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Description

FIELD OF THE INVENTION

�[0001] The present invention relates in general to the
field of storing cold liquids in a large storage tank. Typical
operation conditions of such storage tanks are in the
range of 0 °C to -200 °C. More particularly, the present
invention relates to tanks intended for storing substances
which are liquid in the temperature range between -5 °C
and -196 °C, wherein storage takes place under atmos-
pheric pressure. For storage tanks of this type, a Euro-
norm applies, indicated as "atmospheric, refrigerated, liq-
uefied gas storage tanks with operating temperatures be-
tween -5 °C and -196 °C". Such tanks are fixedly posi-
tioned at a storage location, either above bottom surface
or sunken completely in the bottom. Horizontal dimen-
sions of such tanks are typically within the range of 10
meters to 100 meters, and the height can typically be up
to 50 meter.
�[0002] Still more particularly, the present invention re-
lates to tanks intended for storing liquid LNG, having a
temperature in the range of -102 °C to -165 °C.

BACKGROUND OF THE INVENTION

�[0003] Tanks for storing such cold liquids, indicated
hereinafter as "cold storage tanks", have to meet a
number of design requirements. The constructive
strength should be large enough to carry the weight of
the liquid, and to withstand the forces that occur in the
case of an earthquake. The tank should be liquid-�tight,
vapor-�tight, and should fulfill an isolating function be-
tween the surroundings and the cold liquid in the interior.
Finally, provisions must be made to prevent that the tank
immediately empties completely towards the surround-
ings in the unlikely event of a leakage of the tank.
�[0004] Known cold storage tanks are built according
to one of the following concepts.
�[0005] A first tank concept, indicated as "tank-�in-�tank"
concept or "full containment tank" concept, comprises an
inner vessel arranged in an outer vessel. The outer vessel
is typically made from reinforced concrete. The inner ves-
sel can be made from concrete or cryogenic resistant
steel. The inner surface of the concrete outer vessel is
provided with a metal plating to serve as a vapour barrier
and gas barrier. Furthermore it is provided up to a certain
height with a cryogenic metal plating on top of an insu-
lating layer to serve as a thermal corner protection of the
concrete, indicated as secondary liner. In this first tank
concept, the functions mentioned above are fulfilled by
different components. The inner vessel contains the cold
liquid. In the unlikely event of a leakage of the inner vessel
into the outer vessel, the secondary liner prevents the
cold liquid from reaching the outer concrete vessel, es-
pecially the corner area thereof. The space between the
inner vessel and the outer vessel is filled with insulation
material. This secondary liner makes the tank to be of a

"full containment type".
�[0006] A second tank concept, indicated as "mem-
brane tank" concept, has a thin metal plating or mem-
brane attached to a load- �bearing insulation, which again
is attached to the inner surface of the outer vessel over
the entire height of the outer vessel. This tank has no
separate inner vessel as the membrane fulfils the func-
tions of the inner vessel. The membrane has a compli-
cated profile in order to allow expansion and contraction
caused by the temperature changes. It is noted that this
tank also has incorporated a secondary liner by means
of a triplex foil within the load-�bearing insulation to obtain
the status of a "full containment type".
�[0007] When building such a tank according to the first
tank concept, first the outer vessel is built. During the
construction of the walls, a large dome-�shaped carbon
steel roof is built within its perimeter and, when the walls
are finished, the roof is hoisted or blown to the top of the
walls and fastened to close the tank. Then, metal plates
are arranged at the inner side of the concrete bottom and
walls and are welded to anchoring points in the concrete
walls and to each other as well as to the carbon steel
roof in order to provide for a vapour-�tight and gas-�tight
enclosure. A first insulation layer is arranged on the bot-
tom of the outer vessel, and also on part of the wall. The
insulation is in the form of cellular glass, which material
only reaches the desired pressure resistance with special
bitumen products. Also PVC foam can be used. A ring-
beam is now installed onto this insulation layer to support
the inner vessel. Inside the ringbeam, additional insula-
tion layers are applied to obtain the desired insulation
value. The inner vessel is now built on top of the bottom
insulation and ringbeam. The first insulation layer in the
annular space and onto part of the wall is now covered
by a cryogenic resistant metal plating of Invar or 9% Nick-
el steel to act as a liquid- �tight secondary liner. These
steel plates must be made to measure on location and
must be welded to each other and the inner tank in a
liquid- �tight manner.
�[0008] On top of the inner vessel, a suspended ceiling
is hung from the dome-�shaped roof and completely cov-
ered with a substantially thick layer of fibre- �glass insula-
tion.
�[0009] Then, insulation material is arranged in the
space between the wall of the inner vessel and the wall
of the outer vessel. This insulation comprises a resilient
glass fibre blanket against the wall of the inner tank, and
the rest of the annular space is filled by pouring perlite
grains.
�[0010] Thus, building such a tank according to the state
of the art is very labour-�intensive. Herein it is the disad-
vantage that applying several different kinds of insulation
material and sealing material at the several locations
must be done at strongly different moments in time, while
furthermore those activities lie on the Critical path, i.e.
subsequent activities must wait until previous activities
have been completed.
�[0011] During use, especially the inner vessel will ex-
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perience volume variations as result of thermal contrac-
tion and changing liquid load levels. This has as a con-
sequence that the dimensions of the annular space be-
tween the inner vessel and the outer vessel vary, causing
the conventionally used perlite grains to tend to settle
themselves, i.e. the height of the perlite bulk decreases.
In order to maintain the desired insulation value, there-
fore, perlite must regularly be filled. The resilient glass
fibre blankets are to reduce the settling of the perlite
grains, but still do not prevent the necessity of a regularly
filling of perlite.
�[0012] When building such a tank according to the sec-
ond tank concept, i.e. a "membrane" tank, first the outer
vessel is built. During the construction of the walls, a large
dome shaped carbon steel roof is built within its perimeter
and, when the walls are finished, the roof is hoisted or
blown to the top of the walls and fastened to close the
tank. Then, prefabricated insulation panels comprising
of PVC or polyurethane load-�bearing insulation between
two plywood outer surfaces are fastened to the outer con-
crete vessel using load-�bearing mastics to accommodate
for the curvature of the tank. Thin steel membrane plates
are then anchored to the plywood inner surface and weld-
ed together. In order to obtain a full containment status,
the prefabricated insulation panels of the bottom and low-
er wall part incorporate a secondary liner within the pan-
els of a triplex foil.
�[0013] Also the membrane tank uses a suspended ceil-
ing hung from the dome-�shaped roof and completely cov-
ered with a substantially thick layer of fibre-�glass insula-
tion.
�[0014] Thus, building such a tank according to the state
of the art requires very accurate manufacturing process-
es using special ply- �woods, adhesives, expensive insu-
lation materials. The anchoring of the ply-�wood panels
to the concrete outer vessel, the jointing of the secondary
liner of triplex foil on the job-�site and the complexity of
welding the complicated profiles of the steel membrane
makes the entire construction of such a tank very labour-
intensive and requires the use of very skilled labour.
�[0015] A general disadvantage of these two types of
tanks is to be seen in the need of handling and welding
metal plates for manufacturing the liner and attaching the
liner to the wall of the outer vessel, and welding metal
plates of the inner tank or the membrane tank. WO-
02/29310, the contents of which is incorporated herein
by reference, has proposed a method for building a stor-
age tank which avoids the need of metal plates. In the
storage tank of this publication, which can be indicated
as a third type of tank, PVC-�foam plates provided with a
coating provided with gravel are attached to the inner
side of the concrete wall of the tank. Over the PVC-�foam,
a monolithic coating layer is applied. On the bottom of
the tank, a first coating layer is applied, then PVC- �foam
blocks are arranged, and finally a monolithic coating layer
is applied. The coating layers are sprayed.
�[0016] The third type of tank, and its building method,
as proposed by WO-�02/29310 already has major advan-

tages over the first and second types of tank. Neverthe-
less, further improvements are possible.
�[0017] An important aim of the present invention is to
provide a still further improved tank concept.
�[0018] More particularly, the present invention aims to
provide a design and building method for a storage tank
for cold liquids, wherein a substantial saving on’building
time and building cost can be achieved, while maintaining
or perhaps even improving the insulation properties and
the sealing properties.

