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MINERAL FOAM AND METHOD FOR TS PRODUCTION
Desoription

[0O0Y] The invention relates to a formulation for producing a flameratardant minaral foam
comprising a calcium sulphate aluminals cement, a sulfals compoenent, an aluminium silicate
and g calolum oxide-providing component, & porous minera! fogm comprising & hydraulic
setting component and & foam component, 3 structural slement with 8 having a structural
slement body, and & method for the production of a self-curing mineral foam, acconding to
which, in order fo produce a formulation powdered components are mixed together i g firgt
mixing ssction o form a bateh, and waler is added o this bateh to form a shury.

[0 Structural elements made of mineral foams for various uses arg known from the prior
art, For example, mineral foams are used in the thermal insulation of buildings. Many thee
el insulation approaches per se arg known in an enormaous varisty of forms from the prior
art. Essantially, 2 distinction can be made betwean inorganically basad and organically ba-
sed insudation materigls. A common feature of both types is that sssentislly an altemptis
mads 1o reduce the conduction of heat through the insulstion material by creating the grea-
tast possible pore volume. Crganicadly bassd insulation materials have the advantage over
norganically based insulating materialy in that they generally have a much lower densily and

are sasier o manufaciure in process sngingering amms,

00031 However, mineral insulating materials with low density are also already known from
the prior art. Thus, for example a method for producing a heat insulating material made of
guartz four with & spacific surface according to BET of at least sbout 3 g, oaloium hydro-
side, water, foam and g resclive fast-setling cement containing aluminates, in which the
thermal insulation material has a bulk density less than 350 kg/m™is known from EP 0 828
23 A1 In this provess, & pourable crude batoh is produced from the raw materials and pou-
red it moulds. The crude bateh is produced with 3 weight ratio of water/solid (without fo-
amy of at jeast about 1,25 to about 1.85 depending on the total surface area of the solids,

and an essentially stoichiometric amount of caloium hydroxide with a surface area of at least



about 15 m%’g acowrding o BET based on the practically complete conversion of the guariy
powder and the reactive aluminatas. The blanks are powed inko moulds, and after sufficient
solidification they are demowlded aparnt from 8 mould bottom and ars sutocleved on the
mauld base. A swrfactant or protein foam is used as the foam.

[0004] But besides density, the fire retardant propertiss of an insulation matenad ars also

impartant regarding its suitability for use ag an insulsting material in the bullding indusiry.

{0008] A mathod for producing lightweight foam concrete bodies is known from DE 26 17
1583 Bi. In this method, two different masses, of which one consists of a hydraulie, quick-
setliing cemant mass in the form of 8 fine dry powder and the other consists of a propeliant
and aqueous foamed liquid containing g selling inhibitor, are introduced separately and con-
tnususty at defined flow speeds into a continususly stitred vassel, the foamed cement slurry
formed thereby is continuously discharged fromm the vessel before the fosmed cement slurry
hreging to sed, and the foamad slurry is then poured into 8 mould fo produce cazlings. & bine
der mixture ponsisting of 100 parts ?{}ﬁiand cament, 25 parts alumina cement, 42 parts sils

ca and & parts of calotum hydroside may be ussd.

{0006] The object of the present invention is to provide 3 mineral insulating material, which
hasg low tare weight and good fire retardant properties.

[0007] This objsct of the invention is solved, independantly in sach case, with the formulath
on babween desoribed i the inttodustion, inwhich the calciume-sulfate-aluminate cemant is
present in a proportion chosen from & range betwesn 55 parts by weight and 85 parts by
weight, the sulfale component is present in & proportion with a sulfate content betwesn 5
parts by weight betwesn and 15 parts by weight, the aluminium silicate is present in a pro-
portion with an ALy nontent batwesn 3 parls by weight and 30 parls by weight, and the cal
citim oxidesproviding component is present in a proportion with a 0a0 content between 0.8
parts by weight and 2 parls by weight, with a minsral foam that is produced from said formu-

fation, with 8 structural sloment containing the mineral foam, and with the method dascribed
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pravinusly, sccording toowhich the formulation is mixed i the composition agcording o the
invention and addsd to the slurry 1 3 second mbing saction, and the mineral foam & then

hardanad.

{0008 With the new formulation, 8 miners! foam with flame-retardant affect and firs pravern-
tion properties up to st east 1000 °C gan be producsd with the method. Moreover, # allows
& possible further advantage in that the mingral foam gan be produced without the need for
autockving, so that the method may be simplified and costs reducsd, The use of the calgi-
ur-sulfate-aluminate cement yislds a fudhsr advantage o the effect that the mingral foam
does not shrink significantly, I at afl, during hardening. Congequantly, the minsral foam
andfor structural slements including or consisting thereof are more sasily producible sincg 8
shrinkage factor dosgs not have to be taken indo socount.

