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POLYMERIC PENTAERYTHRITYL
PHOSPHONATES AND THEIR USE AS FLAME
RETARDANTS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue. |

This is a reissue of U.S. Pat. No. 4,217,267, dated Aug.
12, 1980.

The present invention relates to novel polymeric
pentaerythrityl phosphonates. More particularly, it re-
lates to the use of the polymeric phosphonates as flame
retardants for polyolefins, particularly polypropylene.

Dialkyl and certain diaryl pentaerythrityl diphos-
phonats are known; see Friedman, U.S. Pat. No.
3,141,032, and German Offenleg. No. 2,630,693. These
compounds have been suggested as flame retardants for
polyolefins and for aromatic polyesters. Polymeric
phosphonates of the type:

O OCH;

0/ N
P C—CH;

AN 7|
OCH; CH,0H |,

are disclosed by Heckenbleichner, U.S. Pat. No.
3,978,166. They are obtained by reacting pentaerythri-
tol phosphite:

OCHj>

/ N\
P—OCH;—C—CH>OH

N /
OCH;

with a small amount of an alcohol (C;~C4, allyl, benzyl,
or 2,3-dibromopropyl) or a diol of at least 2 carbon
atoms. Reaction of a dialkyl pentaerythrityl diphosphite

OCH>
/ N/
P—OR

C
N 7 N\ /
OCH; OCH;

OCH-

N\
RO—P

with a small amount of a diol, HO—R’'—QH, is shown
to form a cross-linked polymer represented by the struc-
ture:

[ | O 0
O (I:Hz O (I:Hl
HO R'to~g—ocnz—c':—CHzo-g—OCHr(I:—CHz OR'OH
1!{ tI:HgoH t!m tlzﬂzon X

The present invention provides novel polymeric pen-
taerythrityl phosphonates represented by the structure:
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N
P

/

OCH> OCH3
N /S
Y—F C
AN VAN
OCH2

0O
|V

wheremn Y 1s selected from

—CH— (a)

(CH3), (b)

—(CHj CH;—

wherein n is at least 2; x 1s an integer from 1 to 8; and y
1s 0 to 4. The present invention also provides a method
for the preparation of said polymers and flame retardant
compositions containing them.

In general, the polymeric pentaerythrityl phospho-
nates of this invention may be prepared by reacting a
dialkyl pentaerythrityl diphosphite, wherein the alkyl
group has about 1-8 carbon atoms, e.g., diethyl pentae-
rythrityl diphosphite, with the appropriate a,w-dihalide
(bromide, chloride) under nitrogen at a temperature of
about 80°-200° C. for about 1 to 20 hours. The molar
ratio of phosphite to dihalide should be about 1.0-1.1/1.
The reaction 1s readily conducted in the absence of a
solvent; however, a solvent such as methylene chloride
or o-dichlorobenzene may be used. The equation for the
reaction 1s as follows:

OCH; CH;0O
d N /7 N\
CaHsO—P C P—0OC,Hs +
N 7N\ /
OCH; CH;0
X—Y—X ——>
X = Br, CI
O OCH; CH,O ©
I/ N N
Y—P C P + 2 CaHsX
N 7 N\ 7
OCH;3 CH>O ”
In addition to the polypentaerythrityl phosphonates,

the flame retardant compositions of this invention may
also contain ammonium polyphosphate. The ammo-
nium polyphosphate compounds are known and may be
prepared as exemplified in U.S. Pat. Nos. 3,423,343 and
3,513,114. They are generally substantially water insol-
uble and possess a plurality of P-O-P type linkages.
They are available from Monsanto Chemical Co. under
the tradename Phos-chek P/30.

