FLAVE RETARDANT THERMOPLASTI C ELASTOMVERS CLAI M OF

PRI ORI TY [0001] This application clains priority from
U.S. Provisional Patent Application Serial Nunber

60/ 969, 629 bearing Attorney Docket Number 12007016 and
filed on Septenber 2, 2007, which is incorporated by
reference. This application also clains priority from
U.S. Provisional Patent Application Serial No.

61/ 080, 500 bearing Attorney Docket Number 12008018 and
filed on July 14, 2008. FIELD OF THE | NVENTI ON
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[ 00014] Features of the invention will becone apparent
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CAS 123-28-4. [00028] An expandabl e graphite filler can
serve as an expandabl e char former in fornul ations of
the conpound in those instances when the article
formed fromthe conpound should expand as it is
heated. The expandabl e graphit?e filler should have an
onset of expansion tenperature greater than the
processi ng tenperature of the conpound, but | ow enough
and with a high enough activity to provide a suitable
expansi on. Suitabl e expansion could be as much as
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20- 70% 25- 60% 30- 50% Pl asti ci zer 0-60% 10-40% 15- 30%
Secondary Pol yner(s) 0-30% 5-25% 5-20% Anti - oxi dant
0-3% 0- 2% 0- 1% Thermal Stabilizer 0-3% 0-2% 0-1%
Expandabl e graphite filler 0-30% 10-25% 15-20% O her
Optional Additives 0-15% 0-10% 0-5% [00030] Processi ng
[ 00031] The preparation of conpounds of the present
invention is unconplicated once the proper ingredients
have been sel ected. The conpound of the present can be
made in batch or continuous operations. [00032] M xi ng
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USEFRARYS OF herpy/Eymel qparticularly, that Exolit AP brand flame

retardants from Clariant GmbH of Germany work well in compounds of the

present invention. Presently preferred is Exolit AP 766 brand flame retardant.

[00021] Optional Additives

[00022] The compound of the present invention can include conventional

plastics additives in an amount that is sufficient to obtain a desired processing
or performance property for the compound. The amount should not be wasteful
of the additive nor detrimental to the processing or performance of the
compound. Those skilled in the art of thermoplastics compounding, without

undue experimentation but with reference to such treatises as Plastics Additives

Database (2004) from Plastics Design Library (www.williamandrew.com), can



[ 00035] TPE-S of the present invention is an excell ent
versatility because of its elastoneric performnce and
its thernopl astic processing. The addition of
anti - oxi dant properties, thermal stabilization, and
essentially hal ogen-free flame retardancy by those
respective functional additives nmakes the HFFR TPE of
the present invention an excellent conpound for

nmol ding into plastic articles which need fl ane
retardancy when in use in enclosed spaces. Use in

not or vehi cl e passenger conpartnents and aircraft
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fillers and extenders; smoke suppresants; expandable char formers; impact

modifiers; initiators; lubricants; micas; pigments, colorants and dyes;
plasticizers; processing aids; other polymers; release agents; silanes, titanates
and zirconates; slip and anti-blocking agents; stabilizers; stearates; ultraviolet
light absorbers; viscosity regulators; waxes; and combinations of them.
[00024] Any conventional plasticizer, preferably a paraffinic oil, is

suitable for use the present invention.

[00025] A preferred secondary polymer for the present invention is
polypropylene.

[00026] A preferred anti-oxidant is an Irganox brand pentaerythritol
antioxidant identified as CAS 6683-19-8.

[00027] A preferred thermal stabilizer an Irganox brand thiodipropionate
compound identified as CAS 123-28-4.

[00028] An expandable graphite filler can serve as an expandable char

former in formulations of the compound in those instances when the article
formed from the compound should expand as it is heated. The expandable
graphite filler should have an onset of expansion temperature greater than the
processing temperature of the compound, but low enough and with a high
enough activity to provide a suitable expansion. Suitable expansion could be as
much as 300%, in an embodiment of a door seal where the gap during normal
operation becomes sealed upon onset of exposure to heat or flame. Preferred
expandable graphite filler products are commercially available as Nord-Min
branded products from Nordmann Rassmann of Germany.

