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r‘el ates to new conpositions based on pol yani de flame-retarded by ne

red phosphorus, which conpositions are intended in 5 particular for the
production of articles for the electrical and el ectronics industries. Mre
particularly, it relates to conposi‘tions leatling to flane-retarded articles
whi ch offer a good conpron1se of propertles I n partlcular wth regard to
fire 10 resi stance, COME ] ASED ONc &FLAME - 7Y 2 '
appearance, and Iom1corr03|veness It is known that the addition of red
phosphorus to conpositi ons Thes eFementolipyandd omikelatesdsinm"e to obtain a
hi gh degree of flane retardancy I n US Patent 3, 883, 475,
conposi ti ons basEE™BRSLEIRES m&%@%mﬁ%%fﬁq%?ﬁmea?§ he
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was proposed in ontoits
effectiveness particularly, it relates to compositions leading to

flame—rgtardea articles which offer a good compromise
of properties, in particﬁlar with regard to fire
10 resistance, resilience, resistance to arc tracking and
. surface appearance, and 1§w corrosiveness.

Tt is known that the addition of red
phosphorus to compositions based on polydmidé hakes it
possible to obtain a.high degree of flame retardancy.

15 | In US Patent No. 3,883,475, compositions
based on flame-retarded polyamide wére described in
.which the aim was to prevent the evoluﬁiog of highly

toxic phosphine, which forms following a

An improvement,'consisting in making use of

25 cadmium oxide instead of CuO, was proposed in French
Patent No. 2,367,100; in addition to its effectiveness
(at least equal to that of Cu0O) in preventing the

evolution of phosphine, cadmium oxide leads to aﬁticles-
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(at least equal to that of CuO in preventing the evolution of phosphine,
cadmi um oxi de |l eads to articlés 2 which have a particularly high
resistance to arc tracking (within the meaning of French Standard NF C
26220), which is equal to or greater than 400 volts:in the case of
conpositions containing no fillers 5 and eqeuzal to or greater than 375 volts
in the case of conpositions filled with nore than 25 % by wei ght of glass

fibres. A replacgigik @lrgq%g%t ;La(}rti%%g-@r'li n?’ﬁ'i glleé.(e\giisq:gn@%s SONE.J oxi city),

consi sting of a coopoun ase n e, was proposed 1n French-

Patents Nos. 2, 533afhir@ e 8Ah t9h nWabllnbhics 39Ilbanlsradda ROMPOSI ti ons

based on flanme-retarded pol yam de which are obtained [ead to articles which
of fer a-conpronm sg ef 22PN, kdSich AsPakuladUultd oW Hheat@d dHam fdopre 15

retardancy, resilience and resistance to arc tracking,” which is better than
t hat associ ated wollltst i the efaskadi wompoisdeiodewevatainitwe ne0fIAdiddsOHNS
fl ame-retarded by neans of red phosphorus and optionally conprising other
20 conponehts apdpeguanit ticheregsleattiesn tbanpRFSpiriodeshdwe the case of
compositions filled with more than 25 % by weight of
-glass fibres.
A replacement pfoduct for cadmium oxide
(which has some-toxicity), consisting of a compound
10 based on lanthanide, was proposed in French Patents
. Nos. 2,553,783 and 2,621,594. With this adjuvant, the
éompositions based on flame-retarded polyamide which
are obtained lead to-articles which offer a compromise
of properties, in particular with regard to flame
15 retardancy, resilience and resistance to arc tracking,
which is better than that associated with the use of
cadmium oxide.
. However, theée compositioﬂs flame-retarded by
means of red phosphorus and optionally comprising other
20 components to prevent the evolution of phosphine have a
certain corrosiveness with respect to partsobased on
metal material which are in contact with the polymer or
inserted, for example by mbulaing, in an érticle
méulded with these compositions. This phenomenon is
25 observed in particular with moulded-parts used in the
electrical or electronics field to support metal
contacts, for example copper contacts.

One of the aims of the present invention is,
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certain corrosiveness with respect to parts based on netal material which
are in contact with the polyner or inserted, f.or exanple by noulding, in an
article noulded with these conpositions. This phenonenon is 25 observed
in particular with nmoul ded parts used in the electrical or electronics
field to support netal contacts, for exanpl® copper contacts. One of the
ainms of the present invention is, 3 in particular, to overcone these

di sadvant ages byRpPEFtdNG aF -c &HPp SViEFicomep FheF oo A imrdyante@asddY pol yani de
whi ch -has good nechagnj.cal properti,es as.well_as od resistance to electric -
arc tracki ng an&®*PIA“3"9 é‘oﬁ"g‘?ﬁ? 30D bRagg é’l"’s.%q“?a‘et'l’fi?aé: 9t he

I nvention provid G Ist O i I s based 0 Ql yani.de a ont.ai ns
red phosphorus ggﬁ.]y ar%l(aargrje Y a%a\,ghg%%rdac eé’r%f"gel& |n%frh°§’teri J'ecso%%r %’seen'lsfan .

