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FLAME RETARDANT POLYMERS AND
ADDITIVE SYSTEM FOR IMPROVED
VISCOSITY POLYMERS

[0001] This application claims benefit under 35 USC 119
(¢) of U.S. provisional application No. 61/238,738, filed Sep.

1, 2009, the disclosure of which 1s incorporated by reference.

FIELD

[0002] This invention relates to a flame retardant additive
system and to 1ts use in thermoplastic polymers.

BACKGROUND

[0003] Thermoplastic resins possess excellent mechanical
properties, moldability, and chemical resistance and have
therefore been used 1n automotive parts, electric/electronic
components, mechanical components, and many other appli-
cations. In certain applications, 1t 1s desirable that thermo-
plastic resin compositions be flame retardant and meet the
UL-94 standard for a high degree of flame retardance. This
requirement has promoted research into a variety ol methods
for imparting tlame retardance to thermoplastic resins.
[0004] A common method of imparting flame retardance to
thermoplastic resin compositions involves 1ncorporating a
halogenated organic compound such as polymers or oligo-
mers of tetrabromobisphenol A (TBBPA) and dibromosty-
rene (DBS) as flame retardants along with various synergists
for the flame retardance. However, the use of halogenated
flame retardants has certain drawbacks 1n that these materials
tend to decompose or degrade at the temperatures used to
mold certain thermoplastic compositions, which degradation
products can corrode the barrels of compounding extruders,
the surfaces of molding machines, and other equipment halo-
genated flame retardants come in contact with at elevated
temperatures. Additionally such halogenated organic flame
retardant polymeric or oligomeric additives may have a ten-
dency to bloom to the surface of the polymer article over time,
resulting 1n a dull surface appearance and unnecessary poten-
tial for the material to enter the environment.

[0005] Phosphinates have been suggested as an alternative
to halogenated organic compound tlame retardants. However,
the use of phosphinates as flame retardants 1n thermoplastic
polymers does not always lead to the desired combination of
physical properties and tlame retardance. In particular, 1t 1s
known that incorporation of phosphinates 1n concentrations
high enough to impart flame retardance to a thermoplastic
polymer can result in undesirable increases 1n shear viscosity,
which can cause difficulties 1n melt processing operations to
make tlame retardant articles.

[0006] It would be beneficial to have a flame retardant
additive system for addition to thermoplastic compositions
which avoids the incorporation of halogenated organic addi-
tive compounds, yet has sutficiently low viscosity character-
1stics to enhance melt processability when forming flame
retardant articles.

[0007] U.S. Published Patent Application No. 2006/
0167143 discloses a composition which comprises a com-
patibilized poly(arylene ether)/polyamide blend, an optional
clectrically conductive filler, a phosphinate, and flame retar-
dant augment selected from the group consisting of melamine
polyphosphate, zinc borate, low melting glass, talc, and com-
binations of two or more of the foregoing flame retardant
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augments. The low melting glass 01 2006/016°7143 has a glass
transition temperature of 200° C. to 500° C. The application
contains no disclosure regarding improving the viscosity of
the polymer blend by addition of the low melting glass mate-
rial, nor does it disclose a low melting glass material contain-
ing a combination of phosphorous, tin and fluorine.

[0008] U.S. Published Patent Application No. 2008/
0248278 discloses a composite sheet material comprising a
porous core layer adjacent to a skin layer. The porous core
layer comprises a thermoplastic poly(arylene ether) and 20 to
80 wt % fibers based on a total weight of the porous core layer.
The poly(arylene ether) core also contains additive compris-
ing a flame retardant, a smoke emission retardant, a flame and
smoke emission retardant or a combination of two or more of
the foregoing retardants, wherein the additive 1s free of chlo-
rine and bromine. The thermoplastic material may optionally
comprise a viscosity modifier, such as styrene homopolymer,
which when added to the composition can reduce shear vis-
cosity to less than 6000 Pa-s. The skin layer covers at least a
portion of a surface of the porous core layer. The application
contains no disclosure regarding a low melting glass material
containing a combination of phosphorous, tin and fluorine the
use of the glass for improving the viscosity of the polymer.

