WO 2004/ 078846 PCT/ FR2004/ 000328 COVPCSI TI ON COVPRI SI NG A POLYMER NMATRI X AND
A * FUNCTI ONALI ZED ADDI TI VE AND | TEMS MADE FROM SAID COWPCSI TION 5 The
present invention relates to a conposition conprising at |east one pol yner

“matri x and oLgﬁg}Jﬁﬁggqggf unctional i zed additive obt :il,' Q?PRPUOU%OEE@C“ on of

a mxture o onprising at |east one polyftunctional conpound and
wat | east one functionalized 10 nonofuncti onal conpound. The conpositi.on

according to the invention makes it possible in particular to manufacture
yarns, fibers, filoompdsimmntcoMPREISINGIed PGIIMMER eMATRIEX RRITDRA ART Pol yner s
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spi nning, 20 especially into nunmer ciGMBOSITIAE such as, for exanple, body .
parts, which are bl ow nol ded, extruded or transfer nolded, yarns, fibers or
films. There are at |east two major constraints in all these 25 polyner
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manufacture yarns, fibers, films, filaments and molded

articles.
15 PRIOR ART

Polymers are raw materials that can be converted by
transfer molding, injection molding, injection-blow
molding, extrusion, extrusion/blow molding or spinning,
20 especially into numerous articles such as, for example,
body parts, which are blow-molded, extruded or transfer

molded, yarns, fibers or films.

There are at least two major constraints in all these

25 polymer conversion processes.

The first of these constraints is that the
thermoplastic polymers used have to be characterized,
in the melt state, by a viscosity or a rheological
30 Dbehavior compatible with the abovementioned forming
processes. This is because such thermoplastic polymers,
when they are in the melt, have to be fluid enough to
be able to be easily and rapidly conveyed and handled
in certain forming machines.
35
The other constraint that weighs on thermoplastic
polymer compositions is associated with the mechanical
properties that they must have after having been



these nechanical properties are the inpact strength, the flexural or
tensile nodulus, the flexural or tensile strength, anong ot hers. Moreover,
“tt is common 5 practice, in order to inprove the mechanical properties of
t her nopl astic polyners, to add reinforgi%g_fillers to them for exanple
m neral, glass or carbon fillers, in order to formconposite materials. 10
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inthis matrix in 30 order to provide it with the required functionalities,
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mechanical properties of the polymer when formed and

hardened.

To try to correct this, it is also common practice to

20 incorporate, into thermoplastic polymer matrices,
various additives suitable for modifying their melt
rheology. These additives are all the more useful when
the polymers contain reinforcing fillers.

25 The dilemma that arises with these additives is that
they have to be both inert or nonreactive with the
matrix, in order not to cause profound changes to the
chemical structure, for example crosslinking, while
still being able to be dispersed in this matrix in

30 order to provide it with the required functionalities,
and to do so uniformly.

However, the first requirement, of nonreactivity, would
have more of a tendency to employ additives that are
35 not compatible with the matrix, whereas the second
requirement, of dispersibility, would encourage a
person skilled in the art to use instead additives
having a structure compatible with that of the matrix.



extruded. 5 There is consequently a need to develop additives that are
capabl e of nodifying the rheol ogi cal behavior of thernoplastic matrices and
_‘enabl e the nmechanical properties to be nmaintained. It is also desirable to
10 have additives capable of being able {o_nodify the hydrophobicity and/or
hydrophilicity of a polymer matrix w thout conprom sing the rheol ogy and
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in the spinnin r 20 an
Application Vfgﬁpcgﬁ§668 relates to the preparation of a star pol yam de
functi onaki zed by a polyalkylene oxi de block and its addition to a 25
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t hat nodi fi esndthei-b rheohegt cakohglrawieingt haHey droipsdlogyt yaadd/ athd he
mechanical properties of the compositions.

15 1International Application WO 02/066716 relates to a
process for manufacturing polyamide yarns and fibers,
consisting in melt blending a linear polyamide with a
star-type polyamide. The copolyamide obtained makes it
possible to improve the yield in the spinning process

20 and to avoid breakages.

International Application WO 03/002668 relates to the
preparation of a star polyamide functionalized by a
polyalkylene oxide Dblock and its addition to a
25 polyamide matrix so as to improve the hydrophilicity
and antistatic behavior of the composition obtained.

However, the additives wused do not allow a good
compromise to be achieved between the rheology, the

30 mechanical properties, the hydrophilicity and
hydrophobicity.
INVENTION

35 The present invention relates to functionalized
additives, including chain stopper compounds. These
functionalized additives are incorporated into a
polymer matrix, especially so as to modify the
rheological behavior, the hydrophilicity and/or the



hydr ophobicity of the polymer matrix, preferably a thernoplastic matrix,
wi t hout conpronmising the nechanical properties, and in particular the
iFnpact  strength, of said fornmed and hardened matrix. 10 Preferably, these
additives do not react with the polynergmatrix, advantageously nmade of a
olyam de, that is to say they are not capable of nodifying the chem cal

tructure on ﬂ%@r%mi@téfxsay\@iﬁ&wld 15 for exanple result in a
reduction in t'he rolecular” weight of the matri x. The conposition according

to the invention has a nelt flow index suitable for transfer nolding and
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expensi ve ancPlerendibi et $ad of PEPeRr e rhaEdened RatEdKymer . 35 Fl GURES

Figure 1ighows the setup used for visualizing the capillary imbibition of
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Figure 2b Shotyﬁaé h?sc%poi ! Lg{/y trhie £ zﬂ"é i Hgtt I<1:%pable of modifying the
chemical structure on the polymer matrix, which would
15 for example result in a reduction in the molecular

weight of the matrix.

The composition according to the invention has a melt
flow index suitable for transfer molding and injection

20 molding operations, for example allowing complete
filling of a mold. The composition according to the
invention is thus suitable for wvarious melt-forming
techniques, namely injection molding, injection-blow
molding, extrusion-blow molding, film forming,

25 extrusion and spinning, and also having a high
mechanical strength and possibly good transparency due
to low crystallinity.

This polymer composition possesses the melt rheology
30 and mechanical properties required in the industry for
conversion of these polymers, without the incorporation
of additives, carried out in order to improve these
properties, being excessively expensive and disturbing
the other properties of the polymer.
35
FIGURES

Figure 1 shows the setup used for wvisualizing the
capillary imbibition of water into a yarn, in which (1)



experinment. DETAILED SUMVARY OF THE | NVENTI ON 10 The present invention
relates to a conposition conprising at |east one polynmer matrix and at

. I'east one additive, said additive being obtained by the reaction of a

bl end of conpounds, which consists of:-ak a pol yfunctional conpound of
formula (I): 15 R1-X (1) b) optionally, a difunctional nononmer of formula
(11) or the acepmwspans ngheyglarn floeimg XeRBEyd( land cj2)a mepovesroticorsa
conmpound of f I 1) =Y. (k11)si 0 which: - Rl represents a

hydr ocar bon rbgl#%aﬁaorgén%%%rng é??‘?%%naer;(‘é-é érﬂl'epr esents a hydrocarbon radical;
25 - X and Y Biguzmt agosihowisc tlecstast f gictibgnagxper bupat caphsne e
reacting togefhgr {0 dhRe LS et cHPHFed -sELuSidet ween 3 and 50,

preferablé between 3 an 15, particularly, between 3 and 10 and nore

parti cul aPl y FHgnsRt webn Shews 4; thed -caBi1EpF¥sedtiSen arrpRdti che

cycl oal i phat igxperithétit ar omati ¢ hydrocarbon radi cal and/or a silicone
radical, it being possible for said radical R3 to conprise one or nore

het erocatons, with the exception of 35 polyal kyl ene oxi des. The radical Rl
may be a sil| IDETAILER | SENMARY/QF THE INVEBNWEION, cycl oaliphatic and/or
aromati ¢ hydrocarbon radical, which may be substituted or unsubstituted, -

6 linear or branched, and unsaturated or saturated. It may contain 2 to
100, prefléralffye 5 poez@ntcar boveatdns. Uelakms al §0 ingl udwmARS8r1qtr e
het er oat ons i 101 af NEeQELUBREOPBRYMBY mAtHEQUGRd RROSRIGSne
fluorine, 5 oxygen, silicon and sul fur

additive, said additive being obtained by the reaction
of a blend of compounds, which consists of:
a) a polyfunctional compound of formula (I):
15 R*-X,  (I)
b) optionally, a difunctional monomer of formula
(II) or the corresponding cyclic form:
X-R%*-Y  (II)
c) a monofunctional compound of formula (III):

20 R*-Y  (III)
in which:

- R' represents a hydrocarbon radical and/or
silicone;
- R? represents a hydrocarbon radical;

25 - X and Y are antagonistic reactive functional
groups capable of reacting together to form a covalent
bond;

- n is between 3 and 50, preferably between 3 and
15, particularly between 3 and 10 and more particularly

30 Dbetween 3 and 4; and
- R?® represents an aliphatic, cycloaliphatic
and/or aromatic hydrocarbon radical and/or a silicone
radical, it being possible for said radical R?® to
comprise one or more heteroatoms, with the exception of

35 polyalkylene oxides.

The radical R* may be a silicone radical and/or an
aliphatic, cycloaliphatic and/or aromatic hydrocarbon
radical, which may be substituted or unsubstituted,



Preferably, the Rl radical is either a cycloaliphatic radical, such as the
t et raval ent cycl ohexanonyl radical, or a 1,1, 1-propanetriyl or
."1,2,3-propanetriyl 10 radical. Mention may be nmade, as other Rl radicals
suitable for the invention, by way of exanple, of substituted or
unsubstituted trival ent phenyl and cyclohexanyl radicals, tetraval ent

di ami nopol et fyLgne, 1 adbgabaqni thha Buahen,atomethy! eaearaure 18
advant ageousl'y of “bet'weéen and’'12, such as the radical originating from
EDTA (et hyl ematti aontetist Radeetlid® , avieheraddivavialtent2@y cFareRandkyms or

cycl ohexadi nepylnay' adiseAlitic13d 'Y Y Snd¥d Théted Fosk SO KOSBRUPHSm
resulting fromthe reaction of polyols, such asggl ol, 20 Pgntaer%thrltol
sorbitol or Frﬁﬁnig’éq",lpvmfﬂ?megcrgl’bnil'f‘rqlf%gerpr eP 5&‘3‘?}’ i staiPahife
functional geaypewheriXicbapaadesus farcar boxylic functional group, or Yis a
25 carboxylic functional group when X represents an am ne functional group.

The reactive_functional groups; X and are th capable of form an am de
functi onal BFSES?agg_}’Y %ER? a 1sor8_ lgﬁTaIJt,sthngﬁﬁcﬁ oﬁ%?fﬁ?%b]ﬁl%\ggﬁ X
represents argarbarylicsaghd famcticoral @eevhvalentar beyylbkeREhényl _
derivative, or Y is a carboxylic acid functional group or carboxylic acid

derivative whediKalyemmsanislad-Rrophoetiandt ighal  §r duprogpectea¥rti ve 35

functio groups ang Y are thus capabl e of rm - L1

functi 02524 gFB‘ég?aﬁjénﬁq%ﬂtﬁ%{} b%a%ag)ee? %?ggkarr%)gers%é(}?efool%f 3%%??%%%
conpounds of shoegbla (fFpr ofhe, Adrént RbmA( (B 5wear bexyekRympiycl obexanone,
di am nopropane-N, N, N , N - tetraacetic acid_of followng formula: 0 11 C

HO G HzZQ\ CHeubetdbutef cigr HARRNPEEL EutegCc emEvelept” phenyl and
cyclohexanyl radicals, tetravalent diaminopolymethylene

radicals with a number of methylene groups
15 advantageously of between 2 and 12, such as the radical
originating from EDTA (ethylenediaminetetraacetic
acid), octavalent cyclohexanonyl or cyclohexadinonyl
radicals, and radicals originating £from compounds
resulting from the reaction of polyols, such as glycol,
20 pentaerythritol, sorbitol or mannitol, with

acrylonitrile.

Preferably, Y 1is an amine functional group when X
represents a carboxylic functional group, or Y is a
25 carboxylic functional group when X represents an amine
functional group. The reactive functional groups X and
Y are thus capable of forming an amide functional

group.

30 Y may also be an alcohol functional group when X
represents a carboxylic acid functional group or
carboxylic acid derivative, or Y is a carboxylic acid
functional group or carboxylic acid derivative when X
represents an alcohol functional group. The reactive

35 functional groups X and Y are thus capable of forming



11 11 OO0 or the conpounds originating fromthe reaction of 10
trinmet hyl ol propane or glycerol with propylene oxi de and ani nati on of the
“term nal hydroxyl groups. The latter conpounds are sold under the trade nane
Jeffam ne TO by Huntsman and have as geperal formula: /A-NHZ R<~-A-NHZ
A-NH2 15 in which: - Rl represents a 1,1, 1-propanetriyl or 1,2, 3-
‘bropanetriyl amadistary, funttriepradsgrmaips pol yoxyet hyl ene radical. 20 It is
al so possible to use Jeffam ne T403(r) (pol yoxypropylene triam ne) from
Hunt sman as pol yfuncti onal conpound according to the invention. Exanples of
pol yfuncti On@der&qrmpum% that mEdebe a25 Suirplde e pRNlifonetiocnhal
particular in docunent US 5346984, in docunent US 5959069, in docunent
Appl i cati on \WONERERO araf i n focowbat EPIB72708f ti 28 2,Mbst-itetrasPrade nore
particularly of nitrilatrialkylamnes, in particular_ nitgjlotryiethylam ne,
di al kyl enet ricaarﬁbr?é%xefihr}’ol)p&aﬁ]i XYt hy gﬁéf“rlflé?ﬁ‘irﬁ&ane'w'k'w 0
trial kyl enet gldaiNes i+ K d 4 akdw@nrpaedamines, the alkylene preferably
bei ng et hyl ene, and 4-am noet hyl -1, 8-oct anedi am ne. Mention is al so made of
t he pol yfunctional conpounds exnhibiting 3 to 10 cabboxylic acid groups,
preferably 3 10 or 4 carboxylic bci d groups. Preferlénce is given, anong
these, to the conpounds exhﬂﬂ??ﬁﬁéﬁ R aronatiC,AWHﬂQﬁ'O%eterocyclic ring,
for exanpl e benzyl, naphthyl, anthnaUeﬁVtHJb%phenn& %gg tri phenyl radicals,
or heterocycles, such as pyid-dﬁﬁﬂzc bi pyri di ne, Giryol€]

(0]

o)

or the compounds originating from the reaction of
10 trimethylolpropane or glycerol with propylene oxide and
amination of the terminal hydroxyl groups. The latter
compounds are sold under the trade name Jeffamine ® by

Huntsman and have as general formula:

A—NH,
R\—A-'NH2
A—NH,

15 in which:
- Ry represents a 1,1,l-propanetriyl or 1,2,3-
propanetriyl radical,

- A represents a polyoxyethylene radical.

20 It is also possible to use Jeffamine  T403®
(polyoxypropylene triamine) from Huntsman as

polyfunctional compound according to the invention.

Examples of polyfunctional compounds that may be
25 suitable are mentioned in particular in document

US 5346984, in document US 5959069, in document

Application WO 9635739 and in document EP 672703.