[00029] Table 1 shows the acceptable, desirable, and preferable ranges of
ingredients for the HFFR-TPE of the present invention.
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Table 1
Ranges of Ingredients
Ingredient Acceptable Desirable Preferable
(Wt. Percent)
TPE-S 5-40% 10-35% 15-25%
Flame retardant 20-70% 25-60% 30-50%
containing
ammonium
polyphosphate
Plasticizer 0-60% 10-40% 15-30%
Secondary 0-30% 5-25% 5-20%
Polymer(s)
Anti-oxidant 0-3% 0-2% 0-1%
Thermal 0-3% 0-2% 0-1%
Stabilizer
Expandable 0-30% 10-25% 15-20%
graphite filler
Other Optional 0-15% 0-10% 0-5%
Additives
[00030] Processing
{00031] The preparation of compounds of the present invention is

uncomplicated once the proper ingredients have been selected. The compound
of the present can be made in batch or continuous operations.

[00032] Mixing in a continuous process typically occurs in an extruder
that is elevated to a temperature that is sufficient to melt the polymer matrix
with addition of all additives at the feed-throat, or by injection or side-feeders
downstream. Extruder speeds can range from about 50 to about 500
revolutions per minute (rpm), and preferably from about 100 to about 300 rpm.
Typically, the output from the extruder is pelletized for later extrusion or
molding into pelymeric articles.

[00033] Mixing in a batch process typically occurs in a Banbury mixer
that is also elevated to a temperature that is sufficient to melt the polymer

matrix to permit homogenization of the compound components. The mixing
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Ingredient Nane (IYt. Parts) Kraton MD6917ES SEBS
(Kraton) BP 401- NAO6 PP copol ymer (I neos) Prinol 382
oi | (Exxon/ Mbil) Exolit AP766 fl ane retardant
(Cariant) Irganox 1010 anti-oxidant (C ba) |rganox
PS800 thermal stabilizer (Ciba)

speeds range from 60 to 1000 rpm and temperature of mixing can be ambient.
Also, the output from the mixer is chopped into smaller sizes for later extrusion
or molding into polymeric articles.

[00034] Subsequent extrusion or molding techniques are well known to
those skilled in the art of thermoplastics polymer engineering. Without undue
experimentation but with such references as "Extrusion, The Definitive
Processing Guide and Handbook"; "Handbook of Molded Part Shrinkage and
Warpage"; "Specialized Molding Techniques"; "Rotational Molding
Technology"; and "Handbook of Mold, Tool and Die Repair Welding", all
published by Plastics Design Library (www.williamandrew.com), one can make
articles of any conceivable shape and appearance using compounds of the

present invention.

USEFULNESS OF THE INVENTION

[00035] TPE-S of the present invention is an excellent versatility because
of its elastomeric performance and its thermoplastic processing. The addition of
anti-oxidant properties, thermal stabilization, and essentially halogen-free flame
retardancy by those respective functional additives makes the HFFR TPE of the
present invention an excellent compound for molding into plastic articles which
need flame retardancy when in use in enclosed spaces. Use in motor vehicle
passenger compartments and aircraft passenger compartments are two of many
ways the compounds of the present invention can benefit people around the

world.

EXAMPLES
[00036] Table 2 shows seven examples of the present invention, their

formulations, sources of ingredients, and processing conditions.
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[00037] Pellets of all Examples 1-7 were molded into tensile test bars
using a Demag injection molding machine, operating at 160-180°C temperature
and medium-high pressure.