[0009] U.S. Published Patent Application Nos. 2006/
0020064 and 2006/0287418, incorporated herein by refer-
ence 1n their entireties, disclose flame-retardant polymer
molding compositions which comprises a nanoparticulate
phosphorus-containing flame retardant additive system
which comprises at least one phosphinic salt of the formula (I)
and/or diphosphinic salt of the formula (1I) and/or their poly-
mers,
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where R' and R are identical or different and are C,-C,-
alkyl, linear or branched, and/or aryl; R” is C,-C, ,-alkylene,
linear or branched, C.-C, ,-arylene, -alkylarylene, or -aryla-
lkylene; M 1s Mg, Ca, Al, Sb, Sn, Ge, 11, Fe, Zr, Zn, Ce, B1, Sr,
Mn, L1, Na, K, and/or a protonated nitrogen base; m 1s from 1
to4:ni1s from 1 to 4; x 1s from 1 to 4. While the references
suggest inclusion of the phosphinic acid salts to impart flame
retardance to polymer compositions, neither reference dis-
closes or suggests inclusion of a low melting glass in the
compositions.

[0010] U.S. Published Patent Application No. 2007/
0290405, incorporated herein by reference 1n 1ts entirety,
discloses the miscibility of inorganic phosphate glass and
organic polymer prepared by blending both components 1n
the liqmd phase using conventional polymer processing
methods. By using certain low Tg phosphate glasses to plas-
ticize nylon, e.g. polyamide 6, a new class of plasticizer 1s
introduced that allows for the creation of unique nylon poly-
mer composites. These materials display tunable morpholo-
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gies, 1nteresting properties and a readily processable nylon
with a substantial reduction of viscosity. Reduced tlamma-
bility 1s also possible. The addition of a low Tg phosphate
glass 1n small amounts (less than 10% by volume) to a nylon
matrix 1s said to result in a drastic reduction 1n viscosity and
a decrease 1n the nylon glass transition temperature, with the
capability of adding a low Tg phosphate glass up to 60% by

volume. No mention 1s made of adding phosphinate flame
retardants to the nylon/phosphate glass composition.

[0011] It has now been found that blending a thermoplastic
polymer, such as a polyamide, with both a select low Tg
phosphate glass containing phosphorous, tin and fluorine, and
a flame retardant additive containing a phosphinate flame
retardant can produce a melt processable thermoplastic com-
position having an advantageous combination of a low shear
viscosity and improved flame retardance. In addition, the
desired flame retardance can be produced with a smaller
concentration of the phosphinate component than is required
in the absence of the phosphate glass.

SUMMARY OF THE INVENTION

[0012] The invention provides a flame retardant thermo-
plastic polymer composition, e.g., a polyolefin, polyester,
polyamide or polystyrene composition, comprising: a major
amount of the thermoplastic polymer; a flame retardant addi-
tive comprising a phosphinic acid salt (1.e., phosphinate), a
zinc salt and a melamine salt, in an amount effective to pro-
vide flame retardance to said polymer; and a low Tg glass
containing phosphorous, tin and fluorine (i.e., tin fluorophos-
phate glass). Typically, the low Tg glass 1s present in an
amount suificient to reduce the shear viscosity of the compo-
sition to less than about 10 Pa-s at a shear rate of about

1000/sec and a temperature of 280° C., as measured by
ASTM D-3835.

[0013] Also provided 1s a process for preparing the flame
retardant thermoplastic polymer composition by melt blend-
ing a thermoplastic polymer with the above flame retardant
additive and low Tg glass.

[0014] The tin fluorophosphate glass comprises, for
example, SnF,, SnO and P,O. and has a Tg of less than 200°
C., for example, 80° C. to 190° C.

[0015] The flame retardant additive of the mvention typi-
cally comprises, along with zinc and melamine salts, at least
one phosphinic acid salt of formula (1) and/or a salt of formula
(II) and/or their polymers:
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where R' and R* are identical or different and are linear or
branched alkyl, and/or aryl; R> is a linear or branched alky-
lene, arylene, -alkylarylene, or -arylalkylene; M 1s Mg, Ca,
Al, Sb, Sn, Ge, 11, Fe, Zr, Zn, Cc, B1, Sr, Mn, L1, Na, K, and/or
a protonated nitrogen base; in 1s from 1 to 4; n 1s from 1 to 4;
and x 1s from 1 to 4.

[0016] Inmany embodiments the thermoplastic polymer of
the mventive composition 1s selected from the group consist-
ing of polystyrenes, polyolefins, polyesters and polyamaides,
and frequently comprises a polyamide, such as one selected
from the group consisting of PA-4; PA-6; PA-6,6; PA-6,10;
PA-6,9; PA-6,12; PA-4,6; PA-12,12; PA-11; PA-12; an aro-
matic polyamide; a partially aromatic polyamide; and com-
binations or blends thereof. In one embodiment the polya-
mide 1s PA-6.,6.

