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(57) ABSTRACT 

Disclosed is a coated member on which a porous metal 
coating layer is formed and a method of producing the same. 
The method comprises providing the mother material, feed 
ing powder having a metal composition, which includes at 
least two different metals selected from the group consisting 
of Al, Mg., Zn, and Sn and which is expressed by XA-(1-x)B 
(0<x<1, where x is a weight ratio of A and B), onto the 
mother material, Supplying high pressure gas to the powder, 
applying the metal powder using on the mother material by 
spraying the metal powder using the high pressure gas 
through an SuperSonic nozzle, and heat-treating the coated 
mother material to form the porous coating layer. In the 
method, it is possible to freely control the pore size and 
porosity of the coated member. Accordingly, it is available 
to various members for thermal and mechanical applica 
tions. 
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POROUS COATED MEMBER AND 
MANUFACTURING METHOD THEREOF USING 

COLD SPRAY 

TECHNICAL FIELD 

0001. The present invention relates, in general, to a 
coated member on which a porous coating layer is formed 
and a method of producing the same and, more particularly, 
to a method of forming a porous coating layer on a surface 
of mother material using a low temperature spraying process 
and a coated member in which a pore distribution and a size 
of the coating layer are controlled. 

BACKGROUND ART 

0002 Formed on a surface of a member, a porous coating 
layer improves thermal and mechanical properties of the 
member. 

0003 For example, if a porous coating layer which 
includes open pores communicating with each other is 
formed on the Surface of a heat exchanger, the heat 
exchanger has an increased area of contact with Surrounding 
air, thereby assuring efficient heat exchanging performance. 
Meanwhile, sometimes, it is expected for a friction member 
to have low strength and hardness depending on its rela 
tionship with Surrounding components. The porous coating 
layer can satisfy this requirement. Furthermore, when 
mother material is joined with a different kind of material, 
stress may occur due to lattice misalignment at an interface. 
The porous coating layer can act as a buffer layer for 
avoiding stress during the joining. 
0004 Conventionally, various coating methods have 
been employed as a method of forming a metal coating layer 
on the surface of a member for thermal and mechanical 
applications. With respect to this, the method may be 
exemplified by an electroplating process, a hot dip plating 
process, or thermal spraying process. However, these pro 
cesses have limits in terms of application, or may cause 
thermal impact to the mother material or thermal deforma 
tion of the mother material. Additionally, in practice, it is 
difficult to artificially control the porosity and pore distri 
bution of the coating layer using the above processes. 
0005. As well, the thermal conductive metal coating layer 
which is applied to pipes of the conventional heat exchanger 
corrodes or is mossy on a Surface thereof in a corrosive 
environment, Such as waste water or sea water, thus it does 
not perform its function. Accordingly, it is problematic in 
that durability is not assured. 

DETAILED DESCRIPTION OF INVENTION 

0006 An object of the present invention is to provide a 
member for thermal and mechanical applications, which 
does not cause thermal deformation of mother material or 
damage to the mother material due to thermal impact and 
which is capable of being applied to various fields, and a 
method of forming a porous coating layer used in the 
member. 

0007 Another object of the present invention is to pro 
vide a member for thermal and mechanical applications, in 
which porosity, a pore size, and a pore distribution of a 
Surface coating layer are capable of being controlled, a 
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method of forming a porous coating layer used in the 
member, and a porous coated member produced using the 
method. 

0008 A further object of the present invention is to 
provide a method of forming a porous coating layer having 
high thermal conductivity, which is capable of being used in 
an external corrosive environment for a long time. 
0009. In order to accomplish the above objects, the 
present invention provides a method of forming a porous 
coating layer on mother material. The method comprises 
providing the mother material, feeding powder having a 
metal composition, which includes at least two different 
metals selected from the group consisting of Al, Mg., Zn, and 
Sn and which is expressed by XA-(1-x)B (0<x<1, x is a 
weight ratio of A and B), onto the mother material, Supplying 
high pressure gas to the powder, applying the metal powder 
on the mother material by spraying the metal powder using 
the high pressure gas through an SuperSonic nozzle, and 
heat-treating the coated mother material to form the porous 
coating layer. 
0010. According to an embodiment of the present inven 
tion, in the method as described above, A is Al, and B 
includes a metal element selected from the group consisting 
of Mg., Zn, and Sn. Furthermore, it is preferable that the 
heat-treatment of the coated mother material be conducted at 
a temperature between a eutectic temperature of A and Band 
a melting point of a metal having the higher melting point of 
A and B. In detail, the heat-treatment is conducted at about 
200-650° C. 

