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Fire protection part of planar-like design, method of

producing it and uge thereof

Description

The present invention relates to a filre protection part
of planar-like design which ig connected to at least one
room limiting face part, the fire protecticn part being
formed from a fire protection material based upon &an
inorganic¢ sol. In addition, the present invention
reldtes to a method of producing the fire protection part

and to posgible purposes of use.

In thig case, roow limiting facde parts comprise all
pogeible parts which are suitable for limiting a room, in
particular static walls, ceilings, floors, partition
walls, doors or window panes. The materials of theee
yoom limiting face parts are capable of being selected as
desired, go that for example glass, plastics material,
composite materials, natural materials, synthetic mate-
rials, wood, plasterboard, stone, cement, concrete, Ytong
or metal are used. The room limiting face parts can thus
be made both transparent and non-transparent and at least

transgparent in part, respectively.

Fire protection parts are known from the prior art which
are produced on the basis of a strongly alkaline silicate.
If the fire protection part is arranged for exampleé
between two panes of glass in order to form a fire
protection window, then glass corrosion can be ocbserved
even after a short period of time. On the common contact
faces of the glass and the fire protection part the high
pH value environment causes the glass network to dissolve

or digintegrate. The latter corrodes and becomes milky
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to turbid. The fire protection window has to be replaced.
It is known for the composition of the fire protection
part to be produded in a time-conguning mamnner in a
multiple-step process, so that time intervals of days or
weeks océur between the production and the procegging to

form the fire protection part.

The object of the present ilnvention ig therefore to
provide a fire protection part, the fire protection
material of which in the hardened state has a good ageing
registance as well ag a good stability with resgpect to
corrosion. In addition, an obiject of the presenmt inven-
tionlr ig to provide a method of producing a fire
protection part ad well ay the wuse thereof, go that a

more rapid and inexpengive production is made possible.

ect is attained im terms of the product by the
features of claim 1 and in térms of the method by claim 8.
In addition, this object is attained in bterms of the uge

by cladims 14 and 15,

advantageous embodiments and further developments form

the subject matter of the sub-claims.

The core concept of the present invention ig to provide a
fire protection part of planar-like design which isg
connected ©o at least one room limiting face part, the
fire protection part being formed from a fire protection
material based upon an inorganic sol and the composition
of the fire protection material comprising the Ffollowing:

- 25 to 70 % by weight of 8i0, (golid content)

~ 0.05 to 10 % by welght of surfactants

- 0.01 to 25 % by welght of polyol

- 0.05 to 2 % by weight of alkali-metal oxide



- 0,056 to 20 % by weight of acid
-~ 0.01 to 10 % by weight of corrosion protection
material
-~ digtilled or de-iénized water,
the composition of the fire protection material being
capable of being peured during the production and being

capable of being hardened by the addition of a base.

in this case a c¢olloid solution, preferably based upon
water, ls to be understood ag the sol, the colleoids being
pregent ag virtually wmonodispersed primary particles with
& diameter in the range of from I to 1600 nm. It is ad-
vantageous for gilica sols to be used according to the
invention. In addition, However, 1t is dlso possible for
other ineorganic sols to be used, for example based on

rataniiam or alumindim,

The use of a sol ig advantageous since the colleoidal
primary particles - which can also be undergtood as being
a precursor or an initial stage - are capable of being
crogg-linked with one another in a rapld and simple
matiner. It is preferable for a cross-linking of this
type to take place chemically, for example by the addi-
tion of a base. In addition, cross-linking reactions are

also possible which téke place by the addition of an acid.

As a result of the crogs-linking of the inorganic sol,
preferably by hydrolysis and condensation reactions, an
increase in the viscogity card be obhgerved. A gel lg
formed whichi Has both & liguild phase, in this case pre-
ferably water, and & solid phase. This is particularly
advantageous in the event of fire gince the water

cdontained in the gel serves to limit the fire.
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It iz preferable for the fire protection material to have
from 25 to 70 % by welght of 310, (sclid content), pre-
ferably from 35 to 55 % by weight of 810, and in a parti-
cularly preferred manner from 45 to 50 % by weight of 8Si0;
relative to the overall mass of the material. This is
advantageous since the silica sol forms the starting
material as a precursor for the basic structure of the
fire protection part. This is particularly advantageous
gince in this way, depending upon the level of the solid
content of silicon dioxide, the degree of crogs-linking,
the stability and the inherent strength of the resulting
Fire protection material can be controlled in accordance
wirh the addition of the basge. In this way, a large
solid content of silicon dioxide also results in a high
dagree of stability and inherent strength of the fire
protection material, since a dense network is produced by

the addition of a bass.

In addition, the fire protection material advantsgeously
hag from 0.0% to 10 % by weight of surfactanteg. This is
advantageous since these surfactants are preferably
present in the charged state., As a result of the addi-
tion of Fhe surfactants to the fire protection material
an improved adhesion to the room limiting face parts is
achieved in the production process of the fire protection
material. Depending upon the surface charging of these
room limiting face parts, it is possible for the surface
tension of the fire protection material to be capable of
being altered in a wmanner capable of being pre-determined
as a result of a suitable sgelection and addition of the
surfactants to the aforesaid fire protection material, so
that for every material of the room limiting face parts,
such ag for example glass or concrete, the adhesion

capacity of the fire protection material to the latter is
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gignificantly improved. In this way, it is advantageous
for surfactants to be selected which assist g uniform
wetting of the surface of the room limitiﬁg face parts
with the fire protection material, for example by
lowering the surface tengion. The wetting ig advan-
tageously permanent, so that the wetting continues to
take plade in a tnmiform mamner both during the production
process, during the hardening process and during the
ageing prodess, without the ocourrence of wetting abserce
gpotg in the form of de-wetting. In addition, in the
event of a fire the surfactants advantageously have the
effect that the fracture of the room limiting face part
caused by the thermal expansion of the side of the room
limiting face part facing the fire takes place in a clean
manner, without pileces or parts of the fire protection
material adbering to it. It is advantageocus for the

2\ rotection part te remain intact in the
event of a fire. The surfactants used ars thus advan-

tageously used for adhesive bonding.

