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Description 

 

Title of Invention: 

Ni-BASED ALLOY MEMBER INCLUDING ADDITIVELY MANUFACTURED 

BODY, METHOD FOR MANUFACTURING Ni-BASED ALLOY MEMBER, AND 

MANUFACTURED PRODUCT USING Ni-BASED ALLOY MEMBER 

 

Technical Field 

[0001] 

 The present invention relates to a Ni-based alloy 

member including an additively manufactured body, a 

method for manufacturing a Ni-based alloy member, and a 

manufactured product using a Ni-based alloy member. 

 

Background Art 

[0002] 

 Conventionally, members and components which are 

used in chemical plants, semiconductor manufacturing 

processes, and the like are required to have such 

corrosion resistance as to endure corrosive environments.  

Because of this, SUS316L is attempted to be converted to 

a Ni-based alloy which is better in the corrosion 

resistance.  For example, a Ni-based alloy containing Cr 

and Mo (Ni-Cr-Mo based alloy) disclosed in Patent 

Document 1 has been proposed.  However, members such as 

screws for injection molding and drilling devices for oil 

well, which are used in more severe environments, are 
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required to have high strength, hardness and the like in 

addition to the corrosion resistance, and required to 

have excellent mechanical properties.  For the Ni-Cr-Mo 

based alloy of Patent Document 1, it is necessary to 

further improve the mechanical properties. 

[0003] 

 In addition, the design of the above described 

members and components has increased in complexity, and 

it has also been required to give complicated shapes 

which are difficult to be manufactured by die forging or 

machine work.  In recent years, the additive 

manufacturing has been applied to the production of 

members having the complicated shape. 

[0004] 

 As disclosed in, for example, Patent Literature 2, 

the additive manufacturing method includes repeating an 

operation of melting a raw material powder by supplying a 

source of heat thereto and solidifying the melt to obtain 

a three-dimensional shape additively manufactured body.  

According to the additive manufacturing method, it is 

possible to obtain a product having a three-dimensional 

shape in a net shape or a near net shape, even though the 

shape is complicated.  For information, the term 

"additive manufacturing" is an industry standard term as 

is defined in ASTM (American Society for Testing and 

Materials) F2792, as is disclosed in Patent Literature 2. 
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Citation List 

Patent Literature 

[0005] 

 Patent Literature 1: JP2015-160965A 

 Patent Literature 2: JP2016-502596A 

 

Summary of Invention 

Technical Problem 

[0006] 

 An additive manufacturing method (Additive 

Manufacturing: AM) has a great advantage of being able to 

obtain a product having a three-dimensional shape in a 

net shape or a near net shape.  The additive 

manufacturing method (hereinafter referred to as additive 

manufacturing) passes through a process which is 

different from a conventional process such as melting, 

casting, forging, rolling, or sintering of metal powder, 

in the field of metal materials; and thereby a metal 

additively manufactured body (hereinafter referred to as 

additively manufactured body or simply as manufactured 

body) is manufactured. 

 Then, an object of the present invention is to 

provide a Ni-based alloy member which is excellent in 

mechanical properties, a method for manufacturing a Ni-

based alloy member, and a manufactured product using a 

Ni-based alloy member, in addition to obtaining a product 
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having a three-dimensional shape in a net shape or a near 

net shape, by using the additive manufacturing. 

 

Solution to Problem 

[0007] 

 A Ni-based alloy member of the present invention is 

a Ni-based alloy member including: Ni at the largest 

content by a mass ratio; and Cr and Mo at second largest 

contents by a mass ratio.  The Ni-based alloy member is 

an additively manufactured body and includes segregation 

of Mo in at least a part of a crystal grain(s). 

 In the Ni-based alloy member of the present 

invention, preferably, the crystal grain(s) has columnar 

cell structures, and the segregation of Mo exists between 

the adjacent columnar cell structures. 

 A Mo concentration in the segregation of Mo is 

preferably higher than a Mo concentration in a mother 

phase in the crystal grain(s) by 3 at% or higher. 

[0008] 

 In the Ni-based alloy member of the present 

invention, preferably, the average diameter of equivalent 

circle diameters in cross sections of the columnar cell 

structures is 1000 nm or smaller. 

 When the cross sections of the columnar cell 

structure are observed with a transmission electron 

microscope, a dislocation density which is obtained by 

dislocation length / assessed volume (where the assessed 
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volume is observation area ´ sample thickness) is 

preferably 1012 m-2 or higher. 

 In the Ni-based alloy member of the present 

invention, the mean grain size of the crystal grains is 

preferably 80 to 150 mm. 

[0009] 

 In the Ni-based alloy member of the present 

invention, preferably, the Vickers hardness is 200 HV10 

or higher. 

 In addition, in the Ni-based alloy member of the 

present invention, preferably, the tensile strength is 

850 MPa or higher and elongation is 50% or higher. 

[0010] 

 The present invention also provides a manufactured 

product using the above Ni-based alloy member.  One 

example of the manufactured product includes a 

semiconductor manufacturing apparatus. 

[0011] 

 The present invention also provides a method for 

manufacturing a Ni-based alloy member.  The manufacturing 

method includes: a step of obtaining an additively 

manufactured body including a Ni-based alloy that 

includes Ni at the largest content by a mass ratio and Cr 

and Mo at second largest contents by a mass ratio, by 

additive manufacturing using a laser beam or an electron 

beam.  During melting and solidification in the additive 

manufacturing, a crystal grain(s) having columnar cell 
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structures is formed, and segregation of Mo is formed 

between the adjacent columnar cell structures in an inner 

part of the crystal grain(s). 

 In the method for manufacturing the Ni-based alloy 

member according to the present invention, it is 

preferable that an average diameter of equivalent circle 

diameters in cross sections of the columnar cell 

structures is 1000 nm or smaller. 

 In the method for manufacturing the Ni-based alloy 

member of the present invention, the additively 

manufactured body can be subjected to heat treatment at 

800°C or higher and 1300°C or lower.  It is preferable 

that this heat treatment is performed for 0.5 hours or 

longer and 3 hours or shorter. 

 In addition, in the method for manufacturing the Ni-

based alloy member of the present invention, aging heat 

treatment can be performed at 600°C or higher and lower 

than 800°C.  It is preferable that this aging heat 

treatment is performed for 20 hours or longer and 100 

hours or shorter.  An intermetallic compound is deposited 

by the aging heat treatment. 

 

Advantageous Effect of Invention 

[0012] 

 According to the present invention, it is possible 

to provide a Ni-based alloy member which is excellent in 

mechanical properties in addition to corrosion resistance, 
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and is suitable for obtaining a net shape or a near net 

shape, a method for manufacturing a Ni-based alloy member, 

and a manufactured product using a Ni-based alloy member. 

 

Brief Description of Drawings 

[0013] 

 FIG. 1 is a view showing a scanning mode of a laser 

beam or the like in additive manufacturing. 

 FIG. 2 shows STEM images that have been obtained by 

observation of an as-built surface (as-built surface: as-

is surface after additive manufacturing, which is not 

subjected to machine work such as polishing and cutting, 

or heat treatment) of an additively manufactured body 

with Scanning Transmission Electron Microscopy, the left 

side being a DF-STEM image, and the right side being a 

BF-STEM image. 

 FIG. 3 is an image view for explaining that Mo 

segregation disturbs movement and bonding of dislocations 

in cell structures, and is a simplified view of the BF-

STEM image shown in FIG. 2. 

 FIG. 4A, FIG. 4B and FIG. 4C each show a photograph 

of a microstructure of the additively manufactured body 

after etching, in the present Example, FIG. 4A being a 

structure of an XY-face observed with an optical 

microscope, FIG. 4B being a structure of a Z-face 

observed with an optical microscope, and FIG. 4C being a 
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structure of a Z-face observed with a SEM; and FIG. 4D is 

a schematic view drawn with reference to FIG. 4C. 

 FIG. 5 is a graph showing results of a corrosion 

test in Example of the present invention. 

 FIG. 6A shows a reflected electron image by SEM of a 

forged and rolled body (unetched), FIG. 6B shows a 

reflected electron image by SEM of an additively 

manufactured body 1 (unetched), FIG. 6C shows composition 

maps of Mo of the additively manufactured body 1, which 

have been observed by SEM and EDX, respectively, and FIG. 

6D shows a reflected electron image by SEM of the 

additively manufactured body 1 (after etching) after 

solution treatment.  For information, the left side of 

FIG. 6C is a SEM image of Mo in the manufactured body 1 

observed by SEM, and the right side of FIG. 6C is an EDX 

image of Mo of the manufactured body 1 observed by EDX 

(Energy Dispersive X-ray Spectroscopy). 

 FIG. 7 shows STEM images obtained by the observation 

of an additively manufactured body 2 that has passed 

through heat treatment, with a STEM, the left side being 

a DF-STEM image, and the right side being a BF-STEM image. 

 FIG. 8A is a view showing three selected-area 

diffraction regions when the additively manufactured body 

1 (unetched) is subjected to electron diffraction, and 

FIG. 8B shows electron diffraction images in the three 

regions. 
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 FIG. 9 is a view in which a rectangular box is added 

to the STEM image (BF-STEM image) shown in FIG. 2.  The 

rectangular box indicates a position of EDX analysis of a 

mother phase in the crystal grain. 

