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The invention disclosed in this document resulted from
research in aeronautical and space activities performed under
programs of the National Aeronautics and Space Administration.
The invention is owned by NASA and is, therefore, available
for licensing in accordance with the NASA Patent Licensinc
Regulaticon (14 Code of Federal Regulations 1245.2).

To encourage commercial utilization of NASA-owned inven-

tions, it is NASA policy to grant licenses to commercial

concerns. Although NASA encourages nonexclusive licensing

to promote competition and achieve the widest possible utili-
zation, NASA will consider the granting of a limited exclusive
license, pursuant to the NASA Patent Licensing Regulations,
when such a license will provide the necessary incentive to
the licensee to achieve early practical application to the
invention.

Address inquiries and all applications for license for
this invention to NASA Patent Counsel, Ames Research Center,
Mail Code 200-11A, Moffett Field, California, 94035. Approved
NASA forms for application for nonexclusive or exclusive

license are available from the above address.
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Serial No. 920,878
Filed: June 30, 1978

NASA CASE NO. ARC-11040-2

LOW DENSITY BISMALEIMIDE-CARBON
MICROBALLOON COMPOSITES

Invention Abstract

The invention relates to a process for a composite laminate
structure which exhibits a high resistance to heat and flame
and upon ignition and evolves a minimum of toxic and noxious
fumes. Low density laminate composites of the invention are
prepared by bonding a bismaleimide face sheet with a bis-
maleimide resin to a bismaleimide honeycomb core filled with
carbon microballoons.

Composite laminate structures of the invention are prepared

by the bismaleimide resin preimpregnation of a fiberglass
cloth to form a face sheet which is bonded with a bismaleimide
hot melt adhesive to a porous core structure selected from the
group consisting of polyamide paper and bismaleimide-glass
fabric which is filled with carbon microballoons. The carbon
microballoons are prepared by pyrolyzing phenolic micro-
balloons in the presence of nitrogen. A slurry of the carben
microballoons is prepared to fill the porous core structure.
The porous core st-ucture and face sheet are bonded to pro-
vide panel structures exhibiting increased mechanical capa-
cities and lower oxygen limit values and smoke density values.

The invention in using bismaleimide resins and adhesives and
the utilization of a carbon-microballoon polyamide paper and
bismaleimide core provides panels having minimal smoke and
toxic fume production upon ignition. Consequently the pre-
sent invention provides safer interior structures for aircraft
and submarine compartments.

Inventors: Demetrius A. Kourtides
Joiin A. Parker

Employer: NASA - Ames Research Center
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NASA Case No. ARC-11040-1

TITLE OF TIIE INVENTION

IOW DENSITY BISMALEIMIDIE-CARBON MICROBALILOON COMIPOSITES

ABSTRACT OT TIiEE DISCL.LOSURE

A process for the preparation of composite laminate structures of glass

cloth preimpregnated with polybismaleimide resin and adhered to a polybis-

maleimide glass or aromatic polyamide pap>r honeycomb cell.structure filled
or partially ﬁl'}cd with a syntactic foam consisting of a mixture of bismaleimide
resin and carblun microballoons,

The carbon rmicroballoons are prepared by pyrélyzing phénolic micro-
ballioons and subsequently bonded using a 2%- bismaleimide solution. The
laminate structures are cured for two hours at 477° K and are adhered to the
honeycomb bismaleimide adhesive using a pressure of 7001;N/1112 pressure
at 450°K., The lJaminatie composite is.then post~-cured for two hours at 527°KK
to produce a composite laminate having a density in the range from about 20
kilograms per cubic meter to 130 kilogrems per cpbic meter,

' ' e e .
2 ORI - B/ SN - - o

The invention described herein was made by employees of the United
States Government and may be manufactured and used by or for the Government
for governmental purposes without the payment of any royalties thercon or

therefor.

ORIGINAL! PAGE IS
OF POOR QUALITY,
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BACKGROUND OF " 12 INVENTION:

FField of the Inventicen .

