MAR 2005 1 HALOGEN- FREE FLAME RETARDER COWMPCSI TI ON AND FLAME 5 RETARD AN{G(]S
POLYAM DE COMPOSI TION The invention relates to a hal ogen-free, flane’ MAR
retarder conposition. The invention also relates to the use of this flane
retarder conposition as a flame retarder in a thernoplastic conposition, in
particular a 10 gl assfibre-reinforced- dol yam de conposition, and a flame
retardant pol yam de conposition that contains the flane retarder
conposition. The invention also relates to a noulded article containing the
flame retardant pol yam de conposition, and the use thereof in the field of

el ectrical and ﬁle\i@dé}@iﬁ;{% é__!g@tFéEqﬁ%DE%’@@I\ﬂ?éé%Nr ghgr@gggorrpom tion is

known inter ali fTcatrton VW 973 d publication

describes a flane retardwwastlc in particular

for a polyester, which conmposition contains a nmetal phosphinate and a
ni trogen conmpound. Al so, non-reinforced flane retardant polyam de
conpositions are descriTthecii'wtehtidm ciatesiorn bhdiegex-foen, flameretaaddr of net hyI et hyl

phosphinic acid am ne anur at e nmel a ne, 20 osphat e.

G sadvant agerbrod - Fhe ieRforale tdltiothe B 0hETams BUFHET ™ Vhen used in
gl assfi br e- eghpdsitiopeds a@lbmrretiedezma&irmbplasnddfwjpodmoﬁoh pyart&htirbhe desired
conbina§ on of%(flameret ﬁc accordln totEq UL 94 or (g B6A tests of
Under wr ergla o cinfpreed Pola o‘i?"?ﬂ?éwa rB?)éer@rdégtp YWHAR ai m of the
i nvention ISorhbwt&anh@t ctdntaafeaeﬂhembmeraeteahe‘rebmaoslm agelinvehBen albbane retarder
conposi tion Siti articu o

gl ggsfl br e- ?e ?ﬁ @r%@&zg’mp fﬁ?edgg) YD e[ffa(‘)"he e%{perﬁp@ @E’"ﬁeofo"ﬂ%‘??ét'ot"he sai d

di sadvant aggsd thelusatthdreasih theafeld bEdTedtAc afd eRBEbNC BESIkatshsext ent The
i nventors have found n%wth t a flame retarder conposition,

contains at least a) 1 B¢ rGiaRiRs SARPASitien @d‘ﬁ‘ﬁWUr‘l‘He%ﬁ'@chQi‘i‘ ﬁgtepb for mul a
(1) and{®r apgicatdrang $239989/Aa7 SRigIpiBRIaSioh BE§@BES aFAmMAR 2GS -2 M (11)

composition for a thermoplastic, in particular for a polyester, which composition

contains a metal phosphinate and a nitrogen compound. Also, non-reinforced
flame retardant polyamide compositions are described that contain the aluminium
salt of methyl ethyl phosphinic acid and melamine cyanurate or melamine

20 phosphate. |

A disadvantage of the known flame retarder composition is that
when used in glassfibre-reinforced polyamide compositions they do not yield the
desired combination of flame retardancy according to the UL 94 or UL 756A tests
of Underwriters Laboratories and good mechanical properties.

25 The aim of the invention is therefore to meet the need for a
halogen-free, flame retarder composition for a polyamide composition, in
particular a glassfibre-reinforced polyamide composition, which does not have the
said disadvantages, or at least has them to a strongly reduced extent.

The inventors have found now that a flame retarder composition,

30 which contains at least |

a) 10-90 mass % phosphinate compound according to formuia (1) and/or

formuta (11) and/or polymers thereof;



in which R, R2 is hydrogen, a linear or branched Cl-Ceal kyl radical, or a
phenyl radical; R3is a linear or branched C1-C10 al kyl ene, aryl BheAR 2005

-al kyl aryl ene, or arylalkylene radical; Mis an alkaline earth netal or

al kali metal, A, Zn, Fe, or a 1,3,5-triazine compound; misl,2or3; nis 1
or 3; xis 1 or 2; and b) 90-10 mass %ol yphosphate salt of a
1,3,5-triazine conmpound according to mMa) 0 OPI-R3-r-0 R RZ n fornula
(rrr), rit 2 HOL O TH+ n in which T represents a 1, 3,5-triazine conpound,
and n is a nmeasure of the nunber average degree of_ condensation and is

| arger than 3; 0-30 mass %ol efin opobyrreﬁwi h the sumof a) - c¢)

bei ng 100 % neets this need. The conpgnent| c) lis An optional synergistic
conponent, a Be‘s%ﬁcb d Mrénafter. Qr- sBd’Ta‘Q fl reflBrder in

gl assfi bre-rgi nfoghzed]pol yam de conposijti ogs, RAe hal ogen- free flane rata
der conposititen kes!' hi possible to obtain the dewired conbination of a V-0
rating according to the UL 94 test of Underwiters Laboratories and good

mechani cal ippwbigkrti es.
R',R? is hydrogen, a linear or branched C;-Csalkyl radical, or a

pheny! radical;

