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EP 0 695 811 A1
Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to an Fe-Al-C-base alloy and more particularly to an iron-base alloy, having excellent
heat resistance, for use at high temperatures.

2. Prior Art

An ever-increasing tendency toward the use of heat resisting materials in an exhaust system and other systems of
automobiles under severer service conditions in recent years has necessitated the prevention of high temperature de-
formation and a lowering in tensile strength of these materials in higher temperature environments. Further, these ma-
terials should have such properties as high-temperature strength, small creep elongation, and excellent thermal fatigue
resistance and impact resistance. For this reason, expensive alloying elements, such as Cr and Ni, have hitherto been
used in the art.

Such high heat resisting iron-base materials known in the art include, for example, SCH-base heat resisting steel
casting materials (JIS G5122) and FCDA-base nodular graphite austenitic iron castings (JIS G5510). When these ma-
terials are classified according to heat resistance properties, high-silicon nodular graphite cast iron can be first men-
tioned. For this material, since the transformation temperature is so low that it is difficult to use the material in a higher
temperature region of 800°C or above. For this reason, a ferrite cast steel has been used as a material for use in this
higher temperature region. Cr incorporated in an amount of not less than 15% in this material, however, is expensive.
Further, austenitic cast iron can also be mentioned as a material for use at high temperatures. In this material as well,
Cr or Ni, which is an expensive alloying element, is used.

On the other hand, in recent years, lightweight and high melting point of an FeAl intermetallic compound have
attracted attention, and the development of an alloy system of this compound has been put forward. For example,
Japanese Unexamined Patent Publication (Kokai) No. 3-226547, which has been filed by the applicant of the present
invention, discloses, as a high toughness material, an Fe-Al-base intermetallic compound material having an Al content
of 36.8 t0 49.4 at.%. As with the conventional heat resisting materials, this intermetallic compound material contains Cr
from the viewpoint of improving the toughness.

Regarding the prior art in this field, Japanese Unexamined Patent Publication (Kokai) No. 56-58950 discloses an
alloy, having an Al content of 0.72 to 18.7 at.%, for a heat treatment roll having an improved pickup property. Japanese
Unexamined Patent Publication (Kokai) No. 57-126949 discloses an alloy, having an Al content of 17 to 32.7 at.%, as
a vibration control alloy which causes regular-irregular transformation. In addition, Japanese Unexamined Patent Pub-
lication (Kokai) No. 57-203750 discloses an alloy, having an Al content of 0.2 10 7.4 at.% and a C content of 1.8310 8.3
at.%, as a magnetic material for a composite of magnetic material/non-magnetic material, Japanese Unexamined Patent
Publication (Kokai) No. 62-270452 discloses an alloy, having an Al content of 13.5 to 37.3 at.% and a C content of 0.004
to 3.2 at. %, for a carbon fiber-reinforced concrete structure with a reinforcing bar being embedded therein, and Japanese
Unexamined Patent Publication (Kokai) No. 6-25800 discloses an alloy, having an Al content of 25 to 50 at.%, for a
high-strength and abrasion-resisting material with a carbide being dispersed therein. None of the above known tech-
niques, however, disclose an Fe-Al-C ternary alloy as at least heat resisting material.

It is reported that, in general, in terms of a phase diagram of an alloy, for an Fe-Al-base alloy, ferrite is formed when
the Al content is not more than 54 at.%, while for an Fe-Al-C ternary alloy, the percentage of graphitization increases
with increasing the Al content until the Al content reaches about 5 at.% and decreases with further increase in the Al
content and, thereafter, a carbide phase and a ferrite phase having relatively high hardness are formed.

Regarding the heat resistance of Al cast iron, it is known that, by virtue of a strong Al,Oj film formed by Al incor-
porated on the surface of the Al cast iron, the Al cast iron does not permit the penetration of oxygen thereinto, has
excellent oxidation resistance at a high temperature, is less likely to cause growth of a carbide, and has excellent heat
resistance (see, for example, "Tokushu Chutetsu (Special Cast Iron)," 3rd edition, published by Nikkan Kogyo Shimbun,
Ltd., 1960).

