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optionally up to 0,5 % by weight zinc, optionally total max-
imum 5 % by weight transition elements including stron-
tium, scandium, lanthanum, yttrium, hafnium, niobium,
tantalum, and/or chromium, and aluminum as the remain-
der with further elements present as impurities due to
production such that the total maximum of impurity ele-
ments is 1 % by weight.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to aluminum al-
loys that are dispersion-strengthened, age-hardenable,
and can be processed by die-casting into shaped objects
that have useful mechanical properties at temperatures
up to at least 350°C.

BACKGROUND OF THE INVENTION

[0002] Automotive engines made with aluminum alloys
have a high power-to-weight ratio, and therefore they
have better fuel efficiency and less negative impact on
the environment than cast iron engines. However, with
the demand for yet higher fuel efficiencies, ’super-
charged’ engines are being designed to operate at even
higher temperatures than regular engines. Accordingly,
cylinder heads and engine blocks in 'supercharged’ en-
gines are subjected to thermal cycling over a wider tem-
perature range, and the alloy used in their construction
has to withstand the resulting severe thermo-mechanical
loading over long periods of time. Conventional casting
aluminum alloys are not capable of withstanding these
temperatures because their precipitation hardening ef-
fects disappear at about 200°C. Consequently, the di-
mensional stability, strength, and durability of cylinder
heads and engine blocks made with these alloys become
compromised at the elevated temperatures that are en-
countered during the operation of 'supercharged’ en-
gines. Supercharged engines and cylinder heads are not
the only automotive components that could benefit from
an aluminum alloy thatis specifically designed for service
at elevated temperatures. Connecting rods, impellers,
brake calipers, and brake rotors could also benefit from
such an alloy. Therefore, there is a need for a light, ther-
mally stable alloy that is designed specifically for such
applications.

PRIOR ART

[0003] Several attempts have been made in the past
to provide aluminum casting alloys with enhanced ther-
mal stability. Most notable among these attempts are al-
loys described in WO 2011/124590, which is therewith
incorporated by reference.

[0004] When properly processed, the alloys represent-
ed in WO 2011/124590 have better mechanical proper-
ties at elevated temperatures than traditional aluminum
casting alloys. However, and because the volume frac-
tion of the fine zirconium-vanadium tri-aluminide
(AlsV4_,Zr,) particles in the prior art alloys do not exceed
1 % by volume; they have a limited strengthening effect.
For this reason, an option of the prior art invention calls
for adding up to 5 % by weight manganese to the alloy.
Upon aging at a temperature between 350°C and 450°C,
manganese, together with aluminum, forms metastable
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manganese aluminide particles (Al;,Mn) that further in-
crease the strength of the alloy. However, although these
additional precipitate particles add strength to the alloy
at room temperature, their strengthening effect disap-
pears with increased service time at elevated tempera-
tures.

DISCLOSURE OF THE INVENTION

[0005] The present invention relates to a class of alu-
minum alloys that (i) are dispersion-strengthened, (ii) can
be processed by die-casting to produce useful shaped
objects, and (iii) can be age-hardened for improved room
temperature mechanical properties that are retained at
temperatures up to at least 350°C.

[0006] Itis an objective of the presentinvention to pro-
vide lightweight, wear-resistant, and corrosion-resistant
materials that can be cast into useful objects by the con-
ventional die-casting process and that are thermally sta-
ble up to at least 350°C.

[0007] Alloys of the present invention have the general
chemical composition: aluminum-nickel-manganese-
tungsten/molybdenum-zirconium-vanadium, and their
chemical compositionis optimized such that their liquidus
temperature is less than 725°C. Such low liquidus tem-
perature allows the alloys of the present invention to be
processed into useful objects by traditional high-pressure
die-casting.

[0008] Unlike traditional aluminum-silicon alloys, and
similar to alloys of the prior art article, alloys of the present
invention contain a eutectic structure that is stable at tem-
peratures approaching 640°C, and it contains strength-
ening precipitate particles that are thermally stable at
temperatures approaching 350°C. Also similar to alloys
of the prior art article, the microstructure of the aluminum
alloys of the present invention contains nickel trialumi-
nide and aluminum as its eutectic structure, together with
other transition metal tri-aluminide particles, namely
ALV, Zr,. These transition metal trialuminide particles
have the highly symmetric L1, crystal structure, which is
analogous to the face centered cubic crystal structure of
aluminum. ltis this similarity in crystal structure between
the aluminum matrix and these strengthening particles
that allows for a coherentinterface between the two phas-
es; and by doing so, it maximizes the strengthening ability
of the particles, impedes their coarsening, and enhances
the thermal stability of the alloy.

