| Pol ymer powder with phosphonate-based flanme retardant, process for its
production, and nol dings produced fromthis polyner powder The invention
relates to a pol ynmer powder based on pol yanm de or on copol yam des,
preferably nylon-12, which conprises phosphonat e-based flane retardant, to
a process for producing this powder, and al so to nol dings produced by a
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The process of laser sintering (rapid prototyping) to realize moldings made from pulverulent
polymers is described in detail in patent specifications US 6,136,948 and WO 96/06881 (both
DTM Corporation). A wide variety of polymers and copolymers is claimed for this

application, e.g. polyacetate, polypropylene, polyethylene, ionomers, and polyamide.

Nylon-12 powder (PA 12) has provén particularly successful in industry for laser sintering to
produce moldings, in particular to produce engineering components. The parts manufactured
from PA 12 powder meet the high requirements demanded with regard to mechanical loading,
thus having properties particularly close to those of the mass-production parts subsequently

produced by extrusion or injection molding,

A PA 12 powder with good suitability here has a median particle size (dsg) of from 50 to
150 ym, and is obtained as in DE 197 08 946 or as in DE 44 21 454, for example. It is
preferable here to use a nylon-12 powder whose melting point is from 185 te 189°C, whose

enthalpy of fusion is 112 J/g, and whose freezing point is from 138 to 143°C, as described in
EP 0911 142.



EP0911142. 2 Ot her processes with good suitability are the SIB process, as
described in WO 01/38061, or a process as described in EP 1015214. The two
processes operate using infrared heating over an area to nelt the powder,
and selectivity is achieved in the first process by applying an inhibitor,
and in the second process by way of a mask. Another process which has found
wi de acceptance in the market is 3D prZnting, as in EP-0 431924, where the
mol di ngs are produced by curing of a binder applied selectively to the
powder | ayer. Another process is described in DE 10311438, in which the
energy required for nelting is introduced by way of a mcrowave generator,
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Although the known polymer powders intrinsically have good properties, moldings produced
using these powders still have some disadvantages_. A pmﬁcular disadvanta;gc: with the
polymer powders currently used is their high flammability and combustibility. This currently
inhibits the use of processes described above in short runs in aircraft construction, for

example.

It was therefore an object of the present invention to provide a polymer powder which can be
used in one of the processes described above to produce parts of lower flammability. In

particular, the intention here is to achieve UL V-0 classification.

Surprisingly, it has now been found that addition of phosphonate-containing flame retardants
to polymers can produce polymer powders which can be used in layer-by-layer processes in
which regions are melted or selectively bound, to produce moldings which achieve markedly
better UL classification than moldings composed of conventional polymer powders. For

example, this method can achieve UL V-0 classification. It is particularly advantageous if the



exanple, this method can achieve UL V-0 classification. It is particularly
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The polymer powder of the invention has the advantage that it can be used in a layer-by-layer
process in which regions are selectively melted or selectively bound to one another to produce
moldings which have low flammability and combustibility. Moldings which achieve UL
(Underwriters Laboratories) V-0 classification are therefore obtainable. Addition of flame
retardant mostly impairs the mechanical properties of | the moldings. Nevertheless, the
moldings of the invention retain good tensile strain at break and an only slightly reduced
modulus of elasticity, when compared with moldings composed of material to which no flame
retardant has been added. This opens up application sectors which were inaccessible hitherto.

for reasons of poor combustibility classification.

The polymer powder of the invention is described below, as is a process for its production, but

there is no intention that the invention be restricted thereto.

A feature of the polymer powder of the invention for processing in a layer-by-layer process in

which regions are selectively melted or selectively bound to one another is that the powder



4 conprises at |east one polynmer or copolyner and at |east one

phosphonat e-containing flame retardant. A polyam de preferably present in
t he pol yner powder of the invention is a polyam de which has at |east 8
carbon atons per carbonam de group. The pol ynmer powder of the invention
preferably conprises at | east one pol yam de which contains 10 or nore
carbon atons per carbonami de group. The pol yner powder particularly
preferably conprises at | east one polyan de selected fromnylon-6,12 (PA
612), nylon-11 (PA 11), and nylon-12 (PA.12). The pol ymer powder of the
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purchased fromvarious producers, and by way of exanple nylon-12 pellets
are supplied as VESTAM D by Degussa AG For the processes which do not use
a | aser, @hepgiphympivdpovkine idﬂaﬁioﬁfpiéfhﬁ&l%r Rbthri @O Bélyarside withial hdd¥an dafticle
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the powdesptofgoqmml to 30% by wei ght of at |east one phosphonate- containing
flame retardant, preferably from5 to 20% by wei ght of a

phosphonat e-containing flane retardant, particularly preferably from8 to

15% by wepqRiynRf pswdd? pRABADA! s%itgﬂgﬁoﬂa@ér@glteﬁng is a nylon-12 powder whose melting
point is from 185 to 189°C, preferably from 186 to 188°C, whose enthalpy of fusion is
112 + 17 I/g, preferably from 100 to 125 J/g, and whose freezing point is from 133 to 148°C,

preferably from 139 to 143°C. The process for the production of the polyamide powder on
which the polymer powders of the invention are based is well-known, and in the case of
PA 12 may be found by way of example in the publications DE 29 06 647, DE 35 10 687,
DE 35 10 691, and DE 44 21 454, which are incorporated by way of reference in the |
disclosure content of the i)resent mvention. The polyamide pellets required may be purchased

from various producers, and by way of example nylon-12 pellets are supplied as VESTAMID
by Degussa AG.

For the processes which do not use a iaser, a copolymer powder has particularly good

suitability, in particular a copolyamide powder.