15 indol e, furan, thiophene, purine, quinoline, phenanthrene, porphyrin,

pht hal ocyani ne and napht hal ocyani ne. Preference is very particularly given
"to 3,5,3",5 -bi phenyltetracarboxylic acid, acids derived from

pht hal ocyani ne and from napht hal ocyani ne, 20

3,5,3 ,5" -bi phenyl tetracarboxylic acid, &,3,5,7- napht hal enet et racar boxylic
Yacid, 2,4, 6- Maritdisre- triisar boxytdde aci dmckes, 3' , Padtiimuliadyllyt et r acer boxyl i c
acid, 3,5,3,5 -benzophenonet et racarboxylic acid, .

1, 3, 6, 8-acri di¥fet 9%%%9 ™ReRi d, nore part?cul arly 25R&G4CHA%esi ¢

acid and 1, 2,4 5-penzenatigi T acaidoxyl i ¢ 4251 fy1Maatir9Bmisedl, SO madg rpf

pol yfunctional conpounds, the core of which 1s a heterocycle exhibiting a
poi nt of 30 pammwteylawucHlisthylzetrianines, triadiviienstetnasimgse,
conpounds _derjved fr.om 2,3, 6- | pi.per azj 4- pi i or
tetra- thraf uafr%/cgl etr?etsFaal\;bkrs%]ieorheL?ésI%ﬁ%@?%rt itgﬁluﬁr aﬁlgg’nlaeé‘lee 01% RESHENY

2,4, 6-tri (ampwoaapreiley pand) -dnd, H-dtiinaetiey ]l TAB)octaRedianimes, the

pol yfunctional conmpound of forrmula (I) is preferably chosen fromthe group
conprising: 2,2,6,6- tetra((3-carboxyethyl)cycl ohexanone, di am nopropane 5

N, N, N, N -t etyaacesi ciaci th s taigdeOt &£ 2l agd Nesunct 1 6ALKY! @m nes
and tetraal ky eneS%%té%iﬁ%%? 4-aa% noeth?%—%g%?gct%%ed?anine, ,5,3,5" -
bi phenyl t et r asdiiimdtying Zctd, 1accdsbdryl vedatidngrphpisal poedenadlyarsd from

napht hal ocyani ne, 3,5,3" ,51 10 bi.phenyl tetracarboxylic¢ aci.d
o Y A ATty Dy BO30| BEOUBPG. PECACRSHVE denGivem RIS ¢ aci d.

3,5,3",5" - bi pyHdSly] t ebr 3Ry beXYbbGndS| @xh3b2t3Ing®'an aromatic and/or
benzophenonet et racar boxylic acid, 1,3,6,8-acridine- tetracarboxylic acid,
trinmesic aci etlexoay®lis badngnet ekerncackemplic de¢azyl, 3, naphitdnilnes, 1, 4-

‘i“ Z_Zi nes, mel gy a%ér%f’”f‘%ipﬂ%ﬁqb‘ie‘j IAEM Lriphefivat eLE§10Y] I pergei ne,
, 4- pi perazines; tetr 1 a
heterocycles, such as pyridine, bipyridine, pyrrole,
15 indole, furan, thiophene, purine, quinoline,
phenanthrene, porphyrin, phthalocyanine and
naphthalocyanine. Preference is very particularly given
to 3,5,3',5"'-biphenyltetracarboxylic acid, acids
derived from phthalocyanine and from naphthalocyanine,
20 3,5,3',5'-biphenyltetracarboxylic acid, 1,3,5,7-
naphthalenetetracarboxylic acid, 2,4,6-pyridine-
tricarboxylic acid, 3,5,3',5'-bipyridyltetracarboxylic
acid, 3,5,3',5'-benzophenonetetracarboxylic acid,
1,3,6,8-acridinetetracarboxylic acid, more particularly
25 still trimesic acid and 1,2,4,5-benzenetetracarboxylic

acid.

Mention is also made of polyfunctional compounds, the

core of which is a heterocycle exhibiting a point of

30 symmetry, such as 1,3,5-triazines, 1l,4-diazines,
melamine, compounds derived from 2,3,5,6-
tetraethylpiperazine, l,4-piperazines or tetra-

thiafulvalenes. Mention is more particularly made of

2,4,6-tri(aminocaproic acid)-1,3,5-triazine (TACT).



ful val enes, 2,4,6-tri(am nocaproic acid)l,3,5-triazine (TACT), polyalkylene
oxi des and/or m xtures thereof. 20 The radical R2 may be an ali phati c,
“eycloaliphatic and/or aromatic hydrocarbon radical, which may be
Substituted or unsubstituted, |inear or hranched, unsaturated or saturated.
It may contain 2 to 100, 25 preferably 5 to 20 carbon atons. It may al so
include one or nore heteroatons chosen fromthe group forned by: nitrogen,
phosphorus, fluorine, oxygen, silicon_and sulfur. 30 The difunctiaonal

mononer of fdMARa the) PSlpFenekasnyl GRIRAMRS oMbt hECERBLR cbhpr il ng:

c-caprol act ap ¥t b1y henegehe sl BHe aridupACEEmpalTs DAGapixg 63&@-d, p-

am nobenzoi c acid ﬁ{ n}ﬁg%gob nzai ¢ _aci.d, 11-am no- ugggcanoic acid,

| auryl | act am Hidfo P 197 KB cﬁyrfgl%%é’%ﬁ%e raci d, PFEHNEESEE oI ¢

aci d, capsol actonw, , N'6-tetdraage ttiexanoiacciat,i d,  aid rdllicgamelkydmchimes, ur es

t hereof. These ol4 Vv r f iﬁﬂﬁfi i ony varying

from2 to 15%1318116%%%}[3&}%%% %erg:eg%aﬁ'?{e@‘ﬁél adi ca 11‘5%%/ o?JL an

ali phatic, cyohigabetphelil Smeftanedioamine, hydrocarbon radidod.3'wi’'ch may be

substituted %iodﬂb?#ﬁséééf&@é’r oy PRI Yoy anched,gdinsaidpatey ore %Rt ur at ed.
e

It may 5 include o or nore hetleroatonms chosen fromthe groqu ,conpri sing:
ni trogen, phdPHALRSYENIRR i n@ndoxfEen, naphthkPARPLREf urd, Pt er'abl y, the
radi cal R3 CUHRdS1detaddboBprid cul aidig,5 t 0138, sCar-hRpriiTeneAs

menti oned above, the radical R3,does not mcl.ade gg.lo g)rog,ﬁ.of t he

pol yal kyl ene [GERREITRRZIY Bt _F LD y 2 #n8 - PYULHAPeRE1G8E5O%ET 1en Adsk
reactive furets @vals grmigpar Xk toradaciegakl Bc of aeadti ng 3ws,I3’ ,SHe
functional groups a Y.0 funcgtiqnal 15.c )| Qg%fﬂf formul a
(1) and of th]%e’g%?%&n%r&%eﬁ%?tr%%%%%’gpﬁ fo%n!hﬁa (ry? P RORATRS T onal
"chai n st opperetarmpaeexy bic f or mglial, trimesic  acid, 1,2,4,5-

15 benzenetetracarboxylic acid, 1,3,5-triazines, 1,4-
diazines, melamine, compounds derived from 2,3,5,6-
tetraethylpiperazine, l,4-piperazines, tetrathia-
fulvalenes, 2,4,6-tri(aminocaproic acid)1l,3,5-triazine
(TACT), polyalkylene oxides and/or mixtures thereof.

20
The radical R® may be an aliphatic, cycloaliphatic
and/or aromatic hydrocarbon radical, which may be
substituted or unsubstituted, linear or branched,
unsaturated or saturated. It may contain 2 to 100,

25 preferably 5 to 20 carbon atoms. It may also include
one or more heterocatoms chosen from the group formed
by: nitrogen, phosphorus, fluorine, oxygen, silicon and

sulfur.

30 The difunctional monomer of formula (II) is preferably
chosen from the group comprising: e-caprolactam and/or
the corresponding amino acid, aminocaproic acid, p-
aminobenzoic acid or m-aminobenzoic acid, 1ll-amino-
undecanoic acid, lauryllactam and/or the corresponding
35 amino acid, 12-aminododecanoic acid, caprolactone,
6-hydroxy hexanoic acid, and oligomers and mixtures
thereof. These oligomers generally have a degree of

polymerization varying from 2 to 15.



(I'11) is preferably chosen fromthe group conprising: a 20 nonoacid or
nonoam ne al i phati c conpound, such as n-hexadecyl am ne, n-octadecyl am ne
“and n-dodecyl am ne; a nonoam ne or nonoacid aromatic conpound, such as
benzyl am ne; a nmonoamni ne or nonoacid siljgfone oil, such as

pol ydi net hyl si | oxane nonopr opyI am ne; a ‘nonoam ne or 25 nonocarboxylic acid

organophosphops GARAA, g8 UGRLASHead NATAY {BNosRAgREE Aghd/oR TRI0AM N

or nonocar boxyli ¢ aci organos | f one compou such as sulfanilic acid and

sul f obenzoi ¢ akirhatiepnexalealdphatsvocaRBéRy i 2Bl g udrEnREaFrRaRoni um
Commours, suchaizp Mkeimandbr Wedusossianost ripasio i
present inventjon e follo ma e blended to er_ duri e
reaction: onelHi€3%r OF O*P’F?%ﬁ\’l\f%‘?l 52121 r%gd‘mfsteé# ggr’rﬁ‘fa&’ (1);

no, 35 one orim®leddi bher et rdm:femh&enalatamaorc&roesaﬁ fmmulthe (ddoup and one
or nore different nof unc co for ing on

t he desired %ﬁ%%eﬂ$13§ ﬁingﬁe ngggggggggﬁ’"ogghgﬁa(?
polynerlzatlmmllspnu@d@rsnbﬁurtoneéﬁrahéYmuﬁba'Rﬂdkﬂihﬂ% Qﬂnﬂakmmoners

of formila (13 1)ed ndlgyled Josbenbynct | anakizedy addiibyg, diigpendent|y of

their di strlbutlon over' t vari ous functionalized groups X of _the
pol yf unct i onaﬂen'@?d?@ﬁﬁlmcﬁhﬁ"efror iea TRYicplefRr aBPgs tRetf uREI ¢RI iZzed

addi ti Ve 1pOSSLSSES S O, ONErFdbly gggyféq@fojgpayn@ﬂ)gatl on of between 0 and 200
(l'imts included), nore pref erably bet ween 0 and 100, even nore preferably

between 0 and 10 60 and particularly between 0 and 40. Conventionally, the
degree of polpreféezatblpn pée bradtbadf H%edoésmmbitonﬁhi:ladeadtﬁddﬂaeré s

bet ween 0 and. 20 referabl we Q_apd t I 2, 3,
4, 5 and/or %’m %‘P?Iﬁ eﬁgPéPS %1 l?%418& gnq]al ze t}f\%‘:gég‘ eg"!slets%a
the functional groups X and/or Y of the polyfunctional
15 compounds of formula (I) and of the difunctional

monomers of formula (II).

The monofunctional “chain stopper” compound of formula
(ITII) is preferably chosen from the group comprising: a
20 monoacid or monoamine aliphatic compound, such as
n-hexadecylamine, n-octadecylamine and n-dodecylamine;
a monoamine or monoacid aromatic compound, such as
benzylamine; a monoamine or monoacid silicone oil, such
as polydimethylsiloxane monopropylamine; a monoamine or
25 monocarboxylic acid organophosphorus compound, such as
aminomethylphosphonic acid, a monoamine or
monocarboxylic acid organosulfone compound, such as
sulfanilic acid and sulfobenzoic acid; a monoamine or
monocarboxylic acid quaternary ammonium compound, such

30 as betaine; and/or mixtures thereof.

According to the present invention, the following may
be blended together during the reaction: one or more
different polyfunctional compounds of formula (I); no,

35 one or more different difunctional monomers of formula
(1I1); and one or more different monofunctional
compounds of formula (III), depending on the desired
properties.



nmol ecul ar wei ght of between 500 and 20 000 g/nol, preferably between 1000
.and 10 000 g/nol and particularly between 1000 and 5000 g/nol. 20 In
. general, during the reaction from1l to 60% by wei ght of polyfunctional
conpound of formula (1), fromO to 95%iay wei ght of difunctional nononer of
Jormula (1) and from3 to 90% by wei ght of nonofunctional conpound 25 of
formula (111)Tles e elipgiedad onPr edeenbly, dhgrewy olie pcbbiauer'nzatimn’m 3o 409
by wei ght of opal nd, or A % by
wei ght of uncl{lona E&%ngﬁég%%f Lﬂ'hf (?"Fl)al%h}l%:}:g%&% og-%(y%(}b wei ght
of pol yfuncthihal f@@m’pldand 6¥If or rinilydad ) 30 artehg) erfdPé’d?tJJQi‘-aﬂd-rﬁq ul ar,
during the r%ﬂ@ ff@HaggeﬁaeRQYg;bbfW@dmr of1 POk ¥UPESH 0BIerCamRound of
r

formul a 1) om20to8 ht of difunctional mynomer of fornula
(11) and Proriapiews 7@%“—5916?@%%3@ IERIRS ufictQfontle c ARITIR S aG nul a

(111) are bl essigsburdd &F efermbily, (the @Q‘éféh:abl@(;cﬁfh@ Marict ifdi@aliimernt i on
general ly has acid or amne_term nal rou&ﬁé ont nt ex essed in

meq/ kg, of beAMEERF aRASTBESES AL VA Thor e
preferably - d2 bebtahamno 0andd2026. (E’liaﬁ.esaﬂlhgzlutiled)conms tpmfemahmydi ng to

the inventi oneRnial psa fietl o0all redcaddidieghalecouse § Suieduction

in the ol ecut® e ‘polymer matrix noré conpared with
a cont rou0corﬁﬁ)sandorpantoxmxhamhg béeweane Opdndres O patdanveniiabaldout t he

addi ti on of e addibirks olof NepbDyREL B 1bhe pb! canldenel gt hsiang

measur ed according t defi ne r ot ocol details of the protocol P
for measuri ngfuriq’fél%b?]e’e%ﬁ%ra%’r'@h‘fe at® BPYWACHN Ot Rdex&mpRes A5ty

Accordi ng to Bdevddtyent iond tise 51l1kﬂlCEjanta|d1ﬂ%1(i-l@ddotl vg thersfose iss
advant ageousl ar agt erized by an ability to nodify the rheol ogical
behavi or of ‘matrix,

In general, the functionalized additive possesses a
molecular weight of between 500 and 20 000 g/mol,
preferably between 1000 and 10 000 g/mol and
particularly between 1000 and 5000 g/mol.

20
In general, during the reaction from 1 to 60% by weight
of polyfunctional compound of formula (I), from 0 to
95% by weight of difunctional monomer of formula (II)
and from 3 to 90% by weight of monofunctional compound

25 of formula (III) are blended. Preferably, during the
reaction, from 3 to 40% by weight of polyfunctional
compound of formula (I), from 10 to 90% by weight of
difunctional monomer of formula (II) and from 5 to 80%
by weight of polyfunctional compound of formula (III)

30 are blended. In particular, during the reaction, from 5
to 20% by weight of polyfunctional compound of formula
(I), from 20 to 80% by weight of difunctional monomer
of formula (II) and from 10 to 70% by weight of
monofunctional compound of formula (III) are blended.