In addition, the fire protection material containg from
.01 to 25 ¥ by weight &F polyol. The addition of the
polyol ils preferably carried out in a range of from 0.01
to 20 % by weight, in particular in a range of from 1 to
15 % by weidght, and in a particularly preferred manner in
a range of from 5 to 1Z % by weight, relative to the
overall masg of the fire protection material. It lg ad-
vantageous for the freezing point of the fire protection
material to be lowered in the low-temperature range by
the addition of at least one polyol., If a non-wmodified
silica sol 1s acted upon with temperatures of below 0°C,
then the irrevergible precipitation of solid, white
silicic acid ig caused. In the presgent invention this

would have a significant adverse effect upon the trans-
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parency of the fire protectionm material. In this way,
for example, transparent panes of glass would become per-
manently turbid as socon ag the amblent temperature fell
below 0°C, It ig therefore advantageous, by the addition
of at leagt one polyol to the fireé protection material,
for the freezing point thereof to be lowered, so that the
precipitation of the sclid silicic acid is preferably
cauged to bg only from temperatures of less than -I15°C

and in a particularly preferred manner of less than -30°C,

According to the invention, polyols such as for example
sthylene glycol, diethylene glycol, triethylene glycol,
polyethylene glycol, propylene glycol, dipropylens glycol,
tripropylene glycol, polypropylene glycol and glycerel or

mixtures thereof are used In thig cass,

In addition,
ted 2 ¢ by weight of an alkali-wetal onide, preferably

from 0.1 t& 1 % by weight velative to the overall mass of

& material has Frow ¢. 0%
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the fire protection waterial. It 1g¢ advantageous for the
alkali-metal oxide to be already dontained in the gilica

gol,

It is preferable for the fire protection material to have
from 0.05 to 20 % by weight of an acid. This ig advan-
tageous since the setting of the pH value of the fire
protection material, preferably based on water, is
carried out by the addition of the acid. The basic yglass
corrogion il advantagecusly counteracted by the lowering
of the pH value of the fire protection material if the
roowm limiting face parts are made of glassg. This iz ad-
vantageous, since no turbidity caused by the corrosion of
the glass is caused on the surface of the glass in this

way. Furthermore, it ig advantageous that the
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sultability for storage of the hardened fire protection
part is additionally improved by the lowering of the pH
value. In addition, a lowered pH valus alse hag a
germicidal effect upon fungi or bacteria in the fire
protection material, so that the addition of axpensive
fungicides or bactericides to the fire protection

material is unnecessary.

It is advantageous foxr the fire protection material to
have, in additiorr, frowm 0.01 to 10 % by wedght, pre-~
ferably from 0.05 to 2 % by weight and in a particularly
preferred manner from 0.1 to 1 % by weight, of a
corrogion protection material relative to the overall
mags of the fire protection material. As 4 result of the
addition of this corrosion protection material the
corroding effect of the fire protection material on the
limiting faces to the room limiting £

tageously stubstantially reduced.

In additien, the fire protection wmaterial advantageously
hag distilled o de-ionized water. The latter ig used as
a solvent, so that the fire protection wmaterial according
to the inventieon can be procegsed in a simple manner.

The addition of water ig carried out depending upon the
desired viscogity. It is advantageous for just so much
water to be added that a fire protection material capable

of being poured il produced.

It is advantageous for the fire protection material
according to the invention to be capable of being
hardened by the addition of a base, it beimnyg advantageous
for “capable of being hardened” to be understood in this
case as “capable of being cross-linked”. By means ol the

addition of the base the gol contained 1n the fire
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protection material is advantageously cdross-linked to
form a gel, as a result of which an increase in the
vigeosity is caused. In this way, the fire protection
material ils hardened. It is advantageous for the degreg
of hardening to be capable of being controlled by the
added guantity of the base. Depending upon the use it is
also posgible for a gel of a fire protection material
which is not completely hardened, i.e. c¢ross-linked, to
be used. After the hardening it is advantageous for a
porous network based upon silicon to be formed, in the
pores of which the solvent used, in this case preferably

water, 1s advantageously embedded.

The basé can be any basic compounds, such ag fo¥ example
alkalil o alkaline earth hydroxided, alkoxildes o¥ alkalil
gilicates, such &¢ for example watsr glass, preferably

cotagsiuh water glass. It is advantagecus for the base

S

to be supplied according to the invention as a 30 to 50 %
alkali hydroxide solution in water, for example sodium
hydroxide or potassium hydroxide or a mixture theveof, to
the fire protection material. It is preferable for the
bage to have from 5§ to 25 % by welght and in a particu-
larly preferred mannmer from 12 to 15 % by weight of pure
hydroxide, relative to the overall mass of the fire

protection material.

Tt ig advantageous for the addition of the base described
here to the fire protection material described above to
result in a reaction product, preferably an alkali-metal
oxide, in the range of frow 2 to 20 % by weight, pre-
ferably from 5 to 15 % by weight, relative to the overall
mass of the fire protection matetrial after the addition
of the base. It is preferable for the reaction caused by

the bringing together of the fire protection material
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with the base to result in a molar ratio of silicon
dioxide to alkali-metdl oxide of preferally larger than
4.5 : 1 and in a particularly preferred manner of § to

6« 1.

