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(57) Abréegée/Abstract:
he present invention relates to a process for the preparation of mouldings comprising compressed expanded graphite, to the

mouldings prepared by this process and to the use thereof. The three-dimensional mouldings comprising compressed graphite
expandate are prepared by bonding together two-dimensional pre-formed pieces comprising pre-compressed expanded graphite

under the influence of pressure to give single-piece mouldings.
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comprising pre-compressed expanded graphite er the influence of

pressure to give sin?le-piece movldings.

o




10

15

20

25

30

35

CA 02500552 2005-03-11

Process for the preparation of mouldings comprising vanded

graphite

Description

The preasent invention relates to a process for the preparation of
mouldings comprising expanded graphite, in particular mouldings
having a thickness of at least 50 mm, to the mouldings prepared
according to this process, and to the use thereof.

Patent Applications DE 41 17 077 A, DE 41 17 074 A and DE 40 167 10
propose the preparation of three-dimensional mouldings directly Lrom
pulverulent exfoliated graphite, in which sither

» exfoliatable graphlite is expanded incompletely with the supply
of moderate heat in 3 fluidised bed or actually in the final

form, and the expansion is then brought to completion at
elevated temperature in the mould, or

o exfoliatable graphite which has been incompletely expanded (pre-
expanded) with the supply of moderate haat is pressed in a mould

to give a pre~formed pilace, and the expansion is then brought to
completion in the mould at a higher temperature, or

e & moist preparation of exfoliatable graphlte is expanded in a
mnould with the supply ©of heat.

The final stage of the expansion therefore takes place
in each case in the final form, and no compacting is
provided for aftar completion ¢of the expansion. The
mould must on the one hand be largely closed so that the
gecmetry ©f the graphite body does not change Aduring
expansion, but must on the other hand permit the escape
of air. The mouldings obtained by this process should
be dimensionally stable and have a homogeneous density.
In the preferred variants of the aforementioned
procesges various additives and auxiliary substances, in
particular binders, are added to the exfoliatable
graphite,
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Handling of partially expanded graphite powder is necessary in the
process which proceads by way of a pre-expansion step. The low bulk
deneity (30 to 100 g/1 in the Embodiment Examples of DE 40 167 10 A)
and the kulkiness of the particles make it difficult to £ill moulds
completely with it, and dust pollution is high.

It is proposed according tes the invention to prepare three-
dimensional mouldings comprising compressed graphite expandate by
way of the intermediate stage of two-dimensional semi-finlshed
products or pre-formed pieces comprising incomplately compresaed
expanded graphite.

The process according to the invention includes the steps:

- preparation of two-dimensional semi-finished products comprising
graphite expandite, as an option having further additives,
wherein the graphite expandate in the semi-finished product is
compressed only slightly,

- stacking one on top of the other the desired numbar (at leasxt
two) of memi-finlshed products or planar pre-formed pieces cut
out from a semi-finished product,

- bonding of the semi-finished products or pre-formed pieces by the
influence of pressure to give a single-piece moulding,

- final shaping and further post-working as an option.

"Two-dimensional semi-finished products" oxr "planar prea-formed
pieces" are understood hereinafter to ba formed bodies whose
thickness is subatantially less than their superficial extent, for
instance flat slabs, diske, webs and similar planar formed bodias.
Such two~dimensicnal semi-finished products can be created simply in

a known manner by pressing the pulverulent starting material to give
a planar formed body, for example a flat strand, a web or a slab.

In accordance with the process according to the invention the
transition from the formless powdex to the complex thrae-dimensional
moulding need not be completed in one step. In terms of processing
technology it is substantially less costly to convert a formlass
material, for example a powder or a slurry, initially into a simple

4 ma -




10

13

20

25

30

35

CA 02500552 2005-03-11

form, for example that of a flat slab, than directly inte a complex
three-dimenasional form. Moreover, in the process according to the
invention the difficulties encountered in the prior art when
charging dies with dusty powder, bulky particlaes ©r Viscous NMasSses
do not occur.

A further advantage of the process according to the invention
resldes in the fact that, compared with the prior art single-stage
process, the process according to the inventlon offers more
cpportunity for variation and coptimisation of the product parameters
than the substantially single-stage prior art procesg, precisely
bacause it includes a plurality of steps. Thus different semi-
finished products prepared in the first steap can be combined in a
multitude of ways, 8o that a multitude of different products ies
obtainable, for example by combining semi-finished products of

different density and/or thickness and/or couposition and/or
coating.

