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BACKGROUND OF THE INVENTION

[0003] The world of polymers has progressed rapidly to transform
material science from wood and metals of the 19™ Century to the use of
thermoset polymers of the mid-20™ Century to the use of thermoplastic
polymers of later 20" Century.

[0004] Thermoplastic elastomers combine the benefits of elastomeric
properties of thermoset polymers, such as vulcanized rubber, with the
processing properties of thermoplastic polymers.

[0005] For safety reasons in some uses, thermoplastic elastomers should
be flame retardant. There is customer demand for essentially non-halogen

flame retardant thermoplastic elastomers.

SUMMARY OF THE INVENTION
[00006] What the art needs is a new thermoplastic elastomer (also called

"TPE") that is flame retardant without the use of brominated flame retardants or
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[00011] Another aspect of the invention is a plastic article made from the
compound.
[00012] Another aspect of the invention is an essentially halogen-free

thermoplastic compound described above, further comprising expandable
graphite filler. This filler can expand in the presence of heat and form a char.
[00013] Another aspect of the invention is a plastic article made from the
expandable compound described above.

[00014] Features of the invention will become apparent with reference to

the following embodiments.
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[00019] It has been found that flame retardants that contain ammonium
polyphosphate are particularly suited to endure the processing conditions
employed in compounding TPE-S.

[00020] It has been found, particularly, 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
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[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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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]

that is elevated to a temperature that is sufficient to melt the polymer matrix

Mixing in a continuous process typically occurs in an extruder

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 polymeric articles.

[00033]

that is also elevated to a temperature that is sufficient to melt the polymer

Mixing in a batch process typically occurs in a Banbury mixer

matrix to permit homogenization of the compound components. The mixing
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g Rﬂ?(wgﬁbnw %Bﬁcﬁ fgthe 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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variety of hardnesses as well as excellent flane
retardancy using an essentially hal ogen-free flane
retardant conpound.

[00039]

flame retardancy using an essentially halogen-free flame retardant compound.

Examples 1-7 exhibit a variety of hardnesses as well as excellent

Not only were the compounds easy to process, a manufacturing requirement,
but also the compounds showed excellent performance. All of the compounds
met the UL-94-VO0 test at 1.5 mm and passed the IEC695-2-1 glow wire test at
960°C at 2 mm.

[00040]

embodiment of the invention where expandable graphite filler is also used.

Table 4 shows the formulations and processing conditions for an

Examples 9 and 10 differ from Example § 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)

10
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Tabl e 4 shows the formul ati ons and processing
conditions for an enbodi nent of the invention where

expandabl e graphite filler

is also used.

Exanples 9

and 10 differ from Exanpl eT8bledcause they contain
gr Ephimtikations had Proadssiag € onditiarsat i ons and

expandabl e

Prcqﬁgﬁdﬁgts@W’[d%l)l ons Ingredi engs (W. %9

21

8 9 1010

21

A P o UR

3 0060 Bp 106-Cebe 000

pol propylene 10. 09 10.91 O.

00 honopol yner (I neos) BP

(1

101‘3”?;;,;)% nﬁ%&pyl ene 0. 00 YEYY ¢

382 nnrnfflnlr wnite ol

}VHP{EP cdfFbunder

25, .22 39 Q9

23. %IXIQEI%ﬁwbe) Exolit A

P766 fl amddPdi’Ardant 37. 33

0. C(Mﬁ@nggpeead arl ant) Nor d

14.