0011 Additionally, the feeding of the powder may further 
comprise changing X to change the composition of the 
powder. 
0012. As well, the present invention provides a metal 
coated member. The metal coated member comprises metal 
mother material, and a coating layer formed on the metal 
mother material, which includes at least two metal elements 
and is expressed by XA-(1-X)B (X is a weight ratio of A and 
B). A and B are different metals selected from the group 
consisting of Al, Mg., Zn, and Sn, X changes when moving 
in a thickness direction of the coating layer within a range 
of 0<x<1, and porosity of the coating layer is changed 
depending on a change in X. 
0013. According to the embodiment of the present inven 
tion, in the above member, X increases or decreases moving 
in a thickness direction of the coating layer, and the porosity 
of the coating layer is increased or decreased as X is 
increased or decreased. Additionally, A is Al, B is any one 
metal selected from the group consisting of Mg., Zn, and Sn, 
and X is decreased and the porosity of the coating layer is 
increased moving from an interface of the metal mother 
material and the coating layer to a surface of the coating 
layer. 
0014. As well, the present invention provides a metal 
coated member. The metal coated member comprises metal 
mother material, and a coating layer formed on the metal 
mother material, which includes at least two metal elements 
and is expressed by A-B. A and B are different metals 
selected from the group consisting of Al, Mg., Zn, and Sn, A 
or B selected from the above group changes when moving 
in a thickness direction of the coating layer, and porosity of 
the coating layer is changed depending on a change in A or 
B. 
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0015. In the present invention, the coating layer may 
include open pores which are at least partially intercon 
nected with each other, and it is preferable that the open 
pores exist in an upper part of the coating layer in specific 
application fields. 
0016. Additionally, the present invention provides a 
method of forming a porous carbon coating layer on mother 
material. The method comprises providing the mother mate 
rial, feeding carbon powder which is conglomerated by an 
organic binder, Supplying high pressure gas to the carbon 
powder, and applying the carbon powder on the mother 
material by spraying the carbon powder using the high 
pressure gas through a SuperSonic nozzle. 

0017. In the above method, the organic binder which is 
used to make the carbon powder coarse may be at least one 
selected from the group consisting of polyvinyl alcohol 
(PVA), rosin, resin, polyvinyl butyral (PVB), and polyeth 
ylene glycol (PEG). It is preferable that the organic binder 
be contained in a content of 10-30 wt % based on carbon. 

0018 Furthermore, in the above method, the coating 
layer may be additionally subjected to a step of burning out 
the organic binder at 400-500° C. 

BRIEF DESCRIPTION OF DRAWINGS 

0.019 FIG. 1 schematically illustrates a low temperature 
spraying system 100 used to form a coating layer in the 
present invention; 
0020 FIGS. 2a and 2b are flow charts showing the 
formation of the porous coating layer, according to an 
embodiment of the present invention: 

0021 FIG. 3 is a sectional view of a coated member 200 
which includes a coating layer having a variable composi 
tion, according to the embodiment of the present invention; 
0022 FIG. 4 is an optical microscope picture of a section 
of a coating layer having a composition of 0.5A1-0.5AlMg 
after heat treatment, according to the embodiment of the 
present invention; 
0023 FIG. 5 is an optical microscope picture of a section 
of a coating layer having a composition of 0.3A1-0.7AlMg 
after heat treatment, according to the embodiment of the 
present invention; 

0024 FIG. 6 is an optical microscope picture of a section 
of a coating layer in which A1/AlMg/A1/AlMg/Al compo 
nents are sequentially layered after heat treatment, according 
to the embodiment of the present invention; 
0.025 FIG. 7 is an optical microscope picture of a section 
of a coating layer in which 0.667 Al-0.333Mg/0.5A1-0.5Mg 
components are sequentially layered after heat treatment, 
according to the embodiment of the present invention; 
0026 FIG. 8 is an optical microscope picture of a section 
of a coating layer having a composition of 0.5A1-0.5Sn after 
heat treatment, according to the embodiment of the present 
invention; 

