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@ HEAT-RESISTANT ALUMINUM ALLOY AND PROCESS FORITS PRODUCTION.

@ A heat-resistant aluminum alloy, which contains 5 to 10

Wt % of iron, 0.5 to 3 wt % of molybdenum 0.5 to 3wt % of at

jeast one element selected from among chromium, zir-
! copium and vanadium, with the sum of iron, molybdenum,
chromium, zirconium and vanadium being 6 to 16 wt %, and
the balance of substantially aluminum, and which has a ten-
sile strength at 300°C of 26kg/mm? or more. This alioy can be
produced by preparing an aluminum alloy powder of the
above-described formulation according to the melt atomizing
process and solidifying and molding the product at tempera-
tures of 400 to 580°C.
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SPECIFICATION

HEAT RESISTANT ALUMINUM ALLOY AND PREPARATION THEREOF

FIELD OF THE INVENTION

The present invention relates to a heat resistant
aluminum ally which can be used in automobile engine parts
and aircraft parts.

CONVENTIONAL ART

Hitherto, as heat resistant aluminum alloys, 2218,
2219, 2618 and the like are known. However, the aluminum
alloys are required to have much better heat resistance in
accordance with the technological progress.

To provide highly heat resistant aluminum alloys,
recently, it is proposed to improve high-temperature
strength by the addition of a considerable amount of a tran-
sition metal such as iron, which has been avoided since it
deteriorates the properties of the alloys, to the alloys.

Since such'kinds of aluminum allbys contain the
considerable amount of the transition metal such as iron,
they cannot be produced by the conventional casting method.
Therefore, they are produced by consolidating the alloy
powder prepared by the melt atomizing method.

In fact, such the aluminum alloys have improved
heat resistanceas reported in "Advanced in Powder Techno-
logy"; "Advanced P/M Aluminum Alloys", 213-214, 1981: ASM

Material Science Seminor published by AMERICAN SOCIETY FOR



o)
03]
pos]
(4]
)
)

METALS, and some of them are reported to have tensile
strength of about 30 kg/mm2 at 300°C. However, such alloys
cannot be prepared Qith good reproducibility and have not
been practically used.

For parts which are exposed to high temperatures
such as the aircraft engine parts, impellers of gas turbine
ngines and engine pistons, materials are required to have

tensile strength of 25 kg/mm2 or larger, preferably larger

-ty

than 30 kg/mm2 at 300°C. However, none of the already deve-

loped heat resistant aluminum alloys satisfies this require-
ment practically.

DISCLOSURE OF THE INVENTION

In view of the above circumstances, an object of

the present invention is to provide a heat resistant alumi-

num alloy which has high tensile strength of larger than 26
kg/mm2 at high temperature of 300°C.

The heat resistant aluminum allcoy of the present
invention comprises 5 to 10 % by‘weight of iron) 0.5 to 3 %
by weight of molybdenum, 0.5 to 3 % by weight of at least
cne element selected from the group consisting of chromium,
zirconium and vanadium and rest of aluminum, provided that
the total amount of iron, molybdenum, chromium, zirconium
and vanadium is from 6 to 16 % by weight, and has the ten—
sile strength of larger than 26 kg/mm2 at 300°C.

Such the heat resistant aluminum alloy can be

produced from powder of an aluminum alloy comprising 5 to 10
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% by weight of iron, 0.5 to 3 % by weight of molybdenum, 0.5
to 3 % by weight of at least one element selected from the
group consisting ofrchromium, zirconium and vanadium and
rest of aluminum with the proviso that the total amount of
iron, molybdenum, chromium, zirconium and vanadium is from 6
to 16 % by weight. The powder is produced by a melt atomi-
zing method and consolidated by hot working method at a
temperature of 400 to 580°C.

The "melt atomizing method” herein used includes
all the methods which comprise spraying metal alloy melt
having a desired alloy composition and solidifying it
quickly,rand an air atomizihg method; a gas atomizing
method, a centrifugal atomizing methcd and a rotational roll
atomizing method are exemplified.

As the method for consolidating the aluminum alloy
powder, extrusion, forging, hot press and HIP are exempli-~
fied.

