenolic hydroxy group.

Fibrous ar particulate Sllers € that may bo mentioned are carbon fibers, plass fibers,
glass beads, amorphous stbioa, caleinm silicate, caloium measilicate, magnesion
carbonate, kaolin, chalk, powdersd guarte, mica, bavium sulfne, and feldspas, the
ameunts of these used belng op fo 3096 by weight, in particalar from 1t 20% by

weight,

Preferved Gbrous fillers that may be mentionsd ave carbon Hbers, avamid fibers, and
polgssiven tlanate Sbers, and particolar preference is given here o glass fibers in the
furw of B glass. These can be used In the form of rovings or chopped glass in the
forms commereially geailable

To improve compatibility with the pelletized podvamide material, the fibeous Sllers can
have been surface-treated with stlane compound.

Ruitable sitane compoands have the general formula
KA CH b RSO Hane e
where:

X NH -~ GHOH-, HO-

\\ ,‘!‘ 7
2

1 s & whole number from 2 to 10, meferably 3 10 4,
m s & whole nomber from Ho S, preferably 1o 2, and

E isawhole owaber from 1 to 3, p;ei‘e&bi» 1.

Preferred stlane compoands are sminoprapyitimethoxysilane,
arminobutyltrimethoxysilang, aminopropyliriethexysilane and
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aminobutvliristhoxysilane, and also the comesponding silanes which comprise a
glycidyl group as sebstitvent X

The amounts of the silane compounds generally used for surfsce-conting are from 8.01
o 2% by weight, prefosably from 0.025 to 1.0% by weight, an d ;én pamw}m from .08
10 0.5% by weight (based on the fibeous filler

Actondar muneral Hllers s also suttable,

For the purposes of the invention, acicular mineral fillers are mineral fillers with
strongly developed avicolar character. An exemple is acicunlar wollastenite, The
mineral preferably has an LD (length to diameter) ratio of from 81 1o 3501, protorably
from &1 to 11:1 The miveral filler may optionally have been ‘gax'tztremﬁzd with the

shovementioned silane compounds, but the pretreatiment is ot easential,

Oiher fillers which may be mentionsd are kaolin, calcined kaolin, wollastonile, &l
and chalk, and alse lamellar or soicular nanofillers, the arsounts of these preferably
being from (.1 to 10%., Materials preferred for this purpose are boehmite, bentonite,

montmorilionite, vermiculite, hegtorite, and loponite. The lamellar panofillers are
arganically modified by princ-ant methods, to give them good compatibility with the
organic binder. Addition of the lavellwr or acicular nanofillers to the lnventive
nanocomposites gives a further increase in mechamical strength. Other suitable fllers
are carbon nanotubes, expandalde graphite and other forms of graphite, and graphene

and carbon nifride.

In particular, tale Is used, and i & hydrated mognesium silicate with constitution
Mgl O SL0 k] or 3 Mgy - 4 810, - H0. These compounds Tuown as theee-layer
phyllosilicates ‘é:sekmg to the ticlinic, monocknie, or thombic crysial systems with
jamellar habif. Cther trace cloments that can be present are M, T, Cr, Ni, Ka, and K,
and fluoride can replace the OH group 1o some oxient.

Exampies of impact modificrs as component €) gre rubbers, which can have unctions!
groups. It is alse possible o use a muixture of two or move ditferent mipdu%mﬁﬁ fving

rubbers.

Rubbers which increase the toughness of the molding compositions generally comprise
clastomeric content whose glass transition tomperature is below ~1°C, preforably
below -30°C, and comprise at least one functional group capable of reactions with the
polvamide. Examples of suitable functional groups are carboxylic acid, carbonylic

AT fex
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avhyvdride, carboxylic ester, carboxamide. carboximide, amino, hydroxy, epoxy,

urethane, or oxazaling groups, preforably carboxyiic anhydiide groups.

Among the preferred lunctionalized rubbers are fnnctionalized polyoletin rubbers

X

whose strocture is composed of the following components:

b from 40 1o 99% by weight of at least one alpha-olefin having from 2 to 8 cacbon

atoms,
20 from § 1o 30% by weight of a diene
3. from 0 w0 45% by weight of a C-Cio-alhyt ester of acrylic acid or methacryhic

acid, vr & mixture of such exters,
& from O to 40% by weight of an cthylenically unsatwrated Cp-Uy mono- or
dicarboxyiic acid or of g functional dentvative of such an acid,

5 from 8 fo 40%6 by weight of a monomer comprising epoxy groups, and
£ from 0 1o S% by weight of other monomers capsble of fiee-radicsl
polymerization,

where the entirety of components 3) to 53 is at least from 1o 45% by weight, based en

somponents 1o 6},

Examples that may be mentioned of suitable alpha-olefins are ethylens, propvlene,

I-butyleng, De-pentylene, D-hexylene, -hepiviene, Looctvlene, 2-methyipropylens,
J-methyl-t-butylene, and 3-sthyl-1-butylene, prefembly ethylene and propyiene.