addi tive consi shigng @y 3e&itahe tgoréa%l&@ieh%;atn R hRe LU

conprising zinc oxide, oxygen-containing zinc salts and zinc sul phide. A
m xtur.e of 8t | eashoiRedlesichese me@@a@unds my be used. According to a

preferred enbodi mrent of the invention, the zinc conpound content, expressed
as : To this end, the invention provides a
composition which is based on polyamide anq_contains
red phosphorus as flame retardant, characteriéed in
that it compriées an additive consisting of a zinc
10 compound chosen from the group comprising zinc oxide,
oﬁygen—containing zinc salts and zinc sulphide. A
mixture of at least two of these compounds may be uséd.
According to a preferredlembodiment of the
invention, the zinc compéund content, expressed as
15 weight of zinc with respéct to the weight of red
phosphorus, is between about 10 % and about 100 %.
Preférably this content is between 20 % and 80 % and
advantageously between 40 and 80 %. |
| The polyamide composition may comprise a
20 filler.such as an inorganic filler.
Inorganic fillers which may be mentioned by
;ay of exampie are mineral fibres, such as glass or
asbestos fibres, glass microbeads; silica, micas,
kaolin, bentonites or a mixture of these.
25 According to another preferred characteristic
of the invention, the zinc compound is a zinc borate or

- a mixture of zinc borate and zinc oxide. When it is

used in a polyamide composition filled with glass
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15 weight of zinc with respect to the weight of red phosphorus, is

bet ween about 10 % and about 100 % Preferably this content is between 20 %
and 80 % and advant ageously between 40 and 80 % The pol yam de conposition
may conprise a 20 filler such as an inorganic filler. Inorganic fillers
whi ch may be nentioned by way of exanple are mneral fibres, such as gl ass
or asbestos fibres, glass mcrobeads, silicd mcas, kaolin, bentonites or

a mxture of thesf, &5 thi ,#45"095 i ng; t other preferred
characteristic of the invention the zi n%’ 2%“ und 15 aélr'zi%ée b%‘r%é?rét%?ea

mxture of 7inc JPre Aedhaes Xl feac bELd i Uabthdiy POl Vam de

conposition filled with glass - 4 Tibres, this conpoun as, in

particul ar, the pbpedeDss GO Nohe Sébipesit 2dd Y BHdLC1ENW {dpsadechani cal
properties of the conposition. Thus, the inpact strength of the pol yanm de

conposi tion fil lstrendth ghfisthé polydmibde i Conisdstist afiibdd Wik agt £ by
the irncorporation of zinc borate. According to a preferred enbodi nent of
t he inventi.én, tﬁ‘i@mﬁmincmrswmm’smw mffeated by itive '
incorporation of zinc borate.
| According to a preferred eﬁbodimgpt of the
invention, the composition coﬁprises a mixture of zinc.
- borate and zinc oxide in concentrations by weight
10 expressed as metallic Zn with respect to phosphorus of
between 15 and 60 % for zinc oxide and 15 to 40 % for
zinc.borate; df course, the total concentration of zinc
coﬁpéunds is within the raﬁges given ébove.
The polyamides to be flame-retarded which are
15 suitable for the éresent invention comp;ise, in
particular: the polyamides obtained by a
polycoﬁdensation reaction of saturated aliphatic
dicarboxylic acids having from é to 12 carbon aﬁoms
with saturated aliphatic diprimary diamines having from
20 é to 12 carbon étoms; the polyaminoacids obtained
either by a direct homopolycondensation reéction of
w-aminoalkanoic acid containing a hydrocarbon chain
having from 4 to 12 carbon atoms or by hydrolytic
opening énd polymerisation of the lactams derived from
25 said acids;'the copolyamides obtained from the starting
monomers of tﬁe abovementioned polyamides, it being
possible for the acid component of said cépolyamides

also to consist in part of terephthalic acid and/or



pborate and zinc oxide in concentrations by weight 10 expressed as
nmetallic Zn with respect to phosphorus of between 15 and 60 % for zinc
oxide and 15 to 40 % for zinc borate. O course, the total concentration
of zinc conpounds is within the ranges given above. The pol yam des to be

" flanme-retarded which are 15 suitable for she present invention conprise,
in particular: the polyam des obt ai ned by a pol ycondensation reacti on of
.saturated al i phdsiophtihedrikoxadid; camdisthemivgtdresn &f taudl? malyomi deons
with saturated aliphatic diprinmary diam nes having from 20 6 to 12 carbon
atons; the pol yam noaci ds Ts folkbwindaraybe mensbenednofer yexampheat i on
reaction of [err]-am noal kanoic acid containing a hydrocarbon chain having
. from4 to 12 cabiowax @ idrlustrnatien yaf cthparlrpmidep Ataineht?vm of
the |l actans derived from 25 sai d aci ds; the_copol yam des, obtained from
the starting mﬁ&ﬂﬂ@@@‘ﬁ?&%ﬁﬁﬁ’r%@ﬁ prHacifgiand idiingE possi bl e