R? is a linear or branched C;-C,¢ alkylene, arylene,
alkylarylene, or arylalkylene radical;
M is an alkaline earth metal or alkali metal, Al, Zn, Fe, or a

1,3,5-triazine compound;

m is1,2o0r3;
n is1or3;
X is1or2; and

b) 90-10 mass % polyphosphate salt of a 1,3,5-triazine compound according to

formula (lIt),
o}

HO U—o H An
-
THY

in which T represents a 1,3,5-triazine compound; and

n is a measure of the number average degree of condensation and is larger than 3;

c) 0-30 mass % olefin copolymer,;
with the sum of a) — c) being 100 %
mesets this need.

The component ¢) is an optional synergistic component, as described hereinafter.

When used as a flame retarder in glassfibre-reinforced polyamide compositions, the halogen-

[$]

4R R

frae flame ratarder compcesition makes it possibie to obtain the desired combination of a V-0

rating according to the UL 94 test of Underwriters Laboratories and good mechanical

properties.



31 MAR 2005 -3 A pol yphosphate of a 1,3,5-triazine conpound is hereinafter
also referred to as nel am ne pol yphosphate. A flane retardant pol §esdr2005
conposition that contains a nmetal phosphinate and a nitrogen conpound,
-includi ng el am ne pol yphosphate, is "5 known from WO 9957187 Al. The use of
mel am ne pol yphosphate as a conponent in a flane retardant for polyner
conpositions is also described in WO 0002869 Al, but this publication

t eaches not hi ng about a conmbination with a phosphinate conmpound. Although
in WD 0009606 Al use of RRYPARFRNAtE Bl Patriazing sompawidisdgraitafiesatsPnat i on

with an al kakdrigy Bast-helamindl pofhbspratel O pol yester and pol yam de
conpositions, this publication is silent on using said phosphinate

conpounds. Wen n is hiJlamaretasdan #olysrigpreispasiion tealsopinsepmetnt ed  al so
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aver age degérrbzgpoodfEﬁt Con gﬁ%ae??rggﬁtﬁg?i ésbq%'ﬁ%hcémlg E'g%g,ais% drre\ngre }elg%jr'éfvg(r)abl y being
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pol yam de c%mg 1140 L I Ition shows | ess
bl oom ng. e %ﬁﬁgg%‘{&m%%ﬁ{rjl?@(?ng%ﬁ@rq 6@55%?)# g? g’rsgﬁf ?%ﬁ@ﬁir than 1.1 nol e,
and nore prefosphatey ishdigesedtihaombinatiomwitiean alkéling, earth-metabsditie per nol e of
phosph S T ﬁrmﬁ v ree. of. i il generally
be | OV\g{I’OUt h@r&%ﬂﬁﬁ plra paéref ?ocrﬁécgsﬁ%ggﬂﬁg p%ﬁl(u)c%mé?r?g h”sﬁ%ﬂi@%u%@amw?, 5-triazi ne
content i s gesehiableycdrgmsntdfhan 2 nol es of triazine per nole of phosphorus
atom and preferably | e 3%l han

pol yphosphate is for exarﬁ?l ne'sthlf%Bmley}%eﬁ%%é@&i%gﬁ?tg%aﬁ%%3856?3%?@81:3%2; tions
that are prasebgén fatmala (THPO)eMhebativally, theserhctpad iy eear ittbed@i ti ons have an
cxcel ent RS EhARLY o e B T PRI v
1, 3, 5- t15 azproduat dsrrossiirkednAt Ve 30.4pohetwbtsrbetues isfforanel, Brebetablyasene
compound ar ¢ 2. &t LARNS hRRatdd A% When AERLABL ReradiEiRe fE! em el on.
condensation n is higher than 20, n more preferably being higher than 40. The
advantage of this is that a moulded article made from a polyamide composition
containing the flame retarder composition shows less blooming. The 1,3,5-triazine
20  content is preferably higher than 1.1 mole, and more preferably higher than 1.2
moles, of 1,3,5-triazine per mole of phosphorus atom. The number average
degree of condensation n will generaily be lower than 200, n in particular being
lower than 150.The 1,3,5-triazine content is generally less than 2 moles of triazine
per mole of phosphorus atom and preferably less than 1.8. The advantage of such
25 a melamine polyphosphate is for example that it can be applied in polymer
compositions that are processed at a high temperature. Such polymer
compositions have an excellent thermal stability. Such a melamine polyphosphate
and its preparation are described in WO 0002869 A1.
Examples of suitable 1,3,5-triazine compounds in the
30 polyphosphate of a 1,3,5-triazine compound are 2,4,6-triamine-1,3,5-triazine
(melamine), melam, melem, melon, ammeline, ammelide, 2-ureidomelamine,
acetoguanamine, henzoguanamine, diamine phenvyltriazine or mixtures thereof.