Further details, variants and advantages of the process according to
the invention, the products obtainable by this process, and the use
thereof are contained in the detailed description which follows, and
in the Figures whioch show:

Ficgqure 1 Flow chart of the process according to the invention;

Figure 2 Flow chart of the process acooxrding to the invention,
with the semi-finished product comprising graphite
expandate partially coated with a heat-storing material.

Figure 1 shows schematically how the process according to the
invention is carried out,

The starting material of the prxocess according to the invention is

graphite expandate 1 (alsco designated as exfoliated graphite).
Fibrousa or particulate additives or fillers of metal, carbon,

ceramic materials or mineral materials can be added to the graphite
expandata, for example carbon black or other forms of carbon
particles to optimise the thermal and electrical conductivity,
fibres, for example carbon fibres or metallic fibres, and/or ceramic

particles or mineral particles, for example comprising heat-astoring
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subgtanaces. The salection of these materials is dictated by the
intended use of the mouldings which are to be prepared; the
invention is not bound t¢o the use of any particular fibrous or
particulate additives.

The preparation of expanded graphlte (graphite expandate, exfoliated
graphite) 1ls known from, inter alia, US-A 3 404 061. In oxdex to
prepare axpanded graphite, graphite intercalation compounds or
graphite salts, for example graphite hydrogensulfate or graphite
nitrate, are subjected to thermal shock. EHEHere, the volume of the
graphlite perticlas increases by a factor of from 200 to 400, and the
bulk density falls to 2 to 20 g/1l. The so-called graphite expandate
thus obtained consists of worm-shaped or concertina-shaped, bulky

aggregates. If these particles are compreszed under pressure, thay
become entangled and interlocked with one another. Owing to this
effect, self-supporting planar formed bodies, for example continuous
webs, sheetings or slabs, can be prepared without the addition of
binder. Compression to give sheetings having thicknesses of from
0.15 to 3 mm and densities of from 0.1 to 2 g/om?, preferably 0.7 to
1.8 g/cm?, ig in particulaxr known. These sheetings are used, for
example, as a sealing matarial.

However, in the semi-finished products for the process according to
the invention the graphite expandate is lass strongly compressed
than in the known graphite sheetings. It is crucial to the process
acgording to the invention that the graphite expandate in the semi-
finished product is compressed only to an extent such that, on the
one hand, a cohesion is brought about batween the particles that is
sufficient for the preparation of a planar semi-finished product,
but on the other hand there still exists the possibility of an
appraciable further compression. The graphite expandate, which has
a density of 2 to 20 g/l, preferably 3 to 15 g/l, is compressed in
the semi-finished product to a density of from 0.01 to a maximum of
0.2 g/am?, preferably 0.02 to 0.1 g/cm?*. Bacause of this relatively
low compression it can be assumed that the expandate particles are
§till in part worm-shaped, s¢ that in 2 subsequent compression estep
they are able to continue to bacome entangled and interlocked.
Bacause of the low compression of the expandate the semi-fimished
products have rough surfaces, unlike the smooth surfaces of the
known ¢graphite sheetings.
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The semi-finished prcducts are preferably preparsd continuously by
pressing betwean two textlle conveyor beltts 2 in the form of long
scretched-out continucues webs 3. Pre-formed pieces 4 of appropriate
sizZe are then cut or stamped out £from the planar semli-finished
product thus cbtained. The size, that ig teo say, the superficial
extent, as well as the surface geometry of the pre-formed pleces 4
are substantially dictated Py the preduat to be prepared; the
process according to the invention sets no limits in these respects.
For practical reasons square slabs having a surface measuring from
100 mm x 100 mm €O 2000 mim X 2000 mm are preferably used as the pre-
formed pieces. Howevear, circulay, rectangular or differently shaped
pre-formed pieces can naturally also be utilised.

A semi-finished product having the dimensions of tha desired pre-
formed piece 4, for example in the shape of a slab of a certain
surface area and thicknassg, can naturally alsc be prexsed directly
from the graphite expandate. However, thisz variant i3 less
preferable because of the dimcontinuous method of working as

conmpared with the continuous preparation of flat strands or webs.

