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(57) ABSTRACT 
A device and process of forming a defensive, ceramic based, 
applique armor for covering and protecting a Substrate which 
may be exposed to attack by projectiles, the applique armor 
having a flat or curved armor plate formed of ceramic material 
and having a first Surface and a second surface; wherein the 
ceramic material being formed of silicon carbide with carbon 
fibers (C/SiC) and the ceramic material has a plurality of 
holes on at least one of the Surfaces; the holes having a 
diameter Smaller than an anticipated bullet or ammunition 
projectile and the holes being set obliquely relative to at least 
one surface, whereby the device and process provide holes 
formed by press molding, boring, drilling, or combinations 
thereof. 
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DEFENSIVE, CERAMIC BASED, APPLIQUE 
ARMOR, DEVICE FOR PROVIDING 
ANT-PROJECTLE ARMORING 
PROTECTION AND PROCESS FOR 
PRODUCING CERAMIC BASED 

PROJECTILE ARMOR WITH HOLLOW 
GEOMETRY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This is a continuation, under 35 U.S.C. S 120, of 
copending International Application No. PCT/US2011/ 
023336, filed Feb. 1, 2011, which designated the United 
States; this application also claims the priority, under 35 
U.S.C. S119(e), of U.S. Provisional Patent Application No. 
61/300.269 filed Feb. 1, 2010; the prior applications are here 
with incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

0002 The process of the invention relates particularly to 
the production of ceramic composite materials which are 
reinforced with carbon fibers and have recesses and hollow 
spaces and which are converted by infiltration with silicon 
melts as to react with at least part of the carbon to form silicon 
carbide (SiC) into composite materials which are with carbon 
fibers and have an SiC-containing or carbon- and SiC-con 
taining matrix (C/SiC or C/C Sic materials). These com 
posite materials are employed, in particular, in armor panels, 
brake disks, clutch disks and friction disks and also as con 
struction materials which are resistant to high temperatures, 
shock and abrasion. As shown in U.S. 2003/01 18757. 
0003) A process for producing C/SiC components is 
known from, for example, German Published Application DE 
19710 105 A and includes, interalia, the following steps: 
0004 preparation of a press molding compound of car 
bon-containing fibers or fiber bundles which may be coated 
with a coating and fillers and/or binders such as resins and/or 
pitch, shaping of the mixture under pressure and at elevated 
temperature and carbonisation of the carbon-containing fill 
ers and binders to produce a shaped body, in particular a 
shaped body comprising carbon reinforced with carbon fibers 
(C/C) and, if appropriate, Subsequent graphitization. 
0005. In particular, the invention relates to a process for 
producing a porous fiber-reinforced carbon-containing 
shaped body which has recesses or hollow spaces and is close 
to the final shape, in particular a fiber-reinforced C/C body 
(“CFC” or “CFRC'—carbon fiber reinforced carbon) which is 
shaped from binder-containing fiber compositions by means 
of a pressing procedure using pressing cores and is converted 
into C/Cina Subsequent thermal treatment, and also, if appro 
priate, the densification of a porous fiber-reinforced carbon 
containing shaped body to form a ceramic matrix, in particu 
lar by infiltration of the C/C body with liquid metal, if 
appropriate with Subsequent heat treatment, so that the matrix 
then comprises metals and the metal carbides formed by 
reaction with the carbon, possibly together with residual 
unreacted carbon. The use of fiber-reinforced ceramics as a 
material for brake disk applications has been found to be a 
solution to these problems. Materials based on silicon carbide 
reinforced with carbon fibers (C/SiC) in particular have been 
found to be useful for this application. The advantages of this 
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material are the lower density (thus reduced weight for a 
given Volume), the high hardness and heat resistance up to 
about 1400° C. and, not least, the extremely high wear resis 
tance. As shown by U.S. 2003/01 18757 text missing or 
illegible when filed 
0006. The present invention relates to a defensive armor 
for protecting a Substrate which may be exposed to attack by 
projectiles. Among the substrates to be protected by the use of 
the present invention are land vehicles (i.e. tanks, trucks, 
personnel transport vehicles), aircraft (i.e. airplanes, helicop 
ters), architectural structures such as buildings, shelters, 
equipment enclosures and oceanic vehicles (i.e. boats, Sub 
marines). As shown by U.S. Pat. No. 5,007,326 text miss 
ing or illegible when filed 
0007 More particularly, the present invention relates to 
place single or multiple plate armor panels to be placed over 
a substrate to be protected from projectile attack. The panels 
having holes therein which are set at obliquity. Further com 
prising an integral installation which may have structural 
mechanical properties which are contributed to the overall 
application. This could result in weight reduction, parts count 
reduction and system cost reduction. As shown by U.S. Pat. 
No. 5,007.326 using the conventional multi-plate approach, 
material geometries and spacing between armor elements 
may be adjusted to induce ballistic projectiles to fracture and 
rotate about the incoming Velocity vector. For example, one 
concept involves placing a multiplicity of holes within an 
armor element configuration. Given proper spacing between 
elements, the probability is great that an incoming projectile 
will strike the edge of a hole in the primary or first element, 
causing it to rotate before impacting the secondary or backup 
armor element. This approach requires a robust primary ele 
ment so as to initiate rotation, and adequate airspace between 
the primary and secondary elements to enable the projectile to 
rotate sufficiently before the second impact. Although effec 
tive as a system, it is difficult to decrease the weight of the 
primary element (while retaining performance), and a large 
air space is necessary between the primary element and the 
secondary element. As shown by U.S. Patent Application 
Publication No. No. U.S. 2006/0162537 A1, lighter ceramics 
and improved substrate performance allow the production of 
reduced areal density elements, such that lighter armor can be 
produced to protect against a given threat. However, over the 
past twenty years, the decrease in areal density required to 
defeat AP threats has been incremental at best. New materials 
have resulted in Small improvements in armor weight (i.e., 
areal density). To substantially reduce the weight of armor, 
including that worn by personnel, requires a significant 
decrease in areal density-much larger than that obtained to 
date. See U.S. Patent Application Publication No. U.S. 2006/ 
O162537 A1. 
0008. A specific type of armor which is well-known in the 
art is referred to generically as P900 armor. The P900 armors 
refer to a class of applique armors which consist of two metal 
plates of a predetermined thickness which are in a stacked 
configuration and which are spaced apart from one another. 
(See FIG. 1 which illustrates the prior art P900 armor.) the 
two-plate armor is further spaced a predetermined distance 
away from the substrate to be protected. Both of the metal 
plates have holes of various designs. These holes have been 
punched out or drilled in a perpendicular fashion through the 
armor plates. The holes in the two armor plates are arranged 
such that when a projectile penetrates the P900 plates, the 
projectile is broken due to the asymmetrical load placed on 
the projectile. The spacing to the substrate further amplifies 
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projectile breakup which consequently allows the projectile 
effect to be more easily absorbed and withstood by the sub 
strate. As shown by U.S. Pat. No. 5,007,326 text missing 
or illegible when filed 
0009. The well-known prior art P900 armor has previously 
been fabricated only from annealed, wrought steel plates. The 
plates are mechanically punched or drilled to form the holes 
and Subsequently straightened, heat treated and cut to the 
desired shape and size. This prior art process of making the 
P900 armor carries with it many disadvantages. For example, 
the use of punching or drilling techniques is limited by the 
thickness of the steel plate and the design of the holes to be 
punched or drilled. Moreover, the punching or drilling tech 
niques produce excessive amounts of waste of steel plate 
(approximately 60%). The punching or drilling techniques 
further create sharp edges on the armor plates which make 
their handling difficult. As shown by U.S. Pat. No. 5,007,326. 
0010. The use of a plurality of angled slots or louvers in 
applique armor constructions has been Suggested in U.S. Pat. 
No. 3,765.299 and U.S. Pat. No. 4,036,104 (both issued to 
Pagano et al.). These patents teach a design commonly 
referred to in the art as a “ribbed applique.” These patents, 
however, neither suggest the structure of the present invention 
nor the method of making the Subject matter of the present 
invention. The concept of applying an armor to a substrate 
wherein a stand-off distance is present between the two is 
taught in U.S. Pat. No. 2.380,393 (issued to Berg). 
0011 Customary production processes also include such 
where the C/C body is densified via the liquid or gas phase 
with carbon precursors, namely substances which form car 
bon upon heating in the absence of oxidizing media, or by 
means of carbon, or the matrix comprising predominantly 
SiC, Si and C is produced by gas-phase infiltration (CVD, 
chemical vapor deposition, or CVI, chemical vapor infiltra 
tion) or by pyrolysis of Si-containing pre-ceramic polymers. 
0012 Present-day metallic brake disks frequently have 
ventilation slits or channels through which air flows within 
the disk so as to reduce the temperature of the disk and 
decrease wear of the friction lining under high stress. Such 
ventilation channels are also employed in brake disks based 
on C/SiC, particularly to lower the temperature so as to spare 
the brake linings and further components of the system. 
0013. One process for producing friction units of C/C 
SiC material having ventilation channels, hollow spaces and 
recesses in which a structured porous carbon body close to the 
final shape is infiltrated with liquid silicon is known from 
EP-B 0788 468. This process makes use of the fact that the 
liquid silicon infiltration and formation of the Si- and SiC 
rich composite matrix occurs virtually without changes to the 
geometry of the C/C intermediate body, so that the hollow 
spaces and recesses can be produced in the relatively soft and 
readily machinable C/C intermediate body and not only in the 
very hard C/C SiC composite ceramic. It is supposed, inter 
alia, that the hollow spaces and recesses beformed by means 
of soluble cores comprising polystyrene foam, e.g. Sty 
roporR, or other rigid foams, by means of pyrolyzable cores 
comprising polyvinyl alcohol or by means of removable cores 
comprising rubber, metal or ceramic. 
0014. The polymers proposed there as core material are 
found to be too soft and thermally unstable for the press 
molding with thermal curing of the press molding compound 
employed. Treatment with solvents to remove the cores 
involves the risk of destroying the generally still very soft 
intermediate body. This risk is likewise present in the pyroly 
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sis of the proposed polymer polyvinyl alcohol which on heat 
ing forms gaseous decomposition products within the pre 
form; these gaseous products are given off copiously and can 
break the shaped body. Customary metals and ceramics are 
also unsuitable for the thermal processes for curing the 
pressed green body and its carbonization to form the C/C 
intermediate body owing to their generally unmatched 
thermo-physical properties. 
(0015. In German Patent DE 198 24 571 C, a further pro 
cess is proposed for producing hollow spaces in an object 
comprising C/SiC composite ceramics. The hollow spaces 
are formed during manufacture of the preform by pressing 
using cores of silicon, silicon alloys or Si/BN mixtures. The 
cores are not removed from the preform until the step of 
infiltration with liquid silicon, and serve as a source of silicon 
for the siliconization step. Before siliconization, the preform 
has to be heated and converted into a C/C intermediate body, 
with the organic constituents, for example binders, being 
decomposed and shrinkage of the preform occurring. This 
shrinkage leads to the preform shrinking onto the silicon 
containing cores which in turn additionally undergo athermal 
expansion due to heating. In general, undesirable stress is 
generated, and even fracture occurs in the preform as a result, 
both of which have to be avoided. 

