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(54) Apparatus for the production of a mineral fibreboard

(57) Apparatus is provided for apparatus for the con-
tinuous production of a bonded mineral fibre board from
a mineral fibre fleece comprising:
1) a precompression unit (17’),

2) a compression unit (19’) adjoining the precompression
unit, the compression unit consisting of two conveyor
pairs (30, 32) for compressing the fleece, and
3) a convey belt (40) and a hold-down belt (42) and feed
rollers (63, 65) for conveying the compressed fleece
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Description

[0001] This invention relates to a process and appa-
ratus for the production of a mineral fibreboard.
[0002] Various improvements in the production of min-
eral fibreboards have been disclosed in recent years. A
substantial improvement to the properties of mineral fi-
breboards can be obtained, for example, by reorienting
the fibres in the production process so that they are
aligned predominantly perpendicularly to the large sur-
faces of the board. The compressive strength and the
tensile strength perpendicularly to the board plane can
be substantially increased as a result.
[0003] Various processes are known whereby the fi-
bres are reorientated such that the product acquires a
pleated configuration but improved performance is usu-
ally obtained when the final product is substantially free
of pleats. There have been various disclosures of proc-
esses for length compression of a fibre web either to form
a pleated or a substantially unpleated product. See for
instance DE-A-1,635,620, EP 133,083, US 4,567,078,
WO91/14816 and WO94/16164.
[0004] It is already known to split a web in the thickness
direction into sub-webs, to compact one of them and then
recombine them and cure them, for instance from CA-A-
1057183 and EP-A-277,500. Such processes have var-
ious disadvantages. For instance the bottom web is often
only precompressed so that the final product has rela-
tively low compressive strength. The processes also
have the disadvantage that the bottom layer only under-
goes slight compaction and substantially no rearrange-
ment of fibre orientation.
[0005] In WO88/00265, WO92/13150 and
WO94/16162 the web is longitudinal compressed before
the web is split into two layers.
[0006] According to the invention we provide a contin-
uous process for the production of a two-ply or multi-ply
bonded mineral fibreboard from a mineral fibre fleece by
longitudinal precompression of the fleece in a compres-
sion unit, feeding the precompressed fleece to a sepa-
rating device, separating the fleece by means of the sep-
arating device into two or more sub-webs, compressing
at least one sub-web in the direction of the thickness,
followed by combining the sub-webs and transporting the
same on to a bonding station in which the fleece is bond-
ed, characterised in that the break-out of the tensioned
sub-webs between the compression unit and the bonding
station is prevented by means that prevent break out.
The means that prevent break out can include constrain-
ing means.
[0007] Thus, in the process of the invention the thick-
ness and longitudinally compressed fleece is divided into
two or more sub-webs parallel to the larger surfaces,
while to prevent any deformation in the thickness direc-
tion the sub-webs are each held at the opposite large
surfaces. At least one of the webs is compressed in the
direction of the thickness and/or longitudinally with the
sub-webs are then combined and subsequently bonded.