The polymer powder of the invention preferably comprises, based on the entirety of the
components present in the powder, from 1 to 30% by weight of at least one phosphonate-
containing flame retardant, preferably from 5 to 20% by weight of a phosphonate-containing
flame retardant, particularly preferably from 8 to 15% by weight of a phosphonate-containing



5 flame retardant, and very particularly preferably from110 to 12% by

wei ght of a phosphonate- containing flane retardant.** |f the content of
t he phosphonate-containing flane retardant is bel ow 1% by wei ght based on
the entirety of the conponents present in the powder, there is a narked
reduction in the desired effect of low flamuability and | ow
combustibility. If the content of the phosphonate- containing flane
retardant is above 30% by wei ght, based on the entirety of the conponents
present in the powder, the nechanical properties of the noldings produced
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Sui tabl e flog ajds, suc s fumed al um num oxide, funed silicon dioxide,
or fumed PPYEHT BFRCHICHATRIY Regierbe modder of slasticily ferespmplat  powder. Pol yner.
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Pol ymer ofiar of the invention preferably conprises |ess than 3% by
wei ght, with preference from 0.001 to 2% by wei ght, and very particularly
_preferably from0.05 to 1% by weight, of these

For applying the powders to the layer to be processed it is advantageous if the phosphonate-

containing flame retardant encapsulates the polymer grains, this being achievable by wet-
mixing of polymer dispersions in a solvent in which the phosphonate-containing flame
retardant has at least low solubility, because the resultant treated particles have particularly
good distribution of the flame retardant. However, it is also possible to use powders with
phosphonate-based flame retardant incorporated by compounding in bulk, with subsequent
use of low-temperature milling to give powder. Suitable flow aids, such as fumed aluminum
oxide, fumed silicon dioxide, or fumed titanfum dioxide, may be added to the resultant

powder.

Polymer powder of the invention may therefore comprise these, or else other, auxiliaries,
and/or filler. By way of example, these auxiliaries may be the abovementioned flow aids, e.g.
fumed silicon dioxide or else precipitated silicas. By way of example, fumed silicon dioxide is
supplied with the product name Aerosil® with various specifications by Degussa AG. Polymer
powder of the invention preferably comprises less than 3% by weight, with preference from
0.001 to 2% by weight, and very particularly preferably from 0.05 to 1% by weight, of these:

auxiliaries, based on the entirety of the polyamides present. By way of example, the fillers



auxiliaries, based on the entirety of the polyam des present. By way of
exanple, the fillers may be gl ass particles, netal particles, or ceramc
particles, e.g. solid or hollow glass beads, steel shot, granul ated netal,
or else color pignents, e.g. transition nmetal oxides. The nedian grain size
of the filler particles here is preferably smaller than or approximtely
equal to that of the particles of the pblyanides. The median grain size d50
of the fillers should preferably not exceed the nedian grain size d50 of
the polyam des by nore than 20% wth preference 15% and with very
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preferably ation through wet-m xing. By way of exanple, a
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- or auxiliary used, there can be marked impairment of mechanical properties of moldings

produced from these polymer powdeljé.

The polymer powders of the invention can be produced simply, preferably by the process of
the invention for producing polymer powder of the invention, by mixing at least one
polyamide with at least one phosphonate-containing flame retardant, preferably by
incorporation through wet-mixing. By way of example, a polymer powder obtained by
reprecipitation or by milling may be dissolved or suspended in an organic solvent and mixed
with the phosphonate-containing flame retardant, or else the polymer powder may be mixed in
bulk with phosphonate-containing flame retardant. In the case of operation in a solvent, the
phosphonate-containing flame retardant is preferably present in solution, or at least to some
extent in solution, in a solvent when mixed with a solvent which comprises the polymer,
whereupon either this solvent may comprise the dissolved polymer and the polymer powder is

obtained by precipitation of the polymers from the flame-retardant-containing solvent, or the



7 solvent may conprise the suspended pul verul ent pol yner and the pol yner
powder is obtained by renoving the solvent. In the sinplest enbodi nent of
the process of the invention, a very wi de variety of known nethods may be
used to achieve a fine-particle m xture. For exanple, the m xing nethod may
be wet-mxing in | owspeed assenblies - e.g. - paddle driers or circul ating
screw mixers (known as Nautam xers) - @r by dispersion of the

phosphonat e-contai ning flame retardant and of the polyner powder in an
organi c solvent, followed by distillative renobval of the solvent.In this
procedure sbtveiltsnadwmriagéle wesperdet ipelverupatpadyisalaud the pdiyesoporater ishdtained
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t he drying process. Exanples of solvent suitable for this variant are

| ower al cQhols haying froml - 3 carbon atons, and ethanol may preferably
be used agﬂ mptest ¢mbagimeng of thecpracess p thevavqnam $ \@ry witle arielyeaef knofnt he

i nventi on,métms Bk e ke, RaRERT: ﬁé}aﬁﬁlequ fﬂgﬁmgé‘fnf{hgirg gal ly

sui tabl e as a lasér sintering p phosp ona Bt ar nin
ret ar dant b§i Wgtgixingi mgloafdﬂm%bdssemblmtoe gFopaddien dsf;rs |01r cirsulatihgasdrevg eningrsf or  at

| east the ome extent dissol ved or

heat ed, rgkﬁol“gler lﬁo redu e'({rll8 %er§1?;1 ’a‘f‘ﬁpfé% 8?"’8%8&5?3% retardantasdly ani de
grains rrayof thepolyer pow@anspe&nﬂgdmfsowﬁht folloaB® b giktilladivé Rovallof IHRYORERTESS,

t he phosp onate ontal fIa retardant is mxed with a, preferably

nol t en, Et ’r‘ir"‘b $‘F865r Seqregc spivaabistolise theghosphanatereontaining t ant

flanme- r etﬂamé RVrd S5 abaRH 1 Gowp Bbrian 6, BecREOLE IRRE xélé!rdz(dt t Qi é&%ﬁfa?et tHE€)
grindi ng o eC|p|tat|on to give laser sintering p
conmpoundi R i’ﬂ’%@ ARE the ‘BW&@TOQ@ISI Bxamnlgsi of Isolsend Stﬁhibl@ fOpﬂlacmlsmmre o give

pol ymer pmwke blcoHdM Raviry RS BL 9 BarBbPA6RS, ANBYhiRK Bia P#x%ﬁe?\,a?}ﬁcq?‘e I{E%d assto

repreci pitation, for exanple. The procéss varl ant
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MPeRALY t&ardant < simply being admixed thereto. For this, it is advantageous for at least the
flame retardant to be at least to some extent dissolved or heated, in order to reduce viscosity.