0027 FIG. 9 is an optical microscope picture of a section 
of a coating layer in which 0.667A1-0.333Sn/0.5A1-0.5Sn 
components are sequentially layered after heat treatment, 
according to the embodiment of the present invention; 
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0028 FIG. 10 is an optical microscope picture of a 
section of a coating layer in which 0.667A1-0.333Zn/0.5A1 
0.5Zn components are sequentially layered after heat treat 
ment, according to the embodiment of the present invention; 
0029 FIG. 11 is a flow chart showing the formation of a 
porous carbon coating layer, according to another embodi 
ment of the present invention; and 
0030 FIGS. 12a and 12b are electron microscope pic 
tures of a section and a Surface of the carbon coating layer 
formed through the procedure of FIG. 11. 

BEST MODE 

0031 Hereinafter, a detailed description will be given of 
the present invention, referring to the drawings. 
0032 FIG. 1 schematically illustrates a low temperature 
spraying device 100 which accelerates powder to form a 
coating layer on a Substrate (S) in the present invention. 
0033. The spraying device 100 accelerates the powder for 
forming the coating layer at SubSonic or SuperSonic speed to 
apply it to the substrate (S). With respect to this, the spraying 
device 100 comprises a gas compressor 110, a gas heater 
120, a powder feeder 130, and a spraying nozzle 140. 
0034) The powder of about 1-50 um fed from the powder 
feeder 130 is sprayed using compressed gas of about 5-20 
atm Supplied from the gas compressor 110 through the 
spraying nozzle 140 at a rate of about 300-1200 mm/s. The 
powder sprayed in conjunction with the gas collides with the 
Substrate (S). In this regard, kinetic energy of the powder 
plastically deforms the powder when the powder collides 
against the Substrate (S), and provides bonding strength to 
the Substrate, thereby forming the coating layer having very 
high density. 

0035) In the device 100, the gas heater 120 which is 
positioned in a path for feeding the compressed gas is a 
Supplementary unit for heating the compressed gas to 
increase the kinetic energy of the compressed gas So as to 
increase the spraying speed of the spraying nozzle. Further 
more, as shown in the drawing, a portion of the compressed 
gas may be fed from the gas compressor 110 into the powder 
feeder 130 so as to nicely feed the powder into the spraying 
nozzle 140. 

0036) The compressed gas for the device 100 may be 
exemplified by Some commercial gases, such as helium, 
nitrogen, argon, or air, and the kind of gas used may be 
appropriately selected in consideration of the spraying speed 
of the spraying nozzle 140 and economic efficiency. 

0037. The operation and structure of the device are 
disclosed in detail in U.S. Pat. No. 5,305,414 by Anatoly P. 
Alkimov et al., and a description of them is omitted herein. 
0038 FIG. 2a is a flow chart showing the formation of 
the coating layer on the mother material or the Substrate 
using the spraying device described referring to FIG. 1. 

0039. With reference to FIG. 2a, the method of the 
present invention starts from the step (S210) of feeding 
metal powder containing two or more metals from the 
powder feeder 130 of the spraying device 100 and the step 
(S220) of feeding compressed gas at high pressure from the 
gas compressor 110. 
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0040. In the step (S210) of feeding the powder, the 
powder containing two or more metals includes a mixture or 
a solid solution of at least two metals selected from the 
group consisting of Al, Mg., Zn, and Sn, or a mixture of both. 
Furthermore, the metals selected in the present invention are 
different from each other. For example, if one metal selected 
from the above group includes Al, a composition of the 
metal powder may be a binary system, such as Al-Mg, 
Al-Zn, or Al-Sin, a ternary system, Such as Al-Mg-Zn, 
or a system having more than three metals. Additionally, in 
addition to the enumerated metals, Ti, Si, Mn, Cr, Fe, Co, Ni, 
or Cu may be also used without departing from the spirit of 
the present invention. 
0041. In the present invention, the powder having the 
metal components may be provided in the form of solid 
Solution. For example, the metal powder containing Al-Mg 
may be provided in the form of AlMg solid solution which 
is so-called Magal. In addition, the powder having the metal 
components may be provided in a mixture of the Solid 
solution powder and the monolith powder. For example, the 
metal powder may be a mixture of Al powder and AlMg 
powder. Since the metal powder containing Mg is dangerous 
to handle, for example, it may cause explosions, it is 
provided as a solid solution to assure ease of handling. 
0042. When the coating layer of the present invention is 
used in members having thermal and mechanical applica 
tions, since the metal powder has relatively good thermal 
and mechanical properties, such as thermal conductivity or 
strength, compared to its specific gravity, it is preferable that 
it contain Al or an Al alloy extensively used in machine 
members. 

