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THERMOPLASTI C RESI N COMPCSI TI ONS The I nvention rel ates to
mul t i phase thernopl astic resin conpositions and nore particularly 5 to

¢onpositions in the formof a matrix in which encapsul a § are

di spersed. Mol SAASEHasti cs have to belnodified by i%%gvgggﬁéﬁﬁéﬁPubbers
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have been idicoppogating ridldsssrsSox onpbett pohymause fowd exapwdie in
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15 the polymer of the matrix is transparent or even
translucent, the reduction in the size of the nodules

increases the transparency- or makes the polymer more
translucent for a constant level of dispersed phase.
Us 5,070,145 describes compositions
20 consisting of 80 parts of nylon-6 (PA-6) or nylon-6,6
(PA-6,6) in which 20 parts of a mixture (i) of a
copolymer of ethylene and of an ethyl or butyl' acrylate
and (ii) of a copolymer of ethylene, ethyl acrylate and
maleic anhydride have been dispersed. These
25 compositions have good impact strength.
EP 284,379 describes multiphase_ compositions
consisting of a polyamide and of an ethylene copolymer
in the form of a polyamide matrix in which nodules (1)
of an ethylene-ethyl acrylate-maleic anhydride
30 copolymer are dispersed, and dispersed in these nodules
(1) are nodules of polyamides. These nodules (1) are
firstly prepared by dispersihg a polyamide in the
ethylene copolymer, and then these nodules are
crosslinked and then dispersed in a polyamide. These
35 compositions are also presented as having a good impact
strength. |



2 Patent FR 2,719, 849 descri bes thernopl astic conpositions consisting of a
mat ri x of" a thernopl astic polyner in which nodules of a second

t hernopl astic polymer, partially or totally encapsul ated by an 5 et hyl ene
¢opol yner, are dispersed. These conpositions are prepared by firstly
encapsul ating the second pol ymer and then?the other polyner forming the
matrix i s added under conditions such that the capsules are not destroyed.
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15 dispersed nodules of PA-6,6 encapsulated by an
ethylene-ethyl acrylate-glycidyl- methacrylate
copolymer. A comparative example shows that in a PA-6
matrix the PA-6,6 nodules encapsulated by the ethylene
copolymer are coarser than the nodules formed only from

20 the ethylene copolymer.

The  present invention is  therefore a
thermoplastic <composition comprising at 1least one
polymer (M) forming a matrix in which are dispersed
nodules of at least one polymer (K) which are

25 encapsulated in at least one polymer (S) in such a way
that these encapsulated nodules are -smaller than the
nodules of the polymer (S) which are dispersed in the
matrix (M). '

_ The polymer (M) may be a mixture of several

30 miscible polymers forming a homogeneous phase. The same
applies to the polymér (K). and the polymer (S). The
compositions of the invention rﬂay also comprise several
types of encapsulated nodules, for example nodules of
(K1) which are encapsulated in (S) and nodules of (K2)

35 which are encapsulated in (S) or else nodules of (K1)
which are encapsulated in (S1) and nodules of (K2)
. which are encapsulated in (S2).



3 According to one particul ar enbodi nent, the present invention is a

t hermopl astic conposition conprising at | east one polymer (M formng a
matri x in which are dispersed nodul es of at |east one polynmer (K) 5 which
are encapsul ated in at | east one polyner gS) such that (i) these

encapsul ated nodul es are snaller than the®nodul es of the polyner (S) which
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- they are very easy to nuf act ure, si b i ng ( and (S), for
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anhydride copolymer in a nylon-11 (PA-11) matrix have a
15 size of 0.2 pum while, in the same matrix, the nodules

of nylon-12 (PA-12) which are encapsulated in the same
ethylene/alkyl acrylate/maleic anhydride copolymer have
a size of 0.07 pum (this is the size Dv - (volume
diameter) of the nodule togéther'with the capsule, i.e.
20 approximately the external diameter of the capsule) .
The compositions of the invention have many
advantages: :
- they are more stable, the morphology of the
dispersed phase being finer, that is to say that (M)
25 and (S) have been made more- compatible; '
- they are essentially as flexible as the
compositions of (M) comprising nodules containing only
(8) since the polymer (K) may be screened with a
sufficient thickness of capsule (S). We will return to
30 this point later in the text; .
| - the . finer morphologies also increase the
strength of reweld lines; . |
- they are very easy to manufacture, simply
by mixing (M), (K) and (S), for example in a short or
35 barely plasticating extruder (standard or bottom-of-
the-range extruder) or even directly in an injection



4 press, while in the prior art it is necessary to nake themin 2 steps; -
t hey have good flexibility without |osing nmechanical properties; thus,
conpositions consisting of 5 (M, (S) and (K) having the sanme fl exural
frodul us as conposi tions consisting of (M and (S) have a superior tensile
strength. This superior strength may al s& be mani f est ed by the higher burst
pressure of a pipe manufactured by extrusion of the conpositions of the 10

i nventi on; % shayfigeodn ngleet peioengirt, it (M needssaly iy make
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(S): (K ISphase in order for it to be the matrix and to avo:Ld
phase inversion. For example, it would therefore be

15 possible to have 35 parts of (M), 32.5 parts of (S) and
32.5 parts of (K); and

- in addition to these compositions being
particularly stable, they may be prepared and sold in
the form of granules and used in conventional machines,

20 and may also be recycled, for example if there is
manufacturing scrap due to cutting operationms.

The invention relates to the reduction in the
size of the nodules of (S), whatever their initial
size, when (K) is added. '

25 The polymers (M) and (K) may be chosen from
thermoplastics. (M) and (s) are chosen to be
compatible. Since (S) is dispersed in the matrix of (M)
in the form of nodules, (M) and (S) are deemed to be
all the more compatible the smaller the nodules of (S)

30 are. However, it is estimated that if the nodules of
(8) are greater than 10 pm they are only slightly
compatible, if the nodules are between 0.5 and 10 pm
and preferably between 0.5 and 2 pm they are
compatible, and below 0.5 um they are very compatible.

35 (K) must be compatible with (S); (K) is
therefore selected by preparing dispersions of (K) in
(8) and by measuring the size of the nodules. This is



therefore selected by preparing di'spersions of (K) in (S) and by neasuring
the si.ze of the nodules. This is 5 the general selection criterion and,
fromthe various polyners (K) neeting this criterion another selection is.
made depending on the desired properties for the conpositions of the

I nvention. This other selection may 5 dep@nd on the nodulus, chenmical
properties, viscosity, nelting tenperature and reactivity. As above, if the
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15 the nodules of (K) in (S). It is not necessary for the
compatibility of (K) with (S) to be superior to the
compatibility of (S) with (M). Advantageously, the size
of the nodules of (K) in (S) must not be greater than
twice the size of the nodules of (S) in (M) and is
20 preferably approximately the same or smaller. This
value of twice, and 1likewise the expression
"approximately the same", is to be adapted to the size
of the nodules, the measurement accuracy being in fact
higher for the nodules greater than 1 or 5 pm than for
25 the smaller nodules.
It would not be outside the scope of the
invention to carry out the test of compatibility of (K)
with (8) by measuring nodules of (S) in (K) and then by
proceeding as described above.
30 (K) must also not be too compatible with (M)
in order for them to demix and for (K) to go into the
capsule (S). If, then, (K) is strictly identical to
(M), there will be nodules of (S) in (M). But (K) and
(M) may, for example, be two different polyamides or
35 two polyamides derived from the same monomers and
having different physical properties. The measurements
of the compatibility of (M) with (8) and of (K) with