[00038] Table 3 shows the experimental results.
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Shore A Tensile Strength (DN 53504) Elongation at
break (DI N 53504) Conpression Set (DIN 53 517) Melt
Fl ow | ndex (190C/5Kg) (DIN EN I SO 1133) g/ 10min Fl anme
Resi stance UL94@.8 mm (UL94) Fl ame Resi stance

uL94@. 5mm (UL94) Fl ane Resi stance UL94@ nmm (UL94)
Gowwire @.8mm (I EC 695-21) dowwre @.5mm (1EG
695-21) | Aowwire @mm (lIEG 695-2-1) Gowwre @mnm
(I EG 695-2-1) [00039] Exanples 1-7 exhibit a variety

of hardnesses as well as excellent flane retardancy
using an essentially hal ogen-free flane retardant
compound. Not only were the conpounds easy to process,
a manufacturing requirenent, but also the conmpounds
showed excell ent performance. Al of the conpounds net
t he HGD%' Vo tEgﬁ{np%E 1—%'e§hima%getF%§ﬁﬁgneEJé§ ad FEPRerient
glowwre test at 960C at 2 mm [00040] Table 4 shows

t he flonenetadinonssizgvh qeseotiabyshahgendied flpme resardant ceppound.

erboSuTHE g Mo INEILLEN, IEEE, EHRRTAAR g

Ex anpitelss threwaypsends heywadertdient @xfoanadabl 41l gf tiphdngounds

111 er: T2 o Boramylat hons pand, & aoessing, Condl Qe

(Kr ap@iy a2Z7nizdt 0. 00 21. 71 Kraton G 1654 SEBS (Kraton)

0. 00 78 0. BP 100- 6 _pol ypropyl ene. honopol r
(i ncf90lo. 0 rbied oo bR YT GHE o o0
honmopabydimeént of e @skntion where expandable graphite filler is also used.

Examples 9 and 10 differ from Example 8 because they contain expandable

graphite filler.
Table 4
Formulations and Processing Conditions
Ingredients (Wt. %) 8 9 10
Kraton G 1651 SEBS (Kraton) 27.24 0.00 21.71
Kraton G 1654 SEBS (Kraton) 0.00 27.78 0.00
BP 100-GBO06 polypropylene 10.09 10.91 0.00
homopolymer (Ineos)
BP 101-YA3S5 polypropylene 0.00 5.95 0.00
homopolymer (Ineos)
Primol 382 paraffinic white oil 25.22 39.69 23.88
(ExxonMobil)
Exolit AP766 flame retardant 37.33 0.00 32.57
(Clariant)
Nord Min 503 expandable 0.00 14.88 0.00
graphite (Nordmann Rassmann)
Nord Min 249 expandable graphite 0.00 0.00 21.71
{Nordmann Rassmann)
Anox 20 tetrakismethylene anti- 0.11 0.11 0.12
oxidant (Chemtura)
Epikote 1004 epoxy resin 0.00 0.42 0.00
(Hercules)
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0.00 5.95 0.00 Prinol 382 paraffinic white oi
(ExxonMbbi |') 25.22 39.69 23.88 Exolit AP766 flane
retardant (Clariant) 37.33 0.00 32.57 Nord MM 503
expandabl e graphite (Nordmann Rassmann) 0.00 14. 88
0.00 Nord M n 249 expandabl e graphite (Nordmann
Rassmam ) 0.00 0.00 2121 Anox 20 tetral cisnethyl ene
anti- oxidant (Chentura) 0.11 0.11 0.12 Epi kote 1004
epoxy resin (Hercules) 0.00 0.42 0.00 Tabl e 4
Formul ati ons and Processing Conditions Ingredients

(Vt. %9 8 9 10 Wvinul 3027 benzotriazole (BASF) 0.00
0.26(0. 00 Table 4
Formulations and Processing Conditions

Ingredients (Wt. %) 8 9 10
Uvinul 3027 benzotriazole (BASF) 0.00 0.26 0.00
Mixing Equipment W&P ZE25 twin screw compounder
Mixing Temp. 150-170°C
Mixing Speed 320 rpm
Plasticizer amount added at the 10% 15% 10%
injection port (%)
Form of Product After Mixing Pellets

[00041] Table 5 shows the test results.

Table 5
Test Results
Test Test Method 8 9 10
Hardness, Shore A DIN 53 505 75 70 83
Density (g/cm3) DIN 53479-A 1.07 0.977 1.189
Tensile Strength (MPa) | DIN 53 504 5.3 5.1 2.9
Elongation at Break (%) | DIN 53 504 375 530 200
UL94 @ 1.5 mm UL 94 V-0 HB V-0
Glow Wire @ 2mm IEC 695-2-1 960°C - 960°C
Expansion Volume At 300°C after 15% 190% | >400%
20 min

[00042] Example 9 has 190% expansion, and Example 10 has over 400%

expansion.

