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CASTING MEMBER AND METHOD FOR 
MANUFACTURING SAME 

TECHNICAL FIELD 

0001. The present invention relates to a casting member 
Such as a metal mold, and to a method for manufacturing the 
casting member. 

BACKGROUND ART 

0002 Conventionally, widely known is a technique on a 
casting member Such as a metal mold, by which a film Such as 
a carbon film including nanocarbons is formed on a part of the 
Surface of the casting member (e.g. on the molding Surface of 
the casting member) in order to accomplish decrease of mold 
release resistance and the like. 
0003 Moreover, publicly known is a technique for making 
a part, on which the film is to be formed, of the surface of a 
casting member bumpy by means of shot blasting or the like 
to increase surface area of the part, thereby inhibiting the film 
from peeling from the part (for example, see Patent Literature 
1). 
0004. However, if the surface of the casting member is 
worked by means of the shot blasting or the like, the surface 
area of the worked part is not sufficiently increased. There 
fore, it is expected that peel strength of the film is further 
increased. 
0005 Moreover, the surface processing such as the shot 
blasting needs to be additionally performed when the casting 
member as mentioned above is manufactured, which causes 
problems that cost required for manufacturing the casting 
member is increased for example. 

CITATION LIST 

Patent Literature 

0006 Patent Literature 1: JP 2011-156549A 

SUMMARY OF INVENTION 

Problem to be Solved by the Invention 
0007. The objective of the present invention is to provide 
an inexpensive casting member on which a film with high peel 
strength is formed, and a method for manufacturing the cast 
ing member. 

Means for Solving the Problem 
0008 A first aspect of the invention is a casting member 
used for casting, which includes a base material manufac 
tured by means of selective laser sintering, which has a Sur 
face including a plurality of minute irregularities each having 
an inverse-slope shape, and a film formed on the Surface of the 
base material. 
0009 Preferably, the base material is a metal mold having 
a molding Surface, and the film is formed on the molding 
surface of the base material. 
0010. A second aspect of the invention is a method for 
manufacturing a casting member used for casting, which 
includes a modeling step for producing a base material, by 
means of selective laser sintering, which has a surface includ 
ing a plurality of minute irregularities each having an inverse 
slope shape, and a film-forming step for forming a film on the 
surface of the base material. 
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0011 Preferably, the film is a carbon film including at least 
one kind of nanocarbon, and in the film-forming step, the 
carbon film is formed on the surface of the base material by 
heating the base material while Supplying a reactive gas used 
to make the carbon film. 
0012 More preferably, a temperature and a time for heat 
ing the base material in the film-forming step are set to a 
temperature and a time for performing an aging treatment for 
hardening the base material, respectively. 

EFFECTS OF THE INVENTION 

0013 The present invention makes it possible to inexpen 
sively inhibit a film from peeling off. 

BRIEF DESCRIPTION OF DRAWINGS 

0014 FIG. 1 shows a surface-treated mold according to an 
embodiment of the present invention. 
0015 FIG. 2 shows a step for manufacturing the surface 
treated mold. 
0016 FIG.3 is a timing chart showing a film-forming step. 
0017 FIG. 4 is a timing chart showing an aging treatment 
of a conventional metal mold. 
0018 FIG. 5 is a timing chart showing a step for forming 
a carbon film on the molding Surface of the conventional 
metal mold. 