Multi-ply products can be produced by this process.
[0008] Although the adhesion of the sub-webs by the
curing of the binder is normally sufficient, the contact sur-
faces of the sub-webs can be sprayed or impregnated
with binder before being combined. Basically, the com-
bined webs held together by suitable means can be thick-
ness compressed once again. Advantageously, howev-
er, the webs are longitudinally compressed before bond-
ing. The longitudinal compression can be effected in a
ratio of 1.1:1 to maximum 2:1. The contact surfaces can
be increased in size by a final longitudinal compression
so that the bonding of the sub-webs is improved.
[0009] In a preferred process we provide a process for
the continuous production of a mineral fibre board having
two or more layers of different densities by precompress-
ing a fibre felt, feeding the precompressed felt to a sep-
arating device, separating the felt into two or more sub-
webs, compressing at least one sub-web in the direction
of the thickness, followed by combining the sub-webs,
and transporting the same on to a bonding station in
which the felt is bonded, characterised in that the fibre
felt is longitudinally compressed before the separating
device in a compression unit without compression in the
direction of the thickness in a continuous compression
zone in which the nominal thickness of the product is
maintained, and in that break-out of the tensioned sub-
webs between the compression unit and the bonding sta-
tion is prevented by constraining means.
[0010] We also provide novel apparatus for the con-
tinuous production of a bonded mineral fibreboard from
a mineral fibre fleece comprising means disposed con-
secutively in the conveying direction F for precompress-
ing the fleece, first transport means for transporting the
fleece to a separating device, a separating device for
separating the fleece into two or more sub-webs, means
for compressing at least one sub-web in the direction of
the thickness, second transport means for subsequently
combining the sub-webs and transporting the same on
to the bonding station in which the fleece is bonded, a
bonding station for bonding the compressed fleece char-
acterised in that the first transport means form a com-
pression unit which comprises at least two conveyor pairs
disposed consecutively in the conveying direction, and
in that means are provided to prevent break-out of the
tensioned sub-webs between the compression unit and
the bonding station.
[0011] The processes and apparatus of the invention
differ from some known processes and apparatus essen-
tially in that the precompressed web is compressed fur-
ther in the thickness and/or longitudinal direction, partic-
ularly the longitudinal direction, by a compression unit,
so that the sub-webs produced can already have rela-
tively high densities and different fibre structures before
being split. The advantage of this, for example, in the
case of two-ply boards, is that the lower-density layer,
unlike conventional boards, has a better compressive
strength and tensile strength perpendicularly to the large
surfaces. A specific tensile and compressive strength can
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therefore be achieved with reduced use of material, par-
ticularly a smaller quantity of fibre, compared with the
known processes.
[0012] In order that the fleece webs under tension
should not break-out or pleat between the compression
unit and the bonding station, suitable hold-down means
and/or conveyors are advantageously provided to hold
the fleece webs at the large surfaces.
[0013] To form a highly compacted top layer, at least
one of the split sub-webs can be thickness-compressed.
A higher piercing strength can be obtained in this way.
Advantageously, however, the one thickness-com-
pressed sub-web can also be longitudinally compressed.
Rolling the reoriented fibres flat by thickness compres-
sion may necessitate compensation of the resulting elon-
gation.
[0014] To improve the bond between the sub-webs,
the contact surfaces of the sub-webs can additionally be
provided with binder before being combined. In many
cases, however, the quantity of binder initially applied to
the fibres is already sufficient to achieve a good bond
between the sub-webs on curing of the binder. Another
possibility for improving the bond between the sub-webs
is to compress the combined webs in length before cur-
ing. By contracting the webs, e.g. in a ratio of 1.1:1 to a
maximum 2:1 it is possible to enlarge the contact surfaces
and hence obtain a better bond between the layers.
[0015] One problem in connection with the continuous
production of two-ply or multi-ply products may be soiling
of the band knife used by the binder adhering to the fibres.
One advantageous variant of the process therefore pro-
poses continuously cleaning the separating device. This
can be effected, for example, by means of a solvent jet,
e.g. water, directed to the cutting edge of the band knife.
[0016] Advantageously, the longitudinal compression
is effected by passing the fleece through a compression
unit comprising a plurality of conveyor pairs disposed
consecutively in the direction of conveyance, the speed
of at least one conveyor pair being less than that of the
preceding conveyor pair. Advantageously, the precom-
pressed fleece is longitudinally compressed in at least
one stage. Longitudinal compression enables the fibres
to be reoriented so that, in particular, the compressive
strength and tensile strength perpendicularly to the large
surfaces are improved. As a result of the fibre structure
optimisation it is possible to reduce the resources used.
[0017] Advantageously, for the production of products
having a pleated fibre structure, the spacing of the op-
posite conveyors of a conveyor pair is set to approxi-
mately 0.5 to 0.1 times the spacing of the following con-
veyors, the conveying path defined by the two conveyor
pairs being disposed substantially in alignment and the
circumferential speed at least of the directly following pair
being less than the circumferential speed of the preced-
ing conveyor pair. In this way it is possible to produce a
fleece web having a pleated fibre structure (Fig. 2).
[0018] Advantageously, before entry to the compres-
sion unit, the fleece is already compressed to approxi-