It ig prefefable for the fire protection material adcord-
ing to the invention to be made transparent in the
hardened state. This is particularly advantagsous when
it is arvenged as a fire protection between two panes of
glags as room limiting face parts. In addition, however,
it is also possible for the fire protection wmaterial
acecording to the invention to be made opague at least in
part, for example when the room limiting face parts are

also made rion-transparent, for example of cohcrete.

ITn the event of fire an evaporation of the water is ad-
vantageously caused by the temperature increass, as a
regult of which the hardened fire protection wmaterial is

foamed by the formation of gas.

In a further preferred embodiment, before the addition of
the base the firve protection material of the fire
protection part has a pH value in the range of from 2 to
7, preferably in the range of from 3 o 5. The fire
protection material is thus preferably acid to neutral
and is not iiatroduced, a8 known from the priocr ark,
already ag a base with a pH value of » 7. As a resultb of
thig acid to neutral property of the fire protection
material the common limiting faces of the room limiting
face parts are advantageocusly not attacked in the manner
of a bage during the procesging and ageing process of the
fire protection part. Corrosion of the material is thus
prevented. This is particularly advantagecus when the

room limiting face parts are formed from transparent
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glags or even plastics material, where corrosion of the
material occurs in the form of turbidity and the
transparency is thus adversely affected. It is thus ad-
vantageous for turbidity caused by corrosion or even
dissolution of the network of the room limiting face
parts to be prevented according to the imvention. In
addition, & low pH value alsc has a negative effect upon

the growth of bacteria and fungi.

Furthermore, it is preferrved for the corrosion protection
material to have a composition in which at least one or
more oPemical elementd are from the group of Transitlion
metals, non-metals, semi-wmetals obr metals, In particular,
zine, zirconium, tin, boron, aluminium or phosphorus are

praferred in thig case, 1t likewise being preferred for

x

the corrosion protection material te be pregent in the
form of an oxide and/or in the form of a salk.
Examples of thig are aluminate, borate, zivcongte, tin
stannate, zinc stannate, zirconium stannate, phosphate ox
even aluminium oxide, boron oxide, tin oxide, phosphorus
oxide, zing oxide, zirconium oxide and borix or & mixtups
thetreof.

As a result of adding these oxides and/or saltg to the
fire protection material an additional corrosion
protection effect is produced, so that common contact
faces of the room limiting face parts and the fire
protedtion part are stable over a prolonged periocd and no
material dissolution or network dissolution ~ caused by

corrogion - of the room limiting face parts occours.

It is preferable for the addition of the corrogion

protection material to be carried out in the range of
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from 0.0l to 10 % by weight, in a particularly preferred
mariner in the range of from 0.05 to 2 % by weight and in
a particularly preferred manner in the range of from 0.1
to 1 % by weight, welative to the overall wmass of the

fire protection material.

In & further advantageous embodiment the acid of the fire
protection material is selected from the group of
hydrochloric acid, sulphuric acid, nitri¢ acid,
phosphoric acid, boric agld, acetic acid, formic acid,
formic acid amide, methacrylic acid, methacrylic acid
alkylester, preferably methacrylie acid methylester,
maleic acid and/or acrylic acid or a mixture thereof. It
is advantageous for the alkyl group of the methacrylic
acid alkylester to be formed as methyl, ethyl, propyl or

butyl, but not of course to be limited tg them, Acid
also possible in addition to acids.

It is preferable for the acid to be added in the range of
from 0.05 to 20 % by weight, preferably in the range of
from §.1 o 10 % by weight, and in a particulazrly
preferred manner in the range of from 0.1 te 5 % by
weight, relative to the overall wmass of the fire
protection material. A reduction in the pH value of the
compogition of the fire protection material is advan-
tageously caused by the addition of the acid, ag a result
of which the fire protection material is stabilized and
g0 hag an improved suitability for storage. In addition,
by lowering the pH value of the composition a germicidal
effect is achieved upon bacteria and fungi, which are not

able to multiply in particular in the acid medium.

Furthermore, the addition of the acid to the fire
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protection material is advantageous, since the base

attack upon the adjacent limiting faces of the room
limiting face parts ig prevented in this way, in particu-
lay whern these room limiting face parts are made of glass.
In thig way, the corrosion of glass is prevemnted, as a
regult of which even wvery minor damage to the surface of
the glass in the production process, for example in the
float glasg process, becomes visible and thus also

impairg the guality in the case of transparent fire

protection partg.

In the case of a Further advantageous eubodiment the

surfactants contained in the fire proteéction material are
made anionic, cationic and/or amphoteric. As & result of
the addition of the surfactants, preferably in the range

of from 0.05 to 10 % by weight, in a more preferred

U, . o P 2 R g B, e b . " -
manner in the rangéd of from 0.1 to 5 ¥ by wsight, and in

¥e

n the range of from 0.1

¥

a particularly preferred manner |
to 2 % by welght, relative to the overall mase of the
fire protection material, the physical properties of the
fire protection mass are altered in such a way that the
adhesion of the fire protection part in the hardersd
state to the room limiting face parts is improved. The

surfactants thus act advantageously as adhesion promoters.

In addition, the surface tension of the aquecus fire
protection material is reduced before the hardening, and
this results in an improved adhegion to the limiting face
of the common room limiting face parts. In this wdy it
is possible for example for the surfactants used to form
a single or even a double limiting layer on the common
limiting face of the fire protection part with the room
limiting face parts. Ag a result of the corresponding

anionic, cationic and/or amphoteric charging of the
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surfactant wnolecules advantagesously provided as a
limiting layer, the adhesion of the fire protection
material to the room limiting face part is improved, not
~only during the hardening but also in particular in the
averit of a fire. In addition, it is possible for the
surfactant molecules to be srranged stabistically in the

fire protection material,

It has been found €hat in the evént of a fire iFf a rooum
limiting face part dissolves or frad¢tures the hardened

firve protection part foams amd remaing intact.