ter epht hal 1 ¢ ?%9”9”5%? Bl bt Fote e TangaiRetas and Afpecn
pol yam des. Thea_]:z 9""':1%0@?3’6 ’tga @&t}}u?épdof fl:?éxﬂ@é@fenediamine and
B azelaic acid), nylon 6,10 (polymer of hexaqgthylene-
diamine and sebacic acid) and nylon 6,12 (polymer of
hexamethylenediamine and dodecanedioic acid)T
10 The following may be mentioned by way of
 illustration of the polyamino acids which may be
suitable: nylon 4 (polymer of 4-aminocbutanoic acid or
of y-butyrolactam), nylén 5 (polymer of
5-aminopentanoic acid or of d-amylolactam) nylon 6
iS (polymer of e¢-caprolactam), nylon 7 (polymer of
- 7-aminoheptanoic acid), nylon 8 (polymer of
capryllaqtam), nylon 9 (polymer of 9-aminononanoic
acid), nylon 10 (polymer of 10-aminodécanoic acid),
nylon 11 (polymer of ll-aminoundecanoic acid) and nylon
20 12 (p01YTer of 12-aminododecanoic acid or of
lauryllacéam).
The following may be mentioned, for example,
b§ way of jllustration of copolyamideg: nylon 6,6/6,10
(éoﬁolymer of hexaﬁethylenediamine, adipic acid and
25 sebacic acid) and nflon'6,6/6 (copolymer of
hexamethylenediamine, adipic acid and caprolactam).
" The polyamides to be flame-rgtarded which are

preferred for the present invention are nylon 6,6,



by way of illustration of the pol yam des obtained by a pol ycondensation
reaction of diacids and diamines: 5 nyl on 6,6 (polyner of
hexanet hyl enedi am ne and adi pic acid), nylon 6,9 (polymner of
hexanet hyl enedi am ne and azel aic acid), nylon 6,10 (polynmer of
hexanet hyl ene- di am ne and sebacic acid) and nylon 6,12 (polymer of
hexanmet hyl enedi am ne and dodecanedi oi ¢ acid). 10 The foll ow ng

may be nentioneqzmgnvv%yl@f' hbr'l@ﬁxt lgat QA o éﬁef&&?’%@%ﬁl@fﬁﬁy’ﬂ&h may be

sui tabl e: nylon (pol ynmer of 4-am nobut anoi c "aci act anm,

nylon 5 (polymer of 5-ami me%&apiuc‘reackﬂk HYrusf Wi Y idln sy On 6
15 (polynmer of [err]-caprolactan), nylon (pol ynmer of 7-am nohept anoic
acid), nylon 8 ¢fokherprekentafhyentibandendted thel MBEFYe Foloured

9- am nononanoi ¢ acid), nylon 10 (polymer of 10-am nodecanoic-acid), nylon
11 (polymer of alletrppirdvezdeitdesciod) phodphorty ded,lrilldty sy of

12- am nododecanoic acid or of lauryllactam. The follow ng may be
mentioned, Por kkasll phogphaaysdi marketedaunderotheopameaxiedes: nyl on

6, 6/ 6, 10 (copol yner of hexanet hyl enedi am ne, adipic acid and 25 sebaci c
aci d) and nyl.onPBO8PBOTEBpol ymer of hexanet hyl enedi ani ne, adi pic acid and
caprol actanm). The polyani%ﬁs to be flanme-retarded which are preferred for
the present invention are R§ Bfcgng of red phosphorus is generally

- between 1 and 30 % by weight with respect to the weight

of the polyamide to be fiame-retarded. Preferably, this

10 amount is between 2 and 15 % by weight. Still more
preferentially, this améunt is between 4 ;nd 10 %. In
general, it is desirable to use red phosphorus in
finely divided form, for example in the form of
particles having an average diameter not exceeding

15 200 um and prefefablj of between 1 andlloo um.

| The red phosphorus may be use& either as such
or in the form of red phosphorus particles coated by
means of a polymer skin. Amongst these polymers, the
following may be mentioned in particular: epoxy resins

20 (cE. french'Patent No. 2,314,221), polymers having
maleic, fumaric or allyl unsaturated bonds kcf. French
Patent No. 2,314,219), saturatéd polyesters with a
melting point of between 50° and 90°C and a molecular

mass of less than 10,000 (cf. French Patenﬁ .

25 No. 2,373,575), thermoplastic phenol-formaldehyde poly-
condensation'p;oducts of tﬁe_novolac tfpe (cf£. French
Patent No. 2,344,615) and thermoplastic phenol-"

isobutyraldehyde polycondensation products (cf.



