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(57) ABSTRACT 

An electrically conductive surface element, for use in 
the construction of external facades, is provided with a 
flame-retardant substance in addition to a radar-absorb 
ing supporting element with electromagnetically active 
conductive material which has preferably been applied 
by a printing process. 

12 Claims, 1 Drawing Sheet 
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1. 

ELECTRICALLY CONDUCTIVE SURFACE 
ELEMENT FOR FORMING AN 

ELECTROMAGNETIC WAVE ABSORBER 

BACKGROUND OF THE INVENTION 
... Field of the Invention 
The invention generally relates to an electromagnetic 

wave absorber and, more particularly, to an electrically 
conductive surface element incorporated in a non-com 
bustible absorber of electromagnetic radiation and to a 
process for producing an electrically conductive sur 
face element of this type. 

2. Background Discussion 
In the case of existing flight safety systems, very 

short-wave electromagnetic waves, in particular radar 
waves, are used to locate and identify aircraft. This is 
true of both civilian and military air traffic. Flight safety 
systems of this type are impaired by the reflection of 
radar waves, particularly, for example, from external 
facades of buildings in the vicinity of airports, because 
the reflection of these radar waves can lead to consider 
able interference in the ability of such flight safety sys 
tems, using radar, to locate aircraft. 
Although provision can be made, on the ground, for 

filtering out the effects of unwanted reflected radar 
waves using specific technical devices, this is hardly 
practicable on an aircraft due to the lack of space and 
weight restrictions. For this reason, it is very important 
that the reflection of electromagnetic waves, in particu 
lar radar waves, at external facades of buildings in the 
vicinity of airports, be eliminated to a large extent. 

In order to solve this problem, it has already been 
suggested that radar absorbers, in the form of a surface 
element which absorbs radar waves, should be used in 
the construction of the external facade of buildings in 
the vicinity of airports. Such surface elements typically 
comprise panel sections or layers, made from mineral 
wool, and panel sections or layers, made from an elec 
trically conductive material, these different layers of 
material being arranged in an alternating fashion in the 
manner of a lamellar structure. The lamellar structure is 
placed into a cassette-type frame and secured to the 
building by the frame to form the radar absorber. 

However, in practice, such radar absorbers cause 
considerable difficulties since adherence to critical or 
optimum values for absorption is important for an ab 
sorber of this type to achieve a sufficient level of reflec 
tion or absorption with regard to the radar waves. Thus, 
in the case of radar absorbers of the multi-layer lamellar 
structure described above, the reflection or absorption 
level does not only depend on the relative distances 
between the panels of mineral wool and the electrically 
conductive layers, which distances are adapted to the 
particular type of radar waves to be absorbed, but also 
on the amount and distribution of an electromagneti 
cally active material, embedded in the intermediate 
layers between the mineral wool panels, which is re 
sponsible for providing the conductivity of these elec 
trically conductive intermediate layers. 

Obtaining a good absorption level depends mainly on 
adherence to very narrow application tolerances during 
the embedding of the electromagnetically active con 
ductive material in the intermediate layers between the 
mineral wool layers. However, these application toler 
ances are difficult to produce to industrial standard sizes 
using materials of this type. 
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2 
Furthermore, both the embedding of the electromag 

netically active conductive material, which is mainly 
responsible for the radar-absorbing properties of the 
layered structure, and the use of binders for the layered 
structure, lead to the multi-layer systems of this type 
being combustible. As a consequence, such absorbers 
can no longer be included in construction materials 
class A according to DIN 4102. 

SUMMARY OF THE INVENTION 

An object of the invention is to produce an electri 
cally conductive surface element for forming a part of a 
non-combustible absorber having good absorbing prop 
erties with respect to electromagnetic waves, in particu 
lar radar waves. 
The cost-effective production of a surface element of 

this type is a further object of the invention. 
These and other objects are achieved, according to 

preferred embodiments of the present invention, by an 
electrically conductive surface element, for use in form 
ing an absorber of electromagnetic waves, comprising a 
supporting structure made of a non-woven fabric hav 
ing a flame-retardant substance wherein an electromag 
netically active conductive material is applied to the 
electrically conductive surface element by a printing 
process. 
As a result of the additional embedding of a flame 

retarding substance in the supporting structure, the 
electrically conductive surface element is advanta 
geously characterized by its non-combustibility. As a 
result, absorbers constructed using such a surface ele 
ment conform to group A of construction materials 
according to DIN4102 as regards combustion behav 
O. 