In addition, the concept of the present iInvention lieg in
a one-ghage, coptinucus wethod of producing a fire

protection part, which comprises the following steps:

- provision of two storage containers, whervein a
first storags container is provided with the
starting materials of the fire protection compogi-
tion
¢ 25 to 70 % by welght of 8§10, (selid content)

o 0.05 o 10 % by weight of surfactants

e 0.1 to 25 % by weight of polyol

» 0.05 to 2 % by welght of alkali-metal oxide

e §.05 to 20 % by weight of acid

e 0.01 toe 10 % by weight of corvosion protection
material

o distilled or de-~ionized water,

and thege are wixed in the first storags container

and a second storage container is provided with a

bagic starting material;

«~  provision of two conveying devices for the respec-

tive donveying of the starting materials from the
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storage container into a mixing device, wherein
rhe mass of starting materials supplied to the
mixing devide ig dapable of being pre-determined;

- wmixing the starting materials Ifrom the twoe storage
containers to form a mixture of materials in the
mixing device;

- continucus de-gassing of the wmixture of materials
by rotation in a device acted upon with a vacuum;

-  conveying the de-gassed mixture of materials by
means of a further conveying device to the
processing:

- processing the de-gassed mixture of materials in
that the wixture of materials is f£illed into a
hollow gpace which ilg spanned by twe plate-like
parts arranged subgtantially parallel to each
other, wherein the two parts are sealed off

SO SPE TN o T e o e e f A
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ciroy
opening for filling the spanned hollow space, and
hardening the mixturé of materials gt an elevated
temperature in the range of from 65 to 959C.

In this way the starting materisls of the fire protection
material are introduced into a first sborage container,
in which case they are continuously mixed, for example by
means of a suitable stirring tool. It ig advantageously
possible for seven supply means, which are installed
separately from one another and by means of which the raw
materialg indicated - silica sol which preferably already
containg the alkali-metal oxide, surfactants, polyol,
aclid, corrosicm protection material and water - are
capable of being supplied to the storage container, to be
advantageougly provided for this first storage container.
Advantageously, this supply occurs permanently during the

whole production process. It is preferable for the corre-
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sponding supply of raw materials to be computer

controlled and automated.

A basic starting material, for example in the agueous
form of an alkali or alkaline earth hydroxide, such as
for example sodium or potassium hydroxide, ig introduced
inte the second storage container. The basic sclution in
the second storage container ig advantageously introduced
ag a 25 to 60 %, preferably as a 45 to 55 %, nmetal
hydroxide solution im water. It 18 advantageous for this
to correspond to f£rom 10 to 20 % by weight, prafersbly
from 12 te 15 % by welght, of pure metal hydroxide
relative to the overall mass of the fire protectioh
material. When the stérting materials of the first
storage container react with the starting materials of
the gecond storsge ontainey, & reaction molar ratic of
silicon dioxide to alkali-metal oxide of mores than

4.5 : 1 and prefervably of 5 to 6 : 1 occurs.

In addition, it is possible for at least one alkali
gilicate, for example sodium silicate or potassium
wildcate, to be provided Instead of the basic wetal

hydroxide.

The two storage containers are permanently connected to a
geparate conveying device in each case for conveying the
starting materials from the corresponding storage coi-
tainers. The starting wmateérials are supplied to a mixing
device by means of these conveying devices, wherein the
mass of the starting materials supplied to the mixing

device is capable of being pre-determined in each caze.

It is advantageous for the mixing device provided to be

designed in the form of a static mixer, for example of
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plastics material or high-grade steel. According to the
invention the wixing device is designed in the wanner of
a tube. The supply of the starting matérials from the
first storage container and of the basic starting
material of the second storage container is advan-
tageously carried out at the start of the tubes-like
mixing device. The mixing of the two charges is carried
out by the advantageous fixed arrangement of mixing parts
ingide the tube-like mixing devics, su that the twd
storage containery are conveyed in the longitudinal
direction of the mixing device by the permanent stressing
with pressure by the supply ©f the startihg materiale
from these two storage containerse into the mixing device.
In thiﬁ cage the mixing parts cause dorresponding flow
turbulences, so that an effective mixing procedure is

producged inside the wmixing device.

In the case of an advantageous ewbodiment of the method
the mixing device is tempered higher &uxing'tha supply of
the respective starting materials from the two storage
containers than at ths ocutlet of the mixture of mateérials
from the mixing device, It is preferable for a first
portion of the mixing device to have an elevated tempera-
ture in the range of from 40 to 90°C, preferably between
59 and 80°C and in a particularly preferred manner
between 60 and 70°C., Thig temperature increase of the
mixing device and thus also of the wmixture of materials
of the starting waterials c¢onveyed therein results in a

more rapid reaction time of the cross-linking procedure.

In a second portion of the wixing device which is
arranged downgtream of the first portion with a higher
temperature in the longitudinal directiom of the mixing

device the mixed fire protection material ig cooled down
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to from 10 to 40°C, in particular to from 20 to 30°C, and
in a particularly preferred manner to from 20 to 259C.

It is advantageous for the temperature of the fire
protection wmaterial to be detected by means of suitable
gensors, preferably automatically, both in the first
Heating portion of the mixing device and in the second
cooling portien of the mixing device. In exceptional
cages, the automatic ré-adjustment of the temperature ig
possible in this way and can be get to the range capable

of being pre-determined.