[0017] The flame retardant thermoplastic polymer compo-
sition of the invention will meet the flame retardance require-
ment V-2 of UL-94, will generally meet the flame retardance
requirement V-1 of UL-94, and typically will meet the flame
retardance requirement V-0 of UL-94.

[0018] One embodiment of the mnvention provides a flame
retardant additive combination comprising the phosphinic
acid salt above, a zinc salt, a melamine salt and the low Tg
glass containing phosphorous, tin and fluorine.

[0019] Another embodiment of the present invention 1s
directed to a flame retardant article comprising a polymer
composition having a major amount of a thermoplastic poly-
mer; a tlame retardant additive comprising a phosphinic acid
salt, a zinc salt and a melamine salt, 1n an amount effective to
provide flame retardance to said polymer; and a low Tg tin
fluorophosphate glass.

[0020] Advantageously, the concentration of the low Tg tin
fluorophosphate glass incorporated in said polymer compo-
sition 1s suificient to reduce the concentration of the flame
retardant additive necessary to achieve a tlame retardance
requirement V-0 of UL-94, relative to the concentration of
said flame retardant additive necessary to achieve said flame
retardance requirement in the absence of said low Tg glass 1n
said composition.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The invention provides a flame retardant thermo-
plastic polymer composition, comprising:

[0022] a major amount of a thermoplastic polymer; from
about 5 wt % to about 25 wt % of a flame retardant additive
comprising a phosphinic acid salt, a zinc salt and a melamine
salt; and from about 1 wt % to about 15 wt % of alow Tg glass
containing phosphorous, tin and fluorine,

[0023] Thepolymer composition generally displays a shear
viscosity of less than about 10 Pa-s at a temperature of 280° C.
and a shear rate of about 10,000/sec, often at a shear rate of
1,000/sec, as measured by ASTM D-3833. Also provided 1s a
process for preparing the flame retardant thermoplastic poly-
mer composition.

[0024] In the present application, the term *“a major
amount” when referring to the amount of thermoplastic poly-
mer in the composition means an amount greater than 50 wt
%. When referring to the amount of flame retardant additive in
the composition, the phrase “in an amount effective to pro-
vide flame retardance” means an amount sufficient to reduce
the flammability of the overall polymer composition to below
an acceptable level for 1ts intended purpose, and should be
understood to vary depending upon the particular phosphinic
acid salt which 1s mncorporated into the composition. When
referring to the amount of low Tg glass 1n the composition, the
phrase “in an amount suilicient to reduce the shear viscosity™
means an amount which reduces the shear viscosity of the
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overall molten composition, relative to a similar composition
in the absence of the low Tg glass.

[0025] Melt processing 1s a cost advantaged method of
making a wide variety of polymeric articles, wherein a ther-
moplastic polymer 1s raised close to or above 1ts melting
temperature and extruded, cast or molded into a desired
shape. Melt processed articles include molded articles, such
as electronic housings, automotive parts, electrical connec-
tors, electrical insulation for such as wire, coils and bobbins,
extruded, blown or cast films, spunbond or melt-blown fibers,
monofilaments, tows, fabrics and the like.

[0026] Most, 1f not all melt processing techniques benefit
from using thermoplastic polymers which have relatively low
molten viscosities, such that the molten polymer flows well
and 1s easily and consistently transierred into molds, extrud-
ers or other such melt processing apparatuses.

[0027] The low Tg (glass transition) glasses useful 1n the
present invention are tin fluorophosphate glasses which
include tin and fluorine, such as disclosed 1in U.S. Published
Patent Application No. 2007/0290405, incorporated herein
by reference 1n 1ts entirety. The low Tg tin fluorophosphate
glass comprises, for example, SnF,, SnO and P,O., inrelative
amounts of about 40 to 60 mole %, typically about 50 mole %
SnkE,; about 15 to 25 mole %, typically about 20 mole % SnO;
and about 25 to 35, typically about 30 mole % P,O..

[0028] Preferably, the tin fluorophosphate glass has a Tg of
less than 200° C., for example, 80° C. to 190° C., such as 100°
C. 1o 190° C., 100° C. to 175° C. or 110° C. to 150° C. For
example, the tin fluorophosphate glass has a Tg of about 120°
C.to 130° C., 1.e., about 125° C.