Exanmples that may be mentioned of suitable diene monomers gre conjugated dienes
having from 4 to ¥ carbon atoms, such as isoprene and butadiene, non-conjugated
dienes having from 5 to 25 carbon stoms, such as penta-1d-diene, hexa-14-diene,
hexa-1.5-diene, 2.5-dimethylhexa-1,5-dlene, and octa-1 4-diene, cyelic divnes. such a3
eyclopentadione, cyelohexadienes, cycloostadicnes, and dicvelopentadiens, and also
atkenyinurbornenes, such as Secthylidens-Zenorbornene, S-butviidene-2-norbomene,

Z-methalivi-3-novbornene, 2-isopropenyi-Snorbomens, and tricyelodienes, such gs

S-methylineyelof 2.2, 107713, 8-decadiene, or a mixture of these. Preforence is given fo

hexa-1,5-diene, S-cthylidenenorbornene, and dicyelopentadiene.

The diene content is preferably from 0.5 to 50596 by weight, in particular from 2 0 209
by weight, and particularly preferably from 3 1o 13% by weight, hased on the total
weight of the olefin polymer. Examples of sultable esters are methyl, ethyl. propyl,
n-botyl, sobutyl, and Z-ethylbhexyl, octyl, and decyl aerylates and the comresponding
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methacryviates. Among these, particular preference i ghven o methyl, ethyl, propyl,
n-butyd, and 2-ethvihexyl acrvlate and the corresponding wethacrviate.

Instead of the esters, or in addition fo these, avid-functigngl andlor latemt acid-
functional monowers of ethylenically waaturated mono- or dlearhoxyBie acids can also

be present in the olefin polvmers,

Examples of ethylenically unsaturated mono- or dicarhoxylic acids are scevlic acid,
methacrylic acid, tenttary alkyl esters of these acids, i particular tert-butyl acrylate,
and dicarboxylic acids, e.g. maleic scid and fumarie acid, or denvatives of these seids,

or ¢ise their monossiers.

Patent acid-functional monomers are compotnds whick, under the polymerization
conditions ov during incorporstion of the olefin polymers into the molding
composttions, form free acid grovps. Exanples that may be memioned of these are

3

anbydrides of dicarborylic actds having from 2 © 20 carbon atoms, in particular
3

maleic anhydride and tertlary Cp-Cipalkyl esters of the abovementioned acids, i
particuiar tert-butyvt aveviate and tert-butyl methacrylate.

Exampies of ather monoemers that can be used are viny esiers and viny! sthes.

Particular preference is given to olefin polvmuers composed of from 50 to 98.9% by
weight, in particnke from 60 o 84.85% by weight, of ethylene and from 1 to 50% by
weight, in particular from 3 to 40% by weight, of an ester of sorvlic or methacrylic
acid, frony 01 1o 20.0% by welght, and in particular from .15 10 13% by welght, of

givaadyl avrylate andior glycidy! methaerylate, seovlic acid, smbor maleic anhydride.

Particularly suttable fanctionalized rubbers are ethylene-methy! methacrvlate-glyeidyl
methacrylate polymers, cthyilene-methyl acrviate-glyveidyl methacrviate polyiners,
ethylepe-methyl  acrylate-glveidyl  acrylate polymers, and  sithyvlene-methyl

methacrykate-ghyeidyl acrylate polymers,

The polymers described above can be prepared by processes known per s, preferably
via randem copolymerization at high presswe and elevated femperature.

The melt index of these copolymers is generally in the rangs Fom 1 to 80 ¢/10 min
{measured at 190°C with a load of 2,16 kg, to the standard 150 11331
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{dther rubbers that may be used e commercial sthylene-c-olefin copolymers which
cOmprise  proups réactive with polvamude. The underlving  sthyleseea-olefin
copolymers are prepared via transitton-metal catabysis in the gas phase or in solutiog,
The following o-olefins can be nsed as comanomers: propylens, -butene, Lpamens,
ﬁi*methy}fé.~§§emfem3;\. huxem I-hepteng, L-outeme, bononene, I-decene, i-nodecons,

I-dodecene, styrene and substimted styrenes, vinyl seters, vinyl acetates, acrylic esters,

methaerylic esters, glyoidst &cr}} gi&udvi mcthw’*\ lates, hydroxyethwl acrylstes,

acrviamides, scryvioniteile, allvianmine and dienes, such ay butadiene and isaprene.
Eihylene/l-octene copolyrerns, othyleng/l-butene copolymers, ethylene-propyiene
copolymers ave particalarly preferred, and compositions composed of

from 23 1o 85% by weight, preferably from 35 to 30% by weight, of sthyviene,

from 14.9 o 72% by weight, preferably fram 19.8 to 63% by weight, of 1-ovtens or

i-butene, or propyiene, ora mixture of thess,

from .1 1o 3% by weight, preferably from 0.2 © 2% by weight, of au stbvlenically
unsgturated mong- or divarboxylic acid, or of a2 functional

derteative of such an sad,

o~

are particularly preferred.