Suitable semi-finished products and pre-formed pisces prepared
theraefrom for the process according to the invention are between 4
and 45 mm, preferably between 5 and 40 mm thick. The uge of thinner
semi-finished products is not very econcmia, because the thinner the
xemi-£finished product is, the more pre-formed piecer from this=s semi-
finishad product must be stacked onas on top of the other in orxder to
obtain & moulding ¢f a specified size. Semi-finished products
substantially thicker than 55 mm axe likewise unsuitable. During
the subsequent pressing together when the Jlatter were stacked one on
top of the other, the very thick pre-formed pieces obtained from
such a semi-finished product would themselves predominantly be
deformed and compressed into themselves, and would in that case
barely bond with the adjacent prae-formed pleces. There is
consequently a »isk that only a stack of thinner deformed pre-formesd
piecaes of @ higher demaity that barely adhere to one another would
be obtained from a stack of thick pre-formed piecexs of lower density
that lie locsaly one on top of the other, instead of the desired
single-pieca moulding. Moregver, tha marked deformation of thick

pre-formed piecas leads to material breaking out at the pides during
the pressing togather.
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The desired thrae-dimensional component is bullt up Lrom these flat
prae-formed pieces 4 by stacking the necessary number of f£flat pre-
formed piecas 4 one on top of the other on a multi-deck collecting
device 5. At least two pre-formed pleceg are laid one on top of the
other. This stack 6 is then pressed together in a press 7, wherein
the pre-formed pieces lying one on top of the other bond together to
give a single-piece raw moulding 8 under the influence of pressure,
The compression reserve still available in the semi-finished

producta ig exploited during the pressing together, so that the
density rises to values of between 0.025 and 0.4 g/cm?®, preafarably
0.03 to 0.25 g/em?,

The thickness (height) of the raw moulding 8 obtainable by pressing
togather the stack é of pre-formed pieces 4 lying one on top of the
other is dictated by the number and thickness of the pre-formed
pieces stacked one on top of the other as well as by the pressure
applied during pressing. The number of pre-formed pieceg to be
Btacked one on top of the other must take account of the volumetric
shrinkage resulting frxrom the compression, that is to say, for
example, when compression takes place to approximately half of the
initial volume during pressing, the volume of the stack of pre-

formed pieces muat be approximately double that of the desired end
preoduct.

A particular advantaga of the process according to the invention is
that mouldings having a thickness (in the direction of pressing) of
more than 50 mm ¢an also be prepared.

The pre-formed pieces stacked one on top cf the other that are to be
bonded togethar must not necessarlly be identical as to thickness,
density and compesition. ©On the contrary, the process according to
the invention includes the possibility of combining pre-formed
pieces of different thickness, density and/or composition in
accordance with the desired properties of the moulding to be

prepared. In thie way, for sxample, mouldings can be prepared
having a tallor-made spatial variation in composition.

The surfaces of individual pre-formed pisces oxr of all the pre-
formed pieces can be provided in part with a coating, a cover, a

deposit or an overlay. It is crucial to the invention that the

graphite particles of the two pre-formed pieces are able to contact
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one ancther and interact, that is to say become entangled and
interlockad with one ancother, over at leagt 50 ¥ of each interfacge
between two pre-formed pieces.

Some of the pre-formed pieces to be bonded may, if this is necessary
for the intended function of the moulding to be prepared, be
provided with an impregnation, for axa.mplé with furan resin. This
is advisable, for example, if the desired moulding is to have layers
having lower porosity and hence lower permeability, for example
layers that &Qt &8 & vapour barrier.

For the application of mouldings according to the invention as heat
storage means, individual pre-formed pieces may be impregnated with
heat-storing substances, for example with phage-~change materials
that store latent heat, £or exanple with paraffines or with acueous
solutions of salts which form hydrates and thus act as phase-change
materials. Such phase-change materials and the action thereof are
known to those skilled in the art. From 30 to 40 ¥ of the pore
volume of the pre-formed piece ig preferably filled by the
inpregnation.

No additional supply ©of heat 1s necessary for the pressing
operation. The pressures applied are within the region 10 to 500
bar (1 to 50 MPa). Stationary platen presses 7 can be used for
pressing the prea-formed pieces together. The alr displaced during
compression can escape laterally from the platen press. However,

continuously operating installations having pairs of rolls can also

be utilised, for example calendering mills.

