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(54)  Free cutting alloy

(57) Provided is free cutting alloy excellent in
machinability, preserving various characteristics as al-
loy. The free cutting alloy contains: one or more of Ti
and Zr as a metal element component; and C being an
indispensable element as a bonding component with the
metal element component, wherein a (Ti,Zr) based com-
pound including one or more of S, Se and Te is formed
in a matrix metal phase. The free cutting alloy is more
excellent in machinability, preserving various character-
istics as alloy at similar levels to a conventional case.
The effect is especially conspicuous, for example, when
a compound expressed in a chemical form of (Ti,Zr),C,
(S,Se,Te), as the (Ti,Zr) based compound is formed at
least in a dispersed state in the alloy structure.

Fig. 1

Ofourth selection inventive steel
A inventive steel

AW

feX 3
0. 45<e=0. 70

0. 07<e=0. 45

[o]
8

3200
k]

0.02 0 06 0 19 0. 26/
0 10 0. 15 0 20 025 ;/ 030
/K=32- G/%0. 1252

~0. 07Se=0. 07 —0. 07Ze£0. 07

[0%'4

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1431410 A1
Description
Background Art

[0001] The present invention relates to free cutting alloy excellent in machinability.

[0002] Alloy has widespread applications because of a variety of characteristics thereof. A free cutting alloy excellent
in machinability is, in a case, selected for improvement of productivity. In order to improve machinability, for example,
free cutting alloy containing an element improving machinability such as S, Pb, Se or Bi (hereinafter referred to as
machinability-improving element) is widely used. Especially in a case where machinability is particularly required be-
cause of precise finishing in machining or for other reasons, not only is a content of such a machinability-improving
element increased in an alloy, but the elements are also added to an alloy in combination.

[0003] While S, which has widely been used for improvement of machinability, is in many cases added in the form
of MnS, addition thereof in an alloy in a large content causes for degrading corrosion resistivity, hot workability and
cold workability of the alloy. Moreover, when the alloy is exposed to the air, a sulfur component included in the alloy is
released into the air in the form of a sulfur containing gas, which causes sulfur contamination in peripheral areas of
parts with ease. Therefore, there arises a necessity of suppressing release of sulfur containing gas (hereinafter referred
to as improvement on out-gas resistivity). Elements such as S, Se and Te, however, deteriorate magnetic properties
to a great extent in an electromagnetic stainless steel and the like.

[0004] Therefore, various proposals have been made: a Mn content is limited, a Cr content in sulfide is increased
orin a case where S is contained, Ti is added in combination with S in order to disperse sulfide in the shape of a sphere
(for example, see JP-A-98-46292 or JP-A-81-16653). To increase a Cr content in sulfide, however, tends to greatly
decrease in machinability and hot workability and therefore, such a alloy has been restricted on its application in many
cases.

[0005] It is accordingly an object of the present invention is to provide free cutting alloy excellent in machinability,
showing outstanding characteristics as an alloy such as corrosion resistivity, hot workability and cold workability or
specific magnetic characteristics, which are comparable to those of conventional alloys.

Summary of the Invention

[0006] In order to achieve the above described object, a free cutting alloy of the present invention is characterized
by that the free cutting alloy wherein a (Ti,Zr) based compound is formed in a matrix metal phase, and said (Ti,Zr)
based compound contains: one or more of Ti and Zr as a metal element component, C being an indispensable element
as a bonding component with the metal element component, and one or more of S, Se and Te, wherein " (Ti,Zr)" means
one or two of Ti and Zr.

[0007] Machinability of an alloy can be improved by forming the above described (Ti, Zr) based compound in a matrix
metal phase of the alloy. Furthermore, by forming this compound in the alloy, formation of compounds such as MnS
and (Mn,Cr)S, easy to reduce corrosion resistivity and hot workability of the alloy, can be prevented or suppressed,
thereby enabling corrosion resistivity, hot workability and cold workability to be retained at good levels. That is, accord-
ing to the present invention, a free cutting alloy excellent in machinability can be realized without any degradation in
useful characteristics as an alloy such as hardness, corrosion resistivity, hot workability, cold workability and specific
magnetic characteristics.

[0008] Further, a (Ti,Zr) based compound formed in a free cutting alloy of the present invention can be dispersed in
the alloy structure. Machinability of an alloy can be further increased especially by dispersing the compound in an alloy
structure. In order to increase the effect, a particle size of the (Ti,Zr) based compound as observed in the structure of
a polished section of the alloy is preferably, for example, approximately in the range of 0.1 to 30 um on the average
and further, an area ratio of the compound in the structure is preferably in the range of 1 to 20 %, wherein the particle
size is defined by the maximum distance between two parallel lines circumscribing a particle in observation when
parallel lines are drawn intersecting on a region including the particle in observation while changing a direction of the
parallel lines.

[0009] The above described (Ti,Zr) based alloy can include at least a compound expressed in a composition formula
(Ti,Zr)4(S,Se,Te),C, (hereinafter also referred to as carbo-sulfide/selenide), wherein one or more of Ti and Zr may be
included in the compound and one or more of S, Se and Te may be included in the compound. By forming a compound
in the form of the above described composition formula, not only can machinability of an alloy be improved, but corrosion
resistivity is also improved.

[0010] It should be appreciated that identification of a (Ti,Zr) based compound in an alloy can be performed by X-
ray diffraction (for example, a diffractometer method), an electron probe microanalysis method (EPMA) and the like
technique. For example, the presence or absence of the compound of (Ti,Zr),(S,Se, Te),C, can be confirmed according
to whether or not a peak corresponding to the compound appear in a diffraction chart measured by an X-ray diffrac-
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tometer. Further, a region in the alloy structure in which the compound is formed can also be specified by comparison
between two-dimensional mapping results on characteristic X-ray intensities of Ti, Zr, S, Se or C obtained from a surface
analysis by EPMA conducted on a section structure of the alloy.

Brief Description of the Drawings
[0011]

Fig. 1 is a graph showing compositional regions in combination of a content of one or more of Ti and Zr, a content
of C and a content of one or more of S, Se and Te in a free cutting alloy of the present invention constituted as
electromagnetic stainless alloy;

Fig. 2 is a graph showing an X-ray diffraction chart of an inventive steel specimen No. 5 in experiment of Example 1;
Fig. 3 is an optical microphotograph of the third selection inventive steel specimen No. 2 in Example 3;

Fig. 4 is a graph showing EDX analytical results of a second selection inventive specimen No.2 in Example 2;
Fig. 5 is optical microphotograph of second selection inventive steels specimen Nos. 2 and 13 in Example 2;
Fig. 6 is a representation describing measuring points for a hardness test in Example 2;

Fig. 7 is a graph showing an example of Schaeffler diagram;

Fig. 8 is graphs showing EDX analytical results of a third selection inventive steel specimen No.2 in experiment
of Example 3;

Fig. 9 is an optical microphotograph of the first selection inventive steel specimen No.5 in Example 1;

Fig. 10 is a graph showing a relation between B1 or Hc and o in Example 4;

Fig. 11 is a graph showing a relation between a boring time or a cracking threshold working ratio and o. in Example 4;
Fig. 12 is a graph showing a relation between a pitting potential (Vc) and o in Example 4;

Fig. 13 is a graph showing dependencies of solubility products on temperature of components of TiO, TiN, Ti,C,S,,
TiC, TiS and CrS in y-Fe;

Fig. 14 is an optical microphotograph of a fifth selection inventive steel specimen No. 30 in Example 5;

Fig. 15 is a graph showing a relation between a range of parameters of X and Y and evaluation results on hot
workability in Example 5; and

Fig. 16 is a graph showing a relation between a drill boring time and Y in mass % of an alloy in Example 5.

Preferred Embodiments of the Invention

[0012] The present invention, to be concrete, can be preferably applied on an alloy constituted as stainless steel. In
this case, in order to form a (Ti,Zr) based compound without any degradation in characteristics as stainless steel, such
an alloy preferably contains one or more of Ti and Zr such that Wr; + 0.52 W5, = 0.03 to 3.5 mass %, wherein W; and
W, denote respective contents in mass % of Ti and Zr; and one or more of S and Se in the respective ranges of 0.01
to 1.0 mass % for S and 0.01 to 0.8 mass % for Se.

[0013] The reason why the elements and contents thereof are selected as follows:

(1) The Ti and Zr content being defined such that Wy; + 0.52 W, = 0.03 to 3.5 mass %,

wherein W; and W, denote respective contents in mass % of Ti and Zr

Ti and Zr are indispensable elements for forming a (Ti,Zr) based compound playing a central role in exerting the
effect of improving machinability of a free cutting alloy of the present invention. When a value of Wy; + 0.52 W,
is lower than 0.03 mass %, the (Ti,Zr) based compound is insufficiently formed in amount, thereby disabling the
effect of improving machinability to be satisfactorily exerted. On the other hand, when in excess of the value,
machinability is reduced on the contrary. For this reason, the value of Wy; + 0.52 W, is required to be suppressed
to 3.5 mass % or lower. The above effect exerted when Ti and Zr are added into an alloy is determined by the sum
of the numbers of atoms (or the sum of the numbers of values in mol), regardless of kinds of metals, Ti or Zr. Since
a ratio between atomic weights is almost 1 : 0.52, Ti of a smaller atomic weight exerts a larger effect with a smaller
mass. Thus, a value of W+; + 0.52 W, is said to be compositional parameter reflects the sum of the numbers of
atoms of Zr and Ti included in an alloy.

(2) One or more of S and Se in the respective ranges of 0.01 to 1 mass % for S and 0.01 to 0.8 mass % for Se

S and Se are elements for useful in improving machinability. By adding S and Se into an alloy, in an alloy structure,
formed is a compound useful for improving machinability (for example, a (Ti,Zr) based compound expressed in
the form of a composition formula (Ti,Zr),(S,Se),C,). Therefore, contents of S and Se are specified 0.01 mass %
as the lower limit. When the contents are excessively large, there arises a chance to cause a problem of deterio-
rating hot workability and therefore, there have to be the upper limits: It is preferable that a S content is set to 1
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mass % and a Se content is set to 0.8 mass % as the respective upper limits. Further, S and Se are both desirably
added into an alloy in a necessary and sufficient amount in order to form a compound improving machinability of
the alloy, such as the above described (Ti,Zr) based compound. An excessive addition of S results in deterioration
of the out-gas resistivity.

A free cutting alloy constituted as stainless steel of the present invention can be, to be more detailed, ferrite
containing stainless steel (hereinafter referred to as a first selection invention). In this case, a composition of the
free cutting alloy of the present invention is as follows:

The free cutting alloy can contain: 2 mass % or lower, including zero, Ni; 12 to 35 mass % Cr; and 0.005 to
0.4 mass % C.

The reason why the constituting elements and contents thereof in the first selection invention constituted as
ferrite containing stainless steel are determined is as follows:

(3) 0.005t0 0.4 mass % C

C is an important element forming a compound improving machinability. When a content thereof is lower than
0.005 mass %, however, an effect exerting sufficient machinability can not be imparted to the alloy, while when in
excess of 0.4 mass %, much of a single carbide not effective for improving machinability is formed. Addition of C
is preferably setin the range of 0.01 to 0.1 mass %, wherein itis preferable that addition of C is adjusted so properly
that the effect of imparting machinability on the alloy is optimized depending on an amount of a constituting element
of a compound improving machinability such as a (Ti,Zr) based compound.

(4) 2 mass % or lower, including zero Ni

Ni can be added according to a necessity since the element is effective for improving corrosion resistivity, partic-
ularly in an environment of a reducing acid. Excessive addition, however, not only reduce stability of a ferrite phase,
but also causes cost-up and therefore, a content thereof has the upper limit of 2 mass %, wherein a case of no
addition of Ni may be included.

(5) 12 to 35 mass % Cr
Cris an indispensable element for ensure corrosion resistivity and is added in the range of 12 mass % or higher.
On the other hand, excessive addition is not only harmful to hot workability but also causes reduction in toughness
and therefore the upper limit is set to 35 mass %.

Afree cutting alloy of the present invention, constituted as stainless steel can be martensite containing stainless
steel (hereinafter referred to a second selection invention). In this case a composition of the free cutting alloy of
the present invention is as follows:

The free cutting alloy can contain: 2 mass % or lower, including zero, Ni; 9 to 17 mass % Cr; and C satisfying
the following formulae:

0.375(Wg + 0.4 Wg, ) <Wg < 1.5 Formula A

and

0.125(Wy, + 0.52 W, ) <Wg < 1.5 Formula B

, wherein W, Wg and Wg, denote respective contents of C, S and Se, all in mass %, and W, and W, are as
defined as described above.

Martensitic stainless steel is in more of cases used in equipment and parts requiring hardness and corrosion
resistivity as performances. Since martensitic stainless steel increases hardness thereof by a quenching heat
treatment, there was a case where machining was performed in an annealed state and thereafter, quenching and
tempering were performed, such that workability was improved. However, in the case, strain was produced in
stainless steel by a quenching heat treatment and thereby, machining had to be, in a case, performed after a
quenching heat treatment when precision processing was intended. Furthermore, when in order to increase
machinability, machinability improving elements such as S, Se, Pb and Bi were added into a stainless steel, there
arose a problem specific to martensite containing stainless steel since not only corrosion resistivity, hot workability
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and the like but quenchability were also deteriorated, thereby disabling sufficient hardness to be acquired. It should
be appreciated that martensite containing stainless steel is a generic name for stainless steel forming a martensitic
phase in the matrix by a quenching heat treatment.

As examples of compositions of the martensite containing stainless steel: there can be named: corresponding
kinds of stainless steel, such as SUS 403, SUS 410, SUS 410S, SUS 420J1, SUS 420J2, SUS 429J1, SUS 440C
and the like, all shown within JIS G 4304. Moreover, it should be appreciated that in the present invention, mar-
tensitic heat resisting steel is handled as conceptually included in martensite containing stainless steel. As exam-
ples of composition of martensitic heat resisting steel, there can be named corresponding kinds of steel whose
compositions are defined in JIS G 4311 and G 4312, such as SUH 1, SUH 3, SUH 4, SUH 11, SUH 600 and SUB
616. However, neither of elements Ti, Zr, S and Se as essential features of the present invention is naturally
expressed in compositions described in the standard. In this case, it should be understood that part of Fe content
of each of the above described kinds of stainless steel is replaced with the above described elements in the re-
spective above described compositions and thereby martensite containing stainless steel of the present invention
is obtained. Therefore, while in description of the present specification, the same JIS Nos. are used, those actually
means alloys specific to the present invention, which alloys have compositions defined in JIS standards as a base
only.

Since martensite containing stainless steel changes a martensitic transformation temperature (Ms point) and
quenchability depending on components included therein, attention has to be paid to ranges of the components
in content. For this reason, the ranges of components in content of a (Ti,Zr) based compound described above
are required to be set considering the following conditions: First, contents of components are desirably determined
such that a (Ti,Zr) based compound is not formed so excessively that a martensitic formation temperature (Ms
point) and quenchability are affected. Since atoms included in the (Ti,Zr) based compound exerts almost no influ-
ence on characteristics of the stainless steel, such as a hardness of the martensitic phase and quenchability
thereof, it is considered that the elements left behind by excluding the amount of the elements included in the (Ti,
Zr) based compound from the elements added originally in the martensite containing stainless steel (hereinafter
referred to as residual elements) are dissolved as solid solution in the matrix phase and the residual elements
exert an influence on martensitic transformation. Accordingly, ranges in content of the respective elements are
preferably set, considering an influence on martensitic transformation using a continuous cooling transformation
diagram of stainless steel having a composition analogous to a composition of the residual elements. Especially,
since C has a great influence on martensitic transformation, a C content is adjusted such that the above described
formulae A and B are satisfied. As a result, not only is machinability is improved, but hardness after quenching,
quenchability and the like become compatible with conventional martensite containing stainless steel.

Below, description will be given of the reason why the components and contents thereof in the second selection
invention of the present invention constituted as martensite containing stainless steel are selected and limited as
follows:

(6) 2 mass % or lower, including zero Ni

Ni can be added according to a necessity since the element is effective for improving corrosion resistivity, partic-
ularly in an environment of a reducing acid. Excessive addition, however, not only reduces a martensitic transfor-
mation temperature (Ms point), but also increases stability of an austenitic phase of the matrix phase excessively,
whereby a case arises in which an amount of martensite necessary to ensure hardness is hard to be obtained.
Moreover, hardness after annealing becomes high producing a solid solution hardening effect caused by Ni in
excess, which sometimes makes performances such as machinability decrease. For the above described reason,
a Ni content has the upper limit of 2 mass %.

(7) 9 to 17 mass % Cr

Cris anindispensable element for ensuring corrosion resistivity and added 9 mass % or higher in content. However,
when a content is in excess of 17 mass %, phase stability is deteriorated and thereby high temperature brittleness
occurs with ease, leading to poor hot workability. Moreover, it is considered that as the content increases, toughness
decreases. Especially, when a stainless steel including Crin excess receives along heat treatment at a temperature
in the intermediate range of 400 to 540°C, toughness at room temperature is lost with ease. A Cr content is desirably
set in the range of 11 to 15 mass % and more desirably in the range of 12 to 14 mass %.

Further, free cutting alloys of the first and second selection inventions of the present invention constituted as
ferrite containing stainless steel and martensite containing stainless steel, respectively, can contain: 2 mass % or
lower, including zero Si; 2 mass % or lower, including zero Mn; 2 mass % or lower, including zero Cu; and 2 mass
% or lower, including zero Co. In addition, the free cutting alloys can further contain one or more of Mo and W in
the respective ranges of 0.1 to 4 mass % for Mo and 0.1 to 3 mass % for W.

Description will be given of the reason why the elements and contents thereof are defined as follows:
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(8) 2 mass % or lower, including zero Si

Si is added as a deoxidizing agent for steel. That Si is added in excess, however, is unfavorable because not only
cold workability is deteriorated, but formation of & ferrite increases in amount, thereby degrading hot workability
of steel. Moreover, a Ms point decreases in excess in a case of martensite containing stainless steel. Consequently,
a Si content has the upper limit of 2 mass %. In a case where cold workability is particularly regarded as important,
the Si content is preferably set 0.5 mass % or lower, including zero.

(9) 2 mass % or lower, including zero Mn

Mn acts an deoxidizing agent for steel. In addition, since a compound useful for increase in machinability in co-
existence with S or Se, there arises a necessity of addition when machinability is highly thought of. On the other
hand, since MnS especially deteriorates corrosion resistivity, affects cold workability adversely and moreover, re-
duces a Ms point excessively in martensite containing stainless steel, therefore a Mn content has the upper limit
of 2 mass %. Especially when corrosion resistivity and cold workability are regarded as important, a Mn content
is desirably limited to 0.4 mass % or lower, including zero.

(10) 2 mass % or lower, including zero Cu

Cu can be added according to a necessity since the element is effective for improving corrosion resistivity, partic-
ularly in an environment of a reducing acid. It is preferable to contain 0.3 mass % or higher in order to obtain a
more conspicuous effect of the kind. When in excess, however, not only does hot workability decrease, but in
martensite containing stainless steel, a Ms point decreases and quenchability is also deteriorated, whereby it is
preferable for a Cu content to be set 2 mass % or lower, including zero. Especially when hot workability is regarded
as important, it is more desirably to suppress the Cu content to 0.5 mass % or lower, including zero.

(11) 2 mass % or lower, including zero Co

Co is an element effective for improving corrosion resistivity, particularly in an environment of a reducing acid and
in addition, can also be added to martensite containing stainless steel depending on a necessity since Co increases
a Ms point and improves quenchability. To contain Co in content equal to 0.3 mass % or higher is preferable in
order to obtain more of conspicuousness in the effects. When added in excess, however, not only does hot work-
ability decrease, but a raw material cost 'increases, and therefore, it is preferable to set a content of Co in the
range of 2 mass % or lower, including zero. Especially when hot workability and decrease in raw material cost are
regarded as important, a content of Co is more desirably suppressed to 0.5 mass % or lower, including zero.

(12) One or more of Mo and W in the respective ranges of 0.1 to 4 mass % for Mo and 0.1 to 3 mass % for W
Since Mo and W can further increase corrosion resistivity and a strength, the elements may be added according
to a necessity. The lower limits are both 0.1 %, where the effects thereof become clearly recognized. On the other
hand, when added in excess, not only is hot workability deteriorated, but in martensite containing stainless steel,
a Ms point decrease excessively and further cost increases and therefore, the upper limits of Mo and W are set 4
mass % and 3 mass %, respectively.

[0014] Free cutting alloy of the present invention constituted as stainless steel can be austenite containing stainless
steel (hereinafter referred to a third selection invention). In this case, the free cutting alloy contains: 2 to 50 mass %
Ni; 12 to 50 mass % Cr; 5 to 85.95 mass % Fe; and 0.01 to 0.4 mass % C.

[0015] Herein, austenite containing stainless steel means stainless steel containing not only Fe as a main component,
but an austenitic phase in the structure. While there are below exemplified corresponding kinds of steel exhibited in
JIS G 4304, neither of elements Ti, Zr, S and Se as essential features of the present invention is naturally expressed
in compositions described in the standard. In this case, part of Fe content of each of the above described kinds of
stainless steel is replaced with the above described elements in the respective above described compositional ranges
and thereby martensite containing stainless steel of the present invention is obtained. Therefore, while in description
of the present specification, the same JIS Nos. are used, those actually means alloys specific to the present invention,
which alloys have compositions defined in JIS standards as a base only.