SUMMARY OF THE INVENTION 

0016. The present invention relates to a process for pro 
ducing hollow bodies comprising fiber-reinforced ceramic 
composite materials. The process of the invention relates 
particularly to the production of ceramic composite materials 
which are reinforced with carbon fibers and have recesses and 
hollow spaces and which are converted by infiltration with 
silicon melts as to react with at least part of the carbon to form 
silicon carbide. In the inventions this hard strong material is 
used to replace steel as a traditional armor material. Specifi 
cally we are replacing “P-900 armor with an armor fabri 
cated with ceramic material. Other design refinements are 
possible as a result of this significant material change. Details 
and claims of P-900 are disclosed by William A. Gooch in 
U.S. Pat. No. 5,007,326. 
0017. The armor will enjoy a weight savings when com 
pared to a similar panel without the holes 
0018. The armor having a uniform areal density at all 
points across the central portion of the panel. 
0019. The armor may be integral to the skin or structure 
instead of applique. Further comprising an integral installa 
tion which may have structural mechanical properties which 
are contributing to the overall application. This could result in 
weight reduction, parts count reduction and system cost 
reduction. 
0020. A defensive ceramic based armor panel fabricated 
where a ceramic precursor “green body' may be further 
shaped by machining additional detail Such as: ribs, flanges, 
domes, holes, slots, threads and many other complex design 
details before final processing to bring the material to full 
strength and hardness. 
0021. The process of the invention relates particularly to 
the production of ceramic composite materials which are 
reinforced with carbon fibers and have recesses and hollow 
spaces and which are converted by infiltration with silicon 
melts as to react with at least part of the carbon to form silicon 
carbide (SiC) into composite materials which are with carbon 
fibers and have an SiC-containing or carbon- and SiC-con 
taining matrix (C/SiC or C/C Sic materials). These com 
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posite materials are employed, in particular, in armor panels, 
brake disks, clutch disks and friction disks and also as con 
struction materials which are resistant to high temperatures 
and abrasion. The use of any ceramic material is within the 
Scope of the present invention. Among the preferred ceramics 
is C/SiC, however other ceramic material and other fibers 
may be used. As shown in U.S. Patent Application Publication 
No. No. U.S. 2003/01 18757. This invention consists of a 
defensive armor with holes are sufficiently small so that a 
projectile is unable to pass through without disrupting the 
armor. Moreover, the holes of the defensive armor are molded 
at obliquity. Further comprising an integral installation which 
may have structural mechanical properties which contribute 
to the overall application performance. This could result in 
weight reduction, parts count reduction and system cost 
reduction. 
0022. The armor of the invention may contain an optional 
thin layer. The optional layer may be positioned either within 
or external to the basic armor plate. The presence of an 
optional layer provides reinforcement protection against any 
projectile effect and aids in the breakup of a projectile. In 
addition, the optional layer, if positioned external to the armor 
plate, serves to simplify cleaning and painting of the armor 
plate on that external Surface. Onto the optional thin, layer an 
optional hard facing material may be placed. Exemplary 
materials for the hard facing material may include carbon 
cloth, tungsten carbide particles, FeCr coating. FeCr/Mo/V 
surfacing, 1642CrC surfacing or Ceramco Cr 7C3. As shown 
by U.S. Pat. No. 5,007,326. The material layer or layers could 
also include fiberglass, aramid, ultra high molecular weight 
polyethylene or other polymer materials. 
0023 The armor of the present invention may further com 
prise recessed pockets through which a bolt may be used to 
affix the armor to the substrate to be protected. The bolts may 
be attached to tubular spacers wherein one end of the tubular 
spacers is attached directly to the substrate and the other end 
is attached to the armor through bolting means. These tubular 
spacers provide a predetermined stand-off distance between 
the armor and the substrate. The recessed pockets are molded 
during the process of making the armor. The recessed pockets 
provide anarmor which is more easily stored than the original 
prior art P900 armor design. As shown by U.S. Pat. No. 
5,007,326. 
0024. It is a further object of the invention to provide a 
method of fabricating the single plate armor so as to reduce 
the cost of production, eliminate scrap waste material, incor 
porate a mounting mechanism, reduce armor system weight 
and produce an armor having Smoother edges. 
0025. It is a further object of the invention to produce an 
applique or an integral ceramic armor having holes, wherein 
the holes are not produced by a punching or drilling tech 
nique. 
0026. It is a further object of the invention to produce an 
armor which would reduce mounting time of the same. 
0027. It is a further object of the invention to produce an 
armor which would reduce total protections system and 
installation weight of the same. 
0028 Still a further object of the invention is to provide a 
defensive armor having a high performance against projectile 
attack. 

In one embodiment, the present invention is a defensive, 
ceramic based, applique armor for covering and protecting a 
Substrate which may be exposed to attack by projectiles, the 
applique armor comprising: 
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0029 a flat or curved armor plate formed of ceramic 
material and having a first Surface and a second Surface; 

0030 the ceramic material being formed of silicon car 
bide with carbon fibers (C/SiC); 

0.031 the ceramic material having a plurality of holes 
on at least one of the Surfaces; 

0.032 the holes having a diameter smaller than an 
anticipated bullet or ammunition projectile; 

0033 the holes being set obliquely relative to the at least 
one surface; 

0034 the holes formed by press molding, boring, drill 
ing, or combinations thereof, and 

0035 a thin skin layer or multiple layers increasing a 
maintainability or protecting ability of the applique 
aO. 

0036 Obliquely set relative to one surface means the inte 
rior wall of each hole Substantially defining a right angle 
cylinder, whereby the wall is angled relative to at least one 
Surface of the armor plate. 
0037. The defensive ceramic based armor is constructed 
and configured for covering a Substrate and for inhibiting an 
intrusion of ammunition and ammunition based projectiles. 
0038. The defensive ceramic, in one embodiment, has a 
thin skin layer is positioned externally, internally, or inter 
nally and externally to the armor. 
0039. In another embodiment, the present invention is a 
device for providing anti-projectile armoring protection to a 
Substrate, the device comprising: 

0040 a defensive applique or integral armor; 
0041 means for affixing the defensive applique or inte 
gral armor the Substrate; the defensive applique or inte 
gral armor including a flat or curved armor plate com 
posed of silicon carbide with carbon fibers forming a 
C/SiC plate and one or more layers, applied externally, 
internally, or internally and externally to the C/SiC plate: 
and 

0.042 the device armor defining a stand-off distance 
between the applique and the Substrate. 

0043. The present invention is also a process for producing 
fiber-reinforced ceramic material with a plurality of hollow 
channels, the process comprising the following steps: 
0044 producing cores having a shape corresponding to 
that of the hollow channels; introducing the cores to produce 
a green body by combining the cores with a press molding 
compound into a press molding mold; 
0045 the press molding compound containing one or 
more of carbon fibers, carbon threads, pitch, resins or com 
binations thereof 
0046 the press molding compound forming carbon-con 
taining residues upon heat treatment in a non-oxidizing atmo 
sphere configured to cause a position of the cores to corre 
spond to a desired position of the hollow channels; 
0047 curing the green body by heating to a temperature of 
from 120° C. to 280° C. under pressure; 
0048 carbonizing the cured green body by heating in a 
non-oxidizing atmosphere to a temperature of from about 
750° C. to about 1 100° C. with the carbonizing forming a 
carbon-carbon, C/C, body; and 
0049 the cores, after the carbonizing step, being formed 
of a material melting without decomposition at a temperature 
above a curing temperature of shaping by pressing the press 
molding compound. 
0050. The process also includes, subsequent to the carbon 
izing step, infiltrating the C/C body with liquid metal in which 
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retention of shape occurs, with at least partial reaction of the 
carbon present in the matrix of the C/C body with the metal to 
form carbides. 