The raw mouldings 8 thus cohtained are durable and stable, and the

individual £lat pre-formed bodles are bonded together non-
detachably. This 1s attributable to the fact that during the
pressing together of the pre-formed pieces stucked one on top of the
other the worms of the expandate from the adjacent pre-formed
pileces, which are compressed only alightly, become entangled and
intexlocked agross the interfaces batween the individual pre-formed
pleces. However, the invention is not tied to this theory. In any
caseé, when the moulding is cut open perpendicularly to the planes of
the stacked pre-formed pieces, the boundaries betwean the originally
individual pre-formed pieces are no longer visible at the cut faces
in the finished moulding. The numbar of pre~formed pieces from
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which it has been prepared is therefore nc longer discernible from
the finished moulding. /

If the pressing together takes place iP.an open platen preas, build-
ups form on the lateral faces of the raw moulding as a result of
displacament of the material undexr the influence of the pressing
foxrce. These are subseguently removed by means ofimschanical

processing in the cutting station 92, and the raw~méuldings 8 are
brought to the dasired final form. It has smerged that the raw

mouldings 8 can be brought very simply to the desired shape, for
example the shape of a block 10, by processing with a saw or a
carpet knife.

In the post-working shaping operation the mouldings can furthermore

be provided with, for example, recesses and grooves, and undercuts
can be worked from them, or patterns can be impressed into the

surface, inter alia.

The operations of pressing and cutting can, however,
also be undertaken in a combined installation, for
exXample in a press having movable jaws at the front
faces, which after pressing are moved down and thus cut
cff the edge build-ups. |

Pressing close to f£ins)l contours in a ventilatable die iz also

possible; however, thia variant is less preferred on account of the
high tooling-up cost.

Different mouldings obtainaed by the process according to the
invention can be bonded together by means of adhesives in order to
obtain components having complex geometry. All the known and
generally wldely used adhesives are suitable for this purpose.

Punctional components can be pressed into the surfaces of the
mouldings, for example heating tubes for heating and air-
conditioning technelogy apprlications.

Further finlshing processes as options include, for example, the
application of geoatings to the surfaces of the mouldings, for
example by painting or by lamination with planar materials, for
example wovens or other textile materials, and the impregnation of

the mouldings with certain substances, depending on the intended
function of the mouldings.
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The conductivity of the mouldings for heat and electrical current

depends on the compression. The greater the conmpression, the higher
are the electrical and thermal c¢onductivity and the more pronouncad
is the anisotropy of the thermal and electrical conductivity. It is

therafore possible to control the isotropy/ anisotropy of the
thermal and electrical conductivity by way of the compression.

an important field of application of the mouldings according to the
invention, in particular blocks, is alr-conditioning and temperature
control technology. On acoount of the thermal conduotivity of

graphite the fiyst application which suggests itself in this respect

is ags thermal conductors, for example as heat dissipation bodies for

electronic egquipment, oY as heat exchangers.

In the mouldings according to the invention, by introducing a heat-
storing material into the wmouldings according to the invention the

thermal conductivity of graphite can furthermore be coupled with the
heat storage capacity of a material which stores latent or sensible

heat. As a result of its tharmal conductivity the graphite

structure facilitates, respectively, the supplvying of heat on

charging, and the removal ©f heat on discharging, the storage means.

The mouldings according to the invention can be readily impreanated
or infiltrated with liqgQquids. Heat storage means <¢an thus be
prepared from the mouldings obtained by the process according teo the
invention, by impregnation oy infiltration with & heat storage or
phase-change material, suc¢h as salt hydrate, dissolved in a solvent,
preferably water, or with a phase-change material which can be
converted into the liquid phase, such as paraffin. From 30 to 40 %
©f the pore volume of the movlding are preferably £illed by the

impregnation.

Alternatively, individual pre-formed pieces can be impregnated, as

already described, and combined with non-impregnated pre-formed
plecas to give one moulding.

However, heat-storing materials that are present in golid form, for
instance ac a powder or granules, can als¢o be introduced into the
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blocks according to the invention. Pigure 2 illustrates a method
which is guitable for this.

Graphite expandate 1 is pressed by the same method as in FPigure 1
between textile conveyor belts 2 to give a web 3, on the upward-
facing surface whereof the pulverulent or granular heat-satoring
material 11, for example magnesite or barite, is then distributed
from a metering device 12 in planar manner to give a thin, locse
layer. The grainsg or granule particles typically have diameters of
between 0.5 and 5 mm. BSlab-shaped pre-formed pileces 4' are then cut
out from the sprinkled web 3' in the cutting station, which are
stacked one on top ©f the other on & multi-deck collecting device 5
to give a stack 6 and are pressed ﬁogethor in & stationary press 7.
Alternatively, slabs 4 can also be cut out initially from the web 3,
and their upward-facing surfaces can then be sprinkled with the
heat-stoxring material 11l.