[0029] The low Tg of the tin fluorophosphate glass facili-
tates 1ts use 1n melt processing of a wide variety of thermo-
plastic polymers since the Tg of the tin fluorophosphate
glasses 1s below the melting points of many commercial ther-
moplastic polymers. For example, polyethylene polymers
have melting points 1n the range of about 120° C. to about
130° C.; polypropylene has a melting point of about 160° C.;
and polyamides have melting points 1n the range of between
about 210° C. and about 280° C. Thus, the tin fluorophosphate
glasses can be readily incorporated mto most molten thermo-
plastic polymer compositions.

[0030] The flame retardant thermoplastic polymer compo-
sition generally comprises from about 5 wt % to about 25 wt
% of the flame retardant additive comprising phosphinic acid
salt, zinc salt and melamine salt; and from about 1 wt % to
about 15 wt % of the low Tg glass, for example, from about 1
wt % to about 10 wt %, typically from about 1 wt % to about
> wt % of the low Tg glass.

[0031] The phosphinic acid salts (aka phosphinates) of the
present invention are, for example, those having the formula
(I) and/or salts of the formula (II) and/or their polymers:
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where R' and R* are identical or different and are alkyl such
as C,-C-linear or branched alkyl, and/or aryl; R> is C,-C, -
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linear or branched alkylene, C,-C, y-arylene, -alkylarylene, or
-arylalkylene; M 1s Mg, Ca, Al, Sb, Sn, Ge, T1, Fe, Zr, Zn, Ce,
B1, Sr, Mn, L1, Na, K, and/or a protonated nitrogen base; m 1s
1,2,30r4;n1s1,2,30r4;andx1s 1, 2,3 or4, as are disclosed
in U.S. Published Patent Application Nos. 2006/0020064 and
2006/0287418, both of which are incorporated by reference

herein 1n their entireties.

[0032] C,-C,-linear or branched alkyl 1s, for example,
methyl, ethyl, propyl, butyl, pentyl, hexyl, 1so-propyl, iso-
butyl, sec-butyl, neopentyl and other branched 1somers of the
stated number of carbons, for example methyl ethyl or propyl.

[0033] Inoneembodiment M 1s Ca, Al, Sn, T1, Zr or Zn. In

another embodiment the phosphinic acid salt 1s of formula (I).
In one particular embodiment, the phosphinic acid salts are

those of Formula (I), R" and R” are each ethyl, M is Al, for
example, the phosphinic acid salt of the formula:

O

|
/
Al—0—P_

CH,CH;

CH,CH;

[0034] In addition, to the phosphinic acid salt, the flame
retardant additive comprises a zinc salt, such as zinc oxide,
zinc stannate, zinc hydroxystannate, zinc phosphate, zinc
borate, zinc sulfides or combinations thereot; and a melamine
salt, such as melamine polyphosphate, melamine phosphate,
melamine pyrophosphate, melamine cyanurate or combina-
tions thereof.

[0035] The flame retardant additive will generally contain
the phosphinic acid salt and melamine salt in larger amounts
than the zinc salt. Typically the phosphinic acid salt 1s present
in the largest amount, for example, 50 to 70% of the flame
retardant additive will be the phosphinic acid salt. For
example, the flame retardant additive may contain from about
40 to 84 wt % of the phosphinic acid salt, from about 15 to 55
wt % of the melamine salt and from about 1 to 15 wt % of the
zinc salt. For Example, the flame retardant additive contains
from about 30 to 80 wt % of the phosphinic acid salt, from
about 19 to 40 wt % of the melamine salt and from about 1 to
10 wt % of the zinc salt.

[0036] The cnteria for each flammability classification
according to UL-94, Vertical Burn Test are as follows.

[0037] V-0: In a sample placed so that its long axis 1s
parallel to the flame, the average period of flaming and/or
smoldering after removing the igniting flame should not
exceed ten seconds and none of the vertically placed samples
should produce drips of burning particles which 1gnite absor-
bent cotton.

[0038] V-1: In a sample placed so that its long axis is
parallel to the flame, the average period of flaming and/or
smoldering after removing the 1gniting flame should not
exceed thirty seconds and none of the vertically placed
samples should produce drips of burning particles which
1gnite absorbent cotton.

[0039] V-2: In a sample placed so that its long axis 1s
parallel to the flame, the average period of flaming and/or
smoldering after removing the igniting flame should not
exceed thirty seconds and the vertically placed samples pro-
duce drips of burming particles which 1gnite cotton.

[0040] In order to meet the most stringent flammability
classification, V-0, 1t 1s typically necessary to incorporate at
least about 18 wt % of a flame retardant additive containing a
phosphinic acid salt of Formula (I) or (1I), as described above,
in a polymer composition. However, incorporation of high
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concentrations of phosphinic acid salts sometimes results 1n
undesirable increases 1n molten polymer viscosities.