The present invention relates to a process for the preparation of low
Aensity composite laminate structures consisting of a bismaleimide-glass
laminate face sheets adhered to a bismealeimide honeycomb structurc con-
taining carkbon microballoons bonded with bismaleimide resin, Panels and
structures prepared in accordance with the present invention are uscful as
aircraft pz-.*no]é and panels for vessels which require high ignition temperaiur

and minimum of gassing and evclution of noxious and toxic fumes upon ig-

nition.

Description of the Prior Art

Panels and structures employed by manufacturers as the interior parel-

ing of aircraft and vessels subject to confined or constricted environments

have generally employed glass~-epoxy resins combined with a polyamide core,

.

The prior art structures due to the presence of epoxy exhibit large smoke
evolutions and a low fire containment capacily when subjected to heat or
flame.

In gencral the pancls and aircraft lining structures have been prepared
by silk sercening the required decorative surface on a 0, 005 ecm polyvinyl
fluoride film (Tedlar) by a continuous web precess, After dryin

a 0, 0025

v

cm transparent polyvinyl fluoride filim coated on one side with polymethyl
methacrylate is bonded to the decorative film to provide proteciion for the
printed surface.

The laminate is then bonded to one ply of epoxy-preimpregnated 1811
glass, and may have a surface texture imposed during the bonding opcration,

One core material presently employed for sandwich paneling is an aro-

matic polyamide (sold under the tradepnan:. Nomex H7til-10) hexagonal-cell

SR
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honeycomb structure. ‘I'he cell size may be 0,312 cm, 0.625 cm, or 0,937

cm, depending upon the properties decgired in the finished panel.

The prior art method of binding an outer panel to the core consists of
using an epoxy resin-preimpregnated bond ply over which is applied the pre-
pared glass/polyvinyl fluoride decorative laminate. The resin in the bond ply
provides the adhesive to bond the outer pznel to the honeycomb and the
decorative laminate to the bond ply. Curing is ;u:vo:*‘jplis*.hr:d at 110°C with
50 ¢cm IIg. minimum vacuum bag pressure. TFor a pancl requiring a decorative §
laminate on one side only, a bond ply is used as the outer panel on the other
or back side.

Structures and panels prepared in accordance with the prior art have
exhibited relatively lower fire containment capabilities because of the absence |
of insulative material in the honeycomb core. 'The prior art structures also
evolve large quantities of smoke and toxic fumes when exposed to fire or heat
due to the presence of the epoxy material and the glass-epoxy resinous sub-

strate.

DESCRIPTION O THE INVENTION

Suvmmary of the Invention

The disadvantages and limitations of the prior art are obviated by the
process and material compositions of the present invention which employ a
low de'nsity bismaleimide-carbon microballoon composite. The advantages
of the invention ar.c achieved by structures composcd of a face sheet preim-
pregnated with bismaleimide resin bound with a polyimide film a:!l'xcs_;i"\'c: to a
core containing carbon microballoons bound in a honeycomb core with bis-

maleimide resin,

: ‘ ORIGINAL PAGE IS

OF POOR QUALITM |
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Structures prepared in nccordance with the present invention possess
I | p p

excellent thermophysical properties., Their rather low thermal conductivity
renders them attractive for use as insulation where high temperatures are in-
volved. Also of interest in these situations are the lower oxygen index values
that these structures possess which render them more difﬁéult to ignite than
the materials of the art, Ifurthermore, when exposéd to heat and {l.ine, the
siructures of this invention exhibit a marked reduction in the density of smoke
produced and i.n the toxicity of pyrolyiic products, two characteristics which
greatly improve the chances ¢f survival of people in confined spaces. Such

improved properties, coupled with increased mechanical capacities, highly

recommend the new siructures for usein ground vehicle and aircraft interiors.