DESCRIPTION OF EMBODIMENTS 

0019. With reference to FIG. 1, described below is a sur 
face-treated mold 1 as an embodiment of a casting member 
according to the present invention. 
0020. As shown in FIG. 1, the surface-treated mold 1 
includes a metal mold 10 as a base material, and a carbon film 
20 formed on the molding surface of the metal mold 10. 
0021. The metal mold 10 is used for die casting or the like, 
and has a surface (upper surface in FIG. 1) formed as the 
molding surface. The metal mold 10 is produced by means of 
selective laser sintering, the Surface thereof is rough owing to 
a plurality of minute irregularities. 
0022. The selective laser sintering is a technique for, while 
laminating layers consisting of predetermined metal powder 
(e.g. maraging steel powder), melting a predetermined part of 
each of the layers with a laser so as to model a product with a 
desired shape. The selective laser sintering is known as a type 
of rapid prototyping. 
0023 Through the selective laser sintering, the metal pow 
der melts and solidifies. Therefore, the plurality of minute 
irregularities is formed on the surface of the metal mold 10. 
which makes the surface of the metal mold 10 rough. 
0024. The plurality of minute irregularities formed on the 
surface of the metal mold 10 produced by means of the 
selective laser sintering consists of a plurality of protrusions 
11. 
0025. For convenience, described below is only the plu 
rality of protrusions 11 on the molding surface of the metal 
mold 10 which forms a part of the surface of the metal mold 
10. 
0026. The protrusion 11 protrudes from the molding sur 
face of the metal mold 10 toward the outside (upper side in 
FIG. 1), and has an inverse-slope shape (what is called an 
undercut shape). Specifically, the protrusion 11 is formed to 
gradually increase in width (dimension in the right-left direc 
tion in FIG. 1) from the base end (bottom end in FIG. 1) to the 
protruding end (top end in FIG. 1) thereof. In other words, the 
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distance between the adjoining protrusions 11 gradually 
decreases toward the outside (upper side in FIG. 1) of the 
metal mold 10. 
0027 Thus, the molding surface of the metal mold 10 is 
formed as a bumpy Surface consisting of the plurality of 
protrusions 11. In other words, the molding surface of the 
metal mold 10 includes the plurality of minute irregularities 
each having the inverse-slope shape (what is called the under 
cut shape). 
0028. The carbon film 20 is a dense film for reducing 
mold-release resistance of the molding Surface of the metal 
mold 10, for preventing the molding surface of the metal mold 
10 from melting, and the like. In the present embodiment, the 
carbon film 20 includes at least one kind of nanocarbon. 
0029. In the present invention, the nanocarbon is a micro 
scopic fibrous nanocarbon Such as carbon nanofiber, carbon 
nanotube, carbon nanocoil, or carbon nanofilament. 
0030. For example, the carbon film 20 may consist of a 
plurality of carbon nanofibers formed on the molding surface 
of the metal mold 10, or may consist of a plurality of carbon 
nanotubes formed on the molding surface of the metal mold 
10. In addition, substantially spherical fullerenes each con 
sisting of a plurality of carbon atoms may be applied to the 
fibrous nanocarbons such as carbon nanofibers. 
0031. The carbon film 20 covers the plurality of protru 
sions 11 on the molding surface of the metal mold 10, and fills 
every space between the adjoining protrusions 11. 
0032. Thereby, anchor effect is produced between the car 
bon film 20 and the plurality of protrusions 11. 
0033 Specifically, the plurality of protrusions 11 upward 
protrudes from the molding surface of the metal mold 10. 
thereby restraining the carbon film 20 from moving in a 
direction (right-left direction in FIG. 1) parallel to the mold 
ing surface of the metal mold 10. In addition, since the pro 
trusion 11 has the inverse-slope shape (what is called the 
undercut shape), the plurality of protrusions 11 restrains the 
carbon film 20 from moving in a direction (top-bottom direc 
tion in FIG. 1) perpendicular to the molding surface of the 
metal mold 10. 
0034. Therefore, the anchor effect produced between the 
carbon film 20 and the plurality of protrusions 11 inhibits the 
carbon film 20 from peeling from the molding surface of the 
metal mold 10. 
0035. As mentioned above, in the surface-treated mold 1. 
the molding surface of the metal mold 10 is formed as a 
bumpy Surface consisting of the plurality of protrusions 11 
each having the inverse-slope shape (what is called the under 
cut shape), and the carbon film 20 is formed on the molding 
surface of the metal mold 10. 
0036. This makes it possible to make the area of the mold 
ing surface of the metal mold 10 larger than that of the 
molding Surface (e.g. molding Surface worked by means of 
shot blasting) of a conventional metal mold, and to form more 
nanocarbons on the molding surface of the metal mold 10. 
0037. Therefore, it is possible to strongly combine the 
carbon film 20 with the molding surface of the metal mold 10. 
and to inhibit the carbon film 20 from peeling from the mold 
ing surface of the metal mold 10. 
0038 Moreover, more nanocarbons are formed on the 
molding surface of the metal mold 10, thus enabling to form 
the carbon film 20 with larger thickness (vertical dimension in 
FIG. 1). 
0039. Therefore, it is possible to improve adiabaticity of 
the molding Surface of the metal mold 10, and consequently 
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to suitably flow molten metal thereon during casting. In addi 
tion, the carbon film 20 suitably holds a release agent, thus 
enabling to improve oil-retentivity of the molding surface of 
the metal mold 10. 
0040. In the present embodiment, the carbon film 20 
including at least one kind of nanocarbon is used as a film 
according to the present invention, but the film is not limited 
thereto. 
0041. For example, a dense film such as hard chromium 
plating, or black rust may be used as the film according to the 
present invention. 
0042. With reference to FIGS. 2 to 5, described below is a 
step S1 for manufacturing the Surface-treated mold 1 as an 
embodiment of a step for manufacturing a casting member 
according to the present invention. 
0043. As shown in FIG. 2, the step S1 includes a modeling 
step S10 and a film-forming step S20. 
0044) The modeling step S10 is a step for producing, by 
means of the selective laser sintering, the metal mold 10 
having the molding Surface which includes the plurality of 
minute irregularities each having the inverse-slope shape 
(what is called the undercut shape). 
0045. In the modeling step S10, the metal mold 10 having 
the molding surface on which the plurality of protrusions 11 
is formed is made from metal powder Such as maraging steel 
powder by means of the selective laser sintering. 
0046. The film-forming step S20 is a step for forming the 
carbon film 20 on the molding surface of the metal mold 10. 
0047. In the film-forming step S20, the metal mold 10 is 
heated while Supplying reactive gas used to make the carbon 
film 20, such as acetylene gas, to the metal mold 10 under an 
atmosphere of inert gas such as nitrogen in an atmosphere 
furnace, thereby forming the carbon film 20 on the molding 
surface of the metal mold 10. 
0048. It is preferable that anaging treatment for hardening 
the metal mold 10 is performed while forming the carbon film 
20 on the molding surface of the metal mold 10 in the atmo 
sphere furnace. 
0049 Specifically, as shown in FIG. 3, after changing an 
atmosphere in the atmosphere furnace into an atmosphere of 
nitrogen (N), the atmosphere is heated to 570° C. while 
Supplying acetylene (CH) and ammonia (NH) to the inside 
of the atmosphere furnace. Then, the metal mold 10 is heated 
for 4 hours while maintaining the temperature. 
0050 Consequently, the carbon film 20 is formed on the 
molding Surface of the metal mold 10, and the aging treatment 
is applied to the metal mold 10. 
0051. As shown in FIG. 4, in a conventional aging treat 
ment, a metal mold is heated at 570° C. for 4 hours. 
0052. In the film-forming step S20 according to the 
present embodiment, the metal mold 10 is heated at the same 
temperature and for the same time as the conventional aging 
treatment. 