 FIG. 10 is a view in which reference numerals 1, 2, 

3 and 4 that indicate positions of EDX analysis in cell 

boundaries are added to the STEM image (BF-STEM image) of 

the manufactured body 1, which has been shown in FIG. 2. 

 FIGS. 11A and 11B each show an observation result of 

the behavior of elements in a surface layer portion in 

Example, FIG. 11A being the observation result of the 

additively manufactured body which is not polished, and 

FIG. 11B being the observation result of the additively 

manufactured body which has been polished. 

 

Description of Embodiments 

[0014] 

 A Ni-based alloy member according to an embodiment 

of the present invention will be described below with 

reference to the accompanying drawings.  The Ni-based 

alloy member according to the present embodiment is an 

additively manufactured body including a Ni-based alloy 

that includes: Ni at the largest content by a mass ratio; 

and Cr and Mo at second largest contents by a mass ratio.  

The additively manufactured body is mainly characterized 

by having segregation of Mo in at least a part of a 

crystal grain(s). 
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 The additively manufactured body will be described 

below.  Firstly, additive manufacturing that can be 

applied to a member having a net shape or a near net 

shape will be described, and it will be described that 

the additively manufactured body according to the present 

embodiment can obtain higher strength than a Ni-based 

alloy having the same composition, which has been 

subjected to forging and rolling.  In addition, it will 

also be described that the corrosion resistance of the 

additively manufactured body according to the present 

embodiment can be improved by having an oxide film formed 

on the surface layer, which contains Cr as a main 

component.  Note that in the present specification, a 

numerical range expressed by using "to" means to include 

numerical values described before and after "to", as a 

lower limit value and an upper limit value. 

[0015] 

 [Additive manufacturing] 

 Additive manufacturing for metal materials can be 

classified into a powder bed fusion bonding method (PBF) 

and a directed energy deposition method (DED), but the 

additively manufactured body of the present embodiment 

can be manufactured by any of the methods. 

[0016] 

 The above powder bed fusion bonding method (powder 

bed method) is a method comprising spreading a metal 

powder, and melting a portion to be manufactured by a 
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laser beam or an electron beam serving as a heat source, 

and solidifying the melt (hereinafter referred to as 

melting and solidification).  The powder bed method 

includes: spreading the metal powder, and forming a 

solidified layer by the melting and solidification; and 

repeating this operation to stack the solidified layers 

and manufacture a member having a predetermined shape.  

In the powder bed method, there are the following laser 

beam heat source method and electron beam heat source 

method. 

 The laser beam heat source method is a method 

comprising irradiating a spread metal powder material 

with a laser beam to additively manufacture the spread 

metal powder material by the melting and solidification, 

and there are known a selective laser melting method 

(SLM) and a selective laser sintering method (SLS).  In 

the laser beam heat source method, the melting and 

solidification is performed in an inert atmosphere such 

as nitrogen. 

 The electron beam heat source method includes 

irradiating the spread metal powder with an electron beam 

in a high vacuum to make the electron beam collide with 

the powder, thereby converting the kinetic energy into 

heat, and melting the powder.  In the electron beam 

method, the melting and solidification is performed in 

vacuum.  The electron beam heat source method is referred 
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to as a selective electron beam melting method (SEBM) or 

simply electron beam melting method (EBM). 

[0017] 

 The directed energy deposition method is referred to 

as a metal deposition method (LMD), which includes 

continuously injecting a metal powder to a front position 

in a direction in which a laser beam or an electronic 

beam is moved, irradiating the supplied metal powder with 

the laser beam or the electronic beam to melt the powder 

and solidify the melt, and thereby manufacturing the 

additively manufactured body. 

[0018] 

 The powder bed method has an advantage that the 

shape precision of the additively manufactured body is 

high, and on the other hand, the metal deposition method 

has an advantage that high speed manufacturing is 

possible.  Among the powder bed methods, the SLM is a 

method of manufacturing the additively manufactured body 

by selectively melting and solidifying a powder bed of 

which the multilayer thickness is several tens of mm with 

the use of a fine laser beam, and stacking the solidified 

layers; and has a feature of being capable of 

manufacturing a precision component, compared to other 

additive manufacturing methods.  Accordingly, in the 

present embodiment, it is preferable to adopt the SLM 

when additively manufacturing the precision component.  

At this time, an energy density is appropriately set by 
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selecting conditions from, for example, such conditions 

that a laser power is 400 W or less, a scanning speed is 

7000 mm/s or less, a scanning pitch is 0.06 to 0.15 mm, 

and a layer thickness is 0.03 to 0.1 mm; and the 

manufacturing can be performed. 

[0019] 

 A scanning path of the laser beam or the electronic 

beam is arbitrary in the powder bed method and the metal 

deposition method.  For example, the additively 

manufactured body 1 shown in FIG. 1A can be scanned in a 

predetermined axial direction, for example, in parallel 

to the X-axis direction and in a reciprocating manner as 

illustrated in FIG. 1B-1, and for example, in parallel to 

the Y-axis direction and in a reciprocating manner as 

illustrated in FIG. 1B-2.  The former method may be 

referred to as an X-scanning method, and the latter 

method may be referred to as a Y-scanning method.  For 

information, here, examples in which the predetermined 

axial direction is parallel to the X-axis and the 

predetermined axial direction is parallel to the Y-axis 

are shown, but as shown in FIG. 1B-3, the predetermined 

axial direction may be parallel to a direction 

intersecting with the X-axis and the Y-axis.  These 

methods may be referred to as uniaxial scanning methods. 

 In addition, as is illustrated in FIG. 1B-4, a 

scanning path referred to as an XY-scanning method can be 

adopted in which a previous layer is manufactured by the 
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X-scanning method and then a next layer is manufactured 

by the Y-scanning method.  In a case where the 

manufacturing is performed by the uniaxial scanning 

method in the directions intersecting with each other, 

the uniaxial scanning method may be referred to as an 

intersecting scanning method, and the XY-scanning method 

can be referred to as a pattern of the intersecting 

scanning method. 

 Furthermore, though the illustration is omitted, in 

the present embodiment, a spiral scanning path can be 

adopted. 

 Furthermore, the present embodiment can also combine 

these scanning methods.  In other words, the additively 

manufactured body 1 shown in FIG. 1 has a simple 

structure of a rectangular solid, but when a member 

having a three-dimensional shape is formed in a net shape 

or a near net shape, it is important to adopt a scanning 

method suitable for the structure of the member.  In 

other words, the additively manufactured body in the 

present invention should be interpreted in the broadest 

sense, and the shape, dimension, and specific application 

of a component, an article and the like are not limited. 

[0020] 

 As is shown in FIG. 1A, the additively manufactured 

body 1 is layered in a Z-axis direction (usually vertical 

direction), and an upper end surface thereof is referred 

to as an XY-face and each of side surfaces thereof is 
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referred to as a Z-face.  Furthermore, as is shown in FIG. 

1A, when the additively manufactured body 1 is a cube, a 

face that divides the additively manufactured body 1 into 

two at a diagonal line is referred to as a 45°-face. 

 In addition, in the additively manufactured body 1 

shown in FIG. 1, it is preferable to scan the XY-face 

which is the upper end surface and the Z-face which is 

the side surface twice or more (for example, twice) with 

a heat source such as a laser beam, to improve 

dimensional precision and surface precision.  Note that 

in the second and subsequent scans, the metal powder is 

not supplied, and only scanning with a laser beam or the 

like is performed.  The XY-face and the Z-face constitute 

an outer surface of the additively manufactured body 1.  

The plurality of scans with the laser beam or the like 

can contribute to improvement in corrosion resistance of 

the additively manufactured body 1, which will be 

described later. 

[0021] 

 [Mechanical properties] 

 The additively manufactured body according to the 

present embodiment has a yield strength, a tensile 

strength, and hardness, which are improved as compared 

with a forged and rolled body that is a Ni-based alloy 

having the same chemical composition and is a material 

subjected to forging and rolling, as will be shown in 

Examples described later.  In the additively manufactured 



- 16 - 

body in which these mechanical properties are improved, 

there is segregation of Mo in the structure, specifically, 

a region in which the concentration of Mo is higher than 

that in the periphery.  It is understood that the Mo 

segregation functions as a pinning effect of dislocations 

and thereby improves the mechanical properties.  The Mo 

concentration in the portion where Mo is segregated is 

higher than the concentration of Mo in the mother phase 

in the crystal grain, by 3 at% or higher, and more 

specifically by about 3 to 5 at%.  Note that due to the 

formation of the Mo segregation, a Mo-deficient region 

having a low Mo concentration is formed in the periphery. 

[0022] 

 Details will be described later, but the Mo 

segregation in the present embodiment is not a m phase 

which is an intermetallic compound containing Mo, Cr and 

Ni as constituent elements, but the main component 

thereof is a simple substance of Mo.  The Mo segregation 

formed in the additively manufactured body does not 

function as a harmful phase, and can contribute to 

improvement of mechanical properties.  In the Mo 

segregation in the present embodiment, a grade of the 

segregation is extremely fine and little, and the 

quantity is extremely small, and accordingly the lowering 

of the corrosion resistance is suppressed to such an 

extent as not to cause a problem. 