[0009] A feature of the alloys of the present invention
that distinguishes them from the prior art aluminum alloys
that contain nickel, vanadium, and zirconium together
with manganese, but without tungsten is thatin the alloys
of the present invention, the Al;V4_,Zr, particles are not
the only thermally stable strengthening precipitates in the
alloy. Alloys of the present invention rely on a relatively
large amountof Al;,Mn,_,W, precipitate particles foradd-
ed strength at elevated temperature. Alloys of the present
invention also rely on carefully designed tungsten con-
taining manganese-aluminide (Al;,Mn_,W,) precipitate



3 EP 2 924 137 A1 4

particles for strength at elevated temperature.
AlyoMn 4 W, precipitate particles have the body centered
cubic crystal structure, which is akin to the face centered
cubic crystal structure of the oa-aluminum matrix; and
therefore they are semi-coherent with the a-aluminum
matrix. Moreover, Al;,Mn,_ W, particles do not readily
coarsen when exposed to elevated temperatures and
therefore - as shown in figure 1 - unlike the aluminum
alloys of the prior art, alloys of the present invention retain
a significant fraction of their room temperature mechan-
ical properties at elevated temperatures.

[0010] The main feature of the alloys of the present
invention that distinguishes them from those of the prior
artis that alloys of the present invention contain tungsten
and/ or molybdenum. For this reason, in alloys of the
presentinvention, the Al;V4_, Zr, particles are not the only
thermally stable strengthening precipitates. Because of
their small quantity in the alloy (< 1 % by volume), by
themself the Al;V,_, Zr, particles can contribute only lim-
ited high temperature strength. Alloys of the present in-
vention rely on a relatively large amount of Al ,Mn,_, W,
precipitate particles for added strength at elevated tem-
perature.

[0011] In general, when precipitation-strengthened
aluminum alloys are subjected to high temperature dur-
ing service, the metastable precipitates that were formed
by thermal aging coarsen and begin to transform into the
stable phase. When this happens, the alloy begins to
lose its strength. Therefore, precipitates that have a low
coarsening rate have enhanced thermal stability, and al-
loys thatemploy such precipitates for strengthening have
good tensile properties at high temperature. Figure 1
shows that the measured yield strength at elevated tem-
peratures of the Al-6Ni-4Mn-0.7W-0.4V-0.1Zr alloy of the
present invention is 90 MPa at 300°C, which is signifi-
cantly higher than that of the Al-6Ni-0.4V-0.1 Zr alloy of
the prior art, which is only 60 MPa at 300°C. The reason
for this distinguishing feature of the present invention al-
loy is described in detail in the following paragraphs.
[0012] The precipitation sequence during thermal ag-
ing of binary Al-Mn alloys starts with formation of metast-
able Al;,Mn particles. These particles are, to a large ex-
tent, responsible for the observed strength of thermally
aged binary Al-Mn alloys. With extended time at an ele-
vated temperature, these metastable Al;,Mn particles
coarsen and eventually they transform to the stable
AlgMn phase. The AlgMn particles have the rhombohe-
dral crystal structure, and therefore they have incoherent
interfaces with the surrounding o-aluminum matrix.
Transformation of the metastable, semi-coherent Al;,Mn
particles into stable, incoherent AlgMn particles signals
the loss of their strengthening effect.

[0013] The present invention capitalizes on the fact
that the lattice of the metastable Al;,Mn phase is similar
to that of the Al;,W phase (both are body centered cubic),
and also on the fact that the lattice parameter of the
Al;oMn phase (0.754 nm) is close to that of the Al;,W
phase (0.758 nm). For these two reasons, during precip-
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itation from the super saturated solid solution, tungsten
can dissolve into the Al;,Mn phase to form Al;o,Mn4_, W,
co-precipitates. Similar to the Al;,Mn particles, the
Al;oMny W, particles have body centered cubic lattice
structure and semi-coherent interfaces with the a-alumi-
num matrix. However, thermodynamic calculations show
that dissolution of tungsten into Al;,Mn lowers the Gibbs
free energy of the thus-formed Al;,Mn,_ W, particles rel-
ative to the Gibbs free energy of Al;,Mn. This makes the
Aly;oMny_ W, particles more resistant to coarsening when
exposed to elevated temperature, and therefore less
prone to transforming into the incoherent AlgMn phase,
than the Al;,Mn particles.