(00091 The proportion of calciun-sulfata-aluminate cament in the formulation is preferably
at least 80 parts by weight, particulady at least 70 parts by weight, thus making } possible to

improvs the menhanical and insulaling properties still further,

{0010} The sulfate component is preferably chosen from a group comprising caloium sulfa-
e, o- or §- bamihydeate or dihwdrate of caloium sulfate, anhydrite, sodiu sulfate, ron (0
sulfate, magnesium sulfate and mixtures and derivatives thereof. Consequently, hydrats
phases e produced while the insulation matedal is hardaning, and these undergo a phase

frangformation over ime which render the material harder still,

00417 Das sluminium silicate is preferably an slkali-activatable aluminium silicate, particu-
arly an igneous aluminium silicate, preferably basall, pitchstong, obsidian, phonolte, andéor
mgtakachn, and mixtures and derivatives thereof. This makes # possible to positively in-
fluencs the solidification behaviour and selling time. For example, € may be used to adjust
the setling time of the slurry in order to rduce the rsk that the foam added will collapse and
a0 lowsr the porosity of the ingulation material In this way, therefore, procsssing may be
made gasier.



(00421 With a view o further improvement, a basall is preferably used that containg zeolite
andior a pozzolan. In this context, the zeclite andfor pozzolan content may be up to 40% by
wat., particudarly up to 30% by wgt.. This serves to render the aluminium siliceta mome
readity atkall-golivatable. In addiion, padicularly the reolils hag an enhangcing effect with
regand to the firg-resistant propartiss of the mingeal foam.

{00131 In a prefarrad variant thersol, the aluminium silicats i1s used in calcined form, which

hadps to improve g reactivity and thus also the seiting behaviour of the slurny/foam midure.

{00141 The calolum oxide-providing component is preferably chosen from 3 group compri-
sing calciim oxide, calsiur sarbonate and calolum hydroxide, and mixtures thersof, in which
case caloium hydroxide is padicularly praferrad due o 8 deacidifving effect. This enables

the swelling behaviow of the formulation ko be improved.

{0018] The formulation may fuither include at least one high-performance plasticiser inor-
der to influencs the rhegdngical behaviour of the slurry produced fram the formulation,
whereln the proportion is fimited 1o 8 maxdimum of 3 parts by weight, The high-petformance
plagticisar is & polycarboxylale eiher or dervative thereof, to enable the water content in the
slurry to be reduced, since water fram the foam component that is added to the slurty is also

intraducead into the systam that s available for setling the mineral foam.

[0048] U is further possible that at least one thickening agsnt may be added to the formula-
tion i & proportion not exceeding 0.8 pards by weight to slabilised the slurry and thus impro-
ve the processability of the slurry. The thickening sgent is preferably added in a proportion
not excesding 0.25 parts by weight, paricularly not excseding 0.02 betwesn parls by weight.
The thickening agent is chosen from & group comprising hydraxymethylpropyleetiidose, me-
thyihydrsvathyiosliutoss and mbdures and derivatives thersof, becauss i was found during
the tasts conducted i gssoaation with the wverntion that these thickening agents affer -



proved proplies for progessing purposes, such as sheology, dispersion of solids or watsy re-
guitrameant and water ratention capacily

{O17] With regard {o the processabifity of the sdurvy, i wag also fund that inmprovementa
are achipvad if the thickening sgent content is not more than 70% of the highe-perormanae

plashoissr content,

(00181 s advantageous I the formulation {and thus also the miners! foam) containg no
fibres, sincs this enables construction of morae homogeneous foam hodies and helps 1 pra-
vant any diractionad dependanay of the mineral foam propering more effectively. & side
affact of this is that production of the mineral foam s also simplified sincs no snvironmentally
redated resitictions ars snoountersd during production of the mingrs! foam due to fibres. In
thaory, howsver, it is pussible for fibres 1 be added.

[0018] Al least one substance from a group comprising atkall carbonates, alkah sulfates,

fruit acids may be added o the wmulation as relardse, e example, o mprovs s rhealogy.

{GO20] In order to reduce the proportion of sorption moistire in the finished mineral foam
and thus also improve heat nsulation (A valug), itmay be providad that at least ong hydro-
ghobing agent is added, particularly for the purposs of mass hydrophobing the formudation,
The proportion of hydrophobing agent in the Tormulation may be a5 much as 3 parts by
weight, praferably up to 1 part by waight

[B021] According &y another variant of the fermulation, it may be provided that itis free from
helwaen aggregatss, Le. fres from fillers, that is say # containg no non-reactive components,
which helps o lowsy the density of the mingeal Toam further,

{00221 The foam component is preferably formed by a protein foam andior & surfactant fo-
am for producing the mingral foam. This makes # sasier to control the foaming behaviour

than in the dirget foaming method with a propeliant. it may be used in particular to influence
g



the pore size and pore distribution, making # possible to adjust the thermal conductivity va-
jue and sound absorplion capability of the mineral foam as wall as the flame relardant behae
viowr more sffectively.

{00231 Freforably batwesn 30 and 80 parts foam componeant, particularly between 40 and
50 parts fosm companant arg contained for gach part formulation, so that greabsr porosity of
the mineral foam can be achieved, and in turn the density of the minsral foam can be

lowsred without luss of the good flams resistance properties.