[0023] 
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 Next, a mechanism will be described through which 

the Mo segregation formed in the additively manufactured 

body can contribute to the improvement of the mechanical 

properties. 

 As is described above, in the present application, 

additive manufacturing using the laser beam or the 

electron beam shall be adopted.  Because the melting and 

solidification is performed by use of the laser beam or 

the electron beam, the solidification speed is extremely 

high, and a fine columnar cell structure is formed in the 

crystal grain by rapid solidification. 

 When the structure after solidification is observed, 

as schematically shown in FIG. 4D, a large number of 

columnar cells CL gather and form a crystal grain(s).  In 

FIG. 4D, a shape appearing to be circular is also the 

cell CL; this cell CL appears to be circular because of 

extending in the depth direction of the paper surface of 

the figure, but is actually columnar. 

 In addition, the Mo segregation exists between 

adjacent cell structures (in boundary between cells CL).  

Because of the rapid solidification in the additive 

manufacturing process, dislocations (streaky pattern) are 

formed in the cell structure.  Dislocations in the cell 

structure move so as to become energetically stable and 

attempt to form dislocation bonds, but the attempt is 

hindered by the Mo segregation.  As a result, a large 

number of dislocations which have been formed by the 
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rapid solidification in the additive manufacturing 

process remain in the cell structure without 

significantly decreasing, and accordingly, the 

dislocation density in the cell structure is maintained 

high.  The high dislocation density is considered to lead 

to improvement in mechanical properties of the additively 

manufactured body. 

[0024] 

 Here, FIG. 2 is a STEM image of an as-built surface 

(as-built surface: as-is surface after additive 

manufacturing, which is not subjected to machine work 

such as polishing and cutting, or heat treatment) of the 

additively manufactured body (manufactured body 1 in 

Example described later). 

 For information, a procedure for STEM sample 

preparation and condition for STEM observation are as 

follows. 

 <Procedure for STEM sample preparation> 

 A thin piece was prepared by polishing, and then was 

microsampled by use of FIB (FB-2100 type manufactured by 

Hitachi High-Technologies Corporation). 

 <Condition for STEM observation> 

 Thickness of sample: target value of 80 nm 

 Model of apparatus: model JEM - ARM200F manufactured 

by JEOL Ltd. 

 Acceleration voltage: 200 kV 

[0025] 
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 In FIG. 2, a portion which is indicated as a white 

region in the DF-STEM image is indicated as a black 

region in the BF-STEM image.  In the BF-STEM image, a 

black region which extends obliquely and sharply at 

substantially the center and a black region which 

branches therefrom and extends obliquely are cell 

boundaries, and the Mo segregation exists in at least a 

part of the cell boundaries.  As is described above, the 

existence of the Mo segregation can be confirmed by the 

STEM image, which will be described in detail later. 

 In addition, it is recognized that a large number of 

white streaks exist in the cell structure in the DF-STEM 

image, and that a large number of black streaks exist in 

the cell structure in the BF-STEM image.  These streaks 

are the above described dislocations which have been 

formed in the cell structure.  Here, it is shown that as 

the number of streaks increases, the dislocation density 

becomes higher. 

 FIG. 3 is a view for explaining that the Mo 

segregation hinders movement and bonding of the 

dislocation in the cell structure, and this figure is a 

simplified image view of the BF-STEM image shown in FIG. 

2.  For example, it is known that when positive and 

negative dislocations in the cell structure move and meet 

on the same sliding face, the dislocations disappear.  

However, in the additively manufactured body according to 

the present embodiment, the Mo segregation exists in at 
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least a part of the cell boundary, and accordingly, there 

hardly occurs the dislocations disappearance due to the 

aforementioned movement and bonding.  Accordingly, it is 

possible to obtain an additively manufactured body in 

which the dislocation density is maintained at a high 

level, and accordingly, it is possible to finally obtain 

an additively manufactured body having high mechanical 

properties, in particular, high hardness.  The 

dislocation density can be measured by, for example, 

"dislocation length/assessed volume".  In the present 

application, the assessed volume is calculated by 

multiplying an observation area by the sample thickness. 

 In general, the dislocation density r in a 

completely annealed metal material is about 109 to 1011 m-

2.  In addition, it is known that the dislocation density 

r in a strongly worked metal material is about 1014 to 

1016 m-2.  In the additively manufactured body according 

to the present embodiment, the dislocation density r can 

be set at 1014 m-2 or higher, and further to 1016 m-2 or 

higher, without being strongly worked. 

[0026] 

 Examples of indices which indicate mechanical 

properties include the yield strength, the tensile 

strength, elongation, drawing, and Vickers hardness (HV). 

 The additively manufactured body according to the 

present embodiment, which contains appropriate Mo 

segregation, can have a yield strength of preferably 400 
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MPa or higher, more preferably 500 MPa or higher, and 

further preferably 600 MPa or higher. 

 In addition, as for the tensile strength, the 

additively manufactured body according to the present 

embodiment can show a value of preferably 800 MPa or 

higher, more preferably 900 MPa or higher, and further 

preferably 950 MPa or higher. 

 As for the Vickers hardness (HV10), the additively 

manufactured body according to the present embodiment can 

show a value of preferably 200 HV or higher, more 

preferably 250 HV or higher, and further preferably 300 

HV or higher. 

 The additively manufactured body according to the 

present embodiment can have an elongation of preferably 

40% or higher, more preferably 60% or higher, and further 

preferably 70% or higher. 

 In addition, as for the drawing, the additively 

manufactured body can show a value of preferably 40% or 

higher, more preferably 50% or higher, and further 

preferably 60% or higher. 

 For information, among the above mechanical 

properties, the yield strength and the tensile strength 

are indices for determining strength, and the elongation 

and the drawing are indices for determining ductility.  

The Vickers hardness (HV) is literally an index for 

determining the hardness. 

[0027] 
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 The Mo segregation is formed in the inner part of 

the crystal grain.  The Mo segregation is formed in all 

the crystal grains in some cases, or is also formed in a 

part of the crystal grains in some cases.  The Mo 

segregation is formed preferably in 70% or more crystal 

grains of the total number of crystal grains, more 

preferably in 80% or more crystal grains of the total 

number of crystal grains, and further preferably in 90% 

or more crystal grains of the total number of crystal 

grains. 

[0028] 

 As described above, in the additively manufactured 

body, the crystal grain has a plurality of columnar cell 

structures, and the segregation of Mo exists between 

adjacent columnar cell structures.  The mean grain size 

of the crystal grains is about 80 to 150 mm, and is 

further about 10 to 50 mm. 

 In the columnar cell structure, the average diameter 

of the cross section is 2500 to 3500 nm, and is further 

about 300 to 1000 nm (note that dimension here is 

dimension after heat treatment).  The cross section of 

the columnar cell structure is not a perfect circle, and 

accordingly, the average diameter of the cross section of 

the columnar cell structure is calculated as an average 

diameter of equivalent circle diameters. 

 The degree of the Mo segregation relates to a size 

of the columnar cell structure.  The finer the columnar 
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cell structure is, the more effectively the pinning 

effect of dislocations is exhibited due to the Mo 

segregation existing in the cell boundary.  As a result, 

an additively manufactured body having high strength can 

be obtained. 

 The length of the columnar cell structure is about 

30 to 80 mm, and is further about 10 to 30 mm. 

 One crystal grain has about 50 to 1000 columnar cell 

structures in its inner part. 

 However, it is not essential that all of the crystal 

grains constituting the additively manufactured body of 

the present application have the columnar cell structure. 

 For information, considering that in the forged and 

rolled body, the mean grain size of crystal grains is 

usually 100 to several hundred mm, it is understood that 

the additively manufactured body has a fine structure. 

[0029] 

 [Method for manufacturing additively manufactured 

body] 

 Next, a preferable method for manufacturing the 

additively manufactured body having segregation of Mo of 

the present application will be described. 

 This manufacturing method includes a step of 

obtaining an additively manufactured body including a Ni-

based alloy that includes Ni at the largest content by a 

mass ratio and Cr and Mo at second largest contents by a 

mass ratio, by additive manufacturing using a laser beam 
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or an electron beam.  The basic concept of this 

manufacturing method is to form crystal grains with a 

plurality of columnar cell structures and to form 

segregation of Mo between a plurality of adjacent 

columnar cell structures in the inner part of the crystal 

grain, during melting and solidification in the additive 

manufacturing. 

 Then, by subjecting the additively manufactured body 

to the following heat treatment and/or aging heat 

treatment, the mechanical properties of the additively 

manufactured body can be appropriately adjusted. 

 In the present application, the segregation of Mo is 

intentionally left in the boundaries between the columnar 

cells existing in the crystal grain, and thereby the 

mechanical properties of the additively manufactured body 

are improved on the basis of the above mechanism.  

Because of this, when the improvement in mechanical 

properties is strictly expected, it is desirable not to 

adopt such heat treatment at a high temperature for a 

long time as to completely vanish the segregation of Mo. 