[0014] A comparable effect on the strength at elevated
temperatures can be observed with an addition of mo-
lybdenum or a combined addition of tungsten and mo-
lybdenum.

[0015] The foregoing objective is achieved according
to the present invention by an aluminum die-casting alloy
comprising the following:

1 to 6 % by weight nickel,

1 to 5 % by weight manganese,
0.1 to 0.4 % by weight zirconium,
0.1 to 0.4 % by weight vanadium,

0.1 to 1 % by weight tungsten and/or 0.1 to 1 % by
weight molybdenum,

optionally up to 2 % by weight iron,

optionally up to 1 % by weight titanium,

optionally up to 2 % by weight magnesium,
optionally up to 0.5 % by weight silicon,

optionally up to 0.5 % by weight copper,

optionally up to 0,5 % by weight zinc,

optionally total maximum 5 % by weight transition
elementsincluding strontium, scandium, lanthanum,
yttrium, hafnium, niobium, tantalum, and/or chromi-
um, and aluminum as the remainder with further el-
ements present as impurities due to production such
that the total maximum of impurity elements is 1 %

by weight.

[0016] In a preferred embodiment the aluminum die-
casting alloy comprises 4 to 6 % by weight nickel.

[0017] In a preferred embodiment the aluminum die-
casting alloy further comprises 2 to 4% by weight man-
ganese.

[0018] Inafurtherpreferred embodimentthe aluminum
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die-casting alloy comprises 0.2 to 0.8 % by weight tung-
sten.

[0019] Inafurtherpreferred embodimentthe aluminum
die-casting alloy comprises 0.2 to 0.8 % by weight mo-
lybdenum.

[0020] Inafurtherpreferred embodimentthe aluminum
die-casting alloy comprises 0.1 to 0.3 % by weight zirco-
nium.

[0021] Inafurtherpreferred embodimentthe aluminum
die-casting alloy comprises 0.3 to 0.4 % by weight vana-
dium.

[0022] According to one embodiment the aluminum
die-casting alloy includes substantially uniformly dis-
persed particles of Al;V,Zry.,, where x is a fraction of
unity that depends on the ratio of Zr : V in the alloy. The
particles having an equivalent diameter of less than about
50 nm, preferably less than about 30 nm, more preferably
less than about 10 nm, particularly less than about 5 nm.
[0023] Inafurther embodiment the aluminum die-cast-
ing alloy includes particles of Al;Ni having an equivalent
diameter of less than about 500 nm, preferably less than
about 300 nm, particularly less than about 100 nm.
[0024] In afurther embodiment the aluminum die-cast-
ing alloy includes substantially uniformly dispersed par-
ticles of Al;,Mn4_W,, where x is a fraction of unity that
depends on the ratio of W : Mn in the alloy, the particles
having an equivalent diameter of less than about 500 nm,
preferably less than about 300 nm, particularly less than
100 nm. The Al;,Mn,_,W, particles have a body centered
cubic crystal structure. The Al;,Mn, W, particles are
semi-coherent with the a-aluminum matrix.

[0025] Inafurther embodiment the aluminum die-cast-
ing alloy includes substantially uniformly dispersed par-
ticles of Al;o,Mn4_Mo,, where x is a fraction of unity that
depends on the ratio of Mo : Mn in the alloy, the particles
having an equivalent diameter of less than about 500 nm,
preferably less than about 300 nm, particularly less than
100 nm. The Al;,Mn_Mo, particles have a body cen-
tered cubic crystal structure. The Al,Mn,_, Mo, particles
are semi-coherent with the a-aluminum matrix.