The molar mass of these othvlenc-c-olefin copolvmers i from IDHW 1o
200 000 g/mal, proferably from 13 000 to 400 800 g/mol (Mn, determined by means m‘
GPC in L2 4-trichlorobenzene using PS calibrationd

The proportion of ethylene o the sthylene-p-olefin copolymers v Hom 5 to 97% by
weight, preferably from 10 to 93% by welght, in pasticular from 15 1o 939 by weight

One particalar snbadiment prepared ethyvlens-w-olefin copolymers by using what are
i
o found 1 US 5,272,236, In this

\

known a5 “single site catalysts”, FPurther details san b

R

rase, the polvdispersity of the ethylene-a-olefin mgs{i wers 18 narow for polyolefins:

~

smabier than 4, proferably smaller than 3.5

Arncther group of sultable rubbers thet may be mentioned ix provided by coreeshell
graft rubbers. These are graft rubbery which ave prepared in emulsion and which are
composed of at least one hard constitpent and of at least one soft constituent. A hard
constittent i3 usually & polymer whose glass transition tomperature s at least 25°C,

and a solt constituent is usually a polymer whose glass transition temperature i at
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mast §°C. These products have a structure composed of a core and of & least one shell,
and the structure here results via the sequence of addition of the monomers. The soft
constituents  generadly  derive from butadiene, isoprene, atkyl acrylates, allod
methacryiates, or siloxanes, and optionsily from further comonomers. Spitable
sifoxane coves can, for cxample, be prepaved starting from ovelic oligomernic
cctanedhyltetrasilonane or feravinyltetramethyltetrastlioxane. By way of example,
these can be reavied with gamma-mercapiopropyimethyvidimethoxystiane in a ring
opersing cationic polymerization reaction, preferably in the presence of culfonic acids,
e give the sofl sitoxane cores. The siloxanes can also by crosslinked, for example by
carrying out the polymerization reaction in the presence of silanes having hydrolvaable
groups,  such  ay  halogen  or alkoxy  gwoups,  eg tetracthexysilane,
methyvhrimethoxysilane, or phenylirimethoxysilane. Suitable comonomers that may be
mentioned here are, for example, styrene, servionitrile, and crosshindong or grali-active
monomers baving more than one polvmerizable double bond, e dinllyl phthalate,
divinylbenzene, butanediol diacrylate, or trialivl{isoloyanueate. The hard constitnents
generally derive from styreme, and from alphasmethylstyrene, and frowm their
copolymers, and preferred conwomers that may be listed here are acrylomitrile,

methacrvlomtrile, and methyl methacrviate.

Preferred core-shell grafl rubbers comprise 8 soft core and a hard shell, or 2 haed core,
a first soft shell, and at least one further hard shell. Functional gronps, such as
carbonyl, carboxyviic acid, anhydride, amide, imide, carboxylic exter, amino, bvdroxy,
cpoxy, oxazoline, wrethane, urea, lactam, or halobenzyl groups, arve preferably
meorporated  here viz  addition of suilably functionslized wmonomers  during
polvmerization of the final shell Examples of suitable finctionalized monomers are
maleie aoid, malelr anhwivide, meone- or diestors or malsic acld, tertbuyd
{metigacryiate, aorvlic actd, glyadyl (methlacryiate, and vinvioxazolive. The
proportion of monomers having functional groups is generally from §.1 to 25% by
weight, proforably Drom 8.23 t0 15% by weight, based on the towal weight of the core-
shell graft rubber. The ratio by weight of soft 1o hard constituents s generally from

~

@ 90§, preforsbly from 30 710 8 20

Such vubbers are known per se and are desoribed by way of example in
EP-A-0 208 187, Oxazine groups for functionalization can be incorporated by way of
cxample according to EP-A-0 791 606,

Another group of suitable impact modifiers is provided by thermoplastic polyester
clastomers. Polyester elastomers heve are segmented copolyetheresters which comprise

Iong-chain segmenty which geserally derive from polvlallyiene) ether glveols and

et
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comgprise short-chain segments which derive from lowsmolecudar-weight diols and
from dicarsboxylic acids. Such products are known per se and are deseribed in the
Hiterature, oug. in US 36510140 Appropriate produsts we alse commercially availabde
as Hyteel TM {Du Poat), Amidtel TM {Akeo), and Pedprene TH (Toyobo Co. Lad )

tis, of course, also possible to nse & mixure of the tpes of rubber listed above.