SUMMARY OF THE INVENTION

�[0019] According to an important aspect of the present
invention, the wall and floor of a cold storage tank are
provided, at the inside, with a multilayer sprayed insula-
tion comprising at least a sprayed layer of poly-�urethane
foam sandwiched between two sprayed layers of poly-
urethane coating.
�[0020] Thus, the entire insulation structure is applied
by spraying, which achieves an enormous saving of
building time and labour.
�[0021] Further, all layers of the insulation structure are
made from substantially the same material, so the insu-
lation structure as a whole behaves as a monolithic layer.
�[0022] US patent 3.948.406 discloses a cold storage
tank having a floor and walls made from steel or concrete.
The tank is provided with a non-�metallic thermal protec-
tion system on the inner surface of its floor and walls,
which thermal protection system consists of a plurality of
separate blocks made of polyurethane foam, each block
being encapsulated by a fluid-�impervious plastic layer,
which plastic layer is said to be preferably composed of
one or more urethane rubbers. The protection system is
built like brickwork, wherein the individual foam blocks
are arranged against the inside of the wall of the tank
and on top of each other. Fixation of the blocks is provided
by the use of an adhesive and the step of vulcanisation.
The polyurethane foam does not form a contiguous layer.
The thermal protection system proposed by the present
invention comprises the important distinction that all lay-
ers are applied by spraying and form a monolithic array
of layers.
�[0023] GB- �1.438.226, corresponding to French patent
publication 2.235.330, discloses a storage tank provided
with a non-�metallic thermal protection system on the in-
side, comprising a plurality of layers of a thermally insu-
lating polyurethane foam. Fibers are required, preferably
glass fibers, for reinforcement of the foam layer, in order
to prevent rupture of the foam layer. The foam material
is applied by spraying. Each foam layer, after curing, has
a skin that is said to be preventing permeation of gas or
liquid. In order to prevent permeation of the cold liquid,
barriers of non-�foamed (i.e. solid) material, particularly
made of plywood, aluminium, nickel-�steel and glass- �fiber
reinforced plastic, are included in the foam material
and/or attached on the foam material. The thermal pro-
tection system proposed by the present invention com-
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prises the important distinction that all successive layers,
having alternating properties of thermal insulation and
liquid- �tightness, are applied by spraying and form a mon-
olithic array of layers.

BRIEF DESCRIPTION OF THE DRAWING

�[0024] These and other aspects, features and advan-
tages of the present invention will be further explained
by the following description with reference to the draw-
ings, in which same reference numerals indicate same
or similar parts, and in which: �

figures 1-6 are cross sections schematically illustrat-
ing subsequent steps in a method for building a cold
storage tank in accordance with the present inven-
tion;
figure 7 schematically illustrates an anchor point.

DETAILED DESCRIPTION OF THE INVENTION

�[0025] Figure 1 schematically illustrates a first step in
a building process for building a cold storage tank 1. In
this first step, a concrete floor 11 and concrete walls 12
are built, in a conventional manner. The walls 12 and
floor 11 meet in corner areas 13.
�[0026] As a next step, illustrated in figure 2, a first coat-
ing 21 is applied at the inner surfaces of the floor 11 and
the walls 12, preferably, as shown, over the entire height
of the walls 12. The first coating 21 is a poly-�urethane
material (PU), applied by spraying, to a suitable thickness
of about 3 mm. The first coating 21 will function as a
vapour barrier and gas barrier, and is adapted to be va-
pour-�tight and gas- �tight. It is also liquid- �tight.
�[0027] As a next step, illustrated in figure 3, a first PU
foam layer 22 is applied on the inner surface of the coating
21. The first PU foam layer 22 may be applied over the
full height of the walls 12 but, preferably, as shown, the
first PU foam layer 22 is applied on the floor part of the
coating 21 and up to a certain height on the wall part of
the coating 21. The first PU foam layer 22 is applied by
spraying, to a suitable thickness in the order of about 150
mm or more. In view of this thickness, the first PU foam
layer 22 may actually be applied as a succession of mul-
tiple layers. The first PU foam layer 22 will function as an
insulation.
�[0028] As a next step, illustrated in figure 4, a second
PU coating 23 is applied on the inner surface of the first
PU foam layer 22. The second PU coating 23 is applied
by spraying to a suitable thickness of about 3 mm. The
second PU coating 23 will function as a liquid barrier, and
is adapted to be liquid- �tight. Although the second PU
coating 23 may be applied over the entire height of the
walls 12, this is not always necessary. In case the first
PU foam layer 22 extends over only part of the height of
the wall 12, as illustrated, the second PU coating 23
should extend higher than the first PU foam layer 22 and
should merge with the first PU coating 21. Thus, the first

PU foam layer 22 is completely encapsulated.by PU coat-
ing 21, 23, in order to assure that the first PU foam layer
22 remains dry.
�[0029] As a next step, illustrated in figure 5, a second
PU foam layer 24 is applied on the inner surface of the
first PU foam layer 22 and the second PU coating 23,
preferably, as shown, over the entire height of the walls
12. The second PU foam layer 24 is applied by spraying.
The second PU foam layer 24 will function as an insula-
tion, together with the first PU foam layer 22. The com-
bined thickness of the first PU foam layer 22 and the
second PU foam layer 24 is suitably in the order of 300
mm or more. Thus, in locations where the first PU foam
layer 22 is present, the thickness of the second PU foam
layer 24 is reduced, whereas in locations above the first
PU foam layer 22, the thickness of the second PU foam
layer 24 preferably is in the order of 300 mm or more. In
view of this thickness, the second PU foam layer 24 may
actually be applied as a succession of multiple layers.
�[0030] As a next step, illustrated in figure 6, a third PU
coating 26 is applied on the inner surface of the second
PU foam layer 24, preferably, as shown, over the entire
height of the second PU foam layer 24. The third PU
coating 26 is applied by spraying to a suitable thickness;
a thickness of about 4-5 mm is adequate, although a
thickness of about 3 mm is usually sufficient. The third
PU coating 26 will function as a membrane, and is adapt-
ed to be liquid-�tight.
�[0031] Placing a roof on top of the tank can be done
by conventional building methods, so this needs not be
explained in further detail. It is noted, however, that the
roof, once built, can be sprayed with foam and/or coating
PU as well.
�[0032] It is possible to place an inner vessel inside the
tank 1 thus built, if desired, in which case the cold liquid
would be contained in the inner vessel only. However,
the tank- �in-�tank concept has disadvantages, as men-
tioned above, while further the tank-�in- �tank-�concept does
not fully utilize the storage capacity of the tank. An im-
portant advantage of the tank 1 is that the tank 1 itself is
suitable to act as cold liquid container, without a separate
inner vessel being necessary. Then, in operation, the
cold liquid (not shown for sake of simplicity) would be in
contact with the third PU coating 26. The first PU foam
layer 22 and the second PU foam layer 24 together act
as thermal insulation between the cold liquid contents
and the concrete floor 11 and walls 12, the first PU coating
21 and the third PU coating 26 (the thickness of which is
exaggerated in the figures) also contributing insulative
capacity. The third PU coating 26 acts as membrane,
protecting the foam 24 against entry by the cold liquid.
The first PU coating 21 acts as barrier, protecting the
foam 22, 24 against entry by moist or vapour which pen-
etrates from the surroundings through the concrete floor
11 and walls 12.
�[0033] Under normal circumstances, the second PU
coating 23 does not need to come into action. Only in
case of a leakage of the third PU coating 26 (and leakage
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of a possible inner vessel), cold liquid will enter the foam
24, and will ultimately reach the second PU coating 23.
If the second PU coating 23 would be absent, the cold
liquid would be separated from the concrete floor 11 and
walls 12 by the first PU coating 21 only. In principle, this
separation is sufficient in that no cold liquid will leak
through to the concrete; in any case, the first PU coating
21 is liquid-�tight. However, the thermal insulative capacity
of the first PU coating 21 alone is insufficient for protecting
the concrete so that, in such circumstances, the concrete
would cool down to a very low temperature; as a conse-
quence, the risks of concrete cracks increase. These
risks are largest in the corner areas 13 of the tank 1, i.e.
where the walls 12 and floor 11 meet. The second PU
coating 23, physically separate from the third PU coating
26, now acts as an additional protection for these corners,
keeping the cold liquid away from these corners, main-
taining at least the first PU foam layer 22 operational as
protective insulation between the concrete and the cold
liquid.
�[0034] It is noted that it is best to protect the entire floor
11 and at least a part of the walls 12 (depending on the
height of cold liquid to be expected in a worst- �case sce-
nario) against the very low temperatures, so it is preferred
that the second PU coating 23 extends over the entire
floor 11, as illustrated. However, since the potential prob-
lems caused by cold liquid are largest in the corner areas
13, it may, depending on design, be sufficient if the sec-
ond PU coating 23 (and the first PU foam layer 22) is
arranged in the corner area only: in that case, the second
PU coating 23 would extend beyond the first PU foam
layer 22 and merge with the floor part of the first PU coat-
ing 21, as indicated by a dotted line 23’ in figure 4, to
keep the first PU foam layer 22 encapsulated.
�[0035] So, the second PU coating 23 acts as a backup
for the third PU coating 26, having the same mechanical
properties as the third PU coating 26. The second PU
coating 23 should be separate from the third PU coating
26 in order to prevent possible failures in the third PU
coating 26 from damaging the second PU coating 23.
The second PU coating 23 maintains sufficient insulation
(i.e. first PU foam layer 22 remaining dry instead of being
drenched with cold liquid) between cold liquid and con-
crete. It is possible to protect the entire height of the walls
12 in this way, by having the first PU foam layer 22 and
the second PU coating 23 extend over the full height of
the walls 12.
�[0036] For actually maintaining sufficient insulation, it
is preferred that the first PU foam layer 22 is as thick as
possible. In a suitable embodiment, the thickness of the
first PU foam layer 22 is chosen in the range 150 -250
mm, while the thickness of the second PU foam layer 24
is chosen in the range 150 - 50 mm, the combined thick-
ness being approximately 300 mm.
�[0037] The main advantages of the present invention
are associated with the building process. Once the con-
crete floor has been laid and the concrete walls have
been erected, the entire thermal protection system can