[0024] In order to stabilise the foam while the formulation with water is being mixed into the
shurry, at Isast one surface~-active (boundary surface-active] agent may be added to the fo-
am component, wherein the surface-active agent is chosen from a group comprising fatly
acids and alky! sulfonstes as well as derivatives and mintures thereof, since an improvemant

iy stabihsation of the foam was ohserved with thess substances,

002581 U is alsw pussible for the foam componant to conlain 8 vegetable prolsin as 8 cross-
inking agent, said crosslinking agent preferably being in 8 propuortion between 1% and 3%,
partioutardy in & propotion bebween 1.2% and 2.3% of the weight of the hydraulic setting
componsnt cortainad on the minaral faam. in this way, formation of the mineral foam may
be improved, pariculardy scoslersted, wharein the stability of the foam fonmead may be i

proved during the selting of the hydraulic bindse

{00281 According 1o g proferred variant, the mingral foam has porosity of at least 70%, par
ticularly betwaan 80% and 858%. This high proportion of pores not only serves 1o improve the
insulation behaviowr per g, bud also makes { possible oblain g owse density of the minseal

foam,

[0027] The pores preferably have g diamster of 0.5 mm at mast, particular Q.25 mm at most

and 0.1 mm at most, firstly in order {0 achieve positive insulating behaviour and sscondly 1o



improve the mechanical stabifity of the finlshed mineral foam. In particular, hest loss dus fo

tryeral condictivity can be minimised by keeping the pares as small as possible,

{0028} EiA further improverment in the thermal praparties of the minaral foam may be achie-
ved if IR-opacifying sgents, e.g., infrared-aotive oxides or sarbides such as SIC, or C are
added to the foam. The proportion of IR-opacifying agents may be up to 5 parts by weight.

This also Meps to raduce heat foss due to heat radiation,

10029] Air-entraining agants such as alkylpolygives! ethers, alky! sulfates or -sutfonates,
may also he added o the foam componerd o improve the stability of foam, as well as other
functions,

[0030] Himay be providaed that the foam component is reacted with water and optionally with
processing agerds in g foam generator before it is added o the shunry, thereby mproving the
s processabifly, particularly the stability of the foam while s being mixed with the slurry.
For this purpose, a foam generator may be arranged inside the apparatus in onder to foam
the foam companend, in which a protein reacted with water is feamed with & gas, particularly
&

[0031] For the purposes of better understanding, the invention will now be sxplainad in gre-
ater detail with reference to the following figure.

{0033] The fHgure shows, in diagramatically simpiifind form:
Fig. 1 a devics fue produsing a self-hardening mineral foam,
f0033] Atthe outsel, it should be noted that the positionad indications in the description, &.g.

top, bottom, side ste relate to the figurs that is specificlly gshown and desoribad, and i the
position is changed they must be ransferred scoordingly to the new position,



{0034] Fig. 1 shows g preforred apparatus 1 for producing 8 saibouring, frs-retarding mine-
ral foam 2.

I0G38] The term mineral foam 2 is understood o mean 8 porous construction material thal
is produced with & hydraulisoh setting binder. it preferably containg mainly minaral compo-

nands, although processing additives may also be organic in nalure,

[0038] One of the most important sdvantages of the invention consials i that mineral foam
2 does not have to be autociaved, o is known from the prior arl. For this purpose, st the
haart of the invention, device 1 has 3 first mixing section 8, and a second mixing section 4
arrangad dowastresm therafrom in the diraction of production. in first mixing sestion 3, &
farmulation for the production of mineral foam ¢ made from powdersd somponants which
can be stockpiled in storage containers § for example, & transportad viz s conveyor §, a
soraw cotveyer for example, Io first miking section 3, with the addition of waler in the dives
tion of grrow 7 to make 8 slurry, that is {o say 2 mixturg of the solid componants and water,
Normial tap water is usually used as the waler, sithough of course also distilled o defonised
or purified water may also b ussd. Qptionadly, other additives may als be introduced nto the
first mbting ssction 2 for blending with the powdered ingradients, as indicatsd by 2 dashed
arrow B in Fig. 1, wherehy at least some of the additives may also be added in liquid or dis-
parsad form.

{00371 | i possibde for the powdersd components to be blanded before the waler s added
as indicated with arrow 7, which is to say that these additives and sxeipients ars added o

the main components of the formulation for the production of mineral foam 2 betore the wa-

advanog,

[0038] Mixing section 3 is designed as a paddie mixer or plough blade mixer, although othey

mixer lypes, such asg free-fall mixers, may be used. However, the sdvantage of the mixer
8



types mertionad Hrst is that bess walsr has o be added o them — the aim is 1o uge as little
water as possible - and that the energy consumption perm® shury is relatively fow. Morao.
ver, the rsk that the mixer may be cloggad by thess rounded shapes may be reducsd. I
particular, this modng section 8 may have three mixing apparatuses 9, which ars aranged
or & mixing section shaft 10 with radial distance therebetween. I this context, betwesn 3
and 30 mixiing apparatuses 9 may be aranged in mixing section 3. In pardicular, mixing sse-
tion shaft 10 s driven at g different spesd from that of conveyor &

