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(57) Abstract

The invention relates to a method for compacting asragel particles, according to which said acrogel particles are placed in a pressing

device sand are compressed.

(57 Zusammenfassung

Die vorliegende Brfindung betrifft cin Verfahren zur Kompsktierung von Aerogel-Parikeln, bei dem die Aerogel-Partikel in eine

Prefivonrichtung gegeben und verprefit wenden
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The rbjecr. of the present invention is & method of compacting aeragels.

! ¥ |

Acrogds. particularly those with a porosity above 60% and & density of less than
p 6 élcu cm display extremely low thermal conductivity and are therefore used as a hear
ins;ﬂamg material, as is described in EP-A-0 171 722, as caralysts or as cetalyst carriers
[an# also as adsorpnon material Furthermore, by virtue of their very low refraction index

for solid substances, it is known to use them for Cerenkav defectors. Furthermore, by
| ‘rdnbn of their particular acoustic impedance, the literapure describes a possible use as an
! impedance adaptation means, for example in the ultrasound range.

-1t is also possible for them to be used as carniers for effective substances in pharmacy or
agnculture.

" Aetopels in the broader sense, e.g. in the sense of "gel with air as the dispersion agent"

! are praduced by the drying of a suitable gel. The 1erm “aerogel” in this sense embraces
b
,' teﬁned an aerogel in the narrower sense when the liquid of the gel 1s eliminated at above

P
: cnhcﬂ remperature and staring from pressures above critical pressure. On the other

|
hand, if the hiquid is eliminared from the gel under sub-critical condimions, far example with
! the formation of 2 bquid/favour interphase, then the resulting gel is frequently referred 1o

allso a3 a xerogel.

ogels in the narrower sense, xerogels and cryogels. 1n this respect, a dried gel i3

~ When the term aeragels is used in the present invention, these are aerogels in the broader
~ sense, i.e. in the sense of "gel with air as the dispersion medium”

Thc term does not include aerogels known fram earlier liveratare and which are obtained
.‘ er example by precipiration of silicic acid (e.g. DE 3025437, DD 296 898) or wiuch
F(:cur as pyrogenic silicic acid, e g. Aerosil™. In these cases, duning mamufacture, no
'! three-dimensional gel lattice develops which is homogeneous over relarively grear

o
| distances
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Where aerogels are concerned, it is possible basically to differentiate berween mnorganic
i
and organic aerogels.

xmkéamc acrogels have already been known since 1931 (S S. Kistler, Natwre 1931, 127,
[74 ), Since then, serogels have been forthcoming from various starting marerials. In this
;am for example Si0,-, Al,Oy, TYO,, ZrQ,-, Sn0,-, Li,0-, Ce0,-, V,0,-aerogels and
mixtures of these were produced (H. D. Gesser, P. C. Goswami, Chem. Rev. 1989, 89,
765 et seq ).

i |
| For some years, argamc aerogels have also been known which are derived from the most

’widcly diverse starmng matensls, e.g. melamine formaldehyde (R. W, Pekala, . Mater,
Sci. 1989, 24, 3221).

| Inorganic aeragels can thereby be produced in different ways.

On the ane hand, Si0, aerogels can for example be produced by acid hydrolysis and

:orLdmsmon of tetra-ethyl orthosilicate in ethanol. Dunng this process, a gel 1s produced

| ch can be dried by super-critical drying while its strucrure is maintained. Production

I ods based on this drying technique are known for example from EP-A-0 396 076,
\4’0 92/03378 or WO 95/06617

|
, |

The high pressure technique involved in the super-critical drying of aerogels is however
| | &n expensive process and involves a high security risk. In addidon, however, super-
~ criical drying of aerogels is 8 very cost-intensive production method

- An alternative 1o super-critical drying is afforded by a method for the sub-critical drying
l

f of S10, gels.