mately 0.8 to 1.5 times, preferably 0.9 to 1.3 times the
nominal thickness and quite particularly preferably to the
approximate nominal thickness of the finished product,
so that there is substantially only a longitudinal compres-
sion by the conveyors of the compression unit. The lon-
gitudinal compression can take place in a continuous
compression zone in which the nominal thickness of the
product is maintained. Surprisingly, a very homogeneous
gross microdensity can be obtained if the fleece is already
precompressed to approximately the nominal thickness
of the finished product before the compression unit and
is then only longitudinally compressed. The mineral fibre
fleece is advantageously compressed in length by a fac-
tor of 2 to 10, preferably by a factor of 2.5 to 5 and quite
particularly preferably by a factor of about 2.5 to 3.5. In
some cases, for example when the density of the bottom
sub-web of the finished product is to be less than approx-
imately 100 kg/m3, a simultaneous longitudinal and thick-
ness compression may be indicated. The degree of thick-
ness compression is advantageously less than 2 and
preferably less than 1.5.
[0019] Although the conveyors of the compression unit
may be conveyor belts, the conveyors in a particularly
preferred embodiment are constructed as roller convey-
ors. Unlike conveyor belts, rollers have the advantage
that the fleece is repeatedly expanded and compressed
by the rollers during compression. As a result the prod-
ucts surprisingly have a very homogeneous gross micro-
density (density distribution in a small unit volume) and
very good mechanical properties, such as compressive,
piercing and tensile strength in products of significantly
reduced weight compared with conventional products.
The fibres are uniformly felted and no preferential fibre
orientation can be detected (Fig. 11). On an enlarged
scale it has been found that the random-orientation fibres
are partly arranged in a corrugated pattern. This type of
fibre structure is designated a corrugated fibre structure
by the inventors. Another desirable effect is the compac-
tion of the fleece web surfaces which is possible by
means of rollers.
[0020] Although the individual rollers can each be in-
dividually controllable, in one advantageous embodiment
each roller conveyor comprises in each case two oppo-
site groups of at least two rollers in each case, the rollers
of a conveyor each being driven at the same circumfer-
ential speed. Since the rollers are combined in groups of
at least two rollers, the compression unit and its control
are greatly simplified.
[0021] Advantageously, the fleece is stretched in the
conveying direction before the separating device. Ex-
panding the fleece can prevent unwanted pleating or
breaking-out of the fleece web, e.g. on transition from
the compression unit to the separating device.
[0022] The fleece may consist of glass wool, rock wool
or other synthetic fibres. Preferably, however, the fleece
consists essentially of rock wool fibres and contains non-
cured binder. The binder content by weight can be be-
tween approximately 0.7 and 4%. The binder is prefera-
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bly curable in a curing oven. Bonding of the fleece can,
however, be effected by needling or felting.
[0023] Advantageously, mineral fibres of an average
length between approximately 0.3 and 50 mm, preferably
between approximately 0.5 and 15 mm and of a thickness
between approximately 1 to 12 Pm, preferably between
approximately 3 and 8 Pm are used. However, it is also
possible to use mineral fibres of an average length of
between approximately 1 and 10 mm, preferably be-
tween approximately 2 and 6 mm and of an average thick-
ness of between approximately 2 to 10 Pm, preferably
between approximately 3 to 7 Pm. The average length
of rock wool fibres, which are usually shorter than glass
fibres, is as a rule 2 to 4 mm and the average diameter
is 3 to 4 Pm.
[0024] Advantageously, during the deposition of the
fleece on the conveyor the predominant orientation of
the fibres is changed or partially evened out. This can be
effected, for example, by means of a spinning member
adapted to swing at an angle to the direction of transport,
or by means of air curtain. The density distribution of the
fleece can thus be improved and the fibre orientation
changed, this having a favourable effect on the mechan-
ical properties of the resulting products. Advantageously,
the primary fleece is deposited on the collecting belt in
layers by means of a pendulum belt adapted to swing at
an angle to the transport direction. In this way the fibres
are partially reoriented and the homogeneity (transverse
distribution) of the fleece deposited on the collecting belt
can be improved.
[0025] Advantageously, 2 to approximately 60 layers,
preferably between 2 and 40 to 50 layers, are deposited
one above the other. This results in some reorientation
of the fibres.
[0026] The fleece can, for example, be deflected trans-
versely of the direction of transport, while a compression,
more particularly longitudinal compression, can take
place at the same time.
[0027] The present invention also relates to an appa-
ratus according to characterising features of claim 14.
The apparatus according to the invention is characterised
in that an additional compression unit is provided be-
tween the precompression stage and the separating de-
vice in order to compress the fleece further in the thick-
ness and/or longitudinal direction, more particularly in
the longitudinal direction, and reorient the fibres. Con-
veyor belts serve to maintain the fibre structure once ob-
tained and prevent any deflection or break-out of the ten-
sioned fleece.
[0028] Other advantageous embodiments are indicat-
ed in the sub-claims. According to a preferred exemplified
embodiment, at least the separating device and the fol-
lowing hold-down device are adjustable independently
of one another perpendicularly to the belt surface in the
region of the multi-ply unit, so that the apparatus can be
used selectively for the production of single ply or multi-
ply products.
[0029] Advantageously, the means for compressing

the at least one sub-web comprise at least two independ-
ently driven conveyor pairs. In this way the split sub-web
can also be compressed in length. The conveyor pairs
are advantageously roller conveyors, the roller spacing
being adjustable. As a result the sub-webs can be com-
pressed both in thickness and in length.
[0030] Advantageously, the bonding station is a curing
oven, coolable feed rollers being provided before the said
oven. In this way any adhesion of the binder to the rollers
can be prevented and clogging obviated. In one advan-
tageous embodiment, the circumferential speeds of the
transport means between the separating device and the
bonding station and the circumferential speed of the con-
veyor belts in the oven are individually adjustable so that,
for example, compression or decompression can also be
effected before the curing oven.
[0031] The longitudinal precompression can be con-
ducted as described and claimed in EP-A-889,981, from
which the present application is divided.
[0032] Exemplified embodiments of the invention are
described below with reference to the drawings wherein:

Fig. 1 shows a mineral wool product produced by
thickness compression and having a fibre orientation
substantially parallel to the surface.
Fig. 2 shows a pleated product comprising a majority
of fibres disposed perpendicularly to the surfaces.
Fig. 3 shows a two-ply product, the upper layer of
which has increased density.
Fig. 4 shows a product with substantially homoge-
neous density and random-orientation fibres.
Fig. 5 shows a product in which a layer having ran-
dom-orientation fibres is combined with a layer of
increased density.
Fig. 6 is a simplified view of an apparatus for the
production of a single-ply mineral fibreboard a) in a
continuous process and in a continuous compres-
sion zone respectively and b) in a single-stage proc-
ess.
Fig. 7 is a diagram showing the principle of an ap-
paratus for the continuous production of a single-ply
or multi-ply mineral fibreboard of different densities;
a) in a continuous process and in a continuous com-
pression zone respectively and b) in a single-stage
process.
Fig. 8 is a front elevation of a compression unit in
detail.
Fig. 9 is a side elevation of the compression unit of
Fig. 8.
Fig. 10 is a plan view of the compression unit of Fig. 8.
Fig. 11 shows the breaking zone of a) a board having
a substantially parallel fibre orientation and b) and
c) rock wool boards made by the new process and
pulled apart perpendicularly to the board plane.
Fig. 12 is a perspective section through a two-ply
board, the fibre structure being shown on an en-
larged scale and Fig. 13 is a diagram showing vari-
ous possible arrangements of four conveyor pairs
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disposed consecutively in the conveying direction.