(1) Austenitic stainless steel is stainless steel showing an austenitic structure even in room temperature and can
be exemplified as follows: SUS 201, SUS 202, SUS 301,SUS 301J, SUS 302, SUS 302B, SUS 304, SUS 304N1,
SUS 304N2, SUS 305, SUS 309S, SUS 310S, SUS 316, SUS 316N, SUD 316J1, SUS 317, SUS 317J1, SUS
321, SUS 347, SUS XM15J1, SUS 836L, SUS 890L and so on.

(2) Austenitic-ferritic stainless steel is stainless steel showing a dual phase structure of austenite and ferrite and
can be exemplified SUS 329J4L and so on.

(3) Precipitation hardening stainless steel is a stainless steel obtained by adding elements such as aluminum and
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copper, and precipitating a compound with the elements as main components by a heat treatment to harden and
can be exemplified SUS 630, SUS 631 and so on. It should be appreciated that a concept of "stainless steel"
includes heat resisting steel exemplified below as well:

(4) Austenitic heat resisting steel

Compositions are stipulated in JIS G 4311 and G 4312, for example, and can be exemplified as follows: SUS 31,
SUH 35, SUH 36, SUH 37, SUH 38, SUH 309, SUH 310, SUH 330, SUH 660, SUH 661 and so on.

[0016] Description will be given of the reason why the constituting elements and preferable ranges in content thereof
are defined in the third selection invention of the present invention constituted as austenite containing stainless:

(13) 2 to 50 mass % Ni

Ni is necessary to be added to stainless steel in a content of at least 2 mass % in order to stabilize an austenitic
phase in the stainless steel. Moreover, while Ni has many chances to be added into the matrix since Ni is useful
for improving corrosion resistivity in an environment of a reducing acid, it is preferable to add at 2 mass % or higher
in content from the viewpoint of improvement on corrosion resistivity. Moreover, when non-magnetism is desired,
a necessary amount of Ni is required to be added so as to stabilize an austenitic phase more and thereby obtain
an alloy as austenite containing stainless steel, considering connection with contents of other elements such as
Cr and Mo. In this case, a Schoeffler diagram shown in Fig. 7 can be utilized for determination of the Ni content.
An austenite forming element and a ferrite forming element are converted to equivalents of Ni and Cr amounts
and a relationship between the equivalents and the structure is shown in Fig. 7 (see Revised 5! version Kinzoku
Binran (Metal Hand Book) published by Maruzen in 1990, p. 578). However, it is required to obtain a necessary
amount of Ni in consideration of exclusion of an amount in Ti and/or Zr compound from constituting elements of
the matrix. Since not only does excessive addition of Ni result in cost-up, but specific characteristics as stainless
steel are also degraded, a Ni content is limited to 50 mass % or lower.

(14) 12 to 50 mass % Cr

Cris an indispensable element for ensuring corrosion resistivity of stainless steel. Hence, Cr is added in a content
equal to 12 mass % or higher. When a Cr content is lower than 12 mass %, corrosion resistivity as stainless steel
cannot be ensured due to intergranular corrosion caused by increased sensitivity at grain boundaries. On the other
hand, when added in excess, there arises a risk that not only is hot workability degraded, but toughness is also
reduced due to formation of a compound such as CrS.

Furthermore, a problem occurs since high temperature embrittlement becomes conspicuous, therefore a Cr
content is limited to 50 mass % or lower. For this reason, a Cr content is preferably set in the range of 12 to 50
mass % and performances specific to stainless steel are, in a case, degraded outside the range in content of Cr.
Desirably, a Cr content is set in the range of 15 to 30 mass % and more desirably in the range of 17 to 25 mass %.

(15) 5 to 85.95 mass % Fe

Fe is an indispensable component for constituting stainless steel. Therefore, a Fe content is at 5 mass % or higher.
When an Fe content is lower than 5 mass %, the Fe content is not preferable since no strength specific to stainless
steel can be obtained. That an Fe content exceeds 85.95 mass % is impossible in connection with required contents
of other components. Consequently, an Fe content is in the range of 5 to 85.95 mass %. An Fe content is desirably
set in the range of 15 to 75 mass % and more desirably in the range of 40 to 65 mass %.

(16) 0.01to 0.4 mass % C

C is an indispensable component for improvement on machinability and added in a content of 0.01 mass % or
higher. With C being included in the matrix, a (Ti,Zr) based compound is formed, and formation of the compound
is considered to improves machinability of stainless steel. When a C content is lower than 0.01 mass %, formation
of the (Ti,Zr) based compound is insufficient and the effect of improving machinability is not sufficiently attainable.
On the other hand, when the content exceeds 0.4 mass %, a carbide not useful for improvement on machinability
is excessively formed and therefore, machinability is deteriorated on the contrary. It is considered that residual C
notincluded, as a constituting element, in the(Ti,Zr) based compound contributing to improvement on machinability
is dissolved in the matrix phase of stainless steel in a solid state and the residual C in solid solution gives birth to
an effect of increasing a hardness of the stainless steel as well. Therefore, a C content is preferably set in a proper
manner taking into consideration not only that C is added such that a machinability improvement effect is exerted
in best conditions according to an amount of constituting elements of a compound improving machinability, such
as the (Ti,Zr) based compound, but also the effect of improving hardness exerted by the residual C dissolved in a
solid solution state in the matrix phase. In consideration of the above described circumferences, a C content is
desirably in the range of 0.03 to 0.3 mass % and more desirably in the range of 0.05 to 0.25 mass %.
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In a free cutting alloy of the present invention constituted as austenite containing stainless steel, a composition
may have the following components and contents thereof in order to achieve better characteristics. That is, the
composition can be 4 mass % or lower, including zero Si; 4 mass % or lower, including zero Mn; 4 mass % or
lower, including zero Cu; and 4 mass % or lower, including zero Co. Description will be given of the reason why
the composition has the elements and contents thereof as follows:

(17) 4 mass % or lower, including zero Si

Si can be added as a deoxidizing agent for steel. However, when a content of Si is excessive high, not only is a
hardness after solid solution heat treatment disadvantageously high, which in turn leads to poor cold workability,
but an increased amount of a d-ferrite phase is formed, thereby deteriorating hot workability of the steel. Hence,
the upper limit of Si in content is set to 4 mass %. Especially, when cold workability and hot workability are both
regarded as important characteristics, a Si content is desirably set to 1 mass % or lower and more desirably to
0.5 mass % or lower, including zero.

(18) 4 mass % or lower, including zero Mn

Mn not only acts as a deoxidizing agent of the steel, but also exerts an effect to suppress formation of a é-ferrite
phase. Furthermore, Mn has an effect to stabilize an austenitic phase. Since Mn forms a compound useful for
increase in machinability in co-existence with S and Se, Mn may added to the matrix when machinability is regarded
as an important characteristic. When an effect of improving machinability is expected to be conspicuous, a Mn
content is preferably set to 0.6 mass % or higher. When Mn is added, MnS is formed with ease. However, since
MnS not only degrades corrosion resistivity to a great extent, but also reduces cold workability, formation of MnS
is unwelcome. Therefore, the Mn content is set to 4 mass % or lower, including zero. Especially, when corrosion
resistivity and cold workability are both regarded as important characteristics, the Mn content is desirably set to 1
mass % or lower, including zero and more desirably to 0.5 mass % or lower, including zero.

(19) 4 mass % or lower, including zero Cu

Cu is not only useful for increase in corrosion resistivity, particularly for improving corrosion resistivity in an envi-
ronment of a reducing acid, but also reduces work hardenability and improves moldability. Moreover, since an
antibacterial property can be improved by a heat treatment or the like processing, Cu may added if necessary.
However, when Cu is excessively added, hot workability is degraded and therefore, a Cu content is preferably set
to 4 mass % or lower, including zero. Especially, when hot workability is regarded as an important characteristic,
the Cu content is more desirably set to 1 mass % or lower, including zero.

(20) 4 mass % or lower, including zero Co

Co is an element not only useful for improving corrosion resistivity, particularly in an environment of a reducing
acid, but to exert an effect of ensuring non-magnetism and therefore, may added to the matrix if necessary. It is
preferable to add in content of 1 mass % or higher in order to obtain more of conspicuousness of the effect.
However, when Co is added in excess, not only is hot workability reduced but cost-up occurs on raw material.
Hence, a Co content is preferably set to 4 mass % or lower, including zero. Especially, when hot workability or cost
is taken seriously, the Co content is more desirably suppressed to 0.3 mass % or lower, including zero.

In the third selection invention constituted as austenite containing stainless steel, the stainless steel can contain
one or more of Mo and W in the respective ranges of 0.1 to 10 mass % for Mo and 0.1 to 10 mass % for W. Addition
of Mo and W can improve corrosion resistivity due to strengthened passivation and furthermore attain improved
hardness due to second hardening. It is preferable to add Mo and W in each content of 0.1 mass % or higher in
order to make the effect exerted clearly. On the other hand, when in excess, hot workability is reduced and therefore,
the content of Mo and W combined is preferably set to 10 mass % as the upper limit.

In the ferrite containing stainless steel, the martensite containing stainless steel and the austenite containing
stainless steel, all described above, contents of other elements are as follows: the stainless steels can contain:
0.05 mass % or lower P; and 0.03 mass % O; and 0.05 mass % or lower N. Moreover, the stainless steels can
further contain one or more of Te, Bi and Pb in the respective ranges of 0.005 to 0.1 mass % for Te; 0.01 to 0.2
mass % for Bi; and 0.01 to 0.3 mass % for Pb. Description will be given of the reason why the elements and
contents thereof are defined as follows:

(21) 0.05 mass % or lower, including zero P

P is segregated at grain boundaries and not only increases intergranular corrosion sensibility but also sometimes
reduces toughness. Therefore, a P content is preferably set as low as possible and to 0.05 mass % or lower,
including zero. Although the P content is more desirably set to 0.03 mass % or lower, including zero, reduction in
content more than necessary has a chance to be reflected on increased production cost.
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(22) 0.03 mass % or lower, including zero O

O combines with Ti or Zr both of which are constituting elements of a compound useful for improving machinability
and forms oxides not useful for improving machinability. Therefore, an O content should be suppressed as low as
possible and is set to 0.03 mass % as the upper limit. The O content is desirably set to 0.01 mass % or lower if
allowable in consideration of increase in production cost.

(23) 0.05 mass % or lower, including zero N

N combines with Ti or Zr both of which are constituting elements of a compound useful for improving machinability
and forms nitrides not useful for improving machinability. Therefore, a N content should be suppressed as low as
possible and is set to 0.05 mass % as the upper limit. The N content is desirably set to 0.03 mass % or lower,
including zero and more desirably to 0.01 mass %, if allowable in consideration of increase in production cost.

(24) One or more of Te, Bi and Pb in the respective ranges of 0.005 to 0.1 mass % for Te; 0.01 to 0.2 mass % for
Bi; and 0.01 to 0.3 mass % for Pb

Since Te, Bi and Pb can further improve machinability, the elements may add if necessary. The lower limits thereof
at which the respective effects are exerted to clearness are as follows: 0.005 mass % Te; 0.01 mass % Bi and
0.01 mass % Pb, respectively. On the other hand, since excessive addition reduces hot workability, the upper limits
are set as follows: 0.1 mass % Te; 0.2 mass % Bi; and 0.3 mass % Pb.

[0017] Furthermore, when a free cutting alloy of the present invention is constituted as stainless steel, the alloy can
contain one or more selected from the group consisting of Ca, Mg, B and REM (one or more of metal elements classified
as Group 3A in the periodic table of elements) in the range of 0.0005 to 0.01 mass % for one element or as a total
content in a case of two or more elements. The elements are useful for improving hot workability of steel. The effect
of improving hot workability obtainable by addition of the elements is more conspicuously exerted in the range of 0.0005
mass % or higher for one element or as a total content of more than one elements combined. On the other hand, when
the elements are added in excess, the effect is saturated and hot workability is then reduced on the contrary. Therefore,
the content of a single element or total content of the elements combined is set to 0.01 mass % as the upper limit. As
for REM, since low radioactivity elements are easy to be handled when being mainly used, from this viewpoint, it is
useful to use one or more selected from the group consisting of Sc, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb and Lu. It is desirable to use light rare earth elements, especially La or Ce from the viewpoint of conspicuous
exertion of the effect and price. However, there arises no trouble with mixing-in of a trace of radioactive rare earth
elements such as Th and U inevitably remaining, without being excluded, in a process to separate rare earth elements.
Further, from the viewpoint of reduction in raw material cost, there can be used not-separated rare earth elements
such as mish metal and didymium.

[0018] A free cutting alloy of the present invention constituted as stainless steel can contain one or more selected
from the group consisting of Nb, V, Ta and Hf in each range of 0.01 to 0.5 mass %. Since Nb, V, Ta and Hf has an effect
of forming carbo-nitrides to miniaturize crystalline particles of steel and increase toughness. Hence, the elements can
add in each content up to 0.5 mass % and desirably contain 0.01 mass % or higher in the range.

[0019] A free cutting alloy of the present invention constituted as the above described stainless steel can contain
the Wg, value of which is less than 0.035 mass % when the following test is performed: an alloy test piece of said free
cutting alloy is prepared so as to have the shape of rectangular prism in size of 15 mm in length, 25 mm in width and
3 mm in thickness with the entire surface being polished with No. 400 emery paper; a silver foil in size of 10 mm in
length, 5 mm in width and 0.1 mm in thickness with a purity of 99.9 % or higher as a S getter; 0.5 cc of pure water are
sealed in a vessel of an inner volume of 250 cc together with said test piece; the temperature in said vessel is raised
to 85°C and said temperature is then kept there for 20 hr; and thereafter, the S content in mass % in said silver foil
piece is analyzed, then S content obtained is defined as said Wgq.

[0020] A (Ti, Zr) based compound being a feature of the present invention is formed and in the course of the formation,
added S is included in the stainless steel as a constituting element of the (Ti, Zr) based compound which is more stable
chemically than MnS or the like. And therefore, a S amount released into the air from the stainless steel decreases.
Consequently, an out-gas resistivity of the stainless steel can also be improved by formation of the(Ti, Zr) based com-
pound.

[0021] In this case, when the out-gas resistivity test is performed, a S component released from the test piece as a
sulfur containing gas is forced to be absorbed in the silver foil as a getter and a sulfur content Wgg in the silver foil is
measured to quantitatively determine the out-gas resistivity of a material. A S content absorbed in the silver foil is
defined using the Wgq value and setto 0.035 mass % or lower in Wgq. Stainless steel of the present invention controlled
so as to be 0.035 mass % or lower in Wgq is hard to cause sulfur contamination in the peripheral parts when exposed
to the air since a S component released from the stainless steel into the air is very small and thereby the stainless
steel can be preferably used as parts of industrial equipment requiring the out-gas resistivity.
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[0022] While afactor determining out-gas resistivity of a material mainly is a composition of the material, it is desirable
to fix S as carbo-sulfides of Ti and Zr for improvement on out-gas resistivity of the material. For the purpose, a S content
is desirably determined such that a value of Wg/(Wr; + 0.52W,) is 0.45 or less, or alternatively a value of Wg/W¢. is
0.4 orless and Wg/(W+;+ 0.52W,) is 0.45 or less, wherein Wg and W denote a S content and a C content, respectively.
With such a range of components adopted, a S content which is chemically in unstable condition can be limited and
thereby, the out-gas resistivity of the matrix metal phase of stainless steel can be improved.

[0023] While the composition as stainless steel of the present invention is described above, machinability as an alloy
is required not only in the above described stainless steel, but also in an electromagnetic alloy used as a functional
material. Although electromagnetic alloys are in many cases poor machinability, not only corrosion resistivity and cold
workability but also electromagnetic characteristics were in cases deteriorated when machinability-improving elements
such as S and Pb were added for improvement on machinability. Moreover, since characteristics of the alloy are largely
changed by subtle shifts in balances between constituting elements, it has been difficult that machinability is improved
while retaining excellent electromagnetic characteristics. According to the present invention, an effect of improving
machinability can be achieved while the characteristics in the electromagnetic alloy is maintained.

[0024] To be concrete, the present invention can be preferably used as an electromagnetic alloy (hereinafter referred
to as a fourth selection invention). The present inventors have acquired the following findings and completed the fourth
selection invention based thereon: When in ferritic electromagnetic alloy, one or more of Ti and Zr, C, and one or more
of S, Se and Te are added in combination, the components are in combinations of the specific contents: a content of
one or more of Ti and Zr is in the range of 0.05 to 0.5 mass % in terms of Ti % + 0.52 Zr % (which is indicated by X);
a content of C is in the ranges of 0.02X to 0.06 X mass %, 0.19 X to 0.26 X mass % or 0.02 X to 0.26 X; and a content
of one or more of S, Se and Te is in the ranges of (Z - 0.07)X to (Z + 0.07)X mass %, (Z + 0.07)X to (Z + 0.45)X mass
%, or (Z + 0.45) X to (Z + 0.70)X mass %, wherein S% + 0.41 Se % + 0.25 Te % is indicated by Y, and thereby
machinability can be improved while soft magnetic characteristics, cold workability and corrosion resistivity are con-
trolled in good states. In description of the fourth selection invention, expression of a element symbol with % following
such as Ti %, Zr %, S %, Se %, Te % or C % means a content in mass % of a corresponding component indicated by
the element symbol. C/X and C %/X in the following description are the same in meaning.

[0025] That is, the fourth selection invention of the present invention constituted as the electromagnetic stainless
steel contains: 0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of
Ti and Zr in the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.02 X to 0.06
X'mass % (C/X=0.02t0 0.06) or 0.19 X to 0.26 X mass % (C/X = 0.19 to 0.26), wherein X is expressed by the following
formula 1; one or more of S, Se and Te in the range of (Z - 0.07)X to (Z + 0.07)X mass %, wherein X, Z and Y are
values of the respective following formulae 1, 3 and 2, furthermore, according to a necessity contains one or more
selected from the group consisting of Ni, Cu, Mo, Nb and V in the respective ranges of 2 mass % or lower for Ni; 2
mass % or lower for Cu; 2 mass % or lower for Mo; 1 mass % or lower for Nb and 1 mass % or lower for V and still
further according to a necessity contains one or more of Pb, B and REM in the respective contents of 0.15 mass % or
lower for Pb; 0.01 mass % or lower for B; and 0.1 mass % or lower for REM; and the balance being Fe and inevitable
impurities:

Ti%+052Zr% =X Formula 1,
S%+041Se%+025Te% =Y Formula 2

and
32(C %/X - 0.125)> = Z Formula 3.

[0026] A free cutting alloy relating to the fourth selection invention contains: 0.01 to 3 mass %, Si; 2 mass % or lower
Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in the range of 0.05 to 0.5 mass % in terms of
X of the following formula 1; C in the range of 0.02 X to 0.26 X mass % (C/X = 0.02 to 0.26) wherein X is expressed
by the following formula 1; one or more of S, Se and Te in the range of (Z + 0.07)X to (Z + 0.45)X mass %, wherein X,
Z and Y are values of the respective following formulae 1, 3 and 2, further according to a necessity contains one or
more selected from the group consisting of Ni, Cu, Mo, Nb and V in the respective ranges of 2 mass % or lower for Ni;
2 mass % or lower for Cu; 2 mass % or lower for Mo; 1 mass % or lower for Nb and 1 mass % or lower for V and still
further according to a necessity contains one or more of Pb, B and REM in respective ranges of 0.15 mass % or lower
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for Pb; 0.01 mass % or lower for B; and 0.1 mass % or lower for REM; and the balance being Fe and inevitable impurities.
[0027] A free cutting alloy relating to the fourth selection invention contains: 0.01 to 3 mass % Si; 2 mass % or lower
Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in the range of 0.05 to 0.5 mass % in terms of
X of the following formula 1; C in the range of 0.02 X to 0.26 X mass % when X is expressed by the following formula
1; one or more of S, Se and Te in the range of (Z + 0.45)X to (Z + 0.70)X mass % when X, Z and Y are indicated by
the respective following formulae 1, 3 and 2, and further according to a necessity contains one or more selected from
the group consisting of Ni, Cu, Mo, Nb and V in contents of 2 mass % or lower Ni; 2 mass % or lower Cu; 2 mass %
or lower Mo; 1 mass % or lower Nb; 1 mass % or lower V; and the balance being Fe and inevitable impurities.
[0028] Further detailed description will be given of the free cutting alloy relating to the fourth selection invention as
follows: The composition is specified by a combination of a content of one or more of Ti and Zr, a content of C and a
content of one or more of S, Se and Te, which are mainly included in the ferritic stainless steel; in addition to one or
more of Ti and Zr, C and one or more of S, Se and Te, contains: 0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25
mass % Cr; 0.01 to 5 mass % Al, further according to a necessity contains one or more selected from the group
consisting of Ni, Cu, Mo, Nb and V in the ranges of 2 mass % or lower for Ni; 2 mass % or lower for Cu; 2 mass % or
lower for Mo; 1 mass % or lower for Nb and 1 mass % or lower for V and still further according to a necessity contains
one or more of Pb, B and REM in the respective contents of 0.15 mass % or lower for Pb; 0.01 mass % or lower for
B; and 0.1 mass % or lower for REM; and the balance being Fe and inevitable impurities.

[0029] Combinations of a content of one or more of Ti and Zr, a content of C, and a content of one or more of S, Se
and Te are combination of one or more of Ti and Zr in the range of 0.05 to 0.5 mass % in terms of Ti % + 0.52 Zr %
(which is indicated by X); C in the range of 0.02 X to 0.06 X mass % (C/X = 0.02 to 0.06), 0.19 X to 0.26 X mass %
(C/X=0.19t0 0.26) or 0.02 X to 0.26 X mass % (C/X = 0.02 to 0.26); and one or more of S, Se and Te in the range of
(Z-0.07)Xto (Z+0.07)Xmass % ((Z-0.07) <Y/X<(Z+0.07)), (Z+0.07)X to (Z + 0.45)X mass % ((Z+ 0.07) <Y/
X< (Z+0.45)), or (Z+0.45)X to (Z + 0.70)X mass % ((Z + 0.45) < Y/X<(Z + 0.70)).