{0038 Subsaquently, a profein foam andfor surfactant foam which is produced in a foam
generator 11 is added o this slurry as the foaming componant. Thus, mineral foam 2, Le.,
the formulation for mineeat foam &, & notfoamsd directly according to the invention, instead
poras are formed in minsyal foam 2 by adding an own foam. For this purpose, & protein foam
and/or a surfactant foam is used as the foam componant. 18 as 3 protein, which can be kapt
in stock in & corresponding reservolr 13, Is an animal or @ vagetable protedn or batehs theye-
of may be used. In particular, as a keratln protein 12, preferably a hydrolvaad keratin, ars
used, which is preferably resistant 1o allkadl. The protein can be used in an amount of up o
1h parts by weight, espacially up o 10 parts by weight,

{0401 In tun, water, particulady distiled or purified water, s added to this profein 12 as
indicated by arrow 14, and the prolein fosm s oreated in the foam generator 11 by blowing

iy @iy the dirention indicated by arrow 18,

{0041} s iz shown by the hatchad asrea of foam generator 11 in Fig. 1, provessing additives
may also be added to said fosm componerd, for sxample from a storage container 18, in
whinh case it is slzo possible for these sdditives 1o be mixed in advancs § multiple proces-
ging additives are to be addad at s paint.

100421 In general § should be noted thet thess processing additives can be added as adds

fivas 1o the foam componant as & powder or in dissolved or dispersed fom.

7wy



{0043] The finished foam component is then added as indicatad by arrow 17 to the shurey
amerging from firgd mixing section 8 as indicated by arrow 18, wherain the addition {gkes
place iy second mixing section 4 or praferably hefore the second mixing section 4. For this
purpose thiz mixing section 4 may be precaded by a conveyor 19 such a3 8 508w COMVEYor,
although in this case it iz possibls for the foam o be ntroduced indo comvayor 18 firsd, so that
it is al lsast approvimately completely filled therewith, and the slurry iz added to the foam
afterwards, particularly o incremants, wherain g plurality of fased openings for the slumry info
gonveyor 18 may be pressnt. Alternatively or additionally, however, it is also possible for the

shurry only 1o be mived with the foam ones i s in second miing saction.

{0044] Second mixing section € iz parlicularly reslised as a paddle, swrew, helix agitater or
gtatic mixsr, or in the form of a combination of one or mors of these mixer ypes,

[0048] In the context of the invention, s it possible for the two mixing sections 3, 4 to be

combined into a singls mixar, in which case they arae still separated from sach other, Le. con-
figured ana afler the ofher in this ks

[0046] The further oplion exists sceording to which the first andior secand mixing sections
3.4 consists of a separate conveyor device 8 and 18 and 3 separate mixer, wharein the ge-

paration may slso be configursd such at they have separate drive systems o enable diffe-

rend ratating speeds angd therswith improvad miking resull for minimal energy consumption,

00477 Next, the finished mixture of slurry and foam componsnt is transpotied out of secongd
mixing section 4 vig 9 corresponding corveyor device 20 and ¢an be poured inlo & cormas-

ponding to allow self-curing of the mineral foam € as the corrssponding chamical regctions

1



[O048] 1t should be noted that the mineral foam 2 according o the invantion may be pro-

ducsd in panel Torm for sxampls, for subseguent mounting on structurs! slements such as

mple to be af loast partially filled with the mixture, so that in this way structural slements
which are insulated in and of themselves, for example bricks or stones provided with a ther-
mial insulation may be preparsd. But therg are also otlter possibile forms of the minerad fown
2, such as stones, plumbing stements, elerments in the floor area, in floor heating systems
for exarmple. in particulyr, minerad foam 2 s used as a fire-ratardant buliding material, which
also has appropriate thermal insulation properties. Slones fur chimney building may be ma-
nufactured with it Likewiss, filling materials for structural elements whoss primary purpose 18

nat thermad insulation byt rather Hame resistance are aiso possible.

00481 Although not shown in Fig. 1 provision s still made within the scope of the invention
for snsuring the presence of corresponding reguiation and/or controd istrumentation andfor
measuring egquipment inside device 1, and operating said regulation andfor cantrol instru-

mentation andfor measuring squipment, also with computstised support, of course,

[0080] EThe further opbon exists fo use other gases such as Ny, COy, slo instead of air to
produce the foam. And yet another aption axists, according to which a particularly alkaling
propedent & added o the protein so that & separale gas doss not need 1o be added in order

to foam the protein, or the amound of gas may be reduced.

[0081] The foam component praferably also comprises at least one crosslinking agent,
which in particular i formed by & vegelabls protedn, such as transgliutaminase, when the

foam component is formed by & protein fosm.