Melamine, melam, melem, melon or mixtures thereof are preferred and more in

particular melamine is preferred.



acet ogul anam ne, benzoguuanam ne, di am ne phenyltriazine or m xtures
thereof - Mel amine, nmelam melem nelon or nixtures thereof are prefefi&43aid
nore in particular nelanmne is preferred. MAR 2005 -4 Phosphi nat e conpounds
are here understood to be conpounds adcecording to fornulas (1) and (11) as
wel |l as polyners thereof. The flane retarder conposition according to the

I nvention preferably contains a phosphinate conpound in which R and R 2
are a linear or branched C 1 -C6 al kyl radical or 5 phenyl. The advantage of
this is a better st abi Phasphiiatet teenmoongs arecherd heddrbtane to be aomppurdsnposi ti on

acoor 9119 L0 Ao SR S PLARY ¢ R AL AT B SRR AR rPound of

Ca, Al or ol yner dégradati on takes
place in trcenpoklyalmad:eomo@pomet moentrdurplrefgrabtyrcrapmlraia pnospthapr ocessi ng of the

e et o SRR LR BRTRES A o Rt PR o 2 rotar e
gl assfi br eﬁhehmmd:wapﬁigyzamrdens@m'staibmtySof@NmécahpsﬂLm@ this flane retarder
show a better toughnes@ﬁfofgaf&% her el 03 ation at break, conbined with

flane retardancy. The NACRANG 4R SYERYH nat e compound
is sur pri $)iréfgrabb'&1bm5r$s @pbbsm&tat@cbrﬁ&@aaﬁ@bZAPorthasAh@ivhditage pathis cul arly
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melam nelem nelon or mxtures thereof are preferred and nore in

parti cul ar "HAIGERPRAY AREHET LoHBINA%S| 3 9. gkareiqngationTadrpafe SpMPIEIMEonpounds

can be preparRGetabddidyk odREQQESHISRed MH aQ?ﬁérBNogprhMaté%ﬁ{doQHd N an
aqueous solution of a neta phi nic acid, as described

alt with a
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phosphinate compound in the flame retarder composition according to the
invention are 2,4,6-triamine-1,3,5-triazine (melamine), melam, melem, melon,
ammeline, ammelide, 2-ureidomelamine, acetoguanamine, benzoguanamine,
20 diamine phenyitriazine or mixtures thereof. Melamine, melam, melem, melon or
mixtures thereof are preferred and more in particular melamine and/or melam is
preferred.
The phosphinate compounds can be prepared using known
processes, for example by reaction in an aqueous solution of a metal salt with a
25 phosphinic acid, as described inter alia in EP-A-0699708. Preparation of triazine
phosphinate is described in WO 0157051 A. Examples of suitable phosphinic
acids are dimethyl phosphinic acid, ethyl-methy! phosphinic acid, diethyl
phosphinic acid, methyl-n-propylphosphinic acid, methane-di(methylphosphinic
acid), benzene-1,4-(dimethyl phosphinic acid), methyl-phenylphosphinic acid,
30 diphenylphosphinic acid.

The flame retarder composition according to the invention

polyphosphate salt of a 1,3,5-triazine compound. More preferably the flame
retarder composition according to the invention contains the phosphinate

35 compound and the polyphosphate salt of a 1,3,5-triazine compound in a mass



acid), benzene- 1, 4-(dinmethyl phosphinic acid), nethyl-phenyl phosplhqi {]H: 005
acid, 30 diphenyl phosphinic acid. The flane retarder conposition alc\cbf“d%

to the invention preferably contains 25-715i mass % phosphi nate conpound and
75-25mass % pol yphosphate salt of a 1,93, 5-triazine conpound. More
preferably the flanme retarder conposition according to the invention

contai ns the phosphinate 35 conpound and the pol yphosphate salt of a
1,3,5-triazine compound in a mass 3 ' MR 2005 -5 ratio of smaller than 1.0,
nore pref er EPyf smallerdhan f & moreprefarahly ppaler Yrasr QP LAye) Maawrrefe@blhan 0. 8.
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15 groups. This has the age t ane r r conposition
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the retardancy. The better flame retardancy is for exarhple manifested in the form of
shorter flaming combustion times in the UL 94 test, so that a better rating is

20 obtained at the same concentration of phosphinate compound and melamine
polyphosphate, or use can be made of lower concentrations of the flame retarder
composition. This effect of an olefin copolymer is surprising, because in itself such
a polymeric compound is not known to be a flame retardant. Copolymers of
ethylene, propylene or ethylene-propylene with 0.1-30 mass% (calculated on the

25 mass of the copolymer) of a comonomer containing acid, acid anhydride or epoxy
groups can be considered as suitable olefin copolymers. The said copolymers
may also contain comonomers that do not conain said groups, for example acryl
esters or vinyl acetate. Preferably the copolymer confains 0.5-12 mass%
(calculated on the mass of the copolymer) of a compound containing acid, acid