[0030] Next, the combinations of the ranges in content are described with reference to a graph shown in Fig. 1, where
the abscissa is used for plotting C/X and the ordinate is used for plotting Y/X. A first combination of a content of one
or more of Ti and Zr; a content of C and a content of one or more of S, Se and Te is a region enclosed by a straight
line perpendicular to the abscissa passing through a position of C/X = 0.02, a straight line perpendicular to the abscissa
passing through a position of C/X = 0.06, and curves of Y/X = 32 (C/X - 0.125)2 - 0.07 and Y/X = 32 (C/X - 0.125)2 +
0.07, wherein the formulae of Y/X = 32 (C/X - 0.125)2 - 0.07 and Y/X = 32 (C/X - 0.125)2 + 0.07 are obtained by
substituting Z = 32(C/X - 0.125)2 into the above described (Z - 0.07) < Y/X < (Z + 0.07), thatis Y/X = (Z - 0.07) to (Z +
0.07). Further, a broken line in Fig. 1, Y/X = 32(C/X - 0.125)2 is a curve circumscribed by the C/X axis (a value on the
Y/X axis = 0) and o in Fig. 1 is defined by a formula Y/X - 32(C/X - 0.125)2 = o. Further, a mark O with a number in
Fig. 1 indicates a specimen No. of fourth selection inventive steel of the present invention of Example 4 and a mark A
indicates a specimen No. of an inventive steel of Example 4.

[0031] A second combination of a content of one or more of Ti and Zr; a content of C and one or more of S, Se and
Te is a region enclosed by a straight line perpendicular to the abscissa passing through a position of C/X = 0.19, a
straight line perpendicular to the abscissa passing through a position of C/X = 0.26, and curves of Y/X = 32 (C/X -
0.125)2 - 0.07 and Y/X = 32 (C/X - 0.125)2 + 0.07 in Fig. 1. A third combination of a content of one or more of Ti and
Zr; a content of C and one or more of S, Se and Te is a region enclosed by a straight line perpendicular to the abscissa
passing through a position of C/X = 0.02, a straight line perpendicular to the abscissa passing through a position of C/
X =0.26, and curves of Y/X = 32 (C/X - 0.125)2 + 0.07 and Y/X = 32 (C/X - 0.125)2 + 0.45 in Fig. 1.

[0032] A fourth combination of a content of one or more of Ti and Zr; a content of C and one or more of S, Se and
Te is a region enclosed by a straight line perpendicular to the abscissa passing through a position of C/X = 0.02, a
straight line perpendicular to the abscissa passing through a position of C/X = 0.26, and curves of Y/X = 32 (C/X -
0.125)2 + 0.45 and Y/X = 32 (C/X - 0.125)2 + 0.70 in Fig. 1.

[0033] Next, description will be given of the reason why the elements and contents thereof are selected of a free
cutting alloy relating to the fourth selection invention as follows:

(25) 0.01 to 3 mass % Si

Si is useful not only as a deoxidizing agent, but also for contributing to increase in the maximum magnetic perme-
ability and reduction in coercive force among soft magnetic characteristics as an electromagnetic stainless steel
and furthermore, useful for increase in electric resistivity and improvement on responsibility in a high-frequency
band, and therefore, Si is added for the purposes. While a Si content is necessary to be 0.01 % or higher in order
to attain the effect, since when the content is excessive high, hardness increases and cold workability is degraded,
the content is reduced when cold workability is regarded as a more important characteristic and intended increases
in the soft magnetic characteristics and a high-frequency responsibility are compensated mainly by addition of Al,
described later, corresponding to decrease in Si content. However, when machinability is regarded as an important
characteristics, the upper limit of the Si content is set to 3 mass %.
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(26) 2 mass % or lower Mn
Mn is an element useful as a deoxidizing agent, but since when a Mn content exceeds 2 mass %, soft magnetic
characteristics are degraded, the Mn content is set to 2 mass % or lower.

(27) 5 to 25 mass % Cr

Cris useful forimprovement on corrosion resistivity and electric resistivity of steel, but forimprovement on machina-
bility by forming Cr(S,Se,Te) with S, Se and Te, which will be described later. Therefore, Cr is added for the im-
provements. Although it is necessary for Cr to be included in the range of 5 mass % or higher, the Cr content in
excess of 25 mass % reduces cold workability and accordingly, the Cr content is set to 5 to 25 mass %.

(28) 0.01 to 5 mass % Al

Al is useful not only as a deoxidizing agent, but for contributing increase in the maximum magnetic permeability
and reduction in coercive force and furthermore, useful for increase in electric resistivity and improvement on
responsibility in a high-frequency band, similar to Si. Therefore, Al is included for the improvements. Although it
is necessary for Al to be included exceeding 0.01 mass % in order to exert the effects, not only a specific refining
method is required but cold workability is also degraded when an Al content exceeds 5 mass % and accordingly,
the Al content is set to from 0.01 to 5 mass %.

(29) One or more of Ti and Zr in the range of 0.05 to 0.5 mass % in terms of Ti % + 0.52 Zr % = X

Ti and Zr forms (Ti,Zr),C,(S,Se,Te), and/or (Ti,Zr)(S,Se,Te) in co-existence with C, S, Se and Te to contribute to
increase in machinability and since among the two, (Ti,Zr),C,(S,Se,Te), especially deteriorates neither soft mag-
netic characteristics nor corrosion resistivity and contributes to improvement on machinability without any loss of
cold workability, due to fine dispersion thereof, the elements are therefore added for the improvements. Although
the content of the elements singly or in combination is required to be 0.05 mass % of higher in terms of X in order
to exert the effects, the soft magnetic characteristics are degraded when the content in terms of X exceeds 0.5
mass % and accordingly, the content is set to the range of 0.05 to 0.5 mass % in terms of X.

(30) C in the range of 0.02 X to 0.06 X mass %, 0.19 X to 0.26 X mass % or 0.02 X to 0.26 X mass %

The reason why a C content is set to 0.02 X to 0.06 X mass % (0.02 < C/X < 0.06) or 0.19 X to 0.26 X mass %
(0.19 < C/X £0.26), wherein |0 < 0.07, |0 being the absolute value of o and this applying hereinafter, and o = Y/
X - 32(C/X - 0.125)2 ( see Fig. 1), is that with such compositions adopted, in an electromagnetic stainless steel,
soft magnetic characteristics and cold workability are especially excellent, machinability is also good due to dis-
persion in a fine particle state of (Ti,Zr),C,(S,Se, Te), and (Ti,Zr)(S,Se, Te), the latter of which is formed in a small
amount, and further, corrosion resistivity is also good, wherein (Ti,Zr),C,(S,Se,Te), has a little effect to degrade
the soft magnetic characteristics. Excellence in the soft magnetic characteristics in the region of this o is because
of extremely low level of the presence of (Ti,Zr)C, (Ti,Zr)(S,Se,Te) and Mn(S,Se,Te).

[0034] Inthe content range of C of C/X < 0.02 (C <0.02X mass %) and 0.06 < C/X <0.19 (a C content exceeds 0.06
X'mass % and less than 0.19 X mass %), formation of (Ti,Zr),C,(S,Se,Te), is excessively small in amount, which exerts
the effect at a poor level but in the content range of C of C/X > 0.26 (C > 0.26X mass %), (Ti,Zr)C increases and thereby,
the soft magnetic characteristics, cold workability and corrosion resistivity are degraded on the contrary, and accord-
ingly, the C content is limited to the ranges of 0.02 < C/X £ 0.06 (0.02 X to 0.06 X mass %) or 0.19 < C/X <0.26 (0.19
Xt0 0.26 X mass %).

[0035] Moreover, the reason why the C content is set to the compositional range of 0.02 X to 0.26 X mass % (0.02
< C/X £ 0.26), wherein 0.07 < o < 0.45, is that electromagnetic stainless steel with good machinability, good soft
magnetic characteristics and good cold workability can be attained by formation of (Ti,Zr),C,(S,Se,Te), and (Ti,Zr)(S,
Se,Te) excellent in corrosion resistivity, in a slightly increased amount. However, in the range of C < 0.02 X mass %
(C/X < 0.02), the soft magnetic characteristics are degraded due to decrease in formation of (Ti,Zr),C,(S,Se,Te), and
increasein (Ti,Zr)(S,Se, Te) and in the range of C > 0.26 X (C/X > 0.26), the soft magnetic characteristics, cold workability
and corrosion resistivity are deteriorated due to increase in (Ti,Zr)C. Accordingly, the C content range is limited to C =
0.02 X to 0.26 X mass % (0.02 < C/X £ 0.26).

[0036] Further, the reason why the ranges of a C content are set to compositional range of 0.02 X to 0.26 X mass
% (0.02 < C/X <£0.26), wherein 0.45 < 0. < 0.70, is that because of increase in (Ti,Zr)S, Cr(S,Se,Te) and Mn(S,Se,Te),
electromagnetic stainless steel can be obtained with machinability especially excellent, corrosion resistivity and soft
magnetic characteristics are at practical levels, though cold workability with a high working ratio is hard to be attained.
However, in the compositional range of o > 0.70 and C < 0.02 X mass % (C/X < 0.02), the soft magnetic characteristics
and corrosion resistivity are largely degraded due to increase in (Ti,Zr)S, Cr(S,Se,Te) and Mn(S,Se,Te), further in the
compositional range of C > 0.26X mass % (C/X > 0.26), decreases in the soft magnetic characteristics and in corrosion
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resistivity are large due to increase in (Ti,Zr)C and accordingly, the C content is limited to C = 0.02 X to 0.26X mass
% (0.02 < C/X £ 0.26), wherein 0.45 <o <0.70.

[0037] One or more of S, Se and Te is in the ranges of (Z - 0.07)X to (Z + 0.07)X mass %, (Z + 0.07)X to (Z + 0.45)
X mass %, or (Z + 0.45) X to (Z + 0.70)X mass %, wherein Y = S% + 0.41 Se % + 0.25 Te % is indicated by Y and Z
= 32(C/X - 0.125)2.

In a case where Y is in the range of (Z - 0.07)X to (Z + 0.07)X mass %

The reason why Y is set to (Z- 0.07)X to (Z + 0.07)X mass % (- 0.07 <o <0.07) and C is set to 0.02 X to 0.06 X mass
% (0.02 < C/X <0.06) or 0.19 X to 0.26 X mass % (0.19 < C/X £ 0.26) is that in electromagnetic stainless steel of the
composition, the soft magnetic characteristics and cold workability are especially excellent, machinability is good due
to dispersion in a fine state of (Ti,Zr),C,(S,Se,Te), and (Ti,Zr)(S,Se, Te), the latter of which is formed at a small amount,
and moreover, corrosion resistivity is good as well. However, when Y is lower than (Z - 0.07)X %, that is when Y/X is
lower than 32(C/X - 0.125)2 - 0.07, formation of (Ti,Zr),C,(S,Se,Te), is excessively small in amount and thereby the
effect thereof is poor, while Y is higher than (Z + 0.07)X mass %, that is when Y/X is higher than 32(C/X - 0.125)2 +
0.07, the soft magnetic characteristics, cold workability and corrosion resistivity are degraded on the contrary and
therefore, Y is set in the range (Z - 0.07)X to (Z + 0.07)X mass %.

[0038] Y in the range of (Z + 0.07)X to (Z + 0.45)X mass %

The reason why Y is set in the range of (Z + 0.07)X to (Z + 0.45)X mass % (0.07 o < 0.45) and C is set in the range
of 0.02X to 0.26X mass % (0.02 < C/X < 0.26) is that in electromagnetic stainless steel with the composition, there are
realized excellent corrosion resistivity and machinability better than when Y is in the range of (Z- 0.07)X to (Z + 0.07)
X mass % and in addition, good soft magnetic characteristics and good cold workability due to formation of (Ti,Zr),C,
(S,Se,Te), and (Ti,Zr)(S,Se, Te), slightly increased in amount. However, when Y is higher than (Z + 0.45)X mass %,
that is when Y/X is higher than 32(C/X - 0.125)2 + 0.45, machinability is more excellent due to increase in (Ti,Zr)S, Cr
(S,Se,Te) and Mn(S,Se, Te) while cold workability, corrosion resistivity and soft magnetic characteristics are degraded
and therefore, Y is set in the range of (Z + 0.07)X to (Z + 0.45)X mass %.

[0039] Y in the range of (Z + 0.45)X to (Z + 0.70)X mass %

The reason why Y is set in the compositional range of (Z + 0.45)X to (Z + 0.70)X mass % (0.45 o< 0.70) and C is set
in the range of 0.02X to 0.26X mass % (0.02 < C/X £0.26) is that in electromagnetic stainless steel with the composition,
electromagnetic stainless steel can be obtained with especially excellent machinability, corrosion resistivity and soft
magnetic characteristics thereof are at practical levels due to increase in (Ti,Zr)S, Cr(S,Se,Te) and Mn(S,Se, Te), though
cold workability with a high working ratio is hard to be attained. However, when Y is set higher than(Z + 0.70)X mass
%, that is when Y/X is set higher than 32(C/X - 0.125)2 + 0.70, machinability is further excellent due to increase in (Ti,
Zr)S, Cr(S,Se,Te) and Mn(S,Se, Te), while since cold workability, corrosion resistivity and soft magnetic characteristics
decrease lower than a level of practicability, Y is set in the range of (Z + 0.45)X to (Z + 0.70)X mass %.

[0040] 2 mass % or lower Ni, 2 mass % or lower Cu, 2 mass % or lower Mo, 1mass % or lower Nb and 1 mass %
or lower V

Ni. Cu, Mo, Nb and V are all useful for more of improvement on corrosion resistivity in a free cutting alloy relating to
the fourth selection invention and therefore, the elements are included in the electromagnetic stainless steel. However,
when the elements are added in excess of the respective upper limits, soft magnetic characteristics and cold workability
are deteriorated. Accordingly, the contents are set as described above.

[0041] 0.15 mass % or lower Pb; 0.01 mass % or lower B; and 0.1 mass % or lower REM

Pb is an element included for more of improvement on machinability and since the effect of improving machinability
more than in a conventional case can be exerted with a Pb content a half that in the conventional case, the Pb content
is set to 0.15 mass % or lower.

[0042] Since B and REM are elements useful for improving cold workability more in a steel of a free cutting alloy
relating to the fourth selection invention, the elements are added in the steel. However, when the contents exceed the
respective above described upper limits, hot and cold workabilities decrease and accordingly, the contents are set as
described above. As for REM, since low radioactivity elements are easy to be handled when being mainly used and
from this viewpoint, it is useful to use one or more selected from the group consisting of Sc, Y, La, Ce, Pr, Nd, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu. It is desirable to use light rare earth elements, especially La or Ce from the viewpoint
of conspicuous exertion of the effect and price. However, there arises no trouble in mixing-in of a trace of radioactive
rare earth elements such as Th and U inevitably remaining in a process to separate rare earth elements. Further, from
the viewpoint of reduction in raw material cost, there can be used not-separated rare earth elements such as mish
metal and didymium.

[0043] Description will be given of a production method for free cutting alloy relating to the fourth selection invention
constituted as electromagnetic stainless steel as follows:

Free cutting alloy relating to the fourth selection invention has a composition with a content of one or more of Ti
and Zr, a content of C and a content of one or more of S, Se and Te, the elements being included in conventional
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electromagnetic stainless steel, wherein the contents are individually specified and the elements in combinations
of the contents are included in the alloy and therefore, electromagnetic stainless steel of the fourth selection in-
vention can be produced by a production method similar to a conventional production method for electromagnetic
stainless steel.

[0044] Further, the present invention can be preferably applied for (Fe, Ni) based electromagnetic alloy, (Fe, Ni)
based heat resisting alloy and (Fe,Ni) based alloy such as Invar alloy, Elinvar alloy and the like with a small thermal
expansion coefficient, a small thermal coefficient of an elastic modulus in room temperature, for use in precision ma-
chine parts (hereinafter referred to as a fifth selection invention). In Ni based electromagnetic alloy, the alloy including
20 to 80 mass % Ni is generally used, and there can be exemplified as the alloy; for example, alloys called Permalloy
or Perminver. Ni heat resisting alloy including 40 to 80 mass % Ni is widely used.

[0045] The fifth selection invention of the present invention constituted as (Fe, Ni) based electromagnetic alloy, (Fe,
Ni) based heat resisting alloy or the like can contain 20 to 82 mass % Ni; and the balance mainly consists of one or
more of Fe and Cr; further containing: one or more of Ti and Zr in the range satisfying a relation of 0.05 < X <3
(hereinafter referred to as a condition formula (1)),

one or more of S, Se and Te in the range satisfying a relation of 0.01 <Y < 0.5 X (hereinafter referred to as a condition
formula (2)),

C in the range satisfying a relation of 0.2 Y < W < 0.3 (hereinafter referred to as a condition formula (3)), wherein
when a Ti content is indicated by Wr; in mass %, a Zr content by W5, in mass %, a C content by W in mass %, a S
content by Wg mass %, a Se content by Wg, and a Te content by W, the following formulae (1) and (2) are given in
order to define X and Y:

X (mass %) = Wy; +0.52 W,
(hereinafter referred to as Formula (1)) and
Y (mass %) = Wg +0.41 Wg, +0.25 W4,

(hereinafter referred to as Formula (2)) and further one or more of Si, Mn and Al in the respective ranges of 1 mass %
for Si; 1 mass % for Mn; and 1 mass % for Al.

[0046] The presentinventors had findings that in (Fe, Ni) based alloy for use in electromagnetic material and/or heat
resistant material (for example Ni or Fe based heat resistant alloy of a solid solution strengthening type), (Ti,Zr) based
compound (for example, a compound in the form of (Ti,Zr),4(S,Se,Te),C,)) is formed and thereby, machinability of the
alloy is improved. Further findings were added thereto that while some of indispensable elements constituting the (Ti,
Zr) based compound acts a harmful influence, such as degradation in performances of electromagnetic material and/
or heat resistant material, on the alloy, such a harmful influence can be deleted if a prescribed condition is imposed
on contents of the indispensable elements of the (Ti,Zr) based compound, thereby enabling machinability to improve
while maintaining excellent performances as the electromagnetic material and/or the heat resistant material.

That is, a free cutting alloy of the present invention with the following composition is excellent in machinability and hot
workability without deterioration in excellent performances as electromagnetic material and/or heat resistant material,
the composition being:

one or more of Ti and Zr in the range satisfying a relation of 0.05 < X < 3 (hereinafter referred to as a condition
formula (1)),

one or more of S, Se and Te in the range satisfying a relation of 0.01 <Y < 0.5 X (hereinafter referred to as a
condition formula (2)),

C in the range satisfying a relation of 0.2 Y < W, < 0.3 (hereinafter referred to as a condition formula (3)), wherein
when a Ti content is indicated by W+; in mass %, a Zr content by W, in mass %, a C content by W in mass %,
a S content by Wg mass %, a Se content by Wg, and a Te content by W, the following formulae (1) and (2) are
given in order to define X and -

X (mass %) = Wy; + 0.52 W,

(hereinafter referred to as Formula (1)) and
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Y (mass %) = Wg +0.41 Wg, +0.25 W,

(hereinafter referred to as Formula (2)).

[0047] Description will be given of the reason why the elements, contents thereof and condition formulae are selected
or determined as follows:

(31) 20 to 82 mass % Ni

A free cutting alloy of the fifth selection invention of the present invention includes (Fe,Ni) based electromagnetic
alloy and (Fe,Ni) based heat resisting alloy. Accordingly, Ni is an indispensable element for the free cutting alloy
of the fifth selection invention of the present invention. Further, (Fe,Ni) based electromagnetic alloy and (Fe,Ni)
based heat resisting alloy are widely employed with content of the range of 20 to 82 mass % for Ni and since the
alloys including Ni in content of this range are particularly required improvement on machinability, the Ni content
is limited to the range.

(32) one or more of Ti and Zr in content satisfying a relation of 0.05 < X < 3 (hereinafter referred to as a condition
formula (1))

When Ti and Zr are added in the above described range together with C, S, Se and Te, (Ti,Zr) based compounds,
for example, mainly (Ti,Zr),4(S,Se,Te),C, and/or a small amount of (Ti,Zr)(S,Se, Te), are formed and therefore, Ti
and Zr are useful for improvement on machinability. Moreover, since formation of (Mn,Cr,Ni)S, especially NiS, is
suppressed, Ti and Zr are also useful for prevention of cracking in hot working and the free cutting alloy of the fifth
selection invention can maintain excellent characteristics as (Fe,Ni) based electromagnetic alloy or (Fe,Ni) based
heat resisting alloy such as a thermal expansion coefficient, an elastic constant, magnetic characteristics or a high
temperature strength. While Ti and Zr is required to be included in the range of 0.05 mass % or higher in X of a
compositional parameter in order to attain an effect of improving machinability, X in excess of 3 mass % is not
preferable since when X is in excess of 3 mass %, a specific refining method is required, being accompanied with
poor productivity. Accordingly, the range of the parameter X is preferably set in the range of 0.05 to 3 mass % and
more preferably in the range of 0.1 to 0.5 mass %. Further, when Ti and Zr are included in the range satisfying the
condition formula(1), either one of Ti and Zr or both Ti and Zr may be included.

