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Description
FIELD OF THE INVENTION

[0001] The invention generally relates to the field of
foundry, particularly to the foundry of aluminum alloy cast
pieces, more specifically of pieces serving as compo-
nents of turbomachines such as aircraft turbojet engines.

BACKGROUND OF THE INVENTION

[0002] Manycomponents ofturbojetengines are made
of cast aluminum alloys, due to their good mechanical
performances, resistance to thermal fatigue and light-
ness.

[0003] Suchisthe case of an accessory gear box (bet-
ter known by its acronym: AGB), which includes, in a
metal surrounding made of an aluminum alloy, gears con-
nected to components e.g. an electric generator or a
starter and driven by an input shaft of the turbomachine.
[0004] An AGB architecture is disclosed in internation-
al PCT application WO 2012/175883 (Snecma).

[0005] The surrounding of an AGB is commonly casted
in an aluminum alloy such as one of the 42000 series
(AISi7Mg).

[0006] The surrounding is ordinarily casted within a
mold made of a material (called molding sand) the main
component of which is sand (typically silica sand), and
further including a binding agent (or binder) together with
a radical initiator - or curing agent - which gives the ma-
terial its mechanical strength.

[0007] It is known that the mechanical performances
of the cast piece depend a lot upon the solidification rate
of the alloy within the mold.

[0008] The solidification rate depends in turn of the
thermal conductibility of the mold, i.e. its capability to
evacuate calories from the liquid alloy.

[0009] To increase the cooling rate, it is known to use
chillers which have the exact shape of the cast piece.
Those chillers are commonly made of metal. It is also
known, however, to make those chillers out of graphite
powder mixed with a binder (such as sodium silicate or
a thermosetting resin) and hardened through carbon di-
oxide, see e.g. French patent FR 2 138 358 (Messier).
[0010] That document does not state the thickness
needed for the chiller to efficiently evacuate the calories
and hence promote the increase of the solidification rate
of the cast piece.

[0011] The solution provided by French patent FR 2
138 358 implies several difficulties.

[0012] Firstly, it requires to grind the graphite down to
the particle size of the sand commonly used for the mak-
ing of the mold, which increases its complexity and man-
ufacturing time.

[0013] Secondly, the evacuation of calories is limited
by the low thermal conductibility of the underlying mold-
ing sand.

[0014] A first objective of the invention is to enhance
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mechanical performances of the cast pieces, particularly
pieces made from aluminum alloy, and more specifically
pieces serving as components in turbomachines.
[0015] A second objective of the invention is to provide
a material intended for the manufacturing of a casting
mold which promotes a greater solidification rate of the
cast alloy.

[0016] A third objective of the invention is to provide a
method for preparing such a material, which is simple to
implement.

SUMMARY OF THE INVENTION

[0017] Itis therefore provided, according to a first as-
pect, a molding sand comprising:

- Quartz sand;

- Abinder including sodium or potassium silicate and
graphite nanoparticles;

- Avradical initiator.

[0018] Accordingtovarious embodiments, taken either
separately of in combination:

- the size of the graphite nanoparticles is comprised
between 500 nm and 800 nm;

- the radical initiator is chosen among the following
agents: acetic acid, carbonic acid, ester acid, carbon
dioxide;

- the mass proportion of binder, with respect to quartz
sand, is comprised between 2.5% and 5%;

- the mass proportion of radical initiator, with respect
of sodium or potassium silicate, is comprised be-
tween 10% and 15%;

- the quartz sand is composed of grains of quartz the
size of which is comprised between 200 and 300 pm.

[0019] Itis provided, according to a second aspect, a
method for preparing a molding sand such as disclosed
hereinbefore, comprising the following steps:

- preparing the binder by mixing a colloidal graphite
solution with water glass,

- preparing a primary mixture including the radical in-
itiator and the quartz sand;

- adding the binder to the primary mixture;

- mixing the resulting mixture.

[0020] Accordingtovarious embodiments, taken either
separately or in combination:

- the mass proportion of colloidal graphite with respect
to glass water is comprised between 5% and 20%;

- the mass proportion of binder with respect to quartz
sand is comprised between 2.5% and 5%;

- the colloidal graphite is in powder form.