It is qgrucial to the cohesion of the composite that the sprinkled-on
layer is not so thick and compact that in the stack it saparates the
surfaces of the adjoining grephite gslabs completely from one
another. An interaction between the slab surfaces must still be
possible through the powder bed, 80 that during preassineg, the
entanglement and interlocking of the graphite expandate particles

ameneg one another, which is crucial to the mutual adhesion of the
slabs, occurs. The covering of the surface of each pre-formed piace
with the sprinkled-on particles must not therefore exceed 50 ¥. The
strewing Jls therefore preferably not applied so as to be distributed
over the total suxface of the pre-formed piece, but only on certain
regliong, for example in channels or other indentations previocusly
introduced into the surface and arranged in a suitable pattern.

These channels or indentationg c¢an be cut out of the surface with a

cutting tcol or pressed in with a stamp-type tool.

When the stack 6' is pressed together the sprinkled-on particlas are
pressed from the slab surface into those regions of the slabs which
are near the surface, S0 that no sharply separated discrxete layars

of graphite or of the poured-on powder are discernible in the crogs-
saction of the body.

The separation between graphite layers and layers containing heat-

storing material can be further reduced if the thinnest possible
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pre-formed pieces are used, because the thinner the pre-formed
pieces, the thinner the graphite layers between the lavers which
contain the heat-storing wmaterial. Pre-formed pieces having a

thickness of fxrom 10 to 20 mm are preferably used for the
preparation of blocks having heat-storing intermediate layers. In
this way a leas heterogeneous product having transitional regions
between the individual layers can be obtained from hetercogeneous

semi~-finished products built having discrete lavers (graphite pre-
formed pisce with sprinkled-on powder or granules).

In the same way as the mouldings 8, the raw mouldings 8 charged
with the heat-storing material which are thus obtained are then

brought to the desirxed shape, for example the shape of a block 10°,
in the cutting station 9.

It is clear that the procass in accordance with Figure 2 is not
confined to the preparation of heat-storing intermediate layers.
Mouldings having other functicnal layexs can also be prepared by
applying particlerg of a corresponding functional material to the
upward-facing surface of the semi-finished product or the prea-formed
pieces. It is crucial for the preparation of the moulding according
to the invention that a maximum of 50 & of the upward-facing surface
of each pre-formed piece is covered by the particles of the

Ffunctional material.

Further variants of the process according to the invention consist
of inserting into the stacka € or 6' between the individual pre-
formed pieces 4 or 4' plies of perforated plate, punched sheeting,
open woven, Xnit or other wide-meshed planar formed bodies of
textile. Wovens having mesh sizes of between I mm x 3 mm and 20 mm
®x 20 mm are, for example, sultable. Plieas of wovens introduced
between the graphite layers bring about an improvement in the

mechanical stability, in particular the flexural strength, of the
mouldings.

It is arucial that the intermediate plies do not cover the surfaces
of the pre-formed pieces completely, in order that an interaction
batwean the slab surfaces 1s still possible, 8o that during pressing
the graphite expandate particles become entangled and interlocked

with one another across the slab boundaries. The extent to which

B S e e e A wr—y,
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each boundsry surface between the pre-formed pieces is covered by a
overlay or other types of coatings or deposits should not therefore

exceed 50 % of the total surface area.

Where the substances introduced between the pre-formed pieces are
o fusible oxr thermoplastic (for example punched plastics sheeting) or

contain fusible or thermoplastic constituents, for example plastlics
fibres, the presaing operation can be undertaken at elevataed
temperature in order to achieve a softening, partial melting or
melting of these substances. According to the invention, however,

10 this is not necessary in order to hring about adhesion between the
slab surfaces., However, as & result of melting, theose lavers of the
pre-formed pieces which are c¢lose to the surface can be infiltrated
with the molten gubstance, so that the moulding obtained has
continuous transitions between the graphite layers and the

15 intermediate lavyers.

It should, finally, be emphasised again that impregnation,
infiltration and the introduction of intermediate layesrs serve only
to impart to the mouldings according to the invention certain

20 functions necessary for their use, for example for heat storage.
The materials which are introduced as intermediate lavers or by
maaneg of impregnation do not have to fulfil any gluing, binding or
adhesive function, because in the mouldings acocording to the
invention the pre-formed piacea adhere to one anothear without

25 hinders or glues owing to the efifects of mutual entanglement and
interlaocking of the graphite expandate particles across the boundaxy
surfaces of the pre-formad pieces, which effects are achieved by the
pressing togaether.