0043. In the step (S220) offeeding the compressed gas of 
the present invention, the gas may be exemplified by helium, 
nitrogen, argon, or air as described above. The gas is 
compressed by the gas compressor to pressure of about 5-20 
atm and is then provided. If necessary, the compressed gas 
may be provided while being heated to about 200-500° C. 
using a heating unit, Such as the gas heater 120 of FIG. 1. 
However, even though the compressed gas is heated accord 
ing to the embodiment, the temperature change of the metal 
powder is insignificant due to the very low specific gravity 
of the gas. Accordingly, the spraying step of the present 
invention is different from a conventional spraying process, 
in which the powder is heated and coated at a melting point 
or higher, in that the spraying is conducted at low tempera 
tures. 

0044) Meanwhile, as described above, a portion of the 
compressed gas used in the step (S220) of feeding the 
compressed gas may be used as carrier gas for continuously 
and stably feeding the metal powder. 

0045 Next, a mixture of the compressed gas and the 
metal powder is sprayed using the SuperSonic spraying 
nozzle (S230). The flow rate of the gas-powder mixture 
sprayed through the nozzle depends on the temperature and 
pressure of the gas and the particle size and specific gravity 
of the powder. The gas-powder mixture having the particle 
size of about 1-50 um is sprayed at the rate of about 
300-1200 m/s under the pressure and temperature conditions 
of the fed gas. 
0046) The metal powder which is sprayed at the high rate 
collides against the mother material to form the high density 
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coating layer. The spraying step (S230) is conducted until 
the coating layer having a desired thickness is formed, and 
the coating layer thus formed is then heat treated (S240). In 
the present invention, it is preferable that the heat treatment 
temperature be about 200-650° C. The heat treatment tem 
perature of 650° C. or higher causes complete melting of the 
metal coat, and the coat is barely melted at the temperature 
of 200° C. or lower, resulting in a negligible heat treatment 
effect. 

0047 The high density coating layer formed on the 
mother material is subjected to the heat treatment step 
(S240) to acquire porosity. As well, as seen in the embodi 
ment described later, porosity and the pore size of the porous 
coating layer depend on the change in composition of the 
applied metal powder. In this regard, the “change in com 
position” as used herein is intended to include a change in 
quantity as well as metals used. 
0048 FIG. 2b shows the method of forming the porous 
coating layer, which comprises the step (S250) of changing 
the composition of the metal powder so as to control a pore 
distribution of the coating layer, with respect to the coating 
method of the present invention described referring to FIG. 
2a. 

0049 According to the method, the composition of the 
powder is changed in the course of forming the coating layer 
during the step of spraying using the nozzle (S240). For 
example, after the powder having the composition of 0.5Al 
0.5Mg, in which a weight ratio of Al:Mg is 1:1, is fed for a 
predetermined time, the ratio is controlled to 1:2, or the 
powder having Al-Zn instead of Al-Mg, in which a ratio 
of Al:Zn is 1:1, is fed, thereby forming the coating layer 
which has a vertical composition gradient or contains dif 
ferent components. 
0050. The change in composition of the powder may be 
achieved through a typical procedure well known to those 
skilled in the art. For example, powders having different 
compositions may be sequentially fed into one powder 
feeder, or, after a plurality of powder feeders for storing the 
powders having the different compositions are prepared, the 
powder feeder containing the powder having the desired 
composition may be selected using valves. 