The above conventional materials, however, do not have satisfactory heat resistance at higher temperatures and,
further, have problems associated with the production thereof. For this reason, the development of an iron-base material,
which contains no expensive alloying elements, such as Crand Ni, is less expensive, and has excellent high-temperature
heat resistance, has been desired in the art.
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EP 0 695 811 A1
SUMMARY OF THE INVENTION

An object of the present invention is to study an Fe-Al-C-base alloy as a ternary alloy with a view to solving the
above problems of an Fe-Al-base alloy and to provide a high heat-resisting iron-base alloy having lowered average
coefficient of linear expansion, enhanced transformation temperature, and excellent tensile strength.

Another object of the present invention is to provide a high heat-resisting iron-base alloy mainly consisting of Fe,
Al, and C alone without use of conventional expensive alloying elements, such as Cr and Ni, which high heat-resisting
iron-base alloy is inexpensive and has improved mechanical properties equal or superior to the conventional alloys.

Afurther object of the present invention is to provide a high heat-resisting iron-base alloy through study of ingredients
capable of reducing the problem associated with the production of an Fe-Al-base alloy, particularly improving the casta-
bility.

The above objects can be attained by a high heat-resisting iron-base alloy mentioned as the following.

(1) Ahigh heat-resisting iron-base alloy is characterized in essentially consisting of a composition, in terms of atomic
%, which is represented by the general formula: Fe,Al,C,, wherein y and z are 1% = y(at.%) = 28%, and 0% < z
(at.%) = 24%, respectively, with x being the remainder.

(2) The high heat-resisting iron-base alloy according to item (1), wherein y and z fall within the area formed by
connecting points A(1, 24), B(1, 0), C(28, 0) and D(28, 24) shown in Fig. 1, provided that for the values on line C:
0% is excluded.

(3) The high heat-resisting iron-base alloy according to item (1), wherein y and z further satisfy the inequalities (1)
to (4) hereunder;

By -8z = 25 (here, z< 5 at.%) (1)
By-2z=55(Bat% =z<10at%) 2)
y=15(10at.% = z < 15 at.%) (3)
y+3z =60 (15at.% = z) (4).

(4) The high heat-resisting iron-base alloy according to item (1), wherein y and z fall within the area formed by
connecting points A(1, 24), E(1, 19), F(15, 15), G(15, 10), H(13, 5), I(5, 0), C(28, 0) and D(28, 24) shown in Fig. 2,
provided that for the values on line C: 0% is excluded.

(5) The high heat-resisting iron-base alloy according to item (1), wherein y and z further satisfy the inequality (5)
hereunder;
z=12al.% (5).

(6) The high heat-resisting iron-base alloy according to item (1), wherein y and z fall within the area formed by
connecting points J(1, 12) B(1, 0), C(28, 0) and K(28, 12) shown in Fig. 3, provided that for the values on line C:
0% is excluded.

(7) The high heat-resisting iron-base alloy characterized in essentially consisting of a composition, in terms of atomic
%, which is represented by the general formula: Fe, Al,Si,;C,5, wherein y, z; and z, fall within the area formed by
connecting points A(1, 24), J(1, 12), L(8, 10), M(7, 5), B(1, 0), C(28, 0) and D(28, 24) shown in Fig. 4, in which z;,,
=2, +0.75z,and 0.2 at.% = z; = 10 at.%.

(8) The high heat-resisting iron-base alloy according to any one of items (1) to (7) further comprising a graphitizer.

(9) The high heat-resisting iron-base alloy according to item (8) further comprising 0.2 to 2.0 at.% of at least one
element selected from the group of Ti, V, Cr, Ta, W, Nb and Mn as the graphitizer.

(10) The high heat-resisting iron-base alloy according to item (8) further comprising 0.2 to 2.0 at.% of one or both
of B and Zr as the graphitizer.

(11) The high heat-resisting iron-base alloy according to item (8) further comprising 0.01 to 0.2 at.% of P as the
graphitizer.

e ni eat-resisting iron-base alloy according 1o item urther comprisin 210 5.0 at.% of one or bot
(12) The high h isting iron-base alloy ding to item (8) furth prising 0.2 to 5.0 at.% of both
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EP 0 695 811 A1
of Ni and Cu as the graphitizer.

