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DIE-CASTING DIE AND METHOD FOR 
DIE-CASTING 

TECHNICAL FIELD 

The present application claims priority to Japanese Patent 
Application No. 2008-31 1397 ?led on Dec. 5, 2008, the con 
tents of Which are hereby incorporated by reference into the 
present speci?cation. The present application provides a tech 
nique for a die-casting die and a method for die-casting. 

BACKGROUND ART 

A die-casting die not only determines the shape of a die 
cast product by its cavity forming surface, but also comprises 
a function of cooling molten material. If the cooling effect on 
the molten material caused by the die-casting die is too loW, a 
long time is needed until the molten material cools and the 
shape of the die-cast product is determined. Furthermore, it 
becomes impossible to obtain an intended crystal con?gura 
tion (solid structure) in the die-cast product. On the other 
hand, if the cooling effect on the molten material caused by 
the die-casting die is too high, the molten material does not 
How readily Within the cavity, and it becomes dif?cult to ?ll 
the molten material into the cavity. Furthermore, high inj ec 
tion pressure is needed to ?ll the molten material into the 
cavity. 

In Japanese Patent Application Publication No. 1996 
318362 and Japanese Patent Application Publication No. 
1995-1 55897, a technique is taught in Which a die-casting die 
is composed of a plurality of members, and a thermal con 
ductivity of the die-casting die can be changed depending on 
location by changing the material used to form the members. 

SUMMARY OF INVENTION 

Technical Problem 

In the conventional technique, the thermal conductivity of 
the die-casting die is changed depending on the location of the 
cavity forming surface. The conventional technique is 
devised such that a satisfactory die-cast product can be 
obtained by unequal spatial distribution of thermal conduc 
tivity. HoWever, the conventional technique does not reach the 
concept of changing the thermal conductivity as a function of 
time. The present inventors found that advantageous results 
can be obtained by changing the thermal conductivity as a 
function of time. The technique taught in the present speci? 
cation has been realiZed using this discovery. 

For example, in order to properly spread the molten mate 
rial in the cavity, it is advantageous for the thermal conduc 
tivity of the die-casting die to be loW so that the molten 
material is not cooled readily. After the molten material has 
spread in the cavity, the greater the cooling effect on the 
molten material caused by the die-casting die, the more the 
time can be reduced until the shape of the die-cast product is 
determined, and the time required for the method for die 
casting can be reduced thereby. If the phenomenon can be 
realiZed Where the thermal conductivity of the die-casting die 
is loW until the molten material spreads in the cavity, and the 
thermal conductivity of the die-casting die is high after the 
molten material has spread in the cavity, satisfactory die-cast 
products can be manufactured in a short time. The technique 
taught in the present speci?cation Was developed based on the 
above discovery. 

Solution to Technical Problem 

A die-casting die provided by the present application com 
prises a cavity forming surface. A part of the cavity forming 
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2 
surface is coated With a surface treatment layer having a 
thermal conductivity that increases in connection to an 
increase in an acted pressure. In the case of the method for 
die-casting, the pressure acted on the cavity forming surface 
is loW While the molten material is being spread in the cavity. 
After the molten material has been spread, the pressure acted 
on the cavity forming surface increases. To compensate for 
contraction as the molten material solidi?es, the pressure 
acted on the cavity forming surface increases notably if pres 
sure continues to be applied to the molten material during 
solidi?cation. If a part of the cavity forming surface is cov 
ered by the surface treatment layer Which has loW thermal 
conductivity While the pressure acted on the surface treatment 
layer is loW, the molten material is not cooled readily at this 
portion While the molten material is being spread in the cavity, 
and consequently the molten material ?oWs smoothly. The 
molten material can be spread easily in the cavity. 

In the surface treatment layer used in the technique taught 
in the present speci?cation, the thermal conductivity 
increases as the pres sure acted on the surface treatment layer 
increases. After the molten material has been spread in the 
cavity, the cooling effect on the molten material by the die 
casting die is accelerated by increasing the pressure acted on 
the surface treatment layer. Since the molten material solidi 
?es rapidly, the processing time for this method for die 
casting is reduced. Further, the intended crystal con?guration 
(solid structure) can also be obtained. 