0051 FIG. 3 is a sectional view of a coated member 200 
which includes the coating layer formed through the proce 
dure. 

0.052 With reference to FIG. 3, an Al-Zn layer 210 
having a weight ratio of 2:1, an Al-Zn layer 220 having a 
weight ratio of 1:1, and an Al-Zn layer 230 having a weight 
ratio of 1:2 are formed on the mother material (S), such as 
Al. According to the embodiment of the present invention as 
described later, if the coating layer is heat treated, the Zn 
content increases, thus increasing the pore size and porosity. 
Hence, if the member which is coated with the powder 
having the composition shown in FIG. 3 is heat treated, it is 
possible to form the coated member in which porosity and/or 
a pore Volume increase moving away from the mother 
material. The pore distribution as described above is desir 
able because it contributes to the stable coating at an 
interface between the coating layer and the mother material. 
Furthermore, in the structure as describe above, since poros 
ity and the pore Volume increase, the pores formed at an 
outermost Surface of the coating layer may be open pores 
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communicating with each other. Particularly, the open pores 
play an important role in improving a heat exchanging 
property of the mother material. 
0053 As described above, the change in pore distribution 
of the coating layer, which is described referring to FIG. 3, 
may be obtained by changing the quantities of the compo 
nents or by changing the types of components. In other 
words, it is possible to produce a coated member, in which 
porosity and/or the pore size increase moving away from the 
interface, by sequentially layering Al-Mg, Al-Zn, and 
Al Sn layers on the mother material. 
0054 FIG. 11 is a flow chart showing the formation of a 
porous carbon coating layer, according to another embodi 
ment of the present invention. 
0055 With reference to FIG. 11, first, carbon powder 
having an average particle size of 10 um or less is mixed 
with at least one binder selected from the group consisting 
of PVA, PVB, PEG, resin, and rosin (S310). The mixing is 
conducted using a suitable solvent, that is, an organic 
Solvent, Such as water or alcohol, depending on the type of 
binder. 

0056 Subsequently, the resultant slurry is dried to pro 
duce a carbon powder cake, and the cake is pulverized and 
Sorted, thereby producing carbon powder having a particle 
size that is suitable to the nozzle spraying, for example, an 
average particle size of 50-200 um (S320 to S340). There 
after, the carbon powder is conglomerated using the organic 
binder to be made coarse in comparison with the original 
size of the powder. 
0057 Next, the resulting carbon powder is sprayed in 
conjunction with high pressure gas of about 4-7 kgf/cm 
(S350) using a low temperature spraying device described 
referring to FIG. 1 through the nozzle so as to form the 
coating layer on the mother material (S350). In addition, a 
burn out process may be conducted at about 400-500° C. to 
remove the organic binder from the coating layer. 
0.058 A better understanding of the present invention 
may be obtained through the following preferred examples. 

0059) Physical properties of metals used in the following 
examples 1 to 7 are described in Table 1. 

TABLE 1. 

Metal Melting point (C.) Density (g/cm) 

Al 66O2 2.699 
Mg 6SO 1.74 
Zn 419.46 7.133 
Sn 231.9 7.298 

0060 Spraying conditions of a nozzle in examples 1 to 7 
are as follows. 

Nozzle: standard laval type 
aperture: 4 x 6 mm 
throat gap: 1 mm 
type: air 
pressure: 7 atm 
temperature: 330° C. 
<44 m (325 mesh) 

Compressed gas: 

Size of powder fed: 
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EXAMPLE 1. 

0061 Mixture powder which includes Al powder and 
AlMg powder (eutectic temperature of about 400°C.) in a 
weight ratio of 50:50 (i.e. 0.5A1-0.5AlMg) and air at 7 atm 
were fed into a spraying nozzle to be applied on an alumi 
num Substrate. 

0062) The resulting coating was heat treated at about 
620° C. for 1 hour. The heat treated substrate was cut and 
polished, and cross section was observed using an optical 
microscope. FIG. 4 illustrates a picture of the cut surface of 
the resultant substrate. 

0063. From FIG. 4, it can be seen that the coating layer 
is nicely attached to the Al substrate. An interface between 
the Al Substrate and the coating layer is apparent due to 
pores (black portions) trapped in the coating layer. The pores 
were not observed during the coating, but were generated 
after the heat treatment. 

