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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to poly(trimethylene terephthalate) compositions having
improved flame retardancy and to articles made from the compositions.

BACKGROUND

[0002] Poly(trimethylene terephthalate) (PTT) is potentially useful in a variety of applications
that require flame retardancy. However, a need remains for improved flame retardancy in PTT.
Specifically, it is desirable to provide improved radiant panel performance of PTT in carpet
such that a class 1 carpet tile, (> 0.45 Watts/cm2) as known in the art, can be obtained.

[0003] WO 2009/020945 discloses a flame retardant polytrimethylene terephthalate
composition with a certain phosphorous compound as a flame retardant additive.

[0004] WO 2008/061087 discloses a polymer fibre containing a flame retardant. The fibre
contains poly(trimethylene terephthalate) and a flame retardant that melts at a temperature of
equal to or below 280 °C.

[0005] US 2009/043020 discloses a flame retardant polytrimethylene composition including a
melamine cyanurate flame retardant additive.

[0006] KR 20070033659 discloses a poly(trimethylene terephthalate) carpet with a metal
hydroxide flame retardant to reduce the amount of smoke when burning.

SUMMARY OF THE INVENTION

[0007] The present invention is a carpet comprising face fibers and a precoat, wherein the
face fibers are made from a poly(trimethylene terephthalate)-based composition comprising:
(a) from about 75 to about 99.9 weight percent of a resin component, based on the total
composition weight, wherein the resin component comprises at least about 70 weight percent
of a poly(trimethylene terephthalate), based on the weight of the resin component; and (b)
from about 0.1 to about 25 weight percent of an additive package, based on the total
composition weight, wherein the additive package comprises from about 0.1 to about 15 weight
percent of a melamine cyanurate, melamine pyrophosphate, a zinc salt of diethyl phosphinic
acid, or blends thereof, based on the total composition weight, and the precoat contains a
flame retardant additive selected from aluminum trihydrate (ATH) and magnesium hydroxide.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Figure 1 shows a scatterplot of critical radiant flux vs. fiber face weight for carpet tiles made
using poly(trimethylene terephthalate)-based compositions disclosed herein. Fitted line plots
show the impact of ATH at various loadings in the precoat.in the absence of any flame
retardant in the fiber.

Figure 2 shows a scatterplot of critical radiant flux vs. fiber face weight for carpet tiles made
using poly(trimethylene terephthalate)-based compositions disclosed herein. Fitted line plots
show the impact of flame retardant additives in the fiber as well as ATH in the precoat.

Figure 3 shows a scatterplot of critical radiant flux vs. fiber face weight for carpet tiles made
using poly(trimethylene terephthalate)-based compositions disclosed herein. Fitted line plots
show the impact of flame retardant additives in the fiber as well as ATH in the precoat.

DETAILED DESCRIPTION

[0009] The compositions disclosed herein contain a resin component, comprising PTT and
optionally one or more other polymers, and one or more flame retarding compounds selected
from: melamine phosphates, melamine cyanurates and diethyl phosphinic acid zinc salts.
Other polymers that can be in the resin component, include polyethylene terephthalate,
polybutylene terephthalate, nylon, polypropylene and blends thereof. Thus, the term "PTT-
based composition", as used herein, is intended to encompass compositions wherein the resin
component contains one or more other polymers in addition to PTT. The amount of other
polymer in the resin component, based on the total weight of the resin component, can vary
and can be, for example, 5, 10, 15, 20, or 25 weight percent, or greater. In some preferred
embodiments wherein one or more other polymer is present in the resin component with the
PTT, the resin component contains from 75 to 99 weight percent of PTT and 1 to 25 weight
percent of the other polymer(s), based on the total weight of the resin component.

[0010] In some embodiments, the resin component comprises a poly poly(trimethylene
terephthalate) made from 1,3-propanediol that is biologically derived.