Aftrer the wmixture of materdials in the nixing device hasg
cooled down, the wixture of flre protection materdials is
continuously de-gassed by rotation in a device acted upon
by a vacuum. It is preferable for this device acted upon
by & vacuum to be designed in the form of a vacuum fan,
Inside the device acted upon by a vacuum the mixture of
fire protection materials is continuocusly moved onto a
centrifuging plate which is arranged centrally and which
ig encleosed circumferentially by a sieve-like limiting
portiom. By the rotation of the centrifuging plate the
material présent on it is flung radially outwards and is
flung through the corregponding gleve-like pores of the
gieve-like limiting portion - which preferably has
openings in the order of wagnitude of from 5 to 500 um,
i particular in the order of from 25 to 100 pm - onte

the inner wall of the device acted upon by & vacuum.

It is preferable for a vacuun in the range of from 10 to
150 mbhar absoclute, and in particular in the range of from
50 to 90 mbar absolute, to be applied to the device acted

upen by a vacuum.

As a result of the radial flinging of the applied mixture
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of fire protection waterials onto the centrifuging plate

and as a result of the dssociated radial passage through

the sieve-like limiting portion, gas inclusions - such as
for example air bubbles or other gas bubbles - contained

in the mixture of fire protection material are advan-

tageously ranmoved.

In addition, it ig possible, during the continucus de-
gassing of the mixture of fire proteéction materiale in
the device acted upon by a vacuum, for additional
inorganic substances to be supplied which are preferably
selected from the group: plgmentg, metal oxides, mixed
oxides, carbon fibresg, ceramic fibres, glass fibres,
glass powder, wicro hollow glass spheres, sand, clay,
bentonite or a mixture therecof. In this way it is
pogsible te make the fire protection wmaterial according
to the inverntion coloured for example. The addition of
inorganic additives, preferably during or after the
continuwous de-gaseing, to the fire protection material is
preferably carried out in the range of fxom 0.01 to 10 %
by weight, In particular from 0.1 to 5 % by weight, with
respect to the overall mags of the fire protection
mixture. As a result of the addition of these inorganic
additives, the mechanical strength and the fire
registance of the hardened fiire protection part are ad-

vantageously significantly improved.

In gddition, the now de-gassed mixture of materialg is
conveyad by means of a further comveying device out of
the device acted upon [by al vacuum for px@cesging‘ A
processing of the de-gassed mixture of fire protection
material can be carried out in numerous ways. It iz ad-
vantageous for the fire protection material according to

the invention to have a processing time in the region of
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at: least two hourdg, preferably at least four hours, and
in a particularly preferred manner in the region of from

gix to twelve hours.

.The mixture of fire protection materials according to the
invention can be procdesged in Jdifferent ways. In the
gimplest case 1t ig pogsible for two room limiting fade
parts te be provided which are arranged parallel to each
other but are arranged at a digtaihce capable of being
pre-determined from each other and which thus span a
hollow space situated between thewm. This hollow space is
advantageously cloged circumferentially by suitable
gealing wmaterials, so that prefersbly at least orne
opening but preferably a plurality of openings which are
directed upwards arée provided. The £illing of the de-
gassed mixture of fire protection materials takes place
through these openings in the peripheral limiting. It is
gdvantageously poegible for plate-like and/or screw-like
means by which the £illing of the de-gassed mixture of
fire protection materials is facilitated to be previded
at the cerresponding epenings. In this way, 1t is
possible for example for a plate-like means arranged
obliguely to convey the de-gassed fire protection
material to be filled to at least one lateral face of the
room lLimiting face part boundingrthe hollow space. This
advantageously prevents the formation of bubbles during
the filling. After the filling of the hollow cavity is
compleéte, the corresponding Filling openings are sealed
off and cleosed. It is preferable for the cleosure of the
£illing openings to be carried out by means of at leagt
one rapidly hardening polymer which ls advantageocusly
made resgilient, such as for example a silicone. This is
advantageous since the filling openings are thus cloged

in a gealed manner, so that no f£ire protection massg can
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egcape. L1t is advantageous for the de-gassed fire

protection material to be filled in a bubble-free manner.

After that, there follews the hardening of the mixture of
fire protection materials, which is now situated between
the two roowm limiting face party, at an elevated tempera-
ture, preferably in the range of from 50 to 110°C and in
a particularly preferved manner in the range of from 65
to 95¢C. As a result of the final hardening of the
mixture of firve protection wmaterials, the fire protection
part ig formed, whiech ig arranged in a fixed manner,
between the room limiting face parts. In addition, it is
advantageous if, for hardening purposes, the fire
protection part ig hardened when mounted heorizontally.

In addition, i1t is poszible for the hardeming of the fire

protechion part to be capable of being carried out, as
well ag by means of temperature stressing by convection,
also by means of radiatien, for example by meansg of
infrared or microwave radiation. It is preferable for
the hardening to take place in a period of time of from
27 to 30 bours, and in a pa a

a period of from 22 to 26 hours.

Depending upon the uge of the fire protection part, it
can be arranged between transparent room limiting face

parts or even non-transparent room limiting face parts.

It is advantageous for the corresponding room limiting
face parts to be made transparent, for example of glass,
PVC, PMMA (Plexiglasg) or also non-transparvent, such as
for sxample from metal, plastics materials, plasterboard;
ceramic wnaterialsg, wood, stone, concrete or mineral

composite materials.



Furthermore, it would be additionally possible for the
hollow space spanned by the two room limiting face parts
to have, as well as the fire protection material, further
inorganic or ovganic materials, such as for example
mineral wool, as well. It would thus be possible for
organic or inorganic materials of this type to be
impregnated, sprayed, coated or mixed with the fire
protection material before the hardening, so as then to
introduce these inorganic and/or organic materials into
the ¢orresponding hollow space between the two room
limiting face parts and to harden them there. Thig is
advantageous if for example non-transparent fire

protection partg for example aré reghired.

hydroxide sclutiom in the second storage contalner, to
provide an alkall silicate selution. Advantageously the
reaction of the stabilized fire protection material from
the first storage container with the basic alkali
silicate or basically reacting alkali silicate of the

second storage container to be a reaction which requires
a molar ratio of silicon dloxide to alkali-metal oxide of
more than 4.5 : 1, in particular in the range of from 5

to 6 ¢ 1.