In particular, this additional flame retardant sub 
stance counteracts a deterioration in combustion behav 
ior of the absorber which results from the use of the 
combustible electromagnetically active conductive ma 
terials incorporated the electrically conductive surface 
element and from the use of binders during the con 
struction of the absorber which comprises a multi-layer 
lamellar of alternating mineral wool strips and interme 
diate layers made from the electrically conductive sur 
face element. 
The absorption capacity can simultaneously be in 

proved in that the addition of the electromagnetically 
active conductive materials, which decide the absorp 
tion level and which are, as a rule, combustible, is no 
longer limited by their inherent deterioration in com 
bustion behavior. Instead, the addition of electromag 
netically active conductive materials can be carried out 
taking into account only the optimum absorption level. 
The application of electromagnetically active con 

ductive material by a printing process is a particular 
advantageous feature of the present invention since it 
enables the industrial manufacture of a radar-absorbing 
surface element. having a conductive material with 
narrow application tolerances. 
To the applicants' knowledge, applying the electro 

magnetically active conductive material by impregnat 
ing, painting, smoothing on or injection, on an industrial 
scale, does not produce the durable, good embedding 
and distribution of the material within the supporting 
structure or the radar-absorbing surface element which 
is required to the give the narrow tolerances needed to 
achieve a good absorption level. 

However, according to preferred embodiments of the 
invention, the printing procedure is only possible be 
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cause the deterioration in combustion behavior, inevita 
bly resulting from the use of printing ink containing 
organic substances, is counteracted by the addition of a 
flame-retardant substance. In this respect, these features 
of the present invention result in a synergistic effect in 
that, owing to the flame-retardant substance which 
improves the combustion behavior of the absorber, a 
simultaneous improvement of the absorption capacity is 
rendered possible by adherence to narrow application 
tolerances, owing to the application of the electromag 
netically active conductive material according to the 
printing technique. 
The adherence to very narrow application tolerances 

for the electromagnetically active conductive material, 
which is decisive for the optimum absorption perfor 
mance, being in the range of about 9-9 g/m2, preferably 
about 10-12 m2, results from the application of this 
conductive material preferably according to the silk 
screen printing process. In this respect the material is 
applied to the supporting structure of the conductive 
surface element, in particular in an ink dispersion, 
which has been enriched with the conductive material. 
Soot and graphite are particularly suited for use as the 
electromagnetically active conductive material. 
With regard to the layered construction of the ab 

sorber of the multi-layered type, it is particularly useful 
for the supporting structure of the electrically conduc 
tive surface element incorporated in the absorber to be 
formed of a non-woven fabric, in particular a glass 
fiber, non-woven fabric. Thus, the alternating layers of 
mineral wool strips and glass fiber layers are secured to 
a flat support by, for example, adhesives in order to 
form a lamellar mat. 

It is advantageous, with regard to the combustion 
behavior of the surface element, to use, as the flame 
retardant substance, a material having a texture which 
will alter endothermically before reaching a maximum 
permitted temperature. Materials which retain a high 
water content are particularly suited to this end. In the 
event of fire, the retained water content is released and 
converted into steam when critical temperatures are 
reached, thus bringing about a significant delaying ef 
fect, the timing of which may be precisely determined 
by the amount of retained water. Aluminum hydroxide, 
which is advantageously used with a binder content of 
less than of about 5% in relation to the dry mass, is 
particularly suited as a retaining substance. Further 
examples of retaining substances are hydrous aluminum 
oxide, hydrous sodium metasilicate or sodium sulphate 
decahydrate. 

Advantageously, for the production of the surface 
element, the supporting structure thereof, i.e., in partic 
ular, the glass-fiber, non-woven fabric, is coated or 
impregnated with the flame-retardant substance prior to 
the application of the electromagnetically active con 
ductive material, wherein these inorganic substances 
are applied in relatively large amounts in a separate 
working process. 
Only when the glass-fiber, non-woven fabric has been 

coated with the flame-retardant substance is dispersion 
ink advantageously applied to the electrically conduc 
tive surface element by, for example, a silk-screen print 
ing process, which results in a very good distribution of 
the conductive material on the surface element. The 
conductive material, i.e., in particular soot or graphite, 
is applied to the glass-fiber, non-woven fabric in 
amounts of about 9-6 g/m2, advantageously in amounts 
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4. 
of about 10-12 g/m2. This enables an optimum radar 
absorption level of the surface element to be achieved. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows the structure of an absorber of the 

multi-layer system type according to one embodiment 
of the present invention; and - 
FIG. 2 shows a diagram of the reflection absorption 