[0011] It has been surprisingly found that carpets comprising face fibers made from the
poly(trimethylene terephthalate)-based compositions and a precoat, wherein the precoat
contains a flame retardant additive selected from aluminum trihydrate and magnesium
hydroxide, unexpectedly high and consistent performance on flame retardancy tests can be
obtained.
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[0012] In some embodiments the additive package contained in the resin component
contains, in addition to the specified flame retardant, one or more additives such as
delusterants (such as TiOy, zinc sulfates or zinc oxide), a dye or pigment. The additive

package can further contain one or more additives such as antioxidants, residual catalyst,
colorants (such as dyes), stabilizers, fillers (such as calcium carbonate), antimicrobials agents,
antistatic agents, optical brighteners, extenders, processing aids, and/or other functional
additives, commonly referred to as "chip additives".

[0013] TiO, and other compounds such as zinc sulfide or zinc oxide, which can function as
pigments and/or delusterants, can be used in amounts that are commonly used in the art for
making PTT compositions. For example, the total amount of pigments/delusterants can be
about 5 weight percent or more, based on the total weight of the PTT-based composition, for
making fibers, with relatively larger amounts typically being used for other applications.
Examples of materials that can be used as pigments and/or delusterants include TiO,, ZnO,
and zinc sulfates. In some embodiments, TiO, is preferred. When used in polymer for fibers
and film, TiO, is added in an amount of preferably at least about 0.01 weight percent, and

preferably up to 3 weight percent more preferably up to about 2 weight percent (based on total
composition weight).

[0014] The term "pigment" is used herein in reference to those substances commonly referred
to as pigments in the art. Pigments are substances usually in the form of a dry powder, that
impart color to a polymer or article made from the polymer (e.g., chip or fiber). Pigments can
be inorganic or organic and can be natural or synthetic. Generally, pigments are inert (i.e.,
electronically neutral and do not react with the polymer) and are substantially insoluble in the
medium to which they are added, such as a poly(trimethylene terephthalate) composition.
However, pigments can also be soluble or partially soluble in some materials.

[0015] Preferably the resin components, the flame retardant(s) and any other additive(s) are
melt blended. Preferably, the resin components and additive(s), including flame retardant, are
mixed and heated at a temperature sufficient to form a melt blend composition. The
compositions can be spun into fibers or formed into other shaped articles, preferably in a
continuous manner.

[0016] The resin components and additives can be formed into a blended composition in a
variety of different ways known to those skilled in the art. For example, they can be (a) heated
and mixed simultaneously, (b) pre-mixed in a separate apparatus before heating, or (c) heated
then mixed. The mixing, heating, and forming can be carried out by conventional equipment
designed for that purpose such as, for example extruders and Banbury® mixers. The
temperature is preferably above the melting points of each of the components but below the
lowest decomposition temperature, and can be adjusted for any particular composition of PTT
and flame retardant additive. The temperature is typically in the range of about 180 °C to about
270 °C.
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[0017] The amount of flame retardant compound used in the PTT-based compositions is
preferably from 0.1 percent to 15 weight percent, based on total composition weight. More
preferably, the amount is from about 0.5 to about 10 weight percent, more preferably from
about 1 to about 6 weight percent, still more preferably from about 2 to about 6 weight percent,
on total PTT-based composition weight.

[0018] Also provided in some embodiments are articles, such as fibers, comprising the PTT
composition, such articles having improved flame retardant properties.

[0019] The compositions can be spun into fibers such as bulked continuous filaments (BCF).
The BCF can be made into yarns and formed into carpets. Carpets made from the BCF yarns
can be made using any method known to those skilled in the art. Typically, a number of yarns
are cable twisted together to form a carpet yarn and heat-set in a device such as an autoclave.
Alternatively, continuous processes such as dry heat-setting, using, for example, a Suessen
heat setting machine, or steam-autoclave heat setting, such as with a Superba® autoclave,
can be used to impart structural stability to yarns. Yarns are then tufted into a primary backing,
also referred to as the tufting substrate.

[0020] BCF can be made using any methods known to those skilled in the art, for example, as
disclosed in US Patent No. 7013628, which discloses BCF made from fiber bearing a delta
cross section and having a total denier of approximately 1450 denier and a denier per filament
of about 20.8. Fiber tenacities range from 1.5 to 2.5 grams/denier and fiber elongations
ranging from 55 to 75 percent. The fiber can have a variety of cross-section shapes,
depending on the desired properties of the yarn and end product (e.g., carpet) made
therefrom. For example, the cross-section can be delta, trilobal, round, or other shapes
commonly used in the trade. The total denier of yarns made from the fibers can range from
1000 to 3000 and denier per filament (dpf) can range from 12 to 30.