It is preferred that the surface treatment layer taught in the 
present speci?cation is formed partially at a portion near a 
gate. The portion near the end of the How path of the molten 
material has less need of being coated With the surface treat 
ment layer to ensure a smooth flow. It is preferably at the end 
part that the molten material is quenched by the die-casting 
die and the surface of the die-cast product is densi?ed. 

It is preferred that, in the surface treatment layer taught in 
the present speci?cation, a surface treatment layer is used in 
Which thermal conductivity increases due to an increase in a 
bulk density caused in connection With an increase in the 
acted pres sure. For example, When a layer including a mixture 
of ?brous carbon and particle carbon is used in the surface 
treatment layer, the thermal conductivity increases due to the 
increase in the bulk density caused in connection With the 
increase in the acted pressure. 

In particular, it is preferred that the thermal conductivity of 
an area of the cavity forming surface coated With the surface 
treatment layer is equal to or less than 2 W/mK under a 
nonpressuriZed state, and a thermal conductivity of an area of 
the cavity forming surface not coated With the surface treat 
ment layer is equal to or more than 30 W/mK. In this case, 
because ef?ciency of cooling the molten material by the die 
casting die is increased in the area not coated With the surface 
treatment layer, a chill layer (a dense surface layer having a 
crystal con?guration or solid structure) that forms the surface 
of the die-cast product is formed thickly. On the other hand, if 
the thermal conductivity of the die material is equal to or more 
than 30 W/mK, the cooling effect on the molten material is so 
prominent that it is dif?cult to spread the molten material into 
the cavity. In the case Where a part of the cavity forming 
surface is covered With a material having the thermal conduc 
tivity equal to or less than 2 W/mK under the nonpressuriZed 
state, the cooling of the molten material is inhibited, and 
satisfactory spreading can be ensured. 
The technique taught in the present speci?cation can also 

be realiZed in a method for die-casting. This method for 
die-casting comprises: coating a part of a cavity forming 
surface With a surface treatment layer having a thermal con 
ductivity that increases due to an increase in a bulk density 
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caused in connection to an increase in a pressure acted on the 

part of the cavity forming surface; inhibiting cooling of a 
molten material by a die-casting die by keeping the bulk 
density and the thermal conductivity of the surface treatment 
layer at loW values until ?lling of the molten material to a 
cavity is completed; and accelerating the cooling of the mol 
ten material by the die-casting die by increasing the bulk 
density and the thermal conductivity of the surface treatment 
layer after the ?lling of the molten material to the cavity is 
completed. According to this method for die-casting, the mol 
ten material is easily ?lled into the cavity, and the molten 
material ?lled into the cavity solidi?es rapidly. According to 
this method for die-casting, high quality die-cast products can 
be manufactured in a short time. 

In particular, it is preferred that, for inhibiting the cooling 
of the molten material by the die-casting die so as to acceler 
ate a How of the molten material, the thermal conductivity of 
an area of the cavity forming surface is set to be equal to or 
less than 2 W/mK under a nonpressuriZed state by coating the 
area of the cavity forming surface With the surface treatment 
layer; and, for accelerating the cooling of the molten material 
by the die-casting die, a thermal conductivity of an area of the 
cavity forming surface is set to be equal to or more than 30 
W/mK by not coating the range of the cavity forming surface 
With the surface treatment layer. In this case, both effects of 
rapidly cooling the molten material by the die-casting die and 
ensuring the liquidity of the molten material by inhibiting the 
cooling of the molten material by using material having loW 
thermal conductivity can be achieved. 

Effect of Invention 

According to the die-casting die or method for die-casting 
taught in the present speci?cation, the cooling effect on the 
molten material by the die-casting die can be changed as the 
die-casting process proceeds, alloWing superior quality die 
cast products to be manufactured in a short time. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is an aluminum Wheel used for a vehicle cast by a 
die-casting die. 

