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Method for pressing of sandwich panels       Sandwich panel constructions
have been used for quite a     long time  in buildings and ships. In
buildings their  5 first appearance was in the form of thin concrete slabs
separated from each other by an insulating layer called      the core.
Bridges were typically provided between the      slabs, because the core in
these structures as a rule was      incapable of carrying the forces needed
to maintain  the 10  integrity of the sandwich construction. Later, a
sandwich      construction was introduced in which the facing was
formed by a thin skin layer such as a metal sheet or a      laminated
layer. These sandwich constructions were type      ically used as
partitions in office and industrial spaces 15  or as bulkheads in ships.
Concurrently with the introduction of thin and flexible      facings in the
sandwich construction emerged the need for      a stiffer core. While this
need could be satisfied with 20   expanded polymer materials, other factors
such as those      related to fire resistance and sound isolation regulati-
ons directed the practice so that mineral wool became the      core
material of choice. To achieve an adequate stiffness      of the core,
sometimes it was sufficient to use a core 25  material of higher density.
However, in most cases the      core was preferentially made by virtue of a
method called      the lamellar technique.        In the manufacture of
mineral wool slabs, fiber orienta- 30  tion and layering are inherently
formed so that the domi-      nating fiber alignment becomes parallel to
the slab plane      and that the slab splitting into thinner layers
parallel      with the slab plane will occur more readily than into
layers with other orientation. This kind of fiber align- 35  ment and layer
formation causes that manufactured mineral     wool slabs will be highly
anisotropic. Resultingly, the     slab will exhibit nonuniform properties
such an essen-     tially smaller resistance to deformation under pressure
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which is applied orthogonally to the slab surface than in     other
directions. Furthermore, as the thermal isolation     capability of the
slab is highest in its thickness direc-     tion, it is obvious that
mineral wool has chiefly been  5 used in this inherent fiber orientation.
However, thermal isolation capability is not always the     only quality,
not even the principal one of those     required from a mineral wool
product. Sometimes a high 10  resistance of the product to compressing
pressure is most     desirable. This property can be improved by increasing
either the density of mineral wool or the amount of     binder, or even
both. However, these techniques increase     the manufacturing costs of the
product. An alternative 15  approach is to modify the fiber-structure
through re-      alignment of the fibers. Herein, the reduction in the
thermal insulation capability is readily compensated for      by using a
slightly increased thickness which as a rule      does not cause an
increase of production costs as high as 20  that resulting from the use of
a higher-density wool      grade or a greater amount of binder.
Realignment can be carried out in many different ways.      One of the most
radical techniques is to rotate the prin- 25   cipal alignment of fibers
during slab manufacture so that     they will become orthogonally aligned
instead of being     laid in parallel to the principal plane of the mineral
wool product.   30  The latter approach is employed in the so-called
lamellar     technique. Here, conventional mineral wool slabs with the
binder fully cured are cut into relatively narrow strips     used as
lamellar members. These are rotated 90[err] about the     longitudinal axis
and assembled into a new planar struc- 35  ture called a lamellar slab.
Resultingly, the lamellar      slab can offer a vastly improved resistance
to deforma-      tion under external pressure applied to the slab surface,
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3       as compared to the initial slab from which the lamellar
members were cut. This technique has been used in a plu-      rality of
applications, an example of which being dis-      closed, e.g ., in WO
90/07039.  5      While also other fiber realignment techniques are known
in the art, they are more or less based on the same prin-      ciple. One
typical method comprises cutting the lamellar      members from a mineral
wool mat wetted with uncured. 10   binder, perpendicularly to its travel
direction, prior to      its entry into the curing oven, whereafter the cut
lamel-      lar members are rotated 90[err] about their longitudinal axis
and then placed side-by-side under a moderate pressure so      as to form a
new mat of realigned material which is then 15  passed into the curing
oven. There, the curing of the      binder not only bonds the fibers to
each other, but also      forms interlamellar bonds of a certain strength.