@ nylon 6,10, nylon 6, nylon 6,6/6,10 and nylon 6,6/6. The term"red

phosphorus” within the neaning of the present invention

denotes t he diverse

coloured allotropic varieties of phosphorus (red., violet or 5 bl ack

- phosphorus) marketed under the nanme red phosphorus. The
phosphorus is generally between 1 and 30 %.by weight wit
wei ght of the polyanm de to be flame- r et ar dd. Pref erably,

anount of red
h respect to the
this 10 anount

betueen 4 and 19-76PPRIENEAF appLisacTBaryr ChFr ThkaTbLY: phbLiERRE | o °
finely divided hoady LRE RE2THL6 riﬂvfb? ;  ehd 8kePa tLﬁF%@é agg@g an aver age

di aneter not exceedi ng 15 efr[ ahd pre era

ween. and 100

[err]. The red pheﬁamorasmanaehﬁdassglgasﬁaéne§t§aﬁhpesduetehesfanlof red

phosphorus particles coated by neans a polynmer skin

Anongst -t hese

pol ymers, the fphteicallagBy PeefPie@n@dabir@ardi CithplemeRexYibasoRs 20

(cf. French Patent No. 2,314,221), polyners having nal ei

c, fumaric or allyl

unsaturated5bondhe(pfeséhEnthvéatbon.NHheZaﬁdﬁnelst pemyméataéeﬂolicsters

with a

necessary, to coat the phosphorus particles may vary

within wide limits. Generally this amount represents 5

to 50 % of the total weight of the red phosphorus/

coating polymer mixture. It should be pointed out that

10 larger amounts of coating polymer, which

can range up

to 90 % of the total Qeight of the red phosphorus/

coating polymef mixture, may be used without

disadvantage.

The zinc compounds are added to the

15 composition of the invention in diverse £

for example, in powder form. They may als

orms, such as,

o be in

crystalline form or in anhydrous or.amorphous form.

Advantageously, the zinc compounds must be stable or

substantially stable at the temperature at which the

20 composition is converted and at the normal use

temperatures of said compositions. The characteristics

of this powder are not critical. Thus, the shape, the

size and the methods for introducing and mixing the

zinc compound in the poiyamide composition are

25 determined as a function of the usual criteria for the

production of a thermoplastic polymer composition

intended to be converted by any process,

for example by

moulding, extrusion or injection moulding. Thus, it ise



nmelting point of between 50 and 900C and a nol ecul ar mass:-of |ess than
10, 000 (cf. French Patent 25 No. 2,373,575), thernoplastic
phenol - f or ral dehyde pol y- condensation products of the novolac type (cf.
French Patent No. 2, 344,615) and thernopl astic phenol - isobutyral dehyde
pol ycondensati on products (cf. 7 European Pat ent Application No. :
82.106329. 4, published under the No. 0,071,788); the use of thernoplastic

phenol - f or mal delyykee Ry AN AENS & | SO YIC 1S niat B RAT tﬂqqh;eilr@;r | ﬁr;% erred

measure for inplenmentation of 5 the present invention. The amount o

pol ymer used, ifart3cEESdine,! AHROBELdtE HLItR) FeteRANY WAt dFRYHE Y
wthin wide limts. Generally this anount represents 5 to 50 % of the total

wei ght of the e paspivleIdigwaif the PYowder Hsxtfdmer.lt shoul d be pointed
out that 10 | arger amounts of coating polymer, which can range up to 90 %
of the total weight of t/‘he exhigiedsiph@Enesessest ifog ey perepanatiran ofly be
used wi t hout di sadvantage. The zinc conpounds are added to the 15

conposi ti o of these mamnasitionsliars dhdase ponventiionallousedaiy ¢he n
powder form They nmay also be in

production of polyamide-bésedlcompositions.'
| Thus; the compositions according to the
present invention may be prepared by-éimple nixing of
the various constituents in aﬁy appropriate ways

10 enabling a homogeneous composition to be obtained.
Preferentially, mixing of the diverse constituents in
powder or granule form is performed by first carrying
out premixing in the cold in a conventional mixer and
then homogenizing the whole by hot blending in a

15 single-screw or multiple-screw extruder, the extrusion
preferably being carried out under an inert atmosphere
such as; for example, nitrogen or argon. At the egd of
this treatment, rods are obtained which are cooled in
watér and then cut into granules, it being possible for

20 the latter then to be subjected to dryiﬁg, if
appropri#te. The compositions according to the
invention may also be prepared by ﬁaking'up a master
mix, prepared in the form of granules based on a
portion of the polyamide to be flame-retarded, red

25 phosphorus and the zinc compound, which will then be
mixed, before use, with granules of the remai#der of
the polyamide to be flame-retarded.