- the radical initiator is chosen among the following
agents: acetic acid, carbonic acid, ester acid, carbon



3 EP 3 366 385 A1 4

dioxide.

- the mass proportion of radical initiator with respect
to binder is comprised between 10% and 15%.

- themixing time of the resulting mixture is about 2 min.

[0021] Itis provided, according to a third aspect, a cast-
ing mold made of a molding sand as disclosed herein-
before.

[0022] It is provided, according to a fourth aspect, a
method of manufacturing a cast piece in an aluminum
alloy comprising a step of casting the alloy within such a
mold.

[0023] The above and further objects and advantages
of the invention will become apparent from the detailed
description of preferred embodiments, considered in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In the drawings:

FIG.1, FIG.2 and FIG.3 are schematic cut views
showing steps of manufacturing a cast piece within
a mold made of molding sand.

FIG.4 is a schematic representation of several steps
of preparing a molding sand according to the inven-
tion.

FIG.5 is a graphical diagram including two curves
showing variation of temperature vs. time, and illus-
trating, on the one hand, in solid line, the cooling of
the cast piece in a mold made in a molding sand
according to the invention and, on the other hand, in
dash-dotted line, the cooling of a similar cast piece
in a mold made of a conventional molding sand;
FIG.6A is a photograph showing, at micrometric
scale, a section of a cast aluminum alloy from a mold
made of a molding sand according to the invention.
FIG.6B is a photograph showing, at micrometric
scale, a section of a cast aluminum alloy from a mold
made of a conventional molding sand.

DETAILED DESCRIPTION

[0025] A casting mold 1 is shown on FIG.1 to FIG.3.
This mold 1 comprises a hollow molding cavity 2 made
as a print from a piece 3 to be made by the casting, within
the cavity 2, of a metal alloy 4, e.g. an aluminum alloy.
[0026] In one embodiment, the alloy 4 is an aluminum
alloy from the EN AC-4000 series (according to European
standard EN 1780-1), i.e. having silica as main additive
element. The alloy is, for example, AISi7Mg, including
7% silica and less than 1% magnesium. Such alloy is
most appropriate for the casting of components of a tur-
bomachine (and more specifically a turbojet engine).
[0027] In the example depicted on FIG.1 to FIG.3, the
mold 1 comprises several (two here) blocks 1A, 1B each
having embossings 2A, 2B (either hollow or protruding)
which, whenever the blocks 1A, 1B are side by side
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(FIG.1, FIG.2), together define the molding cavity 2.
[0028] The mold 1 is made of a molding sand 5 com-
prising:

- silica sand 6 as main component (called matrix);

- abinder 7 the function of which is to aggregate the
grains of sand 6;

- aradical initiator 8 which acts as a curing agent to
polymerize and harden the aggregate.

[0029] When, as in the depicted example, the mold 1
includes several blocks 1A, 1B, each block 1A, 1B is
made of the same molding sand 5.

[0030] The sand 6 used for the matrix is a quartz sand;
it is preferably made of grains of quartz the size of which
is comprised between 200 and 300 pm.

[0031] The binder 7 comprises sodium or potassium
silicate together with graphite particles of nanometric
size.

[0032] A particle of nanometric size, called nanoparti-
cle, is a particle the size of which is lower than 100 nm,
according to ISO/TS 80004-2:2015 standard.

[0033] In a preferred embodiment, the size of the
graphite nanoparticles is comprised between 500 nmand
800 nm.

[0034] The mass proportion of binder 7, with respect
to the matrix (i.e. the quartz sand 6) is preferably com-
prised between 2.5% and 5%.

[0035] The radical initiator 8 is a chemical which is
characterized by its capability to form free radicals, i.e.
molecules in which the outer shell electrons have not
formed bonds yetand hence give those molecules a great
chemical reactivity.

[0036] The radicalinitiator 8 is here initially chosen (i.e.
before it is in contact with the binder 7, with which it is to
react) among the following compounds:

- acetic acid (chemical formula CH;COOH)
- carbonic acid (chemical formula H,CO3),
- ester (formula RCOOR’) acid,

- carbon dioxide (CO,).