 In addition, the following heat treatment and/or 

aging heat treatment are optionally performed and are not 

essential steps.  As will be described later, an as-

manufactured additively manufactured body ("manufactured 

body 1" in Example described later) which is not 

subjected to heat treatment or aging heat treatment has 

both of a yield strength of 600 MPa or higher and a 
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Vickers hardness of 250 HV or higher, and the values 

exceed the mechanical properties of the forged and rolled 

body.  In the as-manufactured additively manufactured 

body, values of other mechanical properties (tensile 

strength, elongation and drawing) are also necessary and 

sufficient, and the as-manufactured additively 

manufactured body can be used depending on the 

application. 

[0030] 

 (Heat treatment) 

 The additively manufactured body can adjust its 

mechanical properties by being subjected to heat 

treatment as will be described in Example described later.  

This heat treatment is performed in air at 800°C or 

higher and 1300°C or lower, more preferably at 800°C or 

higher and 1200°C or lower, and further preferably at 

900°C or higher and 1200°C or lower.  The heat treatment 

may be held at a temperature in the above range for 10 

minutes or longer and 10 hours or shorter, preferably 0.5 

hours or longer and 3 hours or shorter, according to a 

size of the additively manufactured body. 

 By the conditions of the heat treatment which have 

been set within the above range, the additively 

manufactured body can remove its distortion, while 

leaving appropriate Mo segregation contributing to the 

improvement of the mechanical properties in the cell 

boundary.  The distortion removal of the additively 
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manufactured body contributes to the improvement of the 

corrosion resistance of the additively manufactured body. 

 When the heat treatment temperature is so high as to 

exceed 1300°C, homogenization of the components proceeds 

sufficiently, and the Mo segregation disappears which 

contributes to the improvement of mechanical properties.  

Because of this, the upper limit of the heat treatment 

temperature is set at 1300°C, and more preferably at 

1200°C. 

 For information, hereinafter, the heat treatment at 

a temperature in the range of 1100°C to 1300°C is 

occasionally referred to as solution heat treatment.  

This is because due to the heat treatment being performed 

at a temperature in this range, such a process proceeds 

as to dissolve the alloy components of the material into 

the mother phase. 

 The lower limit of the heat treatment temperature is 

800°C, preferably 900°C, and more preferably 1000°C.  When 

the temperature is 800°C or higher, an effect of removing 

the distortion of the manufactured body can be obtained 

and an effect of the Mo segregation can be left by the 

adjustment of the time period. 

 In addition, it is necessary to appropriately set a 

time period of the heat treatment based on the heat 

treatment temperature.  For example, in a case where the 

heat treatment temperature is set in the range of 1200°C 

or higher and 1300°C or lower, the holding time can be 
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set at 10 minutes or longer and 20 minutes or shorter.  

When the heat treatment temperature is set in the range 

of 1100°C or higher and lower than 1200°C, the holding 

time can be set at 20 minutes or longer and 40 minutes or 

shorter.  When the heat treatment temperature is set in 

the range of 800°C or higher and lower than 1100°C, the 

holding time can be set at 30 minutes or longer and 2 

hours or shorter. 

[0031] 

 (Aging heat treatment) 

 In addition, instead of the above heat treatment or 

in addition to the above heat treatment, aging treatment 

can be performed in which the temperature is held at a 

temperature in the range of 600°C or higher and lower 

than 800°C for a predetermined time.  Due to this aging 

treatment, the additively manufactured body can further 

improve its strength and hardness. 

 The time period of the aging treatment is 

appropriately adjusted according to the temperature of 

the aging treatment.  When the temperature of the aging 

treatment is 600°C or higher and lower than 700°C, it is 

preferable to hold the temperature for 20 hours or longer 

and 100 hours or shorter, and further for 50 hours or 

longer.  On the other hand, when the temperature of the 

aging treatment is 700°C or higher and lower than 800°C, 

the holding time may be 30 hours or longer and 40 hours 

or shorter.  By the aging treatment, a nano-sized 
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intermetallic compound (Ni2(Cr, Mo)) can be deposited, 

and by the deposition hardening, the strength can be more 

improved. 

[0032] 

 [Corrosion resistance] 

 The additively manufactured body according to the 

present embodiment can improve its corrosion resistance, 

by having a film including an oxide (Cr2O3) which 

contains Cr as a constituent element, on its surface 

layer.  This oxide film is formed in the range of 1 nm to 

20 nm from the surface of the additively manufactured 

body, and preferably has a thickness of 1 nm to 10 nm.  

The thickness of the oxide film is more preferably 2 to 8 

nm, and is further preferably 3 to 5 nm. 

[0033] 

 The oxide film according to the present embodiment 

is preferably formed by oxidizing treatment in a high 

temperature environment and in a low oxygen atmosphere.  

This oxidizing treatment can be performed during the 

additive manufacturing.  Because the oxide film is formed 

on the outer surface of the additively manufactured body, 

the oxidizing treatment which is performed during the 

additive manufacturing is conducted when the outer 

surface is manufactured. 

 In the laser beam heat source system in the powder 

bed method, as described above, the additive 

manufacturing is performed in an inert atmosphere such as 



- 29 - 

nitrogen or argon, but if a trace amount of oxygen is 

contained in this inert gas, the oxidizing treatment can 

be performed in a process of the additive manufacturing 

method in which a raw material alloy powder is melted and 

solidified. 

[0034] 

 The concentration of oxygen in the oxidizing 

treatment in the present embodiment is preferably set in 

the range of 100 ppm to 21%, is more preferably in the 

range of 100 ppm to 1%, and is further preferably in the 

range of 100 to 2000 ppm.  The oxygen concentration is 

determined on the basis of the volume. 

 The temperature in the oxidizing treatment in the 

present embodiment is preferably in the range of 300 to 

1000°C, is more preferably in the range of 400 to 800°C, 

and is further preferably in the range of 500 to 600°C. 

 It is preferable to perform the oxidizing treatment 

at a low oxygen concentration in the above range of the 

oxygen concentration in order to obtain a dense oxide 

film, but even when the oxygen concentration is 21%, for 

example, a dense oxide film can be formed if a low 

temperature in the vicinity of 200 to 300°C is selected. 

[0035] 

 [Alloy Composition] 

 The additively manufactured body 1 includes a Ni-

based alloy that includes Ni at the largest content by a 

mass ratio and Cr and Mo at second largest contents by a 



- 30 - 

mass ratio.  In other words, the additively manufactured 

body 1 is a Ni-Cr-Mo based alloy member.  In the Ni-based 

alloy according to the present embodiment, Cr, Mo and Ni 

are referred to as main constituent elements.  It is 

preferable that among the main constituent elements, Cr 

and Mo are contained in the respective ranges of Cr: 

14.5% to 24.5% and Mo: 12.0% to 23.0% by mass%.  Note 

that the content of Ni is specified as the balance with 

respect to other elements in addition to Cr and Mo. 

 In the present invention, the alloy composition is 

not limited as long as the alloy is a Ni-based alloy 

containing Cr and Mo, but examples of compositions 

suitable for structural members of semiconductor 

manufacturing apparatuses which are used in a severe 

corrosive environment will be described below.  A 

symbol % which indicates a content of a metal element 

shall mean mass%.  In addition, the upper limit value and 

the lower limit value can be arbitrarily combined. 

[0036] 

 [Cr: 14.5% to 24.5%] 

 Cr has an effect of improving corrosion resistance 

against halogen-based gases such as HCl, Cl2, HF, F2, NF3, 

ClF3 and HBr which are used in the semiconductor 

manufacturing apparatuses.  In particular, when the 

structural member of the semiconductor manufacturing 

apparatus once comes into contact with the outside air at 

the time of being opened, moisture originating from the 
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atmosphere adsorbs to the metal surface, and when a 

halogen-based process gas is hydrated by the adsorbed 

moisture, electrochemical corrosion occurs.  Against the 

hydrated acid, Cr exhibits the corrosion resistance, 

particularly in a region in which the concentration is 

relatively low.  In this case, it is necessary that Cr in 

an amount of 14.5% or more is contained, but when Cr in 

an amount exceeding 24.5% is contained, phase stability 

in combination with Mo is impaired at the time of the 

additive manufacturing, and it becomes difficult to 

maintain the single phase.  Then, a coarse m phase 

results in being formed, which leads to deterioration in 

the corrosion resistance; accordingly, it is preferable 

that the content thereof is controlled to 14.5% to 24.5%. 

 The upper limit of Cr is more preferably 22.5%, and 

is further preferably 20.5%.  In addition, the lower 

limit of Cr is more preferably 15.0%, and is further 

preferably 18.0%. 

[0037] 

 [Mo: 12.0% to 23.0%] 

 Similarly to Cr, Mo has an effect of improving the 

corrosion resistance against the halogen-based gases such 

as HCl, Cl2, HF, F2, NF3, ClF3 and HBr.  Against the 

hydrated acid, Mo exhibits the corrosion resistance, 

particularly in a region in which the concentration is 

medium to high.  In order to cope with the region, it is 

preferable that Mo in an amount of 12.0% or more is 
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contained.  However, when the content exceeds 23.0%, Mo 

is inferior in an oxidation property at high temperature.  

Because of this, when the powder is manufactured by a gas 

atomization method, an oxide film formed on the surface 

of each powder becomes thick; and there is a concern that 

a defect originating in the oxide becomes apparent in the 

additively manufactured body which is manufactured by use 

of the powder.  Because of this, it is preferable to 

control the content thereof to 12.0% to 23.0%. 