Alignment of the lamellar members prior to their entry 20   into the curing
oven may also  be carried out so that the      travelling mineral wool mat
is slit in the machine direc-      tion into continuous, narrow strips
which are rotated 90[err]      about their longitudinal axis and then
aligned side-by-      side under a moderate pressure so as to form a new 25
travelling mat of realigned material which is sub-      sequently-passed
into the curing oven, where the manufac-      turing process is continued
as described above.        These exemplifying methods give a mineral wool
structure 30   of genuine lamellar character in which the degree of an-
isotropicity is high. Also alternative techniques are      also known in
the art that can render a slab structure of      less pronounced lamellar
character for less demanding      applications. One of such realignment
techniques is 35   longitudinal compression of the fiber mat. In this
method, the travelling mineral wool mat is impeded as it      is being
conveyed into the curing oven. As a result of   
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4      the travel slow-down, the mat in which the fiber align-     ment
initially is parallel with the plane of the mat will     become more or
less compressed in its longitudinal direc-     tion, whereby its fibers are
aligned at a blunt angle 5 with respect to the principal plane of the
travelling     mat. After passing through the curing oven, such a longi-
tudinally compressed mineral wool mat will exhibit quali-     ties falling
between those of a conventional mineral wool     slab and a-genuine
lamellar slab. In principle, the-lon- 10  gitudinally compressed slab will
not be more uneconomical     to produce than a conventional mineral wool
slab, while     the manufacture of a slab with a genuine lamellar struc-
ture will always involve essentially higher costs.   15   Still closer to
the properties of a genuine lamellar      structure reaches a technique in
which the mineral wool      mat is initially made relatively thin and the
mat is then      pleated in a meandering manner so as to form a thicker
mat. Such a pleated mineral wool mat will have a fiber 20   alignment
essentially orthogonal to the principal plane      of the mat, with the
exception of the fibers situated      close to both exterior planes of the
pleated mat. When      starting from a sufficiently thin mineral wool mat,
this      deviation from the structure of a genuine lamellar slab 25  will
be negligible. Hence, this mineral wool pleating      technique gives slab
structures essentially equal by its      properties to those of genuine
lamellar structures, yet      with more economical manufacturing techniques
resulting      in a realigned mineral wool slab emerging directly from 30
the production line as a "pseudolamellar" slab.       In the context of the
following description it is assumed     that the mineral wool slabs used in
sandwich construc-     tions are of the genuine lamellar type made from
separate 35   interbonded strips. It must be understood, however, that
the technique disclosed herein is also applicable in con-      junction
with other mineral wool constructions of more or   
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5       less equivalent properties.        Later development in the art has
expanded the use of      metal sheet plated sandwich panels into such
applications  5  as linings of exterior walls and ceilings. For these
purposes, the length of sandwich building components must     be made
essentially longer than is generally required in     partitions and ship
bulkheads. Such elongated sandwich   constructions need to be designed for
maximum strength 10  based on extensive optimization of the structural
elements used in the sandwich constructions and, more-     over, of the
mutual interaction of said elements. The     same requirements also apply
to the manufacturing tech-     nology of the constructions. 15
Referring to Fig. la, the manufacture of this type of a     sandwich
construction in principle comprises forming a     realigned mineral wool
slab 1, herein shown to be a     lamellar structure consisting a plurality
of adjacently 20   aligned lamellar members 2 or adjacent rows of such
lamellar members, and then lining the thus formed mineral      wool slab
from both sides with a facing 3, generally made      from a sheet, after an
adhesive layer 4 has been applied      the exterior sides of the mineral
wool slab and the 25   interior sides of the facings to be bonded thereto.
The      cross-sectional profile of the sheet facing need not
necessarily have a perfectly planar profile, but rather,      can be shaped
so as to include orderly deviations from      its main plane in the form of
ridges or grooves, as well 30   as contoured edges.        Generally, the
realigned lamellar members are made of      equal height so as to form a
lamellar mineral wool slab      with planar sides. In some cases, however,
it may be 35  desirable to achieve, e.g., a specific aesthetic effect,
whereby the mineral wool slab can be assembled  from      strips of varying
height, possibly also of varying width.   