(M may, for exanple, be two different polyanides or 35 two polyan des
derived from the same nmonomers and having different physi cal
properties. The neasurenments of the conpatibility of (M with (S) and of
{K) with 6 (S) are therefore carried qQut as indicated previously and it
i s checked whether (K) is encapsul ated i A (S) when (M, (K) and (S
are m xed  together. Advantageously, (M and (K) are selected fromthe
same 5 famlyg)of apel Wreforercaxabpde outl yasr dad;casadurm%c&wlysést ers
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provi ded t heAteTr{ nd “&e& h(Sﬁ) ﬁaﬁrs g%t g‘{v?]%dgt,}ggql%g ’two I n

ﬁgﬂt:‘?n épol%él\%:e)arspn@at( Lbl I ity or | ncorrpatl bility conditions, the
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f 1 uor opol yorerin sazelrtafethSnp@u%regt ers, poI ycar bonat e, styrene

resins, PMVA, thernoppgst i c,npgj_,yglret&anesu\()TPU) (qupohnaers (Baw nfs
pol yam de bl ocks, copol yners havi,n poI ster g ks.and Iye{ hocks
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Pol yami de  ({8) sifumltefdeuslgodn atodevjmanfonndumag ocx)prmm,tghe
' mixture of (M) and (S), or for mixing (M) into the
15 mixture of (K) and (8) or for (8S) into the mixture of
(K) and (M). However, it would not be outside the scope
of the invention to use various steps or different
orders of addition, provided that the desired
morphology is obtained. ' '

20 In addition to the compatibility or
incompatibility conditions, the melt flow index (MFI)

of (M) is advantageously greater than that of (K).

By way of polymers (M), mention may be made

of polyolefins, polyamides, fluoropolymers, saturated

25 polyesters, polycarbonate, styrene resins, PMMA,
thermoplastic polyurethanes (TPU), copolymers having
polyamide blocks, copolymers having polyester blocks
and polyether blocks, PVC, ethylene-vinyl alcohol
copolymers (EVOH) and polyketones.

30 Polyamide (A) is understood to mean
condensation products:

- of one or more amino acids, such as
aminocaproic,  7-aminoheptanoic, ll-aminoundecanoic and
12-aminododecanoic acids, and of one or more lactams,

35 such as caprolactam, oenantholactam and lauryllactam;

- of one or more salts or mixtures of

diamines, such as hexamethylenediamine,



- of one or nore anino acids, such as aminocaproic,
7- am nohept anoi ¢, 11-am noundecanoi ¢ and 12-am nododecanoi ¢ aci ds, and of
one or nore |actanms, 35 such as caprol actam oenanthol actam and

Irauryl lactam - of one or nore salts or m xtures of diam nes, such
as hexanet hyl enedi am ne, 7 dodecafret hyl enedi ani ne,
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al i phati c di hydroxyl at ecb&bm%:émegﬂ gghﬁoxyzﬂ&_ aﬁm}ezo bhgggﬁscal el

e ocks Ravi

pol yet herdi ol s; 3) polyam g di'carboxylic charn ends wth

pol yet her &bl Polethandoteckabrarndd Fxam, the cpprolysendensatiensof
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erive, for e C S n oc al'pha- onrega
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are of nylon- 1v12:'|.'th polyoxyalkylene ‘blocks having dicarboxylic chain

15 ends;

2) polyamide blocks having dicarboxylic chain
ends with polyoxyalkylene blocks having diamine chain
ends, obtained by cyancethylation and hydrogenation of
aliphatic dihydroxylated alpha-omega polyoxyalkylene

20 blocks called polyetherdiols;

3) polyamide blocks having dicarboxylic chain
ends with polyetherdiols, the products obtained being,
in this particular case, polyetheresteramides.

Polyamide blocks having dicarboxylic chain

25 ends derive, for example, from the condensation of
aminocarboxylic alpha-omega acids £from lactams or of
carboxylic diacids and diamines in the presence of a
chain-limiting carboxylic diacid. Advantageously, the
polyamide blocks are of nylon-12. '

30 The number-average molar mass of the
polyamide blocks is between 300 and 15,000 and prefer-
ably between 600 and 5000. Thé mass of the polyether
blocks is between 100 and 6000 and preferably between
200 and 3000.

35 Polymers having polyamide blocks and
polyether blocks may also include randomly distributed
units. These polymers may be prepared by the



30 The nunber - aver agé nol ar mass of the pol yam de
bl ocks is between 300 and 15,000 and prefer- ably between 600 and 5000. The
mass of the pol yether blocks is between 100 and 6000 and preferably between

200 and 3000. 35 Pol yner s havi ng pol yam de bl ocks and
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exanpl e, Shor ESBeR%t sé8°€\ﬁ?£ﬁeﬁa3}’o‘g%c t Eﬁigﬁﬂlgg Shed Vot
advant ageous| yelrgt weari Al endlefigthnd ut | alsondihe vwarbousy readiantsen 0. 8

and 2.5 masub%%&bgefﬁéggégh afn 23 e%‘&l’lgom\mféﬁﬂoﬁhe a4 yg&@%&i@u‘%@@

derive from?2 ene glycol, from poI.yoxyprobyI ene ycol or from

pol yoxyt eflifansemndosdy @lprd thehdplamereighadn .used as such and

copol ycondensed wi th polppaigede bl OskByimyd@IoL3EROXY! | polRdt Her-H1Rekar €
am nated in order to be transforned intqQ di am ng ?F?;lgée hers and condensed

25 with pol _yaPP&é’“l?lr&zks ha¥heghedr boxiRsY endsde may 2 pe Hed
wi th pol yam deopoasitiond@chsaitdon CbEi npblyhintdei namd dgiolyetee blocks

pol yami de- bl O%@e%%.lr\é%t rBaerf_orehand or from a one-step reaction, have,
15 for example, Shore D hardnesses which may be between 20
and 75 and advantageously between 30 and 70 and an
intrinsic viscosity of between 0.8 and 2.5 measured in
m-cresol .at 25°C.
Whether the polyether blocks derive from
20 polyethylene glycol, from polyoxypropylene glycol or
from polyoxytetramethylene glycol, they are either used
as such and copolycondensed with polyamide blocks
having carboxylic ends or they are aminated in order to
~be transformed into diamine polyethers and condensed
25 with polyamide blocks having carboxylic ends. They may
also be mixed with polyamide precursors and a chain
limiter in order to make polyamide-block polyether-
block polymers having randomly distributed units.
Polymers having polyamide and polyether
30 blocks are described in Patents US 4,331,786, US
4,115,475, US 4,195,015, US 4,839,441, US 4,864,014, US
4,230,838 and US 4,332,920. . .
The polyether may, for example, be a
polyethylene glycol (PEG), a polypropylene glycol (PPG)
35 or a polytetramethylene glycol (PTMG). The latter is
also called polytetrahydrofuran (PTHF).
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| ymers having randomy distributed units. Polyners