Detailed Description

The resins that are employed in the construction of the structures of the
invention are those prepared by the polymerization of various hismaleimides,
These monomers and pre-

alone or in the presence of diaminc compounds,

olymers can be illustrated by the following formulas:
S . o

N
Q Q g @ @
il \ /‘ ~ - 75
i N-R -N_ | Heat _ L (-R;-N_ | (1)
= 2 — / Nt
" i1 i!
O O O
™ / n
i, == g
+ 1, N-R, -NH,
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wherein n may be any integer that yvields a prepolymer of euitnble viceocity
under the conditions of use, Rl

atoms, and R, represents a divalent radical not having more than 30 carbon

2 .
atoms. When a diamine is useu, the bismaleimide-diamine ratio should be
between about 1,2:1 to 50:1. Rl abnd Rzmay be identical or different and may
be alkylene radi~als-lincar or branched or cyclic, heterocyclic radicals,
phenylene or polycyclic aromatic radicals. These vgx*ious radicals, as well
as the hyélrogén—bearing carbon atoms in the maleimide ring, may carry sub-
stitucnts that do not give side reactions under use conditions. The preferred
monomers for use in the present invention are those in which R’l and- 1{2 are
aromatic in nature. Usable species of the resins just described are listed
in U.S. patent 3, 652, 223 and French patent 1, 455, 514,

The resins can be prepared by heating the monomer or monomers uniil
maleimide~terminated prepolymers are obtainced |equations (1) and (2)] , said
prepolymers then being capable of undergoing cure in situ simply by heating
them at a temperature within the range of about 450° to 510°K to form dense,

insoluble, nonmelting polymer networks.

Fabrication of Composite Structures

The advantages of the present invention can be achieved by preparing
panels in the manner that will now be illustrated, using the resins already
described. TFor convenience, a panel having dimensions of 30 o x 30 em x
2.5 cm will be constyuctcd. It must be understood however that those skilled
in the art can vary greatly the panel sizes and configurations, as well as

the fabrication tecliniques, without departing from the spirit of the inveniion.

Preimpregnation of JFace Sheet Naterial

2 1 1
A resin powder consisting escentially of N, N =(4,4 -diphenylmethanc)-

bismaleimide is sifted into an equal weight ¢f n-methyl-2-pyrrolidone vnde;

is a divalent radical having at least two carbon}
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vVigorous u;;jiui](jn to prevent lumping., ‘T'he viscosity of the resuliing 5079 by
weight solution is less thun 10 poises at room temperature initially and in-
creases rapidly on aging. Ior best results, this resin preimpregnation solu-
tion is prepared immcdiately prior {o use since its maximum useful life is
about 20 days,

The process used to impregnate the resin solution into the glass cloth
consists in passing a dried fiberglass cloth through a preferably 50% by
weight solution of the bismaleimide resin. The wet cloth is then led between
a steel roller and a wiper blade to assist impregnation and remove excess
resin, Uniform impregnation of the glass fabric is achieved by pu]ling.thc
cloth through the resin solution at a constant speed of 0. 6 meters pe.r minute,
with a constant wiper blade pressure exerted on the impregnated cloth. The
prepregged cloth is then dried and partly cured by heating i{ in an oven for
15 minutes at 355°K and then for 30 minutes at 366°K., Prepregged cloth pre-
pared in this manner has an average resin content of 41, 3% and an average
volatile content of 5. 2%,

The prepregged sheet may then be cured by using either an autoclave
g . 0 g

vacuum bag technique or by the platen pressure method, both of which being
well known to those skilled in the art. In the autoclave vacuum bag technique,
a 33 cm x 33 cm prepregged single layer cloth is sandwiched between porous
Teflon-coated glass fabric sheets and is placed on a 0, 6 thick aluminum platie,
A glass bleeder cloth is placed against the sandwiched prepreg. The assembl:
is then vacuam b?{fL’Cd and cured at an external pressure of about 34¢£ !-".‘j\‘/rn?
at a temperature of 2bout 450°K for one hour. In the press cure method, a

33 e x 33 cm prepregged sheet is sandwiched between porous Teflon~-coated
glass fabric slicets and curcd between 0. 6 em thick aluminum plates treated