30 anhydride or epoxy groups. Examples of such compounds are acrylic acid,
methacrylic acid, maleic anhydride, glycidyl acrylate and glycidyl methacrylate.
Preferably the copolymer contains an acid or acid anhydride group. This has the
advantage that these groups can react with for example terminal amine groups of
a polyamide in a polyamide composition. Examples of commercially available

35 suitable olefin copolymers are propylene/maleic anhydride (Himont),



25 mass of the copolyner) of a conmononer containing acid, acid anhy HK§@2RE
epoxy groups can be considered as suitable olefin copolyners. The sai'd
copolynmers nmy al so contain cononomers that do not conain said groups, for
exanpl e acryl esters or vinyl acetate.®Preferably the copol yner contains
0.5-12 mass% (cal culated on the nmass of the copolyner) of a conpound
containing acid, acid 30 anhydride or epoxy groups. Exanples of such
conpounds are acrylic acid, mnethacrylic acid, naleic anhydride,ﬁglycidyl

acryl at e angrogylpee/agrylieracid4Belypend®. BPrEkgraicalbayd maleicapydjdemogifigdai ns an
acid or aci Ind e | cadv e, groups can
react with ?@?@gég%?glﬁfén@r?&ﬁezﬁ@%@%‘b@gbﬁl%ﬁﬁgwg%{efj%tﬁ%ﬁeg pol yam de
conposi t i onwitERaevéeneafropyemeeeriolimey rendifieldatithe0. 3 Bt Soimalsdi anhyidedé n

copol yners |l ene/ mal ei ¢ anhydride (Hinont), 7 1, | MAR 2005 -6
propyl ene/ a@a&ﬂ%ﬁ%%ﬁﬂ( Pol ybondO. BP Chemical) and naleic

anhydri de-nodi fi ed et hyledneentiophlgo odlates to thepskephthe flamsf retarder M t sui ) - Good
results wer i ne . - 0, ified with
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to the use oémpdositidn. Astheratoplagtic polyroepawidei vanetyef ppldimegs can behesddavent i on as
a flanme ret i Aast] > Lt er astic polynmer a
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accor di ng t adidméagerfoepdlymarsi tbataspdic ddt-yesidtantdidmenttagders crucpak yorer s t hat

require heat-resistant .l a retarder.s. such as for 10 ampl.e pgl yam des,
ol yest &s. xTor RpRabiddsoPvs S Rurdl sk iy Binants, sPe AR i B8t ol e abi v,
t he fl anme rbboar peferapipptas iffamenetacdzn cdinpgsition ddverding/tenhée mventionliseded i n a

gl assfi bre-reinforced am de _copposition. The invention nore specifically
relates to & %&ﬁ%&%@%&éﬁ?p°§8i'v{§ﬁ‘i°&é°°ég‘ﬂﬁosi tion that contains the

foll owi ng conponents: Thedpvedberlthormspeciicplty rgtatestte;a fldme @t&Bamass % gl ass

fibre; O 5-61'0 Bss %)fl \ne %grtdieg cmositlon acc rding to the invention;
d) 0-50 masBOYABIREPTRGGHPT il cORAIDS ME{oIWIng HYBRENTES a) - d) bei ng 100 mass
% 15 a) 95-10 mass % polyamide;

b) 0-50 mass % glass fibre;
c) 5-40 mass % flame retarder composition according to the invention;
d) 0-50 mass % other additives;

the sum of components a)-d) being 100 mass %.

20 Preferably the flame retardant polyamide composition contains
10-40 mass % glass fibre. The advantage of this composition over known
polyamide compositions is that the composition according to the invention,
besides e.g. a V-0 rating according to UL 94, also shows good mechanical
properties, particularly a high breaking strength and a high elongation at break, as

25 measured for example in a tensile test according to ISO 527-1.

Good results have been obtained in particular with a flame
retardant polyamide composition according to the invention that contains 10-35
mass % flame retarder composition. Preferably the polyamide composition
contains 15-30 mass % flame retarder composition. The most suitable

30 concentration will depend amongst other things on the nature and concentrations
of the other components in the polyamide composition and can in principle be
determined experimentally by one skilled in the art. Preferably, the polyamide
composition contains such an amount of the flame retarder composition that the
content of melamine polyphosphate is more than 10 mass%, more preferably

35 more than 12 mass% based on total composition.