Bl)loflgmpgey and pol ygt her 30 bl ocks are described in Patents US 4,331, 736US
US 4, 115, 475, US 4, 195, 015, US 4,839, 441, US 4,864,014, US 4, 230, 838 an |
4 33’2 926. The polyether may, for exanple, be a polyethylene glyco
(iDEG)1 a pol ypropyl ene glycol (PPG 35 or 2a pol yt et ranet hyl ene gl ycol ]
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t he pol yether bl ocks ar &hetthexiuthe iprblyéttﬂeeﬁhwl@c&fs tQﬁepq_ﬁt%t heBcﬂgciée& oc
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called, for sinplification EG bl 0ck I .
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cont ai ned di f feavlqd, urﬁdﬁtsﬁﬂmt e engeﬁgfjpgévgf?%ﬁgnbgt B¥’Ee%(io% ycol ,

r et ranet hy _
%Sgﬁlt gggog’ls?/%%c’p% ?‘tsh pol yan de- bl ock pol yet her-bl ock polyner is

: i Ho say
such that the polyam deIits wbalds)wét Cast bﬁit%&fdebYtl‘l@ gg{is anggj; hatSahi ch

that the amulhvehRgh ya{%dgo £ ;}g&r#’?sﬁég’i g@ﬁg ”}%&m 4 dd%fieremsi ght
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Iof ﬁgle gf yt hén&&pyamug@. ASoginits derivesd| fredheethyDeélie glycol,
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Advant ageous| prop egﬁogng,cg?_ %Qloxq.?mg%e%#g%l%t% ATount Ofﬁﬁm yether are in
H]gf (efglolygi/m dteﬁgo %gf ygéflﬁfré% |5989H§1Yand t hethml yet hepolphmd.ae ng(c):kt he
same pol ynerpolBethbavbloekpgsliyhfdsy /ﬂr)noﬁgﬁ;q,s@The term Ol%olglg%ﬁ)l&o

under Sfﬁodz?ﬁ%%ﬁﬁ%%Ogéﬁéﬁﬁ‘%%‘” YRISHE Fhatniis Sacisa, that
exanpl e, et hyq:lggeampuapyloé:'n@qilyaimﬂﬂd aﬂmcbltlill is oh ¥Me FJW’E of blocks
and that which is possibly distributed randomly in the

15 chain represents 50% by weight or more of the
polyamide-block polyether-block polymer.
Advantageously, the amount of polyamide and the amount
of polyether are in the (polyamide/polyether) ratio of
from 50/50 to 80/20.

20 Preferably, the polyamide blocks and the
polyether blocks of the same polymer (B) have
respectively masses Mn of 1000/1000, 1300/650,
2000/1000, 2600/650 and 4000/1000. _ .

The term polyolefin is understood to mean a

25 polymer containing olefin units such as, for example,
ethylene, propylene or 1-butene units or any other
alpha-olefin. By way of example, mention may be made
of:

- polyethylenes such as LDPE, HDPE, LLDPE or

30 VLDPE, polypropylene, ethylene/propylene copolymers or
metallocene PEs,

- copolymers of eth?lene with at least one
pProduct selected from the salts or esters of
unsaturated carboxylic acids, or the vinyl esters of

35 saturated carboxylic acids. '

| Advantageously, the polyolefin is selected
from LLDPE, VLDPE, polypropylene, ethylene/vinyl



afpha-olef.in. By way of exanple, nention nmay be nmade of: - polyethyl enes
such as LDPE, HDPE, LLDPE or 30 VLDPE, polypropylene, ethylene/propylene
copol ymers or netal |l ocene PEs; - copol ymers of ethylene with at | east one
pr oduct selected from the salts or esters of unsaturated _
carboxylic acids, or the vinyl esters of 8% saturated carboxylic acids.
Advant ageously, the polyolefin is selected from LLDPE, VLDPE,

pol ypr opyl ene,acetztty | ecepolymers o2 a:e&&qﬂ%n&ﬂﬂ@{ler S(ﬁt?i%%@hk%%
nmet h) acryl at S. Y, e densi may | )
<(31nd 0? 965yandetf &e %i&é] oﬁégﬁﬁ*éég%%s‘}" m%;l egmh%%nmﬁ¥3 ShPelresn

By way of exarfpi&s 8ndf|Qdtehasnd pgitgnmedt nElow odindex biMPEXemaky be

pol yvi nyl i dengpddwidn ds. 4 R )4 copol yners cont ai ni ng vi nyl i dene _
fluoride VF2), ethylene-tetrafl uoroethyl ene copol ymers, poly(tri- .
f1 uor oet hyl®ne), t rB¥ | W¥ohyeEamples ofofduprinatedo polwwtsner s
and copol ymer sneaft droax aﬁwogepmwebﬁlnﬁobgv%v uaEﬁéd%&%oquvra@myml SfﬁFne)g,L t
chlorotrifl uor Advant ageaously, . , 1S use | _

et hyl ene- vi nyl&géé%&scopoq%f%’lg?lng Theft ¥ 4‘?}? fr@rﬂg[’ﬂﬁe_ hydf&d ysi s
of 15 et hyl emd/hyilene-tatataflliommgihylene,  ddpal yniwsss Ol yslr%mpw?% y
bei ng i nconpl ub o cetate : S remai ni ng.

exanpl e of o%l'glsterst%ﬂyr}%@rﬁéﬁon may ?gl%?d%%é@%eol yet h%oé’r‘féym rs,

t er epht halt elomepplymens,oppdut §PRRYMEESe phE hdlexafluoxoprdfdhe and
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By EVOH is meant ethylene-vinyl alcohol

copolymers. They derive from the hydrolysis of

15 ethylene/vinyl acetate copolymers, this hydrolysis
possibly being incomplete and wvinyl acetate units
possibly remaining.

By way of example of polyesters, mention may
be made of PET (polyethylene terephthalate), PBT

20 (polybutylene terephthalate) or PEN (polyethylene
naphthenate) .

Polyester-block polyether-block - copolymers
are copolymers having polyether units derived from
polyetherdiols, such as polyethylene glycol (PEG),

25 polypropylene glycol (PPG) or'polytetramethylene glycol
(PTMG), carboxylic diacid units such as terephthalic
acid and glycol units (ethanediol) or 1,4-butanediol.
The linking of the polyethers and of the diacids forms
the flexible segments while the linking of the glycol

30 or of the butanediocl with the diacids forms the rigid
segments of the copolyethereste;.

Such copolyetheresters are described ‘in
Patents EP 402,883 and EP '405,227, the contents of
which are incorporated in the present application.