[0021] The PTT-based compositions are used in making fibers and the fibers are used to
make carpets, and an adhesive material, commonly referred to as the precoat, is used to bind
the fibers to the tufting substrate. The precoat contains a flame retardant additive selected
from aluminium trihydride and magnesium hydroxide. Common precoats are latex-derived or
derived from a hot melt adhesive. The latex-derived precoat or hot melt adhesive precoat
contains a binding polymeric resin and may also contain a filler, such as calcium carbonate. In
some cases, the precoat can also contain additives such as dispering agents and/or thickener.

[0022] Typical polymeric resins used in latex-derived precoats include a polymeric component
such as vinyl acetate-ethylene (VAE), styrenebutadiene rubber (SBR), polyvinyl chloride (PVC),
polyesters, poyurethanes, and polyolefins, particularly polypropylene. Conventional hot melt
adhesives or other non-aqueous adhesives such as ethylene vinyl acetate (EVA), polyolefins
and polyethylenes ,which sometimes are used instead of latex for a stronger bond than that
provided by latex adhesives, can be utilized as the precoat.

[0023] The precoat contains a flame retardant additive selected from aluminum trihydrate
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(ATH) or magnesium hydroxide (Mg(OH),). ATH is preferred.

[0024] In a latex-derived precoat, the amount of flame retardant additive used in the precoat
depends in part on the nature and quantity of the binding polymer or of the polymeric
component present,and also on the amount of precoat used, and can vary up to 600 parts per
hundred of the polymeric resin in the precoat-(phr). (The polymeric component in the precoat
is separate and apart from the resin component of the compositions disclosed herein that
comprises PTT). Typically loadings up to 400 phr, such as 1 to 400 phr, are employed.
Preferably, loadings from 100 to 400, and more preferably 100 to 300 parts per hundred of
flame retardant are employed.

[0025] For a precoat based on a hot melt adhesive, the amount of flame retardant additive,
such as ATH, used in the precoat is based on the amount of adhesive and fillers , such as
calcium carbonate, and can vary up to about 35 weight %, e.g., from 1 to 35 weight %.
Preferably, loadings of 1 to 25 weight % of flame retardant are employed. Most preferably, 10-
25% of flame retardant is employed,

[0026] Some carpet includes a secondary backing in addition to the precoat. The secondary
backing adheres to the precoat and is the portion of the carpet structure that contacts the
surface being carpeted. In some applications, the carpet has a self-stick and self-release sticky
secondary backing; in other applications a cement or glue is used on the secondary backing.
Secondary backings derived from polyolefins typically require higher flame retardant loadings
in the face fiber and precoat as compared to secondary backings derived from vinyl polymers
such as PVC.

[0027] It has been found that the amount of flame retardant in the precoat can
advantageously be adjusted based on the weight of the face fiber in the carpet, as well as the
basis weight and type of the secondary backing if present. "Basis weight" is a term known to
those skilled in the art and is used to refer to the weight (in ounces) of carpet, secondary
backing, or precoat, per unit area (in square yards). Thus, typically, basis weight for carpet or
for precoat is reported in ounces per square yard. Face fiber refers to the fiber content of the
carpet including that is visible to the observer. The face fiber is primarily made up of yarns, and
those yarns may be styled as cut, loop, cut and loop or any number of styles known to those
skilled in the art. Fiber face weight is also typically reported in units such as ounces per square
yard. The secondary backing can be a heavy latex, as is the case for carpets commonly
referred to as broadloom. Alternatively, the secondary backing can be olefin or vinyl derived as
is the case for tile based carpets. The secondary backing can contain multiple layers
separated, for example, by fiberglass scrim, and one or more of the multiple layers can contain
fillers.