0051. The process uses meltable materials for the cores 
being pyrolyzed in a process in which no substantial residue 
is present at a temperature above their melting point. 
0052. The process provides any residue remaining after 
the pyrolysis of the meltable material for the core is not more 
than 10% w/w. The the press molding compound of the pro 
cess contains carbon fibers having a mean length of at least 5 
mm, the fibers functioning as a reinforcing material. The 
press molding compound is introduced into the mold in Such 
away that carbon fibers are predominantly oriented parallel to 
the direction of the highest tensile stress in the resulting 
shaped part and the press molding compound contains carbon 
fibers in the form of coated short fiber bundles as reinforcing 
material. The press molding compounds include pitches 
selected from among coal tar pitch, petroleum pitch, curable 
resins, and combinations thereof, and the crucible resins 
being selected from phenolic resins, epoxy resins, polyim 
ides, filler-containing mixtures with furfuryl alcohol, furan 
resins and combinations thereof. 

0053. In the process the core material has a linear coeffi 
cient of thermal expansion up to its decomposition tempera 
ture of not more than about 5x10" K". 
0054 The process as claimed in claim 7, wherein the 
material for the core is a thermoplastic polymer having a heat 
distortion temperature according to ISO 75A of at least 80°C. 
and a Brinell hardness of at least 30 MPa. 
0055. The material for the core is a filler-containing ther 
moplastic polymer in which the mass fraction of fillers is at 
least 15%. 

0056. The fillers are selected from materials including 
chalk, glass spheres, glass microspheres, wollastonite, glass 
fibers, carbon fibers, ceramic fibers and combinations 
thereof. 

0057 The material for the core is a filler-containing ther 
moplastic polymer having fillers including oxidants acting as 
pyrolysis accelerators. In one embodiment, the material used 
for the core is a formed thermoplastic. 
0.058. In one embodiment, the material used for the core is 
a low-melting metal. When a low melting metal is used, the 
low-melting metal are metal or metal alloys have melting 
points below 300° C. 
0059. In one embodiment, the the low-melting alloys are 
based on the metals Al, Zn, Cu, Bi, Pb, Sn, Fe, Sb and Si. 
0060 Preferred low-melting alloys are selected from bis 
muth and bismuth alloys, tin alloys and Zn/Mg/Al/Cu alloys. 
0061. Other objectives and features of the present inven 
tion will be apparent from the following detailed description 
of the invention, drawings and the claims. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0062 FIG. 1 is a plan view and a cross section along lines 
A-A showing one embodiment of the invention in which 
arrangement of the holes results in a weight reduction of 
about 2.5%: 
0063 FIG. 2 is a plan view and a cross section along lines 
A-A showing one embodiment of the invention in which 
arrangement of the holes results in a weight reduction of 
about 5%; 
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0064 FIG. 3 is a plan view and a cross section along lines 
A-A showing one embodiment of the invention in which 
arrangement of the holes results in a weight reduction of 
about 10%: 
0065 FIG. 4 is a plan view and a cross section along lines 
A-A showing one embodiment of the invention in which 
arrangement of two connected plates is shown in the cross 
section view: 
0.066 FIG. 5 is a plan view and a cross section along lines 
A-A showing one embodiment of the base of the invention 
and cross section showing arrangement of the base, molding 
pegs and press mold material; 
0067 FIG. 6 is a plan view and a cross section along lines 
A-A showing one embodiment of the base of the invention 
and cross section showing arrangement of the base, molding 
pegs press mold material and top plate; and 
0068 FIG. 7 is a plan view and a cross section along lines 
A-A showing one embodiment of the invention in which 
arrangement of the holes shown in the cross section shows the 
holes passing only partially through the depth of the plate. 