20 Preferably the flanme retardant pol yam de conposition contains 10-40 nass
% gl ass fibre. The advantage of this conposition over known pol yafiMeé 2005
conpositions is that the conposition according to the invention, besides
e.g. a V-0 rating according to UL 94. “dlso shows good nechani cal

properties, particularly a high breaking strength and a high el ongation at
break, as 25 neasured for exanple in a tensile test according to | SO 527-1.
Good results have been obtained in particular with a flame retardant
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i nventi on gesaiadk . Suitable glass fibres are commercially available and generally have a
diameter of 5-20 uym, a cutting length of 3-10 mm, énd are provided with a coating
that usually contains a silane compound.
20 The polyamide composition according to the invention can also
contain up to 30 mass % of other additives known to one skilled in the art, without
this essentially detracting from the invention. Examples of such additives are
colorants, processing aids, for example release agents, nucleating agents, UV
stabilizers and heat stabilizers, and other mineral reinforcing agents and fillers,
25  such as wollastonite, (calcined) clay, talc, mica, glass spheres, etc. Examples of
suitable processing aids are calcium stearate, calcium montanate and bisethylene
stearamide. Examples of suitable stabilizers are Irganox ®1098, B1171, and
Cul/Kl combinations. If desired the polyamide composition also contains an
auxiliary material that influences the dripping properties, for example a
30 fluoropolymer, such as polytetrafluoroethylene.
The flame retardant polyamide composition preferably contains a
flame retarder composition according to the inventicn which also includes an
olefin copolymer, in particular a maleic anhydride-modified ethylene/alpha-olefin

copolymer. More preferably the flame retardant polyamide composition according



contains 5-50 mass % of glass fibres, preferably 10-40, and nore pr?f,e\gﬁbhgg
20- 35 mass % Suitable glass fibres are conmmercially avail abl e and-
generally have a dianeter of 5-20 pm a cutting length of 3-10 nm and are
.provided with a coating that usually ‘dntains a silane compound. 20 The
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mass % of other additives known to one skilled inthe art, without this
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stabilizers are Ir nﬂganox 31171 conbi natl ons. |If
desired $hems8l Her @eU%ﬁ)'ﬁrP@%fBﬁbUrm@ﬂesQf aprtradersinaaarticyialia vi-scrat eri al t hat

i nfl uences tela@udérr'tnpe.g rAQRRY; rﬁéansffefmgangybﬁi:@su%g ohitRheRgly iRy . such as

pol yt et raf | uor oet’h ame retar yam de conposition
preferably élﬁﬂ#%’r@thgr !nfthaﬁfoatelfmfudﬂmd@t’mdwt| on according to the

| nwent i on which 1 al SO THRShiES, Rookielek o SRR o Boaigahk a7 3 Ml el c

anhydri de-nodi fi ed ethyl ene/al pha-olefin copo : re préferably the
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Examples:
Materials used:

20 Polyamide 6 Akulon® K122, relative solution viscosity 2.2,
as measured at 25°C on a 1% solution in 30%
formic acid
(DSM Engineering Plastics, NL)

Zinc dimethy! phosphinate Sample made from dimethyl phosphinic acid

25 and zinc acetate.

Aluminium dimethyl phosphinate Sample made from dimethyl phosphinic acid

and aluminium acetate.

Melamine polyphosphate Melapur® 200 (DSM Melapur, NL)
Melamine cyanurate Melapur® MC50 (DSM Melapur, NL)
30 Glass fibres Standard glass fibre for polyamides, thickness

10 um, cutting length 4.5 mm.

Example | and comparitive experiments A-B

The polyamide compositions were made by mixing the

35 components at approximately 260°C on a Haake kneader or a laboratory midi-



Exanpl es of such applications are various housings, capacitors, svm'd%ﬂ@@,m%
pl ugs, connectors and the like. 15 The invention is further eluci

herei nafter on the basis of the follow ng exanples and conparative
experiments. Exanples: Materials used:?20 Polyanide 6 Akulon(r) K122,
relative solution viscosity 2.2, as neasured at 25C on a 1 %solution in
90% formc acid (DSM Engi neering Plastics, NL) Zinc dinethyl phosphinate
Sanpl e made from di net hyl _phosphinic acid 25 and zinc acetate. Al um nium

di met hyl phé&tﬁmeﬁéﬁe@r'%{}ﬂ%ﬁ FeRRMENRT HiI-PAttests weFRoRfiom @ shestpressed

al um ni um agesrSximyRIPIBIE ROWIIPEASERRES ofVE AP WF (JBt)air%GQ:é(iﬁ}gMid\@ apur, NL)
Mel am ne cyanurate Melapur(r) M50 (DSM Mel apur, NL) 30 ass fibres
Standard gl Eawsldingnfdhe Bﬁlymid%&ﬁme@t,'oﬁskﬁt@Rﬁ@é@at@Y)2§%Cccut ting length 4.5
nm Exanple | and conpaslriy BeNREF bIRBIS i Bstids WAk Xedtbdlgc&RERgss ti ons
were made by m xing the 35 conponents at approxi mately 260C on a” Haake
kneader 9r };JLI%mﬂtaﬁfcﬁrgecmedﬁsoggﬂmﬂ"Q(WS&- peggtingarserdinglofUbBs g ) . Test
speci nens f gy g ; m a sheet pressed at approxinmately
260C cut wi W'Cglﬁdﬁoﬁ,ci?in? %k?frg)trenf#s@%&?bbt ained by injection noulding of the
pol yanm de conposi ti ons Tableahgvethagoepysit@t@ndinepdrtiesfop&hampledrangf t hese
conposi tion : ' to 5 UL 94 on test specinens of 2 mm

t hi ckness. ?}?\é@o?nt?%gg%ég%ﬁﬁléﬂgﬁg% UL 94 is indicated by V-0 and NC (not
classified). Table |I gives the conpositions and properties for Exanple | and
the comparatiye experiments A-B. 10 Table 1 Exanple