EXAMPLE 2 

0064. A coating layer was produced under the same 
conditions as example 1 except that the weight of AlMg 
increased in the mixture powder so that the metal powder 
had a composition of 0.3A1-0.7AlMg. The coating layer was 
heat treated, a section was observed using an optical micro 
scope, and the results are shown in FIG. 5. 
0065. In comparison with FIG. 4, from FIG. 5, it can be 
seen that the size of the pore is increased, and an increase in 
porosity can be confirmed even with the naked eye. 

EXAMPLE 3 

0066. A coating layer was formed in such a way that Al 
powder/AlMg powder/Al powder/AlMg powder/Al powder 
were sequentially layered. The remaining coating conditions 
were the same as example 1. Subsequently, the resulting 
coating layer was heat treated at 620° C. for 1 hour. 
0067 FIG. 6 is an optical microscope picture showing a 
section of a heat treated Substrate. As shown in the drawing, 
pores were scarcely observed in the Al layer, but frequently 
observed in the AlMg layer. 

EXAMPLE 4 

0068 An A1 substrate was coated with mixture powder 
having a composition of 0.667A1-0.333Mg, and then with 
another mixture powder having a composition of 0.5Al 
0.5Mg. The remaining coating conditions were the same as 
example 1. Subsequently, the resulting coating layer was 
heat treated at about 620° C. for 1 hour, and a section was 
observed using an optical microscope. 
0069 FIG. 7 is an optical microscope picture of the 
section. From FIG. 7, it can be seen that the porosity of a 
coating portion (an outermost Surface) having the composi 
tion of 0.5A1-0.5Mg is higher than that of a coating portion 
(an interface) having the composition of 0.667A1-0.333Mg. 
Accordingly, it can be seen that the porosity of the coating 
layer increases as the Mg content increases. Additionally, 
from the shape of the pores and the porosity, it may be 
presumed that the pores at the outermost Surface are open 
pores communicating with each other. As described above, 
the pores, which are interconnected with each other and are 
distributed from the outermost surface of the coating layer to 
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the inside thereof, increase the area of contact with Sur 
rounding air. Thus, particularly, it is available to applications 
requiring excellent heat exchanging or heat radiation prop 
erties. 

EXAMPLE 5 

0070 An Al substrate was coated with mixture powder of 
Al and Sn, which had a composition of 0.5A1-0.5Sn. The 
remaining coating conditions were the same as in example 
1. 

0071. The resulting coating layer was heat treated at 
about 650° C. for 1 hour, and a section was observed using 
an optical microscope after it was polished. FIG. 8 is an 
optical microscope picture of the section. As shown in FIG. 
7, very many pores were observed in the coating layer. 
Judging from the shape of the pores and the porosity, the 
pores seem to be interconnected with each other. 

EXAMPLE 6 

0072 Mixture powder having a composition of 0.667 Al 
0.333Sn was applied through the same procedure as in 
example 1, and another mixture powder having a composi 
tion of 0.5A1-0.5Sn was subsequently applied. The resulting 
coating layer was heat treated at 620° C. for 1 hour, and a 
polished section was observed using an optical microscope. 

0.073 FIG. 9 is a picture of the section. From comparison 
of an interface portion coated with 0.667A1-0.333Sn with an 
outermost surface portion coated with 0.5A1-0.5Sn, it can be 
seen that the pore size is significantly higher and porosity is 
higher at the outermost Surface portion. Accordingly, it can 
be seen that an increase in the Sn content promotes the 
generation of pores. 

EXAMPLE 7 

0074 An Al substrate was coated with mixture powder 
having a composition of 0.667A1-0.333Zn, and then with 
another mixture powder having a composition of 0.5Al 
0.5Zn. The coating conditions were the same as example 1. 
Subsequently, the resulting coating layer was heat treated at 
about 620° C. for 1 hour, a section was observed using an 
optical microscope, and the results are shown in FIG. 10. 

0075) From FIG. 10, it can be seen that many pores are 
formed in the coating layer due to the addition of Zn. 
Additionally, it can be seen that very large pores exist and 
porosity is higher at an outermost Surface portion having a 
high Zn content in comparison with an interface portion 
having a relatively low Zn content. Therefore, it can be seen 
that the pore size and porosity increase as the Zn content 
increases. 