The pelletized matenal of the invention e couprise, a8 further addiives Cl
cemventional processing wids, such as statulizers, oxidation retarders, Turther agents ©
counter decomposition by heat and decomposition by ultravielet light, lubricants and
moldrelease agents, colorants, such as dyes and pigments, nucleating agents,

plastivazers, flame retavdanty; efe.

Examples that may be mentionsd of oxidation retarders and heat stabilizers are
phosphites and fudher amines {og TAD) hydroguinones, vatious substituted
reprosentatives of these groups, and their nuxtures, at concentrations of up o % by
weight, based on the weight of the pelictized material.

UV sighilizers that may be mentioned, the amounts of which generally used are up to
2% by weight, based on the pelfetived material, ave variogs sohattinted resorcingls,

.

saticviates, benrotriazoles, and heswophenones.

Colorants that may bhe added are inorgamic pluments. such as tianium dioxide,
ultramarine hlpe, fron oxide, and carbon black sndlor graphite, and also organic
plgments, such as phihalocyanings, geinacridones, pervlenes, and also dyes, such as

nigrosin and anthraquinones.

Nucleating agents that can be used e sodium phenyiphosphinagte, alominnm oxids,
stlicon dioxide, and alse preferably ale.

Flame refardants that may be mentioned are red phosphorus, P- and N-containing

Hame retardants, and also halogensted fame-retardant systems and synergists of these.
Preference is givenin melamine, melamine cyanurates, Al ;}h(‘s‘;“phimi’f: {e.g. onhz UP,
Clariant), 1.2-bis(pentabromophenylimethane (e.g. Savtex” 8010, Albematle Com.),

and, as synergist, Fyreblock 1411

Preference is also given to an expandable pelletived material comprising one or more

tlame retardants from the group of red phosphorus, P oand Necontsining fHame

R e SN
LIRS i
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vetardants, melamine, melamine oyanurates, halogenated fame retardant systems, and

their synergists.

Pelletized materials of the invention exhibit very pood shelf life, the polymer can even
be awwed alter more fha;n. eight months, o give g fam with density the same as that
obiained directly after production of the expandable pelletized polymer matenal
{polymer).

The foams oltstaed feature a particular propegy wofile that is novel for nwldabde
The foams obtalned feature a particular g riy pwodile that s if tdatdd

foams:
. very low heat-shrinkage: < 1% shoinkage m 1 hat 160°C
- passing the BZ fire test (uboratory apperatus) for densities around 108 g1

without SHame retavdant, 1o DIN 4102

= high solvent resistance
- good adhesion and stability when epoxy adhesives are used, and
» gond wetal adhesion.

The pelletized matertals and moldable foams of the nvention are sultable for use by
way of example in the automotive industry, eig. v motorvehicle construction, in the
airline indostry, in the wansport sector, in the packing indusiry, construction i.mdtistrx«‘.
ez for msulation thay resists toryperature changes, in the construgtion sector, iy the
sport and leisurs industry, in the franspost sector, B the wind turbine industry andfor in

e construction secter. They are also sultable in construction engineering and as

insulation material,
The examples provide further explanation of the lnvention but de noet restriey the same,
Exampies:

Example 1

Production

40 parts of nylon-6 (Ultamid B36, BASF SE, Ludwigshafon) and 60 pants of nylon-6d
{Grivery Gl6, EMS-Chemie, Gross-Umstadt) were mixed by a melt-impregnation
process with 1.5 parts of water and one part of isopentane and alse one part of tale (T
Extra, Mondo Mineralis, Amsterdam}.

Prior to processing. all of the polymers were dried in vacue for af Ipast 4 h at S§°C.

The polyvamides, and also the other components, such as balches comprising flame

FLATIRL AN
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retardant and tale, were charged withowt heating o an extruder having corotating

serews {Leistritz, sorew dinmeter 18 man, sorew length 40 1) The extruder wag
operated with a serew spead of 100 revolutions/pumute. By virtue of the structure of
the screw, all of the polymers were melted, and other sddittons were homogencously
ncorporated o the melt. Along the length of the serew, the physical Mowing agents,
such as opentane, and also waler, were added to the exirader and mixed with the melt

ordissobved therein, Total was 3 ksz"i';

The enlire mixture was pressurized by way of an ingoing-prossure~-controlied gear
pump mstalied at the extruder putley, in onder to proceed past @ bypass valve and a
discharge die o the pc§§ zation process for the material {die diameter (.75 mum, one