M n 503 exBQ@

e 0.00

rnl M- ’)/lﬂ

III Iull IIII Ras IIII} LA
ox e @ﬁa S 0 BT 10
Rag<RigAAN 20 tetraklsnethylene antl- 0.11 0.11
0. IZrorpdfdasduct Apeiiikiay 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 @ 1.5mm 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 Smm, 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



Epi kote 1004 epoxy resin 0.00 0.42 0.00 (Hercules) 10
WD 2009/ 029634 PCT/ US2008/ 074386 Tabl e 4 Fornul ati ons
wareIPrwaLssi ng Conditions Ingredients (W. %CBUS2008074386
Wi nul 3027 benzotriazole (BASF) 0.00 0.26 0.00
M xi ng Equi pnrent W&P ZE25 tw n screw conmpounder
M xi ng Tenp. 150-170C M xi ng Speed 320 rpm
Pl asticizer anpbunt added at the 10% 15% 10% i nj ection
port (% Form of Product After Mxing Pellets [00041]
Tabkgnsiog howdd cdver b dgor gapsiuring a fifaldealing toTeter fRegqubtestion
Tesg .;l’estd Method 8 9 10 Hardness, Shore A DIN 53 505
75788 PRRFLNt y (g/cnB) DIN 53479-A 1.07 0.977 1.189
Tepouo4a] St r emit hveMPsy isBoNimded @hhd aBove embodiments. The
El ongation at Break (% DI N 53 504 375 530 200 UL 94
@ ¢lanpipllow. 94 V-0 HB V-0 G ow Wre @ 2nmm | EC 695-2-1
960C - 960C Expansion Vol une At 300C after 15% 190%
>400% 20 m n [00042] Exanple 9 has 190% expansi on,
and Exanple 10 has over 400%
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expansi on. [00043] Exanple 10 would be particularly

suitable in the formof a seal for a fire door
wheineza34 he door | eaf and door frane. |n ordePCT/0S2008/074386

cover the gap between the |eaf and the frane, that

seal would need to expand during a fire. The

expansi on over the gap, which could be up to 5nrm as

conpared to the dinmension of the seal, considering

present seal designs, could be at |east 300% A door

seaWVhatadelafmedhist he conpound of Exanple 10 is

expandabl e in.the resgnce of heat at | east 300% over
TR A e RES Tadnolfifte i i Spirsb0sa
PCE MPRAAS/ 074386 expansi on woul d cover a door gap

during a fire, leading to better fire protection of
| i fe ant®phopwreoptaipiggopamomietiq tlesserneton i s not

[imted;t0. t [WIEen T |.aj ] ow.
12"vo 288373 Ra RN R ARE N el Rp Qb

| Soptlonaflp essenti al |l y hal ogen-free thernoplastic

el ast oner conpound, conprising: (a)

st yr ene{Q@RSHFREIg t her nopl astic el astoner; (b) an
amoni um pol yphosphat e-contai ning flame retardant; and
optionally (c) plasticizer. 2. The conmpound of C aim

1, 2f ur t Ake comppurdsafiidaiool Vprthgydoempeising. polipeomydeneound
of daiml or Claim2, wherein the styrene-containing
t hernopl astic el astonmer has a wei ght average nol ecul ar

vwekght  qhe @bmp&@rtor A%Eh PBPClaim 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.

5. The compound of any of Claims 2-4, wherein the styrene-containing
thermoplastic elastomer is not maleated but has a weight average molecular

weight in excess of 75,000.

6. The compound of any of Claims 1-5, wherein the plasticizer is a

paraffinic oil.
7. The compound of any of Claims 1-6, further comprising adhesion

promoters; biocides; anti-fogging agents; anti-static agents; bonding, blowing

and foaming agents; dispersants; fillers and extenders; fire and flame retardants

13



4. The compound of Caiml1l or Caim2 or Caim3,
wherein the styrene- containing thernoplastic
web@snzmset i s sel ected fromthe group consi stiPQr/o$2008/074386
styrene- et hyl ene- but yl ene-styrene,
styrene- et hyl ene- propyl ene-styrene, styrene-
et hyl ene- et hyl ene/ pr opyl ene- st yr ene,
styrene-i sobutyl ene-styrene, styrene-
but adi ene-styrene, styrene-isoprene- styrene, and
contd sravkeongptehansotmpdst mipddieco mpbatack; bfbrigayts;ohicd;ai ns