[0028] For many applications, it is desired that carpet meet a "Class 1" rating in the ASTM
648E (Radiant Panel) test. However, merely increasing the content of flame retardant in the
carpet fibers has been found to produce inconsistent results. Moreover, merely using a higher
content of flame retardant in the precoat has limited success because too high a content can
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adversely affect adhesion properties of the precoat and lead to delamination of the tufted
substrate from the secondary backing.

[0029] It has been surprisingly found that when a carpet is made using a precoat containing
ATH and an additional flame retardant is present in the face fiber of the carpet, specifically
when the face fiber of the carpet is made from the PTT-based compositions disclosed herein,
an improvement is observed in the resulting flame retardancy, as compared to carpets
containing a flame retardant additive in the fibers alone, or in the precoat alone. More
particularly, the performance of such carpets in the Radiant Panel test is greater than what is
expected based on the use of flame retardant additives in the face fiber alone, or the use of
flame retardant additives such as ATH solely in the precoat. In some embodiments, the
improvement is such that the radiant panel performance value is greater than the sum of the
radiant panel performance values achieved with the flame retardant in the precoat alone and
with the flame retardant in the carpet fibers alone. This allows the production of carpet tiles that
are rated as Class 1.

[0030] In preferred embodiments, the carpet contains 2 weight % or less flame retardant in
the fiber, at a carpet basis weight of 28 oz/yd? (949 g/m?) or less and in some embodiments 24

oz/yd? (814 g/m?) or less.

EXAMPLES

Ingredients

[0031] The PTT used in the examples was SORONA® "semi-bright" polymer available from
E.l. du Pont de Nemours and Company (Wilmington, DE). The flame retarding compounds
used in the examples as set out in Table 1 that follows.

Table 1
Chemical Name Trade Name Supplier
Melamine Pyrophosphate (MPP) MPP 13-1115 Hummel Croton
Diethyl Phosphinic Acid, Zinc Salt (OP950) {Exolit® OP-950 {Clariant
Melamine Cyanurate (MC) MC-25 Ciba Chemical

The approach to determining improvement in radiant panel testing was to produce bulked
continuous filaments (BCF) containing the flame retarding additive(s) and to produce carpet
samples containing the BCF for testing.

Compounding

[0032] A 25% concentrate of each of the flame retardant additive(s) in PTT was produced.
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The 25% concentrate, PTT and a color pigment were placed in three separate hoppers.
Additive feeders designed to deliver the contents of the three separate hoppers were
employed to mix the PTT, flame retardant additive(s) and color pigment at the appropriate
weight percent during melt spinning of fibers using a typical process such as those described in
US Patent No. 7013628

[0033] BCF were twisted at 4.75 twist per inch (1.8 twist per cm) and Superba® heat-set.
Fibers were then tufted into a 3.5 ounces per square yard (119 g/m2) nonwoven primary

substrate known as Colback® form Colbond. Tuft settings were 13t gauge, 0.18 in pile height
and the fiber face weight varied as indicated in Table 2.

[0034] Latex adhesive used as a precoat was obtained from BizMax Solutions Inc. The
precoats were VAE based and contained ATH varying from 0 to 300 phr as appropriate for the
weight of fiber. Precoat was applied to carpet samples at a basis weight of approximately 25

ozlyard? (848 g/m?).

[0035] Secondary backing was an extrusion grade thermoplastic polyolefin TKP 882D TPO
merge containing 65% by weight, based on the weight of TPO, of calcium carbonate as filler,
obtained from the LyondellBasell company. Two extruded layers, each approximately 40 oz/sq

yd (1356 g/m?), with a 2.1 oz/ yard? (71 g/m?) fiberglass in between, were applied to the
precoated primary substrate.

Radiant Panel Testing

[0036] Carpet tile samples were produced and submitted for radiant panel testing according to
ASTM 648E. The critical radiant flux (CRF) was determined and the results for samples that
did not contain a flame retardant additive in the fiber are captured in Table 2 below.