P>

die aperture, div temperature abopt IRE°CY The wempersture of the mell prior v
pelletization was dependent on the material used and was from 200 to 240°C, The
material was pelletized under the pressure generated by water (13 bar) at relatively low
waler temperatures (about 42°C ), in order 1o avold promature Haming. The resullant
prassore of the melt at the discharge die depended on the material used snd was from
140 to 300 bar. The average particle size obtained for the expandable pelletized

oaterial was ghont 1.25 mn

The extrusion and underwater pelletization process gave 8 somicrystaliine matrix
polymer.,

The sverage dianeter of the expardabie particles was L2385 mm.

The melting point of the polvmer matrix was 210°C and s glass transition
femperature was 83°C, with 596 crystallinity, Crystallinity was determined in the
svvention with the aid of dynamic differential calovimetey (IR, differential scanning
cglorumeiry} vig integration of the melting signal, Lo, 1096 ervstallinity correspondy w
230 ¥ (ouwmal of Polvmer Science Part B Polymer Physics 35 (1997} 22182231,

Bes
Tins
:

The measoremend In e Invention I8 made in aa;&:&m%ammt with IRQ 113377, Melting

ey
l{

point was determined in the nvention s 180 11387.3, using heating and cooling rates

of 20 Kimin, Glass franstiion tooperatiwe was deternuned i the invention o
IS0 HI3ETL, using hegting and cosling rates of 20 Kimin,

Processing snd propertics
The pelletized material olvained was expanded in a2 prefoamer (PREEX-I008 from
Hirseh) gt 104°C and a gange pressure of § bar in 20 and, respectively, 68 ser to give

foam beads with bulk densities of 80 ¢/l snd, respectively, 140 ¢, Afler ovemight
storage at roon femperating, the foam beads were compressed in an sutomstic molding

machine at 8 gange pressure of 2.4 bar 1o give slabs measuring about 20 e x 30 omx
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S em. The molded foams obtained after drving of the slabe at an elevated temperatare
{from 60 to 8O0 for Fom 16 10 38 b were diry, exhib
dersities of 92 ¢/l and, respectivelby, 141 /L.

.\

fted vory good fusion, and had

The heateshrinkage of the resallant molded foam was soaller than 1% a8 160°C In 1h
This was measured by trimming the welded foan o give a cobe of odge length

500 mum and storing this for ane hour at 168°C in g convection oven.

Example 2
Production
3% parts of mylon-6 ((Ultramid B3, BRASF SE, Ludwigshafen), 2.5 pats of
palystyeone (138K, BASF SE, Ludwigshafen) and 385 pants of aylon-6.] {Grivory
316 EMS-Chemie, Gress-Umstadt weore mixed by a me i*m;ﬁr cnation procsas with

two party of water and with two parts of sopendane sad slso one part ofwade O Extra,

Mondo Mineralis, Amsterdam).

Prior o processing, all of the polymers were dried in vacuo for @ least ¢ b at 80°C.

The polvamides, and also the other components, sueh gy hatches comprising flame

retardant and tale, were charged withowt heating ®© an extruder having corotating

screws {Lolstrity, screw dimmcter 1€ mn, sorew length 40 1) The extruder wag

A /,(._._

3

operated with g sorew speadd of 100 revelutions/nunute. By virtue of the structurs of
the serew, all of the polymers were melied, and other sdditions were homogensously
mcorporated into the melt. &long the tength of the screw, the physical blowing agents,
such as isopertane, and also water, were added to the extruder and mixed with the melt

N
3

or dissolved therein. Total was 3 kg/h

The entire mixture was prexsurized by way of an ingolng-pressure~-controlled gear
pump installed at the extrader outles, v order to procesd past & bypass valve and g
discharge dis 1o the pellehizstion process for the matenal {die damster 875 mum, oug
de aperture, die temnperature abonst 28@"{.‘._}. The tomperatiwe of the melt prim-* to
pelletization was dependent on the muterial vsed and was from 200 o 240°C. The
material was pelictized under the prossure generated by water {15 bar} at relatively low
water femperatures {about 43°CY, in order to avedd premutive foaming. The resultan
pressure of the melt at the discharge die depended on the material used and was from
14t o 300 bar. The average particle dze obtatned for the expandable pelletized

material was about 125 man

The extrosion and underwater pelletization process gave a semierystailine matrix

N

&2

polviner. The average dlameter of the expandable particles was 123 pun. The melting
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point of the polymer matei was 21370 and s glass transition empergture was 93°C

with §% ceystallinity. Crystallinity was determined in the fnvention with the aid »j"
dynantie  differential calotimetry (DS, differcntial scanning  calorbinetry) via
integration of the melting signal, Lo, 106% crvstallintty corresponds to 230 ¥ (Journad
of Polvmer Science Part B Polvimer Phystes 35 (19887) 221922311 The measurement
in the mvention is made n accordance with I8¢ 113577 Mekmg_ point was
determined in the invention o IRQ 113373, using heating and cooling rates of
30 K/min. Glass transition temperatuse was detormined in the nvention to 18C 11387-

2, wsing heating and conling rates of 20 Kinuin.