The polypentaerythrityl phosphonate and the ammo-
nium polyphosphate combination 1s useful as a flame
retardant when incorporated into polyolefins, espe-
cially polypropylene, in a flame retarding amount, i.e.,
from about 20 to about 50 percent by weight, based on
the weight of the polymer. The ratio of pentaerythrityl
diphosphonate to ammontum polyphosphate should be
such that at least about 25% of the mixture of flame
retardants 1s the pentaerythrityl diphosphonate to pro-
vide self-extinguishing, nondripping formulations.
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In order to further improve on the nondripping char-
acteristics of the combination of polypentaerythrityl
phosphonates and ammonium polyphosphate, it has
been found that the addition of various oxides and/or
carbonates provide optimum results.

The oxides or carbonates may be added to the poly-
olefin in amounts ranging from about 0.25 to 5 percent
by weight, based on the weight of the polymer. Useful
compounds include alkali metal carbonates, such as

3

sodium carbonate, potassium carbonate, etc.; alkaline 10

earth metal oxides, such as barium oxide, magnesium
oxide, etc.: alkaline earth metal carbonates, such as
magnesium carbonate, calcium carbonate, etc.; Group
IV-A metal oxides, such as silicon dioxide, stannic 0x-
ide, etc.: titanium dioxide, zinc oxide, aluminum oxide,
antimony oxide, and the like.

The flame retardant polyphosphonate, either alone or
in combination as described, may be added to the poly-
mer as such, or as individual components, by any
known method, such as by milling the polymer and the
components on, for example, a two-roll mill, in a Ban-
bury mixer, etc., by molding the components and the
polymer simultaneously, or by extruding the polymer
and components, or by merely blending all the ingredi-
ents together in powder form and thereafter forming
the desired ultimate product. Additionally, the flame
retardant components or combination may be added
during the production of the polymer, i.e., during poly-
merization, provided the catalyst, conditions, and other
ingredients of the polymerization are inert thereto.

It is also within the scope of the invention to incorpo-
rate such ingredients as plasticizers, dyes, pigments,
heat and light stabilizers, antioxidants, antistatic agents,
photochromic materials, and the like, mto the polymer
composition.

EXAMPLE 1

Poly[3(-9)ethylene-2,4,8,10-tetraoxa-3,9-diphosphas-
piro[5.5]undecane 3,9-dioxide] (Y —QCH;—)—;)

Diethyl pentaerythrityl diphosphite (1.1 mole) was
reacted with 1.0 mole of 1,2-dibromoethane for 12
hours under a nitrogen atmosphere at 135° C. to give
the polymeric phosphonate in 89 percent yield of a
white powder; softening point 180°-190" C.

EXAMPLE 2
4,8,10-tetraoxa-3,9-diphos-

.9-dioxide] (Y {CH;—}3)

Following the procedure of Example 1, 1,3-dibromo-
propane (1.0 mole) was reacted at 140° C. for 12 hours
to give the polymer in 90 percent yield; softening point

210° C.

Poly[3(-9)n-propylene-2,
phaspiro[5.5}undecane 3

EXAMPLE 3

Poly[3(-9)n-butylene-2,4,8,10- tetraoxa-3 9-diphosphas-
piro[5.5]undecane 3,9- dloxlde] CHz}p)

Following the procedure of Example 1, 1,4-
dibromobutane (1.0 mole) was reacted at 170° C. for 12
hours to give the polymer in 92 percent yield; softening

point 140° C.
EXAMPLE 4

Poly[3(-9)n-hexylene-2,4,8,10-tetraoxa-3,9-diphosphas-
piro[5.5]undecane 3 9—d10xlde] Y —(CHz)—S

Following the procedure of Example 1, 1,6-
dibromohexane (1.0 mole) was reacted for 12 hours at
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150° C. to give the polymer in 88 percent yield; soften-
ing point 160° C.

EXAMPLE 35

Poly[3(-9)buten-2-ylidene-2,4,8,10-tetraoxa-3,9-diphos-
phaspiro[5.5]undecane 3,9-dioxide]
(Y =—CH;CH—CHCH;,;—)

Following the procedure of Example 1, 1,4-dichloro-
2-butene (1.0 mole) was reacted at 150° C. for 12 hours

to give the polymer in 82 percent yield; softening point
150° C.