(13) The high heat-resisting iron-base alloy according to any one of items (1) to (12) further comprising an element
or a compound for refining.

(14) The high heat-resisting iron-base alloy according to item (13) further comprising 0.1 at.% or more of at least
one selected from the group of Ti, V, Cr, Ta, B, Mo, Sm, Sn, FeB, TaB,, TiB,, HiC, TiC, Ag, Ca, Co, Ge, Hf, P, Yb,
B4C, NbB,, Mo,C, VC, CroN, FegN, FeyN, TiN and VN as the element or the compound for refining.

(15) The high heat-resisting iron-base alloy according to any one of items (1) to (14) further comprising an element
or a compound for improving ductility.

(16) The high heat-resisting iron-base alloy according to item (15) further comprising 0.1 at.% or more of at least
one selected from the group of Ce, Er, Gd, Nd, Dy, La, Pr, Y, BaAl, and Fe4N as the element or the compound for
improving ductility.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing the scope of the first invention in terms of the relationship between the C content and
the Al content.

Fig. 2 is a diagram showing the scope of the second invention in terms of the relationship between the C content
and the Al content.

Fig. 3 is a diagram showing the scope of the third invention in terms of the relationship between the C content and
the Al content.

Fig. 4 is a diagram showing the scope of the fourth invention in terms of the relationship between the C + 0.75Si
amount and the Al content.

Figs. 5(a) to 5(c) are metallic structure photographs of Fe-10 at.% Al-2 at.% C alloy showing the effect of the refining
element according to thirteenth and fourteenth claims, Fig. 5(a) shows without addition, Fig. 5(b) shows with addition of
0.8 at.% TiB,, Fig. 5(c) shows with addition of 1.9 at.% TiB..

DESCRIPTION OF THE PREFERRED EMBODIMENT

The alloy of the first invention has a low coefficient of thermal expansion and creates neither significant strain nor
significant stress even under high temperature environments and, hence, can be an excellent heat resisting material.

The alloy of the second invention has a high transformation temperature and creates neither significant expansion
nor significant shrinkage even under high temperature conditions and, hence, can be an excellent heat resisting material.

The alloy of the third invention has a low coefficient of thermal expansion and, in addition, high tensile strength and,
hence, can be an excellent heat resisting material.

The reasons for the limitation of ingredients specified in the present invention will now be described.

In the first invention, when the Al content is less than 1 at.%, the oxidation resistance becomes unsatisfactory, while
when it exceeds 28 at.%, the coefficient of thermal expansion becomes large, making it difficult to use the alloy as a
heat resisting material. When the C content exceeds 24 at.%, the melting point of the alloy is high, making it very difficult
to melt the alloy. The lower limit of the C content is more than 0 at. % exclusive of the value on the line C: of 0 at.% in Fig. 1.

The alloy of the second invention should satisfy both the requirement specified in the first invention and a requirement
represented by the following inequalities. Points E, F, G, H, and | in Fig. 2 are each a boundary point where two regions
Cross.

By -8z = 25 (here, z< 5 at.%) (1)
By-2z=55(Bat% =z<10at%) 2)
y=15(10at.% = z < 15 at.%) (3)
y+3z =60 (15at.% = z) (4).

wherein y and z represent a value of Al at.% and a value of C at.%, respectively, and the formulae in parentheses
represent applicable content regions in respective inequalities.

The lower limit of the C content is more than 0 at.% exclusive of the value on the line C: of 0 at.% in Fig. 2.

The above limitations are provided because when the material is heated from room temperature to a high temper-
ature, if the material brings about transformation, significant expansion or shrinkage occurs at the transformation point.
For this reason, the lowest temperature at which the transformation occurs is the upper limit of the service temperature.
In the content ranges specified above, the transformation temperature of the material is 800°C or above, indicating that
the material can be used as a heat resisting material at a temperature up to 800°C or above and, hence, is suitable for
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use in high temperature environments of exhaust systems and other systems of vehicles.

The alloy of the third invention should satisfy the requirement specified in the first invention and a requirement
represented by the following formula, that is, has a composition falling within the range shown in Fig. 3.