Processing and properties

Thisy expandable pelietized material was expanded in & prefoamer (PREEX-1608 from
Hirschy at 104°C and & gauge pressure of & bar in 20 and, respectively, 50 sec to give
foam beads with bulk densities of 70 g/ and, respectively, 120 g/l Aller svemnight
storage af roons temperature, the foam beads were compressed in an antomatic molding
machine at & gange pressure of 2.4 bar o give slabs measwring abowt 20 om x 3emx
S em The molded foams obtatned after deving of the slabs &t an clovated tomperature
{from 60 1o 80°C) for from 16 to 38 h were dry, exhibiied very good fusion, and had

densities of 72 ¢/ and, respectively, 124 g

Eaample 3
Expandable with flame-retardant additives

Production

Production of the expandable pelletized monterial and of the foam products was
analogous to that in example 1. The stated amouniz of flame-retardant additives were

alzo added {described as farther additives), The resulis are Hsted intable 1.

Foam slabs measuring 6.5 em x 6.3 emx 1 em were annlogousty subjected to Same in
the procedure desoribed in DIN 4102, snd the foan was tested for selfextinguishing

sapability.

List of substances

- Mame of substance | Producer | Chemicad comstitution
- Ulteamid 836 BASF SE, Ludwigshalen | PAS
Urivary G16 EMS Chemte, Uross- | PA V6T

Umistadt :

LA ((‘\.r
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Talkum T extex

Mondomineradis,

Amsterdam

- Tale

Budit 313

® > S
“Rudenheim KG,

Budenheim

- Melamine cyanwrate

R
v

Saviex 8816

Albemarle Corporation,

Belgium

Bis{pentabromophenylimethane

? Fyrebloo 1411

- Chenvtura Corporation,
- UsaA

Antimony trioxide, polvamide
{PAS)

Exolit OPI312

- Clariant, Switzerland

Al phosplinate

P
LAY SE




Table 13

Amounts of Hame retards

ata and results of five fests

Example

Flame
retardant

Flamse

retyrdant |

{prop-~

arHien}

Symergist

Synergist
{prap~

ortien}

Foam
density in
gl

Fire vesult

Conap-

LAy

Burns

avative
example
1
31 Budit 315 {150 - - 108 sedfe
extinguishing
3.2 Budit 313 100 - - &5 self
extinguishing
3.3 Saytex SU18 43S Fyreblog f35 &8 sedf
1411, Lextinguishing
Chennurg | :
cospuration |
34 Saviex ROIG {.3¢ Fyrebloo .56 75 self- :
; 1411 extinguishing|
3.5 Rayiex 8016, | 100 Fyrebloe IREE &8 seif- '
Albemarle 141y, extinguishing
Chentura
corporation ‘
1.6 Savtex RO, | 230 Fyrebloe 2.5¢ e self-
Albemarle 1411, extingishing
Chemtarg
garporation
3.7 Exolit 1.O0 - - &8 self
OPi3z, extinguishing
{lasians
3.8 Exolit 340 - - 6% selt-
opLs extingunishing
Clariant
38 Fyreblow 1.25 ~ - &0 self-

extinguishing

The examples confirm tat the pelletized materials obtained bave good flame-retandant

propertics.

Example 4 Expandable pelletized raterials with varions additives

ST TG R
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The expaniable pelletized materials and the foams were praduced analogously to

example 1. In addition, the specified smounts of palvmers, additives or co-hloing

g

5.4

agents were added. The results are listed ntable 2.