These composgitions have been defined above by



crystalline formor .in anhydrous or anorphous form Advantageously, the

zi nc conpounds nust be stable or substantially stable at the tenperature at
whi ch the 20 conmposition is converted and at the normal use tenperatures
of said conpositions. The characteristics of this powder are not critical.
Thus; the shape, the size and the nmethods gor introducing and mxing the
zinc conmpound in the pol yam de conposition are 25 determ ned as a .

function of thaHsusleddddCidr dSistiOudi©OSUCEHE Qo i EHROEEORAPSAG C
pol ymer conposition intended to be converted by any process, for exanple by

moul di ng, extruday i woykTinet depdrit frond Ntise ddops of hereferred to
use a powder or a material having a fine particle.size, the effect being
general |y bett émwdrsnidathecpandditye these ciompws polwies irs thereindildmted
sui tabl e processes for the preparation of 5 these conpositions are those
conventional | ymagyaes.n t he producti on of pol yam de-based conpositions
Thus, the conpositions according to the present invention nay be_prepared
by sinple ®ixing of the B¥iYRE Lor¥ s Whenykhew Aeprigkendeds 10

enabling a hormf%ene us conposi fion éo be Oc?t ai ne _ ..
r the production of shaped articles, the compositions

according to the invention may contain divefse
additives: they may thus contain, as descfibed above,
reinforcing or gelling fillers, such as gléss or-

10 asbestos fibres, glass microbeads, kaolin, silica,
micas, bentonites, bentones or mixtures of these
species. Amongst the abovementioned fillers, glass
.fibres are most commonly used; these fibres in general
have.an average diémeter.of between 1 and 15 um.and a

15 length of between zland 8 mm. In order to obtain |
articles endowed with optimgm mechanical propertieé, it
is advantageous to use fibres sized, for example, using
epoxy resins,.polyester resins, polyurethane resins or
vinyl resins, these resins generally being coﬁbined

20 with coupiing agents of the aminosilane type. The
proportibns of fillers may vary between, for example,

10 % and 60 % by ﬁeight withlrespeCt to the weight of
the polyamide iﬁ the'composition.
It is also possible to make use of other

25 additives, such as lubricants, stabilizers, impact
modifiers, pigments or dyes, antistatic agents,
crystallizing agents and ﬁgénts which stabilize red

phosphorus: these additives and their-use.arg

1



Preferentially, mxing of the diverse constituents in powder or granule
formis perfornmed by first carrying out prenmixing in the cold in a
conventi onal m xer and then honobgeni zi ng the whol e by hot blending in a 15
single-screw or nultiple-screw extruder, the extrusion preferably being
carried out under an inert atnosphere such for exanple, nitrogen or
argon. At the end of this treatnment, rods are obtai ned which are cooled in

water and then cLgxiéﬁgiaégfu@éc,f-kseaekﬂgtﬂgsik%gamgéo' the {atter

then to be subjected to drylng, It appropriate conpositions according

to the invention may al so bpperepapesi YofBKLBEoYRIAGTRS! helivhveRitaRA €d
in the formof granules based on a portion of the po?yanlde to be

flame-retarded, gy e cPROEHHEE USnE80ELAEsREACOSOBRANEE i Whiedh awitik1lhen
be m xed, before use, with granules of the remai nder of the polyamde to be
flane-retarded. Heseseonpochéi custnzeybirfedeionedrabateusjon their
essential constituents. It goes without saying that it would not depart
fromthe scofe oftedhmigwes: i bortexampléy these conpositions in the
i ndi cated manner. 5 By way of exanples, when they are intended
. The compositions of the invention have the
advantages of compositiohs flame-retarded Yith red
phosphorus, that is ﬁo say a.fire'resistance and
combustibility according to “Underwriters Laboratories"
.10 UL 94 verticol test (for test pieces 1.6 mm thick)
Yithin the classification range VO to V1. This property
is '‘even improved compared with that of compositiono
without zinc compounds.
However, the presence of the zinc compound
15 improves the resistance_to electric arc tracking (the
property being designated IRC). This resistance may be
gréater'than 600 volts in the case of the compositions
filled with at least 25 % by weight.of glass fibre.
In addition, the compositions of the
20 invention has a much lower corrosi#eness towards metal
materials, such as copper, than do compositions without
zinc compounds. These improvements are observed to a
high degree when the composition cootains a black
colorant. The aggressive nature of the compositions is
25 illustrated by the following test:
150 g of compound, in the form of granules,

containing the composition to be tested are added to a

leaktight vessel.



for the production of shaped articles, the conpositions according to the

“invention nmay contain diverse additives: they may thus contain, as

descri bed above, reinforcing or gelling fillers, such as glass or 10

asbestos fibres, glass mcrobeads, kaolin, silica, mcas, bentonites,

bentones or m xtures of these species. Amangst the abovenentioned fillers,

glass fibres are nost comonly used; these fibres-in general have an

. average di aneter of betwastall euattl@:[eﬂés] etk ofl coppengtirads pet ween 2

and 8 nm In order to obtain articles endowed w th opti num mechani ca

properties, it sidvedyamndderrze ane csusgmmiediizedhd oresselhpiaove sting

epoxy resins, polyester resins, polyurethane resins or vinyl resins, these

resi ns gener al epmpoung-conbi ned 20 with coupling agents of the

~am nosi | ane type. The proportions of flllers may var betmeen for exanpl e,
10 % and 60 % by wei ght \7\'51% heatrd i dias VIRHER: i n the

conposition. It is also 3§§SI | e to ke use ,of ot he 25 ad |t|ves such
as lubricants, stabilize 4%§£ﬁ iG9TRABiqR Gt fetermi b¥ntistatic