35
Preferably, the additive according to the invention
generally has an acid or amine terminal group (TG)
content, expressed in meqg/kg, of between 0 and 100,

preferably between 0 and 50 and even more preferably



15 without conpromsing its structural integrity, and in particular w thout
consequently reducing its nolecular weight. This neans that the additive
."seens not to react wth the matrix. According to the present invention,

the nol ecul ar weight is defined as the_ itum of the 20 nol ecul ar wei ght
distribution of the polynmer matrix to Ich the functionalized additive has
‘been added, B t@@é%s@ygﬁaezgguivelents, measured by GPC (gel permeation
chronatography refractonmetric detection, as defined in the protocol P
given in detail 25 below The nolecular weight is nmeasured on the

conposi tion tpreberapryyzeteanbrpodite pridebrémposot ithie, irveser fwei ng
extruded, solidified and ooP i.onall ranyl a - he ve one
protocol P f o OWERELT | nﬁ t h&%h }cl’a?érzeéei éﬁgltggte%e l?“rl x%ée ag
conposi ti (Sn t vedhect homl ymedhaanﬂacalemnweéthomosﬂ'te @R 1 ymen | matsr n

extrusion, (? Bl g i3 tllagﬁ Og&@délp& of 1@ 1 gde,?o§§f59dscor;g@s{@p§n(cut up

beforehand into granules) t o the actua ecul ar "wel
det er mi nat i onCOMRFSipgottdedl s &§@#’n@aFﬁéanbEEul%}tbﬁwbhttﬁﬁ t he

conposi tions 23§49 gbRY b(f th@hé nvgalkenvand dehe @Q@trthe%Q'IE)stl tiygps is the
following: - 13. 1)_ Poly &){éx/functloﬁfglzed (gdltlve Ssitjons:

The polynerrﬁ@}?QU1%§p¥€F§PFy 156 VRAIF St RFROTAART Fﬁeq: Il i zed

additiveiare pﬁo@é@@DdPOr Theugbedils bEr theapriovwdeyl, H | fkemedswriil es,
and are then rebl gn (i The bl etnd i s then in.troglgced i_nt 2 t.Win-Scr ew
ey ]

extruder. Thi% f)lg‘f? REI RESH + AEC e PP Gler Tt TASt SRFEPAET £TOM0 about
30C above t heAoebtdiggpbonthémiofrentie opol winer furattriionalilweddddictiomal i zed

additive blethé?efgyé angagghEsgeously characterized by an ability
to modify the rheological behavior of a polymer matrix,
15 without compromising its structural integrity, and in
particular without consequently reducing its molecular
weight. This means that the additive seems not to react
with the matrix. According to the present invention,
the molecular weight is defined as the maximum of the
20 molecular weight distribution of the polymer matrix to
which the functionalized additive has been added, in
polystyrene equivalents, measured by GPC (gel
permeation chromatography) with refractometric
detection, as defined in the protocol P given in detail

25 Dbelow.

The molecular weight is measured on the composition to
be analyzed and on the control composition, these being
extruded, solidified and optionally granulated.

30
The abovementioned protocol P for measuring the
molecular weight of the matrix M in a composition to be
analyzed and in a control composition, involves an
extrusion, resulting in the production of extruded

35 rods. The rods (cut up beforehand into granules) then
undergo the actual molecular weight determination. This
protocol P for measuring the molecular weight of the
compositions according to the invention and the control
compositions is the following:



for 5 mnutes and rods are recovered at the exit of the extruder, which are
_then granul ated. The actual 15 nol ecul ar wei ght neasurenent is carried out

. on the granules by derivatization of the polyanm de by trifluoroacetic
anhydride, with respect to polystyrene istandards. The detection technique
JWsed is refractrometry; 20 2) Polymatrix control conpositions containing no
“unctional i zed addit i el yrher each ng taeik NMunaricitarsilal Zeded addiaddigive
conposition, ﬁF q&&%ar wei ght of the same polymer matrix is nmeasured
on a corrp05|t| corrprl Sing the polynmer matrix 25 but not the

functional i zetheadpgbliywer Tasrisy heebesicddy e Bpotyanige! Pabrigr amides,

especi al Iy paly@meda gianu 65Dl AAR0i 4 LR S quiERAP oRS dhathdandi cat ed

at point 1 above, except th 30t granul es cont ain no_functionalized
addi tive. 5Thef‘?)‘611yrr@fs rr@tor“i@@racc&lékﬁé t 8Tt HRETRRYERE T orPPr &% abiFTeonsi st s
of at |east gheepheidap! asti c (co) pol ymer chosen fromthe gr oup conpri si ng:

35 pol yol efi po] yesters, al kyl,ene de S, poal yoxy- al kyl enes,

pol yhal oal kylﬁ'l‘f‘e L%Sflgal H}ﬁ %t haPLEesy 8?3 p %‘?ky%en}“{ é’r "S5l at es,
pol yphenyl s thszeyzphenyl enes) pol yphenyl ene oxi de or pol yphenyl ene

ol yi nyl | dent b vHEE “HFtre PELA b nl BRERLSE:” okl a, cResdRy Y | oS

pol ycar bafat @?ouipoB%Cl ekowss, ther yidld img rrE@hJatr)ﬂml (pfacl:hep(ﬂqlm

pol yacryl ate B?' ymet hacryl ates, natural polyners 5 such as cellul ose and
derivatives thereo synt hetic ol ynmers such as synthetic el astoners, or

t her nopl ast i The IpbF Y@k 50Rvhi 28R AgdativeabieBfle Ifoidime hapagsnided o  any

one of the nofRes smimetéesegndnrble abevesesieeaadatpehemendt T tieso
copol yner s and/t?xr‘u elre,ndswhhe{'xe()farelo then granulated. The actual
15 molecular weight measurement is carried out on the
granules by derivatization of the polyamide by

trifluorocacetic anhydride, with respect to polystyrene

standards. The detection technique used is
refractrometry;
20 2) Polymatrix control compositions containing no

functionalized additive:

For each given M/functionalized additive composition,

the molecular weight of the same polymer matrix is

measured on a composition comprising the polymer matrix
25 but not the functionalized additive.

The method is carried out on polymer granules,
especially polyamide granules obtained in the same
manner as that indicated at point 1 above, except that

30 the granules contain no functionalized additive.

The polymer matrix according to the invention
preferably consists of at least one thermoplastic
(co) polymer chosen from the group comprising:
35 polyolefins, polyesters, polyalkylene oxides, polyoxy-
alkylenes, polyhaloalkylenes, polyalkylene phthalates
or polyalkylene terephthalates, polyphenyls or
polyphenylenes), polyphenylene oxide or polyphenylene
sulfide, polyvinyl acetates, polyvinyl alcohols,



Preferably, the matrix may consist of at |east one of the follow ng

pol ynmers or copol yners: polyacrylam de, polyacrylonitrile, polyacrylic
-acid, ethylene-acrylic acid copolyners, ethylene-vinyl alcohol copolyners,
15 met hyl net hacryl ate-styrene copolynppﬁg.ethylene-ethyl acryl ate

copol yners, nethacrylate but adi ene-styrene copolyners (ABS) and pol yners of

“ he sane fam ol efi gsuc é%nL y yle

pol ypr opyl enég}%vw %SI fal or’l n% qﬁ%ldﬁ}??éeneﬂguegg Herile

pol y( 4- et hyl polyeinyhe) | mly &ne, PO ysmyﬁieﬁe aRPLYSFABRANIAE ST t he
same fam ly; HONPEEISxands| Y (Rheh or %ydmeaﬁécr?@wur@&mn@folwm as

pol ynmeri zation products of diols, such .as cer ol tr| hyI r gpane,
1, 2, 6- hexanetPPoYackHdred| , %5 & Rﬁcﬁgf]{%qes'pol gjﬁgn ¥
pol yest er pol y®hsh angs eembumode adnd héesdwa tiizeis| ytharebfpolswrstdtqm!at es,

h 2 Y di Lyl
SUEh o8 2 S KEREs hL SHCU S Byt BN SO,

4,4 - d|cycIohqu¢hpm®aﬂeCdntemnyagaae amdstoppeumenopter tigentdmalf &1 | y;
pol ysul fonesda%}z Henytfhet}fg QLD me 1ﬁ8f‘&<§%<l‘?or Hett“ffeerhkﬁ)\?é?ﬁgﬁﬂoﬁ?é& of

2, 2- bi s(4- hydr [") pr opane an herz sul fone; furan

resins, such nglxm¢p§fu¢e@)alee @@P@hY@%ése%@@/OEI%%?F@§ BeERchs cel | ul ose
acet at e, 1ocellulose acetate butyrate, cellul ose propionate and polyners of
t he sane fam | ones such as

pol y(di net hyl %%‘FB 560- B‘ﬁeﬁ%ﬂ%ﬁhﬁ%l yéglagg%pglﬁ | Oxyﬂﬁ%‘gtopqeh %ame

fam ly; - 15 theorfdlllendnofpalyheast dmocopol preaboveqiotacmylamibes,

From the ar ouBo DERGH LRor 5601 yBrbSr BHERe patidny 1ty TR e oo

(PET), pol ybatyd eneopelgphrhal aeschyPBle-vpolyypr edyched teomplmiedsi e

(PPT), (gt h) ASE ) Pt Gt 2L ANG SR he copolymers, ethylene-ethyl
acrylate copolymers, methacrylate-butadiene-styrene
copolymers (ABS) and polymers of the same family;
polyolefins, such as low-density polyethylene,
polypropylene, low-density chlorinated polyethylene,

20 poly(4-methyl-1l-pentene), polyethylene, polystyrene and
polymers of the same family; ionomers;
poly (epichlorohydrins) ; polyurethanes, such as
polymerization products of diols, such as glycerol,
trimethylolpropane, 1,2,6-hexanetriol, sorbitol,

25 pentaerythritol, polyetherpolyols, polyesterpolyols and
compounds of the same family, with polyisocyanates,

such as 2,4-tolylene diisocyanate, 2,6-tolylene
diisocyanate, 4,4' -diphenylmethane diisocyanate,
1, 6-hexamethylene diisocyanate,

30 4,4’'-dicyclohexylmethane diisocyanate and compounds of
the same family; polysulfones, such as the products of
reaction between a sodium salt of
2,2-bis (4-hydroxyphenyl) propane and 4,4’ -dichloro-
dipheryl sulfone; furan resins, such as poly(furan);

35 cellulose ester plastics, such as cellulose acetate,
cellulose acetate butyrate, cellulose propionate and
polymers of the same family; silicones, such as
poly (dimethylsiloxane), poly(dimethylsiloxane-co-
phenylmethylsiloxane) and polymers of the same family;



copol yner (ABS), polyacetal (POM, polyam des, sem aromatic polyam des,
such as pol ypht hal am de 10 (AMODEL) or pol yaryl am de (| XEF), polypropyl ene
~oxide (PPO, polyvinyl chloride (PVC), as well as copolyners and/or blends
thereof. Preferably, the polynmer matrix,izs _a thernoplastic 15 matrix.
Preferably the thernoplastic polyner or polyners is or are selected from

‘the group of Bes GOV ISIdBE BHOYeve ik ss . Nyl on- 4,
nyl on-11, 20 é}xﬁ%l%‘ﬂ# nyl on-4/6, nylon-6/10, nyIVonEBGI 2, nylon-6/36,

nyl on-12/12 and copol ymers and bl ends thereof. As other preferred pol yners
of the inventien, paRRtcRNardy Npyelberiade pblgaeter y&dml |Gareniorg athephous

pol yam des, such as aliphatic polyam des,_.sem atromatic_pol 1 and, nore
general ly, Ii ol Wﬁﬁfaﬁs 5t a¥ﬁ88e8‘y Excip yg%’ﬁd A oﬁ%ﬁg %%grrllgén
al i phat i cs5or parlonetdpylesed,ur at pdlgeabydlenand artextegithalate al i(PEIVi.c 30

saturated prinar. J e, pyl ] taine t he I of a

| act am or of pgoﬁ%bnulq:lﬁéi@é{é d, %r I r?ggi}l%%o yamqg?sf)ébt ai %239%3%?82%gﬁsati on
of a bl end ofterepdkhalatioous (RBRber Smekby acpryéatsebiitadiese -esydeyPani des
may, for exa ol y t hy ian de, (8Empol yphihghaniades

obt ai ned fro@%@ﬁﬁ‘ﬂm [ ?%%lmé an,éj/@c}?%@i sopht hafi c jé)tci d, llEbsu?lﬁl as the

pol yani de solsemidamatie by amifesavoDEchand 38opoPPanPissadsimddtfed from

adi pi c agpd, (exmmbhhybengsdiafne abeaprrEast afolypfopytens dorgdeo one
particul ar empodi.nent of fhe igxentaon, M&? t her nop] astic gol msr%%}
is(are) a nylfie d-?ofnY‘bW%lﬁ PardGei (GNE) 1t RS i ati 08 COPSESTTES of
whi ch, neasurad/adr 23Ermiw dtermedf concentration of 0.01 g/m in a 96%

sulfuric acid solution, is greater than 3.5 and preferably greater than

3.8. To inprove the mechani cal properties of the conposition
Preferably, the polymer matrix is a thermoplastic

15 matrix.

Preferably the thermoplastic polymer or polymers is or
are selected from the group of (co)polyamides
comprising: nylon-6, nylon-6,6, nylon-4, nylon-11,

20 nylon-12, nylon-4/6, nylon-6/10, nylon-6/12,
nylon-6/36, nylon-12/12 and copolymers and blends
thereof.

As other preferred polymers of the invention, mention
25 may be made of semicrystalline or amorphous polyamides,
such as aliphatic polyamides, semiaromatic polyamides
and, more generally, linear polyamides obtained by
polycondensation between an aliphatic or aromatic
saturated diacid and an aliphatic or aliphatic
30 saturated primary diamine, polyamides obtained by the
condensation of a lactam or of an amino acid, or linear
polyamides obtained by condensation of a blend of these
various monomers. More precisely, these copolyamides
may, for example, be  polyhexamethyleneadipamide,
35 polyphthalamides obtained from terephthalic acid and/or
isophthalic acid, such as the polyamide sold under the
brand name AMODEL, and copolyamides obtained from
adipic acid, hexamethylenediamine and caprolactam.