C=12at% (5)

This limitation is provided because when the C content exceeds 12 at.%, the tensile strength cannot be provided,
rendering the strength of the alloy unsatisfactory.

Furthermore, the properties, such as resistance to oxidation, transformation temperature, or the like, are also im-
portant for a heat-resisting material besides strength, ductility and fatigue strength at high temperature. Therefore, in
the fourth invention, Fe-Al-Si alloy falls within the area formed by connecting points A, J, L, M, B, C and D shown in Fig.
4 and satisfies the formulas hereunder.

Zye = C + 0.75Si (6)

02at% = Si= 10at% (7)

Namely, the compositions of Al, C and Si are in the range of satisfying the above three conditions. In the range, Si
effects changing the transformation temperature, with the result that the heat resistance can be improved by rising the
limited temperature of the heat resistance application. More, Si improves the resistance to oxidation, with the result that
the heat resistance of the material can be improved. Furthermore, in mechanical properties, Si can enhance graphiti-
zation in the composition range of forming a graphite, with the result that castability and workability can be improved.
More, Si improves strength and ductility regardless of a graphite formation. However, when the addition of Si exceeds
10 at.% of the above range, elongation deteriorates and brittleness will be caused.

Next, other ingredients according to the invention will be explained below. First, the addition of 0.2 at.% or more of
Ti, V, Cr, Ta, W, Nb and Mn as the graphitizer can enhance graphitization in the composition range of forming the graphite,
with the result that castability and workability can be improved with increasing strength and ductility of the matrix. More,
strength can be improved by dispersing the formed carbides. On the other hand, when the addition of the elements
exceeds 2 at.%, the carbides become excessive, with the result that ductility also deteriorates with the decreasing work-
ability due to hardening. Therefore, the elements are limited to the range of from 0.2 to 2.0 at.% in the invention.

More, the addition of 0.2 at.% or more of B and Zr or 0.01 at.% or more of P can enhance graphitization in the
composition range of forming the graphite, with the result that castability and workability can be improved with increasing
strength and ductility of the matrix. More, strength can be improved by dispersing the formed iron compounds. On the
other hand, when the addition of the elements exceeds 2 at.%, the iron compounds become excessive, with the result
that ductility also deteriorates with decreasing workability due to hardening. Therefore, B and Zr are limited to the range
of from 0.2 to 2.0 at.% and P is limited to the range of from 0.01 10 2.0 at.%.

Furthermore, the addition of 0.2 at.% or more of Ni and Cu can enhance graphitization in the composition range of
forming the graphite, with the result that castability and workability with increasing strength and ductility of the matrix.
On the other hand, when addition of the elements exceeds 5 at.%, the austenitizing tendency becomes great, with the
result that the transformation temperature lowers. Therefore, the elements are limited to the range of from 0.2 10 5.0
at.% in the invention.

Next, the addition of 0.1 at.% or more of Ti, V, Cr, Ta, B, Mo, Sm, 8n, FeB, TaB,, TiB,, HfC, TiC, Ag, Ca, Co, Ge,
Hf, P, Th, B4C, NbB,, Mo,C, VC, CroN, FegN, FeyN, TiN and VN can refine the structure, with the result that strength
can be improved with preventing casting defects, such as cracks, segregation or the like. On the other hand, the effect
will be saturated if the addition exceeds 2 at.%. More, the addition of 0.1 at.% or more of Ti, Zr, Ce, Er, Gd, Nd, Dy, La,
Pr, Y, BaAl; and Fe4N softens the structure, with the result that heat fatigue strength can be improved, and further
workability can also be improved due to increasing elongation. On the other hand, the effect can be saturated if the
addition exceeds 2 at.%. More, the elements of the above may be added as a misch metal.

Furthermore, the addition of Mg enables elongation to increase, and heat fatigue of the material to improve.

The present invention will now be described in more detail with reference to the following examples and comparative
examples.

EXAMPLE

Example 1

Alloys having compositions specified in Table 1 were prepared as examples of the first invention and comparative
examples. In Table 1, Ex. Nos. 1 to 14 of the present invention are alloys having compositions specified in claim 2 shown
in Fig. 1, and Comp. Ex. Nos. 15 to 18 are alloys having compositions outside this composition range.