[0041] Interestingly, 1t has been found that 1n many cases,
replacement of at least a portion of the flame retardant addi-
tive with a tin fluorophosphate glass advantageously
decreases molten polymer viscosity while increasing crucial
aspects of flame retardance such as char formation. Thus,
particular embodiments of the mvention provide a polymer
composition wherein synergy between the phosphinate/zinc/
melamine flame retardant additive and the tin fluorophos-
phate glass provides improved flame retardancy along with
excellent prossessing characteristics.

[0042] For example, thermoplastic polymer compositions,
comprising between about 10 wt % to about 20 wt % of a
phosphinic acid salt containing flame retardant additive and
between about 1 wt % to about 5 wt % of the low Tg tin
fluorophosphate glass have been found to exhibit these ben-
eficial properties, e.g., with many of the compositions meet-
ing flame retardance requirement V-0 of UL-94, with shear
viscosities of as low as about 10 Pa-s, even as low as about 9
Pa-s at shear rates of about 1000/sec at a temperature of about
280° C. In particular, thermoplastic polyamide compositions
comprising about 15 to 18 wt % of the phosphinic acid salt
containing flame retardant additive and about 2 to 3 wt % of
the low Tg glass have been found to meet flame retardance
requirement V-0 of UL-94 with excellent processing and
shear viscosity processing.

[0043] Incontrast, similar polymer compositions having an
amount of phosphinic acid salt containing flame retardant
additive (about 18 wt %) necessary to meet the flame retar-
dance requirement V-0 of UL-94, i the absence of the tin
fluorophosphate glass, have been found to have shear viscosi-
ties of about 52 Pa-s at shear rates of about 1000/sec at a
temperature of about 280° C.; more than 5x higher.

[0044] While the flame retardant activity of the present
compositions 1s excellent, clear evidence 1s found that points
specifically to a synergistic increase in char formation when
the tin fluorophosphate glass of the mvention 1s combined
with the phosphinate containing flame retardant. For
example, the UL-94 vertical tlame test subjects each sample
to two 10 second flame applications and measures the time the
sample continues to burn after the flame 1s removed, which 1s
known as “burn time”. A second burn time that 1s shorter than
the first burn time 1s evidence of good char formation.

[0045] As shown in the Examples herein, polyamide com-
positions containing either only the phosphinate containing
flame retardant or the tin fluorophosphate glass, with few
exceptions display a longer second burn time compared to the
first burn time. One exception 1s the sample containing 5%
phosphinate containing flame retardant which displays neg-
ligible flame retardancy and burns extensively during the first
flame application On the other hand, polyamide compositions
containing both the phosphinate containing flame retardant
and the tin fluorophosphate glass display a shorter second
burn time compared to the first burn time, (the lone exception
being a composition containing 15% phosphinate containing,
flame retardant and 15% tin fluorophosphate glass, which
exhibited no burn time at all after the first flame application).
Thus, the combination of phosphinate containing flame retar-
dant and the tin fluorophosphate glass not only provides out-
standing tlame retardancy, but it appears that the combination
of the two components quite possibly works, at least in part,
via a somewhat different mechanism.

[0046] The data also shows that excellent flame retardant
results are recorded for compositions containing 18% and
20% of the phosphinate containing flame retardant, as seen
for example by the total burn times of the two flame applica-
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tions combined, while poorer results are recorded from com-
positions containing only 10% or 5% phosphinate containing
flame retardant and compositions containing 5% tin tfluoro-
phosphate glass perform in a somewhat stimilar manner. Total
burn times are reproduced 1n the table below. Thus, the pre-
viously cited recommendation of 18% phosphinate contain-
ing tflame retardant appear well founded.

[0047] Onthe other hand, flame retardant results equal to or
better than those for 18% or 20% of the phosphinate contain-
ing flame retardant are obtained for compositions containing
2% tin fluorophosphate glass plus 16% phosphinate contain-
ing flame retardant, and compositions containing 5% tin fluo-
rophosphate glass plus 15% phosphinate containing flame
retardant. Thus, at the same overall additive concentration,
equal or better UL-94 flame retardancy, greater char forma-
tion and much better shear viscosity are obtained by using the
additive combinations of the present invention.