0.076 From examples 1 to 7, it can be seen that Mg., Zn, 
and Sn which are added to the coating layer in conjunction 
with Al contribute to the formation of pores in the coating 
layer after heat treatment. As well, the pore size and porosity 
increase as the added amount increases. The pores are 
interconnected with each other and thus become open pores 
when the content of Mg., Zn, and Sn increases. 
0077. The inventors of the present invention presume that 
the reason for this is as follows. However, the following 
description is referentially provided for purposes of under 
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standing of the present invention but is not intended to be a 
basis for limitation of the scope of the present invention. 

0078 Mg., Zn, and Sn which are added with Al form a 
eutectic liquid phase in conjunction with Al at a heat 
treatment temperature, and Al is partially melted. When the 
liquid phase exists as described above, combination of the 
pores is relatively easily achieved, thus increasing the pores 
observed with the naked eye. 
0079 Meanwhile, byproduct gases, such as hydrogen, 
generated through the reaction of molten Al with moisture in 
the air may be considered the reason for the formation of the 
pores. It is believed that Mg, Sn, and Zn, which have a 
melting point lower than Al, as well as Al, cause the above 
reaction at the heat treatment temperature. 

0080 With respect to another reason, it may be presumed 
that the pores are formed due to a change in density when 
alloys of metal powders are made through partial melting 
thereof. 

0081. The presumption coincides with the fact that rela 
tively many pores are formed by the addition of Zn or Sn in 
comparison with the addition of Mg as described in the 
above examples. The reason is that a melting temperature 
(419.46° C.) of Zn or a melting temperature (231.9°C.) of 
Sn is lower than a melting temperature (650° C.) of Mg. 

0082 Taking the above into consideration, in the present 
invention, the heat treatment temperature must be at least 
higher than the eutectic temperature of two metals to be 
mixed with each other. The term “eutectic temperature' as 
used herein is intended to include a peritectic temperature. 
However, since the metal powder may contain a small 
amount of impurities, partial melting may occur at the 
eutectic temperature or less. Furthermore, in the present 
invention, the heat treatment temperature must not be higher 
than the melting point of pure Al, which has the highest 
melting point. The reason is that the coating will lose 
structural stability in this case. 

EXAMPLE 8 

0083. A carbon coating layer was formed on a copper 
(Cu) plate. After carbon powder having an average particle 
size of 5-10 um was mixed with about 15 wt % PVA and 
dried to produce a carbon cake, it was pulverized in a mortar 
and carbon particles having a particle size of 150 um or less 
were sorted. The sorted carbon powder was sprayed onto the 
copper plate at the same temperature and pressure as in the 
above examples, thereby forming a carbon coating layer. 

0084 FIGS. 12a and 12b are electron microscope pic 
tures of a section and a Surface of the carbon coating layer 
formed on the copper plate. From the drawings, it can be 
seen that the porous carbon coating layer having excellent 
adhesion strength was formed on the copper plate. 

INDUSTRIAL APPLICABILITY 

0085. A method of the present invention has the existing 
advantages of a low temperature spraying process. In other 
words, since high temperature treatment is not conducted, 
oxidation of mother material or of a coating layer is maxi 
mally suppressed, and damage to the mother material due to 
heat impact does not occur. Furthermore, a very high coating 
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speed can be assured and it is very easy to control the 
thickness of the coating layer. 
0.086 Particularly, Mg, Sn, and Zn, which are used in 
conjunction with Al in the coating method of the present 
invention, have a melting point lower than Al. Accordingly, 
since heat treatment is conducted at a melting point of Al or 
less, the present invention can be applied to most members 
for thermal and mechanical applications, which include Al 
or an Al alloy as a mother material, without damage to the 
mother material. 

0087 Furthermore, in the coating method of the present 
invention, the coating composition is changed to change the 
porosity of the coating layer. Hence, it is possible to very 
easily form porous coating layers needed in various indus 
trial fields through the above method. 
0088 As well, in a coated member produced according to 
the method of the present invention, it is possible to freely 
control pore size and porosity. Therefore, it can be used in 
various members for thermal and mechanical applications. 
0089 Additionally, in a carbon coating layer produced 
according to the method of the present invention, high 
thermal conductivity is assured due to a porous structure 
having many pores, and carbon is much more stable in a 
corrosive environment, such as sea water or waste water, 
than metal, thus it is suitable to be used as a member for 
thermal applications in corrosive environments. 