R R g Mg oAby U St S
weight of the test pieces.
The other properties are determined in
accordance with the methﬁds below:
10 - Arc pro a~ation resistance (IRC) in volts:
method termed the "KC technique" described in
DIN standard 53480/15972. |
Behaviour on combustion (UL S4):

method for determining Ehe vertical

15 ' combustion in accordance. with the standard
UL %4 using gest pieces 1.6 mm thick, which
afe assessed:

- after conditioning for 48 hours.uﬁder
50 % relative humidity, and
20 - after conditioning for one week at 70°C.
- Migration:
" Plates of compound 100 mm x 100 mm in size
'and 3.2 mm thick are arranged in a chamber
containing a sulphuric acid solution in order

25 to obtai# a degree of humidity of 93 %.

The plates'are subjected to 15 24-hour cycles
comprising 8 hours at 70°C and 16 h at 23°C.

Each plate is then washed with 400 ml of



10 extensively described in the literature. The conpositions according to
the invention may be.converted into finished or senmfinished articles by
use of the customary injection or extrusion 5 t echni ques, for exanple.
The conpositions of the invention have the advantages of conpositions
“flame-retarded with red phosphorus, that is_f{o say a. fire resi stance and

conbustibility according to "Underwiters L&Boratories" UL 94 vertical
test (for test pieces 1.6 £ |2 | at VO to
V1. This property is even |rrprovecé§ c\grrptﬂ;;rde} vgm%t%ot E:Zt (1)3% g(??r{paé'{s |on

W t hout zinc conpounds. HOWR §he LAGSHIWEIRICE O0keltRemdinyg . compound 15

| nproves the resistance to electric arc tracking (the property being

designated I RC). -This %ﬁ agfgmwm%mt Ale tlehal n@R0 i¥Oldcedradda case
of the conmpositions filled wth at [east 25 % by weight of glass fibre. In
addi tion, the conpositions wifth IBS?@&damaaiid arshas a nuch | ower
corrosiveness towards netal materials, such as copper, than do conpositions

Wi t hout zi nc5conpounds. Th&he ifillsmeseretairsiedr eonpoenitdesniso axdumlinge greee
when the conposition contains a black colorant. The aggressive nature of

the conpositions the psfqaelr\;stme@d:m @ire poritdpulgriysyuitable for the

productlon of shaped articles which can be used in the
electr1c1ty 1ndustr1es (for example the electrical and
electronics, electric household appliances, radio and

10 automotive industries). Tﬁe characteristics of these
.compositions a;so.make it possible to'manufactﬁre'
articles by eitrusion and.film-forming.

The invention will be illustrated by the
examples below which are given solely by way of

15 nbﬁlimiting example.

The compositions of the invention are
obtained by mixing the constituents of the composition
in a Werner Pfleiderer type ZSK 40 extruder, the glass
fibres being fed by a Werner %SB twin feed screw.

20 : The extruder has a screw rotating at a speed
.of 250 revolutions per minute at a temperature of 280°C
and with a throughput of 70 kg/h. The degassing'
pressure is 56 x 102 Pa.

The stér;ing materials used are:

25 - nylon 6,6 (polymer of hexameﬁhylenediamine and
adipic acid): this is a product which has a
viscosity index of 133 ml/g (determined in

accordance with ISO standard R 307, 1977 edition,



150 g of conpound, in the formof granules, containing the conposition to

be tested are added to a | eaktight vessel. Metal test pieces nade of
copper, brass, silver and bronze are suspended in the vessel above the
conpound. The whole is heated at 125[err]C for 336 hours. 5 The

degree of corrosion is determ ned by determ ning the change (generally the
increase) in the weight of the test pieces.13The other properties are
determ ned in accordance with the nethods below. 10 -  Arc Dropagation
resistance (1RC) in Wtthe ngehiRle frajtior IKOQ & Hinmue arikd)i bed in

DI N standard 53480/ 197 - ehavi oyr on conbustjon (UL 94): method for -
det ermi ning the Verti %3 1 glass to:ﬂ’r“?:%rﬁﬂfs‘??ftﬁii DY SHRYHRPIRI h the

standard UL 94 using 834 j eces 1.6 mmthick ich are assessed:. after

conditioning for 48 HoUTE UHaET SO9RT AR IRASIRRE dt B SeRFeRFration
- after conditionidy Jore elele ‘ngé&@t 70[err] C

5 - a lubricant: aluminium stearate in a concentration
of 0.4 % by weight,
- a colo;ant marketed by Williams underdphe name
Nigrosine Oisol Blépk N in a concentration of
1.16 % by weight,
10 - a flame retardant consisting of red phosphorué
marketed under the.name CPC 400 by Wilbright and
Wilson, and | -
- a zinc compound chosen from the group compriéing
zinc borate; zinc sulphide and zinc oxide. These
15 _ compounds'may.be.either anhydrous or in
crystalline férm.