Example | Comparative Comparative
| experiment A | experiment B

Composition (mass %)
Polyamide 6 50 50 42.5
Zinc dimethyl phosphinate 15 12.5
Melamine polyphosphate 10 ‘ 25
Melamine cyanurate 15
Glass fibres 25 25 30
Fire behaviour
UL 94 rating (@ 2 mm) V-0 NC NC
UL 94 1 combustion time (s) 1.0 44 18
UL 94 2" combustion time (s) 1.9 - 19
Examples -V

The polyamide compositions were prepared by mixing the

15 components listed in Table 2 on a W&P ZSK30 twin screw extruder, with setting
temperatures at 250°C, screw speed of 250 rpm at a throughput of about 12 kg/h.
Glass fibres were fed via a side feeder, other components were dosed to the
throat of the extruder. The observed meit temperatures were in the range of 300-
310°C.

20 The obtained materials were injection moulded into various test
specimen using an Engel 80A machine with cylinder temperatures of 235-245°C

(from hopper to nozzle) and a mould temperature of 85°C.



Conpar ati ve Conparative |experinent Aexperinment B Conposition (mas %\AQ 2005
Pol yam de 6505042.5 Zi nc di net hyl phosphinatel512.5 Mel am ne

pol yphosphat e1025 Mel am ne cyanuratel5 d ass fibres252530 Fire behavi our UL
94 rating (@2 nm) V-ONCNC UL 94 1s comb@stion time (s)1.04.418 UL 94 2
conbustion tinme (s)1.9--19 Exanples 11 The pol yam de conpositions were
prepared by m xing the 15 conponents listed in Table 2 on a WP ZSK30 twi n
screw extruder, with setting tenperatures 250C, screw speed of 250 rpmat a
t hr oughput of about 12 kepsie prapegies Weirg measwyied é 4 tansie leshaciopling teeder , ot her
conmponents ey gofgsed to the throat of the extruder. The observed mel t
tenperatures were in the range of 300- 310C. 20 The obtained materials were
i nj ection noul ded into Wies behiayiouewes exgledpdraecardingty dh94amalouBeA machi ne

with cyli ndéo%ép%gﬂ?érgéﬂma cgggéﬁrﬁfﬁég&ss(‘fés?lz@snf?@gf%n LR J9&HlGiond a mould

t enper at ure roperties were measured in a
tensi | e 3 esfV-&c¢dodiViig). nembg®f5pgcimen Iﬂla’tanﬂehé{v@ wultm%é\ﬂ@ﬂlfmt@@daccor di ng

g ven are ol hand pler 44734 uBBEG) AL iy WiRDbshnP BT ALABERRod ) “Gave s
V-0 result todsC%95-tonl 110 arst1. émin Smoami méseetedfarw@éowmlgompn and t2). dow
\s/\:)regl -rlr-leafltl B?e‘ﬁ@% edé L‘?‘é‘@da”% egﬁﬁat"méb %géx EGW%r ?@3{9$)%§gdma ow Wre
Fl amrabi | i t Wirk hghaton r@eﬂélancat(HWI)rms feasured on specimen of 0.8%125*12.5 mm
10  according to UL 746A (ASTM D3874). Results are reported as Performance Level
Category (PLC). PLC 0 means no ignition during 120 s contacttime, PLC 1
indicates ignition after between 60 to 120 s contacttime.
From the results that are presented in Table 2 it can be
concluded that all samples show favourable fire behaviour and attractive tensile
15  and impact properties, fulfilling demands of most applications. Examples [V and V,
compositions with a ratio of phosphinate compound to melamine polyphosphate of
2/3, show even better fire behaviour than examples Il and Ill with said ratio of 1 or
higher, without deterioration of other relevant propérties: note especially the PLC
0 rating found for the HWI test. In this respect it is noteworthy that the importance
20 of GWIT and especially of HWI ratings is becomer more decisive in electrical and

electronic industries than the classical UL 94 tests.