In another embodiment, the polyamide grains may also be in suspended form.

In another variant of the process, the phosphonate-containing flame retardant is mixed with a,
preferably molten, polyamide through incorporation by compounding, ahd the resultant flame-
retardant-containing polyamide is processed by (low-temperature) grinding or reprecipitation
to give laser sintering powder. The compounding process usually gives pellets which are then
processed to give polymer powder. This conversion process may take place via milling or
teprecipitation, for example, The process variant in which the flame retardant is incorporated
by compounding has the advantage, when compared with the pure mixing -process, of
achieving more homogenous distribution of the phosphonate-containing flame retardant in the

polymer powder.

In this instance, a suitable flow aid will be added to the precipitated or low-temperature-

ground powder to improve flow behavior, examples being fumed aluminum oxide, fumed



ground powder to inprove flow behavior, exanples being funmed al um num
oxide, fumed 8 silicon dioxide, or filmed titanium dioxide. In another
preferred process variant, the phosphonate-containing flame retardant is
adm xed w th an ethanolic solution of the polyner before the process of
precipitation of the polyner has been conpleted. By way of exanple, DE 35
10 687 and DE 29 06 647 describe this pBecipitation process. This process
may be used by way of exanple to- precipitate nylon-12 froman ethanolic
solution via controlled cooling, following a suitable tenmperature profile.
Ref er ence silizondbaideporfam8btithfiu&foxide. DE 29 06 647 for a detail ed
description of the precipitation process. The person skilled in the art
may use this process variant in a nodified formfor a broad range of

pol ymers, IpahythH&’ pr@f_@ﬂ‘ecﬁﬂb&’@@ﬁrar%hﬁﬂe PiRIsion e cBRhiRink NadGhiafial@) alilidleat he
pol ynmer dissolves in the solvent at an el evated tenperature, and that the

pol yner prath § sthanelic selutian; of dhes pelyrmen besare the nroseey off pregipitation o8 thermdlymrer on
renoval ofyaf k {i I i } o} r powders
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ret ar dant pregipifation prokess.i This praeeds magbedised byg wail b expingdptoopatipitatonylan-12 ng
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processibility, .or for further nodification of the polymer powder, this my
recei ve gﬁfg?%q{éprf}?esﬁ'norgani c color pigments, e.g. transition netal

oxi des, stabilizers, e.g. phenols, in particular sterically hindered
phenols, flow aids, e.g. funed silicas, or else filler particles. The
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polymer powders of the invention are obtained by adding phosphonate-containing flame

retardant to this solution, and then drying.

The phosphonate-containing flame retardant used may preferably comprise a phosphonate
containing cyclic ester structures, e.g. Antiblaze 1045%, this being a commercially available
product which can be purchased from Rhodia.

To improve processibility, or for further modification of the polymer powder, this may receive
additions of inorganic color pigments, e.g. transition metal oxides, stabilizers, e. g. phenols, in
particular sterically hindered phenols, flow aids, e.g. fumed silicas, or else filler particles. The
amount of these substances added to the polymer powder, based on the total weight of
components in the polymer powder, is preferably such as to comply with the concentrations

stated for fillers and/or auxiliaries for the polymer powder of the invention.

The present invention also provides processes for producing moldings by selective laser
sintering, by using polymer powders of the invention, which comprise polymers and

phosphonate-containing flame retardants. The present invention in particular provides a



phosphonat e-contai ning flame retardants. The present invention in
particul ar provides a 9 process for producing noldings by a | ayer-by-I|ayer
process which selectively nelts or selectively binds parts of a
phosphonat e- cont ai ni ng preci pitati on powder based on a nylon-12 whose
melting point is from185 to 189C, whose enthal py of fusion is 112 f 17
J/ g, and whose freezing point is from436 to 145C, the use of which is
described in US 6,245,281. These processes are well-known, and are based on
the selective sintering of polyner particles, |ayers of polyner particles
bei ng bri @tdc;asseﬁqnqxedhchm maBikngs| byg latlaydrtbljr-lzmﬁ phdcagat which delRegiveBl WRES ort he .

pol ymer rtlcl posed. t e | aser Thr ee- di nensi onal obJects are
produced B S’i’ |p\9’§ qﬁ’rslit}‘r?ﬁat&l"m?tgﬂ? é’rﬁpltﬁ'iﬂ"yﬂ?@”td%%s?q 1 28Ylomy2 gy of
exanpl e, em)ae hsltiaf pohe iSRbACIFSE 18baSaFhosk RhBAIHYOf Rfsfbﬁ%iiﬂz @rw J‘?é"éﬂ&’ in
the publi %%ﬁ?%g%‘éus 6, 136, 948 and WD 96/ 06881. The nol di ngs of

i nventi on 0g rpipt s diogr130\te 1435 e theasanisthiohgs deseriediin S, %ﬂﬁ(%bhonat e-
containing flane retardant and pol ynmer. The nol dings of the invention
preferably conprise at |east one pol yam de which contains at |east 8
carbon at cpEgcessay o walkikdewnyrapd pre bebddcinrilysseleofivet srdering\of polymar ptidles,