[0033] Figs. 1 to 5 illustrate the fibre orientations fre-
quently occurring in softboards. Boards having fibres dis-
posed parallel to the surface (Fig. 1) have comparatively
poor mechanical properties. To compensate for the dis-
advantages, the fibres are frequently strengthened with
binder and the density increased.
[0034] Products having fibres arranged perpendicular-
ly to the surface can be obtained if a board of the kind
shown in Fig. 1 is cut into strips, the strips are turned
through 90° and are then bundled. This type of manufac-
ture is complex and correspondingly uneconomic. Ac-
cording to another type of manufacture, the fleece is
pleated (pleating process, Fig. 2). These products have
a substantially better compressive and tensile strength
perpendicularly to the board plane than boards of the
kind shown in Fig. 1. Boards having pleated fibres can
bend and can therefore be used for insulating pipes or
for lining curved areas. A disadvantage, on the other
hand, is that these products tend to break along the
pleats, and the piercing strength is inadequate. Another
disadvantage of the known products of this kind is that
there may be relatively considerable differences in den-
sity within the board.
[0035] Fig. 3 shows a two-ply product, the top layer of
which has an increased density. These products are suit-
able for applications requiring high tread strength or en-
hanced surface protection. As a result of the increased
density of the top layer the average density can be re-
duced.
[0036] Fig. 4 shows a product with substantially iso-
tropic fibre orientation with a substantially random fibre
orientation. These products have excellent mechanical
properties, such as high compressive, tread, and piercing
strength, and high tensile strength perpendicularly to the
board plane. They do not break and their thermal con-
ductivity is substantially the same as the products shown
in Fig. 1. Generally, these products are lighter than com-
parable products having substantially parallel fibres for
comparable or improved mechanical properties.
[0037] Fig. 5 shows a product in which the advantages
of increased density of the top layer and of the fibre struc-
ture shown in Fig. 4 are combined. The object of the
invention is particularly further to improve the properties
of products of the kind shown in Figs. 4 and 5.
[0038] The apparatus 11’ shown in Fig. 6 for perform-
ing a suitable precompression process suitable for use
in the invention comprises, as considered in the convey-
ing direction F, a precompression stage 17’, an optimi-
sation or compression unit 19’ adjoining the precompres-
sion stage 17’ and consisting of two conveyor pairs 30,
32 for compressing the felt or fleece, and also a conveyor
belt 40 and a hold-down belt 42 and feed rollers 63, 65
for conveying the compressed fleece to a curing oven
25. Finally, conveyor belts 67, 67’ are provided in the
curing oven 25 to transport the compressed fleece
through the oven and hold the same at the opposite large