 The upper limit of Mo is preferably 20.5%, and is 

further preferably 19.5%.  In addition, the lower limit 

of Mo is preferably 14.0%, and is more preferably 16.0%. 

[0038] 

 [Other Elements] 

 The Ni-based alloy in the additively manufactured 

body of the present embodiment has a basic composition of 

Cr: 14.5% to 24.5%, Mo: 12.0% to 23.0%, and the balance 

being Ni and unavoidable impurities.  In the case where 

the Ni-based alloy according to the present embodiment 

contains Cr, Mo and Ni, the alloy can contain another 

optional element as needed, for example, such as Ta, in 

addition to the main constituent elements.  The optional 

element will be described below. 

[0039] 

 [Ta: 2.5% or less] 

 Ta has an effect of improving corrosion resistance 

in a reductive acid and an oxidative acid, and corrosion 
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resistance against pitting corrosion and crevice 

corrosion; and accordingly is contained in the range of 

1.0% to 2.5%, as needed. 

[0040] 

 [W: 5% or less] 

 Similarly to Mo, W has an effect of improving the 

corrosion resistance against the reductive acid; at the 

same time, increases the melting point, and thereby 

increases the viscosity of the molten metal; and when 

producing the powder, makes it easy to control a particle 

size, and also can suppress the production of a fine 

powder (particle size smaller than 5 mm) which is 

difficult to be additively manufactured.  Because of this, 

W is contained in the range of 2% to 5%, as needed. 

[0041] 

 The following elements can be contained which are 

7.00% or less Fe, 2.500% or less Co, 0.040% or less N, 

0.50% or less Mn, 0.010% or less Mg, 0.200% or less Si, 

0.500% or less Al, 0.500% or less Ti, 0.250% or less Cu, 

0.300% or less V, 0.0050% or less B, 0.0200% or less Zr, 

0.0300% or less O, and the like. 

[0042] 

 As for other unavoidable impurities, C forms a 

carbide with Cr in the vicinity of crystal grain 

boundaries and increases deterioration of corrosion 

resistance.  Because of this, it is preferable to control 

C to less than 0.05%.  In addition, S and P are 
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segregated in grain boundaries, and cause hot cracking; 

and accordingly, it is preferable to suppress S and P to 

less than 0.01%. 

 In addition, the content of these unavoidable 

impurities is preferably small, and may be 0%. 

[0043] 

 [Raw material alloy powder] 

 The Ni-based alloy according to the present 

embodiment has the above composition, and a raw material 

alloy powder having the above composition is prepared in 

order to manufacture the additively manufactured body.  

The chemical composition of the raw material alloy powder 

is basically the same as the chemical composition of the 

additively manufactured body, but when the additively 

manufactured body has an oxide film having excellent 

corrosion resistance on the surface layer, an oxygen 

content of the additively manufactured body is larger 

than that of the raw material alloy powder.  The oxide 

film will be described later. 

 The chemical compositions of the raw material alloy 

powder and the additively manufactured body can be 

measured with an analysis by fluorescent X-ray or an 

analysis by high-frequency inductively coupled plasma 

(ICP).  In addition, the contents of C, S, N and O can be 

determined by implementation of gas analysis using a 

combustion method. 

[0044] 
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 The additive manufacturing method is a manufacturing 

method which provides a desired shape by repeating the 

melting and solidification for individual powders; but 

when the particle size of the raw material alloy powder 

is too small, it becomes difficult to obtain a volume 

necessary for one time of the melting and solidification, 

and accordingly, it is difficult to obtain a sound 

additively manufactured body.  On the other hand, when 

the particle size of the raw material alloy powder is too 

large, the volume necessary for one time of melting and 

solidification becomes large, and it is difficult to 

obtain the sound additively manufactured body.  

Accordingly, the particle size of the raw material alloy 

powder to be used is in the range of approximately 5 to 

500 mm, but the particle size distribution to be required 

is different between the powder bed method and the metal 

deposition method.  In the powder bed method, a particle 

size d50 is preferably 10 to 60 mm, which corresponds to 

50 vol% of an integrated value in an integration 

distribution curve that shows a relationship between a 

particle size and an integrated volume from the small 

particle size side, which is obtained by a laser 

diffraction method.  In addition, in the metal deposition 

method, the particle size d50 is preferably 30 to 250 mm. 

[0045] 

 The raw material alloy powder can be manufactured by 

use of a gas atomization method, a water atomization 
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method, a jet atomization method or the like.  The raw 

material alloy powder is preferably spherical, and 

accordingly, it is preferable to produce the raw material 

alloy powder by a gas atomization method. 

[0046] 

 [Application] 

 The application of the additively manufactured body 

according to the present embodiment is arbitrary.  The 

additively manufactured body can be used for applications 

requiring high strength and high corrosion resistance, 

even in as-additively-manufactured state, and mechanical 

properties according to applications can be obtained 

depending on whether or not heat treatment or aging heat 

treatment is performed. 

 As an example of the application, the additively 

manufactured body according to the present embodiment can 

be applied to a semiconductor manufacturing apparatus 

that handles a halogen-based gas having strong 

corrosiveness, which is typified by HCl, Cl2, HF, F2, NF3, 

ClF3, HBr and the like.  In particular, the additively 

manufactured body is preferably applied to a member of a 

semiconductor manufacturing apparatus with which these 

gases directly come in contact.  In addition, as other 

applications, the additively manufactured body according 

to the present embodiment is preferably applied to: a 

screw or a cylinder for injection molding; a valve or a 

joint for a drilling device for oil well or in a chemical 
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plant in which a corrosive fluid flows; a turbine hole of 

a heat exchanger, a pump, a generator or the like; an 

impeller of a compressor; and the like.  In the present 

invention, these machines, devices, members, components 

and the like are collectively referred to as manufactured 

products. 

[0047] 

 On the surface of the additively manufactured body 

having an oxide film according to the present embodiment, 

a portion on which the oxide film is provided is 

preferably selected, according to a member of an 

application to which the additively manufactured body is 

applied.  Specifically, when the whole of the member 

comes in contact with a corrosive environment such as a 

corrosive gas or liquid, the oxide film according to the 

present embodiment is preferably formed on the whole of 

the member.  In addition, when only a part of the member 

comes in contact with the corrosive environment such as 

the corrosive gas or liquid, the oxide film according to 

the present embodiment is preferably formed only on the 

part.  In this way, the oxide film can be formed so as to 

correspond to the face which comes in contact with the 

corrosive environment.  Of course, even when only a part 

of the member becomes the face which comes in contact 

with the corrosive environment such as the corrosive gas 

or liquid, the oxide film according to the present 

embodiment may be formed on the whole of the member.  In 
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addition, in order to form a bonding face with another 

member, a part of the oxide film may be subjected to 

machine work such as polishing or grinding, and in this 

case, the oxide film may become only a part due to the 

machine work. 

 In the present embodiment, the surface on which the 

oxide film is formed is a face of as-additively-

manufactured state (as built face), which has not been 

subjected to the machine work such as the polishing and 

cutting. 

 

Examples 

[0048] 

 The present invention will be specifically described 

below based on Examples. 

 A raw material alloy powder for the additive 

manufacturing was prepared, which had a chemical 

composition shown in Table 1.  This raw material alloy 

powder was produced by operations of: preparing a raw 

material to be melted; melting the raw material with the 

use of a normal high-frequency vacuum melting furnace; 

thereby producing a mother alloy; and subjecting the 

mother alloy to a gas atomization process in an argon 

atmosphere.  In addition, powder having particle sizes of 

10 to 60 mm was classified from the atomized powder, and 

subjected to the additive manufacturing.  Particle sizes 
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d10, d50 and d90 of the classified powder are d10: 15.6 

mm, d50: 25.3 mm, and d90: 50.2 mm, respectively. 

[0049] 

[Table 1] 

 
Mass % 

Ni + unavoidable 
impurities 

Mo Cr Ta O 

Alloy powder 18.9 19.3 1.69 0.008 Bal. 

Additively manufactured 
body 

18.9 19.3 1.69 0.02 Bal. 

 

[0050] 

 The additive manufacturing was performed under the 

following conditions, and an additively manufactured body 

1 (30 mm ´ 30 mm ´ 5 mm) was produced (hereinafter, the 

additively manufactured body may be simply referred to as 

manufactured body).  In a shielding gas (argon gas) in 

the additive manufacturing, 540 ppm of oxygen is 

contained. 

 Additive manufacturing apparatus: EOS M290 (SLM 

method) 

 Additive manufacturing conditions: 

 so that energy density becomes 20 to 200 J/mm3, 

 energy density = 

 laser power (W)/(scanning speed (mm/s) ´ scanning 

pitch (mm) ´ layer thickness (mm)) is set. 

 In the Examples, the laser power was 300 W, the 

scanning speed was 800 mm/s, the scanning pitch was 0.1 
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mm, the layer thickness was 0.04 mm, and therefore, the 

energy density was 94 J/mm3. 

 Atmosphere: Ar (O2<0.10%) 

 Scanning method: crossing scanning method (however, 

surface XY-face and Z-face are scanned two times with 

laser beam) 

[0051] 

 The chemical composition of the manufactured body 1 

was also analyzed.  The result is shown in Table 1, and 

the content of oxygen (O) becomes remarkably high.  This 

is understood to be based on the fact that the shield gas 

(argon gas) in the additive manufacturing contains 540 

ppm of oxygen. 