Wre Ignition resistance (HW) was neasured on specinmen of 0.8"125 12.
10 according to UL 746A ( ASTM D3874) .
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94 tests. 31 MAR 2005 -11 Table l|Ex. I1Ex. 111 LVEX. V
nPEpaidaicde 6nass%60695§§%07ﬁﬂc di mebby| phoé@hinateﬂﬁffzqr50810
A s T ! L ED odul UL RPaB1 75D Me085258600
réb@@ﬁﬁ@@gﬁ?%&ﬁ?aggizhmEsdﬁngatLPQ\F£3@28F504023.64.03.7 UL 94
DU A G S5PB 3| BREd T ase. Woov: O-A120 Narbl of - |
1GMss fibres mass% | 25 25 25 25

Tensile properties

Tensile modulus MPa 8175 9450 8525 8800

Tensile strength MPa 137 145 133 128

Elaongation at break % 42 3.6 4.0 3.7

UL 94 (after 48 hrs 23°C/50% RH) ,

@ 0.8 mm class. V-2 V-2 V-2 V-2

Number of V-0 % 0 | 60 20 60

t /1, s 10/2 28/16 |10/1.2 29/13

@ 1.8 mm class. V-2 V-0 V-1 V-0

Number of V-0 % 0 100 60 100

ti/t, s 23/3 1/3.8 5717 1/3.2

UL 94 (after 168 hrs 70°C)

@ 0.8 mm class. V-2 V-0 V-2 V-2

Number of V-0 % 0 90 20 20

te /b s 76/37 |45/14 [97/31 |26/22

@ 1.8 mm class. V-2 V-1 V-2 V-0

Number of V-0 % 0 0 60 100

t/t; ] 22/11 15/2.1 751/3 1.6/2.2

Glow Wire Test (@1 mm)

GWIT °C 775 750 775 800

GWFI °C 960 960 960 960

Hot Wire Ignition (@ 0.8 mm)

HWI PLC 1 1 0 0




t1/t2s23/31/3.85.7/71/3.2 UL 94 (after 168 hrs 70C) @0. 8 71 MAR 2005
mtl ass. V- 2V- 0V- 2V- 2 Nunber of V-09%9902020 -
t1/t2s7.6/3.74,5/1,49.7/3.12.612.2 @1.8 mmtl ass. V-2V-1V-2V-0 Nunber of

V- 099060100 t1/t2s22/1.115/2.17.5/31.912.2 Aow Wre Test (@ m) GNT

| C775750775800 GWPI C960960960960 Hot Wipe Ignition (@0.8 mj HW | PLC1100
?1 2005 -12 Cains 1. Halogen-free flane retardant conposition for use in a
t her nopl astic conmposition, which flane retardant conposition contains at

| east ab }0- 90 Mass% phosphi nate conpound according to formula (1) and/or

f or mul a—@—r@ and/or polynmers thereof; L im0 O 11 11 M(l). OP-R3 -P O
LR RZninwlich R, Rz is hydrogen, a linear or branched C, - C6al kyl
radical, or a phenyl radical; R3 is a linear or branched C, -C, oal kyl ene,
aryl ene g i:caly ' e h
Tetal o HARFH e Ria @G SplpORR ol BYIEE e MeRse BmbRhila i

m s1, 2, or Jlame retardant composition contains at least

a) 10-90 Mass% phosphinate compound according to formula (1) and/or formula (Il)
and/or polymers thereof;

i
R—P—0 M M, | o—-

|
52 L 1 52
m n

in which

ZD—‘le =0
T
[
1
O

R', R?is hydrogen, a linear or branched C,-Cgalkyl radical, or a pheny! radical;

R?is a linear or branched C,-Ciqalkylene, arylene, alkylarylene, or arylalkylene
radical;

M is an alkaline earth metal or alkali metal, Al, Zn, Fe, or a 1,3,5-triazine

compound;
mis 1, 2, or 3;
nis 1 or3;
xis 1 or2; and

b) 90-10 Mass% polyphosphate salt of a 1,3,5-triazine compound according to
formula (1)

in which

T represents a 1,3,5-triazine compound,

n is a measure of the number average degree of condensation and is higher than
3;

and



nis 1or 3; xis 1or 2; and b) 90-10 Mass% pol yphosphate salt of 3 wan 2005
1,3,5-triazine conmpound according to formula (I111) HO n in which P M A
represents a 1,3,5-triazine conmpound, n is a neasure of the nunber average
degree of condensation and is higher than 3; and 3 -13 c¢) 1-30 Mass% ol efin
copol yner; the sum of conponents a) --¢}-being 100% 2. Hal ogen-free flanme
retardant conposition for use in a thernoplastic conposition, which flane
retardant conposition contains at |east a) 10-90 Mass% phosphi nate conpound
according to fornmula (1), wherein Rl, R2, M and mare as defined in claim
1, and or foe)mil-30 Mak$% ai¢fiyedpalyRier R2, R3, M n and x are as defined in

cI aiml; and b) 90-10 Mass% pol yphosphate salt of a 1,3,5-triazine conpound
accordi ng t othefssfmefl QMAINENS altred) SeMITIAM n are as defined in claim1 and
the 1,3,5-triazine content is higher than 1.1 nol 1 3,5-triazine per nol of
phosphofudiagasnrfragiipres f%a@éml\%%%sﬁloéffﬁ’frPS@d’béltWﬁ}OP atSH‘éC%fUﬁ@%tfoermbnent s
a)-c) bei ngmbQePArdaht cEmpBEitisret@itdiabtt asposi tion according to claims 1 or 2,
wherein n in the polyphosphate salt of a 1,3,5-triazine conpound is higher