[0082] I should be noted at this point that the chosen number of mixing apparatuses 9 in
the first mixing section 3 with the design ag described previously offers advantages with re-
gard to the product propadisy of minerad foam 2. Itis true that a mingral foam 2, thatis to

say a siurry, can alko be prepared with 2 smaller or larger number of mixing rads 8, but
11



during the testing associated with the invention it was foured that the product propectiss of
mingral foam 2 are improved with a numbse of mixing spparatuses @ from the specified ran-
ge. In this context # showld further be noted that the number of mixing spparatuses 9 is rela-
fed fo & cadain size of device 1, that is o say a cerlain volume discharge rate of mingral fo-
am 2, which may be as much as 50 mh. | is therefore possible. though not tested, that a
number of mixing apparatusss B differing from the specified number may be advamtageous
in a different configuration of system 1,

[0883] Hwas also found within the scope of the invention that o ciroumferential speed cho-
zen from 8 range with a lower limit of 4 mfs, particutarly 5.5 mids, and an upper limit of 12
s, particularly 11 s, at which the mixing ssotion shalt 10 of mixing section 3 is driven,
sified production volume. In particudar, s advantagesus If & numbsr of 18 mixing apparatis-
ses § are connscted for a circumfarential speed of 8 nifs and a number of 4 mixing appara-
whargin these values are to be widsrstood to repregent the wwer and upper lmits of & rangs
of the number of mixing apparatuses § with regard o the clrournfsrential spesd of mining
section shaft 10,

{0841 In this context, § should be noded agaln that particudarly for ths first mixing section 3,
but for the second a mixing section 4 as well, combinations of various types of mixing appa-
rafuses ¥ may be used, for example five stator rods and four paddle bars as the rolor. In ge-

neral, 8 combination of stator and rotor bars s used in miking sections 3, 4

{B088] For a product stream between & kgimin, particularly 15 kg/min, and 50 kgfmin, part-
cutarhy 38 kgdmin, of the powder components for production of the slurry, & volus of water
bebveean 150 Uh, particularhy 300 Fhoand 1004 U, particularly 500 ¥h, is fed to the first mixing
ssction 3 In this context, 3 correlation was again ohesrved bebwsen the number of mixing
apparatuses B in first mixing section 3 regarding the product properties of mineral foam 2. it

i particularly advantageous 8 volume flow of 250 Uh water s added 1o the powdered ¢om-
12



somponents of the forrmulation for produding the slury when 8§ mining apparatuses 9 are
usad, and volume flow of 800 Vh walsr i added when 18 mixing apparatusss B are used,
whersin thase values are also to be trested ax the lower and upper limits of & rangs for the

number of miging apparatuses with reference o the volume How of water,

{00561 Hig advantageous for the addition of water to the powderad components in the first
mixing section 3 # the water is supplied in distributed mannegr, via mulliple areas of mixing
ssction 3, in paricular via spray jets. For gxample, spray jels may be arranged arcund the

grniphery of the first section 3 batwean 2 and 10, sspacially between 3 ang 8.
¥ .

JO087] Preferably betwesn 30 and 80 percent by volume of the foam component, particu
larly between 40 and 50 parcant by volume of the foam component par quantity share of the
powder formuiaton is delivered from foam generator 11 to the second mixing senlion 4. For

100 g powder formudaton, b g to 10 g feam component is added.

{GO88] The foam component preferably has a density zelectad from a range with kowear lindt
of 35 kg/m® and an upper fimit of 80 kgfim®.

{0058 The penpheral speed al which the second miing saction 4 is operated b preferably
it the above-spaified production volums is lowsr than that of the first mixing section 3 with
regard to the volume flow of gdded foam component . The mixing apparatuses of the second
mixing section € are arrgngad such that the slurry and the foam component are mixed ho-

mrogenecus in miking section 4, and the fosm componsal is gently mied with the shary.

[O080] With the aid of device 1 according o the invention and using the mathod according
fo the invention # is possils to produce g minseal foam 2 that has 8 density of max, 300
kgfm®, particularly a density between 100 ka/m™ and 250 kg/m®. In this context, this value
refars to the completely dried minaral foam 2. The density may also be adjusted for example
via the densities of the slurry and the foam component.

ey
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[0061] The formulation from which the slurry is produded in the first mixing section 3 con-
sists in #s simplest form of 8 cabbium-suliate-alumingte cemant (CAR, sulfosiurminale oe-
ment, 40a0.38L0L.80;), a sulfate comprnsnt, an aluminium slicate and & caloium oxide-
providing componsnt. The caloium-sulfste-aluminate ssynent is containgd in the formulation
i & proportion selected it & range from 55 parts by weight 1o 88 parts by weight. The pro-
portian of the cakdure-sulfate-alminate cement s preferably st least 80 parts by weight, par-
ticularly at feast 70 parls by weight. The sulfate component, that is to say the sulfate carter,
is contained in the formulation in a proportion in which a free sulfate proportion of the formu-
lation is betwean & parls by weight and 15 parts by weight, particularly batween 7 parts by
weight and 12 parts by weight. The aluminium silicate iis contained in the formulstion ina
proportion i which the AL Gy - proportion is between 8 parts by weight and 30 padts by
weight, particularly between 4 parts by weight and 20 parts by weight. The calcium oxide-
providing component, that is to say the calclum camier, s contained in g proportion in which
the free CaQ proportion s between 0.5 parts by waight and 2 parts by weight, particularly
hetween 0.7 parts by waight and 1.2 parts by weight,

[0082] The phrasas "free sulfate propartion”, "fres ALQH proportion” and "res Ca progor
fn” are usad o indivate that the respective prapodions from the calbium-sulfgtesaluminate
carnent are not under consideration, bl instead these proportions originats from the other

subsiances condained in the formulation.