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6       This technique is illustrated in Fig. lb. Herein, the      lamellar
members 2' are made of larger height and      narrower width than lamellar
members 2" . Resultingly, the      lamellar slab 1' will have a contoured
surface. One  5   facing sheet 3' of the structure is planar as shown in
Fig. la, while the other facing sheet 3"  is contoured in      the same
manner as the top surface of the lamellar struc-      ture. Both facings
have downward bent edges which connect      to the edge surfaces of the
lamellar structure.- - 10      In practice, contoured lamellar cores can be
fabricated      only by using mineral wool cores assembled from separate
strips.   15  While the adhesive is preferentially of a thermosetting
type, also self-curing and externally curable types can      be used such
as those requiring exposure to ultrasound,      for instance. In a pressing
opration carried  out under      heating  or other externally applied
influence, the facing 20   is bonded to the mineral wool core and the
adhesive is      cured. To obtained a controlled pressing result, the
pressing is performed against a stop which determines the      minimum
distance between the press platens, and thus, the      final thickness of
the sandwich product in the press, 25      This dimension controlled
pressing technique to a preset,      however, give inferior results in the
form of, e.g.,      uneven exterior surfaces and low-quality adhesive
bonds.      As to the function of the product, this shortcoming can 30
cause visual problems, because even very small unevenness      occurring in
the form of panel surface dimpling or      wrinkling is readily noticeable,
particularly on entirely      planar panels that are the ones most commonly
used. Sim-      ultaneously, the strength of the product is reduced, 35
which is not generally acceptable. To overcome these      problems,
attempts have been  made to use a larger amount      of adhesive, thicker
facing, a mineral wool grade of   
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7       higher density combined with an increased amount of      binder,
among others, which measures either cause a      strong increase in
production costs and/or simultaneously      fail to improve the end result
in a satisfactory manner  5   or to give a sufficiently controllable  end
result. Last      but not the least annoying point herein is that the same
costly measures must also be applied to those specimen of      produced
components which happen to be   free of the above-      described defects.
10      This background has caused that extensive and thorough.
investigations and tests have conducted, which have led      to the present
invention. The studies  performed  have      revealed that the primary
problems can be attributed par- 15   tially to stiffness variations in the
mineral wool mate-      rial, partially to small and unintentional
thickness      variations in the same, and further, to the internal
stresses of the facing material that can be relieved dur-      ing
pressing, particularly if heat is applied. 20      The first of
above-mentioned problems arises in all core      materials having a
realigned fiber structure and cannot      be solved in a practicable manner
if the pressing step is      carried out as a dimension-controlled
operation termin- 25   ated at a preset gap between the press platens.
The second of these primary problems is particularly pro-      nounced in
lamellar core structures and can be partially      solved in conjunction
with the manufacture of the lamel- 30   lar realigned mineral wool core.
Herein, two approaches      are feasible. One technique is to first
assemble a stack      of conventional mineral wool boards which are
subsequent-      ly bonded to each other before cutting the lamellar mem-
bers off from them. Hence, all the lamellar members 35   required to form
the fabricated, lamellar realigned mine-      ral wool core are cut from
the stack of the initial    boards in a single operation using one tool
only which    
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8      generally is a band saw or a band knife. However, this     method is
not suitable for use in the manufacture of a     contoured sandwich
product.   5 The bonding of the initial mineral wool boards to each
other can be made using a binder, or alternatively, as      disclosed in
patent publication SE 368 949, by glueing an      external bonding layer to
that end surface of the board      stack which is parallel to the plane of
the lamellar slab 10  to be cut off from stack, whereby the bonding layer
also     forms an exterior surface in the sandwich construction     being
manufactured.       Both methods have significant drawbacks. Interbonding
of 15  the initial mineral wool boards into a stack causes      greater
costs, lower thermal insulation capability and      reduced fire resistance
properties. Respectively, the      external bonding layer is difficult to
adhere to the end      surface of a mineral wool board stack in a
controllable 20  manner. The use of an additional material layer for ex-
ternal bonding also involves higher production costs.        According to
the second technique, a plurality of strips      are cut either
simultaneously or in successive steps from 25   a mineral wool slab and
then interbonded so as to form a      lamellar realigned mineral wool slab
in which the under-      side is inherently planar and smooth, while the
top side      requires grinding to make it smooth and parallel to the
underside. Herein is needed an additional work phase 30  which involves
dust release and material losses, parti-      cularly in the manufacture of
a contoured sandwich con-      struction. Furthermore, the maintenance and
operation of      the grinding equipment cause costs that are by no means