[0026] In a further embodiment the die casting alloy
includes substantially uniformly dispersed particles of
AljpMny, \W,Mo,, where x and y are fractions of unity
that depend on the ratio of W : Mo : Mn in the alloy, the
particles having an equivalent diameter ofless than about
500 nm, preferably less than about 300 nm, particularly
less than 100 nm. The Al;,Mn,_, ,W,Mo, particles have
a body centered cubic crystal structure. The
AljpMn g, \W,Mo, particles are semi-coherent with the
a-aluminum matrix.

[0027] In a further embodiment of the invention a high
pressure die-cast componentis made is made of the alloy
according to the invention.

[0028] In afurther embodiment of the invention the alu-
minum die-casting alloy is solidified in a metal water-
cooled mold.

[0029] In a method according to the invention a cast
component is made from an aluminum die-casting alloy
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according to the invention, wherein the alloy is age-hard-
ened by holding the solidified cast component at a tem-
perature of 350°C to 450°C for 2 to 12 hours.

[0030] Accordingto one embodiment the aluminum al-
loy comprises 5.5 to 6.0 % by weight nickel, 1.75 to 2.0
% by weight manganese, 0.1 to 0.3 % by weight of zir-
conium, 0.3 to 0.4 % by weight of vanadium and 0.3 to
0.4 % by weight tungsten.

[0031] According to a further embodiment the alumi-
num alloy comprises 5.75 to 6.00 % by weight nickel,
3.75 to 4.25 % by weight manganese, 0.3 to 0.4 % by
weight of vanadium, 0.1 to 0.2 % by weight zirconium,
0.25t0 0.30 % by weight tungsten, 0.25 to 0.30 by weight
molybdenum and Al as remainder.

EXAMPLE

[0032] The following example is intended to illustrate
the present invention and it is by no means restrictive
thereof.

[0033] Measured amounts of aluminum-nickel, alumi-
num-manganese, aluminum-zirconium, and aluminum-
vanadium master alloys, together with pure tungsten
powder were added to commercially pure aluminum in
order to constitute an alloy of the present invention with
the nominal chemical composition: Al-6Ni-4Mn-0.8W-
0.4V-0.1Zr. This alloy was melted in an induction furnace
at 8500C for sufficient time to allow dissolution of the
master alloys and tungsten powder into the commercially
pure aluminum, and homogenization of the resulting
melt. The melt temperature was then lowered to 7500C,
and the melt was degassed for 30 minutes with argon
utilizing a rotating impeller degasser. After degassing,
the melt was poured into a water-cooled copper mold to
produce disk-shaped castings that were then machined
into ASTM standard sub-size tensile test specimens. The
tensile test specimens were aged in an electric box fur-
nace at 450°C for 10 hours and then divided into four
groups each group containing six identical specimens.
The elevated temperature yield strength of each group
of specimens was measured by means of an Instron Uni-
versal Testing machine. Prior to performing the meas-
urements, the tensile specimens were soaked in an elec-
tric box furnace at the following test temperatures for 100
hours; and during the test, each tensile specimen was
soaked in the furnace of the Instron Universal Testing
machine at the test temperature for an additional 30 min-
utes in order to allow the specimen to equilibrate at the
test temperature.

Group No.  Temperature (2C)
1 25

2 300

3 350

4 400
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[0034] Figure 3 shows the change in the measured
yield strength of the Al-6Ni-4Mn-0.8W-0.4V-0.1 Zr alloy
of the present invention compared to that of 380-F and
356-T6 commercial aluminum-silicon alloys. Clearly, the
alloy of the present invention outperforms both commer-
cial alloys at all temperatures above 150°C.

DESCRIPTION OF THE DRAWINGS
[0035]

Figure 1 isachartthatshows the change in measured
yield strength with temperature for the Al-
6Ni-0.7W-0.4V-0.1Zr alloy of the present in-
vention and the Al-6Ni-0.4V-0.1Zr alloy ofthe
prior art: At all temperatures, the measured
yield strength of the alloy of the present in-
vention is higher than that of the alloy of the
prior art.

Figure 2 s a chart that shows the change with soak
time in measured yield strength for the binary
Al-2Mn and ternary Al-2Mn-0.75W alloys.
The samples were soaked at 450°C for the
various times and their yield strength was
measured at room temperature: While the
measured yield strength of the binary Al-2Mn
alloy decreases rapidly when the alloy is held
at 450°C, the measured yield strength of the
ternary Al-2Mn-0.75W alloy does not de-
grade with time up to 250 hours, beyond
which time the experiment was terminated.