Polyvamide Compositions

wt % wt % Total Bumn
Phosphinate FR low Tg Glass Time (sec)
20 0 11
18 0 24
10 0 75
5 0 >180%*
15 5 11
16 2 10
5 5 3R
0 5 109%
0 10 20%

*burning drips observed

[0048] The presence of 10% tin fluorophosphate glass
alone 1n the polyamide composition provided reasonably
good burn times, however, there 1s no evidence of the
improved char formation seen with the mventive combina-
tions, first flame time and second flame times are the same,
and 1t must also be noted that burning drips were observed
from this composition which were not seen from other highly
performing systems. The presence of 20% tin fluorophos-
phate glass 1n the polyamide composition provides similar
overall results with burning drips observed during the second
flame application. However, the presence of more than 10%
tin fluorophosphate glass 1s not generally considered 1deal for
overall processing or cost.

[0049] Inthe process of the invention, a thermoplastic poly-
mer 1s combined with the above-mentioned phosphinic acid
salt containing additive and low T'g tin fluorophosphate glass,
in amounts suificient to impart flame retardancy and low
shear viscosity to the overall composition. Combination of
the aforementioned components can be accomplished by any
known means, such as mixing the dry components prior to
melt processing, or by feeding the inorganic components
separately into a heated mixer containing molten polymer for
a period of time suificient to obtain a homogeneous mixture.
At this point, the flame retardant polymer composition can be
melt processed directly into the desired flame retardant
articles, or 1t can be extruded and cut into pellets for later use.

[0050] Thermoplastic polymers suitable for use 1n the
present invention include polyolefins, polyesters, polya-
mides, styrenic polymers and the like. For example, any of a
number of polyamides are suitable for use in the present
invention, such as PA-4; PA-6; PA-6,6; PA-6,10; PA-6,9;
PA-6,12; PA-4.6; PA-12,12; PA-11; PA-12; an aromatic
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polyamide; a partially aromatic polyamide; and combina-
tions or blends thereof. In one particular embodiment, the
polyamide 1s PA-6,6.

[0051] The mvention also provides a flame retardant addi-
tive combination comprising a phosphinic acid salt of for-
mula I and or II, a zinc salt, a melamine salt and the low Tg
glass containing phosphorous, tin and fluorine as described
above. In an advantageous embodiment of the invention, the
phosphinic acid salt containing additive and the low Tg glass
are present in a weight ratio of tlame retardant additive to low
Tg glass of from about 10:1 to about 1:1, optionally 1n com-
bination with a small amount of thermoplastic polymer, to
form a flame retardant additive system. For example, the
flame retardant additive combination has a weight ratio of the
phosphinic acid salt containing additive and the low Tg glass
of10:1t0 5:1,3:1to 1:1, 6:1 to 3:1 depending on the polymer
system to which the combination will be added. The so-
formed flame retardant additive combination can then be
packaged and shipped as 1s to an end user for later combina-
tion with a polymer to be melt processed 1nto flame retardant
articles. On combination and mixing with the polymer of
interest, the concentration of the flame retardant additive
system as-shipped 1s let down to a concentration in the poly-
mer appropriate for obtaining flame retardancy and low shear
V1SCOsity.

[0052] The flame retardant thermoplastic polymer compo-
sition can of course contain other standard additives such as
stabilizers, colorants, optical brighteners, fillers, processing
aids, etc. Reinforcing agents, such as glass fibers, may also be
present 1n the composition, for example, excellent results are
obtained with reinforced polyamide compositions compris-
ing 30% of standard glass fibers commonly used 1n com-
merce.

[0053] The flame retardant thermoplastic polymer compo-
sition of the present invention finds use 1n forming flame
retardant articles, such as electronic housings, automotive
parts, electrical connectors, electrical insulation for such as
wire, colls and bobbins, extruded, blown or cast films, spun-

bond or melt-blown fibers, monofilaments, tows, fabrics and
the like.

EXAMPLES

[0054] In the following examples, the phosphinic acid salt
containing flame retardant additive, represented by the abbre-
viation FRA, 1s a roughly 60%:36%:4% by weight combina-
tion of the phosphinic acid salt:

O

P
Al O—P\

CH,CH;

CH,CH;

melamine pyrophosphate or equivalent, and zinc borate.

[0055] The low Tg fluorophosphate glass, represented by

the abbreviation P-Glass, comprises about 50 mole % SnF,,
about 20 mole % SnO, about 30 mole % P,O., and has a Tg

of about 125° C.

