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FLAME RESISTANT, HEAT INSULATIVE
FOAMED POLYPHENYLENES

BACKGROUND OF THE INVENTION

2
for the 778-803 cm—! region. The term *“b” is the thick-
ness of the RBr pellet in units of cm. The term “a*” is
the integrated absorptivity in units of g—! 1 cm—2. The
values for a* are obtained from the integrated peak

.. . . 5 areas of the reference compounds determined under
a}g:zl:;;’entt:)o‘; r?;gﬁigoc?;msgt;%mt?:rﬁz‘:jnsf;‘ﬁ essentially the same operating conditions used for ob-
granched yolyphenyleﬂe and angnorganic fiber ff’“ ’r,n'n g the spectra f.'or t.h e polyp hen}flenes. The term
There ispa need for a light weight, highly ﬂan;e resis- c” is the concentration, in grams per liter, of'any of t.he
tant material with insulative propel,‘ties. Such material 19 :;I:J:;tiziztff ?egzirieal?;%ﬁtr%f:ze;o?;?c(::?tt;i :f:rtlh
transportaion and. processng squipmen; jiausiics, 01 (YPes of bezene ring structures prcsnt n the poly-
Branched polyphenylene and composites made there- mer ch?m 18 det':ermmed by d1v1c}mg the measured con-
from, which are flame resistant, have been described in centtll'atlon ol;ta;:ned from a partlculal.' frequency range
U.S. Pat. Nos. 3,792,099, 3,798,281, 3,829,518, and ;s ft‘)yt e sum of the goncentratlons obtameq from tl}e four
3,855,332 all incorporated by reference herein. How- requency ranges involved. Further details of this pro-
ever, these materials as such generally are dense and not ~ cedure are described in U.S. Pat. No. 3,792,099.
particularly suitable for lightweight uses. Applicant By the above-described analysis, the amount of ben-
now has discovered a foamed branched polyphenylene- ~ Z€ne ring structures in the branched polyphenylene
based material which is a lightweight, rigid material ,, polymer chains which are at least trlsubst'ltuted, that is,
with heat insulative properties. bonded to three or more other benzene ring structures,
is at least about 8% by weight, preferably 10% by
SUMMARY OF THE INVENTION weight and is more preferably from about 12 to about 25
A low density, flame resistant foamed compositionis ~ percent by weight. The amount of benzene ring struc-
formed by heating a thorough mixture of branched 55 tures which are disubstituted, bonded to two other ben-

polyphenylene and an inorganic fiber to above about
800° F.

BRIEF DESCRIPTION OF THE INVENTION
The branched polyphenylenes useful in producing

zene ring structures through either the para, meta,or
ortho positions, is preferably from about 45 to about 65
percent by weight. The amount of benzene ring struc-
tures which are meta-disubstituted, bonded through the
meta position to two other benzene ring structures, is

. et .. . 30
the flame-resistant, rigid foams of this invention are ~ preferably from about 15 to about 35 percent by weight.
those novel polyphenylenes disclosed by Wennerberg The terminology “double bonding through the meta
and Wary in U.S. Pat. No. 3,792,099 and produced by  position” refers to the bonding of a benzene ring struc-
the processes described in U.S. Pat. Nos. 3,829,518 and  ture to two other benzene ring structures through the
e e R Sl 5 it potons of e b g st The
) maining benzene ring structure is the polymer chains

the rings chemically linked to each other through ortho, 4 bor%ded to only ogne other benzene rl;ng structure.
meta and para positions. Such branched polyphenylenes The inherent viscosity (IV.) of the branched
should have at least about 8% by weight of its benzene polyphenylenes can vary from about 0.025 or less to
ring structures bonded to three or more other benzene 40 more than 0.17 when measured in trichlorobenzene at
ring structures, that is, it should be at least 8% branches. 135° C. at a concentration of 0.02 g/ml. This roughly
Such branched polyphenylene can also be characterized corresponds to a number average molecular weight
by the relative amounts of the linear infrared absor- range of from 1000 or less to greater than 10,000, A
zzgﬁzy?:;;z u;; 61—2;;(%2 z:ltle_dl .plilalg(ezg::l ;Z;(t)llllltn,/ Egel sf;i' number average ‘molecular weight range of about 3,000
preferably 10 to 18%, of the total integrated peak area 45 to 10’?0(})1 18 Pamclilar}l]y adlvantaggollll.s f_or the. prepara-
within the frequency range 726-930 cm—1 should fall tion of t ¢ nitropolyphenylenes of this invention.
within the frequency range 854-930 cm—! (I region). A Parttn}::utlarly pregerfl:ed brbgn}clhed] I;JOIyg? engline
The frequency range 806-853 cm—1 (P region) gener- aesm 1s tha pre;;a red irom :lp e’%’ d y UeS eP ¥
ally accounts for about 15 to 30%, preferably 18 to roge3nat1ve5 lcsoup dlng 91);(2’0?5 escribed in LS. Pat.
26%, of the total integrated peak area. The frequency 30 NOS. 3,829,518 and 3,798,281. .
range 778-805 cm—! (M region) accounts for about 13 The inorganic fibers useful in this invention include
to 20% of the total integrated peak area. mineral fibers a}nd asbestos ﬁpers. The preferable fiber is