be applied by spraying, using in principle the same ma-
terial (PU) for all layers. Since only one appplication tech-
nique is used, the work can be done by only one con-
struction company (sub- �contractor), which is much more
efficient than having to coordinate different teams of
worksmen performing different works on necessarily pre-
defined times.
�[0038] Especially, it is an advantage that the thermal
protection system does not need to contain any metal
parts any more.
�[0039] It is also an advantage that all thermal protec-
tion layers are made from the same material or material
family (poly urethane), so that all layers have identical or
at least comparable thermo-�mechanical properties such
as expansion/ contraction coefficient.
�[0040] A material which can very advantageously be
used as gas- �tight and liquid-�tight coating in the present
invention is a two-�component poly urethane composition
which is commercially available from the company
TAGOS S.r.L. in Busto Arsizio, Italy, under the brand
name IWR ESATEC HR 1000. In the market, this material
is also known under the name IWR CRYOCOAT HR, and
is commercially available under this name from the com-
pany INSU-�W-�RAPID B.V. in Tilburg, the Netherlands.
The coating material is sprayed by means of a mix/�spray
head, and the components immediately undergo a chem-
ical reaction which is finished after approximately 2 min-
utes, after which a further layer can be applied. In each
spraying cycle, the thickness of the layer to be applied
can be set as desired. A suitable value for the thickness
of the layers to be applied is in the range of 2-4 mm, but
it is possible to apply thinner or thicker layers. It is noted
that, in the figures, the thicknesses of the different layers
are not shown to scale.
�[0041] It is possible to build the thermal protection sys-
tem over the entire tank as a whole, i.e. to apply one layer
over the entire inner surface of the tank, to apply a second
layer over the entire inner surface of the tank, etc. In a
preferred embodiment of the present invention, it is pos-
sible to apply the entire thermal protection system in one
section of the tank wall, and then apply the entire thermal
protection system in an adjacent section, etc. Suitably,
such section may extend over the entire height of the
wall and have a width in the order of a few meters. Thus,
it is possible to confine the work to one part of the tank
while other work may be done in another part of the tank,
without the workers being in each others way.
�[0042] As regards the insulating foam, to be used for
the foam layers 22 and 24, it is noted that poly-�urethane
foams are suitable if such foam has a sufficiently high
coefficient of thermal stress resistance, indicated as CT-
SR-�value. The CTSR is defined according to the following
formula: 
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where: �

σ indicates the tensile strength of the foam at
-165 °C (kPa; minimum value of all three di-
rections);

E indicates the tensile modulus of the foam at
-165 °C (kPa; minimum value of all three di-
rections);

α indicates the overage linear constriction co-
efficient of the foam from -165 °C up to +21°C
(maximum value of all directions);

γ = 0.4, estimated value for Poisson’s ratio at
-165 °C (other values may be used if substan-
tiated by experimental data)

T2-T1 = 185 °C, estimated value for temperature dif-
ference between cold surface and surround-
ings

�[0043] Thus, apart from mechanical design criteria, the
density and chemical formulation of the foam should pref-
erably be selected in such a way that the CTSR-�value is
sufficiently high, preferably in the order of approximately
3 or higher.
�[0044] It is noted that foam compositions meeting this
requirement are commercially available, so it is not nec-
essary here to give more details on the composition.
�[0045] Normally, the fixation of the thermal protection
system to the floor and the walls of the tank is sufficiently
strong to withstand forces that occur due to temperature
variations. However, this fixation is based on adhesion
between PU coating 21 and concrete, and it may be pre-
ferred to provide the walls 12 of the tank, and perhaps
also the floor 11, with anchor points which offer a me-
chanical fixation of the PU to the concrete. Such anchor
point should combine mechanical strength with little or
no thermal conduction.
�[0046] Figure 7 is a cross section illustrating an em-
bodiment of a suitable anchor point 100 in accordance
with the present invention. The anchor point 100 com-
prises a bush 110, fixed in the concrete of the wall 12,
either by being embedded in the concrete when the con-
crete was being poured into a formwork or by being
screwed into the concrete after the concrete has hard-
ened. A suitable material for the bush 110 is glass fiber
reinforced polyester, epoxy or phenolic resin which are
materials known per se.
�[0047] The bush 110 is provided with a threaded bore,
into which a screw rod 120 is screwed, so that the screw
rod 120 extends substantially perpendicularly with re-
spect to the inner surface of the wall 12. The screw rod
120 may be made from the same material as the bush
110.
�[0048] After the first PU coating 21 and the first PU
foam layer 22 have been applied to the wall 12, a first
retaining plate 131 is screwed onto the screw rod 120,
which first retaining plate 131 may be made from the
same material as the screw rod 120. The first retaining
plate 131 is screwed tight against the first PU foam layer

22, thus providing a mechanical fixation of the combina-
tion of the first PU coating 21 and the first PU foam layer
22. Then, the second PU coating 23 is applied on the
first PU foam layer 22, over the first retaining plate 131.
�[0049] Then, after the second PU foam layer 24 has
been applied, a second retaining plate 132 is screwed
onto the screw rod 120, which second retaining plate 132
may be made from the same material as the first retaining
plate 131. The second retaining plate 132 is screwed
tight against the second PU foam layer 24, thus providing
a mechanical fixation of the second PU foam layer 24,
while also adding to the fixation of the underlying layers.
Then, the third PU coating 26 is applied on the second
PU foam layer 24, over the second retaining plate 132.
�[0050] If desired, if it is considered that the second re-
taining plate 132 suffices, the first retaining plate 131 may
be omitted.
�[0051] If desired, the retaining plate�(s) may be screwed
so tight that the underlying foam layers 22 and 24 are
compressed.
�[0052] It should be clear to a person skilled in the art
that the present invention is not limited to the exemplary
embodiments discussed above, but that several varia-
tions and modifications are possible within the protective
scope of the invention as defined in the appending claims.
�[0053] For instance, the vessel of the tank 1, i.e. floor
11 and walls 12, are not necessarily made from concrete;
in an alternative embodiment, they may be made from a
suitable metal. Since metal is vapour-�tight and gas- �tight,
the first PU coating 21 may be omitted in such embodi-
ment, but the first PU coating 21 may also be maintained.