30 Enmbodiment Exanples

In the Embodiment Examples of the process according to the invention
slab-shapad pra~formed pieces are stacked one on top of the other,
pressed together in a platen press to give a raw moulding which ise
cut to give a block. Block is understood here to be a cubic or

35 cuboid body. The pre-formed pieces were prepared from graphite
expandate having a density of 3 g/l. Unless othezrwise indicated,
the pressing operation took plage at room temperaturs. The
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rthickness"™ of the pre-formed pieces oY the "thickness/height" of
the blocks always means the dimension in the direction of presgsing.

Examples 1 to 4: Preparation of 30 mm thick blocks

5 A block (Example 1) having a height (thicknesas) ¢f 50 mm and a
density of 0.15 g/cm?* was prepared by stacking one on top ©f the
other 6 alab-shaped pre-formed pieces each having a thickness of 20
mm, a density of 0.025 g/cm? and an area of S00 mm *» 250 mm, and
pressing them together at a pressure of 200 bar (20 MPa). The

10 built-up side faces were then cut off the raw formed piaca. As a
regult, the length and breadth ©of the basal area of the block ware
reduced in each case by 20 mm by comparigon with the area of the
semi-finished prxroducts. The block was cut open in the direction of
pressing, the cut faces were homogeneous, the original interfaces

15 betwean the pre-formed piaces wera no longer discefniblo.'

In tha Examples 2 to 4 which follow, blocks having in eacfh cagse a
height (thickness) of %0 mm were made from.slab-shépad semi-finished
products having an area ¢of 400 mm x 600 mm. In aaéh case a
plurality of semi-finished products of the same thickness and

20 density were stacked one on top of the other and pressed together to

make the blocks. The built-up side faces were then cut off the raw

; formed piece. AS a result, the length and breadth% of the basal area
Qf the block were reduced in each c¢ase by 0 mm by comparison with
the area of the semi-finishad products.

i v .

25 Table 1 indicates the thickness and density of the blocks obtained
by the process according to the invention, dependent on the numbexr
of semi-£inished product.s stacked one on top ©of the other, their
thickness and density. E

30 Table 1

Number of | Thickness of Density of Thickness
slab~- slah-~shaped | graphite in slab- (nheight)
shaped pre-formad | shaped pre-formed | of block /

pieceo/ pincel/

Dansity of

graphice
in bhleck /

pre-formed g/cm?

oleces

n—“m“
n——“m

o S A PR b s o A T M~ 110 /.7 5% P8 s
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It is apparent from Table 1 that the material density in the block
is dependent on the number ©f seml-finished products and their

density. It is thus possible to achieve certain densities in a ‘

tarceted manner by appropriate selection of the semi-finished
products. This is attractive for the adjustment of certain valups

and anisotropies of the thermal conductivity, because these depend
on the compreasion.

A comparison between blocks Noa. 2 and 3 shows that, for the sanme
block thickness, as well as the msame density and thickness of the
semi-finished producta, the density of the graphite in the kblock 1s
greater the more semi-finished products were stacked one on top of
the other and pressed together.

Example 5: blocks having hesat-storing intermediate layars

A block was prepared by the process acocording to the inventlion from
four slabz= stacked one on top of the other, each having an area of
300 mm x 300 mm, & thickness of 40 mm and a density of 0.02 g/cms.
The upward-facing surfaces ¢©f three of thae four slabs were each
sprinkled with 100 g granular barite (grain size approx. ?m) 8O
that a loose planar distribution of the grains was obtain décn the

slab surface, i.e. the surface wap not covered completelyl Barite
Borvesn as a storage material for sensible heat.

The three sprinkled slabs were then stacked one on tep of the other,
the fourth slab, which was not sprinkled, was laild uppermoat on the
stack, and the stack was pressed togethexr to a height of 40 mm at a
pressure of 150 bar (15 MPA) at room temperature. The block thus
obtained contains three heat-storing intermediate layers, with the
transition to the respectively adjacent graphite layers being
eontinuous, becawse the grains of the heat-gtoring material are
pregssed into the slad surfaces during pressing together. The high
thermal conductivity of the graphite layers between the heat-storing

layers permits rapld heating and cooling, respectively, of the heat
SCOTrage Means.
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Example &: bloccoks having reinforcing inserts between the gemi-
finished products

A block was prepared by the process according te the invention from
five slabs stacked one on top of the other, each having a surface of

200 mm x 200 mm, a thickness of 40 wmm and a density of 0.02 g/cm?.
Plies of & fusible plastics fibre woven material, having a mesh size
of 3 mm x 3 mm, ware inserted in each case between the slabs when
stacking tham one on top of the other, s0 that a stack having an
alternating arrangement of graphite slabs and woven plies was
obhtained. It was pressed together at a temperature of 180 *¢ at a
pressure ©f 200 bar (20 MPa) to give & block having a thickneas of

40 mm.