negligible. 35      In practice it is inevitable that the lamellar members
have small, unintentional variations in their height and  
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9      that the lamellar realigned mineral wool slab, which is     made by
interbonding the lamellar strips, has at least     one side not entirely
smooth, or in the case of a con-     toured lamellar slab, a cross section
which is not fully  5 regular.       The goal of the present invention is
achieved through     replacing the conventional pressing step, which is
gen-     erally carried out to a preset thickness determined-by a 10   stop
between the press platens, by a novel pressing tech-     nique, performed
under heating if so required, said tech-     nique comprising pressing with
a pressure whose value is     determined within a certain interval by the
properties of     the elements used in the sandwich construction being 15
manufactured, that is, the mineral wool core, the facing      and the
binder. Herein, the two endpoints of the pressing      are governed by two
different phenomena.        The first of these phenomena determines the
lower, limit. 20  The primary target at this point is to achieve an optimal
bonding result. The quality of bonding can be controlled      by way of
examining the bond strength in a tensile      strength test in which the
facings is pulled apart from      the mineral wool core. The separation can
take place 25   either as a cohesive failure or an adhesive failure. In
the cohesive failure, separation occurs in one of the      materials
included. Here, the failure normally starts      from a part of the mineral
wool containing no adhesive,      that is, at a certain deep in the mineral
wool slab. 30   Sometimes, the adhesive can fail. An adhesive failure
takes place at the interface between the mineral wool     core and the
adhesive layer, or alternatively, at the     interface between the adhesive
layer and the facing. It     has now turned out that the strongest sandwich
construc- 35  tion will be obtained if the pressing step is carried out
using so high a pressure that the risk of adhesive fail-      ure in the
finished product is eliminated.  
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10       Hence, the lower limit of applied pressure is equal to      the
lowest pressure at which no adhesive failure is found      to occur in the
product. This is the first step in the      implementation of the basic
idea of the invention.  5      With the gradual increase of the applied
pressure above      this lower limit, eventually a level will be reached at
which it can have negative effects to the mineral wool      structure,
whereby the strength of the sandwich con- 10   struction is reduced. Hence,
it is essential to ensure     that the mineral wool core has a sufficient
strength to     receive the applied pressure without failure. Conventio-
nally, this prerequisite condition is met primarily by     the selection of
a mineral wool grade of suitable density 15   and binder content, in some
cases complemented by choice      of the degree of the realignment of the
wool fibers.      Other possible parameters which can be varied are the
diameter of fibers and the fiber content of the wool. The,      damaging
effect of pressure may begin already at the 20  yield pressure limit of the
mineral wool core, as will be      described in detail below.        In
order to determine the maximum pressure, which also is      the upper limit
for the interval within which the pres- 25   sure shall remain according to
the invention, it is      necessary to take into consideration on one hand
how a      realigned mineral wool behaves under pressure and, on the
other hand, that the realigned mineral wool slab serving      as the core
of the sandwich construction is formed from 30   individual members of
nonhomogeneous deformation prop-      erties.        A piece of realigned
mineral wool show under pressure      principally the behaviour as shown in
Fig. 3. The hori- 35   zontal axis of the plot indicates the deformation
and the      vertical axis is the applied pressure. The axes are not
calibrated in absolute units, because the actual values 
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11       of the plot are dependent on the density,   binder content,
degree of realignment and other parameters. The diagram      illustrates
the relatively simple behaviour of a genuine      lamellar mineral wool
slab, but in principle the descrip-  5  tion of the deformation mechanism
is applicable to other      types of realigned mineral wool constructions
as well.        Changes in the slab structure under pressure are not
amenable to description by strictly defined terms. There- 10   fore, the
following description is based on a modelling     theory, which in spite of
the great number of experimen-     tal data gathered nevertheless
represents a model. At the     origin of the graph, the applied pressure is
zero and     thence the deformation also is zero. With an increasing 15
pressure, the initial deformation of the test piece turns      into a
slower rate of deformation within the initial      region of the curve
indicated by letter A in the diagram.      This region, called the adaptive
yielding phase, repre-      sents the phase during which the irregularly
shaped tops 20   of the mineral wool slab successively yield under the
applied pressure so as to become level with the smooth      surfaces of the
compression plates of the test equipment.      Herein, it is easy to
ascertain how the pressing plates      first meet one or some projecting
fibres which can exert 25   a negligible resistance only. Then, as more
fibers and      fiber bunches become engaged with the compressive force,
the resistance to deformation will gradually reach a      higher value.