The various compésitions and.their properties
are coiiated in Table 1 below. The concentrations are
expressed as percentage by weight of compound with

20 respect to the mass of final composition. The zinc
‘oxide is an aqhydrous'oxide ana the zinc bor;te‘is'a

hydrate.



- M gration: Plates of conpound 100 mm x 100 mmin size and 3.2 mmthick
are arranged in a chanber containing a sul phuric acid solution in order 25
to obtain a degree of hunidity of 93 % The plates are subjected to 17

24- hour cycles conprising 8 hours at 700? and 16 h at 23[err]C. Each plate

is then washed with 400 m of . 12 wat er for 4 hours at 40[err]C. The:
conductivity of the wash water-is determned. - Char py inpact strength:
determ ned in accordance mnth | SO standard 179 5 The '
flame-retarded counpa invention are
partlcularly suift abl e for the productlon of shaped artijcl es which can be
n in o (= tn H
used in the electricity i dustr:pSo(f@r sxamﬁe&t%e el gctrical and
el ectronics, el ect&ic househdl d appllances radi o°and 10 aut onoti ve
industries). The dﬁaracte i stics of t hese coﬁbositions al so make it
poss| ble to manu v 8 extrusion_and filmiform ng. The
i nvention wll gllustrbted by the exanpl es bel ow whijch are given solely
by way of 8
g
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.15 nonlimting exanple. The conpositions of the invention are obtained by -
m xi ng the constituents of the conposition in a Werner Pfleiderer type ZSK
40 extruder, the glass fibres being fed by a Werner ZSB twin feed screw. 20
The extruder has a screw rotating at a speed of 250 revolutions per m.nute
at a tenperature of 280[err]C and with a 1Hiroughput of 70 kg/h. The
degassing pressure is 56 x [err] Pa. The starting materials used are: 25

- nylon 6,6 (polymer mbotheaneehyesneli eaonpesbbtionsipas prodicedhis is a
product which has a viscosity index of 133 m/g (determnined in accordance
with | SO.st anH#¥rR B 7flangretpardant a- red phosphores uppatedavithnain 90
%formc acid);, R 23 Dxl glass fibres, marketed by Omens Corning, Flberglass
these are pnaﬂﬁﬂn?*r%PE%mkéﬂPY§flBﬂsﬁ$ Zghyﬁb?aﬂﬁﬁﬁh¥1°5 containg

| ubri cant: mstearate nac rati o % by wei a
col orant mar ke%He:}’é EJ{EV\NW'@&YTB nﬁ%‘? ﬁﬁuﬂlé‘bﬁ%‘r@ab 3] aﬁ?ﬁgﬁeN ina
Concentréué(N1§§rt1cle size of 20 to 30 um and is coated with 40 % by

weight of the phenocl - formaldehyde polycondensation
product which has a melting point of 80°C and a
molecular weight of 800. The results 6btained are

collated in Table 2 below.



1.16 % by weight, 10 - a flame retardant consisting of red phosphorus
mar ket ed under the nane CPC 400 by WI bright and Wl son, and a zinc
conmpound chosen fromthe group conprising zinc borate, zinc sul phide and
zi nc oxide. These 15 conpounds nay g either anhydrous or in
crystalline form The various conpositions and their properties are
collated in Table 1 bel ow. The concentrations are expressed as percentage
by wei ght of compound with 20 respect to the mass of final conpodsition.
The zinc oxideis an _anhydrous oxide and the zinc borate is a hydrate.

14 H . Al 15 Anot her
series of conpositidns was produced using jas flanme retardant a red
phosphorus coated wit B3 pheﬂpol -& ordralalehylde resin. This conposition
cont ai ns H D : .
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60 % by wei ght of red phosphorus which has an average 5
20 to 30 [err] and is coated with 40 % by wei ght of the phenol -fornmal dehyde

particle size of

pol ycondensat i on product which has a nelting point of 80[err]C and a
nol ecul ar wei ght of 800. The results obtained are collated in Table 2

bel ow.

10
4
1.5
6

16

' 17 The results of the corrogfon test are given bel ow
(increase in the weight of the test pieces in ng):
Br ass

Test pieces Ex. Copper

Bronze Si | ¥Re besultdé of the corrosidn test arke Jiven
2.2 2 6.5 2 12 k.l 3

0.6 below (2n@rease inQthe4weight of the] test pieceg) im
0.4 5 4.6 0.6 1.3 0.1 10

ang) : 0.2 .5 .2
Test pieces
Ex. .