FIG. 2 is a cross-sectional vieW of the die-casting die of the 
embodiment. 

FIG. 3 is a schematic vieW shoWing a siZe of crystal grains 
of a die-cast product cast When die material having a thermal 
conductivity of 200 W/mK is used. 

FIG. 4 is a schematic vieW shoWing the siZe of crystal 
grains of the die-cast product cast When die material having 
the thermal conductivity of 2 W/mK is used under a nonpres 
suriZed state. 

FIG. 5 is a schematic vieW shoWing the siZe of crystal 
grains of the die-cast product cast When conventional die 
material is used. 

FIG. 6 shoWs a relationship betWeen a distance from a 
die-cast surface and the crystal grain siZe. 

FIG. 7 shoWs the relationship betWeen distance from the 
die-cast surface and crystal grain siZe. 

FIG. 8 shoWs a microphotograph of a cross-section of a 
die-cast product cast When die material having a thermal 
conductivity of 2 W/mK Was used under a nonpressuriZed 
state. 

FIG. 9 shoWs a microphotograph of an area 36. 
FIG. 10 shoWs a microphotograph of an area 38. 
FIG. 11 shoWs a microphotograph of an area 40. 
FIG. 12 shoWs a microphotograph of an area 42. 
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FIG. 13 shoWs a microphotograph of the die-cast product 

near the center in its direction of thickness. 
FIG. 14 shoWs a microphotograph of a cross-section of a 

conventional die-cast product. 
FIG. 15 shoWs a microphotograph of an area 44. 
FIG. 16 shoWs a microphotograph of an area 46. 
FIG. 17 shoWs a microphotograph of an area 48. 
FIG. 18 shoWs a microphotograph of a conventional die 

cast product near the center in its direction of thickness. 

DESCRIPTION OF EMBODIMENTS 

Some primary features of the embodiment described beloW 
are listed ?rst. 

(Feature 1) Die material having a thermal conductivity 
equal to or more than 30 W/mK is used as the die material of 
a die-casting die. 

(Feature 2) Die material having a thermal conductivity 
equal to or more than 200 W/mK is used in the die material of 
the die-casting die. 

(Feature 3) A part of a cavity forming surface is covered by 
a material having a thermal conductivity equal to or less than 
2 W/mK under a nonpressuriZed state. 

FIG. 1 shoWs an aluminum Wheel 2 used for a vehicle cast 
using a die-casting die and a method for die-casting of the 
embodiment. The Wheel 2 is composed of a disk 6, spokes 8, 
and a rim 10. The reference number 4 shoWs a portion Where 
molten material has solidi?ed Within a molten material inj ec 
tion gate. 

FIG. 2 shoWs a cross-sectional vieW of a die-casting die 12 
of the embodiment. The die-casting die 12 is composed of an 
upper die 14 and a loWer die 18. A thermal conductivity of the 
upper die 14 is 200 W/mK. The thermal conductivity of the 
loWer die 18 is also 200 W/mK. A space formed When the 
upper die 14 and the loWer die 18 are clamped together is a 
cavity 9. The cavity 9 is composed of a disk forming part 6a, 
spoke forming parts 8a, and a rim forming part 1011. The 
reference number 22 is insulating material. Cavity forming 
surfaces 6b that form Wall surfaces of a gate 411 and the disk 
forming part 611 are coated With the insulating material 22. 
The reference number 24 is a mixture of particle carbon 26 
and ?brous carbon 28. Cavity forming surfaces 8b that form 
the spoke forming parts 811 are coated With the mixture 24 
made from the particle carbon 26 and the ?brous carbon 28. 
The particle carbon 26 is carbon fullerenes. The ?brous car 
bon 28 is carbon nanotubes, carbon ?ber, etc. In the present 
embodiment, fullerenes are used in the particle carbon 26, 
and carbon nanotubes are used in the ?brous carbon 28. The 
mixture 24 of fullerenes and carbon nanotubes is denoted as 
“CnF 24”. The technique taught in Japanese Patent Applica 
tion Publication No. 2008-105082 can be used to form a layer 
of the ?brous carbon 28 on the surface of the die-casting die. 