(33)

One or more of S, Se and Te in contents satisfying a relation of 0.01 <Y < 0.5 X (hereinafter referred to as a
condition formula (2))

S, Se and Te are indispensable elements for formation of the above described (Ti, Zr) based compound. Therefore,
the elements are indispensable components for improvement on machinability and are required to be included in
the range of 0.01 mass % or higher in terms of the parameter Y. When the elements are added in excess, a
compound not useful forimproving machinability is formed and in a case, performances of the alloy are deteriorated.
Therefore, when the parameters X and Y are related so as to satisfy the above described condition formula (2),
that is when the parameter Y corresponding to a total number of S, Se and Te atoms is half the parameter X
corresponding to a total number of Ti and Zr atoms, an additive amount of one or more of S, Se and Te is not
excessive but falls within the proper range in amount and therefore, formation of a compound not useful for im-
provement on machinability can be suppressed and deterioration in performances of the alloy can be prevented
or suppressed. As far as S, Se and Te are included in the ranges to satisfy the condition formula (2), either only
one of them or two or more of them may be included in the alloy.

(34) C in content satisfying a relation of 0.2 Y < W, < 0.3 (hereinafter referred to as a condition formula (3))

C forms (Ti,Zr) based compound in co-existence with Ti and Zr, and S, Se and Te and, it is an indispensable
element for improvement on machinability. Moreover, C acts usefully for prevention of cracking occurrence in hot
workability. Especially, since C accelerates formation of (Ti,Zr)4(S,Se,Te),C, more stable than (Ti,Zr)(S,Se,Te),
improvement by C on machinability is more effective. It is necessary to include C so as to satisfy the condition
formula (3) for achievement of the effects. That is, C is required to be included in the range of at least more than
0.2 times the parameter Y(a parameter on which a total number of S, Se and Te atoms is reflected). When a C
content W is W <Y/5, the C content s excessively small, the effect of improving machinability cannot be acquired.
On the other hand, an excessive addition of C is not preferable since such a C content causes deterioration in
performances of Ni based electromagnetic alloy and Ni based heat resisting alloy. Accordingly, the C content Wc
is preferably limited to 0.3 mass % or lower. When the C content exceeds 0.3 mass %, loss of performances of Ni
based alloy becomes large. The C content is desirably set in the range of Y/4 to 0.2 mass % and more desirably
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in the range ofY/4 to Y/2 mass %.

[0048] The fifth selection invention of the present invention constituted as (Fe,Ni) based alloy can contain one or
more of Si, Mn and Al in the respective ranges of 1 mass % or lower for Si; 1 mass % or lower for Mn; and 1 mass %
or lower for Al. Description will be given of the reason why the elements and contents thereof are selected as follows:

(35) 1 mass % or lower Si

Si is an element useful as a deoxidizing agent and in addition, for adjustment of hardness and electric resistivity
and accordingly, added depending on a necessity. However, when an additive amount of Si is in excess, hardness
after heat treatment for solid solution is excessively high, which disadvantageously brings poor workability. Char-
acteristics such as thermal expansion, an elastic constant, magnetic characteristics, heat resistance (high tem-
perature strength) and the like are degraded in some cases. Accordingly, the Si content is limited to 1 mass % as
the upper limit and when cold workability is regarded as an important requirement, the Si content is preferably set
to 0.5 mass % or lower.

(36) 1 mass % or lower Mn

Mn is an element useful as an deoxidizing agent and further, since Mn forms a compound excellent in machinability
in co-existence with S and Se, Mn is added to alloy according to a requirement especially when machinability is
regarded as important. The Mn content is desirably set to 0.1 mass % or higher in order to attain more conspicu-
ousness of the effect. On the other hand, when added in excess, corrosion resistivity and cold workability are
degraded and deterioration sometimes occurs in characteristics such as thermal expansion, an elastic constant,
magnetic characteristics, heat resistivity (high temperature strength) and the like as well. Accordingly, the Mn
content is preferably limited to 1 mass % or lower and more desirably to 0.5 mass % or lower.

(37) 1 mass % or lower Al

Al is an element useful as a deoxidizing agent and added to alloy in necessary since Al is effective for adjustment
for hardness and electric resistivity. However, when added in excess, deterioration sometimes occurs in charac-
teristics such as thermal expansion, an elastic constant, magnetic characteristics, heat resistivity (high temperature
strength) and the like. Accordingly, the Al content is limited to 1 mass % or lower.

[0049] Further, the above described free cutting alloy using (Fe,Ni) based alloy as base can contain Mo or Cu in the
ranges of 7 mass % or lower for Mo; and 7 mass % or lower for Cu. Description will be given of the reason why the
elements and contents thereof are selected as follows:

(38) 7 mass % or lower Mo

Mo is an element useful for improvement on corrosion resistivity and strength. When the effects are desired to be
conspicuous, Mo is preferably included in the range of 0.2 mass % or higher. On the other hand, when added in
excess, not only is hot workability deteriorated, but cost-up also occurs and furthermore, deterioration sometimes
occurs in characteristics such as thermal expansion, an elastic constant, magnetic characteristics, heat resistivity
(high temperature strength) and the like. Accordingly, the Mo content is preferably limited to 1 mass % or lower
and more desirably to 0.7 mass % or lower.

(39) 7 mass % or lower Cu

C is not only useful for improvement on corrosion resistivity, especially in an environment of a reducing acid, but
effective for improvement on moldability, decreasing work hardenability. Moreover, since an antibacterial property
can also be improved by heat treatment or the like processing, Cu may be added to the alloy according to a
necessity. However, since when added in excess, hot workability decreases, the Cu content is preferably set to 7
mass % or lower and especially when hot workability is regarded as important, the Cu content is desirably sup-
pressed to 4 mass % or lower.

[0050] Further, a free cutting alloy of the present invention can contain 12 mass % or lower Cr and moreover, 18
mass % or lower Co. For example, in 30-40 Ni-Fe alloy, magneto-striction acts so as reduce a volume in company with
reduction in spontaneous magnetization, which cancels thermal expansion in the ordinary sense. Especially, 36 at %
Ni-Fe alloy is generally called Invar alloy and a thermal expansion coefficient in the vicinity of environment temperature
is very small, which makes the alloy find a practically important application. The alloy is in many cases used in precision
machine material such as of a spring for a measuring instrument. By adding Cr or Co to such an alloy, it is possible to
effectively control a thermal expansion coefficient and an elastic constant and thereby, desired performances to match
with an intended application can be attained. While Cr is more effective for control of an elastic constant and Co is
more effective for control of a thermal expansion coefficient, the elements are not limited to the use in the controls.
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When Cr or Co are added in excess of the respective above described ranges, an unfavorably large change occurs in
compositional conditions on the elements of Ti, Zr, S, Se, Te and C associated with formation of(Ti,Zr),(S,Se, Te),C,.
Accordingly, the Cr and Co contents are set to 12 mass % or lower and 18 mass % or lower, respectively.

[0051] Materials to which the present invention can be applied are in a concrete manner exemplified in trade names
among Permalloy generally used as high permeability material, Perminvar used as iso-permeability magnetic material
and functional material such as alloy excellent in invar characteristics represented by Invar, and in addition solid-solution
strengthening type heat resisting material. It should be appreciated that in the case of stainless steel, an alloy compo-
sition means a composition in which part of Fe and Ni as main components is replaced with the elements of Ti, Zr, S,
Se, C and the like effective for improvement on machinability in the compositional ranges defined in the present inven-
tion. Accordingly, while trade names are employed, alloys under the trade names mean alloys specific to the present
invention composed with the alloys of compositions under product specifications as a base only (it should be appreci-
ated that the alloy compositions inherent in products under respective trade names are described in a literature (Revised
3rd Version Kinzoku (Metal) Data Book published by Maruzen, p 223), therefore detailed description thereof is omitted):

(1) High permeability materials including 78-Permalloy, 45-Permalloy, Hipernik, Monimax, Sinimax, Radiometal,
1040 Alloy, Mumetal, Cr-Permalloy, Mo-Permalloy, Supermalloy, Hardperm, 36-Permalloy and Deltamax;

(2) Iso-permeability alloy including 25-45 Perminvar, 7-70 Perminvar, 7-25-45 Perminvar, Isoperm and Senperm;
(3) Invar alloy including Invar, Superinvar, Stainlessinvar, Nobinite alloy and LEX alloy;

(4) Elinvar alloy including Elinvar, EL-1, EL-3, Iso-elastic, Metelinvar, Elinvar Extra, Ni-Span C-902, Y Nic, Vibralloy,
Nivarox CT, Durinval |, Co-Elinvar and Elcoloy 1V;

(5) Fe based super heat resisting alloy including Haynes 556, Incoloy 802, S-590, 16-25-6 and 20-CB3; and

(6) Ni based heat resisting alloy including Hastelloy-C22, Hastelloy-C276, Hastelloy-G30, Hasteolloy X, Inconel
600 and KSN.

Examples

[0052] The following experiments were performed in order to confirm the effects of the present invention. It should
be appreciated that in the following description, test alloy relating to the present invention is referred to as inventive
steel or inventive alloy, and test alloy relating to each of the selection inventions is referred to as a selection inventive
steel or a selection inventive alloy.

Example 1 Ferrite containing stainless steel

[0053] The effects of a free cutting alloy constituted as ferrite containing stainless steel (a first selection inventive
steel) were confirmed by the following experiment. First, 50 kg steel blocks with respective compositions in mass %
shown in Table 1 were molten in a high frequency induction furnace and ingots prepared from the molten blocks were
heated at a temperature in the range of from 1050 to 1100°C and the ingots were forged in a hot state into rods with
a circular section of 20 mm diameter and the rods were further heated at 800°C for 1 hr, followed by air cooling (an-
nealing) as a source for test pieces.

Table 1

[0054] While main inclusions of an inventive steel of the present invention was (Ti,Zr),(S,Se),C,, other inclusions
such as (Ti,Zr)S and (Ti,Zr)S5 are locally recognized in the matrix. Further, in a specimen No. 7 high in Mn content,
(Mn, Cr)Siis recognized, though in a trace amount. An identification method for inclusions was performed in the following
way: A test piece in a proper amount was sampled from each of the rods. A metal matrix portion of the test piece was
dissolved by electrolysis using a methanol solution including tetramethylammonium chloride and acetylaceton at 10
% as a electrolytic solution. The electrolytic solution after the electrolysis was subjected to filtration and compounds
not dissolved in steel were extracted from the filtrate. The extract was dried and subjected to chemical analysis by an
X-ray diffraction method with a diffractometer. A compound was identified based on peaks of a diffraction chart. A
composition of a compound particle in the steel structure was separately analyzed by EPMA and a compound with a
composition corresponding to a compound observed by X-ray diffraction was confirmed based on formation from two
dimensional mapping results. Fig. 2 shows an X-ray diffraction chart of an inventive steel No. 5 by a diffractometer and
Fig. 9 is an optical microphotograph of an inventive steel specimen No. 5. Further, specimens Nos. 1 to 14 in Table 1
are kinds of steel corresponding to the first selection inventive steel and specimens Nos. 15 to 28 are kinds of steel
as comparative examples.

[0055] The following experiments were performed on the above described test pieces:
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1) Hot workability test

Evaluation of hot workability was effected based on visual observation of whether or not defects such as cracks
occur in hot forging. [Q] indicates that substantially no defect occurred in hot forging, [X] indicates that large scale
cracks were recognized in hot forging and A indicates that small cracks occurred in hot forging.

2) Evaluation of machinability

Evaluation of machinability was collectively effected based on cutting resistance in machining, finished surface
roughness and chip shapes. A cutting tool made of cermet was used to perform machining under a dry condition
at a circumferential speed of 150 m/min, a depth of cutting per revolution of 0.1 mm and a feed rate per revolution
of 0.05 mm: A cutting resistance in N as a unit was determined by measuring a cutting force generating in the
machining. The finished surface roughness was measured by a method stipulated in JIS B 0601 and a value
thereof was an arithmetic average roughness (in um Ra) on a test piece surface after the machining. Moreover,
chip shapes were visually observed and when friability was good, the result is indicated by [G] and when friability
is bad and all chips are not separated but partly connected, the result is indicated by [B] and when evaluation of
chip shapes is intermidiate of [G] and [B], the result is indicated by [I].

3)

4)Evaluation of out-gas resistivity

Evaluation of out-gas resistivity was performed by determining an amount of released S. To be concrete, test
pieces in use each had the shape of a rectangular prism of 15 mm in length, 25 mm in width and 3 mm in thickness
and the entire surface of each were polished with No. 400 emery paper. A test piece was placed in a sealed vessel
having an inner volume of 250 cc together with a silver foil having a size of 10 mm in length, 5 mm in width and
0.1 mm in thickness and 0.5cc of pure water, and a temperature in the vessel was maintained at 85°C for 20 hr.
A S content Wgq in the silver foil after the process for the test was measured by a combustion type infrared
absorbing analysis method.

4) Cold workability test

Evaluation of cold workability was performed by measuring a threshold compressive stain in a compression test
on specimens Nos. 1 to 5 and 13. Test pieces for compression each had the shape of a cylinder of 15 mm in
diameter and 22.5 mm in height and each piece was compressed by a 600 t oil hydraulic press to obtain a threshold
compressive strain, wherein the threshold compressive strain is defined as In (HO/H) or a natural logarithm of
HO/H, HO being an initial height of the test piece and H being a threshold height which is a maximum height at
which no cracking has occurred. First selection inventive alloys of the specimens Nos. 1 to 5 were confirmed to
have high threshold compressive ratios almost equal to comparative steel specimen No. 15 and higher than com-
parative steel specimen No. 16 by about 20 %, and have a good cold workability as well.

5) Evaluation of corrosion resistivity

Evaluation of corrosion resistivity was performed by a salt spray test. Test pieces each were prepared so to have
the shape of a cylinder of 10 mm in diameter and 50 mm in height. The entire surface of each test piece was
polished with No. 400 emery paper and cleaned. A test piece was exposed to a fog atmosphere of 5 mass % NaCl
aqueous solution at 35°C for 96 hr. Final evaluation was visually performed with the naked eye. As a result, the
inventive steel of the present invention was confirmed to maintain good corrosion resistivity. The results are shown
in Table 2.

Table 2

[0056] Itis found from Table 2 that first selection inventive steel of the present invention is comparable with conven-
tional ferrite containing stainless steel in hot workability, cold workability and corrosion resistivity and moreover, is
better in machinability than the conventional ferrite containing stainless steel. Further, it is found from Table 2 when
comparing with comparative steel specimens Nos. 16 and 18 that the first selection inventive steel of the present
invention is smaller in Wso and better in out-gas resistivity. The reason why kinds of steel of comparative alloy spec-
imens Nos. 16 and 18 each have a high Wso is considered that since the steel of the kinds has neither Ti nor Zr, carbo-
sulfide is hard to be formed, whereby a S amount in the matrix is excessively high. In comparative alloy specimen No.
18, hot workability is poor and therefore, evaluation of machinability was not performed.
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Example 2 Martensite containing stainless steel

[0057] The following experiment was performed on martensite containing stainless steel and second selection in-
ventive steel of the present invention. First, 50 kg steel blocks of compositions in mass % shown in Table 3 were molten
in a high frequency induction furnace to form respective ingots. The ingots were heated at temperature in the range
of from 1050 to 1100°C to be forged in a hot state and be formed into rods each with a circular section, of a diameter
of 20 mm. The rods were further heated at 750°C for 1 hr, followed by air cooling to be applied to the test.

Table 3

[0058] In Table 3, specimens Nos. 1 to 19 are second selection inventive steels of the present invention constituted
as martensite containing stainless steel. Further, in comparative examples, specimens correspond to stainless steel:
a specimen No. 20 corresponds to SUS 410, a specimen No. 21 to SUS 416, a specimen No. 22 to SUS 420F and a
specimen No. 23 to SUS 440F. Further, specimens Nos. 24 to 26 are of stainless steel, wherein a C content of each
does not satisfy the formulae A and B, and although alloy of the specimens is outside the scope of the second selection
invention, the alloy still falls within the scope of the present invention.

[0059] While main inclusions of the inventive steel of the present invention was of (Ti,Zr),(S,Se),C,, other inclusions
such as (Ti,Zr)S and (Ti,Zr)S5 are locally recognized in the matrix. Further, in a specimen No. 9 high in a Mn content
and the like, (Mn,Cr)S was recognized, though in a small amount. An identification of inclusions was performed in the
following way: A test piece in a proper amount was sampled from each of the rods. A metal matrix portion of the test
piece was dissolved by electrolysis using a methanol solution including tetramethylammonium chloride and acetylac-
eton at 10 % as a electrolytic solution. The electrolytic solution after the electrolysis was subjected to filtration and
compounds not dissolved in steel were extracted from the filtrate. The extract was dried and subjected to chemical
analysis by EDX (Energy Dispersive X-ray spectrometer). A compound was identified based on peaks of a diffraction
chart. A composition of a compound particle in the steel structure was separately analyzed by EDX and a compound
with a composition corresponding to a compound observed by EDX was confirmed based on formation from two di-
mensional mapping results. Fig. 4 shows EDX analytical results of arbitrary inclusions in a second selection inventive
steel specimen No.2 and from the results, formation of (Ti,Zr) based compound can be recognized. Further, Fig. 5
shows optical microphotograph of second selection inventive steel specimens Nos. 2 and 13.

[0060] The following experiment was performed on the above described test pieces.

1) Hot workability test

Evaluation of hot workability was effected based on visual observation of whether or not defects such as cracks
occur in hot forging. While workability in hot forging was at levels at which processing can be performed with no
problem, as not only inclusions but an amount of alloy elements increase, deterioration in the workability was a
tendency observed in the test. It was found that kinds of steel of the present invention in which one or more of Ca,
B, Mg and REM was included had good hot workability when comparing with a kind of steel in which none of the
elements was included.

2) Evaluation of machinability
Evaluation of machinability was collectively effected based on tool ware loss in machining, finished surface rough-
ness and ship shapes. A cutting tool made of cermet was used to perform machining under a wet condition by
water-soluble cutting oil at a circumferential speed of 120 m/min, a depth of cutting per revolution of 0.1 mm and
a feed rate per revolution of 0.05 mm. The tool ware loss was measured at a flank of the cutting tool after 60 min
machining with um as a unit of the tool wear loss. The finished surface roughness and chip shapes were evaluated
by a method similar to that in Example 1.

The following evaluations were performed using material subjected to treatments in which the material is kept
at 980 to 1050°C for 30 min, thereafter subjected to a quenching heat treatment and still further subjected to a
tempering treatment of holding at 180°C for 1 hr, followed by air cooling.

3) Hardness test

Measurement of hardness on a test piece was performed on a C scale Rockwell hardness by the Rockwell hardness
test stipulated in JIS Z 2245. The Rockwell hardness was obtained as the average of measurements at arbitrary
5 measuring points S on a circle drawn on a cross section of a rod test piece having a circular section, the circle
drawn on the cross section being a circle satisfying a relation of PS = 0.25 PG, wherein G denotes a point almost
coinciding with a center of the circular section, P denotes an arbitrary point on the outer periphery of the test piece
and a point S is on a line segment PG
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4) Evaluation of out-gas resistivity
Evaluation of out-gas resistivity was performed similar to in Example 1.

5) Evaluation of corrosion resistivity

Evaluation of corrosion resistivity was performed by a method similar to in Example 1. Test pieces each were
prepared so to have the shape of a cylinder of 15 mm in diameter and 50 mm in height. The entire surface of each
test piece was polished. Each test piece was polished and thereafter, a test piece was held in a thermohygrostat
at a temperature of 60°C and a relative humidity of 90 % RH for 168 hr. An evaluation method was such that when
no rust was confirmed, the test piece was evaluated [A], when dot-like stains were recognized at several points
on a test piece, the test piece was evaluated [B], when red rust was recognized in an area of an area ratio of 5 %
or less, the test piece was evaluated [C] and when red rust was recognized in an area wider than an area ratio of
5 %, the test piece was evaluated [D]. The results are shown in Table 4.

Table 4

[0061] It is found from Table 4 that while in stainless steel of comparative specimens Nos. 20 to 23, hardness is
sufficiently ensured, machinability is poor. It is further found that specimens Nos. 21 to 23 are inferior in corrosion
resistivity and out-gas resistivity. When an inventive steel is compared with a second selection inventive steel, it is
found that the inventive steel has improved machinability, while the second selection inventive steel has improved
hardness, improved corrosion resistivity and improved out-gas resistivity. The reason why the second selection inven-
tive steel was improved in hardness as compared with the inventive steel is considered that a C content satisfies the
formulae A and B and thereby, a C content constituting a (Ti,Zr) based compound and a C content as additive estab-
lishes an adjusted balance and thereby, a C component is sufficiently dispersed in a Fe based matrix phase. Further,
the reason why out-gas resistivity was improved is considered that S is added excessively relative to an amount of a
(Ti,Zr) based compound that can be formed.

Example 3 Austenite containing stainless steel

[0062] An experiment was performed on a free cutting alloy of the present invention constituted as austenite con-
taining stainless steel (a third selection inventive steel). 50 kg blocks of compositions in mass % shown in Table 5 were
molten in a high frequency induction furnace to form ingots. The ingots were heated at a temperature in the range from
1050 to 1100°C and hot forging was applied on the ingot at the same temperature to be formed into rods each having
a circular section, of a diameter of 20 mm. Specimens Nos. 1 to 18 and 22 to 26 are steel corresponding to third
selection inventive steels and specimens Nos. 19 to 21 and 27 to 29 are of comparative steels.