articula e | east one. n l.on-11, and/or
e nyl on iy RYFL8 alu I8 Wing SBefl arvBiat P85k AR gotivan Beide by
Q her “pr otegméananipahiclys etpased toath llaskylight eTHrRRdiBlkRiHaAD6IESGs adSrélRissd bped in
WO 01/38061, or a ocess as_described in EP 1 015 214. The two processes
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in the second process by way of a mask. Anot her process whic as found

wi de acceptance in the market is 3D printing, as in EP 0 431924, where the
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Other processes with good suitability are the SIB process, as described in WO 01/38061, or a
process as described in EP 1 015 214. The two processes operate using infrared heating over
an area to melt the powder, and selectivity is achieved in the first process by applying an
inhibitor, and in the second process by way of a mask. Another process which has found wide
acceptance in the market is 3D printing, as in EP 0 431 924, where the moldings are produced
by curing of a binder applied selectively to the powder layer. Another process is described in

- DE 103 11 438, in which the energy required for melting is introduced by way of a microwave

generator, and selectivity is achieved by applying a susceptor.

For these processes, use may be made of pulverulent substrates, in patticular polymers or
copolymers, preferably selected from polyester, polyvinyl chloride, polyacetal, polypropylene,
polyethylene,  polystyrene, polycarbonate, polyﬂi—ﬁleﬂlylmeﬂlacrylimide) (PMMID),
polymethyl methacrylate (PMMA), ionomer, poifamide, copolyester, copolyamides,
terpolymers, acrylonitrile-butadiene-styrene copolymers (ABS), or a mixture of these. '



pol ymet hyl met hacrylate (PMVA), iononer, poly am de, copolyester,
copol yam des, terpolyners, acrylonitrile-butadi ene-styrene copol yners
(ABS), or a mxture of these. 10 The flane retardant present in the nolding
of the invention is preferably a cyclic organic phosphonate contai ning
ester structures. It contains from 10 tg 25% of phosphorus, particularly
preferably from18 to 22% An exanpl e df a flame retardant of this type is
Anti bl aze 1045 from Rhodi a. The nolding of the invention preferably
conprises, based on the entirety of the conmponents present in the nolding,
from1l to 50% by wei ght of phosphonat e-based fl ane retardants, preferably
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€. g. iron Asiiblaze m45(mim"n§cmqmd| ng hol I ow beads The nol dings of the
invention preferably conprise glass particles, very particularly preferably
gl ass beads. Ml dings of the invention pref erably conprise | ess than 3% by
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to describe the polynmer powder of the invention and its use, wthout

restricti e trohaldingy enlyi 28 b&npﬂme ﬁmmbh@/ér abiiBai¥s,| e U MHeRC StabilifRs and/or
determ natien.carried qu %rp& exa | es. bel ow conp ied wth DN 66131.
Bul k densfnl%? 15, fiet SR 88‘"& gheanl depiyatives. Fxampleppiillas are glasypaktidleser n

Mast er si Z@dramdic phRicies,0fd 4isd ShetaMBaribRE d o RoP RloRioR cbPSpd RRR hoBGR beils! T

val ues.
moldings of the invention preferably comprise glass particles, very particularly preferably

glass beads. Moldings of the invention preferably comprise less than 3% by weight, with
preference from 0.001 to 2% by weight, and very particularly preferably from 0.05 to 1% by
weight, of these auxiliaries, based on the entirety of the components present. Moldings of the
invention also preferably comprise less than 75% by weight, with preference from 0.001 to
70% by weight, particularly preferably from 0.05 to 50% by weight, and very particularly
preferably from 0.5 to 25% by weight, of these fillers, based on the entirety of the components

present.

The examples below are intended to describe the polymer powder of the invention and its use,

without restricting the invention to the examples.

The BET surface area determination carried out in the examples below complied with
DIN 66 131. Bulk density was determined using an apparatus to DIN 53 466. A Malvern

Mastersizer S, version 2.18, was used to obtain the laser scattering values,



11 Exanple 1: Incorporation of AntiblazeTM 1045 by reprecipitation 40 kg of
unregul ated PA 12 prepared by hydrolytic polynerization (the preparation of
this type of polyanm de being described by way of exanple in DE 2152194, DE
2545267, or DE 3510690) with a relative solution viscosity liret of 1.61
(in acidified mcresole) and with an end group content of 72 nmol/kg COON
and 68 mol /kg NH2 are heated to 145C vilth 0.3 kg of | RGANOX (r) 1098 and
4.44 kg of Antiblaze"m 1045, and also 350 1 of ethanol, denatured with

2- but anone and 1% water content, within 5 hours in a 0.8 nB stirred tank
(D = 90 cixample’D Toegrporativn v Aatibbawze™ 1045 by aépredipitatioanper at ure, with

stirring l.ade. stirrer., = 42 ratation.rate = 91 r . ..The j acket
t enper at _u%@lg gft%?gugage&})&gztpé@ffg@y l&’ﬁﬂﬁy’r‘fepobf‘%f‘tw&‘l (]ﬂ{e Srakiog of tig
brought t eypk26XGofantide belhg @esciiBéd b fwad ofkdxbmplatin I 2380104 SHEr 3535267 @ at i on
rate. Fromthis #ﬁnqture onward, wth the sane cooling rate, the jacket
t enper at uldE 350693 withag relative solution viecopitit we.rnd] 1.6l dimacidified m-dsssole) e it t o 3