2-4, wherein the ren ont aj a

o1 HlrtEy pBrapandb S P MM gL G R R ftcase
Db £61; @flancWRiitGittes dhd@XeESfesblip’ Mnd4i-bl6ekidy gech@apound
of any of Clainms 1-5, wherein the plasticizer is a
past@abHlizeis cstesrites; pltravtieleidénh absesbass: Vaegsiof regulafons wexes; and
furSHﬁﬁmﬁ&ﬂHﬁtﬁ%ﬁg adhesion pronoters; biocides;

0ggi ng agents; anti-static agents; bonding,
bl ow ng and foam ng agents; dispersants; fillers and

extenders; fire and flane retardants 13 WD 2009/ 029634

PC/ Us2308romaags! of aay of kintes d b Brhesdm Hieaveightpgeqents of the
ators | ubricants; mcas; pignments,

coﬁgﬁgﬁégs%éé&%ﬁ/ plasticizers; addi t i onal

prcdh&&hﬂgmamﬂﬁgtheh&m&sﬁcaganhgr si | anes, 1 bt4ddat es

and Famhe eAaties;cofiaiiin @dmahiuin pol19sikdspeat@gent 80-70%

st abplJigBEs. Stearates; urtraviolet T1ght abgqyiers,

Vi %%%b,ﬁ&'ap{?&%}h@%@fs WAXES] and combiTTat | 6530@1

th t ||Ct bUIIpUUIIu Ul ally Ul Crat 1B 1= T, b’l et
t h " ‘Q\da arcaontc nf thao Lnarodi ont e canmne't
\» ~ A2 B L e ) A\ A | LA 3 T llyl AA Y LA B & e J UUII'JI T _J
)

St yir m‘lﬁlrﬁ't lﬂrlFﬁrnn thernoplastic elastoner - 023564,

FI drithe@ptienahAddbinesi ni ng anmoni um pol yphos BHafe
20-70% Pl asticizer 0-60% Secondary Polyner(s) 0- 30%

An()' ) OXll,glgl g(t)mpouncf of Claim 9, wherein the weight percents of the

ingredients comprise:

Styrene-containing thermoplastic elastomer 15-25%

Flame retardant containing ammonium polyphosphate 30-50%
Plasticizer 15-30%
Secondary Polymer(s) 5-20%
Anti-oxidant 0-1%

Thermal Stabilizer 0-1%

Other Optional Additives 0-5%

10. A thermoplastic article, comprising the compound of any of Claims 1-9.

11. The compound of Claim 1, further comprising expandable graphite
filler.

12. The compound of any of Claims 1-9, further comprising expandable

graphite filler in amount from O to about 30 weight percent of the compound.
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Thermal Stabilizer 0-3% O her Optional Additives
0-15% 9. The conpound of Claim9, wherein the weight
wpEeeemened4 of the ingredients conprise: PCT/US2008/074386
Styrene-cont ai ni ng thernoplastic el astonmer 15-25%
Fl ame retardant contai ni ng anmoni um pol yphosphat e
30-50% Plasticizer 15-30% Secondary Pol ynmer(s) 5-20%
Anti-oxidant 0_1% Thermal Stabilizer 0_1% O her
Optional Additives 0-5% 10. A thernoplastic article,
conpr i sidnyetneplastimpuivad comprsipg tfe dingionsd ot Glaimg 1] ofTha
conpound.of Claim 1 t.her conpri si.ng, expandabl e
o RL RS Bpandafean B SETREE S 8hy O ai s
1-9, further conprising expandable graphite filler in
amount fromO to about 30 wei ght percent of the

codpoundhe thegmyghastgogtide 96 SpimdP, whogoshe 78 ZdGIs i the shape
th [ ' IS t f -

ot 5 REBGFRA g3t Sk L bR oF B TR R B e

t hdimgmeanceenafot heasd. 14. The thernopl astic article of
Claim 13, wherein the article is in the shape of a
door seal and is expandable in the presence of heat at

| east 300% over its dinension when not heated. 15
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