0053. Therefore, through the film-forming step S20, the 
aging treatment is applied to the metal mold 10. 
0054 As shown in FIG. 5, conventionally, a carbon film is 
formed on the molding Surface of a metal mold at a tempera 
ture (480°C.) lower than that at which the aging treatment is 
performed. In other words, the temperature at which the car 
bon film is formed on the molding surface of the metal mold 
is different from the temperature at which the aging treatment 
is performed. 
0055. However, the carbon film formed on the molding 
surface of the metal mold does not deteriorate by oxidation if 
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the temperature of the carbon film is not over 600°C. There 
fore, the carbon film may beformed on the molding surface of 
the metal mold at the temperature (570°C.) at which the aging 
treatment is performed. 
0056. In the present embodiment, the metal mold 10 is 
heated at 570° C. in the film-forming step S20, but the tem 
perature at which the metal mold 10 is heated is not limited 
thereto. 
0057 The temperature at which the carbon film 20 is 
formed on the molding surface of the metal mold 10 is pref 
erably 400°C. (temperature at which nanocarbons can form) 
or more, and the temperature at which the aging treatment of 
the metal mold 10 is performed is preferably 350° C. or more. 
Therefore, the temperature at which the metal mold 10 is 
heated in the film-forming step S20 is preferably 400° C. or 
O. 

0058. Additionally, as mentioned previously, since the 
carbon film 20 may deteriorate by oxidation at a temperature 
higher than 600° C., the temperature at which the metal mold 
10 is heated in the film-forming step S20 is preferably 600° C. 
or less. 
0059. Therefore, it is preferable that the temperature at 
which the metal mold 10 is heated in the film-forming step 
S20 is 400 through 600° C. 
0060. In the case of forming the carbon film on the mold 
ing Surface of the metal mold at the same temperature and for 
the same time as the aging treatment of the metal mold, if a 
quantity of reactive gas Such as acetylene gas Supplied to the 
metal mold is reduced by approximately 20% of a conven 
tional quantity (quantity of the reactive gas Supplied to the 
metal mold in the case of forming the carbon film at a tem 
perature lower than that at which the aging treatment of the 
metal mold is performed), the quality of the carbon film 
hardly varies. Therefore, the quantity of the reactive gas Such 
as acetylene gas Supplied thereto may be changed (reduced) 
depending on conditions of the aging treatment of the metal 
mold. In the present embodiment, the time for Supplying 
ammonia (NH) is reduced in order to make the supply of the 
ammonia (NH) Smaller than a conventional Supply thereof 
(see the hatched areas in FIGS. 3 and 5). Note that the supply 
of nitrogen (N2) is increased instead of reducing the Supply of 
the ammonia (NH). 
0061 Moreover, depending on the conditions of the aging 
treatment of the metal mold, the time for heating the metal 
mold may be changed so that the quality of the carbon film 
hardly varies. 
0062. Thus, the temperature and the time for forming the 
carbon film 20 are changed so that the quality of the carbon 
film 20 hardly varies, and are equalized to those for perform 
ing the aging treatment of the metal mold 10. This makes it 
possible to concurrently performing, in the film-forming step 
S20, the formation of the carbon film 20 on the molding 
surface of the metal mold 10, and the aging treatment of the 
metal mold 10. 
0063. Therefore, it is possible to reduce the time and the 
cost required for manufacturing the Surface-treated mold 1 
without additionally performing the aging treatment of the 
metal mold 10. 
0064 Generally, after the aging treatment of the metal 
mold is performed, a step for forming a carbon film on the 
molding surface of the metal mold. The metal mold hardened 
through the aging treatment is heated again when the carbon 
film is formed on the molding surface of the metal mold, and 
thereby the effect of the aging treatment is weakened. How 