Claims

1. Storage tank (1) suitable for storing cold liquids, com-
prising a floor (11) and walls (12) meeting each other
in a corner area (13), the storage tank further com-
prising a non-�metallic thermal protection system on
the inner surface of its floor (11) and walls (12), this
protection system comprising, �
at least in the corner areas (13), a monolithic array
of sprayed layers (26, 24, 23, 22) arranged on top
of each other, namely, seen from the walls (12) to-
wards the inside of the tank: �
a first sprayed foam layer (22) having good thermal
insulation properties;�
a liquid- �tight sprayed coating (23) applied by spray-
ing on the inner surface of the first foam layer (22);�
a second sprayed foam layer (24) having good ther-
mal insulation properties, arranged by spraying on
the inner side of the coating (23); �
a liquid-�tight sprayed coating (26) arranged by spray-
ing on the inner side of the second foam layer (24);�
the first foam layer (22) being fully embedded be-
tween liquid-�tight layers.

2. Storage tank according to claim 1, wherein the floor
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(11) and walls (12) are made from a vapour-�tight and
gas-�tight material, for instance metal.

3. Storage tank according to claim 1, wherein the floor
(11) and walls (12) are made from concrete, prefer-
ably reinforced concrete, and wherein said array of
layers further comprises a vapour-�tight and gas-�tight
sprayed coating (21) between floor (11) and walls
(12) on the one hand and the first foam layer (22) on
the other hand.

4. Storage tank according to claim 1, provided with a
non-�metallic thermal protection system (21, 22, 23,
24, 26) on the inner surface of its floor (11) and walls
(12), wherein the thermal protection system (21, 22,
23, 24, 26) comprises:�

[a] a first sprayed coating (21) applied by spray-
ing on the inner surface of the floor (11) and
walls (12) of the tank (1), the first coating (21)
being adapted to be vapour-�tight and gas-�tight;
[b] a first sprayed foam layer (22) arranged on
the inner side of the first coating (21), the first
foam layer (22) being adapted to have good ther-
mal insulation properties;
[c] a second sprayed coating (23) applied by
spraying on the inner surface of the first foam
layer (22), the second coating (23) being adapt-
ed to be liquid-�tight so as to be able to act as a
liquid-�barrier;
[d] a second sprayed foam layer (24) arranged
on the inner side of the first foam layer (22) and
on the inner side of the second coating (23), the
second foam layer (24) being adapted to have
good thermal insulation properties;
[e] a third sprayed coating (26) arranged by
spraying on the inner side of the second foam
layer (24), the third coating (26) being adapted
to be liquid-�tight so as to be able to act as a
membrane.

5. Storage tank according to claim 1, provided with a
non-�metallic thermal protection system (21, 22, 23,
24, 26) on the inner surface of its floor (11) and walls
(12), wherein the floor (11) and walls (12) are made
from a vapour-�tight and gas- �tight material, for in-
stance metal, wherein the thermal protection system
(21, 22, 23, 24, 26) comprises: �

[b] a first sprayed foam layer (22) arranged on
the inner surface of the floor (11) and walls (12)
of the tank (1), the first foam layer (22) being
adapted to have good thermal insulation prop-
erties;
[c] a second sprayed coating (23) applied by
spraying on the inner surface of the first foam
layer (22), the second coating (23) being adapt-
ed to be liquid-�tight so as to be able to act as a

liquid-�barrier;
[d] a second sprayed foam layer (24) arranged
on the inner side of the first foam layer (22) and
on the inner side of the second coating (23), the
second foam layer (24) being adapted to have
good thermal insulation properties;
[e] a third sprayed coating (26) arranged by
spraying on the inner side of the second foam
layer (24), the third coating (26) being adapted
to be liquid-�tight so as to be able to act as a
membrane.

6. Storage tank according to claim 5, further compris-
ing:�

[a] a first sprayed coating (21) applied by spray-
ing on the inner surface of the floor (11) and
walls (12) of the tank (1), between floor (11) and
walls (12) on the one hand and the first foam
layer (22) on the other hand, the first coating
(21) being adapted to be vapour- �tight and gas-
tight.

7. Storage tank according to any of the previous claims,
wherein the first coating (21), the first foam layer (22),
the second coating (23), the second foam layer (24),
and the third coating (26) are made from the same
material or material family.

8. Storage tank according to claim 7, wherein the first
coating (21), the second coating (23), and the third
coating (26) have mutually the same composition.

9. Storage tank according to any of the previous claims,
wherein the first coating (21), the first foam layer (22),
the second coating (23), the second foam layer (24),
and the third coating (26) are made from poly ure-
thane.

10. Storage tank according to any of the previous claims,
wherein the first coating (21) has a thickness in the
range of 1-10 mm, preferably in the order of about 3
mm.

11. Storage tank according to any of the previous claims,
wherein the first coating (21) extends over the entire
surface of the floor (11) and over the entire height of
the walls (12).

12. Storage tank according to any of the previous claims,
wherein, in the corner area (13), the first and second
foam layers (22, 24) have an overall thickness in the
range of 100-500 mm, preferably in the order of about
300 mm.

13. Storage tank according to any of the previous claims,
wherein, in the corner area (13), the thickness of the
first foam layer (22) is substantially equal to the thick-
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ness of the second foam layer (24).

14. Storage tank according to any of the previous claims
1-12, wherein, in the corner area (13), the thickness
of the first foam layer (22) is larger than the thickness
of the second foam layer (24).

15. Storage tank according to any of the previous claims,
wherein the first and second foam layers (22, 24)
extend over the entire surface of the floor (11).

16. Storage tank according to claim 15, wherein the sec-
ond coating (23) extends over the entire surface of
the floor (11).

17. Storage tank according to any of the previous claims,
wherein the first and second foam layers (22, 24)
extend over the entire height of the walls (12).

18. Storage tank according to claim 17, wherein the sec-
ond coating (23) extends over the entire height of
the walls (12).

19. Storage tank according to any of the previous claims
1-14, wherein the first foam layer (22) extends over
only part of the height of the walls (12) and/or over
only part of the surface of the floor (11).

20. Storage tank according to claim 19, wherein the sec-
ond coating (23) extends beyond the first foam layer
(22).

21. Storage tank according to claim 20, wherein said ar-
ray of layers further comprises a vapour- �tight and
gas-�tight sprayed first coating (21) between floor (11)
and walls (12) on the one hand and the sprayed first
foam layer (22) on the other hand, and wherein the
second coating (23) merges with the first coating
(21).

22. Storage tank according to any of the previous claims,
wherein the second coating (23) has a thickness in
the range of 1-10 mm, preferably in the order of about
3 mm.

23. Storage tank according to any of the previous claims,
wherein the third coating (26) has a thickness in the
range of 3-10 mm, preferably in the order of about
4-5 mm.

24. Storage tank according to any of the previous claims,
wherein the third coating (26) extends over the entire
surface of the floor (11) and over the entire height of
the walls (12).

25. Storage tank according to any of the previous claims,
further provided with insulating anchor points (100)
for providing a mechanical fixation of the thermal pro-

tection, system to the floor and walls of the tank.

26. Storage tank according to claim 25, wherein each
anchor point (100) comprises:�

a bush (110) fixed in a wall (12) or a floor (11),
the bush being provided with a threaded bore;
a screw rod (120) screwed into the bush (110);
at least one retaining plate (131, 132) screwed
tight on the screw rod (120), pressing at least
some of the layers of the thermal protection sys-
tem against the corresponding wall (12) or floor
(11).