DETAILED DESCRIPTION OF THE INVENTION 

0069. Referring now to the figures of the drawings in detail 
and first, particularly, to FIG. 1 thereof, it is seen that the 
present invention is an applique armor in which a plate 10 
having a first side 12 and a second side 16 is formed as a 
portion of the applique armor. Plate 10 has a plurality of holes 
or orifices 14 which are formed on at least one side of plate 10. 
The holes 14 are formed by at least one of press molding, 
drilling, boring, or combinations thereof. When holes 14 are 
formed by press molding, a base plate 18 is placed within a 
frame 20. Frame 20 is about the perimeter of base 18 and is 
formed with a depth such that when press mold material 24 is 
placed on top of base 18 within frame 20, a void space 26 is 
present which will accommodate top plate 28 for the press 
molding process. Molding pegs 24 extend outward from base 
18 Such that a press molded article according to the present 
invention has a plurality of oblique holes of orifices 14 formed 
in plate 10. 
(0070. As shown in FIG. 1, the first surface 12 of plate 10 
has holes 14 formed therein. FIG. 1 also depicts a partial cross 
section thereon along A-A that shows the holes extending 
completely thorough Such that holes 14 have openings on first 
Surface 12 and second Surface 16. The partial cross section is 
provided to show that in one embodiment of the present 
invention, holes 14 have openings on each of first Surface 12 
and second Surface 16 but a true cross section, as shown in 
FIGS. 2-6 would also depict each of first surface 12 and 
second surface 16 and the openings would not be clearly 
evident. The arrangement of holes 14 in FIG. 1 results in the 
removal of mass and an approximate reduction in weight by 
about 2.5%. 
0071. The arrangement in FIG. 2 provides an approximate 
reduction in weight of about 5%. Additionally, FIG. 2 shows 
the oblique offset of holes 14. Line “M” represents a perpen 
dicular line to the horizontal surface of first surface 12. This is 
demonstrative only, for example, if first surface 12 were 
curve, line “M” would be perpendicular to a tangent line 
wherein the point of tangency is the center of hole 12. Line 
“N represents a continuation of the interior wall forming a 
cylindrical cavity that is viewed as hole 14. Angle “x' is the 
angle of offset, or oblique, relative to line “M” In one 
embodiment, angle “x' is between about 15-50 degrees. In a 
preferred embodiment, angle “x' is about 20-30 degrees. 
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0072 The arrangement of holes 14 in FIG.3 results in the 
removal of mass and an approximate reduction in weight by 
about 2.5%. 
0073 FIG. 4 is an embodiment whereby a solid C/SiC 
plate 30 is attached directly to the second surface 16 of a plate 
in which holes 14 are formed thereon. 
0074 FIG. 5 shows a base plate 18 used in press molding. 
Base plate 18 has frame 20 about the perimeter. Frame 20, as 
seen in cross section view along line A-A of FIG. 5 contains 
base plate 18 and defines an interior cavity 26 above the 
surface of press mold material 24. Base plate 18 has press 
mold pegs 22 disposed thereon for creating a negative mold 
and forming the desired holes 14 of a plate Subsequent to 
press molding. 
0075 FIG. 6 shows the arrangement of FIG. 5 and further 
shows top press mold plate 28 placed within frame 20 and 
within cavity 26 above press mold material 24. Arrow 34 
shows directional application of movement and force used in 
the press molding process. 
0076 FIG. 7 is one embodiment whereby holes 14 only 
form through first surface 12 into the plate distance of 
approximately 20-65% percent of the thickness. In a pre 
ferred embodiment, the holes extend between about 35-60% 
the thickness of the plate. 
0077. Each of holes 14 have a diameter that varies depend 
ing on environment of intended use. 
0078. A preferred embodiment has holes 14 with an inner 
diameter between 5-7 mm. 
0079 Infiltration of at least an outer layer of the shaped 
body with a silicon melt and at least partial reaction with the 
carbon in the shaped body to produce SiC., thus forming a 
shaped body which comprises, at least in the outer layer, a 
composite ceramic composed of carbon-containing fibers 
embedded in a matrix comprising predominantly SiC., Si and 
C (here referred to as C/SiC). 
0080. In the following, the term C/SiC also encompasses 
the material variant in which, as described above, only an 
outer layer of the carbon body is infiltrated with silicon and 
reacted therewith. 
0081 Customary production processes also include such 
where the C/C body is densified via the liquid or gas phase 
with carbon precursors, such as Substances which form car 
bon upon heating in the absence of oxidizing media, or by 
means of carbon, or the matrix comprising predominantly 
SiC, Si and C is produced by gas-phase infiltration (CVD, 
chemical vapor deposition, or CVI, chemical vapor infiltra 
tion) or by pyrolysis of Si-containing pre-ceramic polymers. 
0082. The process and material of the present invention is 
used to form a composite armor including a disrupting layer 
and a backing layer which provides protection against blast 
and ballistic threats. Included in the present invention are 
encapsulated ceramic materials that may be used to provide 
protection from ballistic and overpressure threats. A disrup 
tive layer is provided to “disrupt a projectile striking the 
composite armor through one or more mechanisms, resulting 
in a dispersal of its kinetic energy. 
0083. Materials used for automotive brake disks are nowa 
days predominantly steel or gray cast iron, and in aircraft 
applications carbon materials reinforced with carbon fibers 
(C/C). The properties required of the disk materials are high 
mechanical stability, heat resistance, hardness and wear resis 
tance in combination with the friction partner in the friction 
pairing of the brake. The use temperature of gray cast iron 
brake disks used hitherto is limited by the melting point of the 
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material. The temperature at which mechanical failure occurs 
is, depending on the stress, significantly below the melting 
point. Furthermore, there is a risk of cracking of the disks due 
to transformation of the metallic microstructure upon heat 
ing. The use of fiber-reinforced ceramics as a material for 
brake disk applications has been found to be a solution to 
these problems. Materials based on silicon carbide reinforced 
with carbon fibers (C/SiC) in particular have been found to be 
useful for this application. The advantages of this material are 
the lower density (thus reduced weight for a given Volume), 
the high hardness and heat resistance up to about 1400° C. 
and, not least, the extremely high wear resistance. The sig 
nificantly reduced weight of brake disks made of these C/SiC 
materials is a positive factor in improving comfort and safety 
by reduction of the unsprung masses in motor vehicles and an 
economic factor in the aircraft field. The high hardness and 
wear resistance of C/SiC components makes it possible to 
achieve far longer operating lives compared to previously 
customary materials based on C/C or metal. 