As described above, in the conventional technigues
for improving the heat resistance of the aluminum alloy, the
transition metal element such as iren is added to the alumi-
num alloy so as to increase the strength of matrix and alsc
to form a thermally stable intermetallic compound.

According to the study by the present inventors,
it was found that the transition metals have two kinds of
the effects on the strength of the alluminum éllo;s. One is

increase of the strength of the aluminum alloy -and another
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is maintenance and improvement of the thermal stability of
the aluminum alloys. Then, the combination of these two
kinds of the transifion elements will provide the aluminum
alloy with much higher heat resistance.

It is generally known that, among the additive
elements, the addition of iron gives the largest strength

d heat resistance among the transition elements. The iron

o
o

cns form the intermetallic compound: AljFe, the precipi-

mn

s
cr

te

fn

n

< are dispersed in the matrix, and then increases the
strength of the matrix. Since said intermetallic compound
has large heat resistance, it effectively improve the high-
temperature strength of the alloy.

Molybdenum contributes to the'improvement of the

strength of the alloy. Molydbenum forms an Al-Fe-Mo Lase

cmpound, which is uniformly dispersed in the matrix and

0

improves not orly the strength of the matrix but also the
neat resistance of the alloy.

To further increase the thermal stability, at
least one element selected from the group consisting of
chromium, zirconium and vanadium is added to the aluminum
2lloy, and metallic compounds consisting of these elements
zre precipitated on grain boundaries and will inhibit the
excessive growth of crystal grains and the dispersed Al-Fe-
Mo compound at high temperatures. Thereby, they signifi-
cantly improve the high-temperature strength of the aluminum

zlloy.

o fi
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The contents of these elements in the aluminum
alloy are as specified above. 1If any one of the additive
elements is contaiﬂéd in an amount of less than the above
lower limit, the strength and heat resistance of the alumi-
num alloy are insufficiently improved. 1If any one ci the
additive element is used in an amount of larger than the
above upper limit, plastic working of the aluminum alloy
"becomes difficult and.toughness and ductility of the alumi-
num alloy are greatly decreased so?that-the aluminum alloy
cannot be practically used, although the -strength and heat
resistance of the aluminum alloy are highly improved.

The aluminum alloy powder produced by the melt
atomizing method is more fine and homogeneous and has less
segregation than those produced by casting., However, when
the cooling rate during solidification is less than 102
°C/sec., the additive element such as iron, molybdenum,
vanadium, zirconium or chromium is segregated to make the
structure uniform, so that the compacting énd plastic defor-
mation of the aluminum alloy powder become difficult. Even
if the compacting is possible, the strength and elongation
of the aluminum alloy are undesirably decreased.

During hot plastic working of the aluminum alloy
powder for consolidating, at a temperature of lower than
400°C, deformation resistance is too high to produce alloys
with sufficient strength, while at a temperature of higher

than 580°C, the precipitates and the crystal grains grow so



large that sufficient high-temperature strength of the
aluminum alloy is not achieved.

The present invention will be illustrated by
fecllowing Examples.

Examples

Aluminum alloy powder having the compesition of
Table 1 was prepared by the air atomizing method and scree-
ned to 100 mesh or less. The alloy powder was consolidated
by zcne hot plastic working method at the temperature speci-
fied in Table 1. 1In extrusion, the alloy was consolidated
at the extrusion ratio of 13 to form-a rod of 21 mm in dia-

meter.
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Table 1
Sample | Composition (wt%) Molding method {Temperature
No. (°C)
1 Al-8Fe-2Mo-2Cr Extrusion 480
2 Al-8Fe-2Mo-2V Extrusion | 480
3 Al-8Fe-2Mo-2Zr Extrusion 480
4 Al-8Fe-2Mo-1V-1Cr Extrusion 450
5 Al-8Fe-2Mo-2Cr Forging 520
6 Al-8Fe-2Mo-2Cr HIP, 4 ton/cm?| 550
7 Al-8Fe-2Mo-2Cr HIP, 2 ton/cm?| 500
8" | Al-10Fe-5Mo-5Cr | Extrusion | 550
o* Al-4Fe-0.2Mo-0.2Cr| Extrusion 450
10" Al-8Fe-2Mo-2Cr Extrusion 620
1n* Al-8Fe-2Mo Extrusion 480
127 Al-8Fe-1Zr Extrusion 480
13% Al-8Fe-3Cr Extrusion 480 -
147 A1-10Fe-2Cr Extrusion 500