27. Storage tank according to claim 26, wherein an an-
chor point (100) comprises at least two retaining
plates (131, 132) screwed tight on the same screw
rod (120), a first retaining plate (131) being embed-
ded within the thermal protection system, preferably
between a foam layer (22) and a coating layer (23).

28. Storage tank according to claim 26 or 27, wherein
the bush (110) is made from glass fiber reinforced
polyester; �
wherein the screw rod (120) is made from a phenolic
resin reinforced with glass fibers;�
wherein the at least one retaining plate (131, 132) is
made from a phenolic resin reinforced with glass fib-
ers.

29. Storage tank according to any of the previous claims,
wherein each foam layer (22; 24) has a sufficiently
high CTSR value, preferably in the order of about 3
or higher.

30. Method for applying a thermal protection system in
a cold liquid storage tank (1) having a floor (11) and
walls (12), the thermal protection system comprising:�

a liquid barrier membrane (26) for holding the
liquid;
a thermal insulation layer (25) arranged be-
tween the membrane (26) and the floor (11) and
walls (12) of the tank, this thermal insulation lay-
er (25) comprising a first foam layer (22) having
good thermal insulation properties and a second
foam layer (24) having good thermal insulation
properties;
a secondary liquid barrier (23) embedded be-
tween said first and second foam layers;
preferably, a vapour-�tight and gas-�tight liner (21)
attached to the inner surface of the floor (11)
and walls (12) of the tank;
the method being characterized in that all lay-
ers (21, 26, 25, 23) of the thermal protection sys-
tem are applied by a spraying process, prefer-
ably by spraying a substance on the basis of
poly urethane.
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31. Method for applying a monolithic non-�metallic ther-
mal protection system in a cold liquid storage tank
(1) having a floor (11) and walls (12), the method
comprising: �

- spraying a vapour-�tight and gas-�tight liner (21)
onto the inner surface of the floor (11) and walls
(12) of the tank, over the entire surface of the
floor (11) and over the entire height of the walls
(12);
- spraying a first foam layer (22) having good
thermal insulation properties onto the inner sur-
face of the liner (21), over the entire surface of
the floor (11);
- spraying a secondary liquid barrier (23) on the
inner surface of the first foam layer (22), over
the entire surface of the floor (11) and over the
entire height of the walls (12);
- spraying a second foam layer (24) having good
thermal insulation properties onto the inner sur-
face of the coating (23), over the entire surface
of the floor (11);
- spraying a main liquid barrier membrane (26)
for holding the liquid to the inner surface of the
second foam layer (24), over the entire surface
of the floor (11) and over the entire height of the
walls (12);

wherein the liner (21), the first foam layer (22), the
secondary liquid barrier (23), the second foam layer
(24), and the main liquid barrier membrane (26) are
made from the same material or material family, pref-
erably poly urethane.

Patentansprüche

1. Speicherbehälter (1), der zum Speichern von kalten
Flüssigkeiten geeignet ist, mit einem Boden (11) und
Wänden (12), die einander in einem Eckbereich (13)
treffen, wobei der Speicherbehälter an der Innenflä-
che seines Bodens (11) und seiner Wände (12) wei-
ters ein nicht-�metallisches thermisches Schutzsy-
stem enthält, das zumindest in den Eckbereichen
(13) eine monolithische Anordnung von Sprüh-
schichten (26, 24, 23, 22) aufweist, die übereinander
angeordnet sind, nämlich von den Wänden (12) ge-
sehen hin zum Inneren des Behälters:�

eine erste Sprüh-�Schaumschicht (22) mit guten
thermischen Isolationseigenschaften;
eine flüssigkeitsdichte Sprühbeschichtung (23),
die durch Sprühen auf die Innenfläche der er-
sten Schaumschicht (22) aufgetragen ist;
eine zweite Sprüh-�Schaumschicht (24) mit gu-
ten thermischen Isolationseigenschaften, die
durch Sprühen auf die Innenseite der Beschich-
tung (23) aufgebracht ist;

eine flüssigkeitsdichte Sprühbeschichtung (26),
die durch Sprühen auf die Innenseite der zwei-
ten Schaumschicht (24) aufgetragen ist;

wobei die erste Schaumschicht (22) zwischen flüs-
sigkeitsdichten Schichten vollständig eingebettet ist.

2. Speicherbehälter nach Anspruch 1, wobei der Bo-
den (11) und die Wände (12) aus einem dampfdich-
ten und gasdichten Material, beispielsweise aus Me-
tall, hergestellt sind.

3. Speicherbehälter nach Anspruch 1, wobei der Bo-
den (11) und die Wände (12) aus Beton, vorzugs-
weise Stahlbeton, hergestellt sind, und wobei die An-
ordnung von Schichten weiters eine dampfdichte
und gasdichte Sprühbeschichtung (21), einerseits
zwischen dem Boden (11) und den Wänden (12) und
andererseits der ersten Schaumschicht (22) auf-
weist.

4. Speicherbehälter nach Anspruch 1, der an der In-
nenfläche seines Bodens (11) und seiner Wände
(12) mit einem nicht-�metallischen thermischen
Schutzsystem (21, 22, 23, 24, 26) versehen ist, das

a) eine erste Sprühbeschichtung (21), die durch
Sprühen auf die Innenfläche des Bodens (11)
und der Wände (12) des Behälters (1) aufge-
bracht und eingerichtet ist, um dampfdicht und
gasdicht zu sein;
b) eine erste Sprüh-�Schaumschicht (22), die an
der Innenseite der ersten Beschichtung (21) auf-
gebracht und eingerichtet ist, um gute thermi-
sche Isolationseigenschaften aufzuweisen;
c) eine zweite Sprühbeschichtung (23), die
durch Sprühen auf die Innenfläche der ersten
Schaumschicht (22) aufgebracht und eingerich-
tet ist, um flüssigkeitsdicht zu sein, um als Flüs-
sigkeitssperre wirken zu können;
d) eine zweite Sprüh-�Schaumschicht (24), die
an der Innenseite der ersten Schaumschicht
(22) und der Innenseite der zweiten Beschich-
tung (23) aufgebracht und eingerichtet ist, um
gute thermische Isolationseigenschaften aufzu-
weisen;
e) eine dritte Sprühbeschichtung (26) enthält,
die durch Sprühen auf die Innenseite der zwei-
ten Schaumschicht (24) aufgebracht und einge-
richtet ist, um flüssigkeitsdicht zu sein, um als
Membran wirken zu können.

5. Speicherbehälter nach Anspruch 1, der an der In-
nenfläche seines Bodens (11) und seiner Wände
(12) mit einem nicht-�metallischen thermischen
Schutzsystem (21, 22, 23, 24, 26) versehen ist, wo-
bei der Boden (11) und die Wände (12) aus einem
dampfdichten und gasdichten Material, beispiels-
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weise Metall, hergestellt sind, wobei das thermische
Schutzsystem (21, 22, 23, 24, 26) :�

b) eine erste Sprüh- �Schaumschicht (22), die an
der Innenseite des Bodens (11) und der Wände
(12) des Behälters (1) aufgebracht und einge-
richtet ist, um gute thermische Isolationseigen-
schaften aufzuweisen;
c) eine zweite Sprühbeschichtung (23), die
durch Sprühen auf die Innenfläche der ersten
Schaumschicht (22) aufgebracht und eingerich-
tet ist, um flüssigkeitsdicht zu sein, um als Flüs-
sigkeitssperre wirken zu können;
d) eine zweite Schaum-�Schaumschicht (24), die
an der Innenseite der ersten Schaumschicht
(22) und der Innenseite der zweiten Beschich-
tung (23) aufgebracht und eingerichtet ist, um
gute thermische Isolationseigenschaften aufzu-
weisen;
e) eine dritte Sprühbeschichtung (26) enthält,
die durch Sprühen auf die Innenseite der zwei-
ten Schaumschicht (24) aufgebracht und einge-
richtet ist, um flüssigkeitsdicht zu sein, um als
Membran wirken zu können.