 For information, the composition of Mo, Cr and Ta 

was analyzed by Simultix10 (manufactured by Rigaku 

Corporation), which is an X-ray fluorescence spectrometer.  

In addition, the composition analysis of O (oxygen) was 

performed by ON-836 (manufactured by LECO Japan 

Corporation) which is an oxygen nitrogen analyzer. 

[0052] 

 [Mechanical properties] 

 Next, the manufactured body 1, the manufactured 

bodies 2 to 4 which were obtained by subjecting the 

manufactured body 1 to heat treatment, and a forged and 

rolled body which passed through forging and rolling and 

had the same chemical composition as that of the 

manufactured body 1 were prepared, and the mechanical 
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properties and dislocation density were measured.  The 

results are shown in Table 2. 

 The heat treatment conditions for the manufactured 

bodies 2, 3 and 4 are as follows. 

 Manufactured body 2: held at 1180°C for only 30 

minutes in the air. 

 Solutionizing proceeds due to this heat treatment, 

and accordingly the heat treatment for the manufactured 

body 2 is referred to as "solution heat treatment". 

 Manufactured body 3: held at 900°C for only 30 

minutes in the air. 

 The heat treatment of the manufactured body 3 is 

performed mainly for the purpose of strain relief. 

 Manufactured body 4: held at 650°C for 60 hours in 

the air. 

 The heat treatment for the manufactured body 4 is 

referred to as "aging heat treatment". 

 In addition, the mechanical properties were measured 

in accordance with JIS (JIS Z 2244).  The Vickers 

hardness HV is a measured value at a load 10 Kg.  The XY-

face and the Z-face in Table 2 comply with the 

definitions which were described with the use of FIG. 1.  

The same is applied to the following. 

[0053] 

 (Measurement of dislocation density) 

 The dislocation density of each sample was 

determined by "dislocation length/assessed volume". 
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 The dislocation length was determined by actual 

measurement of each of dislocations which could be 

observed in the STEM image (observation areas: 4.32 mm2 

(1.44 mm2 ´ 3 sheets)), and as the total length thereof. 

 The assessed volume was determined by "observation 

area ´ sample thickness".  For each sample, the 

preparation conditions of the STEM sample are the same as 

those described above, and the sample thickness is 80 nm. 

[0054] 

 As shown in Table 2, it is understood that the 

manufactured body 1 formed by the additive manufacturing 

can obtain mechanical properties which exceed those of 

the forged and rolled body.  In addition, according to 

the result of the manufactured body 2, the elongation can 

be brought close to that of the forged and rolled body by 

the solution heat treatment being performed. 

 When the manufactured body 2 (1180°C ´ 30 minutes) 

and the manufactured body 3 (900°C ´ 30 minutes) are 

compared, the manufactured body 3 has higher yield 

strength and higher Vickers hardness.  Therefore, it has 

been confirmed that heat treatment is effective in a 

temperature range of 800°C or higher and 1000°C or lower, 

and further, of 850°C or higher and 950°C or lower, when 

these mechanical properties are regarded as important. 

 The manufactured body 4 (650°C ´ 60 hours) has the 

highest Vickers hardness among all the samples in Table 2, 

and the value reaches 350 HV or higher.  The manufactured 
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body 4 has all of a yield strength of 650 MPa or higher, 

a tensile strength of 1000 MPa or higher, and a Vickers 

hardness of 350 HV or higher, while maintaining a 

necessary level of ductility (elongation and drawing). 

 In other words, the required mechanical properties 

can be satisfied, when the presence or absence of the 

heat treatment and the conditions of the heat treatment 

are appropriately selected. 

 In addition, when the manufactured body 2 (1180°C ´ 

30 minutes) which was subjected to the solution heat 

treatment was further subjected to aging heat treatment 

under the same conditions as those of the manufactured 

body 4, a hardness of about 300 HV was obtained in HV10 

(load 10 Kg). 

[0055] 

 Next, when the dislocation densities in Table 2 are 

focused on, it is understood that the dislocation 

densities of the manufactured body 1 to the manufactured 

body 4 (6.3´1012 m-2 to 2.4´1017 m-2) greatly exceed the 

dislocation density of the forged and rolled body 

(8.2´109 m-2).  Among the manufactured body 1 to the 

manufactured body 4, the manufactured body 1 which is not 

subjected to the heat treatment and the aging heat 

treatment has the highest dislocation density, and the 

manufactured body 4 which has been subjected to the aging 

heat treatment (650°C ´ 60 hours) has the second highest 

dislocation density.  The manufactured bodies 1 and 4 
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having a high dislocation density also have high values 

of the yield strength, the tensile strength and the 

Vickers hardness; and accordingly, it is considered that 

there is a correlation between the dislocation density 

and these mechanical properties. 

 The manufactured body 2 (1180°C ´ 30 minutes) and 

the manufactured body 3 (900°C ´ 30 minutes) have lower 

dislocation densities than the manufactured body 1 and 

the manufactured body 4, but still show dislocation 

densities of 1012 m-2 or higher, and have higher values of 

the yield strength, the tensile strength and the Vickers 

hardness than the forged and rolled body. 

[0056] 
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[Table 2] 

 Tensile 
direction 

Yield 
strength 

Tensile 
strength 

Elongation Drawing 
Vickers 

hardness 

Dislocation density 
(dislocation 

length/assessed volume) 

(MPa) (MPa) (%) (%) (HV10) (m-2) 

Manufactured 
body 1 

Z 623 885 60 63 282 (XY-face) 

2.4´1017 

XY 754 1023 45  46  323 (Z-face) 

Manufactured 
body 2 

Z 416 890 76 63 206 (XY-face) 

6.3´1012 

XY 424 905 72 59 209 (Z-face) 

Manufactured 
body 3 

Z 530 882 64 68 262 (XY-face) 

1.7´1014 

XY 618 939 59 58 275 (Z-face) 

Manufactured 
body 4 

Z 689 1014 48 49 382 (XY-face) 

3.3´1016 

XY 786 1120 42 41 395 (Z-face) 

Forged and rolled body 381 812 72 69 180-200 8.2´109 

         
Manufactured body 2: manufactured body 1 subjected to solution treatment (1180°C´30min.) 

Manufactured body 3: manufactured body 1 subjected to heat treatment (900°C´30min.) 

Manufactured body 4: manufactured body 1 subjected to aging heat treatment (650°C´60hours) 

Forged and rolled body: material which has the same chemical composition as manufactured body 1 and has 
passed through forging and rolling processes 

Characteristics: average value of three test pieces 

[0057] 

 [Corrosion resistance] 

 Next, corrosion resistance was evaluated by use of 

the manufactured body 1 and the forged and rolled body. 

 The corrosion resistance was evaluated by two types 

of tests which were a corrosion resistance test by 

immersion in an aqueous solution of hydrochloric acid and 

a pitting corrosion test.  In the evaluation test for the 

corrosion resistance, the XY-face, the 45°-face and the 
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Z-face refer to the XY-face, the 45°-face and the Z-face 

which are shown in the additively manufactured body in 

FIG. 1. 

 (1) Hydrochloric acid immersion test 

 The samples were each immersed in two types of 

corrosive solutions (1% aqueous solution of hydrochloric 

acid (boiling) and 5% aqueous solution of hydrochloric 

acid (boiling)) for 24 hours, and each corrosion rate 

(mm/year) was determined.  The results are shown in FIG. 

5.  For information, in the case where polishing was 

performed, any test piece was polished by use of a 

polishing paper of No. 1000, and then immersed in the 

corrosive solution. 

 As shown in FIG. 5A, there is no significant 

difference in the corrosion rate between the manufactured 

body 1 and the forged and rolled body.  In addition, 

according to FIG.5B, the corrosion resistance does not 

depend on the layered direction. 

(2) Pitting corrosion test 

 A critical temperature was determined at which 

pitting corrosion occurred when a test piece was immersed 

in an aqueous solution of ferric chloride, in accordance 

with JIS G0578.  The results are shown in Table 3, and 

the critical temperatures of test pieces which are not 

polished become higher by about 5 to 10°C.  The 

manufactured body 1 which is not polished shall be 

referred to as a manufactured body 1A, and the 
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manufactured body 1 which is polished shall be referred 

to as a manufactured body 1B. 

 In addition, a crevice corrosion test was performed 

in the same manner, and the same results as in Table 3 

were obtained. 

[0058] 

[Table 3] 

T
es

t t
em

pe
ra

tu
re

 

145°C �* - � ´ �* 

140°C � ´ � � � 

135°C � � � � � 

130°C � � � � � 

125°C � � � � � 

120°C � � � � � 

115°C � � � � � 

Test surface Unpolished Polished Unpolished Polished 

Forged 
and rolled 

body 

Exposed surface XY-face Z-face 

 
1A 1B 1A 1B 

Manufactured body 1 

* Test was closed.     

´ Poor Pitting corrosion occurred. 

[0059] 

 The above evaluation results are summarized as 

follows. 

 (1) Mechanical properties 
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 The additively manufactured body has the remarkably 

improved yield strength, tensile strength and hardness, 

as compared with the forged and rolled body. 