[0063] The specimen No. 19 corresponds to SUS 304, the specimen No. 20 to SUS 303, the specimen No. 27 to
SUS 329J4L. Among them, the specimens Nos. 1 to 21 are kinds of steel for use in application of a non-magnetism
and the specimens Nos. 22 to 29 are kinds of steel for use in application other than non-magnetism. Among them, the
specimens Nos. 1 to 24 and 27 were heated at 1050°C for 1 hr and thereafter water-cooled, while the other kinds of
steel were heated at 750°C for 1 hr and thereafter water-cooled. Thereafter, both group of kinds of steel were further
heated at 650°C for 2 hr and thereafter water-cooled, followed by tests. All the test pieces of inventive steels obtained
each had a main phase in which at least an austenitic phase was formed. Main phases of third selection inventive
steels are shown in Table 5, wherein A denotes an austenitic phase, B a ferritic phase and C a martensitic phase.

Table 5

[0064] While main inclusions of the inventive steel of the present invention was of (Ti,Zr)(S,Se),C,, other inclusions
such as (Ti,Zr)S and (Ti,Zr)S5 are locally recognized. Further, in specimens Nos. 9, 10 and 13 high in a Mn content
and the like, (Mn,Cr)S was recognized, though in a small amount. Identification of inclusions was performed similar to
in Example 2. Fig. 8 shows EDX analytical results of arbitrary inclusions in the third selection inventive steel specimen
No.2 and from the results, formation of (Ti,Zr) based compound can be recognized. Further, Fig. 3 shows an optical
microphotograph of the third selection inventive steels specimen No. 2.

[0065] The following experiments were performed on the above described test pieces for 1) hot workability test, 2)
evaluation of machinability, 3) evaluation of out-gas resistivity, 4) cold workability test and 5) evaluation of corrosion
resistivity by methods similar to those in Example 1. The experiment on the evaluation of machinability adopted a
circumferential speed of a cutting tool of cermet at 120 m/min. The results obtained are shown in Table 6.
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Table 6

[0066] Itis found from Table 6 that a free cutting alloy constituted as austenite containing stainless steel of the present
invention is comparable with conventional stainless steel in hot workability, cold workability and corrosion resistivity
and moreover, is improved in machinability compared with conventional stainless steel. Further, it is found that when
comparing with comparative steel of the specimen No. 19, third selection inventive steels of the specimens Nos. 1 to
18 are improved in machinability. Further it is found that when comparing with comparative steel specimen No. 20, the
specimens Nos. 1 to 18 are smaller in Wso and excellent in out-gas resistivity. Further, when comparing with compar-
ative steel specimens Nos. 27 to 29, it is found that third selection inventive steel Nos. 22 to 26 are improved on
machinability. That is, the third selection inventive steel is comparable with the comparative steel in corrosion resistivity
and hot workability and in addition, improved on machinability and out-gas resistivity.

Example 4 Electromagnetic stainless steel

[0067] Next, the following experiment was performed on a free cutting alloy relating to the fourth selection inventive
steel of the present invention constituted as electromagnetic stainless steel. First, 7 kg blocks of inventive steels of the
present invention and comparative steels provided for tests, whose compositions in mass % shown in Tables 7 and 8,
were molten in a induction furnace in an Ar stream to obtain ingots of 80 mm in diameter. Then, the ingots were
processed in hot forging at a temperature in the range of 1000 to 1050°C to be formed into rods of a circular section
of 22 mm in diameter and thereafter, the rods were each machined into a diameter of 21.mm, followed by cold rolling
into a diameter of 18 mm. The rods thus rolled were subjected to tests. In Tables 7 and 8, specimens Nos. 1 to 38 are
test rods of fourth selection inventive steels and specimens Nos. 39 to 47 are test rods of inventive steels. The test
rods were measured on magnetic characteristics, electric resistivity, machinability, cold workability and corrosion re-
sistivity by measuring methods described below, which will be described below:

Table 7
Table 8
Measuring methods
[0068]

1) Magnetic characteristics

A test piece in the shape of a ring, of 10 mm in outer diameter, 5 mm in inner diameter and 5 mm in thickness was
prepared for measurement of magnetic characteristics. The test piece received magnetic annealing at 950°C and
thereafter, direct current magnetic characteristics including a magnetic flux density and a direct current coercive
force were measured by a B-H loop tracer: a magnetic flux density B1 (KG) under a magnetic field of 1 Oe and a
magnetic flux density B10 (KG) under a magnetic field of 10 Oe and a direct current coercive force Hc (A/cm).
Relations between a magnetic flux density B1 or a coercive force Nc and o are shown in Fig. 10.

2) Electric resistivity
Electric resistivity was measured on test pieces, which were each prepared by subjecting a test rod to cold wire-
drawing to obtain a wire of 1 mm in -diameter, and then performing vacuum annealing at 950°C thereon.

3) Machinability

Machinability was evaluated as follows: a SKH 51 drill of 5 mm in diameter was used on a test piece of steel for
machining at a number of revolution of 915 rpm under a load of 415 N on a cutting edge thereof and a time in sec
consumed for boring a hole of 10 mm in depth was measured. Machinability was evaluated by a length of the time
in sec.

4) Cold workability

Cold workability was evaluated by a cracking threshold working ratio and a procedure was as follows: a test piece
was prepared in the shape of a cylinder, 20 mm in diameter and 30 mm in height. The test piece was annealed at
720°C and thereafter a compression test was performed on the test piece under a hydraulic pressure of 400 t to
evaluate a cracking threshold working ratio. Relations of a boring time or a cracking threshold working ratio and
o are shown in Fig. 11.
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5) Pitting potential

A test piece was prepared in the shape of a disc whose size is 18 mm in diameter and 2 mm in thickness. The test
piece was polished with sand papers up to No. 800 and subjected to magnetic annealing at 950° for 2 hr in a
vacuum. Thereafter, a pitting potential Vc in mV was measured on the test piece in a 3.5 % NaCl aqueous solution
at 30°C. Fig. 12 shows a relation between a pitting potential and .. The measuring results are shown in Tables 9
and 10.

Table 9
Table 10

[0069] As can be found from Tables 9 and 10, and Fig. 10, very excellent magnetic characteristics are shown: at |o/|
<0.07, Hc < 1.0 A/cm and B1 > 2.5 KG. The magnetic characteristics changes rapidly in the vicinity of oo = 0.07 and
gradually in the range of 0.07 < o < 0.45. The magnetic characteristics in relatively good ranges of 1.0 <Hc < 1.5 A/
cmand 1.0 <B1 < 2.0 KG are retained in the range of 0.07 < o < 0.45. While the magnetic characteristics again starts
growing larger from a point in the vicinity of o = 0.45, the magnetic characteristics show 1.4 < Hc < 2.5 A/cm and 0.4
<B1< 1.0 KG in the range of 0.45 < o < 0.70, which falls in the ranges usable practically as electromagnetic stainless
steel.

[0070] Moreover, as can be clear from Tables 9 and 10, and Fig. 11, while machinability does not show a correlation
with o as clear as magnetic characteristics have, a relatively good machinability was obtained in the range of |o| < 0.70
showing a boring time in the range of 14 to 17 sec, and excellent cold workability in the same range of |o| < 0.70 was
obtained showing a cracking threshold working ratio in the range of 80 to 86 %. The machinability and cracking threshold
working ratio each show a large fluctuation between o values adjacent to each other, which occurs probably due to a
difference in content of Si, Mn and Cr as one of causes. In the range of 0.07 < o < 0.45, relatively good machinability
was obtained showing a boring time in the range of 13 to 17 sec, and relative good cold workability was obtained
showing a cracking threshold working ratio in the range of 75 to 85 %. On the other hand, in the range of 0.45 < o <
0.70, while cold workability at a high working ratio is hard showing a cracking threshold working ratio being 76 % or
less, excellent machinability was obtained showing a boring time in the range of 10 to 16 sec.

[0071] SpecimensNos. 8, 10,19, 21, 30 and 32 including Pb as a component each have a short boring time compared
with specimens of inventive steel of the present invention with respective o values close to those of the specimens
including Pb. Further, specimens Nos. 8, 9 to 11, 19 to 22 and 30 to 33 including B and/or REM as a component each
have a large cracking threshold working ratio compared with specimens of inventive steel of the present invention with
respective o values close to those of the specimens including B and/or REM.

[0072] As can be clear from Tables 9 and 10, and Fig. 12 (where high Cr stainless steel with an extremely high Vc
and low Cr stainless steel with a very low Vc are excluded), in the range of |a| < 0.07, Vc is in the range of - 80 < V¢
< 0in mV and good corrosion resistivity is shown. In the range of 0.07 < o < 0.45, Vc is in the range of - 50 < V¢ < 70
in mV and better corrosion resistivity is shown. While Vc decreases further in the range of 0.45 < o < 0.70, Vc is
considered to be practically useful as far as Vc > - 150 mV.

[0073] Specimens Nos. 6,7, 10, 11,17, 18, 21, 22, 28, 29, 32 and 33 including Ni, Cu, Mo, Nb and V, which improve
corrosion resistivity, have high Vc compared with specimens of inventive steel of the present invention with respective
o values close to the specimens including Ni, Cu, Mo, Nb and V. Further, specimens Nos. 27 and 38 including an
element which improves corrosion resistivity keep Vc of the same order as those of specimens of inventive steel of
the present invention with respective a values smaller than the specimens including the corrosion resistivity improving
element.

[0074] Specimens Nos. 391047 of inventive steel of the presentinvention are outside the scope of the fourth selection
inventive steel, as shown in Fig. 1. When comparing the inventive steel of the present invention with the fourth selection
inventive steel, it is found that all the specimens of the inventive steel each show a cracking threshold working ratio of
72 % or less and therefore, the fourth selection inventive steel is superior in cold workability. Further, when specimens
of both kinds with respective o values close to each other are compared with each other, it is found that the fourth
selection inventive steel is more excellent than the inventive steel in magnetic characteristics and corrosion resistivity.
Further, when comparing specimens Nos. 39 to 42 of the inventive steel with specimens of the fourth selection inventive
steel, it is found that the fourth selection inventive steel is better than the inventive steel in machinability. When com-
paring inventive steels of specimens Nos. 43 and 44 and fourth selection inventive steels, it is found that while both
kinds of steel show almost the same level of machinability, the fourth selection inventive steels are better than the
inventive steels in the other characteristics and when comparing inventive steels of specimens Nos. 45 to 47 with fourth
selection inventive steels, it is found that the fourth selection inventive steels have better magnetic characteristics and
better corrosion resistivity.

[0075] Fig. 13 shows dependencies of solubility products on temperature of compounds of TiO, TiN, Ti,C,S,, TiC,
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TiS and CrS in y-Fe (an austenitic phase). Since Zr has a chemical property analogous to Ti, and Se and Te have a
chemical property analogous to S, it is considered that compounds are formed in the descending order of priority of
(Ti,Zr)O > (Ti, Zr)N > (Ti,Zr)4,Co(S,Se, Te) > (Ti,Zr)C > (Ti,Zr)(S,Se, Te) > Cr(S,Se, Te). Further, it was confirmed that the
above described compounds were present in steel by X-ray analysis.

Example 5 (Fe,Ni) based alloy

[0076] A free cutting alloy of the present invention constituted with Ni based alloy used as (Fe,Ni) based electromag-
netic material and (Fe,Ni) based heat resisting material (the fifth selection invention) was prepared in the following way
to be applied to tests: First, Test alloy of various compositions in mass % shown in Tables 11, 12 and 13, which is 7
kg blocks, were molten in a high frequency furnace in an Ar stream to be formed into ingots of 80 mm in diameter.
Then, the ingots were processed in hot forging at a temperature in the range of 950 to 1100°C into rods having a circle
section, 24 mm in diameter. Thereafter, the rods were machined to a diameter of 23 mm, followed by cold rolling into
a diameter of 22 mm, to obtain test alloys.

[0077] Further, identification of inclusions in the structure was performed by a method similar to Example 1. While
main inclusion in inventive steel of the present invention was (Ti,Zr)4(S,Se)C,, inclusions such as (Ti,Zr)S and (Ti,Zr)
S5 were locally recognized. A trace of (Mn,Cr)S was recognized in each of specimens Nos. 2, 14, 19, 29, 36, 39, 49
and 55, all having a high Mn content. An optical microphotograph of a specimen No. 30 of a third selection inventive
alloy is shown in Fig. 14.

Table 11
Table 12
Table 13

[0078] Thus obtained Ni based alloys of the compositions were evaluated on not only hot workability and machina-
bility, but also characteristics required of Ni alloy among magnetic characteristics, a thermal expansion coefficient and
an elastic constant. Evaluation methods for respective characteristics are as follows:

1) Hot workability test

Evaluation of hot workability was effected based on visual observation of whether or not defects such as cracks
occur in hot forging. [C] indicates that substantially no defect occurred in hot forging, [X] indicates that large scale
cracks were recognized in hot forging and A indicates that so small cracks as to be removed by a grinder occurred
in hot forging. A relation between the ranges of the parameters of X and Y defined by the formulae (1) and (2) and
evaluation results of hot workability is shown in Fig. 15.

2) Machinability

Machinability was evaluated as follows: a SKH 51 drill of 5 mm in diameter was used on a test piece of steel for
machining at a number of revolution of 915 rpm under a load of 415 N on a cutting edge thereof and a time in sec
consumed for boring a hole of 10 mm in depth on steel was measured. Machinability was evaluated by a length
of the time. A relation between a parameter Y in mass % and a boring time is shown Fig. 16.

3) Magnetic characteristics

Test pieces each in the shape of a ring, of 10 mm in outer diameter, 4.5 mm in inner diameter and 5 mm in thickness
were prepared for measurement of magnetic characteristics. A test piece received magnetic annealing at 1000°C
and thereafter, direct current magnetic characteristics including a magnetic flux density, a maximum magnetic
permeability and a direct current coercive force were measured by a B-H loop tracer: a magnetic flux density B1
(T) under a magnetic field of 1 Oe, a magnetic flux density B5 (T) under a magnetic field of 5 Oe, and a magnetic
flux density B10 (T) under a magnetic field of 10 Oe, a maximum magnetic permeability(um) and a direct current
coercive force Hc (A/cm).

4) An evaluation for thermal expansion coefficient and temperature coefficient of Young's modulus

An evaluation for thermal expansion coefficient was performed on the test alloy pieces which were each shaped
into a cylinder of 5 mm in diameter and 50 mm in height. The thermal expansion coefficient was measured at
temperatures ranging from 0 to 80°C, after the pieces were annealed at 830°C. For measurement of temperature
coefficient of Young's modulus, test alloy pieces were each shaped into a cylinder of 5 mm in diameter and 80 mm
in height and thereafter, processed in a solution treatment at 1000°C, followed by rapid cooling. After the rapid
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cooling, an alloy cylinder as an intermediate was subjected to an aging heat treatment at temperatures from 580
to 590°C into a final test alloy piece. Young's modulus was measured on the test alloy pieces at temperatures
ranging from 20 to 100°C using a free resonance elastic modulus tester. The results are shown in Tables 14 and 15.

Table 14
Table 15

[0079] Data of evaluations of hot workability are indicated by plotting of the marks O,A and X. A straight line 1 is a
boundary line (Y = 0.5 X) of the condition formula (2) and a straight line 2 is a boundary line (0.2 Y = W) of the condition
formula (3). In the prior art, it was considered that when Ni was included in a large content, hot workability was extremely
deteriorated if S was added as a free cutting element. However, when comparing specimens Nos. 1 to 20 of fifth
selection inventive alloys of compositions shown in Tables 11, 12 and 13 with specimens Nos. 71 to 75 of inventive
alloys of the present invention and specimens Nos. 66 to 70 of comparative alloy, it is found that the fifth selection
inventive alloy has hot workability better than the comparative alloys and the inventive alloys of the present invention
have, regardless of a magnitude of each of contents of additive elements Si, Mn, Al and Mo, each in the range of 1 %
or lower. This is considered because, in such conditions, since a percent of inclusions of carbo-sulfide based (Ti,Zr),C,
(S,Se,Te), especially stable among sulfide based inclusions is large, formation of (Mn,Cr,Ni)S being a cause for hot-
work cracking is controlled. This mechanism was confirmed by actual analysis on components of the inclusions. That
is, it is found that machinability is improved in the inventive alloy of the present invention and moreover, not only
machinability but also hot workability are improved in the fifth selection inventive alloy.

[0080] Judging from Tables 14 and 15, it is found that while magnetic characteristics of specimens Nos. 9 to 12 of
fifth selection inventive alloys with Permalloy B as a base component are almost not deteriorated, machinability is
improved by a great margin when compared with the characteristics of Permalloy B alloy shown as a specimen No.
60 of a comparative alloy. While thermal expansion coefficients of specimens Nos. 5 to 8 of fifth selection inventive
alloys with low expansion alloy of specimen No. 59 of a comparative alloy similar to Invar alloy as a base composition
are also almost not deteriorated, machinability thereof is greatly improved. That is, the fifth selection inventive alloy of
the present invention to which Ti and Zr, and S, Se and Te are added so as to satisfy the condition formulae (1) to (3)
has no reduction in hot workability and furthermore, almost no deterioration in functional performances inherited from
the base alloy.

[0081] Itis found thatin specimens Nos. 17 to 26 of fifth selection inventive alloys, an effect of improving machinability
can be attained even if Cr is added with 12 mass % as the upper limit. For example, specimens Nos. 20 to 23 of fifth
selection inventive alloys with specimen No. 61 of a comparative alloy, as a base composition, which is a constant-
modulus alloy whose elastic characteristics are constant in the vicinity of room temperature, has not only good hot
workability, but also greatly increased machinability, and in addition, a temperature coefficient of a Young's modulus
is almost not affected either, thereby enabling use as constant modulus alloy in a proper manner.

[0082] Itis found that in specimens Nos. 27 to 36 of fifth selection inventive alloys, even when Co is added with 18
% as the upper limit, good hot workability and the effect of improving machinability can be obtained. Thermal coefficients
of specimens Nos. 30 to 33 of fifth selection inventive alloys with a glass sealing agent of a comparative alloy as a
base composition receive almost no influence either but the specimens Nos. 30 to 33 improve machinability by a great
margin. In such a way, even when Co is added in the range of 18 % or less, none of the effects of the present invention
changes and the fifth selection inventive alloy can be preferably used as Invar alloy excellent in machinability. The
effect to contain Cr or Co can be exerted when both elements are co-existent as well.

[0083] Fig. 16 is a graph obtained by plotting a drill boring time on alloy in Example 5 against Y in mass %. As can
be seen in the graph, when Y is less than 0.01 mass %, it is seen that a boring time tends to accelerate its increase.
[0084] While some of Examples are shown above on a free cutting alloy, the examples are shown for illustrative
purposes only and the present invention can be performed in other embodiments having modifications based on knowl-
edge of those skilled in the art without departing from the spirit or scope of the following claims.