30  Gradually a situation is reached where the entire body of      the
mineral wool structure will be deformed under pres-      sure. Here, the
curve enters a region B called the elas-      tic region in which the
relationship between the increas-      ing pressure and the deformation is
essentially propor- 35 tional. In this region, a coherent compression of
the      core occurs in accordance with the modelling theory, whe-      re
the ideal fiber planes drawn as vertical lines in 
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Fig. 4a begin to yield in the vertical direction, still      maintaining
the mutual spacing and parallelity. This      process is illustrated in
Fig. 4b, in which the coherent      deformation of the fiber planes is
drawn as S-shaped  5   lines.        Depending on the homogeneity of the
fiber layers and      their mutual similarity, the elastic region may
extend      over a larger or shorter  deformation interval.  Also  the 10
elasticity is here almost thorough.       When the load pressure is
increased to a sufficiently     high value, the deformation enters an
incoherent or cha-     otic crushing stage, where the fiber planes do not
stay 15  parallel anymore, corresponding to region C in Fig. 3 and
Fig. 4c.        The transition point from the elastic region B to the
incoherent crushing region C is called the yield pressure 20   limit, and
is marked as Pg in Fig. 3.       With a still heavier deformation, the
structure will     undergo a collapse in which the applied pressure need
not     be increased practically at all, while the deformation of 25   the
structure continues as indicated by region D in      Fig. 3. This region is
equivalent to the yield strength      of steel, for instance. Within the
region C, the capabil-      ity  of the mineral wool core to recover its
initial      thickness at decompression is partially lost and more so 30
in region D. The transition from region C to D is called     the
compressive failure limit.       In materials consisting of essentially
planar fiber 



layers, the yield pressure limit value can be about 35   70 - 80 % of the
compressive failure limit value.        For materials consisting of
nonplanar fiber layers and         WO 98/42503
PCT/FI98/00274                                   13      those having a
noncoherent structure, the yield pressure     limit is more difficult to
determine. In these cases, the     value of Pg is defined as a percentage
of the compressive     failure limit value, typically 70 %, or if the
failure  5   point cannot be determined, as the pressure causing a
certain deformation, typically 1 %, in the material      thickness.
The invention is based on the findings that the individ- 10  ual members
forming a more or less realigned mineral wool      slab can, on one hand,
initially have different heights      and, on the other hand, exhibit
pressure-deformation      curves of different shapes, but alike the curve
in Fig.      3. This is illustrated in Fig. 5. Therein are plotted 15
three pressure-deformation curves. Curve (a) represents a     relatively
stiff strip member with relatively planar top/     bottom edges.
Resultingly, the transition region is nar-     row, the elastic region of
its pressure-deformation curve     is quite steep and its yield pressure is
rather low. 20   Curve (b) shows the characteristics of a strip of equal
height, but of less rigid nature, whereby also the tran-     sition region
is wider, the elastic region of the pres-     sure-deformation curve is
less steep and the yield pres-     sure is slightly higher. Finally, curve
(c) represents a 25   strip member of smaller height. Hence, it will begin
to     deform and contribute to the deformation resistance of
the-entire slab only after the two other members have     undergone some
degree of compressive deformation.   30  Now, it is obvious that with a
certain degree of deforma-     tion [err] in three lamellar members,
corresponding to the     curves (a), (b) and (c) of Fig. 5, the lamellar
member b 



is within its elastic region under pressure Pb, while     pressure Pa
acting on lamellar member a has already 35  caused an irreversible
deformation in the structure of     the member. By contrast, lamellar
member c subjected to     pressure Pc has not even passed the elastic
region of its          WO 98/42503
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pressure-deformation curve.         As a result, a mineral wool slab will
exhibit a charac-       teristic which can be considered as an average of
all its   5 lamellar strips or members. Consequently a mineral woll
slab as an entity has its individual adaptive and elastic       regions and
an individual yield pressure. The second       basic concept of the present
invention is to prevent the       pressing pressure from exceeding the
latter.  10       Accordingly, the invention comprises, by means of press-
ing to laminate a planar, realigned mineral wool slab       with a thin,
stiff facing, such as a polymer-coated sheet       steel plate with an
adhesive to both sides of the mineral  15  wool slab, so as to form a
sandwich construction, and       thereby take care of that the pressing is
conducted using       a pressure within a pressure intervall which is on
one       hand limited by a minimum pressure P1 required to avoid       the
adhesive failure in the adhesive layer, and on the  20  other hand by the
average yield pressure limit P2 in       pressing, whereby the basic
elements of the sandwich con-       struction, namely, the mineral wool
core, the facing and       the adhesive are selected so that P1 < P2.    25
The adhesive used can be of the thermosetting type,       whereby heat is
applied during the pressing step. Alter-       natively, the adhesive may
be of such kind that it is       curable by some other kind of external
influence such as       ultrasound, for instance, whereby said external
influence  30   is applied correspondingly during the pressing.   