35 By way of thermoplastic polyurethanes,
mention may be made of polyether urethanes, for example
those containing diisocyanate units, units derived from



25 pol ypropyl ene glycol (PPG or polytetranethyl ene glycol (PTM3,
carboxylic diacid units such as terephthalic acid and glycol units
(ethanediol) or 1,4-butanediol. The linking of the polyethers and of the
‘diacids fornms the flexible segnents while the linking of the glycol 30 or
of the butanediol with the diacids formlthe rigid segnents of the
copol yet herester. Such copol yetheresters are described in Patents EP
402, 883 and pblgabhézdiollbe andt am15ts)f dérrinhedir efxionc oethiamiedil dln  bire
present appl cat| way of t her nopl astic
polyurethane gfloﬁgggneglo%ade of pol yether urethanes, for exanple
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units, unpt suaéFFveanfllt@m mugrﬁﬁ‘l PEQTRhAUS SP%]W%Tﬂ??glﬂ% #84 from

et hanedi ol Oﬁgitﬁﬁdér‘lﬂ;gbdt Eo lélthafB@d&ch.t e Erom g.r,ﬂf butmiierili]iﬁﬂls f
cont ai ni ng substanti a % mol e of carbon nonoxide for each._mole_o
1Vkek e

unsat ur at ed nononer OREP may PESsel e&2 f r on"SPFRAPPE i ns
havi ng from 2ubstaftdailbyn caeom®ler dhararbomhstonoxide fieri eathveelel t may

al so be sel egkeqﬁiéﬁﬂﬁaééa r ﬁl%ﬁomeg y*i?ymoqﬁfrde\iat tﬁ?s be OQEE}.E?:SQG. by

substitution Wt as neth renes styrene an
i sopr opyR8t yEeam. ai.pha -olefins havwing obrom 2t ke %I%’é‘@%eﬁtoﬁﬁeor

et hyl ene- cagheRrMan®sdeueaRel ﬂarlsraﬁlﬁéﬂyl B! apéepbéeaeie@%aon
nonoxi de copgl yIers. V\hen the pol), kseton aréa Cé)pO gge n a:) eh{yl ene,
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B i i
Preferably, the polyketones are ethylene-
carbon monoxide copolymers or ethylene-polypropylene-
carbon monoxide copolymers.
When the polyketones are copolymers of
ethylene, a second monomer and carbon monoxide, there
20 are at least two ethylene units for one unit of the
‘second monomer, and preferably from 10 to 100.
The polyketones may be represented by the
formula: - (-CO-CH,-CH,-)y- (-CO-A-),-
in which A denotes an unsaturated monomer having at
25 least three carbon atoms, the x/y ratio being at least
2.
The units - (-CO-CH,-CH,-) and - (-CO-A-)- are
randomly distributed in the polyketone chain.
The number-average molar masses may be
30 between 1000 and 200,000, advantageously between 20,000
and 90,000, measured by gel permeation chromatography) .
The melting temperatures may be between 175 and 300°C,
usually between 200 and 270°C.
Syntheses of these polyketones are described
35 in Patents US 4,843,144, US 4,880,903 and US 3,694,412,
the contents of which are incorporated in the present
application.



in which A denotes an unsaturated nonomer having at 25 |least three carbon
atons, the x/y ratio being at least 2. The units -(-CO CH2-CH2-) and
-(-COA-)- are randomy distributed in the pol yketone chain. The
nrunber - aver age nol ar nmasses may be 30 between 1000 and 200, 000,
advant ageously between 20, 000 and 90, 000,1%easured by gel perneation
chromat ography). The nelting tenperatures nmay be between 175 and 300[err]C,
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copol ynmer having mal e c. anhydride units; thus (S) has affinities wt
pol yet hyl enes rz%?tftrm‘gleEac(l”ﬁvvi and pgwarﬁ’aegﬁvBFQWaﬁ/fﬁﬁn%I wigh (@)

mention nmay banthdédble to react with (K), or vice versa.
For example, (S) may be a polyolefin chain
15 having polyamide grafted species or polyamide
oligomers; thus (S) has affinities with polyolefins and
polyamides. _ _
(S) may also be an ethylene copolymer having
maleic anhydride units; thus (S) has affinities with

20 polyethylenes and may react with polyamides.

By way of example of (S), mention may be made
of functionalized ©polyolefins, grafted aliphatic
polyesters, polyether-block polyamide-block polymers,
optionally grafted, and copolymers of ethylene and an

25 alkyl (meth)acrylate and/or a vinyl ester of a
saturated carboxylic acid. _

(S) may.also be a block copolymer having at
least one block compatible with (M) and at least one

- block compatible with (K). '
30 The functionalized polyolefin is a polymer
" containing alpha-olefin wunits and epoxy units or
carboxylic acid wunits or cérboxylic-acid anhydride
units. -

By way of example, mention may be made of the

35 polyoiefins mentioned with regard to the polymers (M),
or SBS, SIS, SEBS or EPDM block polymers grafted by
unsaturated epoxys, such as glycidyl (meth)acrylate or



-of functionalized pol yol ef i ns, grafted al i phatic pol yesters,

pol yet her - bl ock pol yam de- bl ock pol yners, optionally grafted, and
copolynmers of ethylene and an 25 alkyl (meth)acrylate and/or a vinyl
.ester of a saturated carboxylic acid. (S) nmay al so be a bl ock copol yner
havi ng at | east one bl ock conpatible wi®B (M and at |east one bl ock
conpatible with (K). 30 The functionalized polyolefinis a
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rboxylic-acid a ride unit exgﬁg!e hi may be
made of the Y5Sg§MFated éﬁéﬁx%ﬁﬁd ﬁ}ahap§¥g?§4%§trmapoI?ﬁgﬁg'ﬁ%% y
SBS, SIS, SERahgdrideM bI ock pol yrrers grafted by unsaturated epoxys, such
as gl yci dyl (rret h) acry %l%r ?6 (i?e[)t?ﬁi?@ Sgacids, such as
(meth)acrylic acid, T ate car I C aC|d anhydrldes such as
mal ei ¢ anHydrlde anh«nﬂmmglﬁmebsb@ﬁnﬁﬁhﬁ eng, of an unsaﬁﬂﬁﬁﬂ%ﬂmﬁs of
ethyl ene, g%,eégsahar at Sﬂtﬁeﬁén nd, of Opéﬂ oRdaturafedn dardaixylaied

carboxyllc ac ter or salt or vin ter of a saturated rboxylic
acid. These acdd fQﬁt%'&a%l ga Etmﬂ PSALY gﬁ}PYj AT P §cﬁdﬁatura AP
grret Eg acry: aicglrbo d VHE . h’:;‘h@ée 18rept hgsireaxb.mbllyzl, ethylene/vinyl

nmet h) acryl ate Ci acr, ggﬁh rs ofgy
et hyl ene, of 4% %‘ryaﬁléﬁﬁtar boééFg%‘?g dr| de Oé_{{%f an
unsat ur atied eaHyderd faldgild, pneshbagrphatejgthndxllzé@ﬁﬁbh§Qﬁ¥¥ﬂtQE
(Zn) or an augﬁpiyag 3ﬂ (Li), and optionally of an unsaturated carboxylic

vin

acid ester ester of a saturated carboxylic acid. These, are,
for exanpl e, ethyl ene/ vi ngPPaE¥mars/ Rf ePERYABDEy | dﬁcﬁﬁol% turgted

et hyl ene/ al k\darboxyliet i Vlaily/dwildd ¢ and/or adfy drdnle unsaturated

carboxylic acid, possibly partly neutralized by a metal

15 (Zn) or an alkali metal (Li), and optionally of an

unsaturated carboxylic acid ester or of a vinyl ester

of a saturated carboxylic acid. These are, for example,

ethylene/vinyl acetate/maleic anhydride copolymers or

ethylene/alkyl | (meth) acrylate/maleic anhydride

20 copolymers or ethylene/Zn or Li (meth)acrylate/maleic
anhydride copolymers; and '

- polyethylene, polypropylene, ethylene-
propylene copolymers which are grafted or copolymerized
with an unsaturated carboxylic acid anhydride and then

25 condensed with a mono-aminated polyamide (or a
polyamide oligomer. These products are described in EP
342,066.