Further advantageous eunbodiments are evident from the

accompanying drawing. In the drawing

Figure 1 shows an apparatus according to the invention
for producing the fire protection part accord-

ing to the invention.

Figure 1 shows an apparatus 1 according to the invention

for producing a fire protection part according to the in-
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vention., A firgt gtorage container 2 is provided with
the starting materials silica sol, surfactants, polyol,
acid, corrosion protection material and distilled or de-
ionized water, a4 setting of the pH value of the aforesald
agueous solution being carried out by meansg of acids,
oxides and salts. It is advantageousg for the first
storage conitairer 2 to have a stirring apparatus 4, by
means of which the added raw materials can be constantly

mixed.

In addition, the apparatus 1 according to the invention
hag a second storage container 6 into which at least one
bagic starting material is capable of being introduced in
a. concentration capable of being pre-determined., In this
cage it ig advaritagecus for an alkaline agueous hydroxide
golution, preferably a potassium hydroxide solution, or

an agueocus alkalil gilicate solution to be introduced.

o

The two storage containers 2, 6 are permanently dopnected
to a respective conwveying device 8, 10, so thab the

gtarting materials introduced into the storage containers

Fadp i Ptk 44 . P
. & can be conveyed cub of thess

1S

It ig advantageous for the conveying devices 8, 10 to be
provided in the form of pump-like devices, for example in
the form of metering pumps. In this way, 1t is possible
for different guantities to be supplied out of the
gstorage containers 2, 6 of the mixing device 12 by weans
of the metering device 8 and the metering device 10.
Depending upon the production and the case of application
the corresponding line of the respective conveying
devices 8, 10 is capable of being pre-determined in a
variable manner. It is preferable for the two conveying
devices 8, 10 to be computer-controlled in an automatic

mannér and advantageously to have gultable flow measure-
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ment sensor arrvangéments.

The mixing device 12 of the present invention hag g first
portion 14 and a second porticn 16, a supply of the
gtarting materials from the first storage container 2 and
the second storage coptainer & belng contintously
supplied in the starting region 18 of the Ffirst portion
14 of theée tube-~like mixing device 12. On account of the
continusus re-conveying of the starting materials by
meane of the conveying devices 8 and 10 the supplied
material ig comveyed further inside the tube-like mixing
device 12 by being acted upon with pressure in the longi-
tudinal direction L. It is possible for the starting
materials to be spatially sepsrated out of the storage

containers 2, ¢ or to be already supplied as a mixture.

It is advantageous for the firvst portion 14 of the nixing
device 12 to have a temperature-increasing device, so
that the starting waterisals of the two storage containers
2, & conveyed inside the tube-like mixing device 12 are
mixed with ope another, for example by sultable static
mixing parts 17. It is preferable for the continuously
conveyed fire protection matérial to be tempered to g
range of from 40 to 809C, preferably to a range of from
B0 to TOeC and in a particilarly preferred manner Lo a
range of from 60 to 65°C, in the first portion 14 of the
mixing device 12. It is preferable for a suitable tenpe-
rature cdontrol to be carried out automatically by means
of sultable sensor arrvangements., The first portion 14

should thus be understood ag a heating portion.

In a second portion 16 of the mixing device 12 the
continuously conveyed fire protection material is cocled,

preferably to a range of from 15 to 20°C, The tempsera-
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ture iz also automatically monitored and possibly
corrected in the cooling portion 16 by wmeandg of sultable
gensor arrangements in a manner corresponding to the

heating portion 14.

The mixture of fire protection materials, which pre-
ferably has a processing temperature in the range of from
15 to Zp°¢, is supplied by way of a further corveying
line 20 to a device 22 which is acted upon by a vacuum
and i& preferably designed at the bottom in the form of a
furmel and which is continuously acted upon by a vacuun

with a vacuum pump 24.

It is advantageous for further prefeérably mineral fillers
or additived, such as for examnple plgments, £t be able to

be added to the mixture of fire protection meterials in

3

5

the device 22 acted upon by a vacuum. A mixing is
carried ocut by wmeans of conventional stirring or wmixing

tools.

After the de-gassing of the mixture of materials the
latter is removed frowm the device 22 which iz preferably
in the form of a funnel and which ig acted upon by a
vacuum and it is processed by means of a metering device
26, Two‘roém limiting face parts 28, 30 arranged at a
distance from each other span a hollow spacde 32 which is
filled with fire protection material according to the in-
vention by the metering device 26. After the filling is
complets the f£illing opening 34 is closed. In order to
harden the fire protection part 35 the resulting
composite element 36 is preferably rotated about 90° and

is mounted horizontally at elevated temperature.

The following embodiments serve for explanation bubt arve
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not. limited thereto:

Bxample 1

),

Provision of 1,114.8 kg of a 50 % silica sol solution in
a first storage container, where 78 kg of anhydrous
glycerol, 4.8 kg of acrylic acid; 1.2 kg of borax and 1.2
kg of & surfactant mixture of anicnic and cationic
surfactants is added by constant stirring. The fire
protection material from thig first storage container 2
is added by means of a conveying device 8, for eéxample a
metering pump which is capeble of being set to a

conveying quantity of 338 litres per hour.

1,200 kg of a B0 ¥ KOH mixture are provided inm a second

cond conveying device 10, fox

v

shorage container 6. A s

example degdigned in the form of a metering pump, is set

to a conveyving volume of 112 lifres per hour.