Table 2

Example Flame Weight of Fiber Face ATH CRF Avg
Number §Retardant flame Weight/oz/yd? | Loading in | (watts/cm?)
retardant (%) (g/m2) Precoat
(phr)
Comparative{ None 0 20 (678) 0 0.38
Ex. 1
Comparativei None 0 28 (949) 0 0.26
Ex. 2
Comparative; None 0 36 (1221) 0 0.27
Ex. 3
Comparative{ None 0 24 (814) 100 0.38
Ex. 4
Comparative; None 0 34 (1153) 100 0.29




DK/EP 2582756 T3

Example Flame Weight of Fiber Face ATH CRF Avg
Number §Retardant flame Weight/oz/yd? | Loading in {(watts/cm?)
retardant (%) (g/m2) Precoat
(phr)

Ex. 5

Comparative{ None 0 20 (678) 200 0.48
Ex. 6

Comparativei None 0 24 (814) 200 0.52
Ex. 7

Comparative{ None 0 34 (1153) 200 033
Ex. 8

Comparative{ None 0 34 (1153) 200 0.31
Ex. 9

Comparative{ None 0 28 (949) 200 0.30
Ex. 10

Comparative{ None 0 36 (1121) 200 0.29
Ex. 11

Comparativei None 0 24 (814) 300 0.54
Ex. 12

Comparative{ None 0 25 (848) 300 0.56
Ex. 13

Comparative{ None 0 34 (1153) 300 0.41
Ex. 14

Radiant panel results are plotted in Figure 1. Reference lines are incorporated in the Figures at

0.45 and 0.55 watts/cm2. The former is the average value expected for a Class 1 rating in the
radiant panel test. The latter, however, is the average value used in practice, given the
variability of the test, that also provides a margin of comfort for a carpet tile producer. The
slope of the regression lines indicates that carpets perform better in the radiant panel test at
lower fiber face weight. Increasing the loading of ATH in the precoat also improves the
performance of the tile in the radiant panel test.

[0037] The CRF results for tiles containing flame retardant additive OP950 in the fiber at
various loadings along with precoats containing various loadings of ATH are shown in Table 3.
Table 3

Example{ Flame Weight % Fiber Face ATH Loading{ CRF Avg

Number { Retardant | of flame Weight/oz/yd? in Precoat | (watts/cm?)
retardant g /m2) (phr)
Ex. 1 OP950 1 20 (678) 0 0.36
Ex. 2 OP950 1 28 (949) 0 0.42
Ex. 3 OP950 1 36 (1221) 0 0.27
Ex. 4 OP950 1 20 (678) 200 0.47
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Example{ Flame Weight % Fiber Face ATH Loading { CRF Avg
Number { Retardant § of flame Weight/oz/yd? in Precoat | (watts/cm?)
retardant g /m2) (phr)

Ex. 5 OP950 1 28 (949) 200 0.27
Ex. 6 OP950 1 36 (1221) 200 0.26
Ex. 7 OP950 2 20 (678) 0 0.44
Ex. 8 OP950 2 28 (949) 0 0.40
Ex. 9 OP950 2 36 (1221) 0 0.32
Ex. 10 OP950 2 20 (678) 100 0.47
Ex. 11 OP950 2 28 (949) 100 0.41
Ex. 12 OP950 2 36 (1221) 100 0.31
Ex. 13 OP950 2 20 (678) 200 0.63
Ex. 14 OP950 2 28 (949) 200 0.43
EX. 15 OP950 2 36 (1221) 200 0.27
Ex. 16 OP950 2 25 (848) 300 0.69
Ex. 17 OP950 3 25 (848) 300 0.74

Figure 2 shows the impact of both OP950 in the carpet face fiber and ATH in the carpet
precoat on the performance of the carpet in the Radiant Panel test. The data in Table 1 and 2
above illustrate the advantageous effect of including ATH in precoat and OP-950 in the face

fiber of a carpet sample. Consider Comparative Example 1, the CRF is 0.38 watts/cm? where
there is no FR additive in the fiber or ATH in the precoat. Adding 200 phr of ATH to the precoat,

found in Comparative Example 6, raises the CRF from 0.38 to 0.48 watts/cm?, an increase of
0.1 CRF units. Referring to Example 7, adding just 2% of OP950 to the face fiber raises the

CRF to 0.44 watts/cm?2, an increase of 0.06 CRF units over that observed for Comparative
Example 1.