Branched polyphenylene alternatively can be charac- a _pro‘cessed mineral ﬁbe1: (Jim Waltef Resource;s, Inc,,
terized by the amount of the various types of benzene __ Birmingham, Ala), typical properties of which are
ring structures present in the polymer chains, which is 79 shown in Table L .
determined according to the equation: Table 1

Typical Properties of Processed Mineral Fiber
A/c=ba*. Chemical Analysis Wt. %

In this equation the term “A” is the planimeter area 60 iig (2)3 4;:}
reading for the particular absorption frequency range Ca0 354
corrected by a constant factor relating to the planimeter MgO 7.8
used in the measurement and is in units of cm—!. The Other Inorganics 6.6
values of A for the region between 854 and 930 cm—1  Physical Properties o
are corrected for the presence of meta-disubstituted 65 gi"b':rfsize m'(')“:n‘l‘;r‘;i}s" gray
benzene ring structures by applying a correction factor Diameter average 2-5 microns

obtained from the value of A for the region 778-805
cm—1. The correction factor is one-third of the A value

Aspect ratio
Non fibrous material

average 40-60
1-4%
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Table I-continued times produce a less dense product. Typically, the mix-

Bulk density 25 Ibs./cu. ft. ture cpntaining !)ranched polyphen_ylene and inorganic
Specific gravity 27 fiber is placed in a mold and subjected to a contact
Flexibility Brittle pressure of up to about 5 psi during the foaming opera-
Flammability Does not burn :
Tensile strength 3000-200,000 psi 5 tion. . .. . .

(Single fiber) Average 70,000 psi The fesultmg_ foam is rigid and has.heat 1_nsulat|ve
Elastic modulus 1.5 x 107 psi properties. Unlike polyurethane-type insulations, the
Heat resistance Good to 1400° F. foamed polyphenylene of this invention does not give
Glass transition temperature 1400° F. off cyanide-type fumes when subjected to extreme heat.
Devitrification temperature 1560° F. ey H o X ..
Melting point (T fus) 2300-2400° F. 10 The flame-resistance and ability to be formed into rigid

Mineral fibers suitable in this invention contain such
inorganic substances as silica, alumina and Group II
metal oxides. The aspect ratio, i.e. the ratio of length to
width, of suitable fibers can be from about 30 to about
100.

The compositions of this invention generally com-
prise from about 20 to about 70 wt.% branched poly-
phenylene and from about 80 to about 30 wt.% inor-
ganic fiber. In addition up to about 10 wt.% polyphen-
ylene sulfide can be included. A particularly advanta-
geous composition contains about 30 wt.% branched
polyphenylene and about 70 wt.% processed mineral
fiber. Another favored composition contains about 24
wt.% branched polyphenylene, about 70 wt.% pro-
cessed mineral fiber and about 6 wt.% polyphenylene
sulfide.

The foamed compositions of this invention are
formed by first thoroughly mixing branched polyphen-
ylene, inorganic fiber and, optionally, sulfide. By thor-
ough mixing, it is meant that the components are ho-
mogenized to an extent that generally individual parti-
cles of each component are completely dispersed

20

25

structures make such an insulating from advantageous
in electrical appliances such as television sets.

This invention is demonstrated, but not limited by the
following Examples.