These alloys were subjected to measurement of the coefficient of linear thermal expansion at 40 to 800°C, and the
results are expressed in terms of average coefficient of linear thermal expansion and are also given in Table 1.
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Table 1
Classification No. Ingredients (at.%) Average coefficient of linear thermal expansion (40-800°C)
(x10-6/°C)
Al C Fe

Ex. of inv. 1 26.3 10.4 | Bal 16.3
2 250 | 147 | Bal 15.8
3 20.3 01| Bal 14.9
4 18.9 51 Bal. 15.8
5 20.1 156 | Bal 15.3
6 218 | 224 | Bal 15.6
7 15.2 0.9 Bal. 14.5
8 148 109 | Bal 16.9
9 8.8 01| Bal 14.6
10 11.0 53| Bal 151
11 98| 150 | Bal 17.0
12 4.7 1.3 | Bal 14.9
13 3.8 57| Bal 15.3
14 4.2 16.1 Bal. 14.3

Comp. Ex. 15 30.5 0| Bal 20.5
16 30.1 98| Bal 18.3
17 34.7 09| Bal 227
18 37.1 11.3 | Bal 231

As can be seen from Table 1, for Ex. Nos. 1 to 14 of the present invention, the average coefficients of linear thermal
expansion are 14.3 1o 17.0 which are better than the average coefficients of linear thermal expansions 18.3 to 23.1 for
Comp.Ex. Nos. 15 to 18. Specifically, when the Al content exceeds 28 at.%, the average coefficient of linear thermal
expansion becomes excessively large and equal to or larger than that of the austenitic cast iron as a heat resisting
material, rendering the material unsuitable for use as a heat resisting material.

When a material to be used at a high temperature has a high coefficient of thermal expansion as in the above
material, exposure of the material alternately to a high temperature and a low temperature results in significant expan-
sion/shrinkage of the material. This expansion/shrinkage creates significant strain and stress in adjacent components
joined to the member used in a high temperature environment. Further, the material per se also brings about significant
strain and stress, because it undergoes constraint by adjacent components, and, in some cases, is broken. For this
reason, the lower the coefficient of thermal expansion of the heat resisting material, the better the results.

Example 2

Alloys having compositions specified in Table 2 were prepared as examples of the second invention and comparative
examples. In Table 2, Ex. Nos. 19 to 28 of the present invention are alloys having compositions specified in claim (4)
shown in Fig. 2, and Comp.Ex. Nos. 29 to 33 are alloys having compositions outside this composition range.

These alloys were subjected to measurement of the transformation temperature, and the results are also given in
Table 2.
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Table 2
Classification No. Ingredients (at. %) Transformation temp. during Transformation temp.
cooling (°C) during heating (°C)
Al C Fe

Ex. of inv. 19 8.8 0.1 | Bal >1000 >1000

20 9.7 1.6 | Bal >1000 >1000

21 14.0 51 Bal. 855 887

22 15.3 92| Bal 838 880

23 16.1 147 | Bal 835 855

24 15.2 0.9 | Bal 920 940

25 20.3 0.1 | Bal >1000 >1000

26 18.9 51 | Bal >1000 >1000

27 20.1 156 | Bal >1000 >1000

28 218 | 224 | Bal >1000 >1000
Comp. Ex. 29 47 1.3 | Bal 693 768

30 11.0 53 Bal. 715 775

31 12.4 8.9 | Bal 748 778

32 98| 150 | Bal 7486 848

33 42| 16.1 | Bal 740 768

As can be seen from Table 2, for Ex. Nos. 19 to 28 of the present invention, the transformation temperatures during
cooling are 835°C or above which are higher, i.e., better than the transformation temperatures 693 to 748°C for Comp.
Ex. Nos. 29 to 33. Specifically, when the composition falls within the range specified in claim (4) shown in Fig. 2, the
transformation temperature is above 800°C which exceeds that of high-silicon heat-resisting cast iron. Further, as dem-
onstrated in Example 1, the coefficient of thermal expansion is low, i.e., excellent, indicating that the materials of the
present invention have good properties as a heat resisting material.