surfaces during curing of the binder.
[0039] The precompression stage 17’ consists of a
lower conveyor belt 27 and a pressing belt 29. By means
of the precompression stage 17’, the primary fleece de-
posited preferably in layers on a collecting belt 15 is
precompressed to such an extent that the fleece denoted
by reference 20 can be introduced into the compression
unit 19’ . For this purpose the pressing belt 29 is adjust-
able as to height.
[0040] The conveyor pairs 30, 32 of the compression
unit 19’ consist of upper and lower roller groups 30’, 30’’
and 32’, 32’’ each consisting of six rollers 39. The upper
and lower roller groups 30’, 30’’; 32’, 32’’ each have a
separate drive (not shown in detail) so that the conveyors
can be driven at different speeds respectively. Also, the
upper roller group 30’, 32’ are adjustable as to height, so
that the apparatus 11’ can be used for the production of
products of different thicknesses. The distance between
the upper and lower roller groups 30’, 30’’, 32’, 32’’ is
preferably identical.
[0041] To perform this process, the fleece is precom-
pressed in the precompression stage to approximately
the nominal thickness of the finished product and then
longitudinally compressed with a conveyor spacing cor-
responding approximately to the nominal thickness of the
finished product. In these circumstances the conveyor
30 is driven at a first speed and the conveyor 32 at a
second speed which is usually not more than half the first
speed so that a corresponding longitudinal compression
of the fleece 20 results. In principle, another conveyor
could be provided in order to expand the fleece somewhat
after longitudinal compression. The latter step can pre-
vent the highly compressed fleece from pleating or break-
ing out in the upward direction on transport into the curing
oven 25.
[0042] The compression unit 19 is followed by a con-
veyor belt 40 and a hold-down device 42 in order to con-
strain the compressed fleece 20 against breaking out, ie
buckling upwards off the conveyor 40. The hold-down
device 42 consists of an uncoilable relatively heavy belt
which is placed on the conveyed fleece web. The belt
can be additionally loaded by applied weights. Feed roll-
ers 63, 65 are provided before the curing oven 25 and
are preferably coolable. Advantageously, the distances
between the lower and upper roller groups are each set
to approximately the nominal thickness of the end prod-
uct. This has the advantage that once the fibre orientation
has been set in the compression unit 19 it is no longer
changed.
[0043] The precompression apparatus shown in Fig.
7 differs from that shown in Fig. 6 basically in that the
compression unit 19 has four conveyors each with four
rollers. A multi-ply unit is also provided, in accordance
with the invention, and is used for the production of multi-
ply boards, and can in principle also be used together
with the apparatus 11’ shown in Figures 6a and 6b. For
simplification, the same references are used in the fol-
lowing description as in the description of the apparatus
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11’ for like parts.
[0044] The apparatus shown in Fig. 7 for the produc-
tion of mineral fibre boards comprises essentially, ar-
ranged consecutively in the direction of conveyance F,
a pendulum belt 13 and a collecting belt 15 for the re-
spective deposition and reception of fibres produced by
a fibre production unit (not shown in detail), and a
precompression stage 17 and an optimisation or com-
pression unit 19 for forming a felt or fleece 20 having
optimised fibre orientation and homogeneity. The com-
pression unit 19 for optimising the compression is fol-
lowed by an optional multi-ply unit 21 which can be used
for the production of multi-ply mineral fibre boards. The
multi-ply unit 21 is followed by transport means 23 which
hold the compressed fleece clamped at the opposite
large surfaces and feed the same to a bonding station,
e.g. a curing oven 25.
[0045] The above-mentioned fibre production unit
serves for the continuous production of fibres by one of
the known methods, e.g. the cascade spinning process.
The fibres produced, also termed the "primary fleece",
are sprayed (not shown) with a binder and pass by means
of a conveyor (not shown) to the pendulum belt 13. The
latter belt is situated above the collecting belt 15 and
swings transversely to the direction of transport of the
collecting belt 15. A different orientation of the pendulum
movement, e.g. in the transport direction, is however also
possible. As a result of the pendulum movement, the pri-
mary fleece 26 is deposited as cross-laps, as will be seen
from Fig. 7, on the forwardly moving collecting belt 15,
depending on the speed of the latter and the frequency
of the pendulum movement. Other means, for example
gas jets, are however possible for the production of the
most random possible fibre orientation on the collecting
belt. As a result of the advance movement of the collect-
ing belt 15, the orientation of the fibres is predominantly
at an angle to the direction of transport. Viewed from
above, the fibres of two superposed fleece layers extend
substantially crosswise.
[0046] The precompression stage 17 consists of a low-
er conveyor belt 27 and a pressing belt 29. The latter is
adjustable as to height so that the fleece 26 can be
precompressed to different degrees. The precompres-
sion stage 17 provides precompression and a certain ho-
mogenisation of the relatively loose fleece 20 before the
same is introduced into the optimisation unit 19. The two
belts 27, 29 preferably have separate independent drives
so that they can be operated at different circumferential
speeds.
[0047] According to the exemplified embodiment
shown, the optimisation unit 19 consists of a plurality of
conveyors or conveyor pairs 31, 33, 35, 37. Each pair
31, 33, 35, 37 has a lower and an upper roller group each
consisting of four rollers 39. The clearance between the
individual roller groups 31’, 31’’; 33’, 33’’; 35’, 35’’; 37’,
37’’ is adjustable. The roller groups are also adapted to
be inclined relatively to one another preferably in the di-
rection of transport. The latter property enables the fleece