In a state When pressure is not being acted, an interior of the 
CnF 24 contains voids, and a bulk density and a thermal 
conductivity of the CnF 24 are loW. In the state When pres sure 
is not being acted, the CnF 24 has the thermal conductivity 
equal to or less than 2 W/mK, and functions essentially as an 
insulation layer. When pressure is acted on the CnF 24, the 
?brous carbon 28 deforms elastically, and the voids decrease. 
When pressure is acted on the CnF 24, the bulk density and 
the thermal conductivity of the CnF 24 increases. When pres 
sure is acted, the CnF 24 changes into a thermally conductive 
layer. 

Since the cavity forming surfaces 4b, 6b respectively cor 
responding to the areas of the gate 411 and the disk forming 
part 611 are coated With the insulating material 22, a How of 
molten material in those areas is extremely smooth. Further, 
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the cavity forming surfaces 8b corresponding to the areas of 
the spoke forming parts 811 are coated With the CnF 24. The 
pressure acted on the CnF 24 is loW until ?lling the molten 
material into the cavity 9 is completed, and consequently the 
thermal conductivity of the CnF 24 is loW. The molten mate 
rial is not cooled While ?owing into the spoke forming parts 
8a. Consequently, the molten material ?oWs smoothly 
through the spoke forming parts 8a. The molten material 
spreads rapidly into the cavity 9. 
The cavity forming surface 10b corresponding to the area 

of the rim forming part 1011 is not covered by a surface 
treatment layer, and has the high thermal conductivity of 200 
W/mK. Since the thermal conductivity of the cavity forming 
surface 10b corresponding to the area of the rim forming part 
1011 is high, the molten material that has reached the rim 
forming part 1011 is quenched by the die-casting die 12. Since 
the molten material is quenched, a thick chill layer is formed 
at the rim 10 of the Wheel 2. The solid structure of the chill 
layer has a dense and hard surface con?guration. After the 
molten material has spread into the cavity 9, the pressure 
acted on a cavity forming surface 9b increases. By increasing 
the pressure acted on the cavity forming surface 9b, the bulk 
density of the CnF 24 increases, and the thermal conductivity 
of the CnF 24 increases. Consequently, the thermal conduc 
tivity of the cavity forming surfaces 8b corresponding to the 
spoke forming parts 811 increases. By increasing the thermal 
conductivity, the molten material is cooled in the spoke form 
ing parts 8a. The cooling e?iciency of the spoke forming parts 
811 is loWer than the cooling e?iciency of the rim forming part 
1011, but is higher than the cooling e?iciency of a case in 
Which it is coated With CnF 24, Which retains the loW bulk 
density. The molten material solidi?es at an intermediate rate 
in the spoke forming parts 8a. The crystals (solid structure) 
groWn Within the spokes 8 do not become coarse, and a strong 
crystal con?guration is formed Within the spokes 8. 

In the spoke forming parts 8a, the thermal conductivity of 
the cavity forming surfaces 8b changes as the die-casting 
process proceeds. Fluidity is extremely good in the gate 4a, 
the disk forming part 6a, and the spoke forming parts 811 until 
the molten material has spread into the cavity 9. The molten 
material spreads smoothly into the rim forming part 10a. The 
cavity 9 can be ?lled With the molten material in a short time. 
After the molten material has spread into the cavity 9, the 
thermal conductivity in the spoke forming parts 811 increases, 
and cooling of the molten material begins. Oriented solidi? 
cation can thus be realiZed. By covering a part of the cavity 
forming surface 9b With a ?lm of the CnF 24, the ?oW and the 
solidi?cation process of the molten material can be adjusted 
spatially. By using the ?lm of CnF 24 Which has its thermal 
conductivity changed by pressure, the ?oW and the solidi? 
cation process of the molten material can be adjusted as a 
function of time. By adjusting the thermal conductivity in 
terms of space and time, an oriented solidi?cation phenom 
enon can also be obtained. Desired die-cast products can be 
cast in a short time. 
When the cavity forming surfaces 8b are covered by the 

?lm of CnF 24, not only is the thermal conductivity changed 
as the die-casting process proceeds, but the molten material 
can also be prevented from burning onto the cavity forming 
surfaces 8b, or chemicals can be prevented from penetrating 
the cavity forming surfaces 8b, etc. 