More precisely, the invention is based on the observation       that, when
the applied pressure is allowed to reach the       elastic pressure limit
of the mineral wool slab, the 35   limit may already well have been
exceeded for one or more       of the adjacent members or strips in the
slab. However,       statistical and experimental studies have revealed
that         WO 98/42503
PCT/FI98/00274                                   15       under normal
conditions it is allowable to increase the      lamination pressure up to
70 % of the averaged elastic      pressure limit of the mineral wool slab
without causing      an essential damage to its structure. On a level of 50
%  5   of the same limit the security is even higher.        As mentioned
above, the description given  herein is      chiefly directed to a mineral
wool slab formed from a      plurality of separate realigned lamellar
strips, However, 10  the same principles are applicable to any mineral wool
slab formed by some other type  of realignment of fiber      planes,
whereby the lamellar strips can correspond dif-      ferent parts of the
mineral wool slab.   15   While the sandwich constructions made in
accordance with      the above-described method typically exhibit very good
structural properties, it is possible that one or both of      the sides of
the structure may show telegraphing      bumps/dents due to an uneven
thickness or elasticity in 20   the underlying mineral wool slab after the
pressing. Such      a show-through of bumps/dents are most undesirable,
par-      ticularly in facings which under certain lighting condi-
tions may display the very minor deviations from a per-      fectly planar
surface. 25      The surface wrinkling of a panel is most appropriately
measured as the deviations of its surface profile ex-      pressed in mm/m,
and an acceptable evenness is achieved      if the deviations remain
smaller than 0.5 mm/m. Also this 30  has been investigated in conjunction
with the present      invention, and forms further a base for limitation,
par- 



ticularly when the mineral wool slab is comprised of      lamellar strips
assembled into a slab either side-by-side      or in rows. 35      Here,
through using a sufficiently high lamination press-      ure, the
elimination of uneven spots on the core surface,          WO 98/42503
PCT/FI98/00274                                   16      caused by
uncontrollable core thickness variations, takes     place via two
interacting partial processes. One of these     partial processes involves
a heavier compression of the     excessively  high lamellar  strips or
parts, and the other  5 partial process comprises the flow of the adhesive
so as     to fill the height differences still remaining between     two
abuttingly laid members of different height in the     slab. This is
elucidated in Figs. 2a and 2b showing the     disposition in which a number
of lamellar members are 10   assembled to form a planar surface intended to
serve as      substrate for a planar top facing. Fig. 2a illustrates
the situation before pressing and Fig. 2b after pressing.      In the
diagrams there are shown three lamellar members 5,      6 and 7  a top
facing 8 and an adhesive layer 9. While 15  the adhesive layer 9 is drawn
applied to the underside of     the facing 8, but can in practice instead
be applied to     the top edge surfaces of the lamellar members 5 - 7.
Before pressing, the lamellar members have slightly dif- 20  ferent
heights, whereby the lamellar member 6 is lower     than the
others-.-During pressing, all the lamellar mem-     bers are subjected to
the pressure, and are compressed.     The members of greatest height are
pressed more than the     lower ones, whereby the deviations in the heights
are 25   almost completely equalized. The remaining height differ-
ences, if any, will be filled by the adhesive. This is      the second
partial process eliminating the effect of dif-      ferent lamellar element
heights.   30  After pressing follows an elastic recovery toward the 



initial lamellar height. For the highest lamellar mem-     bers, however,
it occurs that the members of lesser     height prevent, via the facing and
the adhesive bond,     them from recovering back to their initial height.