[0063] Calcium sulfate, prefacably in the anhydrite, dihydrate andlor s-hemibydrate forms is
used as the sulfalte, but other sulfates can also be used, for sxample a $-hemihvdrale of cab
clum sulfate as woll as megnasium sulfate or sodivm sulfate. Optionally, mixtures and deti-
vatives of the abovs substances may alsn be usad. The added sulfals also functions as a
grinding agent for the formulation, particulady if i ground before being introduced into the
first mixing section 3, and as an sccelerant during selting. 1 also improves the green

strength of the stumryffoam mixtura,
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[084] The aluminium silicale s preferably sn alkalt-activatabls aluminium silicats, particy-
farly an ignsous alumindum silicats, preferably bassll, pitchstone, obsidian, phonalite, andfor
metakachn, and mixtwes and derivatives thereol. For further improvemant, & basalt is used,
praferably with a zeolite andfor pozzolan content. The zeolite andfor pozzalan sontent may
than be as much as 4% by wgt. particularly up to 30% by wgt,

I00858] The powdery components of the formulation, that is 10 say the sullate-aluminate ¢
rmend, the sulfats component, the aluminium silicate and the caloium oxide-providing
compponent, prefarably have g particle size up 10 40 um, particularly up 1o 25 um, and not
more than 179% larger particles in the main quantity. Whan this degree of grinding of the
powderad main components of the formudation & maintained, the production of the slurry
san be improvad, in particudar # is also possible to positively affect the porosity and volums

proportion of the pores in mineral foam 2

j0086] Hesides these main componants of the formulation, namely the sulfate-aluminate
cement, the sulfats component, the gluminium silicate and the caloium oxide providing com-
ponsnt, the option exiaty within the scope of the invention for urther additives and excipiants
o he added 1o said formulstion, patticulady in powder foem, although w the preferred variant
of this formulation, { containg no nonreactive fillers, that is to say sl components are reacti-
W,

{0087] The formulation may also contain at least ong high-performance plasticiser in g pro-
partion not excesding 1 parcent by weaight o reducs the proporfional watsr content,

wheraln said high-padommance plasticizer s preferably 3 polyoatboxyiate ether

[GO8E] Morsover, a least one thickening agent may be added to the formulation in a propoy-
tion by weight not exceading 0.5 parts by weight, wherein this thickening agent is preferably
selacted from a group including hydrosymsthylpropyiceliulnse, methyvihydroxyethylesllislose,

ard mixturss and derbeatives theveot,
15



10068] According to a prefered variant, the proportion of thickening agent does not axcsed

0% of the propotion of the high-performance plastiviser.

[0070] Moreover, the additives for impraving the rheclogy. &.g., viscosity reducing sub-
stances, may be added {0 pravent the gquaniity of solid compaonents in the slurry from dimt
nishing.

{00711 In ordey fo avold repetlition, # should be noted at this point that in general the pravie
ous notes regarding the individual components of the formulstion and the slurry, the foam
component or the shnyfoam carmpnent also still apply.

[0072] Further processing additives include alkali carbonates, e.g., LCO,, alkali sulfates,

fruft acids such as oitric acid or tastarie acid, each of which may be included in a proportion
of up to 2 pars by weight,

{00731 The formulation preferably also includes a hydrophobing agent in a proportion not
axopeding 1 part by weight in ordfer to reducs the quantity of water taken up by the finished
mineral foam &, thereby enables a smaller reduction in thermal insudation behaviowr, that is

to say thermal condustivity, may be achieved by adjusting water uptake,

[0074] A surfadtant, that is fo say an agent that lowers surface tension may also be added
to the foam component o improve its shelf Bife, in which cass the proportion thersof in the
foam component is preferably not more than 10 pars by weight,

[007TS] Welting agents knuwet fram the prior ant may slso be added to the foam component,

particularly in a proportion up fo 0.2 parts by weight, and high viscosity stabilisers, particu-
farly iy 2 proportion up to 0.02 parts by weight to improvs mixing with the slurry.

16



[B078] The mineralfoam 2 produced by the inventive method has pores which have & dig-

mater not exedding 1 mm and may be presant i 80% on the insulating material,

O77] o the course of the tasts conduciad, the following exemplary compositions of the

formulation siccording to the invention wers prapared for the slurry acoording to Table 1. In

this confext, anhydrite was used as sulphate. The foam component was compased as indi

cated in Table 2, and hydrolysed keratin was used as the protein. The slurryfosm composi-

Hons ware prepared in songrdancs with the preneding notes.