- - , : = 2
with a mold release agent, 'The prepreg is cured at about 345 kN/m*® for one

hour at about 450°K,




After curing, the face sheets are evaluated for visual defects including  §
flaws, voids, thickness uniformity, and for resin content, The sheets are
genecrally about 0, 025 cm in thickness and contain 307 to 34% of the resin dry

basis. The resin face sheets may thereafter be bonded with a polyamide

5 adhésive t{o a honeycomb core filled with carbon microballoons, {o provide
a sandwich structure panel assembly in the manner hercinafter described,
Core ¥Yabrication IProcess
The coré structure is fabricated by introducing carbon micreoballoons
into a suitlable fiberglnss-bismaleimide honeycomb core and securing the
10 microballoons by means of a bismaleimide adhesive. The core may consist
of eitherdn aromatic polyamide-paper honq"c:oml, combination, with 0.3 cm
diamecter cells (Nomex HRH-10), or preferably a bismaleimide-glass fabric
honeycomb, with 0,935 cm diameter cells (Kerimid 601),
The carbon microballoons are preparced by pyrolizing phenolic micro-
15 balloons in a large stainless steel container which has been Iiur_r{r_-d with nitro-

“

gen to conlain an oxygen-{ree atmosphere. Typical phenolic microbalioons
that can be used for this purpose are described in various patents, pariicularly
in U.S. patent 3,030,215, The specific phenolic microballoons pyrolized in the

present instance had the following specifications:

20 " . Bulk density 0.10 - 0,12 g/cec

True density 0.322 -~ 0,334 g/cc
Particle size £20 mesh, 80% 50-100 mesh
Broken balloons {3%
Volatiles 8. 0% maximun
25 The pyrolysis of the phenolic microballoons is preferably accoraplished

by placing the stainless steel container in a furnace and then cycling irom

room temperature {o about 1089°K in four hours, holding at that temperature

for four hours, and therecafter cooling to room temperature over a period of |
‘ two days. The resulling carbon microballoone are preferably cooled to o ‘
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lenet 311°K or lower, before removal of the nitrogen atmosphere, o prevent
spontancous ignition, The carbon microballoons, after pyrolysis, are gcener-
ally agglomerated in the form of large cakes which require separation. Sep-

aration may be accomplished by placing the microballoon cakes in a container !

with isopropanol present in the ratio of one kilogram of carbon microballoons

g Al TR AR

per seven liters of the liquid. The mixture is then vigorously shaken for 15
minutes, as in a paint ghaker, with the resulting slurry being passed through
a 20-mesh screen o remove any non-scparated agglomerates, The screened
isopropanol-carbon microballoon slurry can be used directly for core impreg-
nation 1o provide o core to which the face sheet may be attached.

Impregnation may be conveniently achieved through various processes f
1 o (%] 3

known to those skilled in the art, including vacuum screen processes in which

the carbon microballoon-isopropanol slurry is drawn by vacuumn into thie honey:

' {

comb core. In some applications, a partially filled honeycomb core may be '

advaniageous to provide the space necessary for expansion of the carbon micro-|
balloons during rapid temperafure changes.

The filled honeycomb core is then sandwiched between two nylon fine

mesh screens and two aluminum support honeycombs, and dried for about 16

hours in an air-circulating oven at about 366°K., After drying, the microballe’

PR

-

filled core is saturated with a 2% n-methyl-2-pyrrolidone solution of the bis-

maleimide resin used carlier for impregnation of the facing sheet, In the

case of cores partially filled with carbon microballoons the solution is sprayed

I

into the cores at low air pressure. With cores that are completely iilled wiil: !

microballoons, on the other hand, the microballoons have a tendency tc blow
out during spraying and, thercfore, the application of the 2% solution is most

effectively achieved by brushing the bismaleimide resin solution over the

cells, After saturation of the microballoon filled core with the 29% bismalei-

mide resin solution, the honeycomb is heated for about 2 I'nurs 2t about
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300°K and then for aboul 1 howr al aboul 4T7°K, (o complelely cure the bis-

maleimide binder,
Prior to final assembly, the carbon microballoon-filled honeycomb corc
is examined for wniformity of micrcoballoon fill and tested for the combined

weight of the microballoons and the bismaleimide resin binder. The micro-

balloon-resin combination should contair approximately 4 to 10% of the resin
by weight of the combination, and for a half filled 2, 4 cm thick core, the

3

oximate 145g/1C” em”,

)

fill weight should appr

ORIGINAL paGy IS

Sandwich Structure Panel Assembly

The assembly of a pancl in accordance with the invention is achieved by

bonding the face sheet or sheets 1o the microballoon filled fiberglass bismealici!

mide honeycomb panel with & bismaleimide hol melt adhesive which again con-!