I0084. A process for producing C/SiC components is 
known from, for example, DEA 19710 105 and comprises, 
interalia, the following steps: 
I0085 preparing of a press molding compound of carbon 
containing fibers or fiberbundles which may be coated with a 
coating and fillers and/or binders such as resins and/or pitch, 
I0086 shaping of the mixture under pressure and at 
elevated temperature and carbonization of the carbon-con 
taining fillers and binders to produce a shaped body, in par 
ticular a shaped body comprising carbon reinforced with 
carbon fibers (C/C) and, if appropriate, Subsequent graphiti 
Zation; 
I0087 infiltrating of at least an outer layer of the shaped 
body with a silicon melt and at least partial reaction with the 
carbon in the shaped body to produce SiC., thus forming a 
shaped body which comprises, at least in the outer layer, a 
composite ceramic composed of carbon-containing fibers 
embedded in a matrix comprising predominantly SiC., Si and 
C (here referred to as C/SiC). 
I0088. In the following, the term C/SiC also encompasses 
the material variant in which, as described above, only an 
outer layer of the carbon body is infiltrated with silicon and 
reacted therewith. 
I0089. The invention provides a core material and a process 
matched thereto which is suitable for shaping of fiber-rein 
forced carbon-containing intermediate bodies by pressing so 
that they have a shape close to the final shape, with the core 
being able to be removed gently, simply and preferably with 
out leaving a residue and without damaging the cured inter 
mediate body. 
0090 According to the invention, this is achieved by using 
cores made of materials which, during the shaping by press 
ing, melt without decomposition above the curing tempera 
ture and are, if appropriate, pyrolyzed without leaving a resi 
due in the further thermal process. The intermediate bodies 
which have been freed of the core can then, if appropriate, be 
passed to infiltration with molten metal, in particular sili 
conization, to give the finished composite ceramic. 
0091. The invention accordingly provides a process for 
producing hollow bodies comprising fiber-reinforced 
ceramic materials, where cores whose shape corresponds to 
that of the hollow spaces are produced in a first step: 
0092 agreen body is produced in a second step by intro 
ducing the above-mentioned cores and a press molding com 
pound into a mold, where the press molding compound com 
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prises carbon fibers and/or carbon fiberbundles and/or carbon 
threads, which have preferably been coated with carbon or 
carbon-containing compounds, and pitch and/or resins which 
form carbon-containing residues on heat treatment in a non 
oxidizing atmosphere, in Such a way that the position of the 
cores corresponds to the desired position of the hollow spaces 
to be formed; 
0093 the green body is cured by heating to a temperature 
offrom 120° C. to 280 underpressure in a third step; wherein 
atmospheric pressure is approximately 10x10 kPa, pressure 
applied is between atmospheric pressure and 1.5x10 MPa. 
0094 the cured green body, also referred to as intermedi 
ate body, is carbonized in a fourth step by heating in a non 
oxidizing atmosphere to a temperature of from about 750° C. 
to about 1 100° C. to give a C/C body; and, if desired, 
0095 the C/C body is infiltrated with liquid metal with 
retention of its shape in a fifth step, with at least partial 
reaction of the carbon present in the matrix of the C/C body 
with the metal to form carbides, wherein the cores comprise 
predominantly a material which in the fourth step melts with 
out decompositionata temperature above the curing tempera 
ture of the shaping by pressing of the press molding com 
pound. 
0096. Silicon is also encompassed by the term “metals”, 
for the purposes of this invention. 
0097. The linear coefficient of thermal expansion of the 
material used for the cores up to its decomposition tempera 
ture is preferably not more than 5x10" K"1 
0098. In this context, "predominantly” means at least 50% 
of the mass. 
0099 Preference is given to using materials whose melt 
ing point is not more than 100°C., particularly preferably not 
more than 50° C. and in particular not more than 30°C., above 
the curing temperature of the green body. 
0100. In a further preferred embodiment, the materials 
capable of melting without decomposition which are used for 
the cores are pyrolysed without leaving a substantial residue 
(i.e. not more than 20%, preferably not more than 10% of the 
original mass) at a temperature above their melting point, 
preferably at least 10°C., in particular at least 50° C., above 
their melting point. 
0101. In an embodiment using thermoplastic polymers as 
core materials, the cores are preferably produced by injection 
molding. In general, Suitable shaping processes are the known 
methods such as cold or hot pressing, casting, pressure cast 
ing or cutting machining, depending on the material used. 
0102 The process of the present invention provides for 
press molding compounds comprising carbon fibers, ther 
mally curable binders and, in particular, carbon-containing 
additives to be pressed in the second step to form green bodies 
having hollow spaces and/or recesses. 
(0103) The carbon fiber layers of the C/C intermediate 
body are preferably built up in the vicinity of the core in a 
predetermined preferential direction of the carbon reinforc 
ing fibers on the core. For this purpose, preference is given to 
using press molding compounds which comprise carbon 
fibers having a mean length of at least 5 mm. The press 
molding compound of the second step is then preferably 
introduced into the mold in such a way that the carbon fibers 
are predominantly oriented parallel to the direction of the 
highest tensile stress in the resulting shaped part. In this 
context, predominantly means at least 50%. It is also possible 
to wind tapes made of parallel and bound carbon fibers (also 
known as “UDTs’ unidirectional tapes) around the cores, 
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and to fix this sheath by means of thermally curable binders if 
necessary. Further press molding compounds containing 
short fibers or fiberbundles are then usually applied on top of 
this layer of carbon fibers or threads oriented in the preferred 
direction. 
0104. In another preferred embodiment, carbon fibers are 
used in the form of coated short fiber bundles. Particular 
preference is here given to fibers or fiber bundles which are 
coated with graphitized carbon and have mean lengths of less 
than 5 mm. 
0105. As thermally curable binders, use is made of pitches 
Such as coal tar pitch or petroleum pitch and/or preferably 
curable resins such as phenolic resins, epoxy resins, polyim 
ides, filler-containing mixtures with furfuryl alcohol or furan 
resins. These compositions are, for this purpose, introduced 
into a pressing mold which is provided with “lost cores'. The 
cores occupy the space of the hollow spaces or recesses to be 
formed later in the composite ceramic. After the pressing 
mold has been filled, the composition is pressed and cured 
under the action of heat. 