in relation to the amount of conductive material used, 
which in this case is soot, as an example of a specific 
matrix. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Below, an example of an embodiment according to 
the invention is given in purely schematic form, with 
reference to FIGS. 1 and 2. 
FIG. 1 illustrates a lamellar structure, generally indi 

cated at 1, formed as a mat with a layered structure 
comprising alternating layers 2 of mineral wool and 
narrower strips 3 of an electrically conductive surface 
element provided to form a radar-absorbing multi-layer 
system. The alternating layers 2 and strips 3 may be 
secured to the facade of a building individually by, for 
example, adhesives, dowelling, clamping or other simi 
lar attachment arrangements. In the present embodi 
ment, however, layers 2 and strips 3 are arranged on a 
substrate 4, which comprises, for example, a reinforced 
aluminum foil. 

For the construction of an external facade, the lamel 
lar structure 1 is arranged in a cassette-type frame, 
which is not shown, which serves to secure the lamellar 
structure 1 to the building. Additionally, on the outside, 
covering the lanellar structure 1 is secured an external 
plate (not shown) of, for example, glass, plastic material 
or other suitable material. 

Electromagnetic waves which impinge on the exter 
nal plate usually pass therethrough in a substantially 
reflection-free manner and are, to a large extent, ab 
sorbed inside the lamellar structure 1, thus bringing 
about the desired low level of reflection from the exter 
nal facade. 
The reflection absorption of the external facade de 

pends particularly on the strips 3 comprising the electri 
cally conductive surface element of the present inven 
tion. In an advantageous embodiment of the present 
invention, the strips 3 are constructed from a glass-fiber, 
non-woven fabric which forms a supporting structure 
or body thereof, in which an electromagnetically active 
conductive material and a flame-retardant substance are 
embedded. 
Although the material used to form the supporting 

structure of the conductive surface element forming the 
strips 3 is preferably a glass fiber, non-woven fabric, 
other non-woven fabrics or other materials, such as a 
foil, may be used. The material that is used as the elec 
tromagnetically active conductive material is prefera 
bly soot or graphite or other, electrically conductive 
and, most importantly, dispersible materials. 

In the case of the lamellar structure 1, the distance 
between two narrow strips 3, in relation to the wave 
length of the electromagnetic waves to be absorbed, in 
particular radar waves, is arranged so that there is an 
absorption, in particular a resonance absorption, of the 
waves that are irradiated. An important factor for radar 
absorption at the desired level is the embedding of a 
very precise amount of evenly distributed electromag 
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netically active conductive material, in particular soot, 
in the supporting structure or body forming the strips 3. 
An even embedding of the electromagnetically active 

conductive material, together with a very precise appli 
cation tolerance, according to preferred embodiments 
of the present invention, is achieved by a printing pro 
cess. A quick-bonding dispersion ink, which has been 
enriched with the electromagnetically active conduc 
tive material, for example soot, is used as the printing 
ink for this process. 

Silk-screen printing is particularly suited for achiev 
ing the required narrow application tolerances, a print 
ing ink suited to this type of printing process typically 
containing organic substances such as emulsifiers, bind 
ers and fillers. Thus, the printing process results in a 
relatively high and even organic enrichment of the 
conductive surface element of the present invention. 
Although the use of such a conductive surface element 
provides high absorption performance, its use can si 
multaneously lead to a deterioration in combustion be 
havior. 
This is counteracted, according to preferred embodi 

ments of the present invention, in that, in an additional 
processing step, preferably conducted before the appli 
cation of the electromagnetically active conductive 
material, a flame-retardant substance is applied in such 
an amount so as to completely enclose and coat the 
non-woven fabric acting as the supporting structure of 
the electrically conductive surface element forming 
strips 3. This improves the combustion behavior. Alu 
minum hydroxide with an extremely low binder con 
tent, which is advantageously less than about five 
weight per cent of the dry mass, is suited for use as the 
Substance. 
Aluminum hydroxide has a storage mass with a high 

stored water content which is released if there is a fire. 
Hydrous aluminum oxide, hydrous sodium metasilicate 
or sodium sulphate decahydrate can also be used as 
materials with a high stored water content. 

After the coating of the supporting structure, i.e., the 
glass-fiber, non-woven fabric, with the flame-retardant 
substance, the dispersion ink, containing soot, is applied 
in a further coating process preferably by a silk-screen 
printing process with low application amount toler 
ances, which results advantageously in a low amount of 
soot being used. 