[0038] If the effect of OP950 in the face fiber and ATH in the precoat were simply additive, the
expected CRF for a tile containing both would be 0.38 watts/cm? + 0.1watts/cm? + 0.06
watts/cm? or 0.54 watts/cm2. However, unexpectedly, the observed radiant flux is found in

Example 13 to be 0.63 watts/cmZ.

[0039] As can be seen in Table 4, improved performance is also seen in the Radiant Panel
Test where retardants, such as MPP and MC are used along with ATH in the precoat. In
addition, blends of MPP and MC (Example 23), MPP and OP950 (Example 24), and MC and
OP950 (Example 25) also greatly improve the radiant panel performance of a carpet sample
when ATH is used in the precoat. Relative weight percents of each blend component are
presented parenthetically in the chart as well. Figure 3 shows various flame retardant additives
and their CRF results.

Table 4
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Example Flame Weight % Fiber Face | ATH Loading{ CRF Avg
Number § Retardant of flame | weight/oz/yd? | inPrecoat | (watts/cm?)
(W%/W%) retardant (g/m?) (phr)
Ex. 18 MPP 2 25 (848) 300 0.51
Ex. 19 MPP 3 25 (848) 300 0.81
Ex. 20 MC 2 25 (848) 300 0.63
Ex. 21 MC 3 25 (848) 300 0.56
Ex. 22 MC 4 25 (848) 300 0.58
Ex. 23 MPP/MC 2 25 (848) 300 0.50
(56/44)
Ex. 24 { MPP/OP950 2 25 (848) 300 0.56
(27/73)
Ex. 25 MC/OP950 2 25 (848) 300 0.66
(38/62)
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-1-

FLAMMEHZAMMNEDE POLY(TRIMETHYLEN)TEREPHTHALATSAMMENSZATNINGER OG
ARTIKLER FREMSTILLET DERAF

PATENTKRAV
1. Taeppe, der omfatter oversidefibre og en praecoatning, hvor:

oversidefibrene er fremstillet af en poly(trimethylenterephthalat)-baseret sammens@tning, der
omfatter: (a) fra 75 til 99,9 vagtprocent af en harpikskomponent, baseret pa sammensatningens totalvegt,
hvor harpikskomponenten omfatter mindst 70 vaegtprocent af en poly(trimethylenterephthalat), baseret pa
vaegten af harpikskomponenten; og (b) fra 0,1 til 25 vagtprocent af en additivpakke, baseret pa
sammens®tningens totalvegt, hvor additivpakken omfatter fra 0,1 til 15 vagtprocent af et
melamincyanurat, melaminpyrophosphat, et zinksalt af diethylphosphinsyre, eller blandinger deraf, baseret
pa sammensatningens totalvagt; og hvor precoatningen indeholder et flammehemmende additiv udvalgt
fra aluminiumtrihydrat og magnesiumhydroxid.
2. Teppe ifelge krav 1, hvor pracoatningen er latexafledt og indeholder flammehemmeren i en
mangde af 400 phr eller mindre, baseret pa den totale vagt af harpikskomponenten i1 pracoatningen,
fortrinsvis hvor flammeh@mmeren er ATH.
3. Taeppe ifelge krav 1, hvor precoatningen omfatter en smeltelim og indeholder flammehaemmeren i
en mangde af 25 vaegt-% eller mindre, baseret pa den totale vaegt af harpikskomponenten 1 praecoatningen.
4. Tappe ifelge krav 1, hvor pracoatningen er latexafledt og indeholder flammehammeren
aluminiumtrihydrat 1 en mengde af 300 phr eller mindre, baseret pa den totale vegt af harpikskomponent 1
praecoatningen, og hvor teppet indeholder 2 vaegt-% eller mindre zinksalt af diethylphosphinsyre 1 fiberen,
ved en teeppebasisvaegt pa 28 0z/yd” (949 g/m?) eller mindre.
5. Tappe ifelge krav 1, hvor teppet har en stralevarmeydeevnevardi, der er storre end summen af
stralevarmeydeevnevaerdierne opnaet med flammehemmeren alene 1 preecoatningen og med

flammehammeren alene 1 taeppefibrene.
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