10 according to the invention, it may be advantageous to add to it at |east
one reinforcing and/or bulking filler chosen fromthe group conprising
“fibrous fillers, such as glass fibers, mneral fillers such as clays or
kaolin, or reinforcing nanoparticles or {hose 15 nmade of a thernosetting
material, and powdered fillers such as talc. The degree of reinforcing

Tiller | nCor pREALLAMGS I AGhY dapsecacifiakhe shBBdandacin she frl d of 20
(0]

conposites. It may fi exanple be afiller, contepnt of /1. tq 90% .preferably
10 to 70% andiRpPREEPRCI f FOSI | FheRARIGSEHE ankCbY96T TRE f dAdAr6hal iZed
addi tives maynfushher nyfe baiganbimslecbami t vedigh@r, rethéor ateigataides ti ves,

such as toughness difiers, ,such as_optionally, gr el astoners._The

conposi tion attdraAPhgyt 0%t he "f}}f\f“g'f*{ti on® 'S}r%‘?soyatco?g%ﬁ a%?éot %&r a

appropri ate addhternesaviondoffant sQ139/tbr Exanpl e9dkl kiwgfurid eracidi 2),

fire retardants  honstaly | iz8lee Nears ! 305! 14 SprAgbuabignisrdel)
S C In the synt

| ubricants, prastrcrzers, npounds used for catal ysis esi s of
the pol ynmer nelhanx3.8ntioxidants, antistatic agents, pignents, dyes,
nol ding aids or 35 surfactants. The present invention also relates to a

process for manufacturing an addiLiVﬁ, said additive heing obtained by the
reaction of al®l| eéWAreYecbhpoliRGRaBdFpli BrREext1es) PL jthe PR ¥YE | owi ng:
3 ]pol yfur1cot: Oﬂéboﬁ@ﬂﬂQUPGa afhe gleﬂfeéﬁtic}sﬂr mika n(aig;?epraid@m}tbgegas to |
i functiona oner | nera ornmula (Il1).-or the corresponding. cyclic
form and a ﬁ%ﬁgfdﬁitfgha%%Cogﬁgﬁﬁd 8Fege%%+ F°¥8fﬂ%Ia§%§%§$”;§u#E$n'i ch: Rl
and R2, X andf¥]larandhR®ear e fdahi netheas gabmye. Thwpraspogi t iDilsrafs t he
i nvention may d a terd ak.qd he _f ] ofe . i | astics,
for 10 exanpl S TheEEhe Bkt te A *ibdeo onihELd1 Ok b 9EI8 a9
clays or kaolin, or reinforcing nanoparticles or those
15 made of a thermosetting material, and powdered fillers

such as talc.

The degree of reinforcing filler incorporation is in
accordance with the standards in the field of
20 composites. It may for example be a filler content of 1
to 90%, preferably 10 to 70% and more specifically

between 30 and 60%.

The functionalized additives may furthermore be combined
25 with other reinforcing additives, such as toughness

modifiers, such as optionally grafted elastomers.

The composition according to the invention may also

contain any other appropriate additives or adjuvants,
30 for example bulking fillers (Si0O,;), fire retardants, UV

stabilizers, heat stabilizers, delustrants (Ti0,) ,

lubricants, plasticizers, compounds used for catalysis

in the synthesis of the polymer matrix, antioxidants,

antistatic agents, pigments, dyes, molding aids or
35 surfactants.

The present invention also relates to a process for
manufacturing an additive, said additive being obtained
by the reaction of a blend of compounds comprising at



|nject|on nmol di ng or injection-blow nolding, extruded articles, by

conventional extrusion or by extrusion blow nolding, or filnms. 15 The
*conpositions according to the invention may al so be forned by nelt spinning
“into yarns, fibers or filanents. Preferﬁply a functionalized star

pol yam de additive is 20 used, this bei'hg 1ntroduced into a thernoplastic,

oreferably poi¥amode%hgat E{Dilowgné?t r gduggllygemcftri %ﬁon%d %qlrﬂfjdgf ve of

the inventio od fo I ntroduci ng
conpounds|rﬂgﬁmﬁrmderrmuyabéIMsedPtignﬁl vr st Sdifivee timpadomanameg

bl endi ng the aﬁd' IN&-a 1l nsserrmarmkifﬁ B I theaNgoPPLE i ¥gSWhjEGtd ng the

blend to a hi egree of shearin for. exanple in a Xtruder, so as
to produce g @Isﬁ@@s@oﬁwﬁﬁﬁﬂ? 0-ofe o x@QTRRYNG 5O eﬁ@Pﬁqgjrﬁ qWBtream

of the nmeans (fpr) forlrﬂ th&Bﬁ okt ean@l as%,i cx(randli vy, Apidwd n@P. arkecording
to a standard tho dglenentatron this blend is extruded in the form
of rods that 3FEIRH na%u? Yfto granul es. The nol ded parts are then produced
by 35 nelting the granul es produced above and feeding the conposition in

the nmelt statg into tran fer t. Qn | di

devi ces. For 1the ﬁﬁﬁ@?gétdpgsof a?ﬁ? %?‘%hd %%%d@éeétﬁe 3£%§

conposi tion omaaenedlatlnhethgrtfoéldheOéxtm@d@nlwgl opptliagtaldsy, f duirectly

into a sg_r nnr&g ‘HQ % df By, bey i ha&olvg%]&h mlsé§ i rb}pl endi ng
ed additive w

5 the functrona t he nononers of ymer ‘mat i x,
before or duririe@ol9nemodsingn. orxccléracﬁqrglqrbb&%rmaﬂafhnan Afhirydrd

concentrate 'Qrelcpeé%rr% v Mldrventlic?RAr edxt@lise%amPbe ase ordithdixpone 10
of the nmethods, descrij bed "above gﬁ be bl ended into the polyner matrix. In

general , fronP¥PY 1313898 pyotef ‘preferably 1 to

15 The compositions according to the invention may also be
formed by melt spinning into yarns, fibers or

filaments.

Preferably, a functionalized star polyamide additive is
20 used, this being introduced into a thermoplastic,
preferably polyamide, matrix. To introduce the
functionalized additive of the invention into the
polymer matrix, any known method for introducing
compounds into a matrix may be used.
25
A first method may consist in blending the additive
into the molten matrix and optionally subjecting the
blend to a high degree of shearing, for example in a
twin-extruder, so as to produce good dispersion. Such
30 an extruder is generally placed upstream of the means
for forming the molten plastic (molding, spinning).
According to a standard method of implementation, this
blend is extruded in the form of rods that are then cut
into granules. The molded parts are then produced by
35 melting the granules produced above and feeding the
composition in the melt state into transfer molding,

injection molding or spinning devices.

For the manufacture of yarns, fibers and filaments, the



15% by weight, particularly 1 to 10% by wei ght and nore 15 particularly
between 3 and 6% by wei ght of functionalized additive according to the
-invention is added to the polynmer matrix. According to another of its

- .aspects, the aimof the 20 presentilnmigipn is to produce articles
obtained by formng, preferably by transfer nolding, injection nolding,

™ nj ection-bl ogg?rﬁtfgégipgonegft{t}ésﬂ g¥t rysd oRses Bl oy M@ ngxprugeLkNNidNg, one
of the conpositions as defined above, 25 These articles may be yarns,
fibers, filnmoptionalbyrehed. diregt hayilareod bePHRRIRE 4 Hbt ded from t he

conposition 30 according to the invention and optionally reinforcing

fibers, such as glass fibers. The articles according.to the invention may be
obt ai ned froﬁ1§%98?§lm@&ﬁﬁéﬂWﬁXﬂR@eﬁkﬁﬁdVﬁbCPocpﬂgl?E§eﬁﬂ ,eQé?%ﬁmh as

t hose def isnedtigdovreainoAi cvaliiclesl nagidat $ve bevi tdbt sheedndriame s cofipadid i on
conprising several _different, additives.accordin he. L nvention. The

subj ect of t HROTAIRhtTORT ¥ aPSEOF e TisBIAE %g%%?yégigng%gxhndifying t he
rheol ogi cal behavior, the hydrophilicity and/or the hydrophocibity of a
polyirer ' Imal [h&-0fqfaduel | 203laededddl | ¥aade 08l | Ak aRONse S1fiNe, subj ect

of the present Inventton is also the use as agent for nodifying the
rheol ogi cal hebbyhe¥ sRtxixpolnrepared r fRrofXamPdddi 2FGRISENFhESC IRt on as

descri bed paboye wWhihmBLhoB2 bscrided svaahdypede abo¥RdedNd id the
representing an_aliphatic, cycloaliphatic and/or 10 aromati c hydrocarbon

radi cal and/ OPOBY™B¢¥ i BREI¥adi cal, said radical R3 possibly including one
or nore heteroatons. The subject of the present invention is also the use

as 15 agent %@r nodi fyi ng_t he hydr.o g? jcity of pol r ri f _an
addi tive of tHR PRUSHELon ALTSsdr T 5% by Vullgfe P Opt e B1Y 1 Yo
15% by weight, particularly 1 to 10% by weight and more
15 particularly between 3 and 6% by weight of
functionalized additive according to the invention is

added to the polymer matrix.

According to another of its aspects, the aim of the
20 present invention is to produce articles obtained by
forming, preferably by transfer molding, injection
molding, injection-blow molding, extrusion, extrusion-
blow molding or spinning, one of the compositions as
defined above.
25
These articles may be vyarns, fibers, films or

filaments.

They may also be articles molded from the composition
30 according to the invention and optionally reinforcing
fibers, such as glass fibers.

The articles according to the invention may be obtained
from several compositions according to the invention,
35 such as those defined above. An article may also be
obtained from a composition comprising several
different additives according to the invention.

The subject of the invention is also the use as agent



above wth Rl, R2, X, Y and n as defined above and R3 representing a

hydr ophobi ¢ al i phatic, cycloaliphatic and/or aromatic hydrocarbon radical
-and/or a silicone 20 radical, it being possible for said radical R3 to
“xconprise one or nore heteroatons. For e>5L awmple, it is possible to use a

nmonof uncti onal "chain stopper” conpound of fornmula (I11) chosen fromthe

*group formed ¢by: m%@.?gri'n% or gRRoampeAbgRRAN C COSRANEr, SUChes 25
n- hexadecyl am ne, n-octa Iam ne and n-dqdécyl anj ne; no ne or

monoaci d ar ol QEoRBHbbEHeY ~ 306K OFs t%n§¥ﬁ5ﬁpﬁ@mglﬁﬁn6&ﬁn Ae RﬂTYm?rFoaci d
silicone oi | ,mspEik & POoFwEkEbHY] S2édXAAE®1 VO PiOPYE BIMEE ; albedé or bl ends
thereof. 30 The subject of the present invention is also the use as agent

for nodifying the hydrophilicity of a polymer matrix of an additive of the
i nventionsas Ties céulbpect abdvehai pheaéntRznvxntYoandsn aé.sodalhienweame and

R3 35 representi hydr o ti ycl.oald p aromatic
hydr ocar bon r%%?rg‘gl ?f? cﬁf tFH]ea frg-lreogLéjlédléraéaldl g?ﬁtﬂa%lc%g corrprl se one
or nore het erpalymner amﬂmaqﬁo@pﬂhoﬁddltphespﬁﬁrlithe sulfeentiand/asy
quat ernary angp df%éc%n&ﬁé@é‘% Oklp R’“ tR URe na2Q 8XcRiHE Hbove

pol yal kyl ene OXI or exa possibie to use_a "chain, stopper"
monof unct i onadnd c%nm%ﬁnﬁmmm (—‘FFP}"aEhﬁseﬁYFllé’ﬁltlﬁéa&rlGu&n GHsi sting

of : a noAgam feoRit {®NREAF X YbbA aaadcéloéﬁawaﬁhas@hqrwmﬁommal such as
am nonet hyl phosphoni ¢ aci d; a_j;yonoam ar boxylic acid

or ganosul f one® ofirdicadch Ris  ROFT Yl 0188388%‘8 sftobeRZoi ™S d; a

nonoam ne or hépawesatdmxyl i ¢ aci d quaternary ammoni um conpound, such 10 as
bet ai ne; and/ or bl ends thereof. A specific |anguage has been used in the
description so as to nake it easier to understand the principle of the

i nventi on. HdMewesybje¢cshofil thbepurdentt dodenhabnnds also the use as

15 agent for modifying the hydrophobicity of a polymer
matrix of an additive of the invention as described
above with R!, R?, X, Y and n as defined above and R?
representing a hydrophobic aliphatic, cycloaliphatic
and/or aromatic hydrocarbon radical and/or a silicone

20 radical, it being possible for said radical R® to
comprise one or more heterocatoms. For example, it is
possible to wuse a monofunctional “chain stopper”
compound of formula (III) chosen from the group formed
by: a monoacid or monoamine aliphatic compound, such as

25 n-hexadecylamine, n-octadecylamine and n-dodecylamine;
a monoamine or monocacid aromatic compound, such as
benzylamine; a monoamine or monoacid silicone oil, such
as polydimethylsiloxane monopropylamine; and/or blends
thereof.

30
The subject of the present invention is also the use as
agent for modifying the hydrophilicity of a polymer
matrix of an additive of the invention as described
above with R', R?®, X, Y and n as defined above and R?

35 representing a hydrophilic aliphatic, cycloaliphatic
and/or aromatic hydrocarbon radical, it being possible
for said radical R?® to comprise one or more heteroatoms
and/or a phosphonic, phosphoric, sulfonic and/or
quaternary  ammonium functional group, with  the



15 limtation to the scope of the invention is envisaged by the use of this
specific | anguage. Modifications, inprovenents and refinenents nay be
-envisaged by a person skilled in the art in question on the basis of his
©own general know edge. 20 The term and/ gy, includes the follow ng neanings:
and, or, and also any other possible conbination of the elenments connected

“with this ter fa t ber I?@% 'i@mﬂea@yé%@gesw{» re&%mﬁl\éentwn |
rom

beconme nore c e y apparen he exanpl iven reI way of
i ndi cation. QENTAEC PARTE30 ExanpPaii TﬁEogB§€t|oH‘ %&#L) in a

500 m gl ass écﬁﬂp‘élﬂﬁd cefmobymusad |(r11t1he | s e or §ré@r the n@rtm.@ynt hesi s
of polyesters or omﬁn were 35 intr to, .t

ﬁ$| nldgg The fol gl %Pycid |naCl
reactor: 238.9 ylaﬁ1n@°n?6m§6 nDPf gfng
1,3,5-benzenemrganmﬁhns@h@rw&ld (0. 36ompbyndp. 16 g ofsUbhranox(r)aEBG from

GE Specialty of 3Q% (W aqu tion 4
hypophosphorod§n§C|dg&ﬁHgﬂg%éh%%rgmas ?ﬁe% smep?gmﬁthﬁgﬂgaéghgdry nitrogen.
The reacti on meecarorpthaniasid y andanaanldfiorsn rqampeunt gr &0edl | ysheat ed

from90C to 230 pyef1 APOUL i a1%hdr B4t ESbed HbSct grReratdr ﬁoﬂ@ﬁm&ﬂ@n or
mai ntai ned until 5 the end of the reaction. After maintainin t ese

condi tions fJFORPRATRREYLIReasy St ARSI G AT W) 2£aBPEHNdy o SUSkch a

pressure1of I1bs Nt aime 10andy sititisbendd delidesofrai Nt ai ned under vacuum for a
further two hours thirty mnutes. Finally, the reactor was 10 cool ed down

to roomtenperature and opened, to recover about 280 g of star.
Differential A hepeelfihnal ysgsagdORAal heeshoved an the description so

as to make it easier to understand the principle of the
invention. However, it should be understood that no
15 limitation to the scope of the invention is envisaged
by the use of this specific language. Modifications,
improvements and refinements may be envisaged by a
person skilled in the art in question on the basis of
his own general knowledge.
20
The term and/or includes the following meanings: and,
or, and also any other possible combination of the

elements connected with this term.

25 Further details and advantages of the invention will
become more clearly apparent from the examples given

below purely by way of indication.