The 35   same effect works on the height variations that may occur      in
one and the same lamellar member as well as on unin-      tentional
deviations in the profile where the surface is       WO 98/42503
PCT/FI98/00274                                   17      contoured, as
shown in Fig. If the height differences in     the initial slab are not
excessively large, which can be     avoided  by a careful, yet relatively
practicable and     cost-effective postgrinding of the individual lamellar
5 members, the end result will be a mineral wool slab, in-        cluding
the adhesive  layer, having an even thickness or      correct contour.
Consequently the facing fullfils a first      prerequisity necessary to
achieve a smooth or properly      contoured surface. 10     During
pressing, particularly if made under heating, it     is possible that the
internal stresses of the facing     material  will be released resulting in
the appearance or     amplification of wrinkles. Therefore, the pressure
during 15  the pressing step must be kept sufficiently high to even
out such irregularities. To prevent wrinkles from reap-      pearing after
pressing in a disturbing degree, it is      necessary to use an adhesive
layer strong enough to sup-      press such a tendency. Consequently, the
combination of 20  the adhesive, the mineral wool core, the pressure
applied      during the pressing step and the heating cycle possibly
employed must be designed so as to achieve a secure pen-      etration of
the adhesive into the wool, bonding thereof    with the wool and
reinforcement of the adhesive by the 25  wool fibers. It should be possible
for a skilled man, on     the basis.of the above introduction, to take the
require-     ments of an actual facing into account and select a rel-
evant starting point. Also the sufficient penetration of     the adhesive
into the mineral wool is easily verifiable. 30     Further, the pressure
required in the pressing step can     be affected by selecting an adhesive
with a suitable flow 



and wetting qualities as well as by using a facing     material of a low
tendency to buckle. 35     Next, the selection of a proper pressure level
P3 is dis-     cussed for the purpose of achieving, within the con-
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18       straints of product quality specifications and the pro-
perties of the actual product elements used, an accept-      able surface
evenness for the product after pressing.  In      practice, the required
surface evenness can be attained  5  by simultaneously assuring that this
minimum pressure is      applied during pressing and that the actual
elements have      be chosen so as to make P2 > P3. Then, the lower limit
for pressing pressure will thus be the higher of P1 and      P3. 10
The evenness of the mineral wool core, particularly when      comprised of
adjacent realigned strips or rows of re-      aligned strips, will be
improved by subjecting the mine-      ral wool slab, prior to and during
its pressing, to com- 15  pression applied in its plane orthogonal to the
longi-      tudinal direction of the slab. Thus, the forces acting on
a member of a relatively lower strength are effectively      transmitted to
the adjacent members. An equivalent effect      will be attained by
subjecting the adjacent realigned 20   lamellar strips or rows of realigned
strips forming the     mineral wool slab, prior to and during its pressing,
to     compression applied in its plan parallel with its longi-     tudinal
direction.   25   After the adhesive has cured during pressing, the applied
pressure and/or compressive forces are maintained until a      permanent
effect has been attained.        It is essential that the mineral wool core
is cleaned 30  from loose particulate matter prior to the application of
the adhesive. This operation can be carried out using a      vacuum whose
efficiency can be improved by passing the 



core slab through very thin, relatively strong air knives      or curtains
serving to detach the loose particulate mat- 35   ter from the mineral wool
core surface.        As it has been found that particulate matter
consisting         WO 98/42503
PCT/FI98/00274                                   19       of fiber pieces
can adhere to the mineral wool slab by      virtue of electrostatic
forces,. it is often possible to      improve the cleaning effect by
subjecting the adhering      fiber pieces and immediate surroundings to the
influence  5   of a static eliminator.        The selection of a proper
adhesive is important to both      the technically and economically
acceptable end result.      Herein, polyurethane adhesives have been found
to perform 10   in a satisfactory manner. Particularly advantageous in
this group are the two-component grades. Preferably, the      adhesive is
applied to the facing prior to lamination by      pressing. The needed
amount of adhesive is to some degree      dependent on the density and
structure of the mineral 15  wool core, as well as the levelling capability
required      from the adhesive. Generally, the applied amount is in
the. range 100 - 400 g/m[err], advantageously about 200 g/m[err].