Advantageously, the functionalized polyolefin

is selected from ethylene/alkyl (meth)acrylate/maleic

30 anhydride copolymers, ethylene/vinjrl acetate/maleic
anhydride copolymers, ethylene-propylene copolymers
which contain mostly propylene; these being grafted by
maleic anhydride and then condensed with monoaminated
nylon-6 or monoaminated oligomers of caprolactam.

35 Preferably, this is an ethylene/alkyl
(meth)acrylate/maleic anhydride copolymer containing up
to 40% by weight of alkyl (meth)acrylate and up to 10%



20 copolymers or ethylene/Zn or Li (meth)acryl ate/ mal ei ¢ anhydri de
copolyners; and - polyethyl ene, pol ypropyl ene, et hyl ene- propyl ene
copol ymers which are grafted or copol ynerized with an unsaturated
carboxylic acid anhydride and then 25 condensed wth a nono-am nated
pol yam de (or a polyam de oligomer. THése products are described in EP
342, 066. Advantageously, the functionalized polyolefin is selected from
ethylene/alkyby(mnh@ﬂﬁcmﬂeﬂaﬂé&&eﬂmhﬁﬂrldahymhédalkympdhﬁthnaprylate

et hyl ene/ vi ny 1 a C C , ylene
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40% by wei §ht © P&Er-yl ate and up to 10% 14 by wei ght of
mal ei ¢ anhydri de. The aldyyl waget hbﬁcr)gﬁfe;emy 49]31 néegéedpm%gf%tﬁgyl

| at t hyl ut Iat acr
gcre%/hsl ﬁex;e/l ¥1 3 &gycln%% i%/%d% ?ﬁ/atpeo t%/C?ﬁ‘;lecr ﬁgé:eéﬁdbé' et hyl
met hacryl at e. mB}e\J.Gy mhndaided gliyshiayilc met;lasryﬂ.ater,rerﬁlmyﬂ. rreystlele:smde
of pol ycapr ol get f r |
vinyl estérs of of @z%reegfmea pé?iéﬁﬁé’a;”{%gdégﬁﬁfgbéa 3, AR e

711,791, £Re EEnt%k.s7 Bk mhhehc&n&qnt@or%ryhée |raxteheup¢@§mra§9@| ii@at i on.
The pol yam dethboglgea@meta@@h@a(@qlg,rpol ynmers were described earli er W th

or "5 al kyl acrylates. THEs PRIEAmLOS Bf ekod Rt BAQh: PORVIES =305,
the contents wekrehidescaribeidn@ayldeat adlitiin tdpayd esenthappbloneirsn.(M) . '
These products may be grafted by vinyl chloride or
15 alkyl acrylates. These products are described in Patent
EP 365,398, the contents of which are incorporated in
the present application.
The polymers (M), (K) and (S) may contain
plasticizers, fillers, fire. retardants, glass fibres,
20 etc.
The Applicant has also ‘dis'cqvered -that the
ratio between the amounts of (S) and the amounts of (K)
is important. For theoretical values, i.e. assuming
_ that all the (K) is encapsulated, of the thickness of
25 the capsule, i.e. of (8), lying between 10 and 30% of
the diameter of the encapsulated nodule, i.e. of the
(8) + (K) assembly, the compositions of the invention
benefit most from the combined presence of (S) and (K).
For values which are higher, and
30 advantageously higher than 40%, there is "screening"”,
the encapsulated nodule producing the effects of a
nodule of the same size c‘onsisting only of (S), i.e. as
if (K) were replaced 'by (S8). The advantage of the
invention is nevertheless to have reduced the size of
35 the nodules. For example, if the polymers (M) must
contain nodules of (S) in order to obtain such or such
a property but these nodules are too coarse, then the
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The pol yners , (K) and (S) may contain plasticizers, fillers,

ret ana%ts, gl(zl\i/’ss fibres, 20 etc. The Applicant has al so discovered that
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15 PA-6,6, the temperature of bending under load (HDT) is
~ increased. _
_For the aforementioned average thicknesses of
(8), the compositions of the invention benefit from the
effects of (S) and of (K).
20 It is also possible to be in a limiting case
in which, at low strain, (8) essentially screens (K)
and which, at high strain, (8) starts to no longer
screen (K). (K) then starts to play a (structural) role
by providing additional strength (as long as (K) has
25 been selected for having these properties, for example
PA-6,6 while (M) is PA-11). .
Thus, for exainple, the flexibility and
impact-strength measurements would be fully improved as
(8) (in this case, a highly flexible impact modifier)
30 fully screens (K). On the other hand, dﬁring bursting
of a pipe (destructive property, and therefore the
corollary of high strains), the nodule will deform in
such a way (the thickness decreasing in the direction
perpendicular to the strain) that (S) no longer
35 completely screens (K), and (K) then adds to ' the
strength.



"For the aforenentioned average thicknesses of (S), the conpositions of the
invention benefit fromthe effects of (S) and of (K). 20 - It is
al so possible to be inalimting case in which, at low strain, (S)
-essentially screens (K) and which, at high strain, (S) starts to no | onger
screen (K). (K) then starts to play a (%gructural) rol e by providing
additional strength (as long as (K) has 25 been selected for having these
properties, for exanpl BtPAvéubdwhidte be) out®idél)thdhussope fof thenpl e,
the flexibilit n agc} -st ur n roved
as (S) (in th?¥¥’85 8H rﬂl%ﬁ?y em%égel&rs'}pa%yermgr%o gmfn?i#yi creens
(K). On the arbundhd¥d, dhatngisutatray shas piee qu‘eﬁmp%mrty
and therefor H?f Eorﬁxld%)ﬁéﬁ fhaf e §52e LFe trsluhedullels did ofif i n

such a vvaé |ck ess ecreasl ng in the direction perpendicular to the
strain) t ataFS?rﬁBnFSnﬂéFhﬁ ecoRPEBLAPR- screens (K), and (K) then
adds - to the strengthThe ikbrdritisnl ﬁisncpammmmm tisefadopim othehe