20 to be continuously compressed in thickness or be de-
compressed on passage through a conveyor pair 31, 33,
35, 37.
[0048] A number of different formulations for the fleece
optimisation can be obtained as a result of the possibility
of adjusting the distance between the opposite roller
groups and their speeds. In this way the product proper-
ties can be quite different. Also, because of these adjust-
ment facilities, the fibre structure can be controllably op-
timised and, for example, undesirable pleating at the
fleece surface can be prevented.
[0049] At least the lower and upper roller groups
31" and 31’ respectively of the first conveyor pair 31 are
adjustable as to height. This enables the fleece to be
subjected to bending, as shown in Fig. 7, for example in
order to smooth and compact the fleece surface.
[0050] The upper and lower roller groups 31’, 31’’; 33’,
33’’; 35’, 35’’; 37’ , 37’’ of the conveyor pairs 31, 33, 35,
37 each have a separate drive not shown in detail in Fig.
7. The drives used are preferably infinitely variable within
a specific range, so that, for example, the upper and lower
roller groups can have different circumferential speeds.
A slightly higher circumferential speed of the upper roller
group is necessary, for example, if the same is disposed,
not horizontally, but at an angle to the lower roller group.
[0051] Figs. 8 to 10 show an exemplified embodiment
of a compression unit 19 in which the conveyors with the
roller groups 31’, 31’’; 33’, 33’’; 35’, 35’’; 37’, 37’’ having
the rollers 39 are disposed on a supporting structure 71.
Chain wheels 115 (Fig. 10) are provided at one end of
each of the rollers 39. Each four or five rollers 39 are
interconnected by drive chains (not shown) and form a
roller group. A drive 117’, 117’’, 117’’’, 117’’’’, 118’, 118’’,
118’’’, 118’’’’ is provided for each roller group.
[0052] The upper and lower roller groups 31’, 31’’ of
the first conveyor pair 31 considered in the direction of
conveyance (Fig. 9, arrow F) are vertically adjustable.
The vertical adjustment of the upper roller group 31’ is
effected by means of a drive member 81 which drives
the spindles 73, 73’ via the Cardan shafts 77, 77’.
[0053] A drive member 83 driving the spindles 75, 75’
via the Cardan shafts 79, 79’ is used for the vertical ad-
justment of the bottom roller group 31’’.
[0054] Unlike the first roller groups 31’, 31’’, the posi-
tion of the remaining roller groups is either not adjustable
(at the bottom) or adjustable only jointly (at the top). As
will be seen particularly from Figs. 8 and 9, the rear bot-
tom three rollers groups 33’’, 35’’, 37’’ as considered in
the direction of conveyance are disposed on a stationary
frame 85 while the upper three roller groups 33’, 35’, 37’
are disposed on a vertically adjustable frame 87. The
latter frame 87 is vertically adjustable at the top part of
the supporting structure 71. Linear guides 93 at the col-
umns 95, 95’, 97, 97’ provide vertical guidance of the
frame 87. A drive member 103 which by way of the
Cardan shafts 99, 99’, 101, 101’ drives the spindles 89,
89’, 91, 91’ arranged in pairs on the supporting structure
71 is provided for vertical adjustment of the frame 87.
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[0055] The upper roller groups 33’, 35’, 37’, the last of
which has 5 rollers 39, are disposed on support rails 105
pivotally connected to the frame 87 by the pivot 107. In
the exemplified embodiment illustrated, the front end of
the rails 105 as considered in the direction of conveyance
is connected to the vertically adjustable frame 87 by an-
other pair of spindles 109, 109’. By adjustment of the
spindles 109, 109’ it is possible to swing the support rails
105 upwardly or downwardly out of the horizontal so that,
for example, it is possible to form a path tapering in the
direction of conveyance F. The spindles 109, 109’ are
also interconnected via Cardan shafts 111, 111’ so that
here again one drive 113 is sufficient to adjust them.
[0056] Fig. 13 shows various possibilities of how four
conveyor pairs can be arranged in principle. The adjust-
ments according to Figs. 13b and 13c, however, cannot
be made with the compression unit according to Figs. 8
to 10. An arrangement of the roller groups 31’, 31’’, 33’,
33’’, 35’, 35’’, 37’, 37’’ according to Fig. 13d is advisable,
for example, if light products are to be made.
[0057] The optimisation unit 19 comprising a plurality
of conveyor pairs is followed by the optional multi-ply unit
21, which in the exemplified embodiment illustrated is in
the form of a dual density device. This comprises a sep-
arating device 41, for example, a band saw or a band
knife, which is shown only in outline in Fig. 7 for separat-
ing the compressed fleece 20 into two webs 43 and 45.
The multi-ply unit 21 also comprises conveyors 47, 49,
50 and 51, e.g. conveyor belts, which fix the compressed
sub-webs 43, 45 in thickness. Any gaps occurring for
geometric reasons between the separating device and,
for example, the conveyor belt 49 or 50 can be bridged
where possible by guide plates. These prevent the fleece
web 43, which is compressed to varying degrees, from
breaking out.
[0058] The separating device 41 and following convey-
or is preferably adjustable as to height. This enables the
fleece emerging from the compression unit 19 to be cut
into lower and upper webs 43, 45 of practically any thick-
ness. In addition, the separating device 41 and the con-
veyor belt 49 can also be displaced independently of one
another and upwardly to an extent such that they are
disposed outside the range of transport of the fleece. The
conveyor belt 49 then serves as a hold-down belt. Owing
to the vertical adjustability, the apparatus 11 can be used
optionally for the production of single-ply or multi-ply
boards. Basically, a plurality of separating devices and
corresponding hold-down belts can be provided to enable
boards to be produced with three or even more layers.
Also, the distance between the upper and lower rollers
is adjustable so that outer layers of different thicknesses
can be made.
[0059] Two conveyor pairs 53, 54 provided after the
conveyors 50, 51 serve for thickness and longitudinal
compression of the upper web 45. The conveyor pairs
53, 54 preferably comprise rollers S5, which are com-
bined in each case to form upper and lower roller groups
with three rollers in each case. The conveyor pairs 53,