K. Using i t i e i I ht, to
117G and " ek Ep S0k 89 75 Mol nce (1S0b U 68 Bl RURRE ALY RSl HBEIVN °;
t hen brou§Btkg of IRGANDXURi1088 and 4K ikgopfriatiblaod™4D4K/ dnd alo 350i1sof ethanol,

t enper at ur ipitatio ins and is. detectable throyugh evol ution
of heat. K%‘?aé‘%&gg’%m‘ﬁ?’@ © ‘ﬂét}‘leg(fit& Ffenb VR 2¢ hauss 19 bg,mi Waftfhg t he
end of theDproduinpit=are on), aht BelIUBP € MEHON thik EenfRALRE With o b B@fer,
transferr d_‘{o a paddl e d_ri?r. The ethanol is renpved therefrom by

di st 1| at for 2 7eion ateuBl s Ths ket HEIRSTAREF Brihayietucnd f HOPGenddbed  he
residue i stéthfinempaithieess Wide (120 MOALodMAE B2 G B KA, 'ﬂpﬂfessaﬂf?(')s[f’ibgﬁ,’m-eng

anal ysis was carried out on the resultant. product and gave the
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the internal temperature is brought to 117°C, and then held constant for 60 minutes. The
intenal temperature is then brought to 111°C, using a cooling rate of 40 K/h. At this
temperature, the precipitation begins and is detectable through evolution of heat. After 25
mimites, the internal temperature falls, indicating the end of the precipitation. The suspension
is cooled to 75°C and then transferred to a paddle drier. The ethanol is removed therefrom by
distillation at 70°C and 400 mbar with the stirrer system running, and the residue is then
further dried at 20 mbar and 85°C for 3 hours. A sieve analysis was carried out on the
resuitant product ax;d gave the following result:
Sieve analysis: < 32pm: 8 % by weight

< 40um: 17 % by weight

< 50pm: 46 % by weight

< 63pm: 85 % by weight

< 80pm: 95 % by weight

< 100pm: 100 % by weight
BET: 6.8 m¥/g
Bulk density: 430 g/l

Laser diffraction: d(10%): 44pm,  d(50%): 69um, d(90%): 97pum.



BET: 6.8 n2/g Bulk density: 430 g/l Laser diffraction: d(10%: 44gm
d(50% : 69m d(90%: 97m 12 Exanple 2: Incorporation of AntiblazeTM 1045
by conpoundi ng and reprecipitation 40 kg of regulated PA 12 (L1600)
prepared by hydrolytic polynerization, with a relative solution viscosity
T1"A. of 1.61 (in acidified mcresole) and with an end group content of
106 mol / kg of COOH and 8 nmol / kg of NH2 are extruded at 225C in a

twi n-screw -conpounder (Bersttorf ZE 25) with 0.3 kg of | RGANOX (r) 245
and 4.44 kg of AntiblazeTM 1045, and strand-pelletized. This conpounded
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the internal temperature is brought to 117°C, and then held constant for 60 minutes. The
internal temperature is then brought to 111°C, using a cooling rate of 40 K/h. At this

temperature, the precipitation begins and is detectable through evolution of heat. After 25
minutes, the internal temperature falls, indicating the end of the precipitation. The suspension
is cooled to 75°C and then transferred to a paddle drier. The ethanol is removed therefrom by
distillation at 70°C and 400 mbar with the stirrer system running, and the residue is then
farther dried at 20 mbar and 85°C for 3 hours. A sieve analysis was carried out on the
resultant product and gave the following result:

BET: 7.3 m¥g

Bulk density: 418 g/l

Laser diffraction: d(10%): 36pm, d(50%): 59um, d(90%): 78um.

Example 3: Incorporation of Antiblaze™ 1045 in ethanolic suspension

The procedure is as described in example 1, but the flame retardant is not acided intitially, but
4.44 kg of Antiblaze™ 1045 are added at 75°C only after the precipitation of the freshly
precipitated suspension in the paddle drier. Drying and further work-up takes place as
described in example 1.

BET: 5.3 m?*g

Bulk density: 433 g/l



418 g/l Laser diffraction: d(10%: 36m d(50%: 59m d(90%: 78m Exanple
3: Incorporation of AntiblazeTM 1045 in ethanolic suspension The procedure
is as described in exanple 1, but the flame retardant is not added
intitially, but 4.44 kg of AntiblazeTM 1045 are added at 75C only after
the precipitation of the freshly precipitated suspension in the paddle
drier. Drying and further work-up takest3pl ace as described in exanple 1.
BET: 5.3 n2/g Bul k density:433 g/1 13 Laser diffraction: d(10%: 40pm
d(50% : 61 pm d(90%: 79m Exanple 4: Incorporation of AntiblazeTM 1045 in
et hanol i ¢ Kusapkfiattvn: BIOAr sEnegur §50%): 83pdescr i dyosdsy): nogianpl e 3, but 4.7 kg
of Anti bl azeTM 1045 are added at 75C to the freshly precipitated
suspension in the paddle drier, and drying is conpleted as described in

le 1. e ; Ty : jffraction: d(10%:
aoom a( sagyale & thoSipb ol o AnfibsTMoad feraroite 3t [ 20L1 20 LD T

0 84pm
1045 in etﬂ@mmeifsapémn%w iTosamplod,ddtid.@ ki of AstitleslY | B6drd aldekamste 3,

but 4.21 f i.bl a 1045. ar e, add t 7 to.the freshl )

preci pit a{i g}}‘ %S%e@g%hé%ﬁ%ﬁ%g%qs%@m%&mhgp eecﬁ‘,er’a?ﬁg 88?‘&5'1 1?‘1@“’?@“&%‘1"%&@8“ as
descri bed inmxamqdenpl e 1. BET: 5.6 n2/g Bulk density: 437 g/l Laser
diffracti %d( 1099 : 42pm d(50% : 55m d(90%:81pm Exanple 6:

| ncor pora of Antibl azeTM 1045 - W{/Ri n a.dry blend 4444 g of (10% by .
wei ght) ofpufinddnbityazeTM 1045 are ng@d in a dry-blend process utilizing a

Laser diffraction: d(10%): 45pm, d(50%): 65pm, d(90%): 84pm.