The costs involved in sub-critical drying are substantially less by reason of the simpler
3 - *E}chnology, the lower energy costs and the lesser secunty nsk.
|
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'#he 810, gels can for example be obtained by acid hydrolysis of tetra-alkoxy silanes in a
smtable organic solvent by means of water. Once the solvent has been exchanged for a
hmable orpzanic solvent, the gel obtained is in a further step reacted with g silylating agent.
The SiO, gel resulting from this can then, from an organic solvent, be dried in air. Thus,
pa'ogels with densities of less than 0.4 g/cu.cm and porosities above 60% can be

achlcved The production method based on this drying technique i3 described in detail in
‘WO 94/25149

|Furthcmu:u-e, the above-described gels can, prior 1o drying and in the alcohol-aqueous
' sohtion, be mixed with terra-alkoxy silanes and aged, in arder 10 increase the gel lamice
| strength, as disclosed in WO 92/20623.
]

T*}é tetra-alkoxy silanes used as starring materials in the above-descnbed processes do,
f ' I;T\pever, likewise represent an exiremely high coss factor.
" A hot inconsiderable cost reduction can be achieved by using water-giass as a starnng
 material for the production of Si0, gels To this end, it is possible for example 1o produce
J a s;huc acid from an aqueous water-glass solution with the help of an ion exchange resm,
‘ the slicic acid then being polycondensed by the addition of a base to produce an SiO, gel.
After exchange of the aqueous medium for a suitable organic solvent, it is then possible

~ ina further step 1o react the resulting gel with 2 silylaring agent containing chiorine. The
" SiQ, gel which is surface modified for example with methyl silyl groups can then and
| ﬂkemse from an organic solvent, be dried in air The production method based on ths
- fechnique is known from DE-A-43 42 548

eranve methods with regard 1o the production of an SiO, aerogel on a banis of water-
with subsequert sub-crincal drying are descnibed in German Patent Applicanion 195
f’ 41 715.1 and 195 41 992.8

|

'o
{

;
I
|
r
!
:

’ Furthermore, DE-A-195 02 453 describes a use of chlorine-free silylaring agents during

| the production of sub-crincally dried aerogels.

—
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,' i:unhennore, an organofunctionalisation by means of organofuncrionalised silylating
agems in the production of sub-crinically dried aerogels is described in DE-A-195 34 198

’l-lowever, on grounds of procedural rechnology and manufacturing costs, the production
of aeroge! parucles on a major ndustrial scale is lumited ro paricle sizes less than 5 mm

pd preferably less than 2 mm.

o
)

f A&brdnxg to the particular manner of producing the aefogels, so in principle 8 plurality
Jm.m.shmg and solvent exchange stages are required Since these are diffusion-dependent,
k.hé time required is increased by the square of the radius of the gel pamcles.

;pdmaqumdy, apart from the drying method, the costs of aerogel production also increase
qutte considerably from the pamele size ypwards. On grounds of cost, the result 15 an

' endeavour 10 produce the smallest possible aerogel particles.

!
b

| On the other hand, the handling of very small panticles is very complicated and thus the
costs entailed are likewise unfavourable and not every indusmal application of aerogels

f is independent of the paricle size.

o

Therefore, from the paint of view of handling and for many applicauons, larger aerogel

. pfm.icles are needed or a1 least advantageous.

;- ! ;l%lqiemfore, the object of the present invention is to provide a method by which small
d | ‘H’"ﬁd particles of less than 2 mm can be formed into larger aerogel particles

! o
; J This problem is resolved by a method in which the aeroge! particles are delivered 1o a
’ t;WUIding apparatus in which they are compressed. In this way, it is particularly sumple

; to form small aerogel particles into larger aerogel particles.

Advamageously, in order 10 achieve specific desired properies of the aerogel particles,
additives, fillers and/or binders are added to the aerogel particles and may be in the form

| of particles and/or fibres or may possibly also be liquid or in paste form.

-
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In accordance with a preferred embodiment, the staring material is degassed prior 1o
moulding. This is advantageous particularly when the sterting material is in loase bulk
q:m since then a certain proportion of the gas present between the aeroge] particles has

10 be removed prior 10 compacting.

]
l

ﬁxéaﬁiently, the starnng marerial is subjected to a negative pressure for degassing,
t{vhéxfeby, according 10 another embodiment, degassing can also take place during the
potiding

S

Il"he ;lemgel particles or the srarting material can be moulded into the form of granulate,
after which they are then advantageously separated according 1o their size. For example,
this can happen by screening off the desired ranges of granular size in order to arrive ar
the desired rarget fracon. Granulate which is below the desired granular range is
’advanmgeously recycled to the moulding apparatus while granulate which is above the

Idesit‘ecl range 18 ideally comminuted so that it comes into the desired granular range.
| Howevcr, after comminunon it can also be fed back directly to the moulding apparatus
’to be compacted once again.

f- i

!.' Jr to further processing, the granulate is then, in accordance with another embodiment,
ol | .