[0037] The mass proportion of radical initiator 8, with
respect of the sodium or potassium silicate, is preferably
comprised between 10% and 15%.

[0038] The preparation of the molding sand 5 compris-
es three phases.

[0039] A first phase consists of preparing the binder 7.
To this end, water glass 9 is mixed with colloidal graphite
10. Water glass is a common name for a sodium or po-
tassium silicate solution. The proportion of the colloidal
graphite 10 with respect to water glass 9 is preferably
comprised between 5% and 20%.

[0040] The water glass 9 and the colloidal graphite so-
lution 10 are poured into a mixer 11. Mixing the water
glass 9 and the colloidal graphite solution 10 within the
mixer 11 produces the binder 7.

[0041] A second phase, which may be conducted be-
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fore, during or after the first phase, consists of mixing the
radical initiator 8 with the matrix (i.e. the quartz sand 6).
To this end, the radical initiator 8 and the quartz sand 6
are poured into a mixer 12 in which they are mixed to
form a primary mixture 13. The mass proportion of the
radical initiator 8 is measured with respect to the liquid
glass 9. More precisely, the mass proportion of radical
initiator 8, with respect to the water glass 9, is preferably
comprised between 10% and 15%. This phase is based
upon the assertion that the radical initiator 8 is under
liquid form (which is the case with acetic acid, carbonic
acid and ester acid).

[0042] A third phase comprises adding the binder 7
resulting from the first phase to the primary mixture 13,
and mixing the resulting mixture - which is the molding
sand 5 in a pasty form. The mixing may be achieved in
the mixer 12 used to obtain the primary mixture 13, or in
a different mixer 14 (FIG.4 is merely schematic and cov-
ers both cases).

[0043] The time of mixing the pasty molding sand 5 is
preferably of about 2 min. The pasty (i.e. not hardened
yet) molding sand 5 may then be given the shape of the
mold 1 - and more specifically the shape of each mold
block 1A, 1B. The radical initiator 8 fulfills its curing agent
function after this shaping, whereby strength of the mold-
ing sand 5 forming each mold block 1A, 1B is sufficient
to allow the latter to maintain its shape.

[0044] Inan alternate embodiment, wherein the radical
initiator is carbon dioxide, which is in a gaseous form,
the binder 7 resulting from the first step is directly mixed
with pure quartz sand 6, under carbon dioxide atmos-
phere, which then plays the role of curing agent while the
binder 7 and sand 6 are mixed in mixer 13 or 14.
[0045] Manufacturing the cast piece 3 comprises a
step of assembling various mold blocks 1A, 1B to form
the molding cavity 2 (FIG.1), and a step of casting the
alloy 4, which has previously been molten, in the molding
cavity 2 (FIG.2). AISi7Mg is molten at about 800°C.
[0046] Thermal exchange occurs between the molten
alloy 4 and the mold 1: the alloy 4 cools while giving
calories to the mold 1 which absorbs and diffuses those
calories.

[0047] Duetoitscomposition,the molding sand 5form-
ing the mold 1 absorbs and diffuses the calories at a rate
greater than that of a conventional molding sand, which
gives the alloy 4 a cooling rate greater than the known
cooling rates (with equal shape), as shown by FIG.5 on
which there is drawn:

- in solid line, a first curve C representing variations
of temperature (in °C) of the piece 3 within a mold 1
according to the invention, vs. time (in s);

- in dash-dotted line, a second curve C’ representing
variations of temperature of a piece of identical
shape, in a conventional mold.

[0048] Each curve C, C’ has a global similar shape,
and comprises a first section $1, S1’ (where S1, for the
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first curve C, is comprised between 0 and about 70s,
whereas S1’, for the second curve C’, is comprised be-
tween 0 and about 130s).

[0049] The first section 81, 81’ corresponds to the lig-
uid form of the alloy, in which the variation of temperature
is nonlinear.

[0050] Each curve C, C’ also comprises a second sec-
tion 82, 82’ (where S2, for the first curve C, extends from
about 70s, whereas S2’, for the second curve C’, extends
from about 130s).

[0051] The second section 82, S2’ corresponds to the
solid form of the alloy, in which variation of temperature
is globally linear. The temperature (of about 550°C) cor-
responding to the junction between section S1 (respec-
tively $1°) and the second section S2 (respectively S2’)
is the solidification temperature of the alloy (referred to
as TS).