FIG. 3 is a schematic vieW shoWing a siZe of crystal grains 
of the die-cast product cast at a portion Where the surface of 
the die material having the thermal conductivity of 200 
W/mK is not covered by the surface treatment layer. The 
reference number 30 shoWs the chill layer. This chill layer 30 
is formed from dense crystal grains formed by quenching by 
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6 
the die-casting die 12. Since the molten material is quenched 
by the die material having the high thermal conductivity, the 
chill layer 30 is thick. The reference number 32 is composed 
of ?ne crystal grains. These ?ne crystal grains are formed by 
being hardened in a state Where the cooling speed is fast. By 
using die material having an extremely high thermal conduc 
tivity, the crystal grains Within the die-cast product also 
become ?ne. The rim 10 of the die-cast product of the 
embodiment has a crystal con?guration identical to that in 
FIG. 3. 

FIG. 4 is a schematic vieW shoWing the siZe of crystal 
grains of the die-cast product cast at a portion Where a mate 
rial having the thermal conductivity of 2 W/mK under the 
nonpressuriZed state, i.e., the surface treatment layer of CnF 
24, Was formed. The reference number 30 is the chill layer 
formed from the dense crystal grains. Since the surface of the 
die material is coated With the CnF 24, the die material is 
insulated until the molten material has spread in the cavity 9. 
The molten material does not solidify during the ?lling, and 
liquidity of the molten material is not reduced. After the 
cavity 9 has been ?lled, the pressure acted on the cavity 
forming surface 9b increases, thereby increasing the thermal 
conductivity of the CnF 24. Consequently, the rate of captur 
ing heat from the molten material through the Wall surface 
increases, and since the molten material is cooled rapidly 
even into its interior, a layer 31 of the ?ne crystal grains is 
formed thickly. The thick layer 31 of the ?ne crystal grains 
displays strong interior strength. The spokes 8 of the die-cast 
product of the embodiment have a crystal con?guration iden 
tical to that in FIG. 4. 

FIG. 5 is a schematic vieW shoWing the siZe of crystal 
grains of a die-cast product cast using a conventional die 
casting die (upon Which the surface treatment layer is not 
formed). Since the reference numbers 30 and 32 have a con 
?guration identical to that of FIG. 3, a description thereof is 
omitted. The reference number 34 shoWs a layer consisting of 
coarse crystal grains. Tensile strength is a problem for the 
layer 34 composed of coarse crystal grains. The die-cast 
product of FIG. 5 Which has the coarse crystal grains in its 
interior cannot be said to have suf?cient internal strength. 

In the conventional die-cast product, the coarse crystal 
grain layer 34 is formed in its interior. This tends to lack 
strength. Further, the thick chill layer 30 is also formed to 
some extent. As shoWn in FIG. 5, the liquidity of the molten 
material decreases since solidi?cation occurs While the mol 
ten material is being ?lled. When the surface of the die mate 
rial is coated With the CnF 24, as illustrated in FIG. 4, there is 
no coarse crystal grain layer in the interior, and internal 
strength is increased. By making the chill layer 30 thinner, the 
?uidity improves. 