Oct. 16, 2014 

ever, in the present invention, the formation of the carbon film 
20 on the molding surface of the metal mold 10, and the aging 
treatment of the metal mold 10 are performed at the same time 
in the film-forming step S20. This makes it possible to make 
the metal mold 10 desired hardness without the effect of the 
aging treatment weakening. 
0065. As mentioned above, in the step S1, the surface 
treated mold 1 is manufactured by performing the modeling 
step S10 and the film-forming step S20 in this order. 
0066. The molding surface of the metal mold 10 produced 
in the modeling step S10 is rough owing to the plurality of 
protrusions 11. However, since the dense carbon film 20 is 
formed on the molding surface of the metal mold 10 in the 
film-forming step S20, the molding surface of the surface 
treated mold 1 is dense. 

0067 Conventionally, rough processing for forming the 
shape of the metal mold, and finishing processing for Smooth 
ing the surface thereof are performed in this order, and 
thereby the metal mold is produced. After that, the surface of 
the metal mold is worked into the bumpy surface by means of 
shot blasting or the like, and the film such as the carbon film 
is formed on the bumpy Surface. 
0068. On the other hand, in the present invention, the 
metal mold 10 having the rough surface is produced in the 
modeling step S10, and then the dense carbon film 20 is 
formed on the molding surface of the metal mold 10 in the 
film-forming step S20, thereby manufacturing the surface 
treated mold 1. Therefore, the Surface processing Such as the 
finishing processing and the shot blasting does not need to be 
performed. 
0069. This makes it possible to reduce the time and the 
cost required for manufacturing the Surface-treated mold 1. 
0070 Moreover, in the modeling step S10, the metal pow 
der is melted with a laser, and solidifies, thereby producing 
the metal mold 10. Therefore, the surface of the metal mold 10 
is activated, namely, the newly-formed surface of the metal 
mold 10 is exposed. 
0071. In particular, in the step S1, the film-forming step 
S20 is performed without performing the surface processing 
Such as the finishing processing and the shot blasting after the 
modeling step S10. This makes it possible to keep the mold 
ing surface of the metal mold 10 activated without an oxide 
film forming on the molding surface of the metal mold 10 
even when the carbon film 20 is formed on the molding 
surface of the metal mold 10. 

0072 Therefore, in the film-forming step S20, a reaction 
between the molding surface of the metal mold 10 and reac 
tive gas such as acetylene gas is promoted, thus enabling to 
form the firm carbon film 20 in a short time. 

0073. Not only a metal mold such as the surface-treated 
mold 1 but also a sliding member Such as a plunger tip may be 
used as a casting member according to the present invention. 
0074 For example, in the case where a plunger tip is used 
as a casting member according to the present invention, a film 
similar to the carbon film 20 is preferably formed on the outer 
circumferential Surface (sliding Surface) of the plunger tip. 

INDUSTRIAL APPLICABILITY 

0075. The present invention is applied to a casting member 
Such as a metal mold, and to a method for manufacturing the 
casting member. 
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REFERENCE SIGNS LIST 

0076) 1: surface-treated mold (casting member) 
0077 10: metal mold (base material) 
0078) 11: protrusion 
0079) 20: carbon film 

1. A casting member used for casting, comprising: 
a base material manufactured by means of selective laser 

sintering, which has a surface including a plurality of 
minute irregularities each having an inverse-slope 
shape; and 

a film formed on the surface of the base material. 
2. The casting member according to claim 1, wherein 
the base material is a metal mold having a molding surface, 

and 
the film is formed on the molding surface of the metal 

mold. 
3. A method for manufacturing a casting member used for 

casting, comprising: 
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a modeling step for producing a base material, by means of 
Selective laser sintering, which has a surface including a 
plurality of minute irregularities each having an inverse 
slope shape; and 

a film-forming step for forming a film on the surface of the 
base material produced in the modeling step. 

4. The method according to claim 3, wherein 
the film is a carbon film including at least one kind of 

nanocarbon, and 
in the film-forming step, the carbon film is formed on the 

Surface of the base material by heating the base material 
while supplying a reactive gas used to make the carbon 
film. 

5. The method according to claim 4, wherein 
a temperature and a time for heating the base material in the 

film-forming step are set to a temperature and a time for 
performing an aging treatment for hardening the base 
material, respectively. 
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