Example 3

Alloys having compositions specified in Table 3 were prepared as examples of the third invention and comparative
examples. In Table 3, Ex. Nos. 34 to 41 of the present invention are alloys having compositions specified in claim (6)
shown in Fig. 3, and Comp. Ex. Nos. 42 to 44 are alloys having compositions outside this composition range.

These alloys were subjected to measurement of the tensile strength at room temperature, and the results are also
given in Table 3.
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Table 3
Classification No. Ingredients (at.%) Tensile strength (MPa)
Al C Fe

Ex. of inv. 34 3.8 57 | Bal 959
35 41 11.3 | Bal 652
36 11.0 53| Bal 854
37 109 | 10.7 | Bal 494
38 14.0 51 Bal. 455
39 148 | 109 | Bal 636
40 18.9 51 | Bal 489
41 20.3 0.1 | Bal 501

Comp. Ex. 42 4.2 16.1 Bal. 140
43 98| 150 | Bal 195
44 16.1 14.7 Bal. 96

As can be seen from Table 3, for Ex. Nos. 34 to 41 of the present invention, the tensile strengths at room temperature
are 489 to 959 MPa which are better than the tensile strengths at room temperature 96 to 195 MPa for Comp.Ex. Nos.
42 to 44. Specifically, when the C content exceeds 12 at.%, the tensile strength at room temperature is lowered. For
heat resisting materials, the tensile strength at a high temperature is about 1/3 of that at room temperature. This value
is proportional to that at room temperature. Further, as demonstrated in Example 1, the coefficient of thermal expansion
is low, i.e., excellent. These facts indicate that the materials of the present invention have good properties as a heat
resisting material.

Example 4

Alloys having compositions specified in Table 4 were prepared as examples of the fourth invention and comparative
examples. In Table 4, Ex. Nos. 45 to 50 of the present invention are alloys having compositions specified in claim 6
shown in Fig. 4, and Comp. Ex. Nos. 51 and 52 are alloys having compositions outside this composition range.

These alloys were subjected to measurement of the transformation temperature during cooling and heating, and
the results are also given in Table 4.



EP 0 695 811 A1

981 804 ‘Ted le | ¥'8 00} L'e cs
0¢c8 0eL ‘Ted L'l | 6€ c's (084 IS X3 ‘dwo)
000k< 000L< ‘Ted L9 | 6FL 661 c0c 0S
000k< 000L< ‘Ted cs | Lok ovl g¢cc 6%
86 L6 ‘ed SL | OV L'g L'0C 8y
8¥8 €e8 ‘Ted 89 | €L ¥l L. Ly
/€8 808 ‘Ted 8¢ | OF 69 00} or
898 018 ‘Ted 0s | ¥O ¢y (] 514 ‘AULJO X3
o4 IS 2 =tz 4
(9,) Buneay Bbunnp ‘dwey uoneuwuojsuel] | (9,) Buloos Buunp ‘dwe) uonewlojsuel | (o41B) Ss1weIpalbu| "ON UONBOIISSE|D

¥ 9lqeL

20
25
30

35

40

45

50

55




10

15

20

25

30

35

40

45

50

55

EP 0 695 811 A1

As can be seen from Table 4, for Ex. Nos. 45 to 50 of the present invention, the transformation temperatures are
808°C or above during cooling and 837°C or above during heating, respectively, which are higher, i.e., better than the
transformation temperatures of 730°C or under during cooling and 820°C or under during heating for Comp. Ex. Nos.
51 and 52. Therefore, as mentioned above, the limited temperature of the heat resistance application rises, with the
result that the heat resistance can be improved and the graphitization can be enhanced.

Example 5

Next, the examples of improving the properties by adding other ingredients according to the present invention will
be explained below.

First, as the examples of the graphitizer, alloys having compositions specified in Table 5 were prepared as examples
of adding the graphitizer and comparative examples. These alloys were subjected to measurement of graphite amount
after casting, and the results are also given in Table 5.