List of substanves

' \‘\ﬁ‘\&mu

0HEWML

Manufoctiese

Chentical cOmposiion

| Ultramid B38

BASF Sk, Ladwigshaton

 PAS

| Grivory G186

EMS Chemie, Gross-

Uhnstadt

PAGUAT

RASF SE

PA 670676

i,

Talke

T exirs

Talo GT/H618

Joneryl ADR 4388

BASE SE

Chain extender

YT 2418

RASE 8B

~

Styrens-aceyionitrile-
malelr anhydride
copelymer

Keaing 81918

Kraton Polymers

SEBS-maleic anhydeids
copelymer

PS 158K

BASFSE

Polystyrens

TLATRLAGN
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tble 2~ Expandable pelletized materials and foams with various additives

- Bxam |

siie
polvmers
Ay

Thermopla | 4.1

42 1 43

44

4.5

4.6

48

4.8

Podvamides

Pas

18

Grivory &

£0

&0

bty 8
e

44

Pas

- Ultramid
B3

30

40

a0

2
i3

PASTI66/6

40

A5

polymers

Thermoplastic

SANMA

Y2418

SEBS-MA

Kraton
GI%1S

PS

PSI58K

Blowing

agents

fsppentansg
{metered in}

La

16

I

1.6

L&

Water

b

293

%3

3

3

a2

$o

Ethanol

3

)

Additives

Tale

.a

i

1.4

1.4

18

10

o

Oulkld
stabilizer

Chain extender |

Joneryt
ADRAZER

8.6

Density of the expandable pelltized

material (gL}

W
(323

§0%

Pre-foaming temperatiws (00}

100 |

Pre-fomming time {s)

&0

Foam density after the pre-foaming

{5/}

| 208

Examples 4,1-4.% demonatrate that foams are obtained in predominantly fow-density

even with different polvmer additions, additives and co-blowing agenis,

g
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Srabadaimi igdnypoantok

i Expanddthatd granuldtum, amely magdban foglal
&) egy polimer mdtrixol, amely &1
A1) fegaiabb 35 thmsg% pollamidodl {sz AL} &s &2} kemponensek dssregére vanat-
koxtatva), amelynek kristalyossags legfeliebb 309 $s adolt ssetben az alvasis-
pontia 100 &3 34070 tartomdnyba €5 dvegessddst himdrsdkiste 0 és 150°C tar-
tomanyhea csk &5
AZ} 0-45 thmeg% egy vagy tébb sz A1} komponenstl kHISnbdzd termoplasztikus
polimerkdl;
5‘ sgy fizlkal hajtdanyag komponenst, s
adott exsthan fovabbi adalskanvagokat,
ol & f{ris‘cé%ms&é‘gat Az IS0 11357-7 swarint hatiroszuk meyg differencid! pdsctasd kaloni
mateia segitsdgével,
8z oivadaspontot 8z 150 11357-3 szerint hatdrozauk meg 20 Kimin fitdst és hités) sabes-
ségek atkalmazasaval, és
ar Uvegesedds! hémdrsékiotet az 180 11357-2 szerint hatdrozzak meg 20 Kimin fitds) és
hiitdsl sebessggel alkaimazdsival,
2. Az 1. igenypont sserintl expeondathatd granuldtum, ahot a kristdivossdg az
&5 25% kozdtl tantomanyha ssik,
3 Az 1o vagy 2. lgénypont szerintl expanddthatd granuldtum, shol az Gvegese-
dést hdmdredidat g 15 85 130°C kHzim tartomadnybs asik.
4, Ax 1-3. igénypontol bdrmalyike szerindl expanddthatd granutdtum, ahol o
szamikristalves polimerek esetén av olvaddspont & 100 és 340°C kSzstn tertomdnyba

5. Az 1+4. igdnypontok banmelvike srerintt expanddthaté granuidtum, shol a2
\

A} polimer malrix az AL poliamid komponensbél dl

&, Ax -4, igénypontek bdrmelvike szerintl expanddthatd granuldtum, ahol ax
&} polimer matrix az AL} és A2) komponensek dssvegére vonathoziatva §,1-4,% tdmeg%h

2OV vagy tabb AZ) termaplasziibus polimert ?a;\aswaz

7 & &, genypont scerintl sxpanddihatd granuidtum, amely AZ} komuonens-
kent egy vagy 19bb sztirol polimert dsfvagy ezek soy vagy t8bh polifertién~-éterre] képrett
baverdkdt tartalmazaa.

3. Az 17, igényportok bdrmelvike seerintl expanddihatd granuidtum, ahel az

AL} komponens kettd vagy t88h ar sldkhl csoporthd! k8 valasziott poliamidot tartalmez
podikaprofaktam (PAR), polibuti¥nadipamid (PA 48), polihexametiénadipamid (FA 68},
polthexametilénsrebecamid (PR §10), polihexametiiéndodekdnamid (P& 6121, poli-11-ami-
soundekanamid (PA 11}, polifsurclaktdm {PA 12}, poli-me-xililadipamid{PAMXD  8),