Exanple 7: Dengity-dependence of the level and the anlsotropy ot‘ the
thermal and electrical conductivity of the semi-finished products

It is apparent from a comparison of different pre-formed pieces
(Table 2) that both the level and also the anisotropy of the thermal
and electrical conductivity of the semi-finished products are
dapendent on density. The greatex the compression, the flatter and
more planar are the graphite particles and the more parallel their
orientation to the slab plane. For this reason the ratio of the
conductivity in the slab plane to the conductivity at right angles
to the slab plane rigses with increasing density.

Examples 8 and 9: Density-dependence of the level and the anisotropy
©of the thermal and electrical conductivity of the blocks

The dependence of tha level and the anisotropy of the electrical and
thermal conductivity on the compression of the graphite, already
demonstrated in the previous Example using semi-finished productfp of
differing density, can alsc be observed in the case of the blocks
prepared by the process according to the invention. The comparison
of two blocks of different density in Table 3 shows this, Each

block was prapared by the process according to the invention from
semi-finished products of the same density and thickness stacked one
on top of the other.

Table 2
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Thermal conductivitcy/ W/mK

-

Table 3

e L
STock Thickoaes (- helght) @ [0 &

Density of graphite in the block
g/ cmé |
Nomber Of Bemi-fimished products | [s 3

mm |
Denslity of graphite in the semi- 0.024
finished products/ g/cmd

Thermal c¢conductivity W/mK

¢ in the x-direction

» in the y-direcgtion A5.5

e in the z-direction

Electrical resistance / Ohm*um
® in the x-dlrection
« 4in the z~direction

105
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Claims

Process for the preparation of mouldings comprising compressed
graphite axpandate, including the steps

¢ preparation of planar pre-formed pileces having a density of

from 0.01 g/om?® to 0.2 g/om? from graphite expandate having
a density of from 2 g/l to 20 g/1,

» gtacking of at leaast two pre-formed pieces one on top of

the othar,

« Dbonding ©of the pre-formed pieces by the influence of
pressure to give a single-plece moulding, wherein the

graphite is compressed under the influence of the pressure
to a density of from 0.025 g/cm? to 0.4 g/cme®.

Process aceording to Claim 1, characterised in that the pre-
formed pieces ataclcedlono on top of the other are preased
together at a prauur? within the range 1 to 50 MPa.

-
.~
-~

Process according to Tne of the preceding clé.ims,
charxacterised in that

the thickness of the pre-formed pieces

is at least 4 mm and é maximum of 45 mm. |

!

Process according to ona of the praceding claims,
characterised in that {the density of the graphite expandate

from which the pre-fo:‘:med pieces are prepared is from 3 to 15
a/L.

Procegs aceording to one of the preceding claims,

characterised in that the density of the graphite in the pre-
formed pieces iz from 0.02 to 0.1 g/l.

Procass according to one of the preceding claims,
characterised in that the density of the graphite in the

movldings is Lfxrom 0.03 to 0.25 g/l.
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Procesgs according to one of the preceding claims,
characterised in that the thickness of the moulding in the
diraction oOf pressing i1s at least 50 mm.

Process according to one of the preceding clainms,
characterised in that the graphite expandate contains fibrous

or particulate additives comprising metal, carbon, ceramic

materials or minaral materials.

Process according to Claim B, characterised in that particles
of a heat-storing material are added to the graphite
expandate.

Process according to one of the preceding claims,
characterised in that the surfaces of individual pre-formed
pieces or of all the pre-formed pieces are provided in partial

manner with a coating, a cover, a depesit or an overlay., 80
that & maximum of 30 & of each interface hetween the pre-

formed piecves is covered by the coating, cover, deposit or

overlay.

Process accoxding to Claim 10, characterised in that the
upward-£facing surfaces of individual pre-formed pieces or of
all the pre-formed pieces in the stack are covered with a
powder or granules, wharein the powdar particles or granule
particles cover a maximum of 50 % of the upward-facing surface

of the pre-formed piece.