Example 5: Incorporation of Antiblaze™ 1045 in ethanolic suspension

The procedure is as described in example 3, but 4.21 kg of Antiblaze™ 1045 are added at
75°C to the freshly precipitated suspension in the paddle drier, and drying is cbmpleted as
described in example 1. :

BET: ' 5.6 m*/g

Bulk density: 437 g/

Laser difftaction: d(10%): 42um, d(50%): 55um,  d(90%): $1pum.

Example 6: Incorporation of Antiblaze™ 1045 within a dry blend

4444 g of (10% by weight) of Antiblaze™ 1045 are mixed in a dry-blend process utilizing a
Schugi Flexomix mixer at 3000 rpm with 40 kg of nylon-12 powder produced as in
DE 29 06 647 with a median grain diameter dsp of 53 pm (laser diffraction) and with a bulk
density to DIN 53466 of 443 g/l. This is a vertical tube of diameter 100 mm in which there is
a moving rotor with spray nozzles. For this process, the flame-retardant additive is preferably

heated to reduce viscosity.

Example 7: Incorporation of Antiblaze™ 1045 within a dry blend

4444 g of (10% by weight) of Antiblaze™ 1045 are mixed in a dry-blend process utilizing a
Schugi Flexomix mixer at 3000 rpm with 40 kg of copolyamide powder (Vestamelt 470)
prepared as in DE 29 06 647 with a median grain diameter dsp of 78 um (laser diffraction) and



Schugi Flexomix mxer at 3000 rpmwi th 40 kg of nylon-12 powder produced
as in DE 29 06 647 with a nedian grain dianmeter d50 of 53 pm (| aser
diffraction) and with a bulk density to DIN 53466 of 443 g/|l. This is a
vertical tube of dianmeter 100 nmin which there is a noving rotor with
spray nozzles. For this process, the flanme-retardant additive is preferably
heated to reduce viscosity. Exanple 7: lfncorporati on of AntiblazeTM 1045
within a dry blend 4444 g of (10% by weight) of AntiblazeTM 1045 are m xed
in a dry-blend process utilizing a Schugi Flexom x mxer at 3000 rpmw th
40 kg of ewthod ndinideresitp oaviDEN Séwsdfmﬁlgl ?l?lil@)ls a peeipdrietst @Sdianetdst 009nidGn 647
with a nedia rain di aneter d50, of | aser diffraction) and 14 with a
bul k densi [l]‘t B R %Wgo'f‘)t‘ﬁz‘félﬂbﬁl’ray'ﬁﬁ? es; d'or, tyg pyocessy the, Hametetgiaptet er
100 mm i naddbvEid ptdf@siRly héatell toBduevigcoti®t W th spray nozzles. For this
process, the flane-retardant additive is preferably heated to reduce
viscosi tyBEBET: 2.2 np/g Bul k demdmig: 423 g/| Laser diffraction: d(10%:
381im d(@q%deng%m d(90% 122myskxanpl e 8: Conparative exanple
(non-inventive): kg of unregul at PA 12 prepared by hydrolytic

pol yner i zé@seodlffrwtmh a(10B): BB ume  sIGI0I) BBpm,vi ScdEIoLs): t2pei.. of 1.61 (in
acidified mcresole) and with an end group content of 72 mmol/kg of COOH
and 68 mmol | kg of NH2 are brought to 145C with 0.3 kg of | RGANOX (r) 1098

in 350 mxmhphtmmparm@kmpﬂ(wﬂ-iﬁventhw :anone and 1% wat er content,
stirred tank (D .= 90 cm h= 170 cm
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120C, and the |nternal _ erature 1S brought to 12 oling°rate of
45 K/ h, &PGHademmotkg e NHn@IeahrOllaht t0a14é°Cﬁnﬂlrﬁ?ekgsflRﬁmN0Ke®dmm with

the same ggpliRY o el atu tal ed bel gw the

i nternal tenper afu?%ﬁbglen%r om ﬁﬁgtbug@% z{n%sl)é Wa%etrhe Samt 80"1 Peﬁtf :I[gq

i nternal hampisra.8imd stisedotrlu@ht 90 om1HTICH cmmchnﬂ held fhel kbue arthisasthperatire,
with stirring (blade stirrer, d = 42 cm, rotation rate = 91 rpm). The jacket temperature is then

reduced to 120°C, and the internal temperature is brought to 120°C at a cooling rate of 45

K/h, at the same stirrer rotation rate. From this juncture onward, with the same cooling rate,
the jacket temperature is maintained below the interal temperature by from 2 K to 3 K. Using
the same cooling rate, the internal temperature is brought to 117°C, and then held constant for
60 minutes. The internal temperature is then brought to 111°C, using a cooling rate of 40 K/h.
At this temperature, the precipitation begins and is detectable through evolution of heat. After
25 minutes, the internal temperature falls, indicating the end of the precipitation. The
suspension is cooled to 75°C and then transferred to a paddle drier. The ethanol is removed
therefrom by distillation at 70°C and 400 mbar with the stirrer system running, and the residue
is then further dried at 20 mbar and 85°C for 3 hours.

BET: 6.9 m¥/g

Bulk density: 429 g/l

Laser diffraction: d(10%): 42um, d(50%): 69um, d(90%): 91pm.