A first portion 14 of the mixing device 12, which is pre-
ferably designed in the form of & static mixer, is pre-

heated to 70°C and a second portion 16 of the mixing
device 12 is tempered to 209C. In this way, a tempera-

ture gradient i1g formed inside the wixing device 12,

In addition, a device 22 acted upon by a vacuum is acted

upon with approximately from 50 to 100 wbar asbsolute by a

vacuum pump 24 .

When all thege prepared items have been dealt with, the
conveying devices 8 and 10 as well as the conveying

device 26 are started.

In this example two room limiting face parts 28 and 30,
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in this c¢age high-grade steel plites, with a thicknegs of
1 wm and a gsize of 1.2 m x 0.8 w in each cass ars
arranged in such a way that a hollow space 32 of approxi-
mately & mm situated between these two high-grade steel
plates 1is formed. After this hollow space 32 has been
sealed off Gixaumﬁerentially; it 1g then filled with the
mixture of fire protection material formed and is
hardened in & horizontal orientation at 85°C for 24 hours
in & heating cabinmet. Ag & result of the harvdeninhg, a
compositeé element 36 comprising the fire protection part
3% and the two room limiting face parts 28, 30 is

produced.

After the hardening thig composite element 36 compriging
the high-grade steel plates and the hardened fire
protection part 35 wasg installed in a furnace and was
tested for fire vesista
Regulation DIN 1363. Amazingly, it is found that the
gomposite element withstands this gtandard for 42 minutes
and can thus be used as a fire protection element of

class DIN, EI, BY.

In ancther experimént two room limiting face parts 28, 30
of glass, in this case float glass plates, were filled
and hardened in accordance with the method described
above. After that an ageing test in accordance with EN
I80 12543-4 was undergone with respect to temperature,
molsture and UV radiation. No negative effects in the
form of white gpots were found, which are caused by
corrogion orn the glass face and which are known Erom the
prior art. In addition, no turbidity of the fire

protection part ag a result of ageing was evident,

After this ageing test the composite element 36 produced
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was installed in a Ffurnace and was tested for fire
resigtance in accordance with the Regulation DIN 1363.
It wag found that the composite element withstands this
gtandard for 36 minutesg and can thus be used as a fire

protection element of clasg DIN, EI, BS.

Example 2

1,114.8 kg of a 50 % silica gol solution are introduced
inte a Lirst storage container 2, and 78 kg of anhydrous
glycerol, 4.8 kg of acrylie acid, 1.2 kg of borax and 1.2
kg of a surfactant mixture comprising anionic and
cationic surfactants are supplied and thoroughly mixed
with constant stirring by a stirring tool. The conveying
devige 8§, which in this case ig again designed in the
form of a metering pump, is get to a conveying volume of

195 litres per hout,

1,200 kg of a potassium silicate solution are introduced
into the second gtordage container €, the second conveying
device 10 being set to a conveying volumeé of 255 litres

per hour,

The mixing device 12 has a first portion 14 which is pre-
tempered Lo 70°C and a gecond portion 16 which is pre-
tempered to 20°C. The device 22 provided for the further
course of the conveying and acted upon by & vaguum ig
acted upon by a vacuum in the range of from 50 mbar to

100 wbar absolute by way of a vacuum pump 24.

after that, the conveying devices 8, 10 as well as 26 are
started. In this example two room limiting face parts 28
and 30, in thig case high-grade steel platesn, with a

thickness of 1 mm and a size of 1.2 m % 0.8 m in each
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case are arranged in such a way that a hollow space 32 of
5 mm which is situated between them and which is pre-
ferably sealed off circumferentially apart from an
opening directed upwards is formed. This hollow space 32
is then filled with the ready fire protection material
and is hardened in a level / horizontal orientation at

85°C for 24 hours in a heating cabinet,

After the hardening a composite element 36 comprising the
fire protection part 35 ag well ag the two rvoom limiting
fage parts 28, 30 which are designed in this case in the
form of the two high-grade steel plates ig formed. The
composite element 36 is installed in a furnace and is
tested for fire resistance in accordance with the
Regulation DIN 1363. It is found that the composite
elament withstands this standard for 41 minutes and can
thusg be used as a fire protection element of class DIN,

EI, BS.

In addition, instead of the two high-grade steel plates,
glass plates, such as for example float glass plates,
were used and were filled and hardened ag described above,
after that the composite elemernt 36 wag subjected to an
ageing test in accordance with EN IS0 12543-~4 with
regpect to temperature, molsture and UV radiation. No
changes - caused by corrogionr - to the glasg surfacde in
the form of white spots were found, as are known from the
pricr art. In addition, a lashting transparency of the
fire protection part asg a result of the ageing was
evident. After this ageing test the composite element 36
produced was installed in a furnace and was tested for
five resistance in accordance with the Regulation DIN
1363, It was found that the composite elemaént withstands

thig standard for 37 minutes and can thus be used as a
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fire protection device of class DIN, EI, BS.

The flow rates of the metering pumps are not of course
limited to the values specified, but can also be capable
of being set in a varidble wanney. It is advantageous
for the metering pumps to have conmveying rates in the
varge of from 150 to 300 1 and preferably in the range of

from 190 to 260 1.

In addition, it ig possible for two mixing devices to be

provided, in which case a first mixing device is used for
heating the fire protection material and a second mixing

device is used for cooling the fire protection material.

It is advantageocus for the two mixing devices to be

permanently joined to each other.

In addition, it is advantageous for a plurality of valves,
which are capable of being regulated and closed manually

or automatically, to be attached to the supply lines.