Figure 3 is a chart that shows the change with tem-
perature in measured yield strength of some
commercial alloys compared to that of the
alloy of the presentinvention. The tensile test
specimens were soaked at the test temper-
ature for 100 hours and tested at the soak
temperature. Chartlegend: 380-F =standard
aluminum-silicon alloy with nominal chemi-
cal composition Al-8.5Si-3.5Cu in the as-
cast condition, 356-T6 = standard aluminum-
silicon-magnesium alloy with nominal chem-
ical composition Al-7Si-0.35Mg-0.2Cu heat-
treated according to the T6 schedule, HPDC
= high-pressure die-casting, and PM = per-
manent mold casting. The data source for
the 380-F and 356-T alloys is Kaufman, J.G.
and Rooy, E.L., Aluminum Alloy Castings:
Properties, Processes, and Applications,
AFS, Schaumberg, 1L(2004).

Claims

1. An aluminum die-casting alloy comprising:
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1 to 6 % by weight nickel,

1 to 5 % by weight manganese,

0.1 to 0.4 % by weight zirconium,

0.1 to 0.4 % by weight vanadium,

0.1 to 1 % by weight tungsten and/ or 0.1 to 1
% molybdenum,

optionally up to 2 % by weight iron,

optionally up to 1 % by weight titanium,
optionally up to 2 % by weight magnesium,
optionally up to 0.5 % by weight silicon,
optionally up to 0.5 % by weight copper,
optionally up to 0,5 % by weight zinc,
optionally total maximum 5 % by weight transi-
tion elements including strontium, scandium,
lanthanum, yttrium, hafnium, niobium, tantalum,
and/or chromium, and aluminum as the remain-
der with further elements present as impurities
due to production such that the total maximum
of impurity elements is 1 % by weight.

An aluminum die-casting alloy according to claim 1,
comprising 4 to 6 % by weight nickel.

An aluminum die-casting alloy according to any one
of the claims 1 to 2, comprising 2 to 4 % by weight
manganese.

An aluminum die-casting alloy according to any one
ofthe claims 1 to 3, comprising 0.2 to 0.8 % by weight
tungsten.

An aluminum die-casting alloy to any one of the
claims 1 to 4, comprising 0.2 to 0.8 % by weight mo-
lybdenum.

An aluminum die-casting alloy according to any one
ofthe claims 1to 5, comprising 0.1t0 0.3 % by weight
zirconium.

An aluminum die-casting alloy according to any one
ofthe claims 1 to 6, comprising 0.3 to 0.4 % by weight
vanadium.

An aluminum die-casting alloy according to any one
of claims 1 to 7, including substantially uniformly dis-
persed particles of Al;V,Zr,_,, where x is a fraction
of unity that depends on the ratio of Zr : V in the alloy,
the particles having an equivalent diameter of less
than about 50 nm, preferably less than about 30 nm,
more preferably less than about 10 nm, particularly
less than about 5 nm.

An aluminum die-casting alloy according to any one
of claims 1 to 7, including particles of Al;Ni having
an equivalent diameter of less than about 500 nm,
preferably less than about 300 nm, particularly less
than about 100 nm.
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An aluminum die casting alloy according to any one
of claims 1 to 7, including sub-stantially uniformly
dispersed particles of Al ,Mn,_,W,, where xis a frac-
tion of unity that depends on the ratio of W : Mn in
the alloy, the particles having an equivalent diameter
of less than about 500 nm, preferably less than about
300 nm, particularly less than 100 nm.

The alloy of claim 10 wherein the Al;,Mn,_ W, par-
ticles have a body centered cubic crystal structure.

The alloy of claim 10 wherein the Al;,Mn,_ W, par-
ticles are semi-coherent with the aluminum matrix.

An aluminum die casting alloy according to any one
of claims 1 to 7, including substantially uniformly dis-
persed particles of Al,Mn,_Mo,, where x is a frac-
tion of unity that depends on the ratio of Mo : Mn in
the alloy, the particles having an equivalent diameter
ofless than about 500 nm, preferably less than about
300 nm, particularly less than 100 nm.

The alloy of claim 13 wherein the Al;,Mn,_ Mo, par-
ticles have a body centered cubic crystal structure.