EXPERIMENTAL PART
30

Example 1
The reaction was carried out in a 500 ml glass reactor

commonly used in the laboratory for the melt synthesis
of polyesters or polyamides. The following were
35 introduced into the reactor: 238.1 g of octadecylamine
(0.90 mol), 61.9 g of 1,3,5-benzenetricarboxylic acid
(0.30 mol), 0.16 g of Ultranox® 236 from GE Specialty
Chemicals and 0.29 g of a 50% (w/w) aqueous solution of
hypophosphorous acid. The reactor was then swept with



mel ting peak

" & 1450 g/ nol

preheated to

at 58.4C. Gel perneation chronotrography characterization
(eluant: dichl oronethane + 2/1000 15 trifluoroacetic anhydride + 0.005M
“tetrabutyl ammoni um fl uoroborate) showed a narrow peak corresponding to Mwv
and Mh = 1300 g/ nmol (the ) ghts being expressed relative to
\pol ystyrene standards). 20 Exanpl e 2 Thé reactl on was carried out in a 500
m gl ass reac&i@émggr%? . The followi ng were introduced into the reactor

g of octadecylamne (0.37 nol), 96.3 g of

s- capr ol act arfBl®. 8sagsipn Jm$s gwas greqh @BC%Hfﬁéeﬁéltrrrle@arﬁBxﬁq &P d
(0.12 mol ), O Grafuddily amestidd 28@oandofed0 o 0f250 50% ey Wabfiteous

hypophosphorous aci d sol utiop. The reactor was t t wth dr
nitrogen. Thel3eARITYPFmsE iR st FBRAGAFLER| Yo§t F FBdmﬁ‘lm%@ insQ %ﬁylénd

gradual | ysheailesl fémdn 76€ t eh@50€ehbtabaut AZBErm matiesaifling t eeeeat ure

was then maintained until_. the end of he heactd f [ t hese
condi ti ons fof° rbcﬂjgtﬁ?ﬁﬁ f[% s%‘? em NS prtgléar esép ﬁnﬁ evag?ate%i I]':Lg"gchl ng a
pressure of 2vadizated, onieohoneaCBS andpraeaunei noii né& mipdar vizcud® for a

further one

and then opene

0O recover star

anal ysi s (10Cwe n)hm&hér-tyzzmlﬁﬁiiﬁﬁng Beprldy  51the. XRAChRyf mvas

chr omat ogpaphyoo LT @6HAT téaticm (tmd¥atulic hhod 0BERAAS to2/rHQRrer
trifluoroacetic anhydride + 0.005M tetrabutylamoni um f [ uor obor at e)

a narrow peal@Rit i ¥y $%2™Mv 5 = 2990 g/ nol and M = 2260 g/ nol
masses expr ess.eﬂfef@:htaiaye tﬁemlayst)arr@rleysﬁrsandarm/mmerm BAbwgdou@m assays

ami ne functi dﬁ% Jg‘?%trjgé‘la ?al (%nc ef Srﬁgagégsof%fhfé%?e gg:ﬂayand

showed a conte

therefore 10
15

20

25

30

35

mamamté)ﬁ%aﬂibm\INR((eBuahEr‘ Swdhﬂz;raaﬁetzha;m ut iFon 2/100H0
trifluoroacetic anhydride + 0.005M tetrabutylammonium
fluoroborate) showed a narrow peak corresponding to Mw
= 1450 g/mol and Mn = 1300 g/mol (the weights being
expressed relative to polystyrene standards).

Example 2

The reaction was carried out in a 500 ml glass reactor
as above. The following were introduced into the
reactor preheated to 70°C: 98.2 g of octadecylamine
(0.37 mol), 96.3 g of e-caprolactam (0.85 mol), 25.6 g
of 1,3,5-benzene tricarboxylic acid (0.12 mol), 0.22 g
of Ultranox® 236 and 0.40 g of a 50% (w/w) aqueous
hypophosphorous acid solution. The reactor was then
swept with dry nitrogen.

The reaction mass was mechanically stirred at 50 rpm
and gradually heated from 70°C to 250°C in about
300 minutes. This temperature was then maintained until
the end of the reaction. After maintaining these
conditions for one hour, the system was progressively
evacuated, reaching a pressure of 20 mbar in one hour,
and then maintained under vacuum for a further one
hour. Finally, the reactor was cooled down to room
temperature and then opened, to recover about 200 g of
star.

Differential thermal analysis (10°C/min) showed a

&g&u%e@ aythéﬁ m5§ﬁ859ﬁe&aanaeel egcq%g £ RO tifpper ature

rential thernmal

on

showed
(the



1/1 mxture by weight of deuterated trifluoroacetic acid and deuterated
chl orof orm showed a residual caprolactam content of about 3% by wei ght and
-a mean degree of polynerization of the PA-6 block of 1.8 per 15 branch of
4 he star. Exanple 3 The reaction was carfyjed out in a 7.5 liter autocl ave
commonly used for the nelt synthesis of polyesters or 20 polyam des. The

“fol l owi ng werg jnitod v eg6Par g hoske & ioh N MM 'ra%%p g of

oct adecyl am nnge]l(%f%é)l #%?g _AG%OES 40? ngé}t et raki s-2, 2, 6, 6-(%3- gzy og)yet hyl )
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was then mai rAssaysl @howed t he eonkterit t lof reasidval Ackd rfinatdioniadg t hese

35 condi ti Onsgg%pg W8 £NOLY So h@§/§§3t£{8 Wasi §Ead4alds orfMacyabefds tgx reach a
i ar over one. hou

pressure of r; and then maintai ned under vacuumfor a
further one Yol . "EG{X9.y, ThRe 4@3%8%r MasCRR¥SEELPRedaf t FheHieidGen

over presgyre d/olad ) oagd thenmot (BruKakVe 00adHz)235f 04 agoalityoapaned i n
order to mmke }henﬁol mer fl ow ontg a plate made o %t@ai | ess stegzlel coat ed
with a Tefl ont/¥i ¥ eP¥nt FELIPRer Ral AT 1 ]Tﬁlr]lﬁor@)?rﬁ it%d t he
5 presence ofa@idel 4hdg Peskeatated 0Chleatoframeashowedhr anatregriajual
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degree of polymerization of the PA-6 block of 1.8 per

15 branch of the star.

Example 3

The reaction was carried out in a 7.5 liter autoclave
commonly used for the melt synthesis of polyesters or
20 polyamides.
The following were introduced via the charging lock of
the reactor: 1840 g of octadecylamine (6.84 mol), 660 g
of T4 (tetrakis-2,2,6,6- (B-carboxyethyl) cyclohexanone)
(1.71 mol), 1.2 g of Ultranox® 236 and 2.25 g of a 50%
25 (w/w) aqueous hypophosphorous acid solution. The
autoclave was the purged by a succession of three
cycles comprising evacuation and pressurization (7 bar)
using dry nitrogen. After these cycles, the system was
returned to atmospheric pressure and maintained under a
30 gentle stream of dry nitrogen.
The reaction mass was mechanically stirred at 50 rpm
and gradually heated from 100°C to 150°C over about
150 minutes. This temperature was then maintained until
the end of the reaction. After maintaining these
35 conditions for two hours, the system was gradually
evacuated, to reach a pressure of 10 mbar over one
hour, and then maintained under vacuum for a further
one hour. Finally, the reactor was pressurized with
nitrogen overpressure (7 bar) and the bottom valve was



peak corresponding to Mv = 1840 g/nmol and Wn = 10 1770 g/ nmol (nol ecul ar

wei ghts expressed relative to polystyrene standards). Term nal group assays
-showed a content of residual acid functional groups of 14.2 meq/kg and

am ne functional groups of 9.8 neq/kgq. éhe_ degree of conversion was 15
therefore around 99% ''H NVR (Bruker, fo MHz) of a solution in a 1/1 by

“wei ght - mi xt U;geréﬁuaglﬁi;{ Sl el t LA fbHaEPacst hgractHeapdlyiRyt naiedrnely or of orm

showed a zerco resi caprol actam_content (none detecCted). 20 anpl e 4:
The reacti on aaBleter megleout| stainless (ereqlut 60REFE Wdhhodl for the
melt synthesisigh. pol yesters or pol yam des. 25 The foll ow ng were

i ntroduced via the charging | ock. of he .reactor., 1313 f. e-caprol actam
(11.6 nol), %Pﬁeﬁl%lctg]a%w&m%@&é@?f rré]r‘i{c/zfé’s“ﬁg %?‘Bﬁll:igst ), 3.0
g Iof t _Ulotnr agg&és'ﬁ’&qa cfm?ﬁi mebfimn pepiects &D%0°E W w) hypopg?smor ouscag: gs
sol ution. u Y . cy
conpri si ng e&%%ﬁé??%ﬁ?%ﬂﬁo%rgggéﬁgggggéﬁﬁ?7g§g?féeégﬁ%§%g?§ &%ﬁ#ﬁg@ﬁ. After
t hese cycl es,didieloyoneatthans + eRULAO torifhuwsphecetipr cxthirdridrl +

mai nt ai ned u asn SAm r 5 eactis¢Jgpss was
mechani cal | yrbsj'teqor%d at %S%ur jén anlgilg?aghg?ﬁslﬂﬁggggg Frﬂgﬁe?ogc tao 250C over
about 250 mﬁﬁﬂ%w.CQ¥ﬁ%§EQj§;ﬁ%luF% wWi¥ tRenlR8Pnt 9/Aed uAPY Mihe =end of

the reactipon.17A¢ ?/rﬁ@i Nt @Gidl WL 141eS e iGHHd t ictipsrddfedNerdlRitiivd hesyst em

was gradually -_ 2 N evacuated (n order to reach a pressure of 10 nbar over

one hour, an®PRHEHFEENR fF <i‘ﬂ?f#z%)r'vacuumfor a further one hour. Finally,

the reactor Vgsrmirmglkedgtoaerassaysoghowéd bacpnaedtt b€ heistidmadalace d

gradual ly Op%%%%tional groups of 14.2 meg/kg and amine functional
groups of 9.8 meg/kg. The degree of conversion was

15 therefore around 99%.

H NMR (Bruker, 300 MHz) of a solution in a 1/1 by
weight mixture of deuterated trifluorocacetic acid and
deuterated chloroform showed a zero residual
caprolactam content (none detected).

20
Example 4:

The reaction was carried out in a 7.5 liter autoclave
commonly used for the melt synthesis of polyesters or
polyamides.

25 The following were introduced via the charging lock of
the reactor: 1313 g of g-caprolactam (11.6 mol), 1389 g
of octadecylamine (5.2 mol), 498 g of T4 (1.3 mol),
3.0 g of Ultranox® 236 and 5.5 g of an aqueous 50%
(w/w) hypophosphorous acid solution.

30 The autoclave was then purged by a succession of three
cycles comprising evacuation and pressurization (7 bar)
using dry nitrogen. After these cycles, the system was
returned to atmospheric pressure and maintained under a
gentle stream of dry nitrogen.

35 The reaction mass was mechanically stirred at 50 rpm
and gradually heated from 100°C to 250°C over about
250 minutes. This temperature was then maintained until
the end of the reaction. After maintaining these
conditions for one hour, the system was gradually



5to allowthe polyner to flowonto a stainless steel plate coated with a
Teflon film Differential thermal analysis (10C mn) exhibited a snall
-nmelting peak at 47.2C 10 Gel perneation chromatography characterization
{eluant: dichloronmethane + 2/1000 triflyproacetic anhydride + 0.005M

t et rabut yl ammoni um f | uor oborate) showed a narrow peak corresponding to Mv =

4220 g/ mol  ang, M gt 3638 %E[@'r (twef%%s beé8gue poes3ed milratdwar to 15
pol ystyrene standards). Termi n%leh‘g assa s sho d a content tof resi dual

acid functiotR® diVUps AS4 Tt iS1Yhal " Yr oldps of
5.3 meq/ kg. Tﬂerﬂe@fe@n@fho@@nvpmabnywashé hﬁe&f:'ocbﬂ wasuptad8ds ud@estH NVR

Br uk 300 MHz f l ut i ht t ted
'Erlri‘JI 3ror oacet?#’é@?%ﬁazz fs' t@Pgt g&‘ %)Pg¥8 or' m shom dg_{agLeS; %eetsi]}e u2| ©
capr ol act 8m ctonmt edfl ofnotiee d@iodcytnmi) tod fd oweapntegreestafinpebgnestiesdt i on of
the PA-6 bl ogé]fgée cgaitpga ‘p{ﬁch T@f’f_’ of Epggstar. Exanple 5: The reaction

was carried er aut oc ave commnl&}/used for the nelt

synt hesi s of Pbfferertiabr tizormwl yamedesisThélp3CYwhnhg eerEPimedoduced via

t he charging érggiqq{lelghg?rlgggkogt 44670@,  of s-caprolactam (13.0 nol), 576 g
of octadecylamne (2.1 no 206 g of T4 (0.5 nol), 3.0 g of Utranox(r)

236 and 5.5 g of a 50%(W/W) aqueous 35 hypophosphorous acid solution. The
aut ocl ave owasgéheperipgageénbyh@osaeogeaphy ehadacterdwatdar i &Ingnt :

evacuation a ssurization (7 r LD r nit er .t hese
cycles, the s‘%s&% %1%?55? ned zt/go)é)t tﬁﬁ’é?]‘%%?‘égéﬂ?e %ﬂ@’%ﬁ}%?al *ned
under a gentl@.002% tetre]autplanimgmmumr 6genrobbeateacishowedass nesrow

mechani cally sLdk" egofbe3Bohi@hg?N€o0" AUAL! Y 48581 o8 /cq™ LR i 230C over
abou
3630 g/mol (the masses being expressed relative to

15 polystyrene standards).

Terminal group assays showed a content of residual acid
functional groups of 24.8 meqg/kg and of amine
functional groups of 5.3 meqg/kg. The degree of
conversion was therefore around 98%.

20 'H NMR (Bruker 300 MHz) of a solution in a 1/1 by
weight mixture of deuterated trifluorocacetic acid and
deuterated chloroform showed a zero residual
caprolactam content (none detected) and a mean degree
of polymerization of the PA-6 block of 1.9 per branch

25 of the star.