In one embodiment, the dispersion ink fluid comprise 
about 70% water and about 30% solid comprising about 
5% soot, about 5% disperser, and about 20% binder in 
addition to filler, chalk having been selected as the 
filler. An excellent radar-absorption level, constant 
across the entire surface of the conductive surface ele 
ment, can thereby be achieved. 
The diagram in FIG. 2 shows the reflection absorp 

tion of microwaves at 600 Mhz as a function of the 
amount of soot introduced into a precoated glass-fiber, 
non-woven fabric with a surface-related mass of 60 
g/m2. This diagram shows very clearly that a very good 
reflection absorption of -11.5 to -15 Db can be 
achieved on surface elements with a surface annount of 
soot of about 9-16 g/m2, while the optimum range for 
the surface amount is about 10-12 g/m2 wherein there is 
a direct correlation between the reflection absorption 
measured in a tubular conductor for each surface ele 
ment and the desired reflection absorption for a facade 
element in the case of usual radar frequencies of 
1.03-1.09 GHz. In this case a reflection application of 
- 13.5 to - 15 Db could be achieved. 
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6 
Narrow surface application tolerances are thus 

achieved by the application of the electromagnetically 
active conductive material, which may be soot, by a 
printing process, wherein a dispersion ink with organic 
substances (emulsifiers and binders) is used for the print 
ing technique. Because of a precoating of the glass-fiber 
nonwoven fabric with a storage mass, which releases 
water in the event of a fire, positive properties with 
regard to non-combustibility may be achieved for the 
electrically conductive surface element of the present 
invention, so that a layer structure produced using this 
element conforms to the construction materials class A 
according to DIN 4102. 
The special effect achieved by the above described 

measures according to the invention can be physically 
distinguished as a combined interference and absorption 
effect for electromagnetic waves, but can essentially be 
traced back to the purpose-specific embedding of the 
soot particles in the particles of the dispersion ink and 
the conductivity structure which this introduces, 
wherein the silk-screen printing process provides an 
very even and economic distribution of the soot parti 
cles in connection with the dispersion ink on the glass 
fiber, non-woven fabric. This produces a layer of soot 
with very narrow application tolerances and thus an 
optimum reflection absorption. An advantage in this is 
the fact that the conductive surface element with cer 
tain absorption properties may be reproduced. 

Obviously, numerous modifications and variations of 
the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described 
herein. 
What is claimed as new and desired to be secured by 

letters patent of the U.S. is: 
1. An electrically conductive surface element form 

ing a part of an absorber of electromagnetic waves 
intended for use application to an external facade of a 
building, the element comprising: 

a supporting structure forming a body of the element, 
the supporting structure comprising a non-woven 
fabric coated with a flame-retardant substance; and 

an electromagnetically active conductive material 
printed on the supporting structure coated with a 
flame-retardant substance. 

2. A surface element according to claim 1, wherein 
the electromagnetically active conductive material is a 
silkscreen ink including one of soot and graphite. 

3. A surface element according to claims 1 or 2, 
wherein the electromagnetically active conductive ma 
terial includes a dispersion material capable of adhesion. 

4. A surface element according to claim 3, wherein 
the dispersion material includes at least one of emulsifi 
ers, binders and fillers. 

5. A surface element according claim 1, wherein the 
non-woven fabric of the supporting structure is glass 
fiber, non-woven fabric. 

6. A surface element according to claim 1, wherein 
the flame-retardant material coating the supporting 
structure has a structure which alters before a maximum 
permitted temperature is reached. 

7. A surface element according to claim 6, wherein 
the flame-retardant substance is a retaining substance 
with a high stored water content. 

8. A surface element according to claim 7, wherein 
the flame retardant substance is one from the group 
consisting of of aluminum hydroxide, hydrous alumi 
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num oxide, hydrous sodium metasilicate and sodium 
sulphate decahydrate. 

9. A surface element according to claim 8, wherein 
the flame-retardant substance has a low binder content 
of about 5% in relation to a dry mass thereof. 

10. A surface element according to claim 1, wherein 
electromagnetically active conductive material contains 
soot a ratio of about 9-16 g/m2. 

11. A surface element according to claim 1, wherein 
electromagnetically active conductive material contains 
soot a ratio of about 10-12 g/m2. 
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12. An absorber for electromagnetic waves for appli 

cation to an external facade of a building, comprising a 
lamellar structure formed of alternating layers of min 
eral wool and electrically conductive surface elements, 
said surface elements being narrower than said layers of 
mineral wool and each comprising: 
a supporting structure forming a body of the element, 

the supporting structure comprising a non-woven 
fabric coated with a flame-retardant substance; and 

an electromagnetically active conductive material 
printed on the supporting structure coated with a 
flame-retardant substance. 
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