Further processing:

All of the specimens from examples 1 to 7 were treated for 1 minute with 0.1% by weight of

Aerosil 200 in a CM50 D Mixaco mixer, at 150 rpm. These powders were then used on an



60 m nutes. The internal tenperature is then brought to 111 C using a
cooling rate of 40 K/'h. At this tenperature, the precipitation begins and
i s detectable through evolution of heat. After 25 m nutes, the internal
tenperature falls, indicating the end of the precipitation. The suspension
I's cooled to 75C and then transferred to a paddle drier. The ethanol is
renoved therefromby distillation at 20C and 400 nbar with the stirrer
systemrunning, and the residue is then further dried at 20 nbar and 85C
for 3 hours. BET: 6.9 n2/g Bulk density: 429 g/l Laser diffraction:

d(10%) : ABQSINTIO las&uinterih(p3Q8Em tO tomstrudtutrbBEll fPetiaraSioNgO Ak, @f alsbe

speci nens Jromexanples 1 to 7 I eated for 1 minute with 0.1%b
vvel?i ght of ﬁfrﬁgrrof)escﬁ?g%ﬁbsﬁeﬁmgn%%ﬁ%%ﬁia% Aritspgle tegf; to i) I9Gy 527 W%gﬁedp%mder s
ver e t hen deRasin® TTable 1P nfetlRhlVil YRR dABR! coplpdh&d, TnS¥SWaIMILOmARANSEHY HCt

dunbbel | specinmens to | SO 3167, and also fire-protection test speci nens of
80* 3. 2* 10 spplified iptpmpl wethad (For ghignthe %sée@wwg $eI5Q 161 bndtipirpese(iF4bl e 1)

mechani ca %BE Pﬁﬁﬁ"ﬁ ]

sinmplifi egp%%@%?grﬁe%ﬁgﬁg@gr t ?hses e éehr113| tehge%)ro U(@:JE% c@éul?t% t§f'[67
(rul ti pur jsisht ot tensibespecipeds wey detampaed aadldenaityl why calouldeelsfeomwelameamgnt S

t he vol u”g«:ﬁ? cal cul ated, the weight of the tensile specinens was

determ ne d density was cal culated fromvolune and weight. Table 1: UL
classification of the specinens fromexanples 1-7 UL d assificationMdul us
of Thi ckne elasticity i.nin nm2M M Parts conposed of standard powder
asuncl assif lgéi@%f%%g?aﬂo%% fhecigepsfrem exgaeslrdnpl e 1V- 015883. 9

UL Classification Modulus of Thickness
clasticityin in
N/mm? mm

Parts composed of standard powder as| unclassified 1601 3.6
in example 8
Parts from example 1 V-0 1588 . 3.9
(reprecipitation)
Parts from example 2 V-0 1711 4.0
(compounding and repreéipitation or
milling)
Parts from example 3 (susp., 10 %) V-0 1501 4.0
Parts from example 4 (susp., 15 %) V-0 1454 4.1
Parts from example 5 (susp., 5 %) V-2 1673 3.7
Parts from example 6 (dry blend) V-0 1632 3.9
Parts from example 7 (dry blend, V-0 1207 3.8
copolyamide)

As can be seen in Table 1, the incorporation of phosphonate-containing flame retardant by
mixing achieves the improvement described in the following. Starting at a concentration of
10% of the phosphonate-containing flame retardant, a UL V-0 classification is achieved. The
components become only slightly thicker, but this can be corrected by reducing the amount of

energy introduced by the laser.



(reprecipitation) Parts from exanple 2V-017114.0 (conpoundi ng and
reprecipitation or mlling) Parts fromexanple 3 (cusp., 10 % V-015014.0
Parts fromexanple 4 (susp., 15 %9 V-014544.1 Parts fromexanple 5 (susp., 5
%9 V-216733.7 Parts fromexanple 6 (dry blend)V-016323.9 Parts from exanpl e
7 (dry blend, V-012073. 8 copol yam de) As can be seen in Table 1, the

i ncor poration of phosphonat e-cont ai ni nglﬁf | ame retardant by - m xing achi eves
the i nprovenent described in the following. Starting at a concentration of
10% of t h&¥hatdsglaimed is: cont ai ning flane retardant, a UL V-0 classification
is achi eved. The conponents beconme onty slightly thicker, but this can be
corrected by reducing the anount of energy introduced by the |aser. 16
VWhat is cllai fegblymer gowdér foyghryeessing) awd dayef-by-layeropesss midhnsciectioghe mdiy - | ayer
process which sel ectf’ vel bne(#téﬁ {e ions, or selectively binds themto one
anot her, wherBPLR® OTF erEgs; by eﬁ'bof%&an der and at |east one flane
retardant hawhedgina pol yphosphonate as main constituent are present. 2. The
pol ymer powder as cl a{ med in clajm1, which conprises a polyam de which

has” at | east®t&eastansorlymen pavdse andatdepsteneiflimegptardpnt having p golypogphonats@sder as
claimed in Ghah@bdstiffent?are prathe h

2. The polymer powder as claimed in claim 1,
which '

comprises a polyamide which has at least 8 carbon atoms per carbonamide group.

3. The polymer powder as claimed in claim 1 or 2,
which
comprises nylon-6,12, nylon-11, or nylon-12, or copolyamides based on the

abovementioned polyamides.

4. The polymer powder as claimed in any of claims 1 to 3,
which
comprises, based on the entirety of the components present in the powder, from 1 to 50%

by weight of phosphonate-based flame retardant.

5. 'The polymer powder as claimed in claim 4,
which
comprises, based on the entirety of the components present in the powder, from 5 to 30%

by weight of phosphonate-based flame retardant.
6. The polymer powder as claimed in any of claims 1 to 5,
which

comprises a mixture of the phosphonate-containing flame retardant with polymer particles,