Example 5:
The reaction was carried out in a 7.5 liter autoclave

commonly used for the melt synthesis of polyesters or
30 polyamides.
The following were introduced via the charging lock of
the reactor: 1467 g of e-caprolactam (13.0 mol), 576 g
of octadecylamine (2.1 mol), 206 g of T4 (0.5 mol),
3.0 g of Ultranox® 236 and 5.5 g of a 50% (w/w) aqueous
35 hypophosphorous acid solution. The autoclave was then
purged by a succession of 3 cycles comprising
evacuation and pressurization (7 Dbar) wusing dry
nitrogen. After these cycles, the system was returned
to atmospheric pressure and maintained under a gentle



mnutes. This tenperature was then maintained until the 5 end of the
reaction. After maintaining these conditions for one hour, the system was
-gradual |y evacuated, reaching a pressure of 10 nbar over one hour, and then
J4rai nt ai ned under vacuum for a further ogg hour. Finally, the reactor was
pressurlzed with nitrogen 10 (7 bar) an8 the bottom val ve gradual | y opened,

*to all ow I @, @ stainless steel plate coated wth a
PSR 1y ot o

Tefl on fllnl rentia anal ysis (10C/ mn) showed a nelting peak
at 206.5C. GFhepererction ERsEmavagr Agghanisaddar astbrredt idn PRI GBM: :

di met hyl acet ggigd dqﬂé)lli'yB'Hea'i:lM\Bﬂrcﬁn PERde € 0f d ependi Gﬁei'oa%hf 130750
g/ nmol and WMn | %! (the masses belqaygxpressed relative.t
)

pol ystyrene §F§HG§FUS Iﬁﬂﬁﬁmﬂﬁr A Wasd C310% t%ﬂ?l%ftP§5|dual
acid 20 g unehidord tQedUfsadfich 4 AbE K gnadwk @i iveg f tihesé onahdigionps of 0.1

meq/ kg. The ree_of convers 0 was there [ (Bruker
300 MHz) of gblﬁPFon PHEa 1% bysyﬁélght ﬁgxtgfeao?gégut%YéFh%@gh
trifl uoroacetreachding sndrofsuertef al édmbhroovksr mrshdwewlr a ardothesi dua

caprol act am . n ct d an d f ation of
thg PA- 6 blogﬁﬂhﬁgé %%geﬁngﬁgﬁcﬁgg @@hefg?gr% SgﬂﬁégPeﬁa 'é¥ﬂ§6?£actlon

was carried ddnaldya 7tbe| i repcierocWade PEGﬁﬁHﬁF?eGsewlFBr-PhErﬁEFF

synt hesi gg of F?0|b§é%§t & Phe RS OEBH dastvd é&hépll%r@pé\ﬁé@ i pbr aduepd via
the charging |ock of 35 the reactor: 197 f &8 Oeiactan1 17..5 mol),
n

533 g of benfbEc PAYMeEs th fiW FYP P FrIvriess ayes F8AF ANt sman
(1.5 nmol ), 3.9th of Tdfican®di(r). 236 and 7.1 g of a 50% (w w) agueous

hypophosphor gus acid - ;sql utjiollo The ULogLaye Was el ur st @

melting peak at 206.5°C. Gel permeation chromatography

15 characterization (eluant: dimethylacetamide/0.1% LiBr)
showed a peak corresponding to Mw = 12 750 g/mol and Mn
= 9910 g/mol (the masses being expressed relative to
polystyrene standards).
Terminal group assays showed a content of residual acid

20 functional groups of 9.4 megq/kg and amine functional
groups of 0.1 meq/kg. The degree of conversion was
therefore around 98%.
'H NMR (Bruker 300 MHz) of a solution in a 1/1 by
weight mixture of deuterated trifluorocacetic acid and

25 deuterated chloroform showed a zero residual
caprolactam content (none detected) and a mean degree
of polymerization of the PA-6 block of 5.3 per branch
of the star.

30 Example 6:

The reaction was carried out in a 7.5 liter autoclave
commonly used for the melt synthesis of polyesters or
polyamides.
The following were introduced via the charging lock of
35 the reactor: 1974.0 g of ¢-caprolactam (17.5 mol),
533 g of benzoic acid (4.4 mol), 693 g of Jeffamine
T403® from Huntsman (1.5 mol), 3.9 g of Ultranox® 236
and 7.1 g of a 50% (w/w) aqueous hypophosphorous acid
solution. The autoclave was then purged by a succession



of 3 cycles conprising evacuation and pressurization (7 bar) using dry
nitrogen. After these cycles, the system was returned to atnospheric
pressure and mai ntained under a gentle streamof dry nitrogen. 5 The

4 eaction mass was nechanically stirred atg 20 rpm and gradually heated from
100C to 250C over about 250 mnutes. This tenperature was then nmaintai ned

‘until the engk of é}?@lé@%éﬁ\?f‘isfﬁéeéva&hat%ﬂi aadt beseseendiatiions (7 or one
hour, the system was, gradually evacuateg 10 Eeaching a prgﬁgrre f 10 nbar
over one hourPalnd'§ i dwgj RiEFaeeR unfithet atBgRer 6¥C4Fur S¥PE SHour .
Finally, the yaact@tuaredr essuataegphetbeniprogenre (7amdir madamt atimedoot t om
val ve gradually.opened, to allow_ th olyner_to flow onto a stainless steel
pl ate coated m{df iq @%Ptlj‘g? | D FFT rﬁ]?[i%flf el?njg%lf?%?nt her mal anal ysis (10C/ m n)
showed a SnelThegrpeakian Itds8Cwael mepehamibtably clmtdmatedgraphyp0 rpm
characteri zat] H?ﬂf i I am, 18,0+ 1% kinBR) 0
corresponmlufééliiéz 4£%d%€%%$aaﬁ%8kmﬂggzg 5%7%58/Enfv%?héﬁﬂﬁgéggﬂ%eing
expressed relwinukes o Tlvbs yeeppereterandas dshenTapingaingboyptids&e showed

a content of dgsigualn@cidact ¥8ati ARBErIMAYABa0hi AT 3nERE kondnd idHne
The degree of conversion was 25

functional groups of 80.4 nmeg/kg.

therefore arck®d F% HPWIR ((:]:B’f%kec-‘ry%t@‘ MURS oFTRARIY ofVRTURtESY by

wei ght nigt uredh eyt & predsturef bfornvaela aedd ené hdaul eaatiednedil or of orm
showed a zero resi dual caﬁr ol act am cont ent  (none dg&gct ed) and,a nean

degree 30 of TRttt i BRASE  KESBATs Hidck df SUBBEF bPRfch POSE -t he
star. Exanpl efihallhe, sttdie adBdatums ofasEx pr@sssird zadd iwdr e ndaarcgelny 35

ground and prgebl ed_ | i red orti it nul_es _gf - 6, 6.
The P 6.6 et doft het St HS ?%%éﬁa*’%ﬁ%oé%%??%%?pe%%géu%?d ALH5C i n
90% form ¢ adihe (PSyBeT)tooflag7onto a stainless steel plate coated

15 with a Teflon film.
Differential thermal analysis (10°C/min) showed a
melting peak at 181.8°C. Gel permeation chromatography
characterization (eluant: dimethylacetamide/0.1% LiBr)
showed a peak corresponding to Mw = 4440 g/mol and Mn =
20 2870 g/mol (the masses being expressed relative to
polystyrene standards).
Terminal group assays showed a content of residual acid
functional groups of 29.3 meq/kg and amine functional
groups of 80.4 meqg/kg. The degree of conversion was
25 therefore around 93%.
'H NMR (Bruker 300 MHz) of a solution in a 1/1 by
weight mixture of deuterated trifluorocacetic acid and
deuterated chloroform showed a zero residual
caprolactam content (none detected) and a mean degree
30 of polymerization of the PA-6 block of 2.3 per branch
of the star.

Example 7:
The star additives of Examples 2 and 5 were coarsely

35 ground and preblended in the desired proportions with
granules of PA-6,6.
The PA-6,6 was defined as follows: a viscosity index,
measured at 25°C in 90% formic acid (ISO 307), of 137;

an amine terminal group content of 53 meq/kg; and an



an amne termnal group content of 53 neq/kg; and an - 27 ti acid term nal
group content of 72 neqg/kg. Conpositions containing 50% by weight of glass
fibers (Omens Corning 123) and a PA-6,6 matrix, into which variable
anounts of the star structures of Exanplgs 2 5 and 5 were added, were
roduced by melt blending at a tenperature of 280C in a tw n-screw

extruder. %’i&d rﬁeﬁm[néi r &l Edvieepr ebf end wasqtiben introduced into the

tw n-screw hea ass i bers were |ntroduced as a nplten s%@eam 10 A
cont r ol conS|%QTﬂL?@530’ffl%P$ hePRrbpLRARAC o po%i FEdAN th e dIbASPALEPETENd 50%
by wei ght of gcb@é@sfk:la)%qn\ga81za;scarm eparmgd-6 TQTGmEhQQb(QgIﬁrattoam;(Ihlmchanl cal
properties of these rr%oleo %6 g]ﬁven in b e 1. rr1 p.lest carrled
out were: Sﬁ?FJaEI‘theesFm FERel YW ajéx)StF u&l‘fzf’nt? yFﬁamP “uidity
of the CO@pOSartcﬂOBSw@(r@Oracﬂdtgj twetdeprodentdobyamelof bhendongrek a .
conposi tions G anul o] o st r &0 on | 520
\A%?nép%ﬂl?%e aég”%'b ¥ Msta t&ﬁ@?f%é QxQJr:uMeF rhal p20

conposi tion inj ected int shape wth a
sem circul ar eross séatt orddoflve nprebhepness a‘tﬂ'dem W@Pdﬁﬁ@ér inte a DEMAG

H200- 80 nol di g@&hLeerw héadarert L8aBe" aftl%@rsof wa®8C.i rA PRt ed
tenperature o 0 an injecti'on pressure of 25 1500 bar. The injection

time was 0.5 aecoraeltamest¥eamit was expressed as a length of nold
correctlyo fiAl edhtdn t RRearRasid i R, Jherompgsiddons @&{p&tﬁqod n this

test all had a noi sture cont ent bef re nol di,n | ent | ess than 0. 1%
relative to tPRSH@t PPx PA3®/© I\?élﬁ]aﬁgéapyt &89 %tThcg%Jn‘é GERT é&%eﬁlsoff@lstl es
wer e eval uat egi by pirapsdcded inpact tests (1SO 179/1elU) and notched i npact

tests (130 lﬁ@éepgheéfghical and mechanical properties of these
compositions are given in Table 1.
15 The tests carried out were:

- Spiral test ST (melt flow index) for
quantifying the fluidity of the compositions according
to the invention and of the control compositions:
Granules of matrix M/star composition or M control

20 composition were melted and injected into a mold of
spiral shape with a semicircular cross section, of 2 mm
thickness and 4 mm diameter, in a DEMAG H200-80 molding
machine with a barrel temperature of 300°C, a mold
temperature -of 80°C and an injection pressure of

25 1500 bar. The injection time was 0.5 seconds. The
result was expressed as a length of mold correctly
filled with the composition. The compositions evaluated
in this test all had a moisture content before molding
equivalent to less than 0.1% relative to the matrix.

30 - Mechanical tests:

The mechanical properties were evaluated by unnotched
impact tests (ISO 179/1leU) and notched impact tests
(ISO 179/eRn).



1 Table 1 Conpositions filled with 50% glass fiber (GF) with SpiraMistuMV
of changeNot cheUnnot ch Conpositi 1ret he PAin MAMad

-onlengtconten(g/nol)rel atiinpactinpact ht (% ***ve tostrengstrengt

" (m)thethh contro(KJ/ nR2) (KJ/nm2) 1 MN ) PA-6, 6/ 3800. 1256 9400637.4 50%
‘GF PA-6,6/ 50% GF +5300. 1153 790-5.5597 5% star of Exanple 2 PA-6,6/ 50% GF
»+5370. 0348 700-14. 5567 5% star of Examp|,.515 * Mdisture content of the

pol yam de before nolding, neasured byftﬁe—karl-Fischer met hod; ** Maxi num
of the nol ecul ar weight distribution of the polyamde matrix with the star

added, in  pol ysopfns sty & Snley mtsro‘%d PadPG wdh WEO wisdrecti on at
270 nnlafter carryrng out the spiral uidity test. Measurenent of the
reductions in pack pressure (of the@ kX nBbRE head) when spinning
PA-6, 6/ star |conpositions 15 of Exadoles 1 aﬁq 2%The [nyl on-6)6 used was one
2 ot on o S0 | e 4 (i ot
Compositi re the PA in MW ed
on lengt | conten | (g/mol) | relati | impact impact
h t (%)* *% ve to streng | strengt
(rm) the th h
contro | (KJ/m?) | (KJ/m?)
1 Mw
CONTROL
PA-6,6/ 380 0.12 56 940 0 63 7.4
50% GF
PA-6,6/
50% GF + 530 0.11 53 790 -5.5 59 7
5% star
of
Example 2
PA-6,6/
50% GF + 537 0.03 48 700 -14.5 56 7
5% star
of
Example 5
5 * Moisture content of the polyamide Dbefore
molding, measured by the Karl-Fischer method;

** Maximum of the molecular weight distribution of
the polyamide matrix with the star added, in
polystyrene equivalents, measured by GPC with UV

10 detection at 270 nm after carrying out the spiral
fluidity test.
Measurement of the reductions in pack pressure (of the
spinneret head) when spinning PA-6,6/star compositions
15 of Examples 1 and 2

The
dioxide,

a concentration of 10 g/l in 96% sulfuric acid).

nylon-6,6 used was one

with a relative viscosity of 2.5

containing no titanium
(measured at

The



.alkyl stars - 29 star was incorporated into the PA-6,6 by powder bl ending
foll owed by nelt blending using a twin-screw extruder. The bl end was then
-aelt spun with a velocity at the first take-off point of 800 mmn, so as
to 5 obtain a continuous nultifilament_yarn of 90 dtex per 10 filanents.
“The spinning tenperature/pressure and opé€rating conditions and the

"properties ofg{le YaLps qRLaLRdLALa Ot AAOW pAls: sSPLON ne,pRAT allon:
no breakage; ~-"'Spinneref préssure: 35 bar; - egree_of star |ricorporation
into the PA-epkendig bfokepykd; by t Weht sblenddngr utkindeat itNin-28BEW 15 -

spi nneret heagdkheaddPg: TRE7E1chRE wid tiHdd aneIE Spud kit hORS ivad1Rk ity 10
strands (the spinneret having 10 hol es), and the strapd dianeter was about
30 m The reddet itifs FATBRCIKEFFERLE e POHENNRT et8 HedMifkr e SO202%ed<SUr ed
using a Dgni set4dn 380 dwt)inidss uhel pi dObtamerdbe yiagsul 48 obt dteed myre gi ven
in Table 2 bngffW . Tabl e 2 PackDel t aMW of the Conpositionpressurepressure/ PA*
(bar) control ( lﬁﬂ%aT%E PA- 6,6 control 39066 220 PA-6, 6 +5% al kyl star of
Exanpl e 1 (Clthe ATGespineif4- 38:BtiBe580ubP/prépsiAe6, 6 ands% aldedatsirey of
Example 2 (CL

- = * i
wei ght distri %rfclé}%%%?é e?%% %gigﬁggg%_??éf\?\??ﬁ g%%gro@r?afﬁi%? rs%]:laereCUI !
pol yami de given below:
10 - spinning operation: no breakage;
- spinneret pressure: 35 bar;
- degree of star incorporation into the PA-6,6:
5% by weight;
- twin-screw extruder heating: 285°C;
15 - spinneret head heating: 287°C.
The multifilament or yarn consisted of 10 strands (the
spinneret having 10 holes) and the strand diameter was
about 30 pm.
The reductions in pack pressure (spinneret head) were
20 measured using a Dynisco (0-350 bar) pressure probe.

The results obtained are given in Table 2 below.