1. A method of forming a porous coating layer on mother 
material, comprising: 

providing the mother material; 
feeding powder having a metal composition, which 

includes at least two different metals selected from the 
group consisting of Al, Mg., Zn, and Sn and which is 
expressed by XA-(1-x)B (0<x<1, x is a weight ratio of 
A and B), onto the mother material; 

Supplying high pressure gas to the powder; 
applying the metal powder on the mother material by 

spraying the metal powder using the high pressure gas 
through an SuperSonic nozzle; and 

heat-treating the coated mother material to form the 
porous coating layer. 

2. The method as set forth in claim 1, wherein the powder 
having the metal composition includes alloy powder of at 
least two metals selected from the above group. 

3. The method as set forth in claim 1, wherein A is Al, and 
B includes a metal element selected from the group con 
sisting of Mg., Zn, and Sn. 

4. The method as set forth in claim 1, wherein the 
Supplying of the high pressure gas comprises: 

compressing gas; and 
pre-heating the compressed gas. 
5. The method as set forth in claim 1, wherein the 

heat-treatment of the coated mother material is conducted at 
a temperature between a eutectic temperature of A and Band 
a melting point of a metal having the higher melting point of 
A and B. 

6. The method as set forth in claim 1, wherein the 
heat-treatment of the coated mother material is conducted at 
about 200-650° C. 
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7. The method as set forth in claim 1, wherein the feeding 
of the powder further comprises changing X to change the 
composition of the powder. 

8. The method as set forth in claim 1, wherein the gas 
includes any one selected from the group consisting of 
helium, nitrogen, argon, and air. 

9. A metal coated member, comprising: 

metal mother material; and 

a coating layer formed on the metal mother material, 
which includes at least two metal elements and is 
expressed by XA-(1-x)B (X is a weight ratio of A and 
B), 

wherein, A and B are different metals selected from the 
group consisting of Al, Mg., Zn, and Sn, X changes 
when moving in a thickness direction of the coating 
layer within a range of 0<x<1, and porosity of the 
coating layer is changed depending on a change in X. 

10. The metal coated member as set forth in claim 9, 
wherein X increases or decreases moving in a thickness 
direction of the coating layer, and the porosity of the coating 
layer is increased or decreased as X is increased or 
decreased. 

11. The metal coated member as set forth in claim 10, 
where A is Al, B is any one metal selected from the group 
consisting of Mg., Zn, and Sn, and X is decreased and the 
porosity of the coating layer is increased moving from an 
interface of the metal mother material and the coating layer 
to a Surface of the coating layer. 

12. A metal coated member, comprising: 

metal mother material; and 

a coating layer formed on the metal mother material, 
which includes at least two metal elements and is 
expressed by A-B; 

wherein, A and B are different metals selected from the 
group consisting of Al, Mg., Zn, and Sn, A or B selected 
from the above group changes when moving in a 
thickness direction of the coating layer, and porosity of 
the coating layer is changed depending on a change in 
A or B. 

13. The metal coated member as set forth in claim 9, 
wherein the coating layer includes open pores which are at 
least partially interconnected with each other. 

14. The metal coated member as set forth in claim 13, 
wherein the open pores exist in an upper part of the coating 
layer. 

15. A method of forming a porous carbon coating layer on 
mother material, comprising: 

providing the mother material; 

feeding carbon powder which is conglomerated by an 
organic binder, 

Supplying high pressure gas to the carbon powder, and 

applying the carbon powder on the mother material by 
spraying the carbon powder using the high pressure gas 
through a SuperSonic nozzle. 
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16. The method as set forth in claim 15, further compris- 18. The metal coated member as set forth in claim 17, 
ing burning out the organic binder at 400-500° C. after the 
application of the carbon powder. 

17. The metal coated member as set forth in claim 12, 
wherein the coating layer includes open pores which are at 
least partially interconnected with each other. k . . . . 

wherein the open pores exist in an upper part of the coating 
layer. 