54 are each drivable at different circumferential speeds
so that the elongations which may occur as a result of
thickness compression can be compensated by subse-
quent longitudinal compression. Also, the distance be-
tween the upper and lower rollers is adjustable so that
outer layers of different thicknesses can be made.
[0060] Conveyor belts, chutes and/or guide plates (not
shown in detail) combine the compressed web 45’ with
the lower web 43. In most cases a hold-down belt for the
highly compressed web 45’ can be dispensed with. A
metering device 57 for a binder is provided in the zone
where the webs 43, 45 meet. With this arrangement it is
possible to apply binder to the contact surfaces of the
upper and/or lower webs 43, 45’ so that a better bonding
is obtained after curing of the binder. In most cases, par-
ticularly if any elongations occurring have been compen-
sated previously, a metering device 57 can also be dis-
pensed with.
[0061] Feed belts 59, 61 and feed rollers 63, 65 press
the combined webs 43, 45’ together and transport the
same into the curing oven 25. The circumferential speeds
of the feed belts 59, 61 and feed rollers 63, 65 are ad-
vantageously individually adjustable so that compression
or decompression of the compressed webs 43, 45’ can
be effected as required. At least the feed rollers 63, 65
are preferably coolable. Air-permeable conveyor belts
67, 67’ are preferably provided in the curing oven 25. The
belts 67, 67’ hold the webs 43, 45’ together during the
curing process and thus substantially determine the nom-
inal thickness of the finished boards. The belts 67, 67’,
like the conveyors 59, 61, 63, 65, are vertically adjustable
and can thus be adjusted to the fleece thicknesses com-
ing from the multi-ply unit 21 or the compression unit 19.
[0062] The production of the multi-ply board can be
carried out as follows: the primary fleece delivered from
a collecting chamber (not shown) and provided with bind-
er and, in the case of rock wool fibres usually of a weight
of about 200 - 800 g/m2, preferably 200 400 g/m2, with
an approximately average thickness of 15 - 20 mm, or
frequently up to 75 mm, is fed to the pendulum belt 13.
The latter deposits the primary fleece on the continuously
advancing collecting belt 15. Depending on the speed of
the latter belt 15 and the frequency of the pendulum belt
13, a larger or smaller number of fleece layers is formed
on the belt 15 in the vertical direction. The number of
layers is selected according to the required board prop-
erties, e.g. weight, compressive strength etc., of the end
product. The number of layers also depends on the fibre
formulation, i.e. the individual fibre processing stages be-
tween the fibre production unit and the curing oven 25.
Usually 2 to 40 to 50 layers are deposited on the collecting
belt 15.
[0063] Depositing the primary fleece 26 by means of
the pendulum belt 13 not only provides good transverse
distribution of the fibre material on the collecting belt 15,
but also contributes to uniform fibre orientation and a
certain homogenisation. The fibre orientation can be fur-
ther controllably influenced by changing the direction of
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the pendulum movement.
[0064] The deposited fleece is subjected to a precom-
pression in the precompression stage 17. The precom-
pression is usually such that the fleece can be engaged
by the rollers of the first conveyor pair (required nominal
thickness plus at maximum approximately 40% of the
roller diameter). Some deflection of the fleece after
precompression is desirable so that, on entry into the
compression unit, sufficient adhesion between the fleece
and the rollers is achieved to give the required reorien-
tation of the fibres. Since, in the case of products having
a density of less than approximately 80 to 90 kg/m3 the
expansion forces prevailing in the fleece during longitu-
dinal compression are much lower, a moderate thickness
compression in addition to the longitudinal compression
is usually necessary in the production of these products
in order to set the required tension and avoid undesirable
pleating at the fleece surface.
[0065] In the case of doubling, i.e. when the primary
fleece is deposited in layers, the fleece surfaces have
steps showing to varying degrees. These steps can be
at least partially evened out in the precompression stage
17, by driving the upper belt 29 at a slightly higher speed
than would be necessary for further transport.
[0066] The partially smoothed fleece can be subjected
to further smoothing in the optimisation unit 19. To this
end, for example, the first and second conveyor pairs
can be disposed so as to be out of alignment. It is also
possible for any other pairs of conveyors to be disposed
out of alignment. The out-of-alignment arrangement sub-
jects the conveyed fleece 20 to a bending or transverse
deflection, which can effect smoothing of the fleece sur-
faces. The smoothing effect can be enhanced if the sec-
ond conveyor pair runs somewhat more slowly than the
first.
[0067] Preferably, a longitudinal compression of 2:1 to
6:1 (corresponding to the circumferential speeds of the
first and the last conveyor pairs 31 and 37) is effected in
the compression unit 19 substantially with a roller spacing
corresponding to the nominal thickness of the board be-
ing produced (i.e. compaction by longitudinal compres-
sion without thickness compression). In the case of light-
er products, however, a longitudinal compression togeth-
er with simultaneous moderate thickness compression
may be advantageous. In the case of a single speed grad-
uation, each two conveyor pairs 31, 33 and 35, 37 can
be driven jointly by one drive.
[0068] Although conveyor belts can be used for com-
pression, rollers are preferred, because the tendency to
pleating at the fleece surfaces is relatively minor, even
with a considerable degree of longitudinal compression.
The fleece can be greatly longitudinally compressed with
rollers 39 without appreciable pleating at the fleece sur-
face. One possible explanation for this is that there is
only a slight adhesion between the rollers and the fleece.
The rollers also promote the reorientation of the fibres,
since the fleece can expand somewhat between the roll-
ers in each case but without pleating.

[0069] This results in good compaction of the fibre felt
in the interior and at the surface.
[0070] Separation of the fleece 20 is effected by a band
saw or a band knife in manner known per se. The upper
web 45 with the optimised fibre structure is then subjected
to a thickness and longitudinal compression. In this, the
fibres of the upper layer 45 are further compacted by the
thickness and subsequent longitudinal compression. The
thickness-compressed web 45’ is then returned to the
continuously moving lower web 43.
[0071] The compressed fleece 43, 45’, more particu-
larly the web 43 under tension, is guided between the
compression stage 19 and the curing oven 25 by the
conveyors 47, 49, 59, 61, 63, 65, for example belts,
chains or roller systems, preferably conveyor belts, in
order to prevent any break-out or bulging.
[0072] In the curing oven 25 the binder in the fleece is
cured. Curing of the binder takes place at temperatures
between 180 and 300°C, preferably at about 200 to
250°C. The binder also ensures a firm bonding between
the two webs 43, 45’ of low and high gross density.
[0073] To improve the adhesion of the webs 43, 45’,
the contact points thereof can be provided with a solid or
liquid adhesive (metering device 57) on the multi-ply unit
before being combined.
[0074] Alternatively, or in addition, the bonding be-
tween the two webs 43 and 45’ can be improved if the
webs are contracted somewhat before the curing oven
25, preferably in a ratio of 1.1:1 to 2:1. Depending on the
degree of contraction, this may result in some pleating
of the webs. The contraction results in the contact sur-
faces increasing in size and the adhesion/felting of the
webs can thus be improved.
[0075] With the above-described apparatus according
to the invention, the fleece or felt is longitudinally com-
pressed preferably in a single stage. Alternatively, the
apparatus can also be so operated that a plurality of com-
pression zones or a continuous compression zone form
during the compression.