7. The polymer powder as claimed in any of claims 1 to 5,



conprises nylon-6,12, nylon-11, or nylon-12, or copol yam des based on the
abovenenti oned pol yam des. 4. The pol yner powder as clained in any of
claims 1 to 3, which conprises, based on the entirety of the conponents
present in the powder, from1l to 50% by weight of phosphonate-based fl ane
retardant. 5. The polynmer powder as clained in claim4, which conprises,
based on the entirety of the conponentslpresent in . the powder, from5 to
30% by wei ght of phosphonate-based flane retardant. 6. The pol yner powder
as claimed in any of clains 1 to 5, which conprises a mxture of the
phosphonat e- &hivhai ni ng fl ame retardant with polynmer particles. 7. The

pol ymer powder as clained in a of claimg 1 to 5, 17 which conprises
phosphonate-8%9@Fe§ﬁ%ﬁ&EP@FgﬁﬁgﬁF“FHﬂﬁﬂﬁﬁpﬁPﬁﬁmﬁﬂﬁﬁmﬁlEﬂﬁ?ﬂﬁﬁﬂﬁ ticles. 8.
The pol yner powder as clainmed in any of clains 1 to 6, wherein the
phosphonat e contains cyclic ester structures. 9. Polyner powler as clainmed
in any of &I Ahegolymerpogder azglaimmeddn eey efwigims teos6,auxi | i'aries and/or filler.
10. The-pol yggLefponder as claimed in claim9, which conprises flow aids as

auxiliary. 11. The pol yner powder as clainmed in claim9 or 10,
the phosphonate contains cyclic ester structures. :

9. Polymer powder as claimed in any of claims 1 to 8,
which

also comprises auxiliaries and/or filler,

10. The polymer powder as claimed in claim 9,
which

comprises flow aids as auxiliary.

11. The polymer powder as claimed in claim 9 or 10,
which

comprises glass particles as filler.

12. A process for producing polymer powder as claimed in at least one of claims 1 to 11,
which comprises |

mixing at least one polymer powder with a phosphonate-containing flame retardant,

13. The process as claﬁned in claim 12,
wherein \
polymer powder which has been obtained by reprecipitation or milling and has been
dissolved or suspended in an organic solvent, or in bulk, is mixed with the phosphonate-

containing flame retardant.

14. The process as claimed in claim 12,

wherein



whi ch conprises glass particles as filler. 12. A process for producing

pol ymer powder as clained in at |least one of clains 1 to 11, which
conprises mxing at |east one polyner powder with a phosphonate-contai ni ng
flame retardant. 13. The process as clainmed in claim12, wherein polyner
powder which has been obtained by reprecipitation or mlling and has been
di ssol ved or suspended in an organic sdBvent, or in bulk, is mxed with the
phosphonat e- containing flane retardant. 14. The process as clainmed in
claim12, wherein 18 the phosphonate-containing flane retardant is

i ncor por at edhbyhapinpewsrdhiaiingflateaetamodt i9fcorbbiated BY ¥oRfounding irfth @ ndeR 9€| t ant
fl ame-retardant - ontaiq&n pell ets are processed by eﬁrecipltation or
mlling to gtﬁ?/ém&ﬁ‘i‘?ﬂé? dgweﬁulfaqtsﬂmvﬁéet%@%&rgmaggcn ptiedei proggssadnby 2,
wherein a phasiahianss Sraditedb Bive ofhRfFovdet.ardant is mxed with a sol vent
whi ch conprises the polyner, ereupon elther this solvent conprises the
di ssol ved pol yner and the polynmer powder is obtained by precipitation, or
t he sol ve j d pul verul ent polyner and the polyner
powder is@%gﬁﬁﬁﬁgﬁéﬁé°%§ﬁ%§#§§§?ﬁ§ solvent. 16. A nethod for producing
nmol di ngs by whekayer - by- | ayer process which selectively nelts regions or

selectively bi,nds themto one.anot her, from polynmer powder,as cl.ained in at
| east one of® &P Stf?ga f'c?lgmﬂ}%‘.geqa?’e,&c AEtaht ﬁg““ﬁ?‘gﬁ'b%é‘ds% o @Pmﬁ?gqsgﬁ%r

pr OCﬁSS whi gldlysieek,eeticreupbry eiffet this Job@hOInmises 1BE HiBRYVe Podymidt RelBtht PSP One
anot her,

powder is obtained by precipitation, or the solvent comprises the suspended pulverulent
polymer and the polymer powder is obtained by removing the solvent.

16. A method for producing moldings by a layer-by-layer process which selectively melts
regions or selectively binds them to one another, from polymer powder as claimed in at

least one of claims 1 to 15.

17. A molding produced by a layer-by-layer process which selectively melts regions or
selectively binds them to one another,
wherein

at least one phosphonate-containing flame retardant and at least one polymer are present.

'18. The molding as claimed in claim 17,
 which 7

is composed of a polyamide which has at least 8 carbon atoms per carbonamide group.

19. The molding as claimed in claim 17 or 18,
which

comprises nylon-6,12, nylon-11, and/or nylon-12.

20. The molding as claimed in any of claims 17 to 19,
which

comprises, based on the entirety of the components present, from 1 to 50% by weight of



wherein at |east one phosphonate-containing flane retardant and at | east
one polyner are present. 18. The nolding as clained in claim17, which is
conposed of a polyam de which has at |east 8 carbon atons per carbonan de
group. 19. The nolding as clainmed in claim17 or 18, which conprises

nyl on-6, 12, nylon-11, and/or nylon-12. 20. The nolding as clainmed in any of
clains 17 to 19, which conprises, basd® on the entirety of the conponents
present, from1l to 50% by wei ght of 19 phosphonat e-based fl ane retardant.
21. The nolding as clained in claim20, which conprises, based on the
entirety of phvsplvospbdredflampraadntt, from5 to 20% by wei ght of '
phosphonat e- based flanme retardant. 22. The nolding as clained in at |east
one of clainms 17 to 21, which conprises fillers. 23. The nolding as

cl ai med i 2iclied mdldidg as MileR iMclgitv@®s particles are one of the fillers.
which
comprises, based on the entirety of the components present, from 5 to 20% by weight of

phosphonate-based flame retardant.

22. The molding as claimed in at least one of claims 17 to 21,
which

comprises fillers,

23. The molding as claimed in claim 22,
wherein

glass particles are one of the fillers.