[0085] The presentinvention can be applied to not only Fe based alloy shown in Examples, but other alloy requiring
machinability. For example, The present invention can be applied to Ni based alloy, Co based alloy, Ti based alloy, Cu
based aloy, or the like as well and when applied to these kinds of alloy, a (Ti, Zr) based compound are preferably formed
in the alloy structure by substituting (Ti,Zr)C and (S,Se,Te) for part of the alloy composition.
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Table 2
finished
hot cutting surface { chip Wos
workability | resistance[N] | roughness| shape| [mass %)
[pm)

1 O 24.5 1.12 G 0. 005
12 O 21.9 0. 95 G 0.014
813 O 23.8 1. 09 G 0.017
o4 ) 25.8 1.35 G 0. 009
Z |5 O 19.5 0.81 G 0.011
§ 6 O 21.8 0.99 G 0.017
(7 O 19. 4 0. 83 G 0. 031
§ |8 O 25. 9 1.32 G 0.019
'*é 9 O 20.0 0. 86 G 0. 011
< |10 @ 23.4 1.15 G 0. 018
NEEE! O 23. 6 1. 09 c 0. 023
EEEY) O 21,6 1. 00 c 0.014
“ 113 O 19. 8 0.78 G 0. 013

14 O 20. 5 0. 90 G 0.015

S |15 O 35. 4 1. 87 B 0. 002
=gl 6 O 26. 3 1. 41 G 0. 062
g %) 17 O 26. 1 1. 36 G 0. 017
S |18 X — — — 0. 052

* indicates
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Table 4
finished
hardness | tool ware| surface | chip| corrosion out-gas
[HRC] | loss[um] [roughness|shape|resistivity|resistivity
[ nm)

1 35 390 1.21 G A 0. 008
2 32 305 0.93 G - A 0.014
3 54 315 0.97 G A 0.013
T4 59 355 0.85 G A 0.017
w5 61 370 0. 88 G A 0. 015
v |6 32 275 0. 81 G A 0.019
S17 33 255 0.75 G A 0. 022
§ 8 38 300 0.90 G A 0.011
=19 45 310 0.95 G A 0.022
g 10 50 325 -1.02 G A 0.012
=1L 57 330.0 1.05 G A 0.014
2112 34 325.0 1. 20 G A 0. 005
‘o [13] 55 340. 0 0.98 G A 0.018
o |14 44 305 1. 06 G A 0.018
§ 15 54 335 1. 00 G A 0. 015
© 116 37 305 1.05 G A 0. 009
17 47 310 1. 08 G A 0. 020
18 55 330 0.92 G A 0.015
19 45 300 0.95 G A 0.013
2 120 36 >500 2.07 B A 0. 004
& g21 35 320 1.65 G C 0. 063
‘5‘5 22 54 340 1.72 G C 0. 048
s |23 61 395 1.57 G C 0.071
= |24 22 335 1. 39 G A 0.019
£ 3l25] 21 430 1.32 I A 0. 009
E"[26] 28 330 L11 | G B 0.013

28



EP 1431 410 A1

000 L00°0}1200°0}€20°018L°0(1€°0 ¥00 °0 291 (€09 mo..o 62 m
00°0 £10°0{600°0|610°016Z°0]T19°0 S00°0 €°91120°2| 9070 |82 m m
-t
00°0 OW8 2 12°0 {S00°0|€T0°0(88°0€2°0 1000 Y521 6°L |810°0])L2 w
25°0 900 °01500°0|S20°0{%9°0|LZ°0 Gr°'o ¢50|B'ST|€6°6]350°0(92 | =
V+N 15°0 600 "0 {900 0 |9T0 0PSO [€EE "0 81°0 IS 0{P 9T {IT°Z|TT1°0{52 m m
¢ 0 na1 '€ ¢10°01500°0]220°0)€6°0|52°0 800 CC0f2°9T1CF |2h00{¥2 o
LT°0 221100 "0 'OHZ % 600 "0 [€00 "0 {9T0°0{T%°0{2E "0 90°0 L1°0i8221 2% [v20°0)€z| &
vrd S1°0 BHZT00 "0 ‘K1 T oWz '€ |%00 0 |$000]520°0]0G 0 [1¥ 0 G500 S1°0(8'S¢|¢'8 |120°0(22 m
00°0 ONT 2 810°0]200°0(810°022°0{S¥ 0 £€°0 8°LT1E€CT]| €0°0 )12 mm
00°0 €€0°0 121070 [810°0|€6°T {620 €€°0 S'8T]98 | €00 (07 (2 m,
00°0 §20°0|800°0{820°0|€€°T{2¥ 0 10 °0 ¢8I{T1'8]500|6T]| 3
65°0 ads2 0 ¢10°01200°0f610°0]€9°012¢°0 61°0 65 0JT°LT)1%°9 [680°0(8I
111 JHLT 0 MO8 T 120701200 "0 {TT0 0 {6T°0{%0°0 170 ITT|2°LT 6L IGST0fLY
88 °0 e12Z "0 "8Jz200 0 ¢10°0}%00°01820°0)12°0]LT "2 ¥€ 0 88°0|T'61|£°GT (260091 24
81°0 A¥T 0 'd1Z 0 600012000 ITO'0{PE€0]T9°0 L0°0 B1.0/2°02|6°0T|2€0°0[ST | &
15°0 d4T€00 "0 ®1€0 "0 ‘M6 T 600 0500 0 |610 0|88 0|80 0 £€°0 1670167222 ST|1L0°0f¥pI | =
AN QNST "0 ‘1980 °0 ¥00°0]200°01200°0|¥¥2{2.°0]90°0] 8€°0" PI'T)2%2|% 02 |1P1 0| €T w...t
$9°0 NIYTE00 "0 "ML % "OWZ 'S [6€0 0 [€10 0[GT00|2€ 0]2c 040 0] 810 $2°0]25°0|9°ST )6 17 {8700 21 e
602 SNST00 "0 "9dET "0 "ONZ 2 [210 0 | %00 0 |620 0 86 0|6V °0|22°0) 250 60 218 LT |7 2T [592°0]1T]
v 10°1T BJ8100 "0 007 'T £00°0{500°0)S00°0]€2°T]6Z 0 (43¢ 10°T|2°06(6°G€ (22T 0[0T| S
L9°0 46200 "0 OW8 "G M)y 0 [#20 0 [200 0 |L00 0|83 1 [2€ 0 6170 1%2°0155°0]S5%2{9°811230°0] 6 5
121 610°01100°0)2¥0°0{81°0]1970 820 |2V '0|S0°T[2¥%g[26T({69T°0f[8 |3
201 na8 g ¥10°0{%00°01820°0{0E°0]T2°D 1€°0 0T8T L8 f1grolL |3
821 ON¥ "0 'nJ¥ 0 [T0°0 |00 0 [€€0°0[2T"0]€E"0 S% 0 82 T|6 LT ¥ 0T |TL1°0]9 m
860 ONE 'T 800°0)€00°0f610'0{2r0f1E"0 0E°0 86 °0[8°LT|6°L {BIT°0}S |,
€1°2 ’ 600 "0 {€00 "0 {800°0{2E°0{1€°0 89 °0 ET2)T'811G'84292°0({¥% |&
1€°1 L00°01€00°08I0°0[L5°0[ST 0 ¥ 0 1€ T|P6I{6°TIT]|GLT 0] ¢ |~
96 0 nog ‘o $00°0)200°0]cT0o0|6€°0]82 0 (4 96 0502|221 [811°0{ 2
19°0 £00°01€00°0]520°0[82°0]6T°0 12°0 19°0)8°8T| 86 [520°0] T
aseyd .
utew | 229 0+11 a10u N 0 d Up IS @S S 1z 1 }1.10 | N J

10
15

20

25

30

35

40

45

g °1qel

50

55

29



EP 1431 410 A1

€00 "0 v g LL7T §°5% O 6| S

n g

£00 0 v d 162 0S¥ @) 82 8 &

—

100 0> v g 88 2 2Ly O 1) 5

0T0 0 v 9 561 6 G O 9| ¢

$10°0 y 9 80 2 % 9¢ O e s

%00 0 y 9 1175 0 '8¢ O Pg fo, o

%00 0 vV 9 2% T 08¢ @) €| &

€00 0 v 9 5¢°2 L 68 \Y, 2| g

£l ¥10°0 y 9 202 2°g¢ O 1z ja g

€1 290 0 ) 9 661 §°Ig O 0z |2 &

12 $00 0 v q 9% ‘2 §Z¥ ®) 6L 3
220 0 v i) 06 1 892 @) 81
170 0 v 9 581 1°1¢ [®) LT

1000 v 9 002 € €e O 9T o

€00 0 v 9 20 ¢ 9°2¢ @) 5T | &

620 0 ] 9 96 'T 0°62 O Uil B

VED 0 v ) 16 1 682 o] €1} s,

810 0 v 9 £1°2 9°L¢ @) ARE

120 0 vV 9 66 1 £ %2 @) 1] <

1200 ] 9 97 ¢ 508 @) 01| 8

0€0 0 v 9 12°¢ 2 '9¢ O 6|

600 0 v 9 66 1 L7CE @) 813

07 S10°0 ¥ 9 881 8 62 @) A

81 00 0 v ) 187 v 62 O 9%

6T 610 0 v 9 16T 6 1€ @) S|

LT ¥20 0 vV 9 561 g 'S¢ O. AR

81 520 0 V- 9 78 1 6 0€ @ g | =
61 L10 0 v 9 26 1 ¢ 1¢ @) Z
61 800 0 y 9 502 9°g¢ O T

Utel
miﬁm.mmwum&oo >ﬁ>wwmﬂmma Kk11AT3S1S01 manm;m mwwmwwmm& momcﬁmﬂwma £r111qeyIOM| |
ployseays se8-1no UoTSOII0D 1Yo PaYSTUT] ut3ano 0y

10

15
20

25

30

35

9 e1qe]

40

45

50

55

30



EP 1431 410 A1

P65 0| 6£€0°0| L9€°0 - - - 112°0) 88°0196°S - - GZ1'0) 210°0) 1¥°0}8€°0] 800°0] %2
81G°0] 1€2°0) 8510 - - - G8¥-0| 0G°p}26°€2 - - GEZ'0| 800°0) ¥6°1)20°0) S0T 0] €2
0LE°0| 8EZ 0} 6E0°C- 80 '0: N b6°0:A EB'T:ON P6°1:001800°0( 122°0f Z€'0|€0'ET] OT0'0] 210°0) 920°0) 800°0) 81°0|6L70] ¥50°0|22
viv G| 9€2°G| 020°0 [800°0:9 €1 °0:9d 88°0:9N 28°1:IN - L22°0) 1£°0186 21 - - ¥60°0) 600°0) 12°0)LL°0) ¥S0°0| 12
8E2°0) 612°0( %0 0~ 60 "0 : N2y - L00°0) €EC°0| 62°0|1ST°€T| 600°0) 0100} 050°0f L00°0) zZz-0|18°0] 2%0°0} 02
21g'0| ¥I1Z2°0} 1¥0°0-)200°0:4 11°0:9d - - £2°0| 0£°0 |60 €1 - - 0S0°0)| 800°0) 12°0[08°0} 050°0]61 .
0Lt 0} G22°0) 010°0 - 16°0:A 98°T:0N €6°1:nD)800°0] 262°0| €€°0[90"€T| 800°0| T10°0| 020°0| 600°0) 610|620 250°0] 8T 2
602°0} 80270 110°0- - G8°0:aN ¥8°1:IN - G220 62°0110°€1 - - Lv0°0f 600701 02°0|18°0] L¥O0 .NH W
805°0) S52°0| ggoo- - - ¢10°0) ¥€2°0| 82°086°2T| 600°0] ST0°0) €T1°0) 800°0| 12°0|82°0] 190°0{97T |,
881°0) G61°0| 1€0°0 - - - 1¢°0| 1€°0|56 21 - - G%0°0 mo.o ‘0] 02°0)|62°0f L¥0°0}GT m
8v1°0) G0Z2°0| 250 °0- - - - 8G0°0| €0°0|12Z a1 - - 600°0| 600°0| 61°0{06°2| 2100 FT (S
¢82°0f Ti20| €¥0°0 - - - €12°01 680 2879 - - 030°0f L0O0Of 9€°0{EV 0| SPOO|ET m.
2LE’0| 822°0) €£0°0 - - - 8y 0| 18°% [9€ 2 - - 081°0| OTO'O| ¥6°T{€0°0| OTT"0(2T =
€pe 0] 1€0°0| 0900 L0°0:WIY €6°0:A 6L T:ON 16°T:nD{800°0| 122°0| 62°0(80'ECT| 0T0°0| 2T0'0{ 02070 600°0( 61°0{8L°0| L00°0{1T s
6¥2°0| PPO'0| 6£0°0 |600°0:9 €1°0:9d 98°0:9N S8 'T:™N - LZZ2°0) 82°0(L0 €T - - LS0°0| L00°0| 02°0(6L°0f 0T0O°0}OT m
9€2°0| I€0°0| LPO°0O- 80 "0: WAy - L00°0| €€2°0] 2€°0 |22 €1 600°0( OTO'O( 0SO'O L00°0| 0Z2°0)82°0} L00°0] 6 s
212°01 9€0°0| 1v0°0-[800°0:9 2T 0:9d - - 8€2°0( 627081 €T - - 0S0°0| 600°0f 61°0/62°0) 800°0f 8 ]
0ge 0| sZoa| ofoo - €6°0:A 08 'T:ON 26 T:NJ(BO0 0| 422°0| T€0fIT°€T| 800°0{ TT0°0} 0200} 600°0) 871°0)22°0] 900°0] 2 o
112°0| ¢k0°0| 600 0- - L8°0:9N 28'T:IN - GZ2°0( 0€°01G0°¢€T - - 8v0°0| 800°0] 61°0]/82°0) 600°0| 9 |~
G02°0{ L50°0( 25070 — - - 682°0) 62°0)10°¢T - - 6v0°0f 010°0} 6T°0)6L°0] P10°0) §
G8E 0| €20°01 250°0 - - - GEZ°0) 8Z2°0)12°¢T - - 060°0) 800°0) T2°0yLL°0| S00°0] ¥
091°0f 1S0°0f G0 0- - - - 850°0) 207042 g1 - - 600°0| 800°0) 81°0j28°Z| €00°0| €
282°0) 920°0} 2¢€0°0- - - - €12°0) 26°0| GL°S - - 090°0| 600°0] 8€°0]1F°0| 900°0] 2
862°0} V00| €£0°0 - - - P8V 0| GL V|12 %2 - - ¥r1°0| T10°0} 26°1(20°0] 9100} 1
A/X X/) o ¢ 8jou 1 8j0u A Tl v ) 8l a3 S d YR 1S N
ARG
S o R N 8 8 ? 2 B

55

31



EP 1431 410 A1

Ly 1} GLZ2°0) L2870 11°0:4d - - L8T°0| 1e°0f LT°€l - - €EC'0( 80001 12°0(8L°0) 150°0{.%
8GL°0f S11°0| €8L°0 800°0:4 98 T:IN - 681°0| 0£°'0| 8621 - - 691°0| 600°G| 81°0(8L°0} 220°0{9¥% |,
106°0| 110°0| S8% 0 - €8 °0:9N 020°0| L8V 0 62°0| 8OET| - - 1870 L00°G| 12°0{LL°0( 500°0(G¥ m
09870} L12°0| 121°0 - $8°0:A - Sve'0) oc'ol 10°€T - - L62°0) 600°0| 02°0|6L°0( 960°0(P¥ (2
L59°0) 210°0] 8¥Z2°0 - 68 "1:0 - 082°0| 1E°0| ¥0°¢cT - - 165T°0| TT0°0f 0Z2°0j08°0| €0Q0|€EF m.
161°0) 92Z2°0] SLT°0- - 18°1:1) - G51°0| 82°0| 60 €T - - €20°0| 600°0| 61°0|9L°0| SE0°0[2Z¥ {w
LET0) 8E0°0) SOT 0- - €8°T:IN - §90°0( 62°0| TI°ET - - 600°01 L00°01 0Z0(8L°0[ 0Z0°0[I¥ m
00T°0f G81°0) S10°0- - - - €12°0| 1€°0) 12°€T - - 120°0| 600°0{ 12°0]6L°0] 6£0°00F% [~
00T°0} 1200} 20070 - - - 081°0] €e"0| Gv €T - - 810°0| 0T0'0] 2Zz0|18°0| €10°0|6¢E
5850} 0,0°0} 88Y°0 - 68°0:A €6°1:0N 88°1:nD} 010°0| pLI'0O| 62°0| 12°€T| 600°0] 800°0] 660°0| 800-0| 12°0l6L 0] €100 8¢ -
€66°0] 920°0) 9IS°0 - 88°0:ON €8°1:1IN - 181°0) 82°0| 81°¢€1 - - L0T°0y 600°0) 02°0|LL°0O) ¥TIOOfLE ]S
853°0| SE€1°0| S99°0 - — 110°0f 950°0| 20°0) Sv"¥1| €00°0) 600°0] S€0°0| 010°0] 61°0]88°2| 800°0|9¢ ..m“m
LL6°01 L2070} 0.9°0 - - - S81°0] €6°0f L8°S - = 181°0f 600701 LE°0{27 0 S00°0|GE |en
63601 (V20 £6F°0 - — - 08r°0| S8°F| 05°EZ - - S9% "0} 800°0) 16°1|20°0] 611°0%€ M-.W.
96€°0| 102°0f 1120 80 "0 N3y €6°0A £6°T:0N 68°1:nD | 010°0] €61°0f 62°0) 91°¢T| 600°0) 110°0] 220°0] 2000} &1 ‘0f6L°0[ 0v0'0]€E S
2€2°0| 860°0| 6020 (600 0:9 &I 0:9d L870:9N §8°T:IN - 102°0) 0£°0} 01°€l - - Ly0°0) 600°0) 12°0)8L°0] 0zZ0°0)2€ W.
99€ 0| 9610 $S0Z°0 L0 "0 WAy — 600°01 002°0| 62°0| €0ET| 600°0) 600°0} 690°0) 600°0f 0Z2°0]2L"0] 0bO0O| 1 iy
VEZ 0| SO01°0| 12Z2°0 |£00°0:4 €1°0:9d - - 602°0| 1E°0( 96721 - - 6v0°0f 2T0°0} 02°0(8L°0] 220°0}0E | S
L9G°0| L61°0f 10v°0 - T6°0:A T6°T:0H 68°1:03| T10°0{ S02°0( 0£°0| 26°21| 800°0( 010°0} ¥11°0] 010°0] 12°0|8L°0 Z¥0°01 62 m.
6v2°0| €21°0| 6v2°0 — G8°0:A 98 °T:IN - 0lz'0| 1€°0f L0°€T - - 250°0] 600°0| 02°0|6L°0} 920°0}82 a
698°01 182°0] 11170 - - 600°0[ 961°0| 6Z2°0| TOEI| 110°0| €70°0( 921°0| 600°0{ 2Z2°0{2L°0| 250°0) 22 @
91.°0| 820°0| SIF'0 - - - S02°0f 82701 S0°€T - - Ly1°0( 800°0) 02°0|9.°0( 900°0192 |3
L62°0| 250°0| 9210 - — - 83001 20'0| $0°9T - - L10°0( 600°0| 61°0(16°2] €000]5z |~
A/X X/ o ¢ 81ou [ 830U - 1z 1L v 9 8l as S d Ut IS 2 N
8 21qeL
o S o R N 8 8 ? g B 3

32



EP 1431 410 A1

86¢- 9. L-GT1 L9 Ly T 6 11| SO°'T | ¥2
18€ LL 8 V1 6¢1 ¥ '1 86 ¢l 8T'T |€2
1€- ¥8 0°61 98 68 0 G621 | 89°¢ |77
02— a8 191 €L 86 0 €621 | SL°€ |12
LG— 98 ¢ 9T 69 L8°0 6V 21| 19°€ |02
1L- 18 ¢V 18 68 0 ¢G21| 29°¢ |61. "
81— 08 961 98 G8°0 09721 | €L°E |8T|¢
1¢- 08 ¢Sl Gl 8L°0 96 C¢1 | €L°€ | LT W
8L- Z8 971 69 €8°0 €S CI| TL°€ 19T o
89— £8 961 69 18 °0 66 ¢l | LL'E [SI mL
yS- LL 8 GT 78 160 T1S°2T{ 83°€ |[v1 |8
1€€- 08 € ST €8 76 0 1721 { 85G°¢€ |€1 w.
£9€ €L 861 0ET 18 °0 0€°TT | 16°¢ |21 e
LT- £8 ¥ 91 9. €6 °0 Sh 21| sog |11 |3
£2- 68 971 18 1670 | Jp2l] G9°¢ [o1]2
86— 18 L 91 L9 88 0 €ESCI1 v9°¢ [ 6|3
oh- G8 8 V1 89 98 °'0 Ly2l) 19°C |8 |m
SI- 6L 191 é8 08°0 97l 2Le L8
El- 18 G 91 18 ¥8°0 09°21{G6Lefo)|™
yE- 78 991 89 L8°0 9¥ 21 ] 61°€ | G
0F- €8 891 89 g8 °0 8P 21| €G°C | ¥
89— IL €91 G8 GL°0 8GCT ) 18°¢ | €
G1e- £8 9491 L9 66 "0 G621 ] 8L°¢€ | 2
8EE GL €91 cel - 160 8€ 2T ] 6G5¢€ |1
(AU) (%) (998) (oG- | (wo/v)oH| (93)*'a | (9) 'd
Terjuajod |o1lex Suryiom )
Surgytd pioysaiyy out m:.ﬁop N
»HMMMWMMMWM 32%%%%83 £1111qRUTYORY 3ow>.wp@ommwmmmn S0T1STJI810BIRYD OT3}ausew

10

15

20

25

30
35

6 91qel

40

45

50

55

33



EP 1431 410 A1

8L1- 89 9°6 1. €8°C [ FOTI[ 2870 [2F
GST- G9 §Z1 6L 88°C [ SITI[| S€°0[97%] .
gel- £9 V2l 4 29t | TLIT| 6870 |GF |3
£6- 69 G 0T £l ¥8'T | %621 | S50 || =
2L- 29 9°61 8. 8T | 01°21] 29°0 €V %
86— 99 8 LI L1 69T | %22l €870 (27| w
09- @) VLI 18 8S°T [ €V 2| ¥ I (Ih|&
8L- 89 G 8l 08 19T | 8621 G6 0|07 |
69- 1. £ LT 89 €11 | v el| 121 |6¢
9¢- L1 € GI 98 6V°1T | 2L IT| 00T [8E|
eh- 9L 871 Z8 18T [ 29°T1) 860[L8]¢
LOT- ) 8 €l 78 80z [ GE'TT| 18709
5E6- 1. 60T 69 €22 | 9€TI[ L0 [%¢8]
7ee 8. 50T el GY'T | 2L°11] 860 |¥E | =
€- 6L GqT 98 2T | 8Tzl s1T1f¢e]s
91 28 € Pl 28 c€'T | 8T ar| ¥11]2€]s
8¢ 6L VGl 89 06T [ 02°2L| 9TT[TE|w
GI- 08 191 89 €T [ orzi| T 10E|3
- ) T 71 .8 19’7 | 88T 20T [62] =
Z 9l 8 Gl £8 Vel | 2le1| €11(82]3
89- 08 6 €l 69 LT | 821 12 1{Lg]e
68— ) 2 vl 89 6V T | 98TI| €0°1(92]5
89 08 G 9T 73 €61 [ S€er| ezTlse|”
(Aw) (%) (98s) @og-m) | (wo/v)oH[ (o) e | (o) 'd
[eTiuajod |oTIex Bulyiom )
Sur121d proysaIy} awll Sutroq ON
>MMWMWMWMMM Eﬂ%_momofoa £31TTqeuTYoRH Sow>.ﬂﬂommwmmma i —

10

15

20

25

30

35

0T °19qz]

40

45

50

55

34



EP 1431 410 A1

| L00°0] £10°0| 120°0| ¥¥6°2| 8€T°0| 2872 91070l 20°0| 00°0| €00 | 9¢ ¥ | 80 18| 8000 0100 510°0| S00°0] 960 82 0| 8€0 0[9Z

| 192°0) 1900 p60 0] ZSE€ 0] ST0°0] Y¥E 0] LT0O0] €0°0| 00°0} 200 | Y. 'TT| €9 €L} 800 0| 6000} 880 0| Y00 0| 1% 0| €6°0( 120 0]S%

| LLV 0] €61°0] 520 0] 250 °0| 000 0| 2500 §96°0| 10°0| 00°0| €0°0 | 1211 15°9L| 500 0| 000 220-0{ S00-0{ 6¢-0{ 12°0| 010°0[¥2

| 8500 821 0] £10°0] 622 0] 9000 9Lz 91570 20°0] 00°0| £0°0 | €6°G | 88 °T¥] £00 0| 500°0] 0T0°0| €000 Lv 0| 63°0| 620052