0106. In one embodiment of the invention, the cores are 
produced from meltable materials which are selected from 
the group consisting of thermoplastic polymers (synthetic 
polymers) which can be pyrolyzed without leaving a residue, 
hereinafter also referred to as thermoplastic cores. According 
to the invention, the thermoplastic material for the core is 
selected so that its melting point is above the curing tempera 
ture in the shaping process for the green body, typically in the 
range from 120 to 300° C., but significantly below the car 
bonization temperature of the pressed and cured green bodies. 
The melting point is usually at least 150° C., preferably at 
least 180° C. and particularly preferably in the range from 
220° C. to 280°C. If phenolic resins are used as binders for 
the press molding compounds, the melting point of the ther 
moplastic is, for example, preferably above 150° C. For the 
preferred shaping by pressing and hot curing of the binders, 
the thermoplastic core has to meet strict requirements in 
terms of its heat distortion resistance. The heat distortion 
temperature (as defined in ISO 75A) is usually above 80°C., 
preferably at least 150° C. The hardness (Brinell hardness) 
should be at least 30 MPa. 
0107 Particularly useful thermoplastics are polyamides 
(PAs) such as PA 66, polyimides (Pis) such as polyethermide 
(RUltem, General Electric) or modified polymethacrylamide 
(PMI, e.g. (R.Kamax, Rohm & Haas), poly-oxymethylene 
(POM) and polyterephthalates (PETP), and also their copoly 
mers. After shaping by pressing, the green body together with 
the thermoplastic core is converted into the C/C state, i.e. 
carbonized. This is generally achieved by heating in a non 
oxidizing atmosphere, e.g. under protective gas (nitrogen) or 
under reduced pressure to temperatures in the range from 
about 750° C. to 1 100° C. If the bodies are heated to tem 
peratures above about 1800° C., graphitization of the carbon 
additionally takes place. It is important that the thermoplastic 
core melts and at least some of the melt flows out of the 
hollow spaces of the green body without decomposing to 
form gaseous products. The coefficient of thermal expansion 
of the core is preferably not more than 5x10"K" to make 
Sure that the green body is not subjected to stresses during 
heating to the melting point of the thermoplastic core. 
0108. The thermoplastic polymer can be collected after 
melting and be reused if appropriate. However, it is particu 
larly preferred that the thermoplastic is pyrolyzed during the 
carbonization step, especially because the porous green body 
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can retain residues of the melt in the pores. The pyrolysis then 
takes place at higher temperatures, essentially only outside 
the green body. This avoids rupture of the green body. The 
pyrolysis, i.e. the decomposition to form gaseous products, 
usually occurs at above 250° C., preferably at least 10° C. 
above the melting point of the thermoplastic material. It is 
advantageous to use text missing or illegible when 
filed 
0109 thermoplastics which can be pyrolyzed virtually 
completely, although Small amounts of residual carbon do not 
interfere since they are incorporated into the ceramic matrix 
to be formed later. The residue remaining on pyrolysis of 
suitable polymers at 900° C. is not more than 10%, particu 
larly preferably not more than 8% and very particularly pref 
erably not more than 1%. Polymers which are well suited for 
this purpose are those based on PA, PMI, POM and PETP. 
Preference is given to polyamide 66, polyoxymethylene, 
polyethylene terephthalate and poly-methacrylimide, and 
also their derivatives, copolymers and blends. As components 
of polymer blends, it is also possible, in particular, to use 
polymers which are thermally less stable. 
0110. In a further embodiment of the invention, use is 
made of thermoplastic cores which are manufactured from 
filler-containing thermoplastic materials to improve their 
strength and shape stability. The fillers may be in the form of 
powders, fibers, microspheres or whiskers and are selected 
from the group consisting of glass, mineral fillers such as 
chalk, wollastonite, ceramic materials and metals. Preference 
is given to using fillers which neither decompose nor melt up 
to the carbonization temperature. The fillers can be recap 
tured as pyrolysis residue after carbonization and can then be 
removed and possibly reused. Preference is given to using 
fibrous fillers such as glass, mineral or carbon fibers. The 
mass fraction of fillers in the filled thermoplastic is, depend 
ing on the method of manufacturing the cores, at least 15%, 
preferably at least 30%. It is also possible to use organic, 
non-pyrolyzable materials as fillers; carbonizable resins such 
as the binders mentioned above are particularly useful. 
0111. It is likewise contemplated, in one embodiment, to 
use filler-containing thermoplastic materials where the fillers 
comprise oxidation agents (oxidants) which act as pyrolysis 
accelerators. To simplify the removal of any residues of the 
thermoplastic core from the green body, this incorporation of 
oxidants has been found to be very useful. These oxidants 
contribute to the targeted oxidative decomposition of the 
thermoplastic core. Particular preference is given to incorpo 
ration of ammonium nitrate, for example in a mass fraction of 
at least 10%. 