Table 2
Pack Delta MW of the
Composition pressure | pressure/ PA*
(bar) control (g/mol)
(%)
PA-6,6 control 39 0 66 220
PA-6,6 +5% alkyl star of
Example 1 (C,3, ATC core, 24 -38.5 68 580
DP = 0)
PA-6,6 + 5% alkyl star of
Example 2 (C,3, ATC core, 23 -41 65 380
DP = 2)
25 * maximum of the molecular weight distribution of

the polyamide matrix with functionalized star polyamide
added, in polystyrene equivalents, measured by GPC with
UV detection at 270 nm, after spinning.



added, in polystyrene equival ents, neasured by GPC with Wdetection at 270
nm after spinning. - 30 Characterization of the behavior with respect to
“water of the PA-6,6/Star yarn specinmens of Exanples 1 and 2 This
characterization was carried out by capklylary 5 inbibition of water into the
ultifilament consisting of 10 strands. A non-cylindrical capillary forns
‘bet ween the strands (typically three strands) into which water can rise
with a contact angle 0 betmeen h e.strand. This angle 0 is
charact eri st 83 ﬁ&m&ﬁﬁgﬂurface
Princi pl e of dfhtl'i&‘mrsemﬁ’rﬂta(ﬂ @;fa.rn Apel?ﬁmmmi of E?carrl}gﬂm:l;)rl ami Q Caze, J.
Textil e Res. 0(4), 333 2000).. _Th enetrat.i an qU|
capillary n ﬁh? c@grag&ggﬁg %10 h%a%ongg 7 F@h etmeex tﬁepigicaglllary
forces and t Hebfidride oaf gfawattyer ﬁreto c&pel Imymmww\asommﬁdngere
bet ween the g mul fi fi 1 1Rl S | ¥ o0k
cylindrical caplnﬁgrlgériggfng an equi v Ient é?i $§5l€£.ﬁ%3rn?s Faw
appl i es: 20 kEtweeRycsde/ 28tranden V@hcaﬁlws Fh§eﬁe|Qﬁfapﬁﬁ)n)lﬂéomhich
tﬂe l'quhd hagi ot s,rai-,tehxt dah tﬂ%étlvmr(l% SdntZet R?]hélléhé ga@weén(ttﬁerr) o;

e capillary; e viscosity (in Pa.s e |l iqui IS e surface
tension (in NPﬁFerQﬂu$hq(ﬁﬁ?ﬁn@nuﬁﬁﬁ$sa?%é én%%c?ha @FEeﬁgﬁﬁéEnofhe

liquid ang tkee wd&@prdllmayfﬂﬂy@mﬂ@bwmycwaﬂﬁi ycaxtrh SUYEE a0t her  usi ng
t he sarrell%wd- \rffner - w% {:1 {'eofﬁ ore Pand r% were the
sane for eac 3k gleR ’B?asé%r‘é%ﬁg r uction ‘of ?‘ FOYEFEPr anent s.
The cosO vaI@esM@mdon. and C. Caze, J. Textile Res., 12(4), 333,

2000) . The penetration of a 1liquid into a capillary

network is governed by the competition between the
15 capillary forces and the force of gravity. The
capillary network was formed here between the strands
of the multifilament modeled as an assembly of
cylindrical capillaries having an equivalent radius R.
Washburn’s law applies:
20 h? = (Rycos6/2n)t
in which:
h is the height (in m) to which the 1liquid has
risen;

t is the time (in s);

25 R is the radius (in m) of the capillary;
N is the viscosity (in Pa.s) of the liquid;
Y is the surface tension (in N/m) of the liquid;
and
0 is the contact angle between the liquid and the
30 solid.

The filaments were compared with one another using the

same liquid - water - for the imbibition. Therefore y

and n were the same for each specimen, as was R, by
35 construction of the multifilaments. The cos® values and

therefore the hydrophilicity/hydrophobicity of the

various multifilaments were compared using the

following formula:

h? = (A cosf)t



therefore the hydrophilicity/hydrophobicity of the wvarious nultifilanments
were conpared using the followng formula: h2 = (A cosO)t - 31 where Ais

-a constant. The nmultifilaments studied all consisted of 10 strands of about

30 m They were not sized. The yarns wer conditioned at |east 48 hours
‘hefore the start of the 5 experi rrents'ur?ger' controll ed tenperature/ noisture
“conditions (2 CYSO%%reIatk&glq%ﬁhgity). The setup used to visualize the
i mbi bition, ST | %iﬁuue ., was the following: the yarn to be tested
formed by a rMillg ifulaihEhtamests easiidhed adingFanssisitedn ad &P sikeags and two

20 g masses Yd aghefrals $ga{. eRted’ wdi® HBEN-silZy YaReWaga chPPGRrent 0 a

. t ne
sol ution of coloreg water so as to visualize the inbibition. The _dye

chosen, whi cHaIH tHANgcht aF adeagEt 8 PWo? yaRfaEe thes iyl ehe thfue with

a concent sat iQpedinerd’% Thendércaptbhetylléde WasmbehaRdirey mdicaiRea
connected to a video regorod(fféofbnd t.0 a Scr.een, i).r ovided with a tiner. The

zero tine in9Mibinng LY S FUHE L Bent when the yarn was

di pped i nto the ceébupd uskal utbowilgiadurzes 2ae adchbdlhti2,Foshabth tilhe yarns
tested, a check was de that .the. inmhj bifio | neti.cs e rn's | aw
for the fir sterrn1 o mgll‘alut%éss oftkf%efggglgk%éy ﬁ}géé ?}?ﬁg’ rggr é%sii g%%@%&
coefficient dmmietedyoa mhdtifidpghnt| wae HEnsiqned wasngl dapysgesat er

than 0. 99y Cogis a/,algéet%_ar F@ug Bt it d AITRIY Sat egaeﬁ eqdl dgal | be

nodel ed by an ssenbly of capillaries having_the sane radius R To conpare

them it was &ifenYadrsi cTEft Y8rBonPafe HRPER| otlsC of2 t KO LHQYhOL| i ne h2
= 1(t). The resddes ophaepedd Ohst ke COIEEA] i X8 RheANmbIWi t SO yarrhe W th
addi 1 ves. avgrag8d OVET Sl On aTP S Mckradt S BN CPnb pLARGa e oW
Table 3 4 ' poly ’
was methylene blue with a concentration of 0.2%. The
15 capillary rise was filmed by a camera connected to a
video recorder and to a screen provided with a timer.
The zero time in the experiment corresponded to the
moment when the vyarn was dipped into the colored
solution (figures 2a and 2b).
20 For all the yarns tested, a check was made that the
imbibition kinetics obeyed Washburn’s law for the first
two minutes of the capillary rise. The regression
coefficient obtained for the straight line h? = £(t)
was always greater than 0.99. Consequently, the various
25 multifilaments tested could all be modeled by an
assembly of capillaries having the same radius R.
To compare them, it was then sufficient to compare the
slopes of the straight line h? = f(t).
The results obtained for the control vyarns and the
30 yarns with additives, averaged over 5 to 7 experiments,

are given in Table 3 below.

Table 3

Specimen Average slope and standard
deviation (mm?/s)
PA-6,6 control 8.3 £ 2.5
PA-6,6 + 5% alkyl star of
Example 1

0.3 £ 0.2




‘Speci nenAver age sl opeand standard deviation(llm2/s) PA-6,6 control 8.3 2.5
PA-6,6 + 5% al kyl star of 0.3 t0.2 Exanple 1 - 32 PA-6,6 + 5% al kyl star of
- .Example 2 0.3 0.1 This shows that the slope of the straight line h2 = f(t)
s substantially smaller for the yarns gontaining alkyl functionalized star
‘pol yam des, which 5 neans a |lower cosh, 7i.e. a larger wetting angle 8. The

“yarns containi cti i | yam des are therefore nore
hydr ophobi ¢ |on hgélg;uﬁfsgéggaht% ﬁ%lﬁg? 5, 6 controld.gafn0.10 Measurenent of
the reductiqns in paclEfgmeslsire (of the |spinneret head) when spinning
conpositions consisting of high-MVPA-6/stars of Exanples 3 to 6 The
nyl on-6 used was a hi gh-MWV PA-6 containing no _titaniumdioxide, wth a
rel ative visddsigy $hows o that(neheur s Licontedt r aEF8AIBE 18158 in 96%

Zlul fg_ri c agirg)h= fh%l)ftgilrs ngs‘ubg’égﬁﬁﬂé@l?d_ shia 1eke f'ﬁc?ﬂ""g/ﬂ‘:E’A:r%ali%ls pgvvder
endi ng an en ne ndi ng using a.tw n- screw extruder. bl end was
Chen ot - SpUtPRRAAT D 08 DY b Fiek P LEERs S GO PO e of "BoG T i
S0 as tosobtidahs auldwét| asedt doeti rudusrger wett 226 dhgXe Per The
filaments. The spinning t.enperat rec/ res ured@md t:or‘_i\r])_,er atoilrg,%mi%%%di tai Qns and
the properti @@%t° t FEFAME Gt ai T *E - F5Yi Vet bebowY TS5 %hni"Ag

oper ati on: ndlmesdicage; more shydnepbobpcesaurtdie 3fubkace - thanntbher &&-ext r uder
heating: 315G ¢ -~ SR ERRead heating: 296C. 30 The nultifilament or yarn
consi sted of 10 strands (the

10 Measurement of the reductions in pack pressure (of the

spinneret head) when spinning compositions consisting
of high-MW PA-6/stars of Examples 3 to 6
The nylon-6 used was a high-MW PA-6 containing no

titanium dioxide, with a relative wviscosity of 4.0

15 (measured for a concentration of 10 g/l in 96% sulfuric
acid) .

The star was incorporated into the high-MW PA-6 by
powder blending and then melt blending using a twin-
screw extruder. The blend was then melt spun with a

20 velocity at the first take-up point of 500 m/min, so as
to obtain a multifilament continuous yarn of 220 dtex
per 10 filaments.

The spinning temperature/pressure and operating
conditions and the properties of the yarns obtained are

25 given below:

- spinning operation: no breakage;

- spinneret pressure: 35 bar;

- twin-screw extruder heating: 315°C;
- spinneret head heating: 296°C.

30 The multifilament or yarn consisted of 10 strands (the
spinneret having 10 holes) and the strand diameter was
about 50 pm.

The reductions in pack pressure (spinneret head) were
measured using a Dynisco (0-350 bar) pressure probe.

35 The results obtained are given in Table 4 below.
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about 50 m The
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35 The results obtained are given in Table 4
nposi ti onpressur epressur e/ PA*

- 666080 530 Hi gh- MW PA-6 + 5%
PA-6 + 5% al kyl 44-33. 381 850
0-2476 460 star of Exanple 5

H gh- MV PA-6_+ 3. 5% hydrophilic star qf 33- 5067 360 Exanple 6 * maxinmum of
the nol ecul ar wei ght distribution of the pQ@kyanh depgBtai X |Wmithof the
functionalized star polyan de 5 added, n.p yrene equi al ents, neasured
by GPC with| UV det GfLEto®70 nm afPéP §‘b¥?1m By BWESAdt eri 2A%i on [of the
behavi or wi {h respect to water of yar|n spag)nmens eeasisting @&/mbph- NW
PA-6/stars ¢of 10 Exanples 3 to 5 Thi g character| zati per f or med |by
capillary itabibition—of—water—nto—rd-tiHarents cé%.,:st:ﬂg o—316-
strands, acg¢or digegtioltihiglsame PAFet ocdl aseeentijoned oabove. 18 Bhe results
e I T b A IIC R T
star of Example 3
High-MW PA-6 + 5% alkyl 44 -33.3 81 850
star of Example 4
High-MW PA-6 + 3.5% alkyl 50 -24 76 460
star of Example 5
High-MW PA-6 + 3.5%
hydrophilic star of 33 -50 67 360
Example 6
* maximum of the molecular weight distribution of the
polyamide matrix with functionalized star polyamide
5 added, in polystyrene equivalents, measured by GPC with
UV detection at 270 nm, after spinning.
Characterization of the behavior with respect to water
of vyarn specimens consisting of high-MW PA-6/stars of
10 Examples 3 to 5
This characterization was performed by —capillary
imbibition of water into multifilaments consisting of
10 strands, according to the same protocol as mentioned
above.
15 The results obtained for the control vyarns and the

yarns with additive, averaged over 3 to 5 experiments,

are given in Table 5 below.
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 RAebal 95k A A it o I st o 1 881 e O BRRL I onal

eacti ng tofjExdaspleo4forma covalent 20 bond; - n is betw

Or oups
cen 3

High-MW PA-6 + 5% alkyl star 4.1 + 1.9

of Example 5

It may be seen that the slope of the straight 1line
h? = £(t) is substantially smaller for the vyarns
containing alkyl functionalized star polyamides, which
means a lower cosf, i.e. a larger wetting angle 6. The
yarns containing alkyl functionalized star polyamides
are therefore more hydrophobic on the surface than the
high-MW PA-6 control yarn.



- R3 represents an aliphatic, cycloaliphatic and/or aromatic hydrocarbon
‘radical and/or a silicone radical, it being possible for said radical R3 to
. 25 conprise one or nore heteroatonms, with the exception of polyalkyl ene

' oxides. 2. The ng},g&gg as claimed ingclaiml, chg&.ﬁﬁgdozﬁ obied hat Y
ctiona

Xis an amine fun group 30 when X represents a carboxylic tunctional
wgroup, or Y is a carboxylic functional group when X represents an am ne
functional group. 3. The conposition as clainmed in claim1 or 2, 35
characterized in that the pol yfuncti on@GlAIMSpound of general fornula (1) is
chosen fromthe group conprising: 2,2,6,6-tetra

((3-carboxyet hyl ) cycl ohexanone, di am nopropane-N, N, N ,N -tetraacetic acid,
nitrilotri - B6 ahkyteompeettion a¢kypreheing r it nekeasld tANe aDdyHTegTe-

pentam nes, 4nandppebiyl ok, 8rogtanedicaditit ide, 3saPd- additive being

bi phenyl tetracarboxylic acid, acids derived from phthal ocyanine, and from
napht hal o8yan?Ppeainéd By thesrgpghdRi Pét PaldemGk\E compqyinds, which

1, 3,5, 7-napht bahenetstettacarboxylic acid, 2,4,6-pyridinetricarboxylic acid,

3,5,3,5" -bi pyridyl etracrox{_jicaid 3,53 5 .
benzophenonet et r ac%li b%x@‘?f%g‘é’# ,loﬁ?g, %?%P%‘é?ﬁgd?gegofl&l}acé;E)c)xyl ic acid,
trinesic acid, 1,2,4,5 10 benzenet etR*a&ar boxy)ic acid, 1,3,5-triazines, 1,4-
di azi nes, nelamn c erived. , 6= efhyl.pi i ne,
1, 4- pi per azi nes, '?ké{ rgﬁﬁlf%ﬂgﬁj?(/alaengé?ﬁg%?gﬁ??i ?né)r#oﬁl](i)éclgpgjgi cﬁﬁﬁ{fg—
aci d) 1, 31%-t r (k] ner ¢HACIrresp9ailkpyeprcbikedéermnd/ or m xtures thereof. 15
4. The conposition as clained in agy.ge0e of (gkgins 1 to 3, characterized in
that the difunctional conpound of general fornula (I1)_is chosen fromthe
group conprising: €t-2apeePheRaki angl oforpeuRdr PEserEAg £281ANno aci d,
am nocaproi ¢ aci d, p-am nobenzoic agidy or (mr@m nobenzoic acid,
11- am noundecanoi C. aﬁi d,
in which:
15 - R' represents a hydrocarbon radical and/or
silicone;
- R? represents a hydrocarbon radical;
- X and Y are antagonistic reactive functional
groups capable of reacting together to form a covalent
20 bond;
- n is between 3 and 50; and
- R® represents an aliphatic, cycloaliphatic
and/or aromatic hydrocarbon radical and/or a silicone
radical, it being possible for said radical R?® to
25 comprise one or more heteroatoms, with the exception of

polyalkylene oxides.

2. The composition as claimed in claim 1,
characterized in that Y is an amine functional group
30 when X represents a carboxylic functional group, or Y
is a carboxylic functional group when X represents an

amine functional group.