 As shown in Table 2, according to the additively 

manufactured body (manufactured body 1) of the present 

embodiment, it was possible to have all of a yield 

strength of 600 MPa or higher, a tensile strength of 850 

MPa or higher, and a Vickers hardness of 250 HV or higher, 

in a state of not being subjected to the heat treatment. 

 In addition, according to the additively 

manufactured body (manufactured body 2) that has been 

subjected to the solution heat treatment, it was possible 

to have all of a yield strength of 400 MPa or higher, a 

tensile strength of 850 MPa or higher, and a Vickers 

hardness of 200 HV or higher, while maintaining an 

elongation of 70% or higher. 

 According to the additively manufactured body 

(manufactured body 3) that has been subjected to the heat 

treatment for strain relief, it was possible to have all 

of a yield strength of 500 MPa or higher, a tensile 

strength of 850 MPa or higher, and a Vickers hardness of 

250 HV or higher, while maintaining an elongation of 50% 

or higher. 

 As for the additively manufactured body 

(manufactured body 4) which has been subjected to the 

aging heat treatment, the hardness was significantly 

improved, and a Vickers hardness of 350 HV or higher 
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could be obtained.  At the same time, it was possible to 

obtain a yield strength of 600 MPa or higher, a tensile 

strength of 1000 MPa or higher, and elongation and 

drawing each of 40% or higher. 

 It should be noted that, in consideration of the 

fact that the forged and rolled body shown in Table 2 is 

solutionized, even if the forged and rolled body is 

further subjected to the heat treatment at 800°C or 

higher and 1300°C or lower, which is recommended in the 

present application, a dramatic improvement in mechanical 

properties cannot be expected. 

[0060] 

 As shown in Table 2, according to the additively 

manufactured bodies (manufactured bodies 1 to 4) of the 

present embodiment, high dislocation densities of 1012 m-2 

or higher and further 1014 m-2 or higher could be obtained.  

The manufactured bodies 1 to 4 have higher dislocation 

densities than the forged and rolled body, and it is 

considered that this contributes to a remarkable 

improvement in the yield strength, the tensile strength 

and the hardness. 

[0061] 

 (2) Corrosion resistance 

 Even though the additively manufactured bodies have 

the same chemical composition and are additively 

manufactured under the same conditions, the additively 
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manufactured body which is not polished is more excellent 

in the corrosion resistance. 

 In the following, observations will be described 

which have been performed so as to clarify factors by 

which the evaluation results of the above mechanical 

properties and corrosion resistance are obtained. 

[0062] 

 [Structure observation of manufactured body 1] 

 An observation result of the structure of the 

manufactured body 1 will be described.  This observation 

was performed mainly for recognizing the reason why the 

mechanical strength was improved. 

 FIGS. 4A and 4B show observation results of the XY-

face and the Z-face of the manufactured body 1 after 

polishing and etching, which were observed with an 

optical microscope. 

 As shown in FIG. 4A, linear boundaries with an 

interval of approximately 100 mm were observed on the XY-

face.  This is understood to correspond to the boundary 

with another scanning path when the laser beam has 

scanned the XY-face.  In FIG. 4A, the linear boundary is 

indicated by the broken line, and a scanning direction of 

the laser beam is indicated by the arrow. 

 Next, as shown in FIG. 4B, a semicircular boundary 

was observed on the Z-face.  This boundary is understood 

to correspond to the boundary on the bottom face side of 

the molten pool which has been formed when having been 
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scanned by the laser beam.  The semicircular boundary is 

indicated by the broken line. 

 FIG. 4C shows a SEM (Scanning Electron Microscope) 

image of the Z-face of the manufactured body 1 after 

polishing and etching; and FIG. 4D is a schematic view of 

the structure drawn with reference to FIG. 4C.  As shown 

in FIGS. 4C and 4D, nano-order cells CL were observed.  

In FIG. 4D, elongated columns are the cells CL, and a 

crystal grain observed in FIG. 4B is assumed to be formed 

of the gathered cells CL.  In FIG. 4D, a shape appearing 

to be circular is also the cell CL, but this cell CL 

appears to be circular because of extending in the depth 

direction of the paper surface of the figure.  In 

addition, the forms of the structures shown in FIGS. 4C 

and 4D are similar to a structure which is formed 

generally by welding, but a thickness of a single cell is 

approximately 1 mm or smaller, and the length is about 

several hundred mm, and the structures shown in FIGS. 4C 

and 4D include cells which are about three to six orders 

of magnitude small as compared with those of the welded 

structure. 

[0063] 

 [Consideration of mechanical strength based on 

structure] 

 FIG. 6A shows a reflected electron image by SEM of 

the forged and rolled body, and FIG. 6B shows a reflected 

electron image by SEM of the manufactured body 1.  Fine 
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white regions that were not observed in the forged and 

rolled body (FIG. 6A) were observed in the manufactured 

body 1 (FIG. 6B).  In addition, the left side of FIG. 6C 

shows a SEM image of Mo of the manufactured body 1 which 

was observed by SEM, and the right side of FIG. 6C shows 

an EDX image of Mo of the manufactured body 1 which was 

observed by EDX (Energy Dispersive X-ray Spectroscopy).  

By comparing FIG. 6B with FIG. 6C, it is confirmed that 

the white region observed in FIG. 6B is Mo segregation in 

which Mo is more enriched than other regions.  It is 

assumed that the Mo segregation is formed between 

adjacent cell structures, in other words, in a cell 

boundary. 

[0064] 

 FIG. 6D shows a reflected electron image by SEM of 

the manufactured body 2 which has been subjected to the 

solution treatment, and it is understood that the white 

region, specifically, the Mo segregation is solid-

dissolved in the matrix due to the solution treatment, 

and a part of the Mo segregation has been lost.  However, 

as described above, the fact that the mechanical 

properties (yield strength and tensile strength) of the 

manufactured body 2 are higher than those of the forged 

and rolled body suggests that the Mo segregation does not 

completely disappear but appropriately remains, under the 

heat treatment condition of holding at 1180°C for 30 

minutes. 
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 The STEM image of the manufactured body 2 is shown 

in FIG. 7, which has passed the heat treatment that holds 

the manufactured body 2 at 1180°C for 30 minutes and has 

been observed by STEM (Scanning Transmission Electron 

Microscopy). 

 A portion which is shown as a white region in the 

DF-STEM image on the left side of FIG. 7 is shown as a 

black region in the BF-STEM image on the right side.  In 

the BF-STEM image on the right side, a black line which 

clearly extends in the middle is a cell boundary, and it 

is considered that the Mo segregation exists in the cell 

boundary. 

[0065] 

 The manufactured body 1 (unetched) was subjected to 

electron diffraction, in order to check whether or not 

the Mo segregation in the manufactured body 1 is a m 

phase which is an intermetallic compound containing Mo, 

Cr and Ni as constituent elements.  The result will be 

described with the use of FIG. 8. 

 For information, the conditions of the electron 

diffraction are as follows. 

 Model of apparatus: model JEM-ARM 200F manufactured 

by JEOL Ltd. 

 Acceleration voltage: 200kV 

 Selected area diffraction method: aperture size: 0.5 

mm f, and camera length: 80 cm 

[0066] 
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 As shown in FIG. 8A, selected area diffraction 

regions are three regions (region A, region B and region 

C) each surrounded by a white circle.  In FIG. 8B, an 

electron diffraction image A, an electron diffraction 

image B and an electron diffraction image C are electron 

diffraction images in the region A, the region B and the 

region C, respectively. 

 When the electron diffraction images A to C are 

compared, it is understood that the diffraction patterns 

are equal.  This means that an intermetallic compound 

different from the mother phase is not formed in the 

additively manufactured body (manufactured body 1) also 

in the region B which is positioned at the cell boundary.  

Therefore, it has been confirmed that the Mo segregation 

in the manufactured body 1 is not the above m phase.  The 

Mo segregation in the manufactured body 1 is assumed to 

contain mainly a simple substance of Mo.  It is 

understood that by fine Mo segregation appropriately 

existing between adjacent columnar cell structures, in 

other words, in the cell boundary, dislocation bonding is 

inhibited, and that as a result, a state is maintained in 

which the dislocation density in the cell structure is 

high, and the mechanical properties are improved. 

[0067] 

 FIG. 9 is a view in which a rectangular box is added 

to the STEM image (BF-STEM image) of the manufactured 

body 1, which is shown in FIG. 2.  The rectangular box 
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indicates a position at which the mother phase in the 

crystal grain has been analyzed with EDX. 

 In addition, FIG. 10 is a view in which reference 

numerals 1, 2, 3 and 4 that indicate positions in cell 

boundaries, which have been analyzed with EDX, are added 

to the STEM image (BF-STEM image) of the manufactured 

body 1 shown in FIG. 2. 

 EDX analysis results of the mother phase and the 

cell boundaries are collectively shown in Table 4. 

 In Table 4, when the values of Mo are focused on, 

the Mo concentrations in the cell boundaries are 16.7 to 

19.4 at%, and are higher than the Mo concentration in the 

mother phase (13. 7 at%) by 3.0 to 5.7 at%.  From this 

result, it has been confirmed that a region in which the 

Mo concentration is higher than that in the mother phase 

exist in the cell boundary at which the plurality of 

columnar cell structures are adjacent to each other.  