0112 The amount of pyrolysis gases liberated during the 
decomposition of the core can be reduced and the carboniza 
tion step for the green bodies can be technologically simpli 
fied at the same time when, in a further advantageous embodi 
ment of the invention, foamed thermoplastics are used as core 
material. In this case, it is possible to use, for example, 
foamed polyamide Such as polymethacrylamide. 
0113. In a further embodiment of the invention, cores of 
low-melting metals are used. Process and requirements which 
the materials have to satisfy are virtually identical to those in 
the case of thermoplastic cores up to the melting step. The 
advantage of metals overthermoplastics is their significantly 
higher strength, but there is not a possibility of pyrolysis as in 
the case of the thermoplastic cores. It is therefore advanta 
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geous to collect and reuse the molten metals. Particularly 
useful metals are low-melting metal alloys having melting 
points below 300° C. 
0114 Alloys based on the metals Al, Zn, Cu, Bi, Pb, Sn, 
Fe, Sb and Si are usually used. In the case of metal alloys, 
bismuth and bismuth alloys have been found to be very useful 
since they melt at a low temperature and have a negative 
coefficient of thermal expansion. This avoids rupture of the 
green body on heating. After they have melted and flown out, 
the molten metals can be returned to the production process. 
Apart from this economic and ecological advantage, the 
greatest advantage of the use of a metallic core is the fact that 
it can be produced very easily in a casting mold. Particular 
preference is given to Biand Snalloys, and also Zn/Mg/Al/Cu 
alloys. 
0.115. After carbonization of the green body, any pyrolysis 
residues or carbon residues present in the hollow spaces 
formed are removed and a porous C/C body having hollow 
spaces or recesses is obtained and can be utilized further. It 
can be subjected to further machining/shaping or assembled 
or adhesively bonded to produce more complex structures. 
0116. In a fifth step, the porous C/C body is, if desired, 
densified to obtain a more usable workpiece. 
0117. In a preferred embodiment of the process of the 
invention, this densification is effected by converting the car 
bon of the C/C body at least partly into the corresponding 
carbides by infiltration with molten metals and, if appropri 
ate, Subsequent heat treatment. Preference is given to infiltra 
tion with molten silicon, in which case at least part of the 
carbon (preferably the carbon in the matrix) reacts to form 
silicon carbide; the matrix then comprises SiC., unreacted 
carbon and unreacted silicon. For this purpose, the C/C body 
is covered with silicon powder and then heated under reduced 
pressure to temperatures of from about 1500 to about 1800° 
C. Depending on the intended use, it is not absolutely neces 
sary to convert all of the C/C body to C/SiC, but it is usual for 
at least the outer layer to be converted to C/SiC. Although 
silicon melt infiltration is the preferred process, the C/C body 
can also be densified by means of other customary processes 
to form the matrices customary in composite materials tech 
nology. In particular, the liquid silicon infiltration process can 
also be carried out using silicon alloys which may further 
comprise, interalia, metals such as Cr, Fe, Co, Ni, Ti and/or 
Mo 
0118. The process described is preferably used for produc 
ing brake disks or clutch disks. Here, the press molding com 
pound and the cores are introduced into a cylindrical mold, 
with continuous layers of the press molding compound pref 
erably being introduced as lowermost and uppermost layers. 
The thickness of the bottom layer and the covering layer after 
pressing is preferably at least 7 mm. These layers form the 
friction layer of the brake or clutch disk. The shaped body 
which forms the brake or clutch disk usually has the outer 
shape of an annulus, i.e. the region near the axis is open over 
the entire thickness of the disk. The cores are preferably 
arranged in a rotation-symmetric manner about the axis of the 
cylinder, and preference is given to using at least 2 and not 
more than 16 cores. The shape of the cores is preferably such 
that the hollow spaces formed extend from the periphery of 
the cylindrical shaped body to the internal edge of the shaped 
body and thus forman open passage between the internal and 
external cylindrical edges of the annulus. 
0119 FIG. 1 is a ceramic based “P-900 Style Armor with 
for example the following features: a Substrate (e.g. iron, 
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aluminum, alloys or silicon carbide with carbon fibers 
C/SiC); a skin layer 1 (e.g. an adhesive layer); a skin layer 2 
(e.g. a hard layer Such as C/SiC) and a cylindrical hole struc 
ture (e.g. C/SiC). 
0120. The specific dimensions and parameters set forth 
above are merely representative figures. The dimensions of 
the a preferred armor of the present invention are only limited 
by the size of the production facilities available. It is to be 
understood that the embodiments described and shown are 
given by way of example only, and that the armor element 
according to the invention can be the object of numerous other 
variants—i.e. size, shape, etc. 
0121 Although the invention has been described with ref 
erence to specific embodiments and drawings, it is to be 
understood that the invention is not limited to those precise 
embodiments, and that various changes and modifications 
may be effected by one skilled in the art without departing 
from the scope or spirit of the present invention. 