Table 5
Classification Ingredients (at.%) Graphite amount (%)
Al c Added element, amount Fe

Without addition 18.9 15.2 No-addition Bal. 2.6

With addition 168 | 15.2 Ti 0.3 Bal. 35
215 | 148 \ 0.5 Bal. 58
18.1 14.6 Cr 0.5 Bal. 4.8
17.5 15.4 Ta 0.4 Bal. 7.5
19.0 | 139 w 0.2 Bal. 4.0
20.1 14.5 Nb 0.5 Bal. 34
187 | 14.1 Mn 0.4 Bal. 32
185 | 14.2 B 0.6 Bal. 36
184 | 14.9 Zr 0.5 Bal. 3.1
19.1 15.6 Ni 0.8 Bal. 4.6
203 | 15.1 Cu 0.8 Bal. 3.1
195 | 146 P 0.5 Bal. 6.0

As can be seen from Table 5, although the graphite amount of adding the graphitizer in the present invention is 3.1
10 7.5%, the Comp. Ex. without adding the graphitizer has 2.6% of the graphite amount, i.e., the effect of the graphitizer
according to the present invention is remarkably exhibited in the scope of the present invention.

Next, as examples adding the element for refining, the examples adding TiB, are shown in Figs. 5(a) to 5(c). Figs.
5(a) to 5(c) show the metallic structure photographs of three magnifications after casting of Fe - 10% at.% Al - 2 at. %
C alloy without addition, of Fe - 10 at.% Al - 2 at.% C alloy adding 0.8 at.% TiB, and of Fe - 10 at.% Al - 2 at.% alloy
adding 1.9 at.% TiB,, respectively. From these photographs, the above effect of refining can remarkably exhibited in the
scope of the present invention.

Furthermore, as examples of ingredients for improving softening and ductility, alloys having compositions specified
in Table 6 were prepared with addition and without addition of the element. These alloys were subjected to measurement
of hardness after casting, and the results are also given in Table 6.
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Table 6

Classification Ingredients (at.%) Hardness
Al I Added element, amount Fe Hv (20 kg)

Without addition 10.1 50 No-addition Bal. 334

With addition 98| 49 Ti 1.6 Bal. 302

97| 51 Zr 1.5 Bal. 306

10.2 | 52 Ce 1.3 Bal. 244

97| 49 Er 1.5 Bal. 253

96| 5.3 Gd 1.6 Bal. 231

98| 52 Nd 1.4 Bal. 288

10.1 | 51 Dy 1.7 Bal. 274

991 50 misch metal 1.3 Bal. 221

10.3 | 5.3 La 1.7 Bal. 282

98| 49 Pr 1.6 Bal. 231

95| 5.1 Y 1.7 Bal. 301

96| 52 BaAl, 1.3 Bal. 325

97| 53 FeysN 1.4 Bal. 299

As can be seen from Table 6, for alloys with addition of the present invention, the hardness values are 221 to 306
of Vickers Hardness, i.e., better than the hardness value 334 of Vickers Hardness without addition. Namely, the effect
of improving softening and ductility can remarkably exhibited in the scope of the present invention.

Furthermore, as examples of adding Mg, alloys having compositions specified in Table 7 were prepared with addition
and without addition of Mg. These alloys were subjected to measurement of tensile strength and elongation after casting,
and the results are also given in Table 7.

Table 7
Classification Ingredients (at.%) Tensile strength (MPa) | Elongation (%)

Al C Si Mg Fe
Without addition 11.0 583 - - Bal. 854 27
10.1 15.3 - - Bal. 304 0.8
42| 161 - - Bal. 140 0.4
With addition 11.3 51| 21 0.08 Bal. 976 4.2
97| 149 | 65 | 0.04 Bal. 669 39
40| 157 | 47 | 0.06 Bal. 365 8.1

As can be seen from Table 7, for alloys with addition of the present invention, the elongation values are 3.910 8.1%,
i.e., better than the elongation values 0.4 to 2.7% without addition. Namely, the effect of improving elongation can re-
markably exhibited by adding Mg to the alloys according to the present invention.