[0052] As can be seen on FIG.5:

- solidification temperature TS is reached more quick-
ly on curve C (in a ratio of about 2), corresponding
to a manufacturing in a mold 1 according to the in-
vention;

- cooling rate of the solidified alloy remains greater on
curve C (in a ratio of about 2, corresponding to the
ratio of the slopes of the linear sections S2, S2’ of
the curves C, C’), corresponding to a manufacturing
in a mold 1 according to the invention.

[0053] Therefore, the manufacturing time (and hence
the production rate) with a mold 1 according to the inven-
tion is shorter.

[0054] In addition, the lowered cooling rate gives the
piece 3 a crystal structure of better quality, due to thinner
crystal grains, as depicted on:

- FIG.6A, which shows crystal structure, at micromet-
ric scale, of a AlSi7Mg alloy casted in a mold 1 ac-
cording to the invention;

- FIG.6B which, by comparison, shows crystal struc-
ture, at similar scale, of the same alloy casted in a
conventional mold of same shape.

[0055] Accordingly, the alloy solidified in the mold 1
according to the invention has a greater hardness, and
hence a greater mechanical strength.

[0056] It is therefore possible to design differently the
piece 3, in particular by reducing its weight with equiva-
lent mechanical strength, which is a true benefit in the
field of turbojet engines.

[0057] Those benefits are a consequence of the better
thermal conductibility of the mold 1 (i.e. of the molding
sand 5) according to the invention, which is made pos-
sible through the presence of graphite nanoparticles.
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Claims

1.

10.

Molding sand (5) comprising:

- Quartz sand (6);

- Abinder (7) including sodium or potassium sil-
icate;

- A radical initiator (8);

Characterized in that the binder (7) includes graph-
ite nanoparticles.

Molding sand (5) according to claim 1, wherein the
size of the graphite nanoparticles is comprised be-
tween 500 nm and 800 nm.

Molding sand (5) according to claim 1 or claim 2,
wherein the radical initiator (8) is chosen among the
following agents: acetic acid, carbonic acid, ester ac-
id, carbon dioxide.

Molding sand (5) according to any of the preceding
claims, wherein the mass proportion of binder (7),
with respect to quartz sand (6), is comprised be-
tween 2.5% and 5%.

Molding sand (5) according to any of the preceding
claims, wherein the mass proportion of radical initi-
ator (8), with respect of sodium or potassium silicate,
is comprised between 10% and 15%.

Molding sand (5) according to any of the preceding
claims, wherein the quartz sand (6) is composed of
grains of quartz the size of which is comprised be-
tween 200 and 300 pm.

Method for preparing a molding sand (5) according
to any of the preceding claims, characterized in that
it comprises the following steps:

- preparing the binder (7) by mixing a colloidal
graphite solution (10) with water glass (9),

- preparing a primary mixture (13) including the
radical initiator (8) and the quartz sand (6);

- adding the binder (7) to the primary mixture
(13);

- mixing the resulting mixture.

Method according to claim 7, wherein the mass pro-
portion of colloidal graphite (10) with respect to glass
water (9) is comprised between 5% and 20%.

Method according to claim 7 or claim 8, wherein the
mass proportion of binder (7) with respect to quartz
sand (6) is comprised between 2.5% and 5%.

Method according to any of claims 7-9, wherein the
colloidal graphite (10) is under the form of powder.
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1.

12.

13.

14.

15.

Method according to any of claims 7-10, wherein the
radical initiator (8) is chosen among the following
agents: acetic acid, carbonic acid, ester acid, carbon
dioxide.

Method according to any of claims 7-11, wherein the
mass proportion of radical initiator (8) with respect
to binder is comprised between 10% and 15%.

Method according to any of claims 7-12, wherein the
mixing time of the resulting mixture is about 2 min.

Casting mold (1), characterized in that it is made
of a molding sand according to any of claims 1-6.

Method of manufacturing a cast piece (3) in an alu-
minum alloy, characterized in that it comprises a
step of casting the alloy (4) within a mold (1) accord-
ing to claim 14.
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