3. The composition as claimed in claim 1 or 2,
35 characterized in that the polyfunctional compound of
general formula (I) is chosen from the group
comprising: 2,2,6,6-tetra(f-carboxyethyl)cyclohexanone,
diaminopropane-N,N,N’ ,N’-tetraacetic acid, nitrilotri-



lauryllactam and/ or the correspondi ng am no acid, 12- am nododecanoi c acid,
caprol actone, 6-hydroxy hexanoic acid, and oligoners and/or mxtures
*dhereof. 25 5. The conposition as clainmed in any one of clains 1 to 4,
~characterized in that the nonofunctional compound of general formula (I11)
.1s chosen fromthe group conprising: a nonoacid or nonoam ne aliphatic

‘conpound; 30a§kg99fa§§£5? Of  TRIRPELHe BE LPBRE fie § ONRREN G ¢ Er ARTIOPIERE-  OF
monoaci d siliconhe oil; a nonoam ne or nonocar boxylic, acid orgapgghosphorus
conpound; a RORbaWLRESer 4n%ﬁb@%?%%%%Y?cséﬁ?ﬁaﬁ?ééﬂﬁéﬁﬁfon%'%o nd; a

monoam ne Obiﬁﬁeﬁgaweﬂbh@baﬁydiquat genary agspasum @eppesdd; fBSmand/ or
m xtures thergo . Th

. e _conposLtion as_cl aj in_any one,of ¢clJaips 1 to
5, char act er PREBRLACYRRL"Ehe H o#ﬁﬁ@fiBﬁBﬁkggﬂBSXﬁBIXSF geh T%I?$o?nula
(1'11) isshopgphénghtebeaguebpxyldé coapidsi ng:1l B hexadesphtinghene-
n- oct adecyl api pe, n-, dod | am.ne, |_am.ne, y.di | Sl | e nono-
propyl am ne, @SEFﬁSﬁ‘EF%/{Vg%s%E&%’C éz:a){m’éé,/ %1§Q%y€%@%ﬂ% o%aé%@bi c acid,
bet ai ne and/ d; 5aBXt Gf ebipgrifgltetrazarphayddmposiadish as 2l i#kdSin any one

of claims 1 FEHZ@ hEHBﬁéEEFEEESQbB&y&E@t thesaddi tiyes ppssessesyfne- overal |
degree of po yneeratlon of between® 0 and 200., 10 8. The conf03|t|on as
claimed i n ahgtsacasPorvaifgs 1 a¢idy, chEMAEG zed2FA9% hat the Additi ve

possessey a pERkeadtat ruehaBbx9f ibet waendp00 apg, 80 008zgheBl . 15, 8- The
conposition as clained in anXaone of cl ai aracterjzed in that

the additivedh@&iBRSaci BebRMIBRY neCPBPATRGE é?%%gvggnfgﬁ?mofzb tWe®h 0 and
100 neq/ kg. getifethppepepasgtiheon as iclsaipipedariams one otectathbal to 9,
e e Luolal FBe Ry op n b VS (hR1 R8LAbPETIC Yac df1 | £26 1 flaglng P! end
(TACT) , polyalkylene oxides and/or mixtures thereof.
15
4. The composition as claimed in any one of claims 1
to 3, characterized in that the difunctional compound
of general formula (II) is chosen from the group
comprising: e€-caprolactam and/or the corresponding
20 amino acid, aminocaproic acid, p-aminobenzoic acid or
m-aminobenzoic acid, 11-aminoundecanoic acid,
lauryllactam and/or the corresponding amino acid, 12-
aminododecanoic acid, caprolactone, 6-hydroxy hexanoic
acid, and oligomers and/or mixtures thereof.
25
5. The composition as claimed in any one of claims 1
to 4, characterized in that the monofunctional compound
of general formula (III) is chosen from the group
comprising: a monoacid or monoamine aliphatic compound;
30 a monoamine or monoacid aromatic compound; a monoamine
or monoacid silicone o0il; a monoamine or monocarboxylic
acid organophosphorus compound ; a monoamine or
monocarboxylic acid organosulfone compound; a monoamine
or monocarboxylic acid quaternary ammonium compound;

35 and/or mixtures thereof.

6. The composition as claimed in any one of claims 1
to 5, characterized in that the monofunctional compound
of general formula (III) is chosen from the group



least: from1l to 60% by weight of polyfunctional conmpound of fornmula (I),
fromO to 95% by wei ght of 25 difunctional nonomer of fornula (11) and from
*3 to 90% by weight of nonofunctional conpound of formula (I11). 11. The
sconposition as clained in any one of claisms 1 to 10, characterized in that
“the additive is obtained 30 by the reaction of a blend of conpounds

*conpri sing ooriAstind f oMy edRWunciedht of pekicunalinngl,  capound of

formula (1) by wei ght o i functi onal nononer of formula
(11) and frorﬂoﬂ?qy(ia?@%e:by hﬁ&%@“&ﬁ%n@ﬁ’&h’éﬂf“@ﬁ&b’ ledgea@®® ofMOPernul a

(111). 35 125 B 1GRRRsS| ti %%1@1%n{élt ds@f@ﬁmconea@fldql ai eafhnitiecll,
char act eri zeéD t hat

i? g mer 154 I3 sedréqef at lea t one

pol yrer chos@ﬁ" rom FHLEGPBBRACLE oMt mg: ﬁBP'}B opyAENECT poly

terepht hatat ehkreci8 (PET), pol ybutyl ene terephthal ate (PBT) poI ypr opyI ene
terephthal ate (PPT), (neth) acryl ate-butadi ene-styrene copolyner (ABS),

pol yacetal (POV), polyam des, sem aromatic pol yam des, such as

pol ypht hal ande 5 Th&aVCREIDosITt hork yas yEaaived( LXERNY pwig pebpglanwsoli de
(PO, Pol YVielyls CHEALEARLERYGEG 3% VEAL: SBnEORRINTe BYZ60LsEL cads

t hereof. 13 Cconposition as I n any one l'al s 12,
char act eri ze®vieralHatdagres 1o rﬁﬁil}ﬁfﬁ’-ﬂczﬁﬁ-tqq ©f Q,tdfﬁﬁ%e‘ﬂ Fd a?c cfeast one
(co) pol yagi de chosen from the group consi sting of nylon-6, nylon-6, 6,

nyl on-4, nylon-11, nylon-12, nylon-4/6_n -6/ 10, nyl on- 6/ 12 | on- 6/ 36,
nyl on-12/12 &nrd cIfs yFRIIRO ‘HT‘e‘?fEIs g“‘? erlélofanylzf’nqh% CSI]Tﬁb%'FtI on as

clainmed in amp ong ehadadivsriked 0id3thelftartics eaidded iivie tﬂswd:sédﬂ@e@obyrrer
matrix contains fromO. 1 20%.b i of a [V ative 20 to the
total wei ght é’ll(fwerllgj& % é/twe ngh5t00 anéjdic} OOeO o.JL.

15 9. The composition as claimed in any one of claims 1
to 8, characterized in that the additive has an acid or
amine terminal group content of Dbetween 0 and
100 meq/kg.

20 10. The composition as claimed in any one of claims 1
to 9, characterized in that the additive is obtained by
the reaction of a blend of compounds comprising at
least: from 1 to 60% by weight of polyfunctional
compound of formula (I), from 0 to 95% by weight of

25 difunctional monomer of formula (II) and from 3 to 90%
by weight of monofunctional compound of formula (III).

11. The composition as claimed in any one of claims 1
to 10, characterized in that the additive is obtained
30 by the reaction of a blend of compounds comprising at
least: from 5 to 20% by weight of polyfunctional
compound of formula (I), from 20 to 80% by weight of
difunctional monomer of formula (II) and from 10 to 70%
by weight of monofunctional compound of formula (III).
35
12. The composition as claimed in any one of claims 1
to 11, characterized in that the polymer matrix is
composed of at least one polymer chosen from the group
comprising: polypropylene, polyethylene terephthalate



.15. The conposition as clainmed in any one of clains 1 to 14, characterized
in that the polynmer matrix contains from1 to 10% by wei ght of additive
*delative 25 to the total weight of said matrix. 16. A process for producing
4@ conposition as claimed in any one of -.glains 1 to 15, characterized in
hat the additive is blended with the polynmer matrix. 30 17. A process for

“producing a cQIERGs| t#ep%ﬂatggéhaecéeféﬁr&@ﬁém% Otp@bﬂ' "ok ypobRrlene

characterized in'th ditive i S bl ended the nononmers of the

pol ymer mat tiscemigthwlats dUPPRY: pol(iﬁﬁéf‘ll)§§Wéﬁt93@uf8dlﬂn@r’§6éf§§nﬁor
produci ng a GIPEASHidON agaskfi Med pdlyadtaane ofpoMpj M plgatfides,

characterized in that an addltlve oncentrate in _a pol rx.as
bl ended int (?et“}i‘é’lrﬁﬁ‘?afrfé? m& dc 1§uck‘n affi cl E%B@%’lt% orning a

conposi tipn a(madmj)nedri rpca]rqurmamﬂfdesl dINHEF] ,t pdEypropyledde oacmdlecl e as

clainmed in cl ra i t sai le_i aflber
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defined in claaldr’sbrl hlends theregfih: - R ' represents a hydrocarbon radl cal
and/or silicone; - R2 represents a hydrocarbon radical; - X and Y are

ant agoni stic reactive functional 15 groups capabl e of reactl ng toget her to
form a coval dit- B, compprsit e wa8nclaimgdsdn & -ong PEpFéddmss lan

aliphatigg cy oppi pt‘:ﬁblr@ct@&q/z@d a{®Mehb€ M%ﬁéb@@plas’cs;al n&rtq/l@cr a
silicone 20 radical gCt fsm ble for qiﬂl d radic Iﬁ% nB‘al se one
or nore het er%?at%?i‘ﬁpo‘f’ oP e Foat f Prehel GTHER LA pehasesr ©
the group consisting of nylon-6, nylon-6,6, nylon-4,
nylon-11, nylon-12, nylon-4/6, nylon-6/10, nylon-6/12,
nylon-6/36, nylon-12/12 and copolymers and blends
15 thereof.

14. The composition as claimed in any one of claims 1

to 13, characterized in that the polymer matrix

contains from 0.1 to 20% by weight of additive relative
20 to the total weight of said matrix.

15. The composition as claimed in any one of claims 1

to 14, characterized in that the polymer matrix

contains from 1 to 10% by weight of additive relative
25 to the total weight of said matrix.

16. A process for producing a composition as claimed
in any one of claims 1 to 15, characterized in that the
additive is blended with the polymer matrix.

30
17. A process for producing a composition as claimed
in any one of claims 1 to 15, characterized in that the
additive is blended with the monomers of the polymer
matrix, before or during polymerization.

35

18. A process for producing a composition as claimed
in any one of claims 1 to 15, characterized in that an
additive concentrate in a polymer matrix is blended
into the polymer matrix.




polymer matrix. 25 22. The use of an additive as defined in clainms 1 to 11,
with: - Rl represents a hydrocarbon radical and/or silicone; - R2
*éepresents a hydrocarbon radical; 30 - X and Y are antagonistic reactive
functional groups capable of reacting txagether to forma coval ent bond,
,N is between 3 and 50; and - R3 represents a hydrophobic aliphatic, 35
‘cycl oal i phatic and/or aromatic hydrocarbon radical and/or a silicone
radical, it belng ossi bl,e_for said ical R3, to conprise one or nore
het er oat oms; 4% rpg'é arpifd g f?Pt(Eh’em?ﬂE/dg LR hAvi SPTRPSLE IR yiter
matrix. - 40 claiddd Tie dipe dse i ot man rlm m=®2, characterized in that
t he nonof uncti onal conpound of formula (I1l) is chosen fromthe group
consisting of: a nonoacid or 5 nonoani ne aliphatic conpound, a nonoam ne or
nmonoaci d 5ar @t i Theongotuibd] e aaspdardimed om nohadri d9si lIdhea@eteiriizesnd/ or

m xt ures thery fthgé -@f‘d “%‘E’tgf:l@” :E,__,ddlatl AS ged‘;ﬂ%irl n clﬂﬂﬁ 1 to 10
on R2

11, with: - represents a rocar ca’I an Si I|cone -
represents a Hyldmaily soh & a0 d artd glry Y are antagoni stic reactive
functional 15 groups capable of reacting together to forma coval ent bond;
- nis between 3 and 50; ang Cgj;c)resents ydraphi l'ic ali hat| C,

@r’nﬁfﬁ

cycl oal i phat i<t andif6 SR SN2 f adeldned (in splatpag pé"é’sl bl e
for saidipadimgl W3xH0 conprise one or nore heteroatons and/or a phosphonic
phosphori c, - R! represents a hydrocarbon radical and/or
silicone;
- R? represents a hydrocarbon radical;
- X and Y are antagonistic reactive functional
15 groups capable of reacting together to form a covalent
bond;
- n is between 3 and 50; and
- R® represents an aliphatic, cycloaliphatic
and/or aromatic hydrocarbon radical and/or a silicone
20 radical, it being possible for said radical R?® to
comprise one or more heteroatoms;
in order to modify the rheological behavior of a

polymer matrix.

25 22, The use of an additive as defined in claims 1 to
11, with:

- R' represents a hydrocarbon radical and/or
silicone;
- R? represents a hydrocarbon radical;

30 - X and Y are antagonistic reactive functional
groups capable of reacting together to form a covalent
bond;

- n is between 3 and 50; and
- R represents a hydrophobic aliphatic,

35 cycloaliphatic and/or aromatic hydrocarbon radical
and/or a silicone radical, it being possible for said
radical R® to comprise one or more heteroatoms;
in order to modify the hydrophobic behavior of a
polymer matrix.



sul fonic and/or quaternary ammoni um functional group, wth the exception of
pol yal kyl ene oxides; in order to nodify the hydrophilic behavior of a 25
spolymer matrix. 25. The use as clainmed in claim24, characterized in that
qt he nonof unctional conmpound of formula @l l) is chosen fromthe group
,consisting of: a nonoam ne or 30 nonocarboxylic acid organophosphorous
fconpound, a nonoam ne or nonocarboxylic acid organosul fone conpound, a

nonoam ne or nonocar boxylic acid,quaternarX ~amuoni um conpound and/ or
m xtures t heldof . The use as claimed in claim 22, characterized in

that the monofunctional compound of formula (III) is
chosen from the group consisting of: a monoacid or
5 monoamine aliphatic compound, a monoamine or monoacid
aromatic compound, a monoamine or monoacid silicone oil

and/or mixtures thereof.

24. The use of an additive as defined in claims 1 to
10 11, with:
- R' represents a hydrocarbon radical and/or
silicone;
- R? represents a hydrocarbon radical;
- X and Y are antagonistic reactive functional
15 groups capable of reacting together to form a covalent
bond;
- n is between 3 and 50; and
- R? represents a hydrophilic aliphatic,
cycloaliphatic and/or aromatic hydrocarbon radical, it
20 being possible for said radical R?® to comprise one or
more heteroatoms and/or a phosphonic, phosphoric,
sulfonic and/or quaternary ammonium functional group,
with the exception of polyalkylene oxides;
in order to modify the hydrophilic behavior of a
25 polymer matrix.

25. The use as claimed in claim 24, characterized in
that the monofunctional compound of formula (III) is
chosen from the group consisting of: a monoamine or
30 monocarboxylic acid organophosphorous compound, a
monoamine or monocarboxylic acid organosulfone
compound, a monoamine or monocarboxylic acid quaternary

ammonium compound and/or mixtures thereof.