The Applicants reserve the right to c¢laim all the
features disclosed irn the application documents as being
egsential to the invention, insofar as they are novel
either individually or in combination as compared with

the prior art.
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List of References

apparatus

first storage container

gtirring apparatus

gsecond storage container

conveying device / metering device
conveving device / metéring device
mixing device

first portien

second portion / cooling portion
starting region

device

VECWAN pump

metering devide

first room linmiting face part
gevond room limiting face part
hellow spaceé

filling opening

fire protection part

composite element

lomgitudinal direction
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Claims

A fire protection part (3%) of plamar-like design
which is conrected to at least one room limiting face
part (28), wherein the fire protection part (35] is
formed from fire protection material based upon an
inorganic sol and the composition of the fire
protection waterial comprises the following:

- 25 to 70 % by weight of 810, {solid content)

- 0.05 to 10 % by weight of surfactants

- 0.01 to 25 % by weilght of polyol

- 9.05 o 2 % by weldght of alkali-nietal oxide

- 0.05 to 20 % by welght of acid

- 0.01 to 10 % by weight of corrosion protection

material

- digtilled or de-ionized water,
wherein the composition of the fire protection
material is capable of being poured during the
producdtion and is capable of being hardened by the

addition of & bhase.

A fire protection part according te claim 1, characs-
terized in that before the addition of the base theé

composition of the fire protection material has a pH
value in the range of from 2 to 7, preferably in the

range of from 3 to 5,

A fire protection part according to claims 1 and 2,
characterized in that the corrosion protection
material hag a composition wherein at least one or

more elements are from the group of transitionm metals,
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non-metals, semi-metals or wetals, in particular zing,
zircomium, tin, boron, phosphorus, aluminium, and the
corrogsion protection materiald is present in the form

of an oxide and/or in the form of & salb.

A fire protection part according to claim 1, charac-
terized in that the acid iz selected from the group

of hydrochloric acid; sulphuric acid, nitrdc acid,
phosphoric acid, boric acid, agetic acid, formic acid,
formic acid amide, methacrylic acid, methacrylic acid
alkylester, malelc acid and/or acrylic acid or a

mixture therveof.

A Lirve protection part according to <¢laim 4, chazac-
terized in that from 0.05 to 20 % by weight, pre-

ferably from 0.1 to 10 % by weight, atd in & particu-
larly preferred manner from 0.1 tc 5 % by weight, of

acid relative tg the overall mass is contained.

A fire protection piart addording te claim 1, charac-
terized in that the surfactantsg are made anionic,

gationic and/or smphoteric.

A fire protection part according to claim 6, characg-
terized in that from 0.05 to 10 % by welight, pre-

ferably from 0.1 to 5 % by weight, and in a particu-
larly preferred manner from 0.1 to 2 % by weight, of

surfactants relative to the overall mass 1s contained.

A one-gtage, continuous method of producing a fire
protection part (35), comprising the following steps:
- provigsion of two storage containers (2, 6},
wherein a first storage contaimer (2) is

provided with the starting materials of the
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fire protéction composition
e 25 to 70 % by weight of 810, (selid content)
e 0.05 to 10 % by weight of surfactants
0.1 te 25 % by welght of polyoel
s (.05 te 2 % by weicght of alkali-metal oxide
0.05 to 20 % by weight of acid
0,01 to 10 % by welght of corrosion
protection material
o digtilled or de-ionized water,
and these are mixed in the first storage con-
tainer (2) and a gecond storage container (6)
is provided with a basic sbarting material;
provision of two conveying devices (8, 10) for
the conveying of the starting materials from
the regpective sgtovages tontainer {2, 6} into a

mixing device (12), wherein the massg of

b
[

starting materdals supplisd to the nixing
devide (12} is capable of being pre-determined;
misxing the starting materials from the two
storage containers (2, 6) to form a mixture of
matérials im the wmixing device (12];

gontinuous de-gassing of Lk
materials By rotation in a device (22) acted
upon with a vacuul;

conveying the deé-gassed mixture of materials by
means of a further comveying deviece (26) to the
processing;

processing the de-gassed wixture of materials
in that the mixture of materials is filled into
a hollow space (32) which is spanned by two
plate-like room limiting face parts (28, 30)
arranged substantiaslly parallel to each other,

wherein the two room limiting face partsg (28,

MCSLLP
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30) are sealed off circumferentially apart from
an upwardly directed opening (34) for filling
the spanned hollow space (32), and

- hardening the mixture of materials at an
elevated tempergture in the range of from 55 to

950C.

A method of produging & fire protection part accord-
ing to claim 8, charactéerized in that the mixing
device (12} ie tempered higher during the supply of
the starting materials from the two storage con-
tainers (2, €) than at the outlet of the mixture of

materials frowm the mixing device (123 .

& method of producing a fire protection part accord-
ing to claims 8 and 9, characterized in that during
the supply of the starting materials from the two
storage containers (2, 6) the mixing device (12} is
set at a temperature of frow 40 to 80°C, preferably
to from 50 to 70°C and in a particularly preferred

manrnai® to £rom 60 to 65°C.

A method of producing a fire protection part accord-
irg to claims § to 10, chatratterized in that the tem-
perature of the mixture of materiale decreases in the
longitudinal dirvection (L) dinside the mixing device

(12).

A method of producing a fire protection part accord-
ing to claims 8 te 11, characterized in that during
the continuous de-gassing inorganic substances are
supplied which are preferably selected from the group
of pigments, metal oxides, mixed oxides, carbon

fibresg, cervamic fibreg, glass fibres, glags powder,
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micro hollow glass spheres, sand, c¢lay, bentonite or

a mixture thereof.

A method of producing a fire protection part accord-
ing to claims 8to 11, characterized in that the
hardening of the fire protection part (35) is carried
out by means of temperature, preferably by means of
comvection, or radiation, preferably by means of
infrared radiation or microwave radiation, in a range

of from 20to 30h, preferably in a range of from 22

to 26 h.

Use of a fire protection part (35) according to any

of the claimg 1 - 7 between transparent room limiting

face parts.

Use of a fire protection part (33) according to any

of the claims 1 - 7 between non-transparent room

limiting face parts.