Note: Sample Nos. with * were the comparative examples.
With the produced aluminum alloy, tensile strength
&t room temperature and at 300°C was measured. The results
are shown in Table 2. The tensile strength at 300°C was
measured after keeping the aluminum alloy sample at 300°C

for 100 hours.
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Table 2
Sam- | Tensile strength (kg/mmz) Remarks
gg? At room temp. | At 300°C
1 57 33 | Elongation, 2.3 %
2 55 31 Elongation, 3.6 %
3 58 30 Elongation, 2.1 %
4 53 27
5 56 29
6 55 27 |
7 55 28 é
g* 58 W 34 Elongation less than 1 %
Extrusion clog at 500°C
9% 42 22
10” 52 24
11* 40 21
127 31 16
13% 36 21
14* 43 24
15% 52 26 -
16™ 45 29

Note: Sample Nos. with * were the comparative examples.
Sample Nos. 15 and 16 had the compositions of Al-

8Fe-3.4Ce and Al-8Fe-2Mo, respectively and corresponded to

the conventional alloys disclosed in Advanced P/M Aluminum

Alloys, pages 213-214.



0336981

The tensile strength of the aluminum alloys of
examples according to the present invention was larger than
50 kg/mm2 at room temperature and larger than 26 kg/mm2 at
7300°C. From these results, it is understood that the alumi-
num alloys of the present invention have excellent high-
temperature strength. On the contrary, the aluminum alloys
of the comparative examples had inferior high-temperature
strength in particular. Although Sample No. 8 had good
gtrength, it had poor plastic workabilify and considerably
small elongation so that it cannot be processed practically.

Accbrding to the present invention, there is pro-
vided the heat resistant aluminum alloy having not only the
good room temperature strength but also such excellent high-
temperature strength that its tensile strength exceeds 26
kg/mm2 at 300°cC.

Therefcre, the heat resistant aluminum alloy caﬁw
be used for the production of automobile engine parts, air-
craft parts, gas turbine engine parts, etc, which are con-
ventionally produced froﬁ iron base alloys or nickel base
alloys, whereby it is possible to make those parts light and

highly efficient.



What is claimed is:

1. A heat resistant aluminum alloy which comprises
5 to 10 % by weight éf iron, 0.5 to 3 % by weight. of molyb-
denum, 0.5 to 3 % by weight of at least one element selected
from the group consisting of chromium, zirconium and vana-
dium and rest of aluminum, provided that the total amount of
iron, molybdenum, chromium, zirconium and vanadium is from 6
to 16 % by weight, which alloy has tensile strength of
larger than 26 kg/mm2 at 300°C. |

2. A process for producing a heat resistant alumi-
num alloy, which comprises. preparing powder of an aluminum
alloy comprising 5 to 10 % by weight of iron, 0.5 to 3 % by
weight of molybdenum, 0.5 to 3 % by weight of at least one
element selected from the group consisting of chromium,
zirconium and vanadium and rest of aluminum with the proviso
that the total amount of iron, molybdenum, chromium, zirco-
nium and vanadium is from 6 to 16 % by weight by a melt
atomizing method, and solidifying said aluminum alloy powder
at a temperature of 400 to 580°C.

3. The process according to claim 1, wherein the
cocling rate in the solidification of the aluminum alloy

powder is not less than 102 °C/sec.
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Industries, Ltd.) '
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Industries, Ltd.)
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This international search report has not been established in respect of certain claims under Article 17(2) (a) for the following reasons:
‘l.D Claim numbers ............ . because they relate 10 subject matter not required 10 be searched by this Authority, namely:

‘ Z.D Claim numbers ........... . because they relate to parts of the international application that do not comply with the prescribed
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claims of the international application.
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those claims of the international application for which fees were paid, specifically claims:
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4.[} As all searchable claims could be searched without effort justifying an additional fee, the International Searching Authority did not
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