Copper Brass Bronze Silver

5 1 5.3 1.3 10 2.2

2 6.5 2 12 1.1

3 4 0.6 2.7 0.1

4 1.5 0.6 1.5 0.4

5 4.6 0.6 1.3 0.1

10 6 2.3 0.2 10.5 0.2

7 1.1 0.4 1.1 0.1

8 18.2 “15.4 12 2.5

9 14 4.3 14.7 2.2

10 8.3 0.8 4 0.2
15 These results clearly show the effect of the

addition of the zinc compounds on the corrosiveness of

the polyamide compositions towards metals, as well as

the reduction in migration phenomena.




7 1.1 0.4 1.1 0.1 8 : 18. 2

15. 4 12 2.5 9 14 4.3 14. 7

2.2 10 . 8.3 0.8 "4 0.2 15

- Thése results clearly show the effect of the addition of the zinc conpounds
on the corrosiveness of the pol yam de corrp05|t|ons towards netals, as well
as the reduction in mgration phenonena: 183 cLAI MB 1. Corrp05| tion
based on pol yam de and containing red ph%s as a flanme retardant,
characterized in that it conprises a zin and/or 5 a zinc salt

chosen fromthe group conpyising, sgﬁl&g};;g%a&girg& ;[ec gaécfi and the

sul phi des. 2. Conposi tion accor alm rirzed 1n that the

oxygen- cont ai Ni bzt 4ion S tréd ﬁl@éé}%@@é £ a I ame retardant; '
Composition according to Caiml racterized in that 1t conprises, as

additive, a m XidHerdt&riedOiml ha i€ dmpPddes . zindWPREd td0d/ oxr
-according to one of the preceding clains, characterized in that it
conprises 5 a zinc salt chosen from the group comprising the

| oxygen-containing zinc salts and the sulphides;

2. Composition accdrding to Cla}m 1,
characterized in that the oxygen-containing zinc salt
is a zinc borafe. |

Jd0 3. - Composition according to Claim 1,
characterized in that it comprises, as additive, a
mixture of éinc borate and zinc oxide.

4. Compositién according to one of the
preceding claims, pharacterized in that it comprises

15. from 10 % to 100 % of zinc compounds (expreésed as mass
of metal) with.respect to the mass of red phosphorus,
preferably between 20 % and 80 %

5. Composition accérding to Claim 4,
characterized in that it comprises from 40 to 80 % by

-20 weight of zinc compounds (expressed as mass of'metal)
with respect to the mass of red éhosphorus.
| 6. Composition according to one of Claims 3
to 5, characterized in that the zinc borate |
concentration is between 15 and 40 % and the zinc oxide
25 .concentration is between 15 and 60 %, said
concentrations being ekpressed as mass of Zn with
respect to the weight of red phosphorus.

7. . Composition according to one of the .

N O O




15 from10 %to 100 % of zinc conpounds (expressed as nmass of netal) wth
réspect to the mass of red phosphorus, preferably between 20 % and 80 % 5.
Conposition according to Caim4, characterized in that it conprises from
40 to 80 % by 20 weight of zinc conpounds éexpressed as mass of netal) -
Wi th respect to the mass of red phosphorus. 1 Conposi tion according to

one of Clains 3 to haraﬁterlzed i n that th zi nc bg ?#e conpcentration
i s between 15 aﬂﬁrﬁﬁeglﬁﬂdc p&mSy nEhBTRY 3532e ﬂc&ﬁ? atPBn*FE bet ween 15

and 60 % "said c nc ratlong bgg@g Bressed as nass of Zn with respect to
the wei ght of r Rorus® 7 Ebnp05| Sﬁ according to one of the

19 preceding clalns charagterl .QlEgéﬁ LP8°ﬁagn hggpgﬁgugfléhgoated in

a resin. 8. Conposi tion accor to one o ecedlng clains

characterized Irb{-@éédiﬁgcem@has aaaﬁactbeﬁz&aanhﬁ thhteit ZontafABPASI tion
according to daim8, characterized in that the inorganic filler is glass

fibre. 5 inorganic filler.
| 9. Composition according to Claim 8,
characterized in that the inorganic filler is glass
fibre. -
10. Composition accérding to one.of the
10 preceding claims, characterized in that it contains at

least one lubricant.
11. Article obtained by moulding a

composition according to one of the preceding claims..

-
0



v

10.”Cbnposition according to one of the 10 precedi ng cl ai ns,
characterized in that it contains at |east one |ubricant. 11, Article
obt ai ned by noul'ding a conposition according to one of the preceding

cl ai ns. .
20

COMPOSITIONS BASED ON FLAME-RETARDED POLYAMIDE

ABSTRACT

The present invention relates to a
composition which is bésqd'on polyamide and
flame-retarded by means of red phosphorus.

It relates more particularly to a composition
which comprises a zine comp§und such as a zinc oxide, a
zinc borate and/or a zinc sulphide in order to lower
the corrosiveness of thg compbsitidn towards metals or
an alloy and to reduce mig?ation phenomena o6f the
éomponents of the composition.
| It is used more particularly for the

production of moulded articles.