If the CnF 24 is applied to the surface of the die material at 
a location requiring satisfactory ?uidity, the satisfactory ?u 
idity can be ensured, and the strength of the die-cast product 
can also be ensured. Further, by using the die material having 
the large thermal conductivity, a die-cast product can be 
obtained Whose surface has a dense crystal con?guration. In 
this type of die-cast product, the crystal grain (solid structure) 
is small even in the interior, and thereby the internal strength 
increases. 
By using the CnF 24, a die material that quenches the 

molten material can be selected Without being restricted to 
conditions ensuring the ?uidity. A die material having the 
thermal conductivity equal to or more than 30 W/mK can be 
selected Without concerns about ensuring the ?uidity. If the 
CnF 24 is used, the thermal conductivity can be reduced to 
equal to or less than 2 W/mK, and the satisfactory ?uidity can 
be ensured even in the case of using the die material having 
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the thermal conductivity of equal to or more than 30 W/mK. 
If a portion having the extremely high thermal conductivity 
(equal to or more than 30 W/mK) and a portion having the 
extremely loW thermal conductivity (equal to or less than 2 
W/mK) are used depending on locations in the die, the thick 
chill layer and the strong inner layer can be formed separately. 
In particular, When a die material having thermal conductivity 
equal to or more than 200 W/mK and a surface treatment layer 
having thermal conductivity equal to or less than 2 W/mK are 
used in combination, the direction in Which the molten mate 
rial solidi?es can be stably controlled, and a stable oriented 
solidi?cation phenomenon can be obtained. The crystal con 
?guration Within the die-cast product is easily controlled. 

FIG. 6 shoWs the relationship betWeen a depth from a 
surface of the die-cast product and the crystal grain siZe. A 
horiZontal axis of a graph of FIG. 6 shoWs the depth from the 
surface of the die-cast product. A vertical axis of the graph 
shoWs the crystal grain siZe. Squares represent measurements 
of the die-cast product formed in an area bordering the die 
material having the thermal conductivity equal to or more 
than 200 W/mK (Where the surface treatment layer is not 
formed). Circles represent measurements of the die-cast 
product formed in an area bordering the die material having 
the surface treatment layer having the thermal conductivity 
equal to or less than 2 W/mK. Horizontal line marks represent 
measurements of the die-cast product formed in an area bor 
dering the die material having the thermal conductivity of 23 
W/mK (the conventional die-casting die). 

FIG. 7 represents measurements of an area at a greater 
depth than FIG. 6. As is clearly understood from FIGS. 6 and 
7, the thick chill layer is formed (as is understood from FIG. 
6, a chill layer at least equal to or more than 200 pm) by using 
the die material having the thermal conductivity equal to or 
more than 200 W/mK. Further, it can be seen that the chill 
layer can be kept thin by using the surface treatment layer 
having the thermal conductivity equal to or less than 2 W/mK. 
It can be seen from FIG. 6 that the thickness of the chill layer 
is 10 um When the surface treatment layer having the thermal 
conductivity equal to or less than 2 W/mK is used. Since the 
thermal conductivity increases after the molten material has 
been ?lled into the cavity 9 even though the surface treatment 
layer having the thermal conductivity equal to or less than 2 
W/mK is used, the molten material solidi?es rapidly in the 
portion bordering the surface treatment layer as Well, and the 
die-casting method is completed Within a short time. 

FIG. 8 is a cross-sectional microphotograph of a die-cast 
product having the thickness of 8 mm cast using the die 
casting die 12 coated With the CnF 24. An area up to 3 mm 
from the surface is shoWn. FIG. 9 is an enlarged photograph of 
an area 36 of FIG. 8, and shoWs the solid structure near the 
surface of the die-cast product. As shoWn in FIG. 9, the crystal 
grain siZe is approximately constant. FIG. 10 is an enlarged 
photograph of an area 38 of FIG. 8. FIG. 11 is an enlarged 
photograph of an area 40. FIG. 12 is an enlarged photograph 
of an area 42. FIG. 13 is an enlarged photograph of a periph 
ery of a central part of the die-cast product of FIG. 8 in its 
direction of thickness. That is, FIG. 10 is an enlarged photo 
graph of the periphery of a position at a distance approxi 
mately 700 pm from the surface. FIG. 11 is an enlarged 
photograph of the periphery of a position at the distance 
approximately 1400 pm from the surface. FIG. 12 is an 
enlarged photograph of the periphery of a position at the 
distance approximately 2000 pm from the surface. FIG. 13 is 
an enlarged photograph of the periphery of a position at the 
distance approximately 4000 um from the surface. 