>
sists of the monomer vsed in ithe face sheets and the core. Prior to bonding,
the face sheets and the carbon microballoon filled core are cleaned to enhance
adhesion, l.oose 3:’15,('31‘(;:;1‘)1';(.3'(5:; are removed from the bonding faces with a
methyl ethy) ketone-soaked cleaning cloth, Each face sheet is then bonded to
the core with the bismaleimide adbesive. The assembly is then placed in 2
platen press at about 477°K and cured for about two hours under a pressure of

e :
about 700 kIN/m”, After cure, the panel is postcured for about 24 hours at

about 5.27 °K, 1o remove volatlile materials and achieve minimal smoke char
acteristics,

Panels prepared in accordance with the invention exhibit excellent
thermal, fire-resistant and mechanical properties, making them particularly
suited for various high temperature applications and where fire safety is a

primary consideration. In particular, the panels of the invention may be

utilized as aircraft interior pancls as well as for walls for aircraft com part-

P Y ARO B R R A PRI 0
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ments where the maximum in fire containment and the smallest production
of simoke and tox'c products is desired,

Additional applications include light weight composite structural walls
for lightweight ships and other transportation vehicles where light weight and
fire resistance are needed. The invention may also be used as interior wail
pancls in epace shulile vehicles to provide maximum of fire protection and
least smoke agd toxic pyrolysis product generation,

The present invention will be further illustrated by way of the following
specific examples which are not intended to limit the scope of applicability
of the invention. In this application, parts and perce.niagcs are by weight

unless expressly stated to be otherwise,

Example 1 - Comparison with the Prior Art
Low density carbon microballoon-composites made in accordance with

the detailed description of tlie invention above, each having a density of

= 3 - =
132, 503 kg/mm"~, were prepared, and are compared with a representative

prior art composite structure in Table 1,

Ixample 2 = Thermogravimetric Analylical Comparison with the Prior Art

Two composites, identified in Table 2 below as Sample Number 1 and
Sample Number 2 respectively, and similar to those described in column 2 of
s : e 3 ‘ :
Table 1, but having a density of 110 kg/m", were also prepared, following
generally the process described in the above detailed description of the in-
vention. These composites were subjected to thermogravimetric analysis.

The analyses were made on a DuPont 950 Thermogravimetric Analyzer using

both nitrogen and air atmospheres with a sample size 10 mmg. The t hermo-

gravimetric analysis data, ata 10°C/min, healing rate in nitrogen and in air, |

are shown in Table 2, As the data demonstrates, the composite systenms of

|
!
1
.

|
|
|
{
|
|
|
|
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the present invention are more generally stable thermally than those

prior art,

L ORIGINAL PAGE 15
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~“ted temperature could be measured,

€

Example 5 - Comparative '1'est Data

T ——— - —— -~ —" e et

A bismaleimide-carbon microballoon composite was prepared in accord-

ance with the procedure given in the detailed description of the inveniion abov¢

The composite wag similar o composite No. 2 in Table No. 1, above, and ha
3
a density of 113 kg/m", The following series of tests were run to compare

said compesite siructure of the present invention with those of the prior art,

Heat Transmiscion Test

In this test, a test fixture was employed that is known as the Ames 3-T
facility. This fixture is essentially an oil burner burning JP-4 jet fucl in a
fire brick lined combustion chamhber at a rate of about 1-1/2 gallons per hour|
The combustion chamber has various cpenings so that samples can be tesied

: : . 2
at a desired heating rate., The heating rate selected was 10, 4-10, 9w /cm”,
and the test consisted of placing a sarmple of the composite over an opening

in the combustion chamber. A temperature sensing device was placed over

the backing platic so that the time required {or the back face 1o reach a selec-

The results of the experiment are sei forth in Table 3 below,

TABLIE 3

ot ae e e et

Heat Transmission Comparison

Thickness Densitly Time to Rcach: 473 °K
Sdlﬂ_’_ﬂ: Material (cin) 1'\“_cz/m3 373°K (sec.) (sec.)
3-1 Prior Art 2. 54 95 80 140
3-2 Present 2. 54 113 300 465
Invention |