[0056] Thermoplastic samples were prepared by mixing a
selected amount of FRA and P-Glass with 60 grams of dried
PA-6,6 (Zytel®101, E.I. du Pont de Nemours and Company,
Wilmington, Del.) 1n a Brabender 3-piece 3-zone electric
mixer at a rotor speed of 75 rpm and a temperature ol 265° C.
Samples were then ground and molded 1into Vis" test bars and
screened using the UL-94 vertical burn test protocol. In this
protocol, the molded test bar 1s subjected to two 10 second
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flame applications, 3 test bars for each formulation are tested.
The time for the bar to extinguish after each flame application
1s noted and reported as Time 1 (T1) and Time 2 (12) for the
bar. The UL-94 Vertical Burn Test protocol classifies materi-
als 1nto four categories from Fail to UL-94 V-0. For screening
purposes, the total burn time for T1 and T2 for all five molded
test bars were compiled and compared along with the obser-
vations of dripping behavior. The PA-6,6 blank was subjected

to the same thermal history as the other samples. Results are
listed 1n Table 1

TABLE 1
1** Flame 279 Flame
Application Application
Burn Burn
P-Glass FRA Time’ Time' UL-94

Ex. # wt% wt%  (sec) Drips (sec) Drips Rating
C.E. 1 0 0 BTC BD Fail
C.E. 2 0 5 188 BD 5 BD Fail?
C.E. 3 0 10 26 None 49  None V-O/V-1
C.E. 4 0 1% 1 None 23 None V-0
1 2.5 5 51 BC 8 BD V-2
2 5 5 26  BD 12 BD V-2
3 5 0 100 BC 17 BC V-2
4 5 5 10 None 1 None V-0
5 15 5 0 None 7 None V-0

ITotal burn time for 5 bars
’Individual bars =30 seconds
BTC—burned to clamp; BD—burning drips; BC—burning chunks

[0057] Capillary rheometry testing according to ASTM

D-3835 was performed on the formulations above at three
different shear rates: 10,000/s; 1000/s and 100/s, at a tem-

perature of 280° C. and a melt time of 360 seconds, X300-40
(0.762x30.480 mm) die. Table 2 lists key capillary rheometry
results.

TABL.

(Ll
o

P-(3lass FRA Viscosity (Pa-s)

Ex. # wt % wt % 100 s7* 1000 s~ 10,000 s~}
C.E. 5 0 0 77.4 65.4 30.3
C.E. 6 0 18 55.6 52.2 31.7
6 5 15 12.1 9 7.9

[0058] The data presented 1n Tables 1 and 2 illustrates the
excellent flame retardancy and decreased shear viscosity
obtained by the addition of the low Tg glass to a reduced
amount of the FRA.

[0059] Additional formulations were processed into test
bars as above and tested using the UL-94 vertical burn test
protocol. Results are shown 1n Table 3.

TABLE 3
Total Burn
Total Burn Time for 5 Test Bars Time
1°* Flame 274 Flame 15" FA +
P-Glass FRA  Application Application 2" FA
EX wt%  wt % seconds seconds seconds
C.E.7 0 20 2 9 11
7 5 15 10 1 11
8 10 10 13 5 18
C.E. R 0 1R 1 24 25
9 2 16 6 4 10
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TABLE 3-continued

Total Burn

Total Burn Time for 5 Test Bars Time

15 Flame 274 Flame 15 FA +

P-Glass FRA  Application Application 274 FA

EX wt%  wt % seconds seconds seconds
C.E.© 10 0 10 10 20%
C.E. 10 5 0 34 75 109%

CE. 11 0 10 26 39 69

10 5 5 29 8 35%

*Due to a burning drip. Based on time criteria alone, each has a V-0 rating.

What 1s claimed:
1. A flame retardant thermoplastic polymer composition,
comprising;

a major amount of a thermoplastic polymer;

from about 5 wt % to about 25 wt % of a tlame retardant
additive comprising a phosphinic acid salt, a zinc salt
and a melamine salt; and

from about 1 wt % to about 10 wt % of a low Tg glass
containing phosphorous, tin and fluorine.

2. The polymer composition of claim 1, wherein

the thermoplastic polymer 1s selected from the group con-
sisting of polystyrenes, polyolefins, polyesters and
polyamides;

the phosphinic acid salt 1s at least one salt of formula (1)
and/or formula (II) and/or their polymers:

(D

1 ﬁ _
R M
;P—O
R =
(11)
] O O 12
(| M,
O I" R I" O
R! R?

wherein R' and R” are identical or different and are C,-C.-
linear or branched alkyl, and/or aryl; R” is C,-C, ,-linear or
branched alkylene, C.-C, ,-arylene, alkylarylene, or arylalky-
lene; M 1s Mg, Ca, Al, Sb, Sn, Ge, 11, Fe, Zr, Zn, Ce, Bi1, Sr,
Mn, L1, Na, K, and/or a protonated nitrogen base; m 1s from 1
tod;nisfrom 1 to4;x1s from 1 to 4; and

the low Tg glass 1s a tin fluorophosphate glass which com-

prises SnkF,, SnO and P,O. and has a Tg of less than
about 200° C.