[00043] Example 10 would be particularly suitable in the form of a seal

for a fire door between the door leaf and door frame. In order to cover the gap
between the leaf and the frame, that seal would need to expand during a fire.
The expansion over the gap, which could be up to 5mm, as compared to the
dimension of the seal, considering present seal designs, could be at least 300%.
A door seal made from the compound of Example 10 is expandable in the

presence of heat at least 300% over its dimension when not heated. That

11



M xi ng Equi pment W&P ZE25 twi n screw conmpounder M xi ng
Tenp. 150-170C M xi ng Speed 320 rpm Pl asti ci zer anount
added at the injection port (% 10% 15% 10% For m of
Product After Mxing Pellets [00041] Table 5 shows the
test results. Table 5 Test Results Test Test Method 8
9 10 Hardness, Shore A DIN 53 505 75 70 83 Density
(g/cnB) DIN 53479-A 1.07 0.977 1.189 Tensile Strength
(MPa) DIN 53 504 5.3 Si 2.9 Elongation at Break (%
DIN 53 504 375 530

expansion would cover a door gap during a fire, leading to better fire protection
of life and property.
[00044] The invention is not limited to the above embodiments. The

claims follow.



200 UL 94 @1.5 min UL 94 V-0 HB V-0 Gow Wre @2mm

| EC 695-2-1 960C 960C Expansi on Volunme At 300C after
20 min 15% 190% >400% [00042] Exanpl e 9 has 190%
expansi on, and Exanpl e 10 has over 400% expansi on.

[ 00043 Exanple 10 woul d be particularly suitable in

t he Whst incbfimgd &eal for a fire door between the door

| eaf and r ween
tho'1 oaf Aand AR Rsd- Lty oo B AR
dur coigprésiig:r e. The expansi on over the gap, which could
be up to 5nmm as conpared to the di nmension of the

seal , coﬁ%PB@?@ﬁﬁnﬁﬁé@%ﬁan%@P“H ST coul d be at

| east  300%un AniiRRud 9 RBGRafcL Rl AATPOURdaR!
Exanpl e @%,?s expéﬁ g 18 ?ﬁe pﬁes ce of hegt at

| east 30Q@Ypbwseizért s di mensi on when not heat ed. That
expansio moul cov ra dopr gap during a fire,
Ieading dj sgrop %VPP TpPBt ection of life and

propert y¢e) RORAMId BRphvention is not [imted to the
above e odlnents ﬁe clains follow. Wsat is clainmed

is: 1. AnWéerselrwt:lghﬂ perdratsoyfdhe fnngeeéhetntﬁeqoampisasti C

el ast cof aj—styrene Rt aining
hol SOt NGl BB b S hon i | | 1093
pol y phesdRak €t @Mt@thﬁtgrﬁnﬁtbﬁﬂﬁl ﬂ&ﬁ@fo@ﬁﬁte 25-60%
plasticizer; (d) secondary polyner; expandabl e
grapWﬁﬁemzmmereln melght percents of the |1@9e@ﬂénts
conpti-se - —Styrene=-cont-aining—thernoplasticrel fomet
10- 3565%%% (ﬂgPQK@ant cont ai ni ng annoniuntgéﬁ@°
pol ypheisphade 25- 60% 0-2%
Thermal Stabilizer 0-2%
Expandable graphite filler 10-25%
Other Optional Additives 0-10%
2. The compound of Claim 1, wherein the secondary polymer is
polypropylene.
3. The compound of Claim 1 or Claim 2, wherein the styrene-containing

thermoplastic elastomer has a weight average molecular weight of at least

200,000.