' ti if th f (S . , toi t
sy thar t hecBHEapgh: aF AERIRBLAEEAEE, altd) o BUERCoaPh POPKARLREE (RBRL '° °
nodul es i s | saabuaateddpniyesterst.he | nvent [ on The invention is

particularly useful i n%xhggnq._?ggougﬁ_g t W)”%Q{@S(K)Csaré I\/gelégggngg_»om

pol yam des and satura E ester Advant a eous Y, are
sel ect ed1fr oheo samee Samblyadf ypol rré‘F@‘ (R (&P |%335%‘F eérPF‘om

et hyl ene/ al kg{-_hylene(/agkgmacr yl at(aéﬁab abg-ylate/manby_d:rl de caaniyumae,
(et hy acry| abePgEyBeas: (rchyieoriravt® At oo ° AhyaRifeY!
et hyI ene/ vi ngbpdiymeetat e/ géyhyﬂighe(a&kw.acr yl(methtepuoi}atedglycidyl
(meth) acrylate copolymers and ethylene/vinyl
15 acetate/glycidyl (meth)acrylate copolymers.
| Preferably, (M) and (K) are chosen to be very
gimilar to each other in the same family of polymers,

for example PA-11 and PA-12.
According to the preferred embodiments of the

20 invention, polymers having the following properties or

characteristics are respectively chosen for (M), (S)
and (K) :
rigid/flexible/rigid
high Tg/low Tg/high Tg4
25 Tg > 0°C/Tg < 0°C/Tg >0°C (Ty denotes the glass

transition temperature).
semi-crystalline/amorphous or pseudo-
amorphous/semi-crystalline
crystalline/amorphous or pseudo-amorphous/
30 crystalline
Examples _
The following designafions are used:
PA-11: a nylon-11 having a M, of between
45,000 and 55,000 and not containing a plasticizer;
35 PA-11 p.20: a nylon-11 of the PA-11 type
containing (7 + 2)% by weight of BBSA (butylbenzene
sulphonamide) as plasticizer;



Preferably, (M and (K) are chosen to be very sinilar to each other in the
sane famly of polyners, for exanple PA-11 and PA-12. According to the
preferred enbodi nents of the 20 invention, polyners having the foll ow ng
properties or characteristics are respect# ely chosen for (M, (S) and (K)
rigid/flexible/rigid high Tg/low Tg/hi gh z Tg > O[err]C Tg <
O[err]C/ Tg >0[err]C (Tg denotes the gl ass tranS|tion t enper at ure)

sem -crystal | i ne/ anor phoBA=11_po0: a psmldm—lanoqfhoulhfeseHA-M.ysiltypéi Ee
crystalline/ang, pse ﬁgD& / ~30 stal li ne Exanpl es The
foylomnng de5|gﬁﬁgggﬁén%r£1%s§d§pgA Qggﬂélgﬁ %ééaV|ng a N%err] of

bet ween 45,000 and 55, 008Rakd: n& F}Uﬂrparﬂ?ngoﬁ Mwasef cifzam 45,000 to
PA-11 p.20: oasgypep; 11 of the PA-11 type containing (7 2)% by weight of
BBSA (butylbenzene sulphonanlde as pl i Ciz 17 PA-11

nyl on-11 of®the PA-11 tyBé con?élnln ﬁ%ﬁ? %sﬁ% ]melgh?c¥wliééz@a¥§9§2 a
nyl on- 12 of Mmh}}dnidérmnpﬂ}&ﬁrtm&&r@goaé prloportlﬁnsL by wé#ight

et hyl ene/ but yl yl an r capo avi_ng_as
proportions by 9/1§ '/%; %Jan I Q é et% %(3 6*@;\3\ﬁhchlﬁs 5?1%%“
copol yner obt @waehl%tmmmﬁ haghcnresauaey:adlcm;l cataadayesst he nelt

flow i ndex. 10 fcggm,t NeBé éf@eﬂrg&h haag'yl ate copol yrer
havi ng as roportlons by vvel e? h‘g ¥ 8 3 at 190[err]C, 2.16
kg. PA-12 $%20: a nyl on- taﬁﬁl ﬁ& en? %FWY acrylate copolymer

having as proportions by weight 84/16 and an MFI of 0.3
at 190°C, 2.16 kg.

PA-12 p.20: a nylon-12 containing (7 & 2)% by
weight of BBSA.

15 PA-12 p.40: a nylon-12 containing (12 + 2)%
by weight of BBSA.
_ EPR, denotes a maleicized EPR (ethylene
propylene copolymer) .
The results are given in the following table
20 (the % are by weight). The compositions indicated in
the table correspond to a total of 100%, the percentage
of the major component not appearing. For example:
PA-11 p.20 + 6% L + 6% PA-12 means that there is 88% of
PA-11 p.20 in the composition. _
25 In Example 20 (PA-11 + 5% PASA) means a
nylon-11 containing 95% of PA-11 and 5% of PASA.

PASA denotes a semi-aromatic polyamide
obtained by the condensation of lauryllactam, BMACM
[bis- (3-methyl-4-aminocyclohexyl)methane], isophthalic

30 acid and terephthalic acid, as described in EP 550,308.

In the table, the "expected flexural modulus"
denotes the flexural modulus calculated from the
percentages of the constituents without taking account
of any synergy between the constituents or of the

35 morphology. Thus, in Example 5, a value of 600 MPa is
expected because there is the same amount of PA and
because 600 MPa was measured for Example 3 (the



wei ght of BBSA. 15 PA-12 p.40: a nylon-12 containing (12 2)% by
wei ght of BBSA. EPRerr] denotes a mnaleicized EPR (ethylene propyl ene
copolynmer). The results are given in the following table 20 (the % are by
wei ght). The conpositions indicated in the table correspond to a total of
100% the percentage of the nmgjor COnponéﬁt not appearing. For exanple:
PA-11 p.20 + 6% L + 6% PA-12 neans that there is 88%of PA-11 p.20 in the
conposi tion. B%fference inl nm&falpse of0 PAPL 1land 5®BA-RASAhasedaen a

nyl on-11 contghg&ggtggy)of PA-11 and 5% of PASA. PASA denotes a

sem -aromati c pol'yam' de obt ai ned by the condensation of |auryllactam
BMACM [ bi s- ( 3- net hyl - 4- am nocycl ohexyl ) net hane] , i sophthalic 30 acid and
terephthalic acid, as described in EP 550,308. In the table, the "expected
fl exural nodul us” denotes the flexural nodulus cal culated fromthe

percent ages of the constituents w thout taking account of any synergy

bet ween the constituents or of the 35 norphology. Thus, in Exanple 5, a

val ue of 600 MPa is expected because there is the sane anbunt of PA and

because 600 MPa was neasured for Exanple 3 (the 18 difference in nodul us
of PA-11 and PA-12 has been negl ected). 19 Mechani cal properties Ex. C.
Conposi tion Fl exural Expected Pipe burst Burst No. o
nodul us flex. (stress) nodul us m

nod. at +23[err]C 100 p



REPLACEMENT SHEET (RULE 26)