The materials of the present invention, despite the fact that they are mainly ternary alloys consisting of Fe, Al, and
C without use an amount of expensive alloying elements, such as Cr and Ni, have excellent high-temperature heat
resisting properties, i.e., low coefficient of linear thermal expansion and enhanced transformation temperature and ex-
cellent tensile strength, and, hence, can be applied to members to be used at higher temperatures. In particular, the
materials of the present invention have a transformation temperature of 800°C or above, rendering the materials of the
present invention suitable for use in high temperature environments in an exhaust system and other systems of vehicles.
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Claims

10.

11.

12.

13.

14.

15.

16.

A high heat-resisting iron-base alloy characterized in essentially consisting of a composition, in terms of atomic %,
which is represented by the general formula: Fe,Al,C,, whereiny and z are 1% = y(at.%) = 28% and 0% < z(at.%)
= 24%, respectively, with x being the remainder.

A high heat-resisting iron-base alloy according to claim 1, wherein y and z fall within the area formed by connecting
points A(1, 24), B(1, 0), C(28, 0) and D(28, 24) shown in Fig. 1, provided that values on line C: of 0% are excluded.

A high heat-resisting iron-base alloy according to claim 1, wherein y and z further satisfy the inequalities (1) to (4)
hereunder;

By -8z = 25 (here, z < 5 at.%) (1)
By-2z=55((Bat% = z<10 at%) 2)
y=15(10at.% = z < 15 at.%) (3)
y+3z =60 (15at.% = z) (4).

A high-resisting iron-base alloy according to claim 1, wherein y and z fall within the area formed by connecting points
A(1,24), E(1, 19), F(15, 15), G(15, 10), H(13, 5), I(5, 0), C(28, 0) and D(28, 24) shown in Fig. 2, provided that values
on line C: of 0% are excluded.

A high heat-resisting iron-base alloy accordingto claim 1, wherein y and z further satisfy the inequality (5) hereunder;
z=12al.% (5).

A high heat-resisting iron-base alloy according to claim 1, wherein y and z fall within the area formed by connecting
points J(1, 12) B(1, 0), C(28, 0) and K(28, 12) shown in Fig. 3, provided that values on line C: of 0% are excluded.

A high heat-resisting iron-base alloy characterized in essentially consisting of a composition, in terms of atomic %,
which is represented by the general formula: Fe,Al,Si,;C,o, wherein y, z; and z, fall within the area formed by
connecting points A(1, 24), J(1, 12), L(8, 10), M(7, 5), B(1, 0), C(28, 0) and D(28, 24) shown in Fig. 4, in which z;,,,
=2,+0.75z;,and 0.2 at.% = z; = 10 at.%.

A high heat-resisting iron-base alloy according to any one of claims 1 to 7 further comprising a graphitizer.

A high heat-resisting iron-base alloy according to claim 8 further comprising 0.2 to 2.0 at.% of at least one element
selected from the group of Ti, V, Cr, Ta, W, Nb and Mn as the graphitizer.

A high heat-resisting iron-base alloy according to claim 8 further comprising 0.2 to 2.0 at.% of one or both of B and
Zr as the graphitizer.

A high heat-resisting iron-base alloy according to claim 8 further comprising 0.01 t0 0.2 at.% of P as the graphitizer.

A high heat-resisting iron-base alloy according to claim 8 further comprising 0.2 to 5.0 at.% of one or both of Ni and
Cu as the graphitizer.

A high heat-resisting iron-base alloy according to any one of claims 1 to 12 further comprising an element or a
compound for refining.

A high heat-resisting iron-base alloy according to claim 13 further comprising 0.1 at.% or more of at least one
selected from the group of Ti, V, Cr, Ta, B, Mo, Sm, Sn, FeB, TaB,, TiB,, HfC, TiC, Ag, Ca, Co, Ge, Hf, P, Yb, B,C,
NbB,, Mo,C, VG, CroN, FesN, FeyN, TiN and VN as the element or the compound for refining.

A high heat-resisting iron-base alloy according to any one of claims 1 to 14 further comprising an element or a
compound for improving ductility.

A high heat-resisting iron-base alloy according to claim 15 further comprising 0.1 at.% or more of at least one

selected from the group of Ce, Er, Gd, Nd, Dy, La, Pr, Y, BaAl, and Fe4N as the element or the compound for
improving ductility.
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