EXAMPLE 1

A branched polyphenylene resin was prepared by
polymerizing biphenyl with a M003.5i03.A1,03 cata-
lyst. Such materials were placed in an autoclave which
was then charged with 300 psi of hydrogen and heated
to 1065° F. for 5} to 6 hours. The resulting branched
polyphenylene product was dissolved in N-methylpyr-
rolidone, precipitated with methanol, separated and
dried. After 10.8 g (30 wt.%) such polyphenylene resin
(0.1431.V.) and 25.2 grams (70 wt.%) processed mineral
fiber were mixed thoroughly in a Waring Blender for
about five minutes at about 300-500 rpm, the mixture
was placed in a three-inch square mold, subjected to a
pressure of about 5 psi and heated to 1050° F. for 20
minutes. The resulting foam was removed from the
mold after it had cooled to about 200° F. The properties
of such foam are showin in Table II. The foam had
excellent dimensional stability while being subjected to
a flame. '

TABLE 11
Mechanical Properties (psi)
at 20° C. at 400° C.
Flexural Flexural Flexural Flexural Density
Example Strength Modulus Strength  Modulus  (g/cc) Porosity (%)
I 1,300 33,000 1,600 276,000 0912 55.31
11 2,200 25,000 2,100 225,000 0.925 57.24
among each other. The particle size of the components
should be small enough to permit complete disperse- EXAMPLE 11

ment, which usually is under about —25 mesh and pref-
erably is under about —50 mesh. One method of thor-
ough mixing is performed in a Waring Blender.

To produce a foamed composition of this invention
the previously-described mixture of components is
heated at temperatures typically raning from about 800°
to 1300° F. and preferably from about 900 to 1000° F.
for a time sufficient to produce foaming. Typically such
time can be about 15 to 30 minutes, preferably about 20
to 25 minutes, although other times are operable.

Various densities of foamed material can be obtained
by varying the foaming time and tempertures. The den-
sity of the foam of this invention should be less than
"about 1 g/cc and greater than about 0.2 g/cc. For most
applications the density should be less than about 0.5
g/cc. Generally, higher the temperatures and longer

45

55

A thorough mixture of 8.6 grams (24 wt.%) branched
polyphenylene, prepared as described in Example 1, 2.2
grams (6 wt.%) polyphenylene sulfide (Phillips 66) and
25.2 grams (70 wt.%) processed mineral fiber was
foamed as described in Example I. The properties of
this foam are shown in Table II.

Example III-IV

A thorough mixture of 58.8 grams branched poly-
phenylene (0.106 1.V., Softening point=270° C.) and
137.2 grams of processed mineral fiber (aspect
ratio=90) was foamed at 1100° F. for 107 minutes in a
mold without any contact pressure. Properties of two
branched polyphenylene foams and one rigid polyure-
thane foam are presented in Table IIIL.

TABLE III
Mechanical Strength (psi)
Density Flexural Flexural Compressive Thermal Conductivity
Example (g/cc)  Strength Modulus Strength (BTU -in./hr: fi2- °- F.)
111 0.54 229 29,000 128 0.47
v 0.44 178 15,000 267 0.46
Rigid
Polyurethane 0.03 — — 20-50 0.14 (1)
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TABLE III-continued

Mechanical Strength (psi)

Density Flexural Flexural Compressive Thermal Conductivity
Example (g/cc)  Strength Modulus Strength (BTU - in./hr : ft2- °- F.)
Foam 024 (2)
(1) closed cell
(2) open cell
3. The foamed composition of claim 1 which has a
10 density of less than about 1 g/cc and greater than about
0.2 g/cc.
I claim: 4. The foamed composition of claim 3 which has a

1. A rigid, foamed composition having a density less
than 1, produced by heating a thorough mixture com-
prising about 20 to about 70 wt.% branched polyphen-
ylene, formed using a metal oxide catalyst, having at
least about 8 wt.% of its benzene ring structure bonded
to three or more other benzene ring structures and
having an inherent viscosity between about 0.025 and
about 0.17, and about 80 to about 30 wt.% inorganic
fiber selected from the group consisting of processed
mineral fiber and asbestos.

2. The foamed composition of claim 1 wherein the
inorganic fiber is processed mineral fiber.

15

20

25
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35
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50
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density of less than about 0.5 g/cc.

5. The foamed composition of claim 2 which has a
density of less than about 1 g/cc and greater than about
0.2 g/cc.

6. The foamed composition of claim 5 which has a
density of less than about 0.5 g/cc.

7. The foamed composition of claim 1 containing up
to about 10 wt.% polyphenylene sulfide.

8. The foamed composition of claim 5 which is
formed from about 30 wt.% branched polyphenylene

and about 70 wt.% processed mineral fiber.
¥ x % % %
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