I:' drjed in order 1o remove any residual humidity which is undesirable or harmful 10 further
IJ' leopessing.

f

I

' '
!

f ‘ Hjoi’»ever, the starung material can also be moulded to produce a scab, in which ease this
| is then likewise and in accordance with a further embodiment, dried prior 1o any further
.i " p}o'cedura] step.

 Moulding of the aerogel particles or serogel paricles with possible addifives can rake
; place using convenriona! and suitable moulding appararus.

f J In accordance with a further embodiment, the starting material was moulded in a female
, j die by means of a male die. The mouldings produced in this way can then possibly be cut
!, , f. hfy.l‘ knife, 3 scraper or the like to reduce them 1o the desired size.
I
|

1
I ’* §
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- Anothu‘ embodiment envisages the starmng matenal being moulded berween a female die
| angd a roller which slides or rolls over it In this case, the female die may be perforated in
| vyﬁxch case, the mouldings produced are advantageously, on the outpur side, cur 10 the
qic];imd size by means of a knife, a seraper or the hke

!

| quécording 10 a preferred embadiment, the starting matenial 1s moulded between rwo
R

~ rollers of which at least one but preferably both rotate. Expediemly, the starting marerial
is then pressed into the roller gap by & tamping screw.

——
_’
u——ve == w=v=Ja A s—bre— w—

| In accordance with a further development of this embodiment, at least one of the rollers
is constructed gs a perforated hollow roller. The mouldings produced in this case by
. moulding are advantageously cut to the desired size on the output side by some suitable
j - dewvice, for example a knfe or a scraper.

Andther further development envisages at least one of the rollers being profiled. By a
{'uhle selection of the profiles, the starting material can then be moulded directly exther

T
‘! i;lio the form of granules or into some cohesive product smp, 3 so-called scab.

I
o

—— — Y amiaean. - —
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Patent claims

A method of compacting aerogel particles, characterised in that the aerogel
particles are fed into and moulded in a maulding appararus.

A methad sccording to claim 1, characterised in thar additives, fillers and/or
hinders gre added ro the aerogel parnicles.

A method according to claim 2, characterised in that the components are n

particulate or fibre form.

A method according to claim 2, characterised in that the compaonents are liquid or
pasty.

A method according 1o ar least one of the preceding claims, characterised in that
the starting material is degassed prior to and/or dunng moulding.

A method according to claim 5, characterised in ther the starting magenal 15
subjected 10 a negative pressure.

A method according 10 at least one of the preceding claims, characterised in thar
the starting maternial is moulded into granules

A merhod according 1o claim 7, characrerised in that the granulates are sarted
according 1o their size

A method according to claim 8, characterised in that the granules which ere below
the desired granular range are returned o the moulding apparatus.

- e . e . -
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A method according 10 claim 8, charactensed in thar the granules which are above
the desired granular range are comminuted.
A method accarding to at least ane of claims 7 10 10, characierised in that the
granules are dried priar 1o further processing
A method according 1o at least one of claims 1 10 6, characterised in that the
starting material is moulded into a scab.
A method according 1o claim 12, characterised in that the scab is dried prior to

further processing.

A merthod according to ar least one of the preceding claims, charactensed in that
a male dic moulds the starnng material in a fernale die.

A method according 1o a1 least one of claims 1 to 13, characterised in thar the
starming matenal is moulded between a roller and a female die.

A method accarding to claim 5, charactensed in that the female die is perforated
and in that the mouldings are cut off on the output side

A method according to at least one of claims 1 xo 13, characterised in that the
starting marenal is moulded berween twa rollers.

A method according 10 claim 17, charactensed in that at least one of the rollers
is a perforated hollow roller, the mouldings being cur off on the ourpur side.

A method according 10 at least one of claims 1 1o 13, charactensed in that the
starting material is moulded between two rollers, at least one of which is profiled.
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