EXAMPLE 6

Poly[3(-9)-p-phenylenedimethylene-2,4,8,10-tetraoxa-
3,9-diphosphaspiro[5.5]undecane-3,9-dioxide]

(Y = —CHa3 CH;—)

Diethyl pentaerythrityl diphosphite (1.1 moles) was
reacted with a,a’-dichloro-p-xylene (1.0 mole) at 100°
C. for 2 hours to give a white polymeric product in 91
percent yield; softening point > 300" C.

EXAMPLE 7
Poly{3(-9)-2,5-dimethyl-p-phenylenedimethylene-

2,4,8,10-tetraoxa-3,9-diphosphaspiro[5.5]undecane-3,9-
dioxide]
CHj3
(Y = —CH; CH;—)
CHj

Following the procedure of Example 6, 2,5-dimethyl-
aa’-dichloro-p-xylene (1.0 mole) was reacted for 2
hours at 150° C. to give a white powder 1n 74 percent
yield; softening point> 300" C.

EXAMPLE 8

Poly[3(-9)-2,3,5,6-tetramethyl-p-phenylenedimethy-
lene-2,4,8,10-tetraoxa-3,9-diphosphaspiro{5.5]undec-
ane-3,9-dioxide]}

CH; CH3
(Y = —CH3 CHy—}
CH; CHj

Diethyl pentaerythritol diphosphite (1.1 moles) was
reacted with 2,3,5,6-tetramethyl-a,a’-dichloro-p-xylene
(1.0 mole) in 250 ml. o-dichlorobenzene for 2 hours at
60° C. to give a white polymeric product in 77 percent
yield; softening point > 300° C.

EXAMPLE 9

A dry blend of polypropylene powder (PROFAX
6401, Hercules) containing the polyphosphonate of
Example 6, alone and combined with ammonium poly-
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phosphate, was extruded through a Melt Index Appara-
tus (described in ASTM D-1238) at 250° C. to give a
cylindrical polymer sample 5 inches in length and 0.25
inches in diameter. The sample was subjected to the
following flammability test methods.

A. Vertical Flammability Method: (described, in part,
in Underwriters Laboratories Test UL9%4, Vertical Test
Method 3.10-3.15, September, 1973).

Each sample, held in a vertical position, is ignited
with a § inch blue flame for 10 seconds. The test flame
is withdrawn and the duration of the flaming before
extinguishment 1s recorded. When flaming ceases, the
test flame is again applied for 10 seconds. After removal
of the second flame application, the flaming duration
betore extinguishment is again recorded. If the sample
burns for more than 30 seconds after each application, it
1s considered to have failed the test.

The following are recorded: (a) duration of time to
extinguishment (flaming) for each flame application,
and (b) whether or not specimens dripped flaming parti-
cles which ignited a cotton swatch placed 12 inches
below the specimen. Data are given in Table 1.

TABLE 1

Flammability Test Resuits
Total Time
Fails/ (seconds)

Additive Passes  to Extinguishment  Dripping
Control-None Failed ~> 60 —
309% APP* Failed > 60 —
30% Ex. 6 Passed 0 None
20% Ex. 6 4+ 10% APP  Passed 0 None
159% Ex. 6 + 159% APP  Passed 0 None
10% Ex. 6 + 209% APP  Passed 0 None

*ammonium polyphosphate

B. Oxygen Index Method

The samples prepared in Example 9 (A) were tested
according to the procedure of ASTM D-2863, para-
graphs 8.1-8.11. The oxygen index values are given in
Table 11 (the higher the O.1. number the better the flame
retardancy).

TABLE I1

M

Oxygen Index Flammability Test

Sample Oxygen Index
Control 17.5
30% APP 20.1
30% Ex. 6 24.8
20% Ex. 6 + 10% APFPP 28.3
15% Ex. & + 15% APP 29.2
10% Ex. & + 20% APP 29.0

W

EXAMPLE 10

Using the sample preparation technique and test
methods of Example 9, the compound of Example 1 was
evaluated, and gave the following results.