{ ¥11°0| §12°0] 851°0| 88¢ 1] 5000| 88°€| €25 0] 10°0] 00°0| ¥0°0 | ¥1°G | €1 25| 90070 11070 231 0| £00 0| ¥¥ 0| 15-0| 862 0|2z

I ¥21°0] 9900/ L20°0| 812 0| 500 0| 5122| £05°0| 20°0| 00°0] 20°0 | 95°G | €9 T¥| 200 0| 000 0| 520 0| 200°0| 87 0| 98°0] ¥10°0| T2
| 121 0] 2€0°0} 2200 £22°0] L00°0| 611 °Z) 215°0] £0°0| 00°0] €0°0 | 127G | 80 °2¥| 0000 000 0| 220 0| ¥00 0| 9% 0| €5-0| 200 0|0z

{ £10°0| 110°0| 880 0| 688 'Z| 960 0| 6£8 2] 970°0 20°0] 00°0] 200 | 9% ‘11| 83 02| S00 0| ¥10 0] 1€0 0| €00 0| €670 80°0| 2€0 0| 61

 20¢ 0| 690°0] £60 0| 20€ 0] £20 0| 062 0] £10°0] 10°0| 00°0] £0°0 | 29 11| 2102 8000 210 0] 980 0 Y00 "0 17°0| 26°0| 120 0|81

| ¥BY 0| 9210 0£0 0| 190°0] 000 0| 190°0f 026°0] 20°0| 00°0| £0°0 | 2€ 11| 9% 0Z) 600 0] 000 0] 220 0| £00°0] ¥ 0| 60-0] 110 0| LT

L10°0| 6000 600 116°2f ¥80°0| £987g] 110°0] 20°0| 00°0| 20°0 | 20°0 | £€ 18| 000°0] 1100 S¥0 0] ¥00 0] 83°0] 20°0| 920 0| o1

i Ec 0 €60°0| 921 0| 262 0| 9€0°0| 8.0 Y100 10°0| 00°0| $O'O | 50°0 | 1718 2100 0000 €21°0] G000 650! 96°0| 820 0| §T

forte eatjusaut; LL¥ 0] 221°0] 651 0| aT€ 0| 110-0] 90¢°0] 21070} 20°0| 00°0| £0°0 | $0°0 | S€ ‘18| 0000 800 0| 9¥1 0| 2000 €6 0| 80°0| 860 0|71
HOT198T3S WY 16v 0] 952 0| 820 0| 850 0| 000°0| 8500 216°0! €0°0 00°0| €00 | €0°0 | 82 18| £10°0 000 0| 5200 5000 L& 0| 010} 5100/ €T
; GLO0| vLO°0] 21070 €9T°0 €10°0 98T °0; L10°0i 20°0| 00°0| 20°0 | £0°0 | 1€°9%| 000 0] 110 0] 200 0] €00 0] 2¥ 0! 1170} 210021

| 891°0 $L2°0| £20°0| 8S1°0| 110°0| 241 -0 €10°0/ 10°0| 00°0| ¥0°0 | 10°0 | 92 Ob| 600 0] 010°0] 020 0] $000| £ 0| ST 0| &v0 0| 11

' 891°0] £60°0] #20°0| €51°0| 21070 .71 0| 9100 20°0] 00°0| £0°0 | 20°0 | 82 'S¥| €10 0| 000 0] 120 0] #00 0] BE 0] 91°0] 510 0] 01

 v91 0 6€0°0] 920°0[ 191°0| T10°0] s51°0| €10°0{ €0°0| 00°0| €00 | 10°0 | ¥9 57| 000 0| 2100 1200| 5000 6E 0| £T 0] 900 0| 6

 290°0| £€80°0 110°0] 281 0| &11 0| v21 0] 2000 20°0| 00-0| 20°0 | €00 | ¥¥ G€| 000 0] 000 0] 1700 200°0| 250| 11°0] S10°0] 8

{ 172°0| 90€ 0| 102 0| €96°0| ¥€0 0| G€6°0{ €000 20°0| 00°0( £0°0 | €00 | 12 9€| 8000 010 0| 961 0| £00°0| 70| 21°0| 262 0| 2

. 9610} 280 °0) 8800 P6T 0| £10°0| 281°0| £00°0] €0°0{ 00°0{ 200 | 20°0 | €1 9€| 000 0| 600 0| ¥€0 0| 100°0| 8% 0| ¥1 0| 9100] 9

| 202 0] 150 0] 6£0 0| 287 0| 0000 81-0] 2000 00| 00°0| 2070 | %00 | 68 'S¢ 800 0| 000 0| 2£0 0| 200 0| 15°0] 60°0] 0100 8

v20 ‘0| 600°0| 1.0°0| €p6 2| €010 688 2| £00°0| 10°0| 00°0| €00 { €00 | 80-0z| 200 0] 900 0 990 ‘0| £00 0| 8% 0| S6 0] 920 0| ¥

€9€°0] LL0°0] 9800} LEZ 0| 1€0°0] 122 0] £00°0 £0°0| 00°0| ¥0°0 | ¥0"0 | ¥E 02| 9000 0000 S80 0| 900 0| 6£°0| 01 0| 810 0| €

€8p 0} LP1°0} 201°0] 212°0| T10°0| 90Z ‘0| %000l 20°0| 00°0| €0°0 | €0°0 | 18°02{ 000 0| 800 0| 660 0| 00 0| 26°0| 80 0| 1€0 0| 2

, 88V 0] 912 °0| 920 °0| £50 0| 000 0| €50 0| 2E6'0; 20°0| 00°0| €0°0 | S0°0 | 89°0z| 0000 000°0| 920 0] €00 0| €2°0| 80 0| 510 0| 1

srewar px/k | x/0 | & X |92 | W | W | oy o 1 | IN |8 | a8 S d || IIs| Do
IT °19BL
o S d S 8 8 3 3 3 3

55

35



EP 1431 410 A1

! 1200 910°0| 290 0| 962 L51 0| 588 2] 810°0] ¥0°0] 00°0[ €0°0 | 200 | 9102 000 0] 000 0] 290 0] ¥00 0] £2°0] 0Z 0] L¥0 0| 28
! €200 5010 11070} 8v€ 0| 6100 8e€ 0| 11070 S0°0[ 00°0| 2070 | 500 | 850z 000 0| 000 0| 110-0 9000 08 0| 200 ££0 0|18
{14170 $81°0| 18270 885 1| 020°0 825°1| 800°0] 26°9] 00°0| £0°0 | €00 | 6¥ 02| 900 0 2000 222 0] 00 0| 620 80 0| 262 0| 0G
| 691°0] 20 °0f 950 0| 1£€°0| 120°0| 02€ 0| ¥10°0] €0°0| 15°9] 20°0 | ¥0 0 | ¥ 0Z) 6000 0100] 030 0| £00-0| 95°0] £0°0] 720 0l 6v
T9€ 0| §20°0{ 0L0 0} ¥0Z 0{ 870 0 610 110°0} £0°0| 000 070 | €8 11| 8¢ 0Z] 1700 000 0] 290 0] ¥00 0| 1€°0| 26°0| 810 0| 8%
€87 0| £51°0| 4200} 950 0| 000 0| 950 0| 8260} 200 00°0| T 21| €00 | ¥2 02| 0000 010 0] £20 0| S00 0] €5 -0] 20 0| 600 0| L
1€0 0| 910 0| 060 0| 206 2| 681 0| 08 2| 210°0} 20°0| 00°0| ¥0'0 | 500 | ¢ 18| 000 0] 800 0| 280 0| G006 0] €6-0| 90 0] 90 0| 9%
| $22°0] £50°0] Tv0°0] 281°0| 210°0] 9L1°0] L10°0] €6°2| 85°€| €00 | €0°0 | 6 18| 800 0| £00 0 9€0 0| 900 0| T¢-0| 16-0| 010 0l 5p
| 980 0] £22 0| 620 0] 650 0| 000°0] 650 0| T¥6°0] 2¥¥| 10°2| ¥O'0 | S0°0 | €118 600-0| 000 0| 920 0| 00 0| 820] 91 0| £10 0l 7p
| 690 0| 651 0| 010 0] 5£1°0] 1100 691 0] 500°0] 9% €] 1S¥| ¥0°0 | 500 | 9¢ ‘8] 000 0] 000 0] OT0 0| £00 0] 05 0| 50| 820 0| &¥
L12 0| €92 0| 21€ 0| L2 "T| 110°0| 121 '1| ¥00°0] 18°€| 9% '¥| P00 | ¥O 0 | ¥6 22| 600 0] 200 0] 20€ 0| £00 0] 15°0] 20°0] 962 0l 2p
182 0| 2910} 4¥0°0| 191 0| 010 0| 951 0| €00 0| 65°¢| 85¥%| €0°0 | ¥0 0 | ¥1 8L| 000 0| 900 0] €50 0| €00 0| 05-0| 9001 9200 1%
foy1e aatyusauti $82°0] 1200} L¥0 0} 9910 210°0| 09T 0| L96°0l 87 €| 85%| ¥0'0 | £0°0 | 82 8L| 000 0| 210 0| Z50 0| ¥00 0| 25 0| 80 0] 210 0l op
HO1308138 I313! 910°0) 210°0| L¥0 0| ¥16°2] 902 0] L0872 ¥10°0] €00 00°0] £0°0 | 200 | 22 02 200 0| 9000 z¥0 0| 900 0| 26°0| 20°0] 520 0l 6¢
. 81€°0| 620°0 ¥€1°0| ¥2¥ 0| £20°0] OTF 0] 90070 SS'1! 28°9| ¥0 0 | £0°0 | 15°02| 800 0] L00 0| 621 0| ¥00 0| 1€°0] 96°0| €20 0| 8¢
. 89p "0 ¥91 "0 ¥20 0| 150 0] 0000 1500 116°0/ £€3°9; ¥82| 00 | £0°0 | £9 02| 800 0] 200 0] 6100 500 0] 8 0] 60°0] 800 0| L6
| 610°0] 910°0] 50 '0[ 6.8 9e6 0| 26¢ ‘2| ¥00°0! 20°01 00°0] 9,72 [ £0°0 | 9. 18] 000 0| 600-0] 150 0] 5000| 160 8T 0] 9%0 0] 9¢
| LE€ 0] 58070} 9110} £v€ 0| 220 0| 2€€ 0| 500°0] v0 0! 00-0[ €L°G | 20°0 | 118 2100 800 0| 601 0| $00 -0 2b 0| ¥6 0| 620 0l G&
| v o[ 881 0| 20 0] v50 -0 0000 ¥50°0| 2€6°0] 20°0| 00 0| 8521 €00 | €v0Z| 800 0 000-0| 220 0| 300 0| 1601 80| 070 03c
| 6€0 0| €€T°0| 110°0| 822 0] 21070 2220 ¥00°0| £0°0] 00°0| £9°G | €0°0 | 92 'Z&| 010 0] 600 0] 500 0| 500 0| 020 €1 0! 280 0l ce
' 6v2 0| 8¢z 0| 8o 0 sez 1] £10°0| oez 1] €000 20°0] 00°0| 2675 | 1070 | €1 2¢] 110-0| 600 0] Z0% 0| €000 12 0| 01 0] v6z 0l 25
: €62 °0| 2¢1°0] 550 0| 8¢2 "0 600°0| £€2 0| £00°0[ 20 0| 00°0| ¥2'G | 20°0 | ¥O 2E| 5000 900 0| 250 0| $0O O] 610 $1 0] 160 0| 1
191 0] 830 0| 2€0°0| ¥iz 0| 000°0| 712°0| $00°0] £0°0[ 00°0| 155 | 200 | 2¥ 2¢| 000 0 000 0| 20 0| 500 0| €2°0| 21 0| z10 -0l o6
|_£20°0| ¥10°0| 820 0| 506 2] 011 0| 88 72| 500°0] €0°0| 00°0] €L 21! 900 | 8¢ 0z 000 0| 170°0| ¥20 0| $00 0| 26 0| 80°0| 150 0|62
| 1850 9800 111 0| 162 0] ¥10°0| ¥82°0] £10°0| ¥0°0| 00°0| ¥E 21| £0°0 | 8 -02| 200 0| 800 0| Go1-0| 5000 B ol %50 520 0| 82
| z8v 0| 80z 0| 220 0| 550 °0] 000°0] 530 0| T¥6 0, 20°0| 00| S5 11| 700 | 17 02| 800 0| 0000 5200l 5000l T80 L0°0| 110°0{ 22

Jewax /A L xo | & X { Jz | w1y | moflow| o] 3| | e | 8s | g d |w|1ws] 2
: ¢l 81qe]

- 2 o S 2 8 5 S 2 B

55

36



EP 1431 410 A1

L€0°0) €00 °0{ 6010 £96°2 000°0| €562 ¥10°0] €0°0| 00°0| £0°0 | ¥0'0 | S1'18| 000°0| 000 0| 601 0| %000l 16°0] 80°0[ 600 0[5
V25 0| 882 °0] 0€0°0[ L50°0] 000 0| L50°0{ 216°0| €0°0| 00°0( 2070 { 00 | 2.7°02| 0000 000 0] 0£0°0| £00 0] §2°0] 600 910-0| pL
Ko aartusAur €5°0] 9L1°0| PEO 0| ¥90 0] 0000 ¥90 0 2560 20°0| 00°0| €00 | 85 11| 62 02| 0000 000 0| v€0 0 ¥00 0] 6% 0] 20-0] 110 0|cL
€250 112°0) 0€0 0] 850°0| 0000 850°0] ¥88°0] 20°0| 00°0| 12 21| £0°0 | S1°02| 0000 000 0] 0£0 -0 €00 -0 S€0] 900| 210 0| 2L
8€ '0; €20°0 £21°0 182°0| 000°0| 1820 210°0f 20°0| 00°0| €0°0 | €0°0 | €2 18] 000 0| 000 0| €21 0] ¥00°0| S50 16°0] 120 0| T2
Lig 0} Lv0°0| ¥¥0 "0 8910 0000 8ST°0 L00°0] 25°€({ 1S'%| €0°0 | ¥0°0 | S0°8L] 000 0] 000 0] ¥¥0 0] €000 15°0] 200! 200 0|0
¢19°0| S€0°0] 222 2| 2IL"€| 0000 2TLE| L00'0} 20"0( 00°0( €S | 20°0 | S€"2e| 000 0] 000 0| 222 2| ¥00 0| 520| 11°0] 081 0| 69
811°0) 910°0| €€ 0| £29°¢| 000°0| €29°¢[ 8050 20°0 0070 €070 | 21°G | L0 2| 000 0| 000 ‘0| €€% 0| %00 0 8%°0| 1570 650089
68€ ') €20°0) 192 2| 6V6 0] 0100 ¥¥6°0] 110°0] 00| 00°0| 2070 | 20°0 | ¥8 G| 000 0| 210 0| 292 2| 900 0| 1v 0| ¥1 0] 220 0| L9
9€L 2| 820°0| .82 2| 9£8°0| 000 0] 98 0| £00 0] Z0"0| 00°0| 20°0 | €0°0 | 68°GE| 000°0| 800 0| ¥82 2| £00 0| 6% 0| 80 0| £20 0|99
170 0| T06°0] 800 0] $61°0| ¥10°0 8810/ 600°0{ 20°0| 00°0( 00 | €00 | 2¢ 18] 000 0] 000 0] 800 0] S00 0| 2 0| 50 0] £00 0| 5o
?mmmmsoo 8€0 0] 288 °0| 800 0] T12°0[ 000 0| 1130 080°0] T0°0| 00°0| 20°0 | 20°0 | €0 12| 000 0| 000 0| 800 0] 2060 1¥-0! €00 900 0l $9
€£0 0} 956°0) 900°0] 88T 0| €10°0| 181°0| 800°0j Z¥ €| 15°%| €0°0 | 20°0 | €1 8L 000 0| 000 0| 900 0| 900 0| 28 0| 00| 800 0| €9
SbP ‘0] L91°0] £10°0| 0£0°0} 000 0| 0£0 0} 600°0| 20°0| 00°0| ¥0'S | €00 | 1€ €[ 0000 0000 £10 -0 200-0| ¥2 0| 120| 200 0| 29
%00 0| ¥00 0| 5000 28% '3 10€°0| Sz€'Z TIS'0; £0°0( 00°0| £0°0 | 21°S | 81°2k| 0000 000 0| 5000 900-0| 17 0| 25 0| 500 0| 19
€09 0] 209°T| £00°0| $00 G} 000 0| 5000 210°0| €0°0| 000| £0°0 | €00 | 85 9% 000 0| 000 0| £00 0| 900 0] 6€ 0] 90 0] 900 0l 09
bb0 0| €0T "0} 600°0] $0Z 0| T10°0| 861 0| 600°0| 20°0| 00°0 20°0 | €0°0 | £z 9¢| 000 0| 000 0| 600 0] 500 0| 87 0| 91 0 500 °0} 65
6200} 810°0) €90°0] L2872 950 0| 8¥8°2| 1100} €0°0] 00°0| 070 | 20°0 | €5 18] 000 0] 000 0| £90 0| #00 -0 1€ 0| i0 0 250 "0 85
8F0 0] bL1 0| ¥10°0| 20£°0) 210°0) 9620} 210°0] £0°0| 00°0] €00 | S0°0 | 5€ 18] 000°0| 000 0] ¥10-0] 5000 ¥%-0| 90 0| £50 0| zg
Aorte aatjueaut| IE1°0| €62 0| S91°0{.952 1| £10°0| 6¥2'I| 120°0] 16°Z| ¥2'1| 66T | ¥»'1 | 29°18| 800 ‘0] L00 0| 091 0] 900°0| 20| 1¢ 0 £62 '0| 99
UOT103T8s HI3TI| 8ay -0 €21°0{ 1500 €2€ 0| 1100 L1€ 0| 0T0°0| €00| 22 3] €0 0 €0°0 | LZ2°18| 60070 000 0} 6%0 0 00 0| 26°0) SI°0) OF0 0SS
¢81°0] €500} 8£0°0| T12°0) T10°0] S0Z°0| €10°0] ¥0°0| 00°0| 68°9 | ¥0°0 | €F 18 000 0| 800 0| 5€0 0| G00 0| 2£ 0| 16-0| 110 0|75
6L "0} 9ET 0] 8200} 850 0| 000°0] 8500 S06°0] ¥0°0| 00°0| €7°2 | £0°0 | 10 18 0000 000 0| 8200 00 0| €z 0| 1z 0| 800 0 €3

j1ewal X/k | X/D A X Iz 1] v | np [ oy | o) I ™ 8] ag S d Uy | 18 4]
€1 °1qe]l

© e L Q & S 3 S ? 3

55

37



10

15

20

25

30

35

40

45

50

55

EP 1431 410 A1

Table 14
o thermal temperature magnetic characteristics
(hot (machinability) . coefficient *
warkability) | boring time cgg;?:;::t of Young’ s [ gy | BS | B10| uxm | He remark
modulus
(sec) (x1077/K)| Q05K [ MMM (M {(A/em
1 O 16.7 - et —~ ) - - - —_
2 O 11.3 - - - = | = — —_
3 O 10.9 - - ~- | — | = — —
4 o 10.7 - - -] — | - — —
5 0 20.4 7.57 - ~ | = - — —_
6 @] 21.5 7.21 — ~ | | - —_ -
7 @] 14.3 7.86 - - — ] — — -
8 O 271 8.22 - - -] - — —
9 O 28.5 - at 1.05 }1.30 | 1.39 [ 26,100 | 0.14
10 0 23.9 — — 0.99 |1.25 | 1.36 | 25,900 | 0.16
11 @] 28.3 - - 0.92 §1.19 | 1.31 | 23,500 | 0.17
12 O 29.3 - - 0.95 |1.21 | 1.33 | 24,500 | 0.15
13 O 17.4 —_ — -~ | - - - -
14 O 12.0 -— — -y - — — —
15 O 12.3 - — - = — — —
16 O 14.8 — - - | - - - -—
17 O 15.4 - —_ - = | - — -—
18 @] 11.2 -— — - | = — — —
19 O 14.8 -—_ — | — — — -—
fifth
20 o 265 — *1 A N _ - selection
21 ) 26.4 ~ 1 — | -] —| — | ~— | inventive
alloy
22 O 17.5 — 1 -y — | — — —
23 O 26.8 — +1 - -} = - —
24 O 13.8 — - =1 — — —
25 e} 11.3 — — i B — —
26 O 18.6 — — - — | — — —
21 O 12.1 - — - | — | — — —
28 o) 9.1 — — i e il
29 O 9.4 - — - — | — — —
30 O 12.1 4.92 — - — | — — —
31 @] 9.7 4.35 - - — | — - —
32 O 10.4 5.03 — -] -] — — —
33 O 17.8 4.55 — -] =) — — —
34 O 12.8 — — - — | — - —
35 O 16.8 —_ — - =1 — — —
36 @] 18.8 —_ —_ - — | — - —_
37 O . 13.5 — — - -1 = - -
38 O 9.9 — —_ -] = — _— —_
39 O 14.3 — - - — | — — —
40 O 18.2 —_ — — | — | — |124,000]0.015
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Table 15
(hot warkability) (machinability) thermal expansion temperature magnetic characteristics remark
boring time (sec) coefficient (X10-7/ coefficient of
K) Young's modulus
(10-5/K)
B1(T) | B5(T) | B10(T) | um (T) | Hc (A/lcm)

41 @) 24 4 - - - - - 121,000 0.013 fifth selection
42 o 13.2 i i - i - | 112,000 | 0.017 inventive alloy
43 (@) 27.9 - - - - - 120,000 0.014

44 O 26.8 - - - - - - -

45 (@) 12.6 - - - - - - -

46 O 13.3 - - - - - - -

47 @) 13.2 - - - - - - -

48 (@) 10.2 - - - - - - -

49 (@) 12.5 - - - - - - -

50 (@) 10.8 - - - - - - -

51 (@) 15.9 - - - - - - -

52 O 1.3 - - - - - - -

53 @) 22.3 - - - - - - -

54 (@) 231 - - - - - - -

55 (@) 18.3 - - - - - - -

56 (@) 17.6 - - - - - - -

57 (@) 20.6 - - - - - - -

58 O 15.1 - - - - - - -

IVOLY LEY | d3
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Table 15 (continued)
(hot warkability) (machinability) thermal expansion temperature magnetic characteristics remark
boring time (sec) coefficient (x 1077/ coefficient of
K) Young' s modulus
(105/K)
B1(T) | B5(T) | B10(T) | um(T) | Hc (A/cm)
59 O 27.4 7.76 - - - - - - comparative alloy
60 @) 25.8 - - 1.13 1.35 1.42 28,300 0.12
61 (@) 27.6 - +1 - - - - -
62 @) 19.1 4.21 - - - - - -
63 @) 33.8 - - - - - 12,600 0.013
64 (@) 20.8 - - - - - - -
65 (@) 254 - - - - - - -
66 X - - - - - - - -
67 X - - - - - - - -
68 X - - - - - - - -
69 X - - - - - - - -
70 X - - - - - - - -
71 A 11.8 - - - - - - - inventive alloy
72 A 12.7 - - - - - - -
73 A 15.3 - - - - - - -
74 A 16.8 - - - - - - -
75 A 12.9 - - - - - - -
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[0086] Particular aspects of the present invention are as follows:

1. Free cutting alloy wherein a (Ti,Zr) based compound is formed in a matrix metal phase, and said (Ti,Zr) based
compound contains one or more of Ti and Zr as a metal element component, C being an indispensable element
as a bonding component with the metal element component, and one or more of S, Se and Te.