It can be¢ appreciated from Table 3 above that in the case of Sample 1,

which is typical of the prior art composites, the sample reached 373 °K in 80 |

ORIGINAL PAGE IS
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seconds, whereas Sample 2, prepared in accordance with the present inven-

tion, required 300 seconds to reach the same temperature,

Pyrolvsis Test

A low density bismaleimide~-carbon microballoon composite, similar
to Composite No. 2 in Table 1, was ground to a fine particle size. The par-
ticles (Sample No. 3-3) were subjected to pyrolysis in a vacuum at about
¢ 73°K for about 5 minutes. The major volatile prod.ucts obtained are shown

in Table 4 below, as determined at 296°K,

TABLLE 4

Volatile Products from Pyrolysis at 973 °K

Sample No, Compound Quantitly

et e e Yt

3-3 Mg cf compound per g
: initial sample

(present

invention)
C()2 155.8
CcoO 143
cH 1: 9
HCN 5,9
NH,‘ 3.6

This data, which accounts for about 20% of the combustion products releascd

in the atmosphere, does not indicate any improvement of the present structure

over those of the prior art.

Thermal Conductiviiy Test

e o e e o S e o

A low density bismaleimide~carbon micrebhalloon composite (Sampile

3-4) similar to Composite No. 2 in Table 1, was tested to determine therma)

conductivity (ASTMN + C-177-45). "The thermal conductivity of the composite,

sadereliaR

JRSEE
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. : 3 - -4 - S ;
having a density of 108 kg /mn was 4,932 v 10 " W. em/ecm®°C. Due to the
(=] " {; ’

carbon microballoons~-bismaleimide syntactic foam present in the honeycoial,

the conductivity is lower than that of prior art composites, thus providing
i 8

better insulation and better fire resistance than prior art structures.

Smoke Evolution Test

Another bismaleimide-carbon microballoon composite, similar {o coin-
posite No., 2 il.l Table 1, with a density of 100 kg /3 (Sample 3-5) was sub-
jected to a series of {ests run to compare smoke evolulion from composites
of the present invention with that of composites of the prior art (Sample 3-1).
The NBS Smoke Chamber was utilized as described by the National Fire
Protection Association, Bull, 258-T (1974), and Lee T, B., Interlaboratory
Evolution of Smoke Density Chamber, National Bureau of Standards Technica)
Note 708 (Dec. 1971).

Smoke measurements are expressed in terms of specific optical densits
Dg, which represents the optical density )."nc,'a.f:uArc::i over a unit path length
within a chamber of unit volume produced from 2 specimen of unit surface
area, . =

In the standard procedure for conducting a test with the NBS chamber,
the percent light transmission, T, is determined as a function of time until
the minimum value is attained., The data is then converied to the specific

optical density, Dg, where

o .
V. [log (100/7)] wmfgggﬂ PAGE 1
D = AL 10 ; QUALITY

«

The chamber volume, V, is 0,502 m ; the light path length, L, is 0,014 m:
3 . . . 2
and the exposed material surface area, A, is 0. 004236'm . The maximum

value of I)O reached in the chamber is termed D . The {ests were conducic
! mn

L=

’




3 : 2 :
withh a heat source which gave a heat flux of 2.5 w/em™ under flaming con-

ditions. The resulis obtained are reported in Table 5 below:

TABLE 5

Smoke Fvolution as Measured by Light Transmission

5 Sample Material D¢ in 1.5 min, D in 4, 0 min. D,
] 3-1 Prior Art 53.0 5 e & L e
4 _ 3-5 Present 1={) 4,9 18.2
: Invention : :

It can be secen from Table 5 that Sample 3-1, representing the prior

10 art, generated the higher specific optical density value, indicaiing much more
smoke produced, This fact could obscure vision much fasier in a fire situation
ihan composiies mede in accordance with the invention (Sample 3-5). urthere
more, the greater toxicity of the prior art composites, as determined by the
next test, is most probably due to this phenomenon, rather than to the quantiiy

e S 4

and nature of toxic gases emitted.