A: Vertical Flammability Test Method _
Total Time
Passes/ (seconds)

Sample Fails to Extinguishment  Dripping
e AU, s o s, <
30% Ex. | Passed C Dripped
20% Ex. 1 4+ 10% APP Passed 0 None
15% Ex. 1 + 159, APP  Passed 0 None
10% Ex. 1 + 209% APP  Passed 0 None

'-—_'_Im___..—'-_“_
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EXAMPLES 11-15

The following polyphosphonates were evaluated in
polypropylene using a formulation containing 12%

- flame retardant, 17% ammonium polyphosphate, and

1% titamum dioxide. The samples were prepared as
described in Example 9 and tested according to the
Vertical Flammability procedure described in Example
Y9A. Samples were rated as follows:

1. Sample burned for more than 30 seconds following
each flame application: free burning (FB)

2. Sample with extinguishment time less than 20 sec-
onds (total of two applications) and no dripping:
V-0

3. Sample with extinguishment time less than 60 sec-
onds (total of two applications) with dripping: V-2

Data are given in Table III.

TABLE III
Vertical Flammability Test Results
Sample Y Rating
Ex. 2 —{(CH3z)3— V-0
Ex. 3 —{(CHj)3~— V-0
Ex. 4 —(CHj)s— V-0
Ex. 7 CH; V-0
—CHQQ CHy—
CHa
Ex. 8 CH; CH; V-0
—CHZ—Q CHp—
CH; CH»
Ex. 5 —CH)—CH=CH—~CH>— FB

What 1s claimed is:

1. A flame retardant composition comprising a poly-
olefin polymer having about 2 to 4 carbon atoms and an
effective flame retardant amount of a mixture of a poly-
meric pentaerythrity! phosphonate represented by the
formula:

O

N
P

/
CHZO n

OCH> CH;,O
N/
C
7N\

0
|/

Y—P
N
OCH;

wherein Y is selected from (a) -GCH;)—A- or

(CHj)y (b)

—CH> CHy—

and wherein n is at least 2; x is an integer from 1 to 8;
and y 1s 0 to 4, and ammonium polyphosphate.

2. The composition of claim 1 wherein said polyolefin
1s polypropylene.

3. The composition of claim 1 wherein the polymeric
pentaerythrityl phosphonate is at least about 25% of the
mixture of flame retardants.

4. The composition of claims 1, 2 or 3 further contain-
ing about 0.25 to 5 percent by weight, based on the
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weight of the polyolefin, of a material selected from the
group consisting essentially of (1) an alkaline earth
metal carbonate, (2) an alkaline earth metal oxide, (3) a
Group IV-A metal oxide, (4) titanium dioxide, (5) zinc
oxide, and (6) antimony oxide. |

5. The composition of claims 1 or 3 further containing
about b 0.25 to 5 percent by weight, based on the weight
of the polyolefin, of titanium dioxide.

6. A flame retardant composition comprising a polyole-
fin polymer having about 2 to 4 carbon atoms and an
effective flame retardant amount of a polymeric pentae-
rythrityl phosphonate represented by the formula:

O OCH: CH,0 O
I/ N /7 \Ll'

Y—P C
N 7N\ /
OCH; CH;0 .

wherein Y is selected from (a) —CHa—x or

(CH3) v (b)

—CH3 CHy—

and wherein n is at least 2; x is an integer from 1 to 8; and
pisOto 4
7. The composition of claim 6 wherein said polyolefin is

10 polypropylene.
8 The composition of claim 6 wherein Y is (CH2x.

9. The composition of claim 8 wherein x is 2.
10. The composition of claim 6 wherein Y is

13 |
{CH3)y

- CH2? CH;—

20

11. The composition of claim 10 wherein y is O.
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