Process according to Claim 11, characterised in that the
upward-facing surfaces of individual pre-formed pie'ep or of
all the pre-formed pieces in the stack are covered with a
pulverulent or granular heat-storing material, wherein the

powder particles or granule particles cover a maximum of 50 &%
of the vpward-facing surface of the pre-formed plece.

Process according to Claim 11, characterised in that

indentations are let into the upward-facing surfaces of
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individual pre-formed pieces or of all the pre-formed pieces
in the stack, into which indentaticns the pulverulent or
granulax material is introduced, wherein the powder particles

or granule particles cover a maximum of %0 % of the upward-

facing surface of the pre~forxmed piece.

Process according to Claim 10, characterised in that the
surfaces of individual pre-formed pieces or of all the pre-
formed pilieces are overlaid with a planar textile material, =a

perforated plate or a punched aheeting, so that a maximum of

50 ¥ of each interface between the pre-formed pieces is
covered with the textile material.

Progess according to Claim 10, charactarised in that the
taxtile material is & woven material having a mesh size of

between 3 mm X 3 mm and 20 mm x 20 mm.

rrocess according to one of Claims 10 to 15, characterised in

that the coating, cover, deposit or cverlay contains fusible
Oor thermoplastic constituents and that the opsration of
bonding the pre-formed pieces takes place under pressure at or

above the softening or melting point of this substance.

Process according to one of the preceding claims,
characterised in that the semi~finished products stacked one
on top of the other differ from one another in their density

and/or thickness and/or composition and/or coating.

Process acoording to one of the preceding claims,

characterised in that in alternating manner pre-formed pieces
of graphite expandate and overlays of planar textile
materials, perforated plate or punched aheetiné are astacked
ona On top of the other, wherein a maximum of SO i Qf each
interface between the pre-formed pieces is covered by the
coating, cover, deposit or overxlay, and are then bonded by the

influence of praessure to give a single-piece moulding.

byt iy A A .
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Process according to ome of the preceding claims,
characterised in that some of the pre-formed pieces stacked

one on top of the other have an impregnation.

Process acoording to Claim 198, characterised in that some of
the pre-formed pieces stacked one on top of the other are
impregnated with furan resin.

Procegs according to Claim 19, characterised in that some of
the pre-formed pieces are impregnated with a heat-storing

material.

Process according to one of the preceding ¢laims,
characterised in that the bonding of the pre-formed pieces
under pressure takes place in a platen press, in a

ventilatable pressing die or between pairs of rolls.

Process according to one ©f the preceding claims,
characterised in that the moulding oktained by the bonding of
the pre-formed plieces under the influence of pressure is then

brought to the dasired final form by mechanical processing.

Process according to one of the preceding claims,
characterised in that the moulding obtained by the bonding of

the pre-formed pieces under the influence of pressure is
impregnated.

Process according to Claim 24, ¢haracterised in that the
moulding is inpregnated with a heat-storing material.

FProcess according to Claim 25, characteriged in that the
moulding is impregnated with a paraffin which acts as a phase-
change material.

Proceas according te one of the preceding claims,

characterised in that the surfaces of the moulding are coated
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with a finish or with a lamination comprising & planar textile

material.

| E
\ !

28. Use of the mouldings prepared by the process according to
Claims 1 to 26 for the conduction or the exchange of heat.

29, Use of the mouldings prepared by the process according to

Claims 9, 12, 21, 25 or 26 for the storage of heat.
|
\

30. Process for the preparation of a heat storage ﬁaans, whice

includes the following steps:

- preparation of planar pre-formed pieces having a thickngss
of from 10 to 20 mm and a density of from 0.01 g/om? to|0.2
g/am"from.graphite expandate having a danbiﬁy of from g/1
to 20 g/1, .

- coating of the upward-facing surfaces of the pre-formed
pieces with particles of a heat-storing ma%erial, 50 that a
maximum of 50 % of the upward-facing surface of each pre-

formed piece i= covered with the particles of the heat-

storing material,

- stacking of the pre-formed pieces one on top of tﬂe othear,

80 that the coated surfaces face upward,

{
- laying of an uncoated pre-formed piece onto the stack,
- bonding of the pre-formed pieces by the intl@ence of
pressure to give a single~plece raw moulding, wherein the
graphite expandate is compregsed to a density of from
0.0258 g/cm? to 0.4 g/cm?,

- cutting of the raw moulding to the shape of a block.

Fetherstonhaugh
Ottawa, Canada

Patlent Agents
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