arati Vv : 1 SO e
178 NFR 12632 MPa MPa Unpl I Ci
PA-11 family 1 xPAL2 plasti ci zed
y & X 1100 2 xPAll
.1000 3 x"n + 25% L 600 4 x " + 50%L
320 18 6 512 "4+25% i
6L + 25% PA12
450 600 31 729 x " 4+ 10%L
860 Superflexible (150-200 MPa) plastici zed PA-11 famly 6 xPAl11 p
300 24 7 x PAl11f 15 ¥echanical properties
igg Ex.|C tmposition 0 O [iBAdal[Abpettaddige tursl) [Botsty
No.|o 15 8 8 [|[xmdantpg 4 (Flex-3(JopiEeress) modulus
igg | i " %g 8 9 PA11940™%F 15%°F *¥°I5ps PAL2
PA-11 fani |y 102k PAL1p20 11 Flexble (|300 50 I\/Pa)4gl)ast ¢ zed
32 6 x PAllp4Qa 300
24 B ]% X PA11p20 + 12% L 320
24 B 12| PA11p20 + 6% L + 6% PAlp 1s0 340
430 DO |Warious 13 x PA12p40 178 NFR 12632 400
25 14 x PA12paq § 30% L Mpa 105] 15"*pa1bnan + 11506 L
+ 15% PA12 Unplasticized PA-1108¥pily 3p5 21 ' 9 16 1x
gAlleZO + 50 Fhi ,“-‘% II 9 I-’/-\J_IAHM R 12000 24
O S ATV D 750
22 DR Bt pan 10061 + 200 LoRE" 215
22 <llo b PRIBP20 + 5% L + 7% 320 18 $ogS
29 Bs20 | ¢ RevLA +5HPABA) +6% L +69] PAFD s00 310007
Unpl astici zefioFRdLZ b1 Ty 28 X PA12 860
1100 25 x PA¥2 "§§4Haxm. (150-200 MPa) plasticized PA-11 family 880 °
6 |x|PAll p40 300 24
7 |=x IPA11£15 160 14 8
8! x]PAllp4O + 25% L + 5% Lotryl 180 15 8
8 x|PA11p40 +30% L 180 15 8
9 |P311p40 + 15% L + 15% PAl2 185 255 20 11
|I'J.exib.'l.e (300 - 350 MPa) plasticized PA-11 family
10 xlpanpzo 420 32
6 xIPA11p40 300 24 8
11 leAllpZO + 12% L 320 24 8
12 PA11p20 + 6% L + 6% PAl2 340 430 29 9
lvazioua
13 leA12p40 400 25
14 | x|PA12p40 + 30% L 195
15 PA12p40 + 15% L + 15% PAl2 225 325 21 9
16 xIPA11p20 + 5% mEPR + 7% PAl2 360 28 8
12° PA11p20 + 5% L + 7% PAl2 355 450 29 8
17 PA11p40 + 10% L + 20% PAl2 215 22 10
18 xIPAllp&O + 10% L + 20% HDPE 310 22 7
19 | x|[PA11p20 + S¥Y L + 7% PA6 380 29 8
20 (PA11+5%PASA) +6% L +6% PAl2 1000
Unplasticized PA-12 family
28 | x[PAl12 1100
25 |x|PA12 + 15% L _880
26 {xPA12 + 30% L 715 27.5 3.8
27 PA12 + 15% L + 15% PAll 740 860 30.5 4.1
Table 1



26 X PA12 + 30% L 715 27.5

3.8 27 PA12 + 15% L + 15% PAl11 740 - 860
30.5 4.1 Table 1 20 Mechani cal Optical properties
proporties Conposition Tensi on: Not ched :
Transpar ency stress Char py Good if 20 Good if at 50% i npact
hi gh | ow el onga- -40[err] C Trans- ~ Opacity tion
m ssion (new (560 nm standard) 2 N HeSimieat 1
179: 93 MPa kJ/ nferr] % propelkipd St i Ci Sepkobbieidd farfi |y
1 x PAl12 Composition Tension: | Notched Trahsparency 10
35 2 x PAll stress Charpy | Good if | J&dod if
33 3p 3 [x" + 25%L ac SOk | dmpact | high Low
15 23 464 x "+ 509 L | S | 0 | Tene | opacity
18 15 60 5 "+ 25% L + P5% PAL2 (new (560 nm,
20 27 43 29 x " + 10% L standard) | 2 mm)
14 14 52 superfl exible (1pU-iE80 |VPago pl BStl cl Z¢€d PA- 11
famly 6 x PAll p40 R 527 | 179:93 6
19 40 7 [x PA11f15 MPa kJ/u” ' 15 *
2 28 UnplastidiZedBPa-y1 FRabdryp40 + 2p% L + b% Lot riyl :
16.5 1 |x|[pa12 13 oo o X} PALIp4pD +750% L 10 35
16.5 2 |x|pA11 ﬁi4 A§7r? 3" ;
%i- 11 fanil y915 PSS _ i 2o
10 2;4 X" + 50% l'ﬂn a ¥ pA11p40 18 15 60
24.5 b 5 " + 25% L 3 S¥ PA12 40 11 x| PA11p2D - +2012% L 27 43
24,5 B29 {x|" + 108 L16 54 12 PA11p20 +146% | +146% PAL1Z2
31 17 [puper£1exibie (150-200 ava) pdadticiids rA-31 tanityl ZPAU
4 § x|PA11 p40 6 19 40
7 xIEAllflS ' 15 2 28 43
8' | x|PAllp40 + 25% L + 5% Lotryl 16.5 7 13 58
8 |x|PA11p40 + 30% L ’ 16.5 7 14 57
9 IPA11p40 + 15% L + 15% PAl2 23 9 20 48
[Flexible (300 - 350 MPa) plasticized PA-11 family
10 | x {PAl1l1lp20 10 25 40
6 |x|PAllp40 24.5 6 19 40
i1 xIPA11p20 + 12% L 24.5 8 16 54
12 PA11lp20 + 6% L + 6% PAl12 31 17 21 47
Ivu-.ious
13 | x |[PA12p40 4
14 | x[PA12p40 + 30% L 5 10 47
15 {PA12p40 + 15% L + 15% PAl2 . 17 " 40
16 | x |PAl1p20 + 5% mEPR + 7% PAl2 1 63
12 IPA11p2O + 5% L + 7% PAl12 22 47
17 IPA11p40 + 10% L + 20% PA12 9’ 20 a8
18 xIPAllp40 + 10% L + 20% HDPE 8 2 56
19 [x [pA11p20 + 5% L + 7% PA6 ) 16 53
20 (PM_1+5%PASA) +6% L +6% PAl2 21 40
Unplasticized PA-12_ family
28 x. PAl12 6
25 | % [PAl12 + 15% L
26 xIPA12 + 30% L 9.5 mod. mod.
27 IEA12 + 15% L + 15% PAll _ 10 good good

Table 1 (1°° continuation)
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14 x PA12p40 + 30%L 5

47 15 PA12p40 + 15% L + 15% PA12 0
17 40 16 x PA11p20 + 5 nEPR + 7% PA12
1 63 12 PA11p20 + 5% L + 7% PA12
22 47 17  PAl1p40 + 10% L +230% PA12
9 20 48 18 x PA11p40 + 10% L + 20% HDPE
g 26 56 19 x PA11p20 + 5% L + 7%. PA6
53 20 [VIsdopAI|lW0aAE iap 6] epprplrey |Encapsulation

21 40 Unpl asticized P, &ésn&a 3&? g ﬁ%ﬁl
6 25 x PA12 + 15% L 26 x PA12 + 3004 poozf, low- | whea hot) '
9.5 mod., mod, 27  PA1D eseamen| L 1506 ALY =