The alloy of claim 13 wherein the Al;,Mn,_ Mo, par-
ticles are semi-coherent with the aluminum matrix.

An aluminum die casting alloy according to any one
of claims 1 to 7, including substantially uniformly dis-
persed particles of Al;,Mn4_,,W,Mo,, where x and
y are fractions of unity that depend on the ratio of
W : Mo : Mn in the alloy, the particles having an
equivalent diameter of less than about 500 nm, pref-
erably less than about 300 nm, particularly less than
100 nm.

The alloy of claim 16 wherein the Alj,Mn_,, W, Mo,
particles have a body centered cubic crystal struc-
ture.

The alloy of claim 16 wherein the Al;,Mn,_, W, Mo,
particles are semi-coherent with the -aluminum ma-
trix.

A high pressure die-cast component made from an
aluminum alloy according to any one of claims 1 to
18.

A cast component made from an aluminum alloy ac-
cording to any one of claims 1 to 18 where in the
alloy is solidified in a metal water-cooled mold.

A method of producing a cast component made from
an aluminum alloy according to any one of claims 1
to 18, wherein the alloy is age-hardened by holding
the solidified cast component at a temperature of
350°C to 450°C for 2 to 12 hours.

10

15

20

25

30

35

40

45

50

55

10



Fig. 1

Yield Strength (MPa)

180

160

140

120

100

80

60

40

20

EP 2 924 137 A1

-o- Al-6Ni-4Mn-0.7W-0.4V-0.1Zr

-o- AI-6Ni-0.4V-0.1Zr /
VA

100

200 300 400
Temperature (°C)

500



EP 2 924 137 A1

Fig. 2
80
N — ‘ﬂ
£ 10
=
s
o \
o Al-2Mn-0.75W
& Al-2Mn
©
3 60 |
>..
50 L ] L 1 1L L 1 ¥ Fl |
0 50 100 150 200 250

Time at 450°C (hours)



Fig. 3

200
150

100

Yield Strength (MPa)

50

Ao —— ==

EP 2 924 137 A1

O B380-F (HPDC)
: 00 356-T6 (PM)
N /\ Present Invention (PM)

100

200 300 400 500

Temperature (°C)



10

15

20

25

30

35

40

45

50

55

EP 2 924 137 A1

des

Europdisches
Patentamt

European

Patent Office

ce européen
brevets

=

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 14 16 8188

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

X

EP 2 653 578 A1 (RHEINFELDEN ALLOYS GMBH &
CO KG [DE]) 23 October 2013 (2013-10-23)
* paragraphs [0008] - [0010], [0014] -
[0017], [0019], [0027] - [0029]; claims
1-7 *

US 2004/261916 Al (LIN JEN C [US] ET AL)
30 December 2004 (2004-12-30)

* paragraphs [0013] - [0026], [0034],
[0036], [0059]; claim 5; figures
15,24,34,35; tables A, 4, 5 *

JP S63 219543 A (SHOWA ALUMINUM CORP)

13 September 1988 (1988-09-13)

* abstract *

JP HO1 132733 A (KASEI NAOETSU KK)

25 May 1989 (1989-05-25)

* abstract *

1-21

1-21

1-21

1-21

INV.
€22C21/00
C22F1/04

TECHNICAL FIELDS
SEARCHED (IPC)

c22C
C22F
B22D
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 8 July 2014 Nikolaou, Ioannis

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P :inte

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

rmediate document document

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

10




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 2 924 137 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 14 16 8188

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

08-07-2014
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2653578 Al 23-10-2013 AU 2011237946 Al 27-09-2012
CA 2793148 Al 13-10-2011
CN 102869799 A 09-01-2013
EP 2396436 Al 21-12-2011
EP 2653578 Al 23-10-2013
JP 2013528699 A 11-07-2013
KR 20130067242 A 21-06-2013
RU 2012145233 A 20-05-2014
US 2013199680 Al 08-08-2013
WO 2011124590 Al 13-10-2011

US 2004261916 Al 30-12-2004  NONE

JP S63219543 A 13-09-1988 JP H0433860 B2 04-06-1992
JP S63219543 A 13-09-1988

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

1"



EP 2 924 137 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« WO 2011124590 A [0003] [0004]

12



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