[0078] i should be noted that compositions were alst produced with the other sforementio-

ned substances within the scops of the invention,

Table 1. Slurry composition in paris by weight

MNo. [CAD olinkey Sulfate component Basalt 1Ca{OHE:  [Additives Wate

PR = : M Y S—y =

3 5% 10 ' ’?(} ﬁ{ﬁ """"""""""" {}5 """"""" 35 i}

P S - T T -

4 85 8 15 0.8 .55 35

5 |60 8 15 12 061 35

g {70 10 20 1 .82 30

7 lso 10 20 1.5 075 30

P P e n — v T —

o 180 P 200 132 0.64 25

e T - — T 5
Table & Foam composition it parts by weight

Mo, Frotain k

Water Additives




No. Protein Water Additives
1 ‘s — e -
e e — - =

3 1 50 0.2

4 i 45 0.2

5 1 |40 0.2

8 2 &0 0.2

. : - e
8 a2 20 0.5

— b - —

10 3 150 05

{00781 A preferred composition of the formulation for the production of mineral foam 2 con-
sists of 85 parts by weight to 78 parts by weight, parficularly 70 partg by weight caloiume
suffateealuminals cement olinker, 8 parls by weight to 18 parls by weight, particulardy1Q parls
by weight anhydrite, 10 parts by wsight (o 25 parls by weight, particularly 20 parts by weight
oalcined aluminium silicate, particulady basall, 0.5 parts by weight to 1.5 parts by weight,

- particulsrly 1 part by weight, calcium hydroxide, (028 parts by weight to 0.75 parts by weight,
particularly 0.8 parls by weight lithium carbanate, 0.01 parts by weight to 0.03 parts by
weight, particulary 801 parts by weight, 0,15 betwesan patls by weight to 0.45 between paris
by weight, partictlarly 0.3 betwesn paris by weight polycarboxylate ether and 0.01 batwesn
pars by waight to 0.03 batween parts by weaight, pariculardy 0.02 betwsen parts by waight
mathyiceliuloss.

[HOR0} Bodween 20 parts by weight and 4Q parts by weight water are added to this formuls-
tin o form the slury
18



0081} Betwean 40 parts by weight and 80 parts by weight foam componente are addad o
thes prepared slurry. In addition to the foam, the foam component consists of a crosslinking
agent, wherein the crosslinking agent is contained in a proportion between 1 part by weight
and 3 parts by weight, particulsrly 1.5 parts by weight, relative o the content by waight of the
hydraufic binder in the frmulation. The foam componant has a density betwesn 40 kyft”
and 80 kg/m”, particularly 50 kgim®,

{0082} Regarding the additives used, the reader is referred to the preceding notes.
{00831 Additionally, & should be noted that the foam componsnt may also be added to the
shurey i a discontinuous proosss as well as in the preferred continuous method dascribed
aarher.

D084} For formal purposes, it should be noted finally that some components of davice 1

have been reprasented not 10 scale andfor enlargs andior reduced i size to enable a befter
understanding of the construction therenf.

Reforence numerads

[OUBE]

1 Device

2 Mineral foam

3 Mixing section

4 Mixing section

8 SBtorage container
& Conveyor

7 Arrow

£ Arrow

g Mixing spparatus
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Mixing section shalt
Foam generator
Protein

Storage containgr
Arrow

Arrow

Storage containgy
Arrow

Arrow

Canveyar

Conveyr

20



e I

EPIS4R810 SZTNH-100004045

ASVANYHAR ES BLJARAS BLOALLITASARA

Szabadaimi igsnypontok

1. Készitmény Wzgalld adsvanvhab elbdliitdsdhoz, amely tartalmarz kaldhure
szulfabaluminat-comentet, legslabb syy seulfdbkomponsnst, legaldbh gy
aluminiumeszilikatot,  valamint  legaldbh  sgy,  kalclum-oxidot  bistosite
rompuonenst, azzal jellemezve; hogy o kalcium-szulfat-slumingt-camentel 88
Wmegreszidl 8& Wimegresziy terjedd ardomanyhel valasziol mennviséghen
tartalmasza, & szulfabkomponenst olyan hanyadban Géssben) tartalmazea,
hagy 8 szulfatnisz & Omegrese 8 15 Omegrese kozdil, ax aluminhen~
szilikatot olvan hanyadban tadaimazes, hogy ax AbQy-risz 3 Wmegrész ¢ 30
thmegréss KOz, és 8 kalolum-oxidot bixtesito komponanat olyan hanyadban

tartabmazzs, hogy a Cal-rdsz 0.5 Omegrész éa 2 Omegrész KRGzt

2. Ax 1. igdnypont sxarintl készitmény, azzal jollemsezve, hogy a szulfas
komporenst kalciume-szulidtol, kalolumeszulfdl o vagy B-hemihidrdtist vagy
ditidratial, anhidntet, natriunezuifatol, vas(h-ssulfaled, magndsiumessuifatol,

valamint exek keverdhkell &s szdnmazékalt tartalimeazd csoporthsl valasafjuk.