4. The compound of Claim 1 or Claim 2 or Claim 3, wherein the styrene-
containing thermoplastic elastomer is selected from the group consisting of
styrene-ethylene-butylene-styrene, styrene-ethylene-propylene-styrene, styrene-
ethylene-ethylene/propylene-styrene, styrene-isobutylene-styrene, styrene-

butadiene-styrene, styrene-isoprene-styrene, and combinations thereof.
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Pl asticizer 10-40% Secondary Pol yner(s) 5-25%
Anti - oxi dant 0-2% Thermal Stabilizer 0-2% Expandabl e
graphite filler 10-25% Qther Optional Additives 0-10%
2. The conpound of Caim 1, mherein t he secondary

pol ymer i s pol ypropyl ene. he conpound of Caim]l
or & aj mihe C%@?L@ﬁrﬁ)fﬁﬁéoéﬁ%@ﬁé Ae&ﬁl@%ﬁlrhihﬁgtyrene containing

e g L ST e g g

1 ome@&ﬁunm@eﬁmﬁesﬂﬂﬁ13 wherein the
styrene-contai ning thernoplastic elastoner is selected
fromthe group consisting of
stygene- ¢h¥hRpGs n*albtf)éhf BECEAMNE 8% wherein the plasticizer is a
styrene- et hyl ene- pr opyl ene- st yr ene,
st ypan#etihgil.ene- et hyl ene/ pr opyl ene- st yr ene,
styrene-i sobutyl ene-styrene, styrenebutadi ene-styrene,
styrene-i soprene-styrene, and conbi nations thereof.
5. The conpestigodid oaiy of C(didk M, Zurther Wh@HLSiAE hdtRsion
styrene-contai ning thernoplastic elastonmer is not
mal BEmedemLRiopides; antiubogging aaeaisagei-policegmis: bordigsblewing
eXCgl,?é %M%f %%ﬁg, dllsger§e;¥1l?se f‘ﬂ%{:@a%ld%%e?lﬁersnﬁreoa@ld (Ha?{e%tyrdants

ere e’p IC’zér 1S a paraffinic ol ;
Th eambsmMppressaﬁw, Biipact ﬁuoﬁﬁieits (ﬁmuﬁwfst hﬁhc@rﬁﬁmmlcsé ng
adhesi on praonoters; biocides; -foggi ng agent
ant PiEgteats; eolggaisasd dyes dias amzms difpahRrofessme Jls, release
ageQ uts; W a?l%? rtﬁ%‘ie% ik rl:&{a?esag‘l‘ﬂo %zﬁﬁdﬁf)&lnéh%&tsﬁnd

rét Ant's and snoke suppressants;
rmdstﬁlbldaz&s, stmzttesahhrasaolétdtght glwottsers; viscasty rpg@ﬁa'@m svaxes; and
col orant s . and 3¥ pl astici zers; additiona
pr oC¥BRNRIPNS048eN} o) ease agents:; silancs, titanates
and Z|rconatcs slip and antl-blocking agents;
stabilizers; stearates; ultraviol et ht absorbers;
VI s&osu t Yhe eqrupandrod Claiax bsyheseid th,fowbuggmdrmmés @fthe hem

: den%)gundlsof Caim1l, wherein the weight

peré%%ﬁ T |hgred|ents conprise; 15-25% 30-50%

15- 36%ron B9t Anik¥otRerdibpOshdlastofher A t her nopl ag6ixzy,
art I g Sne fé@di‘@édt%bﬁgmﬁﬂg%rﬁ&ﬁl?ﬁ%”lgol%ho‘s té® 1180-50%
whe Pifiik e articre Ts expandabl e n Apeﬂp[‘:e\ﬁs_%%o/gr
heat I 1 |€i t ||?i’ fropt-astie aru creé—or—Ctrat |||5§7’90
mher§qpn¢ﬁy%3¥@§.u i s in the shapeof a deot L%ﬁ? and
is expy E@I}S in the presence of heat at | eas0- 3600
over |h?§n€tllsrfr@ﬁ]$?f€é§n when not_heat ed. 0-1%
Other Optional Additives 0-5%
9. A thermoplastic article, comprising the compound of Claims 1-8,

wherein the article is expandable in the presence of heat.
10. The thermoplastic article of Claim 9, wherein the article is in the shape

of a door seal and is expandable in the presence of heat at least 300% over its

dimension when not heated.
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