3. The polymer composition of claim 2, wherein the phos-
phinic acid salt 1s at least one salt of formula (I).

4. The polymer composition of claim 2, wherein the tin
fluorophosphate glass comprises from about 40 to 60 mole %
SnF,, from about 15 to 25 mole % SnO and from about 25 to
35 mole % P,O. and has a Tg of from about 80° C. to 190° C.

5. The polymer composition of claim 2, wherein the flame
retardant additive contains from about 40 to 84 wt % of the
phosphinic acid salt, from about 15 to 55 wt % of the
melamine salt and from about 1 to 15 wt % of the zinc salt.

6. The polymer composition of claim 5, wherein the flame
retardant additive contains from about 50 to 80 wt % of the
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phosphinic acid salt, from about 19 to 40 wt % of the
melamine salt and from about 1 to 10 wt % of the zinc salt.

7. The polymer composition of claim 4, wherein the flame
retardant additive contains from about 40 to 84 wt % of the
phosphinic acid salt, from about 15 to 55 wt % of the
melamine salt and from about 1 to 15 wt % of the zinc salt.

8. The polymer composition of claim 2, wherein the poly-
mer 1s a polyamide.

9. The polymer composition of claim 8, wherein the polya-
mide 1s selected from the group consisting ol PA-4; PA-6;
PA-6,6; PA-6,10; PA-6,9; PA-6,12; PA-4.6; PA-12,12; PA-11;
PA-12; aromatic polyamides and partially aromatic polya-
mides.

10. The polymer composition of claim 9, wherein the
polyamide 1s PA-6,6.

11. The polymer composition of claim 2, which comprises
from about 10 to 20 wt % of said flame retardant additive and
between about 1 wt % to about 5 wt % of said low Tg glass.

12. The polymer composition of claim 11, which com-
prises about 10to 20 wt % of said flame retardant additive and
about 2 to 3 wt % of said low Tg glass.

13. A flame retardant additive system for imparting tflame
retardance to a polymer, comprising a tlame retardant addi-
tive comprising a phosphinic acid salt, a zinc salt and a

melamine salt, and a low Tg tin fluorophosphate glass com-

prising SnkF,, SnO and P,O. and having a Tg of less than
about 200° C.,

wherein the weight ratio of said tlame retardant additive to
said low Tg glass 1s between about 10:1 and about 1:1,
the phosphinic acid salt 1s at least one of a salt of formula
(I) and/or a salt of formula (II) and/or their polymers:

()

. ]
R_|| M™*
~P—0
R2
(1I)
] O O 12

wherein R' and R” are identical or different and are C,-C.-
alkyl, linear or branched, and/or aryl; R* is C, -C, ,-alkylene,
linear or branched, C.-C, ,-arylene, -alkylarylene, or -aryla-
lkylene; M 1s Mg, Ca, Al, Sb, Sn, Ge, T1, Fe, Zr, Zn, Ce, Bi, Sr,
Mn, L1, Na, K, and/or a protonated nitrogen base; m 1s from 1
to4:;ni1s from 1 to 4; x 1s from 1 to 4.

14. The flame retardant additive system of claim 13,
wherein the tin fluorophosphate glass comprises from about
40 to 60 mole % SnF,, from about 15 to 25 mole % SnO and

from about 25 to 35 mole % P,O. and has a Tg of {from about
80° C. to 190° C.

15. The flame retardant additive system of claim 13,
wherein the phosphinic acid salt 1s at least one salt of formula

(D
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16. The flame retardant additive system of claim 13,

wherein the phosphinic acid salt 1s:

Al

17. A process for preparing a flame retardant thermoplastic
polymer composition by melt blending a thermoplastic poly-

O

|
/
0—PL_

CH,CH;

CH,CHj

3
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mer with from about 6 to about 40 wt %, based on the total
weight of the polymer composition, of the additive system of
claim 13.

18. The process of claim 17, wherein the thermoplastic
polymer 1s selected from the group consisting of polysty-
renes, polyolefins, polyesters and polyamides.

19. The process of claim 18, wherein the thermoplastic
polymer 1s a polyamide.

e e o e i



	Front Page
	Specification
	Claims