Specifically, it has been confirmed that in the crystal 

grains constituting the additively manufactured body 1, 

the Mo segregation having a Mo concentration higher than 

that in the mother phase by 3.0 at% or higher and further 

5.0 at% or higher exists in the cell boundary. 

[0068] 
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[Table 4] 

EDX analysis value of manufactured body 1     (at%) 

  Ni Cr Mo Ta Fe Co O 

Cell 
boundary 

1 56.4 21.3 19.4 0.7 1.6 0.6 - 

2 57.9 21.4 18.2 0.4 1.5 0.6 - 

3 58.1 21.5 17.1 0.9 1.7 0.7 - 

4 59.1 21.2 16.7 0.9 1.5 0.6 - 

Mother phase 63.2 20.7 13.7 0.4 1.4 0.6 - 

 

[0069] 

 [Behavior observation of element in surface layer] 

 Next, the behavior of elements in the surface layer 

portion was observed for the manufactured body 1A 

(unpolished) and the manufactured body 1B (polished).  

The results are shown in FIGS. 11A and 11B.  This 

observation was performed mainly for recognizing the 

reason why the corrosion resistance was improved.  For 

information, the observation conditions are as follows. 

 Apparatus: ESCA-5400R (3057 customized) manufactured 

by ULVAC-PHI, Inc. 

 X-Ray (Mg ka): 15.0 kV and 26.7 mA (400 W) 

 Detection depth: 20 nm (extraction angle 45°) 

 Analysis region: 800 mm f 

 Sputtering conditions (Ar+): acceleration voltage; 2 

kV, raster size; 3 ´ 3 mm, and sputtering rate: about 2. 

0 nm/min (in terms of SiO2) 

[0070] 
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 As shown in FIG. 11A, it is assumed that a thin film 

including oxides is formed on the surface layer portion 

of the manufactured body 1A.  Based on the concentration 

ratio of Cr and O in the surface layer portion, the 

oxides are recognized to be chromium oxides (Cr2O3).  The 

chromium oxide is formed in the range down to about 3 nm 

in the depth direction, based on the oxygen content and 

the Cr content in the surface layer portion, and a 

considerable concentration of oxygen is observed even 

beyond the 3 nm; and accordingly, it is recognized that 

in the case of the manufactured body A1, the chromium 

oxide has a thickness of about 6 nm or smaller. 

 Paying attention on the contents of Cr and Ni in the 

surface layer portion, the content of Cr is larger than 

the content of Ni in the region up to the range of about 

3 nm from the surface.  It is assumed that an oxide of Ni 

(NiO) is contained in this region; but based on the 

contents of Cr and Ni, the amount of produced chromium 

oxide is large; and it is understood that an oxide film 

is formed in this region, which contains chromium oxide 

and nickel oxide, but mainly contains Cr. 

[0071] 

 In a region deeper than about 3 nm from the surface, 

the Cr content and the Ni content are reversed.  

Furthermore, when the depth exceeds the depth of 

approximately 6 nm from the surface, the region becomes a 

region of metal components in which both of the Cr 
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content and the Ni content become stable.  In a region 

from the point at which the Cr content and the Ni content 

are reversed to the metal components region of Cr and Ni, 

the Ni content is larger than the Cr content; and it is 

understood that an oxide film is formed in the region, 

which contains chromium oxide and nickel oxide or NiCr 

oxide, but mainly contains Cr. 

[0072] 

 As is shown in FIG. 11B, it is assumed that a thin 

film including oxides is formed in the surface layer 

portion also in the manufactured body 1B, but the Ni 

content is larger than the Cr content.  Accordingly, it 

is recognized that in the manufactured body 1B, Cr oxide 

does not exist in the surface layer portion, or even if 

Cr oxide exists, the amount of Ni oxide is large and an 

oxide film is formed which mainly contains Ni.  For 

information, the surface of the manufactured body 1B is 

polished, but is naturally oxidized by coming in contact 

with the atmosphere in polishing or after polishing, and 

thereby oxygen (O) is contained in the surface layer 

portion. 

[0073] 

 [Consideration on corrosion resistance] 

 The manufactured body 1A which is not polished after 

the additive manufacturing exhibits higher corrosion 

resistance than the manufactured body 1B which has been 
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polished, and oxides are formed in a very shallow range 

of the surface layer in the manufactured body 1A. 

 It is understood that these oxides are formed during 

the additive manufacturing; and the oxides originate in 

oxygen (O2) which is contained in argon gas (Ar gas) of a 

shielding gas.  The content of oxygen in the argon gas is 

about 10 to 2000 ppm as described above, which is a very 

small amount as compared with, for example, about 21% 

which is the amount of oxygen in the atmosphere.  This 

very small amount of oxygen contained therein is exposed 

to a high temperature atmosphere of 1300°C to 1800°C in 

which an alloy powder is melted during the additive 

manufacturing, and thereby a dense oxide is formed.  

Moreover, the XY-face and the Z-face, in other words, the 

surface of the additively manufactured body of which the 

corrosion resistance has been evaluated is scanned twice 

with a laser beam on the same scanning path.  It is 

understood that the scanning of the laser beam, which is 

repeated twice, contributes to the formation of a denser 

oxide. 

 

Reference Sign List 

[0074] 

 1 additively manufactured body (manufactured body) 
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Claims 

 

[Claim 1] 

 A Ni-based alloy member comprising: 

 Ni at the largest content by a mass ratio; and Cr 

and Mo at second largest contents by a mass ratio, 

wherein 

 the Ni-based alloy member is an additively 

manufactured body, and comprises segregation of Mo in at 

least a part of a crystal grain(s). 

[Claim 2] 

 The Ni-based alloy member according to claim 1, 

wherein 

 the crystal grain(s) has columnar cell structures, 

and the segregation of Mo exists between the adjacent 

columnar cell structures. 

[Claim 3] 

 The Ni-based alloy member according to claim 1 or 2, 

wherein 

 a Mo concentration in the segregation of Mo is 

higher than a Mo concentration in a mother phase in the 

crystal grain(s) by 3 at% or higher. 

[Claim 4] 

 The Ni-based alloy member according to claim 2, 

wherein 
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 an average diameter of equivalent circle diameters 

in cross sections of the columnar cell structures is 1000 

nm or smaller. 

[Claim 5] 

 The Ni-based alloy member according to claim 2 or 4, 

wherein 

 when the cross sections of the columnar cell 

structures are observed with a transmission electron 

microscope, a dislocation density that is obtained by 

dislocation length/assessed volume is 1012 m-2 or higher, 

wherein 

 the assessed volume is observation area ´ sample 

thickness. 

[Claim 6] 

 The Ni-based alloy member according to any one of 

claims 1 to 5, wherein 

 a mean grain size of the crystal grains is 80 to 150 

mm. 

[Claim 7] 

 The Ni-based alloy member according to any one of 

claims 1 to 6, wherein 

 a Vickers hardness of the Ni-based alloy member is 

200 HV10 or higher. 

[Claim 8] 

 The Ni-based alloy member according to any one of 

claims 1 to 7, wherein 



- 62 - 

 a tensile strength of the Ni-based alloy member is 

850 MPa or higher. 

[Claim 9] 

 The Ni-based alloy member according to any one of 

claims 1 to 8, wherein 

 an elongation of the Ni-based alloy member is 50% or 

higher. 

[Claim 10] 

 A manufactured product using the Ni-based alloy 

member according to any one of claims 1 to 9. 

[Claim 11] 

 The manufactured product according to claim 10, 

wherein 

 the manufactured product is a semiconductor 

manufacturing apparatus. 

[Claim 12] 

 A method for manufacturing a Ni-based alloy member 

comprising: 

 a step of obtaining an additively manufactured body 

including a Ni-based alloy that includes Ni at the 

largest content by a mass ratio and Cr and Mo at second 

largest contents by a mass ratio, by additive 

manufacturing using a laser beam or an electron beam; 

wherein 

 during melting and solidification in the additive 

manufacturing, a crystal grain(s) having columnar cell 

structures is formed, and segregation of Mo is formed 
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between the adjacent columnar cell structures in an inner 

part of the crystal grain(s). 

[Claim 13] 

 The method for manufacturing a Ni-based alloy member 

according to claim 12, wherein 

 an average diameter of equivalent circle diameters 

in cross sections of the columnar cell structures is 1000 

nm or smaller. 

[Claim 14] 

 The method for manufacturing a Ni-based alloy member 

according to claim 12 or 13, wherein 

 the additively manufactured body is subjected to 

heat treatment at 800°C or higher and 1300°C or lower. 

[Claim 15] 

 The method for manufacturing a Ni-based alloy member 

according to claim 14, wherein 

 the heat treatment is performed for 0.5 hours or 

longer and 3 hours or shorter. 

[Claim 16] 

 The method for manufacturing a Ni-based alloy member 

according to claim 12 or claim 13, wherein 

 aging heat treatment is performed at 600°C or higher 

and lower than 800°C 

[Claim 17] 

 The method for manufacturing a Ni-based alloy member 

according to claim 16, wherein 
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 the aging heat treatment is performed for 20 hours 

or longer and 100 hours or shorter. 

  