6. Speicherbehälter nach Anspruch 5, weiter mit: �

a) einer ersten Sprühbeschichtung (21), die
durch Sprühen auf die Innenfläche des Bodens
(11) und der Wände (12) des Behälters (1), ei-
nerseits zwischen dem Boden (11) und den
Wänden (12) und andererseits der ersten
Schaumschicht (22), aufgebracht und einge-
richtet ist, um dampfdicht und gasdicht zu sein.

7. Speicherbehälter nach einem der vorherigen An-
sprüche, wobei die erste Beschichtung (21), die er-
ste Schaumschicht (22), die zweite Beschichtung
(23), die zweite Schaumschicht (24) und die dritte
Beschichtung (26) aus dem gleichen Material oder
der gleichen Materialfamilie hergestellt sind.

8. Speicherbehälter nach Anspruch 7, wobei die erste
Beschichtung (21), die zweite Beschichtung (23) und
die dritte Beschichtung (26) jeweils die gleiche Zu-
sammensetzung aufweisen.

9. Speicherbehälter nach einem der vorherigen An-
sprüche, wobei die erste Beschichtung (21), die er-
ste Schaumschicht (22), die zweite Beschichtung
(23), die zweite Schaumschicht (24) und die dritte
Beschichtung (26) aus Polyurethan hergestellt sind.

10. Speicherbehälter nach einem der vorherigen An-
sprüche, wobei die erste Beschichtung (21) eine Dik-
ke im Bereich von 1 bis 10 mm, vorzugsweise in der
Größenordnung von ungefähr 3 mm, aufweist.

11. Speicherbehälter nach einem der vorherigen An-
sprüche, wobei sich die erste Beschichtung (21) über
die gesamte Fläche des Bodens (11) und die ge-
samte Höhe der Wände (12) erstreckt.

12. Speicherbehälter nach einem der vorherigen An-
sprüche, wobei die erste und die zweite Schaum-
schicht (22, 24) im Eckbereich (13) eine Gesamtdik-
ke im Bereich von 100 bis 500 mm, vorzugsweise in
der Größenordnung von ungefähr 300 mm, aufwei-
sen.

13. Speicherbehälter nach einem der vorherigen An-
sprüche, wobei die Dicke der ersten Schaumschicht
(22) im Eckbereich (13) im Wesentlichen gleich der
Dicke der zweiten Schaumschicht (24) ist.

14. Speicherbehälter nach einem der Ansprüche 1 bis
12, wobei im Eckbereich (13) die Dicke der ersten
Schaumschicht (22) größer als die Dicke der zweiten
Schaumschicht (24) ist.

15. Speicherbehälter nach einem der vorherigen An-
sprüche, wobei sich die erste und die zweite
Schaumschicht (22, 24) über die gesamte Fläche
des Bodens (11) erstrecken.

16. Speicherbehälter nach Anspruch 15, wobei sich die
zweite Beschichtung (23) über die gesamte Fläche
des Bodens (11) erstreckt.

17. Speicherbehälter nach einem der vorherigen An-
sprüche, wobei sich die erste und die zweite
Schaumschicht (22, 24) über die gesamte Höhe der
Wände (12) erstrecken.

18. Speicherbehälter nach Anspruch 17, wobei sich die
zweite Beschichtung (23) über die gesamte Höhe
der Wände (12) erstreckt.

19. Speicherbehälter nach einem der Ansprüche 1 bis
14, wobei sich die erste Schaumschicht (22) nur über
einen Teil der Höhe der Wände (12) und/�oder nur
über einen Teil der Fläche des Bodens (11) erstreckt.

20. Speicherbehälter nach Anspruch 19, wobei sich die
zweite Beschichtung (23) über die erste Schaum-
schicht (22) hinaus erstreckt.

21. Speicherbehälter nach Anspruch 20, wobei die An-
ordnung von Schichten weiters eine dampfdichte
und gasdichte erste Sprühbeschichtung (21), einer-
seits zwischen dem Boden (11) und den Wänden
(12) und andererseits der ersten Schaumschicht
(22), enthält, und wobei die zweite Beschichtung (23)
in die erste Beschichtung (21) übergeht.

22. Speicherbehälter nach einem der vorherigen An-
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sprüche, wobei die zweite Beschichtung (23) eine
Dicke im Bereich von 1 bis 10 mm, vorzugsweise in
der Größenordnung von ungefähr 3 mm, aufweist.

23. Speicherbehälter nach einem der vorherigen An-
sprüche, wobei die dritte Beschichtung (26) eine Dik-
ke im Bereich von 3 bis 10 mm, vorzugsweise in der
Größenordnung von ungefähr 4 bis 5 mm, aufweist.

24. Speicherbehälter nach einem der vorherigen An-
sprüche, wobei sich die dritte Beschichtung (26) über
die gesamte Fläche des Bodens (11) und über die
gesamte Höhe der Wände (12) erstreckt.

25. Speicherbehälter nach einem der vorherigen An-
sprüche, weiters mit isolierenden Ankerstellen (100)
zum Vorsehen einer mechanischen Fixierung des
thermischen Schutzsystems am Boden und an den
Wänden des Behälters.

26. Speicherbehälter nach Anspruch 25, wobei jeder
Ankerstelle (100) enthält:�

eine Lagerbuchse (110), die in einer Wand (12)
oder einem Boden (11) fixiert ist und mit einer
Gewindebohrung versehen ist:
eine Gewindestange (120), die in die Lager-
buchse (110) geschraubt ist; und
zumindest eine Halteplatte (131, 132), die an
der Gewindestange (120) festgeschraubt ist und
zumindest einige der Schichten des thermi-
schen Schutzsystems gegen die entsprechen-
de Wand (12) oder den entsprechenden Boden
(11) drückt.

27. Speicherbehälter nach Anspruch 26, wobei eine An-
kerstelle (100) zumindest zwei Halteplatten (131,
132) enthält, die an der gleichen Gewindestange
(120) festgeschraubt sind, wobei eine erste Halte-
platte (131) im thermischen Schutzsystem, vorzugs-
weise zwischen einer Schaumschicht (22) und einer
Beschichtungsschicht (23), eingebettet ist.

28. Speicherbehälter nach Anspruch 26 oder 27, wobei
die Lagerbuchse (110) aus glasfaserverstärktem
Polyester hergestellt ist;�
wobei die Gewindestange (120) aus einem glasfa-
serverstärktem Phenolharz hergestellt ist;�
wobei die zumindest eine Halteplatte (131, 132) aus
einem glasfaserverstärktem Phenolharz hergestellt
ist.

29. Speicherbehälter nach einem der vorherigen An-
sprüche, wobei jede Schaumschicht (22; 24) einen
ausreichend hohen Wert für den Koeffizienten des
Widerstands gegen thermische Beanspruchung
(CTSR value, "coefficient of thermal stress resi-
stance") aufweist, vorzugsweise in der Größenord-

nung ungefähr 3 oder höher.

30. Verfahren zum Anbringen eines thermischen
Schutzsystems in einem Speicherbehälter (1) für
kalte Flüssigkeiten, der einen Boden (11) und Wän-
de (12) aufweist, wobei das thermische Schutzsy-
stem: �

eine Flüssigkeitssperre-�Membran (26) zum Hal-
ten der Flüssigkeit;
eine thermische Isolationsschicht (25), die zwi-
schen der Membran (26) und dem Boden (11)
und den Wänden (12) des Behälters angeordnet
ist und eine erste Schaumschicht (22) mit guten
thermischen Isolationseigenschaften und eine
zweite Schaumschicht (24) mit guten thermi-
schen Isolationseigenschaften aufweist;
wobei eine sekundäre Flüssigkeitssperre (23)
zwischen der ersten und der zweiten Schaum-
schicht eingebettet wird;
vorzugsweise eine dampfdichte und gasdichte
Auskleidung (21) enthält, die an der Innenfläche
des Bodens (11) und der Wände (12) des Be-
hälters aufgebracht wird;

wobei das Verfahren dadurch gekennzeichnet ist,
dass alle Schichten (21, 16, 25, 23) des thermischen
Schutzsystems durch einen Sprühvorgang aufgetra-
gen werden, vorzugsweise durch Sprühen einer
Substanz auf Polyurethan-�Basis.