The solid structure changes, as shoWn in FIGS. 9, 10, 11, 
12, and 13, from the surface to the interior of the die-cast 
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product. The crystal grain siZe of the die-cast product in FIG. 
10 is someWhat smaller than the grain siZes shoWn from FIG. 
11 to FIG. 13. In FIGS. 11, 12, and 13, the siZe ofthe crystal 
grains constituting the die-cast product is approximately uni 
form. Since the cavity forming surfaces 8b are coated With the 
CnF 24, the cooling speed near the surface is sloWer than in 
the case of not being coated. On the other hand, the cooling 
speed of the interior is rapid due to the die-casting die 12 
having the thermally conductive properties, and consequently 
the solid structure of the interior of the die-cast product does 
not become coarse. Consequently, a strong solid structure is 
formed in the interior of the die-cast product at the area of the 
cavity forming surface 8b coated With the CnF 24. 

FIG. 14 is a cross-sectional microphotograph of the die 
cast product having the thickness of 8 mm cast using the 
conventional die-casting die. An area up to 3 mm from the 
surface is shoWn. FIG. 15 is an enlarged photograph of an area 
44 of FIG. 14. FIG. 16 is an enlarged photograph of an area 
46. FIG. 17 is an enlarged photograph of an area 48. FIG. 18 
is an enlarged photograph of a periphery of a central part of 
the die-cast product of FIG. 14 in its direction of thickness. 
That is, FIG. 15 is an enlarged photograph of the solid struc 
ture near the surface of the die-cast product. FIG. 16 is an 
enlarged photograph of the periphery of a position at a dis 
tance approximately 900 pm from the surface. FIG. 17 is an 
enlarged photograph of the periphery of a position at the 
distance approximately 1700 um from the surface. FIG. 18 is 
an enlarged photograph of the periphery of a position at the 
distance approximately 4000 um from the surface. 
The solid structure changes, as shoWn in FIGS. 15, 16, 17, 

and 18, from the surface toWard the interior of the die-cast 
product. In FIG. 15, the reference number 50 shoWs coarse 
primary crystals. The coarse primary crystals 50 are formed 
due to poor ?uidity at the cavity forming surface. As shoWn in 
FIGS. 16 and 17, the siZe of the crystal grains constituting the 
die-cast product is approximately uniform. HoWever, coarse 
crystals are present in FIG. 18. Since coarse crystals are 
present at the central part of this die-cast product in its direc 
tion of thickness and the siZe of the crystal grains is not 
uniform, su?icient strength cannot be obtained. When a 
cross-section of the die-cast product cast using the die-casting 
die having thermal conductivity equal to or more than 30 
W/mK is observed, the crystal con?guration shoWn in FIG. 3 
is observed. 

If the layer of CnF 24 is formed on the surface of the 
die-casting die 12, insulation betWeen the molten material 
and the surface of the die-casting die 12 is possible until the 
pressure on the layer of CnF 24 increases. Since the molten 
material is insulated from the die-casting die 12, the tempera 
ture of the molten material is maintained, and the How of the 
molten material is extremely good. Consequently, the coarse 
primary crystals 50 are not formed. Since the molten material 
is insulated from the die-casting die 12, even if primary crys 
tals crystallize during the ?lling process they do not groW 
large, and a coarse solid structure is not formed. By not 
developing coarse crystal grains, a strong solid structure can 
be obtained in the interior of the die-cast product. 
When the layer of CnF 24 is formed at a part of the cavity 

forming surface 9b of the die-casting die 12, solidi?cation of 
the molten material is inhibited While the molten material is 
?oWing in the cavity 9. By forming the layer of CnF 24 such 
that part of the cavity forming surface 9b can avoid quench 
ing, elaborate die-cast products can be cast. 
By covering the die-casting die 12 With the layer of CnF 24, 

quenching by the die-casting die 12 can be avoided until 
?lling of the molten material has ended. Conversely, a heat 
shock imposed on the die-casting die 12 can also be allevi 