3. Az 1 vagy 4. iganypont szerintl késsitmény, axzal jellemeave, hogy s
sluminfumeszilikal  alkdlikuzan  aklivalhetd  sluminfumessiikdt,  kOlEndson
vittkanious aluminiureeszilikatl dsivagy melakaoln, Hlelve esek keverdkad és

grammazekal

4. Az 1~ 4 igénypontok banmelyike szetntl késziimény, szzal jellomesve, hogy
az aluminmeszikat kelcinadlt formdban van.

5. Az 1 -4 gényponiok banmelyike szennt készitmdny, aezal jollemssve, hogy
a kalcium-oxidot biztosid komponenst kaldum-osid, kaloume-sarbongl &8

xatoium-hidroxid, valamint szek keverdks dltal alkolpll esoporntbol valasstiuk
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11

12.

13

14,

n

tartalmax lagaldbb egy  polkerboxiigh-étert vagy  annak  sadrmazdkdd

nagytelesiimanyd folydsitdként, legfeliebb 3 tomegréss mennvisdgben.

218 igdnyponiok barmelvike szarintl készitmény, axzal jpllomezve, hogy
eglfeljobh Q.5 {Gmegrész memyiségben {arlalmaz lsgaiabb sgy slyitdszery,
amalyet hidroximatibpropi-celiuldzt, metibhidroxietistiuldal, valamint azek

keverdkeil &3 szarmazdkall tartaimazs csoportod! valasztunk,

& 7. igénypont szenintt késxlmény, azzsl jellomenve, hogy s suriitszsr
hanyada a nagytelesitményll folydsitd hanvadanak legleljabh Y0%-atteszi ki

Az 1« & igenypontor barmelvike spenndi kégsltmeny, azzal jollomesve, hogy

B

rostokbd mentes.

Az 1§, igénypontok birmelyike szarinti készitmany, azzal jellomezye, hogy
tartalmaz legalabb gy olyan anyagot, amelyelkelt alkali-karbondtokat. alkal-

szulfatokat, gyimdlcssavakat lartalmazd csoportbdbvatasziunk,

Az 1 - 10 igényponiok bammelvike szerinl készilmény, azzal jellemerve,

hogy OltGanyagto! mentas,

Rordzus asvanyhab (), amely lartaimaz hidraulikuzan meghdtd komponanst
&5 habkompaonenst, azzsl jollemesve, hogy 8 bidrsulikusan meghdtd

komponans egy az siizd lugnypontok szerintl késziimsnybdhvan kialakitva,

A& 120 igdoypont szesintl dsvanyhab (3), azzal jellemezve, hogy =#
habkomponens prolsinhsh ssivagy Taltletaktivanyag-hab segitsegéval van

Kialakitva.

A 12, vagy 13 igdaypont szerintl asvanvhab {2}, asesd jellemseve, hogy

kdszitmény-részankant 34 - 60 rész habkomponenst tartalmas.
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1.

17,

18,

19.

28,

2%

L2

A 12 ~ 14, igdnyponiok barmelvike srerinll asvanyhab (2), axzal jsllemezve,
hogy &  habkomponens  fellicteltiv  anyag.  amelyat  ssirsavakat,
alkilszulfonatokat, valamint ssek szérmazékait 63 keveodkell tanaimazd
csoportbal valasstunk,

A 12 ~ 15 igdnypontok barmmelyike szerintl dsvanyhab (2), szasl jellemezve,

hogy & habkomponsns farlaimaz  odvényl fehérgt minl haldsoszart
fartatmar

A 18 igénypont szerintl &svanvhab (23, azzal jellemezve, hogy o haldsitdszer
2z asvanyhsbban &  bidraulkusan  meghdtd  komponens  megére
vonathoziatva 1% &8 3% kozaHl ardnyban van jelen

ATE ~ 17, igényportok barmelyike szenntl asvanvhab (23, axzal jellomseve,
hogy a pdrusck arénys legalsdbb T0%.

A 12 ~ 18, igénypontok barmelyike szerinl dsvanybab (2), axzal jellomozve,
hogy a porusek atmérdis legfeliebb .5 mm.

Epitdslam épittalarm-tostial, azzal jelismazve, hogy 2 12 — 18, pdnypaniok
barmelyike szerinti dsvanyhab {2} képesl ar épitdalam-astet, vagy 8 13 ~ 18
igenypontok barmelyike szerintl dsvdnyhab (2) helvezkedi el a2z dpitdatam-
st fellilotén defvagy a8 dpitdalamtasten balll

Eliards Onkeményedd dsvanyhab {2) elddililasdra, amslynek somn egy
kgzitminy eldslitasdhoz por formait allkotdrésoket Goscekevarink egy oisd
Keverdsi szakaszban {3}, igy kevardke! alakitunk ki, és ehhex a keverdkhez
vizet adunk, gy zagyol alakitunk ki, azzal jeliemsave, hogy az 1 - 11
igenypontok barmelyive szerinll késslimenyt dliltunk dssze &8 gy masodik

keverdsi szakaszhan {4} habkomponanst adunk a zagvhos és belekevanik a

zagvba, sx exulan az dsvdnviab (21 megkeményedik,

A 21 igénypont seerindt elidras, azzal jellemezve, hogy koszitmény-

régzanként 30 - 80 ress habkomponenat adagolunk,
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