2. Free cutting alloy according to aspect 1, wherein said (Ti,Zr) based compound is formed in a dispersed state in
said matrix metal phase.

3. Free cutting alloy according to aspect 1 or 2, wherein said (Ti,Zr) based compound contains at least a compound
expressed in a composition formula (Ti,Zr)4(S,Se,Te),C,.

4. Free cutting alloy according to any of aspects 1 to 3, containing one or more of Ti and Zr such that Wy; + 0.52
W, = 0.03 to 3.5 mass %, wherein Wr; and W, denote respective contents in mass % of Ti and Zr; and one or

more of S and Se in the respective ranges of 0.01 to 1 mass % for S and 0.01 to 0.8 mass % for Se.

5. Free cutting alloy according to aspect 4, constituted as ferrite containing stainless steel containing: 2 mass %
or lower, including zero, Ni; 12 to 35 mass % Cr; and 0.005 to 0.4 mass % C.

6. Free cutting alloy according to aspect 4, constituted as martensite containing stainless steel containing: 2 mass
% or lower, including zero, Ni; 9 to 17 mass % Cr; and C satisfying the following formulae:

0.375 (Wg + 0.4 Wg, ) <W < 1.5 Formula A

and

0.125 (Wy; + 0.52 Wy, ) < W < 1.5 Formula B

, Wwherein Wq;, Wz, W, Wg and Wg, denote respective contents of Ti, Zr, C, S and Se, all in mass %.

7. Free cutting alloy according to aspect 5 or 6, containing 2 mass % or lower, including zero Si; 2 mass % or
lower, including zero Mn; 2 mass % or lower, including zero Cu; and 2 mass % or lower, including zero Co.

8. Free cutting alloy according to any of aspects 5 to 7, containing one or more of Mo and W in the respective
ranges of 0.1 to 4 mass % for Mo and 0.1 to 3 mass % for W.

9. Free cutting alloy according to aspect 4,constituted as austenite containing stainless steel containing: 2 to 50
mass % Ni; 12 to 50 mass % Cr; 5 to 85.95 mass % Fe; and 0.01 to 0.4 mass % C.

10. Free cutting alloy according to aspect 9; containing: 4 mass % or lower, including zero Si; 4 mass % or lower,
including zero Mn; 4 mass % or lower, including zero Cu; and 4 mass % or lower, including zero Co.

11. Free cutting alloy according to aspect 9 or 10, containing one or more of Mo and W in the respective ranges
of 0.1 to 10 mass % for Mo and 0.1 to 10 mass % for W.

12. Free cutting alloy according to any of aspects 5 to 11, containing: 0.05 mass % or lower, including zero P; and
0.03 mass % or lower, including zero 0; and 0.05 mass % or lower, including zero N.

13. Free cutting alloy according to any of aspects 5 to 12, containing one or more of Te, Bi and Pb in the respective
ranges of 0.005 to 0.1 mass % for Te; 0.01 to 0.2 mass % for Bi; and 0.01 to 0.3 mass % for Pb.

14. Free cutting alloy according to any of aspects 5 to 13, containing one or more selected from the group consisting

of Ca, Mg, B and REM (one or more of metal elements classified as Group 3A in the periodic table of elements)
in the range of 0.0005 to 0.01 mass % for one element or as a total content of more than one elements combined.
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15. Free cutting alloy according to any of aspects 5 to 14, containing one or more selected from the group consisting
of Nb, V, Ta and Hf in each range of 0.01 to 0.5 mass %.

16. Free cutting alloy according to any of aspects 5 to 15,the Wso value of which is less than 0.035 mass % when
the following test is performed:

an alloy test piece of said free cutting alloy is prepared so as to have the shape of rectangular prism in size
of 15 mm in length, 25 mm in width and 3 mm in thickness with the entire surface being polished with No. 400
emery paper;

a silver foil in size of 10 mm in length, 5 mm in width and 0.1 mm in thickness with a purity of 99.9 % or higher
as a S getter;

0.5 cc of pure water are sealed in a vessel of an inner volume of 250 cc together with said test piece;

the temperature in said vessel is raised to 85°C and said temperature is then kept there for 20 hr;

and thereafter, the S content in mass % in said silver foil piece is analyzed, then S content obtained is defined
as said Wso.

17. Free cutting alloy according to any of aspects 1 to 3. constituted as electromagnetic stainless steel containing:
0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in
the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.02 X to 0.06 X mass
%, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z - 0.07)X to
(Z+0.07)X mass %, wherein X, Zand Y are values of the respective following formulae 1, 3 and 2; and the balance
being Fe and inevitable impurities:

Ti% +052Zr% =X Formula 1,
S%+041Se%+025Te%=Y Formula 2

and
32(C %/X - 0.125)2 = Z Formula 3.

18. Free cutting alloy according to any of aspects 1 to 3, constituted as electromagnetic stainless steel containing:
0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in
the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.02 X to 0.06 X mass
%, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z - 0.07)X to
(Z+0.07)X mass %, wherein X, Zand Y are values of the respective following formulae 1; 3 and 2; and furthermore,
one or more selected from the group consisting of Ni, Cu, Mo, Nb and V in the respective ranges of 2 mass % or
lower for Ni; 2 mass % or lower for Cu; 2 mass % or lower for Mo; 1 mass % or lower for Nb; and 1 mass % or
lower for V; and the balance being Fe and inevitable impurities:

Ti% +0522Zr% =X Formula 1,
S%+041Se%+025Te% =Y Formula 2

and
32(C %/X - 0.125)2 =Z Formula 3.

19. Free cutting alloy according to any of aspects 1 to 3, constituted as electromagnetic stainless steel containing:
0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in
the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.02 X to 0.06 X mass
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%, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z - 0.07)X to
(Z+0.07)X mass %, wherein X, Zand Y are values of the respective following formulae 1, 3 and 2; and furthermore,
one or more of Pb, B and REM in the respective ranges of 0.15 mass % or lower for Pb; 0.01 mass % or lower for
B; and 0.1 mass % or lower for REM; and the balance being Fe and inevitable impurities:

Ti% +0522Zr% =X Formula 1,
S%+041Se%+025Te%=Y Formula 2

and
32(C %/X - 0.125)2 = Z Formula 3.

20. Free cutting alloy according to any of aspects 1 to 3, constituted as electromagnetic stainless steel containing:
0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in
the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.02 X to 0.06 X mass
%, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z - 0.07)X to
(Z + 0.07)X mass %, wherein X, Z and Y are values of the respective following formulae 1, 3 and 2, furthermore,
one or more selected from the group consisting of Ni, Cu, Mo, Nb and V in the respective ranges of 2 mass % or
lower for Ni; 2 mass % or lower for Cu; 2 mass % or lower for Mo; 1 mass % or lower for Nb and 1 mass % or
lower for V; and furthermore, one or more of Pb, B and REM in the respective ranges of 0.15 mass % or lower for
Pb; 0.01 mass % or lower for B; and 0.1 mass % or lower for REM; and the balance being Fe and inevitable
impurities:

Ti% +052Zr% =X Formula 1,
S%+041Se%+025Te%=Y Formula 2

and
32(C %/X - 0.125)2 = Z Formula 3.

21. Free cutting alloy according to any of aspects 1 to 3, constituted as electromagnetic stainless steel containing:
0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in
the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.19 X to 0.26 X mass
%, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z - 0.07)X to
(Z+0.07)X mass %, wherein X, Zand Y are values of the respective following formulae 1, 3 and 2 and the balance
being Fe and inevitable impurities:

Ti% +0.522Zr % =X Formula 1,
S%+041Se% +0.25Te% =Y Formula 2
32(C %/X - 0.125)2 = Z Formula 3.

22. Free cutting alloy according to any of aspects 1 to 3, constituted as electromagnetic stainless steel containing:
0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in
the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.19 X to 0.26 X mass
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%, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z - 0.07)X to
(Z+0.07)X mass %, wherein X, Zand Y are values of the respective following formulae 1, 3 and 2; and furthermore,
one or more selected from the group consisting of Ni, Cu, Mo, Nb and V in the respective ranges of 2 mass % or
lower for Ni; 2 mass % or lower for Cu; 2 mass % or lower for Mo; 1 mass % or lower for Nb and 1 mass % or
lower for V and the balance being Fe and inevitable impurities:

Ti% +0522Zr% =X Formula 1,
S%+041Se% +0.25Te% =Y Formula 2

and
32(C %/X - 0.125)2 = Z Formula 3.

23. Free cutting alloy according to any of aspects 1 to 3, constituted as electromagnetic stainless steel containing:
0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in
the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.19 X to 0.26 X mass
%, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z - 0.07)X to
(Z+0.07)X mass %, wherein X, Zand Y are values of the respective following formulae 1, 3 and 2; and furthermore,
one or more of Pb, B and REM in the respective ranges of 0.15 mass % or lower for Pb; 0.01 mass % or lower for
B; and 0.1 mass % or lower for REM; and the balance being Fe and inevitable impurities:

Ti% +052Zr% =X Formula 1,
S%+041Se % +025Te% =Y Formula 2

and
32(C %/X - 0.125)2 =Z Formula 3.

24. Free cutting alloy according to any of aspects 1 to 3, constituted as electromagnetic stainless steel containing:
0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in
the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.19 X to 0.26 X mass
%, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z - 0.07)X to
(Z + 0.07)X mass %, wherein X, Z and Y are values of the respective following formulae 1, 3 and 2, furthermore,
one or more selected from the group consisting of Ni, Cu, Mo, Nb and V in the respective ranges of 2 mass % or
lower for Ni; 2 mass % or lower for Cu; 2 mass % or lower for Mo; 1 mass % or lower for Nb and 1 mass % or
lower for V; and furthermore, one or more of Pb, B and REM in the respective ranges of 0.15 mass % or lower for
Pb; 0.01 mass % or lower for B; and 0.1 mass % or lower for REM; and the balance being Fe and inevitable
impurities:

Ti% +0.522Zr% =X Formula 1,
S%+041Se% +025Te% =Y Formula 2

and
32(C %/X - 0.125)2 =Z Formula 3.
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25. Free cutting alloy according to any of aspects 1 to 3, constituted as electromagnetic stainless steel containing:
0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in
the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.02 X to 0.26 X mass
%, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z + 0.07)X to
(Z + 0.45) X, the lower limit not included, mass %, wherein X, Z and Y are values of the respective following
formulae 1, 3 and 2; and the balance being Fe and inevitable impurities:

Ti% +0.522Zr % =X Formula 1,
S%+041Se% +0.25Te% =Y Formula 2

and
32(C %/X - 0.125)2 = Z Formula 3.

26. Free cutting alloy according to any of aspects 1 to 3, constituted as electromagnetic stainless steel containing:
0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in
the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.02 X to 0.26 X mass
%, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z + 0.07)X to
(Z + 0.45) X, the lower limit not included, mass %, wherein X, Z and Y are values of the respective following
formulae 1, 3 and 2; and furthermore, one or more selected from the group consisting of Ni, Cu, Mo, Nb and V in
the respective ranges of 2 mass % or lower for Ni; 2 mass % or lower for Cu; 2 mass % or lower for Mo; 1 mass
% or lower for Nb and 1 mass % or lower for V; and the balance being Fe and inevitable impurities:

Ti% +052Zr% =X Formula 1,
S%+041Se%+025Te%=Y Formula 2

and
32(C %/X - 0.125)2 = Z Formula 3.

27. Free cutting alloy according to any of aspects 1 to 3, constituted as electromagnetic stainless steel containing:
0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in
the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.02 X to 0.26 X mass
%, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z + 0.07)X to
(Z + 0.45) X, the lower limit not included, mass %, wherein X, Z and Y are values of the respective following
formulae 1, 3 and 2; and furthermore, one or more of Pb, B and REM in the respective ranges of 0.15 mass % or
lower for Pb; 0.01 mass % or lower for B; and 0.1 mass % or lower for REM; and the balance being Fe and inevitable
impurities:

Ti% +0.522Zr % =X Formula 1,
S%+041Se% +025Te% =Y Formula 2

and
32(C %/X - 0.125)2 =Z Formula 3.
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28. Free cutting alloy according to any of aspects 1 to 3, constituted as electromagnetic stainless steel containing:
0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in
the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.02 X to 0.26 X mass
%, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z + 0.07)X to
(Z + 0.45) X, the lower limit not included, mass %, wherein X, Z and Y are values of the respective following
formulae 1, 3 and 2; furthermore, one or more selected from the group consisting of Ni, Cu, Mo, Nb and V in the
respective ranges of 2 mass % or lower for Ni; 2 mass % or lower for Cu; 2 mass % or lower for Mo; 1 mass % or
lower for Nb and | mass % or lower for V; and furthermore, one or more of Pb, B and REM in the respective ranges
of 0.15 mass % or lower for Pb; 0.01 mass % or lower for B; and 0.1 mass % or lower for REM; and the balance
being Fe and inevitable impurities:

Ti% +0527Zr% =X Formula 1,
S%+041Se%+025Te%=Y Formula 2

and
32(C %/X - 0.125)2 = Z Formula 3.

29. Free cutting alloy according to any of aspects 1 to 3, constituted as electromagnetic stainless steel containing:
0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in
the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.02 X to 0.26 X mass
%, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z + 0.45)X to
(Z+0.70)X, the lower limit not included, mass %, wherein X, Z and Y are values of the respective following formulae
1, 3 and 2; and the balance being Fe and inevitable impurities:

Ti% +0.522Zr % =X Formula 1,
S%+041Se% +0.25Te% =Y Formula 2

and
32(C %/X - 0.125)2 = Z Formula 3.

30. Free cutting alloy according to any of aspects 1 to 3, constituted as electromagnetic stainless steel containing:
0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and Zr in
the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.02 X to 0.26 X mass
%, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z + 0.45)X to
(Z+0.70)X, the lower limit not included, mass %, wherein X, Zand Y are values of the respective following formulae
1, 3 and 2; and furthermore, one or more selected from the group consisting of Ni, Cu, Mo, Nb and V in the
respective ranges of 2 mass % or lower for Ni; 2 mass % or lower for Cu; 2 mass % or lower for Mo; 1 mass % or
lower for Nb and 1 mass % or lower for V; and the balance being Fe and inevitable impurities:

Ti% +052Zr% =X Formula 1,

S%+041Se%+025Te% =Y Formula 2

and
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32(C %/X - 0.125)% =2 Formula 3.

31. Free cutting alloy according to any of aspects 1 to 3, containing: 20 to 82 mass % Ni; and the balance mainly
consists of one or more of Fe and Cr; further containing:

one or more of Ti and Zr in the range satisfying a relation of 0.05< X < 3;

one or more of S, Se and Te in the range satisfying a relation of 0.01 <Y < 0.5 X;

C in the range satisfying a relation of 0.2 Y < W < 0.3, wherein when a Ti content is indicated by Wy, in mass
%, a Zr content by W, in mass %, a C content by W in mass %, a S content by Wq in a mass %, a Se content
by Wg, in @ mass % and a Te content by W, in @ mass %, the following formulae are given in order to define

Xand:
X (mass %) = Wq; + 0.52 W5,
and
Y (mass %) = Ws + 0.41 Wg, +0.25 Wq,;
and

one or more of Si, Mn and Al in the respective ranges of 1 mass % for Si; 1 mass % for Mn; and 1 mass % for Al.

32. Free cutting alloy according to aspect 31, containing: one or more of Mo and Cu in the respective ranges of 7
mass % or lower for Mo and 7 mass % or lower for Cu.

33. Free cutting alloy according to aspect 31 or 32, containing:12 mass % or lower Cr.

34. Free cutting alloy according to any of aspects 31 to 33, containing:18 mass % or lower Co.

Claims
1. Free cutting alloy constituted as electromagnetic stainless steel containing:

0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and
Zr in the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.19 X to 0.26
X mass %, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z
- 0.07)X to (Z + 0.07)X mass %, wherein X, Z and Y are values of the respective following formulae 1, 3 and
2 and the balance being Fe and inevitable impurities:

Ti%+052Zr% =X Formula 1,
S%+0.41Se% +0.25Te% =Y Formula 2

and
32(C %/X - 0.125)2 = Z Formula 3;

and

wherein a (Ti, Zr) based compound containing one or more of Ti and Zr as a metal element component, C being
an indispensable element as a bonding component with the metal element component, and one or more of S, Se
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and Te is dispersed in a matrix metal phase.

Free cutting alloy according to claim 1 further containing one or more selected from the group 'consisting of Ni,
Cu, Mo, Nb and V in the respective ranges of 2 mass % or lower for Ni; 2 mass % or lower for Cu; 2 mass % or
lower for Mo; 1 mass % or lower for Nb and 1 mass % or lower for V.

Free cutting alloy according to claim 1 further containing one or more of Pb, B and REM in the respective ranges
of 0.15 mass % or lower for Pb; 0.01 mass % or lower for B; and 0.1 mass % or lower for REM.

Free cutting alloy according to claim 1 further containing one or more selected from the group consisting of Ni, Cu,
Mo, Nb and V in the respective ranges of 2 mass % or lower for Ni; 2 mass % or lower for Cu; 2 mass % or lower
for Mo; 1 mass % or lower for Nb and 1 mass % or lower for V; and further containing one or more of Pb, B and
REM in the respective ranges of 0.15 mass % or lower for Pb; 0.01 mass % or lower for B; and 0.1 mass % or
lower for REM.

Free cutting alloy constituted as electromagnetic stainless steel containing:

0.01 to 3 mass % Si; 2 mass % or lower Mn; 5 to 25 mass % Cr; 0.01 to 5 mass % Al; one or more of Ti and
Zr in the range of 0.05 to 0.5 mass % in terms of X of the following formula 1; C in the range of 0.02 X to 0.26
X mass %, wherein X is expressed by the following formula 1; one or more of S, Se and Te in the range of (Z
+0.07)X to (Z + 0.45)X, the lower limit not included, mass %, wherein X, Z and Y are values of the respective
following formulae 1, 3 and 2; and the balance being Fe and inevitable impurities:

Ti% +0527Zr% =X Formula 1,
S%+041Se%+025Te % =Y Formula 2

and
32(C %/X - 0.125)% = Z Formula 3,

and

wherein a (Ti, Zr) based compound containing one or more of Ti and Zr as a metal element component, C being
an indispensable element as a bonding component with a metal element component, and one or more of S, Se
and Te is dispersed in a matrix metal phase.

Free cutting alloy according to claim 5 further containing one or more selected from the group consisting of Ni, Cu,
Mo, Nb and V in the respective ranges of 2 mass % or lower for Ni; 2 mass % or lower for Cu; 2 mass % or lower
for Mo; 1 mass % or lower for Nb and 1 mass % or lower for V.

Free cutting alloy according to claim 5 further containing one or more of Pb, B and REM in the respective ranges
of 0.15 mass % or lower for Pb; 0.01 mass % or lower for B; and 0.1 mass % or lower for REM.

Free cutting alloy according to claim 5 further containing one or more selected from the group consisting of Ni, Cu,
Mo, Nb and V in the respective ranges of 2 mass % or lower for Ni; 2 mass % or lower for Cu; 2 mass % or lower
for Mo; 1 mass % or lower for Nb and 1 mass % or lower for V; and further containing one or more of Pb, B and
REM in the respective ranges of 0.15 mass % or lower for Pb; 0.01 mass % or lower for B; and 0.1 mass % or
lower for REM.
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