US 8,376,023 B2 

ated. Since the CnF 24 keeps thermal conductivity loW (equal 
to or less than 2 W/mK), the selection of die material is 
Widened in scope. A material having a high thermal conduc 
tivity can be selected as the die material Without taking the 
liquidity of the molten material into consideration. After ?ll 
ing of the molten material into the cavity 9 ends, the cooling 
Within the cavity 9 is accelerated. When a material having a 
high thermal conductivity (equal to or more than 30 W/mK) is 
used in the die material, a thick chill layer can be formed. 
By coating a part of the cavity forming surface 9b With the 

surface treatment layer of CnF 24, the thermal conductivity is 
locally controlled in terms of space. Since the thermal con 
ductivity of the CnF 24 increases as the pressure acted on the 
CnF 24 increases, the thermal conductivity is also controlled 
in terms of the function of time. An oriented solidi?cation 
phenomenon can be realiZed by controlling the thermal con 
ductivity not just in terms of space, but also in terms of the 
function of time. 

The technical elements explained in the present speci?ca 
tion and draWings provide technical utility either indepen 
dently or through various combinations and not limited to the 
combinations described at the time the claims are ?led. Fur 
ther, the purpose of the examples illustrated by the present 
speci?cation or draWings is to satisfy multiple objectives 
simultaneously, and satisfying any one of those objectives 
gives technical utility. 

The invention claimed is: 
1. A die-casting die, comprising: 
a cavity forming surface con?gured to contain a molten 

material Within the cavity, 
Wherein a part of the cavity forming surface is coated With 

a surface treatment layer and a part of the cavity forming 
surface is not coated With the surface treatment layer, 

Wherein the surface treatment layer includes a mixture of 
?brous carbon and particle carbon and has a thermal 
conductivity that increases in connection to an increase 
in pressure applied to the cavity forming surface by the 
molten material. 

2. The die-casting die according to claim 1, Wherein the 
part of the cavity forming surface is coated With the surface 
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treatment layer having the thermal conductivity that increases 
due to an increase in a bulk density caused in connection to the 
increase in the acted pressure. 

3. The die-casting die according to claim 1, Wherein 
the thermal conductivity of an area of the cavity forming 

surface coated With the surface treatment layer is equal 
to or less than 2 W/mK under a nonpressuriZed state, and 

a thermal conductivity of an area of the cavity forming 
surface not coated With the surface treatment layer is 
equal to or more than 30 W/mK. 

4. A method for die-casting, comprising: 
coating only a part of a cavity forming surface of a cavity 

With a surface treatment layer, the surface treatment 
layer including a mixture of ?brous carbon and particle 
carbon and having a thermal conductivity that increases 
due to an increase in a bulk density caused in connection 
to an increase in pressure applied to the cavity forming 
surface; 

inhibiting cooling of a molten material by a die-casting die 
by keeping the bulk density and the thermal conductivity 
of the surface treatment layer at loWer values until a 
?lling of the molten material to the cavity is completed; 
and 

accelerating the cooling of the molten material by the die 
casting die by increasing the bulk density and the ther 
mal conductivity of the surface treatment layer after the 
?lling of the molten material to the cavity is completed. 

5. The method for die-casting according to claim 4, further 
comprising: 

setting a thermal conductivity of an area of the cavity 
forming surface, for inhibiting the cooling of the molten 
material by the die-casting die so as to accelerate a How 
of the molten material, to be equal to or less than 2 
W/mK under a nonpres suriZed state by coating the area 
of the cavity forming surface With the surface treatment 
layer; and 

setting a thermal conductivity of an area of the cavity 
forming surface, for accelerating cooling of the molten 
material by the die-casting die, to be equal to or more 
than 30 W/mK by not coating the range of the cavity 
forming surface With the surface treatment layer. 

* * * * * 