31. Verfahren zum Anbringen eines monolithischen,
nicht- �metallischen thermischen Schutzsystems in
einem Speicherbehälter (1) für kalte Flüssigkeiten,
der einen Boden (11) und Wände (12) aufweist, wo-
bei das Verfahren umfasst:�

- Sprühen einer dampfdichten und gasdichten
Auskleidung (21)� auf die Innenfläche des Bo-
dens (11) und der Wände (12) des Behälters,
über die gesamte Fläche des Bodens (11) und
über die gesamte Höhe der Wände (12);
- Sprühen einer ersten Schaumschicht (22) mit
guten thermischen Isolationseigenschaften auf
die Innenfläche der Auskleidung (21), über die
gesamte Fläche des Bodens (11);
- Sprühen einer sekundären Flüssigkeitssperre
(23) auf die Innenfläche der ersten Schaum-
schicht (22), über die gesamte Fläche des Bo-
dens (11) und über die gesamte Höhe der Wän-
de (12);
- Sprühen einer zweiten Schaumschicht (24) mit
guten thermischen Isolationseigenschaften auf
die Innenfläche der Beschichtung (23), über die
gesamte Fläche des Bodens (11);
- Sprühen einer Flüssigkeitssperre-�Hauptmem-
bran (26) über die gesamte Fläche des Bodens
(11) und über die gesamte Höhe der Wände (12)
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zum Halten der Flüssigkeit an der Innenfläche
der zweiten Schaumschicht (24);

wobei die Auskleidung (21), die erste Schaum-
schicht (22), die sekundäre Flüssigkeitssperre (23),
die zweite Schaumschicht (24) und die Flüssigkeits-
sperre- �Hauptmembran (26) aus dem gleichen Ma-
terial oder der gleichen Materialfamilie, vorzugswei-
se Polyurethan, hergestellt sind.

Revendications

1. Réservoir de stockage (1) adapté pour stocker des
liquides froids, comprenant un fond (11) et des parois
(12) se rejoignant dans une zone d’angle (13), le
réservoir de stockage comprenant en outre un sys-
tème de protection thermique non métallique sur la
surface intérieure de son fond (11) et de ses parois
(12), ce système de protection comprenant, au
moins dans les zones d’angle (13), un réseau mo-
nolithique de couches pulvérisées (26, 24, 23, 22)
disposées les unes sur les autres, à savoir, vues des
parois (12) vers l’intérieur du réservoir : �

une première couche de mousse pulvérisée (22)
ayant de bonnes propriétés d’isolation
thermique ;
un revêtement pulvérisé étanche aux liquides
(23) appliqué par projection sur la surface inté-
rieure de la première couche de mousse (22) ;
une deuxième couche de mousse pulvérisée
(24) ayant de bonnes propriétés d’isolation ther-
mique, mise en place par projection sur le côté
intérieur du revêtement (23) ;
un revêtement pulvérisé étanche aux liquides
(26) mis en place par projection sur le côté in-
térieur de la deuxième couche de mousse (24) ;
la première couche de mousse (22) étant entiè-
rement noyée entre des couches étanches aux
liquides.

2. Réservoir de stockage selon la revendication 1, dans
lequel le fond (11) et les parois (12) sont faits d’un
matériau étanche aux vapeurs et étanche aux gaz,
par exemple un métal.

3. Réservoir de stockage selon la revendication 1, dans
lequel le fond (11) et les parois (12) sont en béton,
de préférence du béton renforcé, et dans lequel ledit
réseau de couches comprend en outre un revête-
ment pulvérisé étanche aux vapeurs et étanche aux
gaz (21) entre le fond (11) et les parois (12) d’une
part et la première couche de mousse (22) d’autre
part.

4. Réservoir de stockage selon la revendication 1,
pourvu d’un système de protection thermique non

métallique (21, 22, 23, 24, 26) sur la surface inté-
rieure de son fond (11) et de ses parois (12), dans
lequel le système de protection thermique (21, 22,
23, 24, 26) comprend :�

[a] un premier revêtement pulvérisé (21) appli-
qué par projection sur la surface intérieure du
fond (11) et des parois (12) du réservoir (1), le
premier revêtement (21) étant adapté pour être
étanche aux vapeurs et étanche aux gaz ;
[b] une première couche de mousse pulvérisée
(22) mise en place sur le côté intérieur du pre-
mier revêtement (21), la première couche de
mousse (22) étant adaptée pour avoir de bonnes
propriétés d’isolation thermique ;
[c] un deuxième revêtement pulvérisé (23) ap-
pliqué par projection sur la surface intérieure de
la première couche de mousse (22), le deuxiè-
me revêtement (23) étant adapté pour être étan-
che aux liquides de façon à pouvoir servir de
barrière aux liquides ;
[d] une deuxième couche de mousse pulvérisée
(24) mise en place sur le côté intérieur de la
première couche de mousse (22) et sur le côté
intérieur du deuxième revêtement (23), la
deuxième couche de mousse (24) étant adaptée
pour avoir de bonnes propriétés d’isolation
thermique ;
[e] un troisième revêtement pulvérisé (26) mis
en place par projection sur le côté intérieur de
la deuxième couche de mousse (24), le troisiè-
me revêtement (26) étant adapté pour être étan-
che aux liquides de façon à pouvoir servir de
membrane.

5. Réservoir de stockage selon la revendication 1,
pourvu d’un système de protection thermique non
métallique (21, 22, 23, 24, 26) sur la surface inté-
rieure de son fond (11) et de ses parois (12), dans
lequel le fond (11) et les parois (12) sont faits d’un
matériau étanche aux vapeurs et étanche aux gaz,
par exemple un métal, dans lequel le système de
protection thermique (21, 22, 23, 24, 26) comprend :�

[b] une première couche de mousse pulvérisée
(22) mise en place sur la surface intérieure du
fond (11) et des parois (12) du réservoir (1), la
première couche de mousse (22) étant adaptée
pour avoir de bonnes propriétés d’isolation
thermique ;
[c] un deuxième revêtement pulvérisé (23) ap-
pliqué par projection sur la surface intérieure de
la première couche de mousse (22), le deuxiè-
me revêtement (23) étant adapté pour être étan-
che aux liquides de façon à pouvoir servir de
barrière aux liquides ;
[d] une deuxième couche de mousse pulvérisée
(24) mise en place sur le côté intérieur de la
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première couche de mousse (22) et sur le côté
intérieur du deuxième revêtement (23), la
deuxième couche de mousse (24) étant adaptée
pour avoir de bonnes propriétés d’isolation
thermique ;
[e] un troisième revêtement pulvérisé (26) mis
en place par projection sur le côté intérieur de
la deuxième couche de mousse (24), le troisiè-
me revêtement (26) étant adapté pour être étan-
che aux liquides de façon à pouvoir servir de
membrane.

6. Réservoir de stockage selon la revendication 5, com-
prenant en outre :�

[a] un premier revêtement pulvérisé (21) appli-
qué par projection sur la surface intérieure du
fond (11) et des parois (12) du réservoir (1), en-
tre le fond (11) et les parois (12) d’une part et la
première couche de mousse (22) d’autre part,
le premier revêtement (21) étant adapté pour
être étanche aux vapeurs et étanche aux gaz.

7. Réservoir de stockage selon l’une quelconque des
revendications précédentes, dans lequel le premier
revêtement (21), la première couche de mousse
(22), le deuxième revêtement (23), la deuxième cou-
che de mousse (24) et le troisième revêtement (26)
sont faits du même matériau ou sont de la même
famille de matériaux.

8. Réservoir de stockage selon la revendication 7, dans
lequel le premier revêtement (21), le deuxième re-
vêtement (23) et le troisième revêtement (26) ont
mutuellement la même composition.

9. Réservoir de stockage selon l’une quelconque des
revendications précédentes, dans lequel le premier
revêtement (21), la première couche de mousse
(22), le deuxième revêtement (23), la deuxième cou-
che de mousse (24) et le troisième revêtement (26)
sont en polyuréthane.