The mineral wool slabs serving as the starting material 20   for the
fabrication of the lamellar members and thence of      the lamellar mineral
wool slabs are advantageously made      from a mineral wool having, a
density of 80 - 140 kg/m[err] and      a binder content of 2 - 5 %. Mineral
wool slabs re-      aligned by other techniques should also have at least
25   these values of mineral wool density and binder content.       A
technique, which has been found capable of offering     improved evenness
and visually more perfect facing sur-     faces in laminated sandwich
element, is based on moment- 30  arily relieving the lamination pressure
significantly or 



even entirely for a very short period during the first      half phase of
the pressing step, immediately followed by      reapplication of the
pressure for the time required for      adhesive to cure or to safely
remove the sandwich product 35   from the press without any risk of
deformation other than      the normal elastic recovery in the thickness of
the prod-      uct. This technique serves to relieve the facing material
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from its stresses that may have developed, e.g., due to      the heating of
the product..        One practicable method of avoiding the occurrence of
5 wrinkles on the product is to pull the facing against the      press
platens. For this purpose, a vacuum can be used, or      alternatively, if
the facing is of a magnetic material, a      magnetic field acting  on the
platen surfaces may be      applied. This approach permits the pressure P3
to be 10   lowered, which may be a great advantage, e.g., in cases
where otherwise high pressure might be needed due to a     mineral wool
core of high density.       The invention is suitable for use in both
continuous and 15   batch pressing, as well as their intermediate forms
involving, e.g., movement of the pressed product in a      stepwise manner
or at a conveyor speed varying cyclically      between a faster and a
slower velocity.       WO 98/42503
PCT/FI98/00274        Claims:  



1.  A method   of, by means of pressing, laminating a     planar, realigned
mineral wool slab with a thin, stiff 5  facing such as a polymer-coated
sheet steel plate which     is bonded with an adhesive to both sides of
said mineral     wool slab, so as to form a sandwich construction,  c h a-
r a c t e r i z e d in that the lamination pressing is     carried out
using a controlled pressure within an inter- 10  vall limited on one hand
by a minimum pressure P1     required to avoid adhesive failure in the
adhesive layer     and, on the other hand, by the averaged elastic pressure
limit P2 of the mineral wool core during the pressing,     whereby the
included components, i.e. the mineral wool- 15  slab, the facing and the
adhesive are selected so that     the condition P1 < P2 prevails.       2.
A method as defined in claim 1, c h a r a c t e r -     i z e d in that the
upper limit of the pressure is 20  70 %, advantageously 50 %, of the
averaged elastic pres-     sure limit of the mineral wool slab.       3. A
method as defined in claim 1 or 2, c h a r a c -     t e r i z e d in that
the lower limit is the higher of 25  P1 and the pressure P3 which is
required to give for the     facing the intended, permanent eveness,
whereby the     included components, i.e. mineral wool slab, the facing
and the adhesive are selected so that the condition P1 <     P2 and P3 < P2
prevails. 30     4. A method as defined in any of the foregoing claims,
c h a r a c t e r i z e d in that the mineral wool slab,     prior to and
during the pressing, is compressed in its     principal plane orthogonally
to and/or along its 35  longitudinal direction.       5. A method as
defined in any of the foregoing claims,
22 



c h a r a c t e r i z e d in that the mineral wool slab      is cleaned
from loose particulate matter prior to contact      with the adhesive.    5
6.  A method as defined in any of the foregoing claims,      c h a r a c t
e r i z e d in that the lamination pres-      sure is momentarily relieved
significantly or even      entirely for a very short period during the
first half of      the pressing, immediately followed by reapplication of
10 the pressure for the time required for adhesive to cure      so that the
sandwich product can be removed from the      press without any
postpressing deformation other than the      normal elastic recovery in the
thickness of the product.   15  7.  A method as defined in any of the
foregoing claims,      c h a r a c t e r i z e d in that the facing is
pulled      against the press platens with the help of a vacuum or
magnetic fields..   20   8.  A method as defined in any of the foregoing
claims,      c h a r a c t e r i z e d in that said adhesive is
curable under heat or other externally applied influence      such as
ultrasound and that said external influence is      applied during the
pressing.    