Toxicity Test

e e e - e o o

A bismaleimide~carbon microballoon composite, similar to composite
No, 2 c;f Table 1, having a density of 120 lc:g/mg (Sample 3-6) was tested to
provide a comparison of the relatnive toxicity of thc.p",'ro]y.c_;is or thermal de~
20 gradation products of said composite, with those of specimens of the prior

art. Samplces of 1, 0 g size of each were powdered, then pyrolyzed in a series]

of tests in a quartz tube, to an upper temperature limit of about 700°C. The

effluentis of each were conveyed by natural thermal flow into a 4. 2 liter hemist |

pherical chamber containing four Swiss albino male mice. The apparatus and

N
o1

procedure used was similar to the one described by C. J. lilado, "Evaluatic:

_phiah it ataad Ll bt
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of the NASA Animal Exposure Chamber oe a Potentinl Chamber for Tire

Toxicily Screening Test, " J. Combustion Toxicology, Vol. 2, No, 4, 203-314
(November 1075),
The test was conducted for 30 minutes, unless terminated carlier upen

the death of all four animals. Table 6 below reporis the relative toxicity to

mice of the degradation products from the powdercd composiies upon heating,

TARLE 8

)

Relative Toxicity of Pyrolysis Products

Time to Incapacitation Time {o Death of
Sample Material of Mice (minutes) Mice (minuies)
3-1 Prior Art 185 29. 584+ 1.6
3-6 Present No incapacitation No deaths

Invention

It is apparent that the composite structures of the present inveniion pro-

duce less toxic fumes than prior art composite siructures,

Mechanical Properties Test

Two types of bismaleimide~carbon microba’loon composites were pre-
pared having properties similar 1o c:émposiios No. 1 and No. 2 of Table 1,
ecach having a density of 132 kg_‘/mg. Tests were conductied to compare the
mechanical properties of the novel composites with the commposites of the
prior art, The test results are reporied in Table 7 below,

As the results indicate, it is now possible to prepare composites,
according to this invention, that have greater flexural strength both in the
long beam and short beam configurations thanthose of the prior art., Similarl
improved flatwise tensile strength and compressive sirength may be achieved,

These improvements in mechanical properties are atiributed to the hismalei-

mide resin adhesive,.
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Several properiies of a represeniavive prior art composiie shalt now i,

compared with those of a composite representative of the novel low de nsity

bismaleimide-carbon microballoon composites of the invention for summari-

zation in Table 8, below., From this comparison, it becomes cevident that wlii
the composite of the invention is slightly poorer than that of the prior art in
flatwise tensile strength and volatile decomposition product at high tempera-
tures, it is as good in terms of several properties and more importantly,

it excells in such crucial aspects as fire endurance, smolke production and

P S e i eSSt <ot} s o b

relative toxicily of pyrolysis products, These latier properties are of cours i

of vital concern in any confined space applications. -
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The invention may be modified for particular applications to includs 7

various honeycomb core configurations and by modifying the size of ithe o bos

microballoons and the concentratiion of the bismaleimide solulions cmploy:

2
. . T = ]
Composite structures having densities of from about 95 kg/m" to about

i
5 132 kg/m"* or more, and with thicknesses in the range from 0,4 ¢m (o 2.5 {
:
cm, are readily produced., While the preferred core struciure is a honey- !
!
comb having hexogonal cells, any open-porcd core structure, that con be
filled with the carbon microballoons, can be employed in practicing the in- i
vention, It will also be appreciated that the bonding of the core to tlic face
10 sheet may be accomplished by a variety of technigques.

It therefore will be appreciated that the present invention can be iin- '
plemented in a variety of ways by those skilled in the art to suii particul:
requirementis which are within the scope of the invention. While the invention
has been disclosed herein by reference to the details of preferred cinboai-

15 ments, it is to be understood that such disclosure is intended in an illustre

tive, rather than a limiting sense, as it is contemplatied that various modifi-
cations in the construction and arrangement of the honeycomb, and in the

rocess of making it, will readily occur to those skilled in the art, within
(&) .

the spirit of the invention and the scope of the appended claims.

kit ¥ 3
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