man 20. ﬁ & grma;or mtaemmmbsmnmesbtnpcnncaamm?@@ fbﬁmaayl omeereih R P 1- 3,
erein the 1, tr| Z at e
1,3,5-triazine a@ %Ig%ﬁé| gﬁ’lﬁﬁﬂq E%dégﬁ n@ x@t rgrﬂﬁ Z;ﬁp Ss%'irbﬁndx

according to claag asdelrmd in clawhel, enéh t he conposition contains 25-75 nmass%
phosphi nat e conpound and 75-25 nass %pol%/phosphate salt of a
1, 3, 5-tri azi e WotpW¥assie polyphosphate salt of a 1,3,5-triazine compound according to

formula (Hl), wherein T and n are as defined in claim 1 and the 1,3,5-triazine
content is higher than 1.1 mol 1,3,5-triazine per mol of phosphorus atom; and

c) 0-30 Mass% olefin copolymer;

the sum of components a)-c) being 100%.
3. Flame retardant composition according to claims 1 or 2, wherein n in the polyphosphate
salt of a 1,3,5-triazine compound is higher than 20.
4. Flame retardant composition according to any one of claims 1-3, wherein the 1,3,5-
triazine compound in the polyphosphate salt of a 1,3,5-triazine compound is melamine.
5. Flame retardant composition according to claims 1 or 2, wherein the composition
contains 25-75 mass% phosphinate compound and 75-25 mass % polyphosphate salt of
a 1,3,5-triazine compound.
6. Flame retardant composition according to claims 1 or 2, wherein R' and R? in the
phosphinate compound are a linear or branched C,-Cegalkyl radical.
7. Flame retardant composition according to claims 1 or 2, wherein M in the phosphinate
compound is Ca, Al or Zn.
8. Use of the flame retardant composition according to claims 1 or 2 as a flame retardant in
a glassfiber-reinforced polyamide composition.
9. Flame retardant polyamide composition that contains the following components:
a) 95-10 Mass% polyamide;
b) 0-50 Mass% glass fiber;
c) 5-40 Mass% flame retardant composition according to any one of claims 1-8;
d) 0-50 Mass% other additives;
the sum of components a)-d) being 100 mass%.
10. Flame retardant polyamide composition according to claim 9, wherein the polyamide

composition contains 10-40 mass % glass fiber.



6. Flame retardant conposition according to clainms 1 or 2, wherein R and R2
in the phosphinate conpound are a |linear or branched Cl-Co6al kyl rqpiﬂﬁtﬂmg.
Fl ame retardant conposition according to clainms 1 or 2, wherein Mi'n e
phosphi nate conpound is Ca, Al or Zn. 8. Use of the flane retardant
conposition according to clainse 1 or 2.as a flane retardant in a
gl assfi ber-reinforced pol yam de conposition. 9. Flanme retardant pol yam de
conposition that contains the foll ow ng conmponents: a) 95-10 Mass%
pol yam de; b) 0-50 Mass% gl ass fiber; c) 5-40 Mass% fl ane ret ardant
conposi 11 .driame casardianypalyaning composifion Redanding 1@¢lain P, Wh&einNhe 9obye ik
add! {1 ves coh BBk aNaFaTRoRERLS Akl BELAM 100oBERGYC 10, Fiare retardant
pol yam de conpositi on accordi ng $8"¢ a|n1§, wherern e pol yam de
conposi 2 driarnenttaidast ddyaroidawepdsitibmsscdrilibe to adylongAR Q@S 9-11, viHereiRltaere
r et ar dant ] ktion according to claim9, wherein the pol yam de
conpositidﬁﬂéon agggﬁ%gﬁ%gbhass@6flane retardant conposition. 12. Fl ane
r et ar damd. fprhg eetadientpotyroside icompasition désryding taoginnBd 20in which the deflnll, wher ei n
the polyan i.S: po i 1 t ! I i conposition
accordi ng%t%%agﬁng?'r%ag%%%,% %ﬁygﬂ?%ﬁotdﬁgaoﬁh J?‘ﬁ%'gﬁﬁéﬁeﬁﬁ@@wg mal ei c
anhydr i d¢-faodé fetediast polyamidé abpipasibbre bceordiog od ylaem 12,wherfihane polgamiddant
pol yam de conpositi or di t | ai wherein the pol yam de
conpositi (fr?mg)gﬁ'ﬁ%ri' ﬁ(gﬂi%gqﬁ%%s?go é’loe?f%n(?o g]go 3;'msr. 15. Moul ded article
cont ai nil sigMduided dréioe coetainintate flaoleyratdrdant polypoddd caompasitooraticoglingto cl ai m 9.
16. Use oflth noul ded article according to claim15 in the field of
el ectrical®8Nd el ectronic appl i cations.

16. Use of the moulded article according to claim 15 in the field of electrical and electronic

applications.