Ex. [C| good Compesitiqdood Table 1 (1[err] cdntin [ ameter? | relet

E _ uat i rdiameter? lendapselatqat
Manuf[BCt ik Exudati on %iphol ogy Encapsullati on MF B possi bl e '
(ei(;)fadgf 23:5C, gkg even on 3 pl agticizer ghort, | oy when hot) m x| ng

rzEx. Co ositioﬁ

s K No. |® " rodul €
di ane} er [2encapsul ated? m

Dv (SEM aat i gll0 mn

Unpl abti¢i bed PA-11 fagily 1 96“6"&?%') Y N pm JlErT]m
0. 2 a4l x| |mopisstdcized PA-11 family ~— = = Ao X F259%T
0.3 5[ * |*PR450p | + 250h PA]
0.2 [7 [=[myes
3 | x|" +25% L
4 x|" +50% L
s " +25% L + 25% PAl2 0.2 yes
29 Ix|" +410% L 0.2

Superflexible (150 - 200 MPa) plasticized PA-11 family

x |PR11p40 .
x |pAa11£15 ' yes -31%

8' | x|pAl1p40 +25% L +5% Lotryl no -9% 0.2
x [PA11p40 + 30% L no -9% 0.2

PA1lp40 + 15% L + 15% PAl2 yes -9% 0.07 yes

Flexible (300 - 350 MPa) plasticiged PA-11 family

10 | x [Pa11p20

6 | x|PAllp40 yes -13%

11 | x |PA11p20 + 12% L -6% 0.2

12 PA11p20 + 6% L + 6% PAl2 yes -6% 0.07 yes
Various

13 | x jpA12p40 10

14 | x |PA12p40 + 30% L 0.3 no 79* 0.2

15 PA12p40 + 15% L + 15% PA 3 yes -9% 0.07 . yes

16 | x |[PA11p20 + 5% pEPR + 7% PAl2 -6% 0.8 no

127 | |PA11p20 + 5% L + 7% PA12 | 6% 0.07 _

17 PA11p40 + 10% L + 20% PAl2 yes -9% 0.07 yes

18 | x |PA11p40 + 10% L + 20% HDPE -9% 0.9 yes

19 | x [PA11p20 + 5% L + 7% PA6 | :  -6% 0.6 yes

20 (PA11+5%PASA) + 6% L + 6% PAl2 0.07 yes

Unplasticized PA-12 family

28 | x |PAl12 30

25 | x|pA12 + 15% L 9 .

26 |x|PA12 + 30% L 4 no 0.25
27 PA12 + 15% L + 15% PAll 14 yes 0.15

Table 1 (2*¢ continuation)
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X

(2)92 )s(u'p')e:ﬁ)oeﬂ;(:_bl e (150 - 200 MPa) plasticized PA- J,HMHMIHHIMIIIHMHMO 7
. 'ye§ 't m s =31%8

x PA11f 15

11p40 +25% L_+5% lotr no -9% 0.2
gA xpP211p400+ W03 34 O/té 79 22 no FPCT/FR97/Qbpo1l
0.2 9 - PA11p40 + 15% L + 15% PAl12 yes -9%
0. 07 yes Flexible (300 - 350 Mastlm zed PA-11 famly 10 X
PA11p20 6 x PA11p40 yes
-13% 11 x PA11p20 + 12% L -6%
0.2 12 PA11p20 + 6% L1« 69 eyumoplastic composition yeemprising at 6%
0. 07 ]Yé‘ésé/abhgusp&fymér Pp(mp"@ormlng a matrix in whichl®dé X
PA12p40 + 30% L 0,3 no - 9% 0.2
15 PAL2p40 dispgried nedylee of at lgast one polymer (K) which gage
0. 07 erecapful at 1128t + 16HstERdRer O yHER (%b %nlguch a way
-6% no 12' 11 50W L + 0
6% . o'y thesp, deaaugned” IYss, re " sialTer than e
-9% @ules of theepdiymer PAS)pabichlGive digpersBBEin the

L - 9% : yes 19 x PAl1p20+5% +7%°A6.
6% hatrix 0. yes 20 (PA11+(%PA§J§; £ 6%L + 6%PAL2

0. 07 yes Unpl as? i ci ZRemgsibionniageagding PAELCZ Claim 1: in
30 25x PAl12 +vﬂlﬁéﬂ- (M) is selected from &gByole + pedm
4 8 PA12+15%L+1 A)PAll
14 ydluoropolymers, saturated; pslyssters. (oRAVYCHRATAREY i on)
WD 97/ 46619 styrene res:.nsZZ PMMA, polyure€hamne®// ¢T001, Cld?slﬂdfiﬁners
Ther nopl astic ri t | o] ormn
matrix in whic &’s?(% ra Sé nogi?gls{gbf 8&%{) %grgneﬂﬁ*%:\&i%e%?gh are

encapsul at ed |1ﬂ-Qs€‘tkS eaghdonepplystther ( Spliogksuch BV@ay teétdiylidmeserinyl
encapsul at ed Pﬂcggm %&p&l’{ﬁﬁéfé thHap ﬁgﬁ,ﬁ%ﬂgg of the polynmer (S) which

are dispersed in th

3. Composition according to Claim 1 or 2,
in which (K) is selected from the same polymers as
(M) .

4. Composition according to any one of the

preceding claims, in which (S) is selected from
functionalized polyolefins, grafted aliphatic poly-

esters and polyamide-block polyether-block polymers,

optionally grafted.

5. Composition according to one of the

preceding claims, in which (M) is PA-11, (S8) is an
ethylene/alkyl (meth)acrylate/maleic anhydride copoly-
mer and (K) is PA-12.
. 6. Composition according to one of the
preceding claims, in which the thickness of the capsule
is between 10 and 30% of the diameter of the
encapsulated nodule (S) + (K).



matrix (M. 2. Conposi tion 'accordi‘ng

Caim 1, in which (M is

to
selected” from pol yol efins, polyanides, fl uoropol yrrers sat ur at ed

copol ymer s havi ng pol yani d

pol yesters, polycarbonate, rene resins, uret hanes (TPU),
Wb%@b‘k@w BT 1o gﬁ%‘r PERIY| yest er bl ocks and
N
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sel
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As printed

(54) Title: MULTIPHASE THERMOPLASTIC RESIN COMPOSITIONS.
(54) Titre: COMPOSITIONS DE RESINES THERMOPLASTIQUES MULTIPHASES
(57) Abstract

The invention features a thermoplastic eomposmon comprising at least onc matrix forming polymer. (M) in which are dispersed
nodules of at least one polymer (K) encapsulated in at least one polymer (S) such that these encapsulated nodules are smaller than the
polymer nodules (S) dispersed in the matrix (M).
(57) Abrégé

L’invention conceme une composition thermoplastique comprenant au moins un polymre (M) formant matrice dans laquelle sont

dispersés des nodules d’au moins un polymere (K) encapsulés dans an moins un polymare (S) de telle sorte que ces nodules encapsulés
sont plus petits que les nodules du polymere (S) dispersés dans l2 matrice (M).