Example 1:

[0076]

Board type Single-ply
Fibre material Rock wool
Board thickness 100 mm
Gross density About 90 kg/m3
Binder Modified phenolic resin
Average fibre length From about 3 to 4 mm
Average fibre diameter From 3 to 4 Pm
Precompression Approximately nominal thickness
Longitudinal compression 3 : 1
Compressive strength at 10%
deflection 0.035 N/mm2
Pull-off strength 0.020 N/mm2
(Delamination)
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Example 2:

[0077]

Board type 2-ply
Fibre material Rock wool
Board thickness 100 mm
Outer layer thickness About 20 mm
Substrate thickness About 80 mm
Average gross density About 90 kg/m3
Outer layer gross density 155 kg/m3
Substrate gross density 75 kg/m3
Binder Modified phenolic resin
Average fibre length From about 0.5 to 10 mm
Average fibre diameter From 3 to 6 Pm
Precompression Approximately 1.5 nominal thick-
ness
Thickness compression 1.8 : 1 to 1.1 : 1
Longitudinal compression 3 : 1
Compressive strength at 10%
deflection 0.025 - 0.030 N/mm2
Pull-off strength 0.013 - 0.018 N/mm2
(Delamination)

Example 3:

[0078]

Board type 2-ply
Fibre material Rock wool
Board thickness 100 mm
Outer layer thickness About 20 mm
Substrate thickness About 80 mm
Average gross density About 90 kg/m3
Outer layer gross density 155 kg/m3
Substrate gross density 75 kg/m3
Binder Modified phenolic resin
Average fibre length About 3 to 4 mm
Average fibre diameter From 3 to 4 Pm
Precompression Approximately 1.8 to 1.5 times
nominal thickness
Thickness compression 1.5 : 1.1 : 1
Longitudinal compression 3 : 1
Compressive strength at 10%
deflection 0.025 - 0.030 N/mm2
Pull-off strength
(Delamination) 0.013 - 0.018 N/mm2
Diameter of rollers used 80 mm.

[0079] In comparison with boards having a non-opti-
mised fibre structure and density, the weight in boards
produced by the new process can be reduced by up to
25 to 40% for otherwise substantially identical mechan-
ical properties. The tensile strength perpendicularly to
the board plane is greatly improved, this being evident
from the highly structured breaking zone (Figs. 11b and
11c).
[0080] Products according to the invention can be used

for any of the conventional purposes of synthetic fibres,
e.g. for boards, webs, used for thermal insulation, fire-
proofing and fire protection or soundproofing and sound
control, or in suitable form in horticulture as a growth
medium.

Claims

1. Apparatus for the continuous production of a bonded
mineral fibre board from a mineral fibre fleece com-
prising:

1) a precompression unit (17’),
2) a compression unit (19’) adjoining the
precompression unit, the compression unit con-
sisting of two conveyor pairs (30, 32) for com-
pressing the fleece, and
3) a conveyor belt (40) and a hold-down belt (42)
and feed rollers (63, 65) for conveying the com-
pressed fleece.

2. Apparatus according to claim 1 additionally compris-
ing a curing oven (25) to which the compressed
fleece is conveyed.

3. Apparatus according to claim 2 in which conveyor
belts (67, 67’) are provided in the curing oven to
transport the compressed fleece through the oven.

4. Apparatus according to any preceding claim in which
the precompression unit comprises a lower conveyor
belt (27) and a pressing belt (29).

5. Apparatus according to claim 4 in which the lower
conveyor belt and the pressing belt have separate
independent drives so that they are operable at dif-
ferent circumferential speeds.

6. Apparatus according to claim 4 or claim 5 in which
the pressing belt is adjustable as to height.

7. Apparatus according to any preceding claim in which
the conveyor pairs of the compression unit consist
of upper and lower roller groups 30’, 30" and 32’ and
32" each consisting of six rollers 39.

8. Apparatus according to any of claims 1 to 6 in which
the conveyor pairs each have an upper and a lower
roller group each consisting of four rollers (39).

9. Apparatus according to claim 8 in which the clear-
ance between the individual roller groups is adjust-
able.

10. Apparatus according to claim 8 or claim 9 in which
the roller groups are also adapted to be inclined rel-
atively to one another.
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11. Apparatus according to any of claims 8 to 10 in which
the upper and lower roller groups of the conveyor
pairs each have a separate drive.

12. Apparatus according to claim 7 in which the upper
and lower roller groups each have a separate drive.

13. Apparatus according to claim 7 or claim 12 in which
the upper roller group is adjustable as to height.

14. Apparatus for the continuous production of a bonded
mineral fibre board from a mineral fibre fleece com-
prising a pendulum belt (13), a collecting belt (15),
a precompression unit (17), a compression unit (19),
optionally a multi-ply unit (21), and transport means
arranged to feed the compressed fleece to a bonding
station.
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