1. A defensive, ceramic based, applique armor for covering 
and protecting a Substrate which may be exposed to attack by 
projectiles, the applique armor comprising: 

a flat or curved armor plate formed of ceramic material and 
having a first Surface and a second Surface; 

said ceramic material being formed of silicon carbide with 
carbon fibers (C/SiC); 

said ceramic material having a plurality of holes on at least 
one of said Surfaces: 

said holes having a diameter Smaller than an anticipated 
bullet or ammunition projectile; 

said holes being set obliquely relative to said at least one 
Surface; and 

said holes formed by press molding, boring, drilling, or 
combinations thereof. 

2. The defensive ceramic based armor of claim 1, which 
further comprises a thin skin layer or multiple layers increas 
ing a maintainability or protecting ability of the applique 
aO. 

3. The defensive ceramic based armor of claim 1, wherein 
the ceramic based armor is constructed and configured for 
covering a substrate and for inhibiting an intrusion of ammu 
nition and ammunition based projectiles. 

4. The defensive ceramic based armor of claim 2, wherein 
said thin skin layer is positioned externally, internally, or 
internally and externally to the armor. 

5. A device for providing anti-projectile armoring protec 
tion to a substrate, the device comprising: 

a defensive applique or integral armor; 
means for affixing said defensive applique or integral 

armor the substrate; 
said defensive applique or integral armor including a flat or 

curved armor plate composed of silicon carbide with 
carbon fibers forming a C/SiC plate and one or more 
layers, applied externally, internally, or internally and 
externally to said C/SiC plate: 

said C/SiC plate increasing a protecting ability of said 
armor and having a predetermined thickness and a plu 
rality of holes: 

said holes being Sufficiently small to prevent a projectile 
from passing through; and 

said holes being set obliquity to absorb kinetic energy by 
friction and impact. 

6. The device of claim 5 which further comprises a thin 
layer increasing maintainability or protecting ability of said 
aO. 
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7. The device of claim 5, which further comprises a backing 
layer, a disruptive layer, and an adhesive layer disposed 
between said backing layer and said a disruptive layer. 

8. The device of claim 5, wherein said armor defines a 
stand-off distance between said applique and the Substrate. 

9. A process for producing fiber-reinforced ceramic mate 
rial with a plurality of hollow channels, the process compris 
ing the following steps: 

producing cores having a shape corresponding to that of the 
hollow channels; 

introducing the cores to produce agreen body by combin 
ing the cores with a press molding compound into a press 
molding mold; 

the press molding compound containing one or more of 
carbon fibers, carbon threads, pitch, resins or combina 
tions thereof; 

the press molding compound forming carbon-containing 
residues upon heat treatment in a non-oxidizing atmo 
sphere configured to cause a position of the cores to 
correspond to a desired position of the hollow channels; 

curing the green body by heating to a temperature of from 
120° C. to 280° C. under pressure; 

carbonizing the cured green body by heating in a non 
oxidizing atmosphere to a temperature of from about 
750° C. to about 1 100° C. with the carbonizing forming 
a carbon-carbon, C/C, body; and 

the cores, after the carbonizing step, being formed of a 
material melting without decomposition at a tempera 
ture above a curing temperature of shaping by pressing 
the press molding compound. 

10. The process as claimed in claim 9, which further com 
prises, Subsequent to the carbonizing step, infiltrating the C/C 
body with liquid metal in which retention of shape occurs, 
with at least partial reaction of the carbon present in the 
matrix of the C/C body with the metal to form carbides. 

11. The process as claimed in claim 9, which further com 
prises using meltable materials for the cores being pyrolyzed 
in a process in which no Substantial residue is present at a 
temperature above their melting point. 

12. The process as claimed in claim 11, wherein any resi 
due remaining after the pyrolysis of the meltable material for 
the core is not more than 10% w/w. 

13. The process as claimed in claim 9, wherein the press 
molding compound contains carbon fibers having a mean 
length of at least 5 mm, the fibers functioning as a reinforcing 
material. 

14. The process as claimed in claim 9, wherein the press 
molding compound is introduced into the mold in Such a way 
that carbon fibers are predominantly oriented parallel to the 
direction of the highest tensile stress in the resulting shaped 
part. 

15. The process as claimed in claim 9, wherein the press 
molding compound contains carbon fibers in the form of 
coated short fiber bundles as reinforcing material. 

16. The process as claimed in claim 9, wherein the press 
molding compounds include pitches selected from among 
coal tar pitch, petroleum pitch, curable resins, and combina 
tions thereof, and the crucible resins being selected from 
phenolic resins, epoxy resins, polyimides, filler-containing 
mixtures with furfuryl alcohol, furan resins and combinations 
thereof. 

17. The process as claimed in claim 9, wherein the core 
material has a linear coefficient of thermal expansion up to its 
decomposition temperature of not more than 5x10" K". 
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18. The process as claimed in claim 9, wherein the material 
for the core is a thermoplastic polymer having a heat distor 
tion temperature according to ISO 75A of at least 80°C. and 
a Brinell hardness of at least 30 MPa. 

19. The process as claimed in claim 9, wherein the material 
for the core is a filler-containing thermoplastic polymer in 
which the mass fraction of fillers is at least 15%. 

20. The process as claimed in claim 9, which further com 
prises selecting fillers from chalk, glass spheres, glass micro 
spheres, wollastonite, glass fibers, carbon fibers, ceramic 
fibers and combinations thereof. 

21. The process as claimed in claim 9, wherein the material 
for the core is a filler-containing thermoplastic polymer hav 
ing fillers including oxidants acting as pyrolysis accelerators. 

22. The process as claimed in claim 9, wherein the material 
used for the core is a formed thermoplastic. 

23. The process as claimed in claim 9, wherein the material 
used for the core is a low-melting metal. 

24. The process as claimed in claim 23, wherein the low 
melting metal alloys have melting points below 300° C. 

25. The process as claimed in claim 23, wherein the low 
melting alloys are based on the metals Al, Zn, Cu, Bi, Pb, Sn, 
Fe, Sb and Si. 

26. The process as claimed in claim 23, wherein the low 
melting alloys are selected from bismuth and bismuth alloys, 
tin alloys and Zn/Mg/Al/Cu alloys. 

k k k k k 
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