10. Réservoir de stockage selon l’une quelconque des
revendications précédentes, dans lequel le premier
revêtement (21) a une épaisseur comprise dans l’in-
tervalle de 1 à 10 mm, de préférence de l’ordre d’en-
viron 3 mm.

11. Réservoir de stockage selon l’une quelconque des
revendications précédentes, dans lequel le premier
revêtement (21) s’étend sur toute la surface du fond
(11) et sur toute la hauteur des parois (12).

12. Réservoir de stockage selon l’une quelconque des
revendications précédentes, dans lequel, dans la zo-
ne d’angle (13), les première et deuxième couches
de mousse (22, 24) ont une épaisseur totale com-

prise dans l’intervalle de 100 à 500 mm, de préfé-
rence de l’ordre d’environ 300 mm.

13. Réservoir de stockage selon l’une quelconque des
revendications précédentes, dans lequel, dans la zo-
ne d’angle (13), l’épaisseur de la première couche
de mousse (22) est sensiblement égale à l’épaisseur
de la deuxième couche de mousse (24).

14. Réservoir de stockage selon l’une quelconque des
revendications 1 à 12, dans lequel, dans la zone
d’angle (13), l’épaisseur de la première couche de
mousse (22) est plus grande que l’épaisseur de la
deuxième couche de mousse (24).

15. Réservoir de stockage selon l’une quelconque des
revendications précédentes, dans lequel les premiè-
re et deuxième couches de mousse (22, 24) s’éten-
dent sur toute la surface du fond (11).

16. Réservoir de stockage selon la revendication 15,
dans lequel le deuxième revêtement (23) s’étend sur
toute la surface du fond (11).

17. Réservoir de stockage selon l’une quelconque des
revendications précédentes, dans lequel les premiè-
re et deuxième couches de mousse (22, 24) s’éten-
dent sur toute la hauteur des parois (12).

18. Réservoir de stockage selon la revendication 17,
dans lequel le deuxième revêtement (23) s’étend sur
toute la hauteur des parois (12).

19. Réservoir de stockage selon l’une quelconque des
revendications 1 à 14, dans lequel la première cou-
che de mousse (22) s’étend seulement sur une partie
de la hauteur des parois (12) et/ou seulement sur
une partie de la surface du fond (11).

20. Réservoir de stockage selon la revendication 19,
dans lequel le deuxième revêtement (23) s’étend au-
delà de la première couche de mousse (22).

21. Réservoir de stockage selon la revendication 20,
dans lequel ledit réseau de couches comprend en
outre un premier revêtement pulvérisé étanche aux
vapeurs et étanche aux gaz (21) entre le fond (11)
et les parois (12) d’une part et la première couche
de mousse pulvérisée (22) d’autre part, et dans le-
quel le deuxième revêtement (23) s’unit au premier
revêtement (21).

22. Réservoir de stockage selon l’une quelconque des
revendications précédentes, dans lequel le deuxiè-
me revêtement (23) a une épaisseur comprise dans
l’intervalle de 1 à 10 mm, de préférence de l’ordre
d’environ 3 mm.
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23. Réservoir de stockage selon l’une quelconque des
revendications précédentes, dans lequel le troisiè-
me revêtement (26) a une épaisseur comprise dans
l’intervalle de 3 à 10 mm, de préférence de l’ordre
d’environ 4 à 5 mm.

24. Réservoir de stockage selon l’une quelconque des
revendications précédentes, dans lequel le troisiè-
me revêtement (26) s’étend sur toute la surface du
fond (11) et sur toute la hauteur des parois (12).

25. Réservoir de stockage selon l’une quelconque des
revendications précédentes, pourvu en outre de
points d’ancrage isolants (100) pour fournir une fixa-
tion mécanique du système de protection thermique
sur le fond et les parois du réservoir.

26. Réservoir de stockage selon la revendication 25,
dans lequel chaque point d’ancrage (100)
comprend : �

une douille (110) fixée dans une paroi (12) ou
un fond (11), la douille étant pourvue d’un trou
fileté ;
une tige filetée (120) vissée dans la douille
(110) ;
au moins une plaque de retenue (131, 132) for-
tement vissée sur la tige filetée (120), et pres-
sant au moins certaines des couches du systè-
me de protection thermique contre la paroi cor-
respondante (12) ou le fond (11).

27. Réservoir de stockage selon la revendication 26,
dans lequel un point d’ancrage (100) comprend au
moins deux plaques de retenue (131, 132) fortement
vissées sur la même tige filetée (120), une première
plaque de retenue (131) étant incorporée dans le
système de protection thermique, de préférence en-
tre une couche de mousse (22) et une couche de
revêtement (23).

28. Réservoir de stockage selon la revendication 26 ou
27, dans lequel la douille (110) est faite de polyester
renforcé de fibres de verre ; �
dans lequel la tige filetée (120) est faite d’une résine
phénolique renforcée de fibres de verre ;�
dans lequel chaque plaque de retenue (131, 132)
est faite d’une résine phénolique renforcée de fibres
de verre.

29. Réservoir de stockage selon l’une quelconque des
revendications précédentes, dans lequel chaque
couche de mousse (22 ; 24) a un coefficient CTSR
suffisamment élevé, de préférence de l’ordre d’en-
viron 3 ou plus.

30. Procédé d’application d’un système de protection
thermique dans un réservoir de stockage de liquides

froids (1) comportant un fond (11) et des parois (12),
le système de protection thermique comprenant :�

une membrane formant barrière aux liquides
(26) pour contenir le liquide ;
une couche d’isolation thermique (25) placée
entre la membrane (26) et le fond (11) et les
parois (12) du réservoir, cette couche d’isolation
thermique (25) comprenant une première cou-
che de mousse (22) ayant de bonnes propriétés
d’isolation thermique et une deuxième couche
de mousse (24) ayant de bonnes propriétés
d’isolation thermique ;
une barrière aux liquides secondaire (23) incor-
porée entre lesdites première et deuxième cou-
ches de mousse ;
de préférence, une chemise étanche aux va-
peurs et étanche aux gaz (21) fixée à la surface
intérieure du fond (11) et des parois (12) du
réservoir ;
le procédé étant caractérisé en ce que  toutes
les couches (21, 26, 25, 23) du système de pro-
tection thermique sont appliquées par un pro-
cessus de pulvérisation, de préférence en pro-
jetant une substance à base de polyuréthane.

31. Procédé d’application d’un système de protection
thermique monolithique non métallique dans un ré-
servoir de stockage de liquides froids (1) comportant
un fond (11) et des parois (12), le procédé
comprenant :�

- la pulvérisation d’une chemise étanche aux va-
peurs et étanche aux gaz (21) sur la surface
intérieure du fond (11) et des parois (12) du ré-
servoir, sur toute la surface du fond (11) et sur
toute la hauteur des parois (12) ;
- la pulvérisation d’une première couche de
mousse (22) ayant de bonnes propriétés d’iso-
lation thermique sur la surface intérieure de la
chemise (21), sur toute la surface du fond (11) ;
- la pulvérisation d’une barrière aux liquides se-
condaire (23) sur la surface intérieure de la pre-
mière couche de mousse (22), sur toute la sur-
face du fond (11) et sur toute la hauteur des
parois (12) ;
- la pulvérisation d’une deuxième couche de
mousse (24) ayant de bonnes propriétés d’iso-
lation thermique sur la surface intérieure du re-
vêtement (23), sur toute la surface du fond (11) ;
- la pulvérisation d’une membrane principale for-
mant barrière aux liquides (26) pour contenir le
liquide sur la surface intérieure de la deuxième
couche de mousse (24), sur toute la surface du
fond (11) et sur toute la hauteur des parois (12) ;

dans lequel la chemise (21), la première couche de
mousse (22), la barrière aux liquides secondaire
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(23), la deuxième couche de mousse (24) et la mem-
brane principale formant barrière aux liquides (26)
sont faites du même matériau ou sont de la même
famille de matériaux, de préférence le polyuréthane.
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