¥
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polipentametiiénszebacamid (PA S10), 8T (X = laktam), 8T/81, §T/RLXY, 6TAT (X =
ggyvenes #@ncd vagy eidgezd ToTediamind, XT X = $pCuediamind, 8130 PA PACM 12
(PACM = p-diaminodicikichexiimatan), PR MACM ¥ (MACHM = 3. 3-dimeiii-p-diaming-
diciklohaxiirnatdnl, PA MPMD & (MPMD = Z-metiipentdnmetiléndiamin), P& MPMD T, P&
MPMD 12, polihexametiiénivoftalamid {(PA 81}, PA SI/ET, Fa &3-T {tereftalsavbdl késslilt
ooliamid, &8 3,38,4~ s 2,4 49rimetithexamatiéndiaminhdl készilt keverdkek} €s sesk
transrarmidall termdkel,

3. A 8. igénypont szerintl expandalhate granuldtum, ahol sz A1) komponsns
PAS-ot, PA &/SG-0f @sfvagy FA 810-st tariaimar kevergkben P& 8i-gvel, defvagy ozel
frarszamiddlt tarmékelt tartalmarza.

1g. Az 148, igdnypontok parmelviks szerintl expandathatd granuldtum, amsly B)
haitdanyay komponensiként agy vagy tobb fizikst hajtdanvagot tartalmaz,

13, A 10, igénypont scerintl expanddthatd granuddbum, amely a2 &) €8 8} kom-
ponensek dssregers vanatkoztatva §,01-7 tEmean% egy vagy toébb Hoikal sserves hajtd-
anyagol tartalmas.

12, &z 1-11. igdnvpontok barmelvike seerindd expandathatd granuldtum, smely
polimer matriy tBmegdre vonatkoziatva) 0,110 Hmegd HO-T tartaimaz,

X

3. Az 1-12. igénypontok bérmelyike szerintl expandathatd granuidtum, smely

(3% &)

CY sdatékanyvaghént {az &), B} &s C) komponensak Ssszegere vonathortabeal §,1-40 -
meadt agy vagy b az alabbi csoporthd! valasstott vegyitletet foglal magdban: stabiizd-
torok, oxidacidt kegleftetdl, hd- &5 ultraibolva By aldiddnte lebomidst gatld anmyagok, sb

> +

kositd ds forrmakismelfel segitd swerak, szinezdkek, plgmentel, gockapzd, ldgyitd, dnds-
odtd ds tEitSanyagok.

14, A 13, igénypont serintl expandathals granuidtum, amely egy vagy tébd az
alabhi csoporthal vilasstott Sgésgatld srart tortalmas: wirbs fossfor, P ds Netartaimd
Sgéspatiox, malamin, melamin-clanurdtok, halogénezett fodsqdlld rendszerak, s svek

szinergistai,

i85, Elidrds az 1-14. igénypont szerintt expanddlhatd granulitum a&é Hdsara,
amaly az alabbl iépdsekat foglalia magdbamn:
2} A1) poliamid 85 adott exethen A2) polimer komponans hiztostasa alvadak dllapothan,
b} & B) Axiksl haitdanyayg komponens &5 adott ssetben gy vagy 8hb ) adeldkanyag be-
lpkeverése ax olvadékba,
o} extrudaiss, és
4} & hajtdanvag tartaima olvadék granuidiasa viz alatt,

18. Az 114, igénypont scerintl expandaihete grenuldtum, amelvel az aldbldak
srerint aliithats eid:
a} az labbi csoportbe! kelid vagy tbb pollamid keverdk bistositdse polikaprotakidm
{(PAG), polibutiénadipamid (PR 48), polihexamstiénadipamid (P& 88), polthexs-

N
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metiiénszebaramid  {FA  810), polihexamstiiéndodekanamid  {(Ba 813), poli-ii-
-aminopndekanamid {PA 11}, pollaurciaktdm [PA 12}, pol-m-xilladipamid{PAMXD 6},
polipentametiiénazebecamid {FA 510Y, T (X = laktam), 8T/8L, 8T/BL/XY, 8TAT (X =

egyenes vagy eldgazd Bood CoCiediamind, X7 (X = CoQyediaming, 6.12, PA PAIM 12
{PACM = pediamincdichicheximetdn), P& MACM 12 (MACM = 3, 3-dimetil-p-dismino-
dictkiphexiimetan), PA MPMD & {MPMD = Z-mstipentédmstiiéndiamin), PA MPMD T, P&
MPEMD 12, polihexametilénizoftalamid (PA 81), P8 SU/ET, PA &3-7 {tereftdisavhal slfdlitett

y AL

pollamid, 2.2,4~ és 2.4 4-rimetithexametiténdiaminbdl oifalitott keverdkek) 85 erek

transzamidait termudkel,

b a B} fizikal hajtdanyag Ssseatevd &s adolt esatben goy vagy 18hd ) adalekanyag heke-
verdasa sy ohvadsiba,

o} extrudaias, és

dy a haitdanyan tartaimi olvadel granuialasa viz slatt.
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