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(54) COATING STRUCTURE COMPRISING GRAPHITE COMPOSITE AND PREPARATION METHOD

(57) The present invention provides a coating struc-
ture. The coating structure comprises a substrate, a first
metal layer, a second alloy layer, a third metal layer, and
a fourth alloy layer. The first metal layer is plated on the
outside of the substrate, and does not include graphite.
The second alloy layer is plated on the outside of the first
metal layer, and includes an alloy synthesized from
graphite and metal. The third metal layer is plated on the
outside of the second alloy layer, and does not include
graphite. The fourth alloy layer is plated on the outside
of the third metal layer, and includes an alloy synthesized
from graphite and metal. By arranging the metal layers
without graphite and the alloy layers with graphite to be
repeated in a stack, the coating structure can be arranged
to any desired thickness, and seal graphite alloy within
its structure, thereby preventing graphite particles from
floating in the air. Furthermore, the present invention fur-
ther provides a preparation method for a coating struc-
ture.
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Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to electroplating
field, more particularly to a coating structure comprising
graphite alloy and a preparation method.

BACKGROUND

[0002] Various metal coatings are widely used on com-
ponents for electronics, healthcare, locomotives, avia-
tion, and navigation. With the rapid development of the
performance of components, people have more demand-
ing requirements for electrical conductivity, thermal con-
ductivity, wear resistance, corrosion resistance, and sol-
derability performances, etc., of metal coating. It has
been found that using graphite alloy to manufacture coat-
ing can increase its lubricity and wear resistance, result-
ing in a lower friction coefficient with improved electrical
conductivity, thermal conductivity, and wear resistance
properties.
[0003] However, the non-polarity of graphite makes it
non-hydrophilic, and during the preparation process of
graphite alloy, it is easy for graphite to separate and pre-
cipitate. This results in an uneven distribution of graphite
in the coating. Graphite is prone to be distributed in the
superficial layer of the coating, and adhesion of the coat-
ing decreases as the content of graphite increases. The
deposition quality and efficiency of the coating are not
high. Moreover, as graphite partially precipitates during
the preparation process, free graphite dust can be harm-
ful to human health. People who inhale it for a long time
may suffer allergic asthma and dust-related diseases.
Current methods for preparing graphite alloy have other
drawbacks, such as a narrow working window for plating
solution, limited thickness of coating, and difficulty in in-
dustrial mass production.

SUMMARY

[0004] To solve the problem above, the present inven-
tion proposes a coating structure that seals the graphite
alloy inside its structure, which can prevent the graphite
particles in the coating from floating in the air.
[0005] Based on that, a coating structure is provided
according to an embodiment of the present invention.
The coating structure comprises a substrate, a first metal
layer, a second alloy layer, a third metal layer, and a
fourth alloy layer. The first metal layer is plated on the
outside of the substrate, and does not include graphite.
The second alloy layer is plated on the outside of the first
metal layer, and includes an alloy synthesized from
graphite and metal. The third metal layer is plated on the
outside of the second alloy layer, and does not include
graphite. The fourth alloy layer is plated on the outside
of the third metal layer, and includes an alloy synthesized
from graphite and metal.

[0006] In this embodiment, by arranging the metal lay-
ers without graphite and the alloy layers with graphite to
be repeated in a stack, the coating structure can be ar-
ranged to any desired thickness, meeting the require-
ments of practical applications. In addition, the metal lay-
er without graphite can also serve as a sealing layer,
especially in the case that the coating structure wears,
as it can prevent graphite particles within the coating from
floating in the air, thereby avoiding hazards to human
health.
[0007] In an embodiment, the coating structure further
includes a fifth metal layer and a sixth alloy layer. The
fifth metal layer is plated on the outside of the fourth alloy
layer, and does not include graphite. The sixth alloy layer
is plated on the outside of the fifth metal layer, and in-
cludes an alloy synthesized from graphite and metal.
[0008] In an embodiment, the coating structure further
includes an organic layer covered on the outermost side
of the coating structure.
[0009] In an embodiment, the coating structure further
includes a metal sealing layer plated on the secondary
outer side of the coating structure.
[0010] In an embodiment, the first metal layer and the
third metal layer each include: a single layer or multiple
stacked layers of a silver layer, a gold layer, a tin layer,
a platinum layer, a nickel layer, a palladium layer, a silver
alloy layer, a gold alloy layer, a tin alloy layer, a platinum
alloy layer, a nickel alloy layer, and a palladium alloy lay-
er. The second alloy layer and the fourth alloy layer each
include: a single layer or multiple stacked layers of an
alloy layer synthesized from at least graphite and silver,
an alloy layer synthesized from at least graphite and gold,
an alloy layer synthesized from at least graphite and tin,
an alloy layer synthesized from at least graphite and nick-
el, an alloy layer synthesized from at least graphite and
palladium, an alloy layer synthesized from at least graph-
ite and antimony, and an alloy layer synthesized from at
least graphite and bismuth.
[0011] A preparation method for a coating structure is
provided according to an embodiment of the present in-
vention. The method comprises plating a first metal layer
on the outside of a substrate, wherein the first metal layer
does not include graphite; mixing colloid including graph-
ite, with electroplating solution including second metal
ions; making the mixed electroplating solution including
the second metal ions, electrodeposited on the outside
of the first metal layer, to obtain a second alloy layer
synthesized from graphite and the second metal.
[0012] In an embodiment, the colloid including graphite
is obtained by adding graphite particles to colloid includ-
ing Sn2+ and Pd2+, and stirring them well
[0013] In an embodiment, the method further compris-
es using ultrasonic water cleaning to remove graphite
particles on a surface of the second alloy layer.
[0014] In an embodiment, the method further compris-
es plating a third metal layer on the outside of the second
alloy layer, wherein the third metal layer does not include
graphite; mixing colloid including graphite, with electro-
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plating solution including fourth metal ions; and making
the mixed electroplating solution including the fourth met-
al ions, electrodeposited on the outside of the third metal
layer, to obtain a fourth alloy layer synthesized from
graphite and the fourth metal.
[0015] In an embodiment, the first metal layer includes
a single layer or multiple stacked layers of a silver layer,
a gold layer, a tin layer, a platinum layer, a nickel layer,
a palladium layer, a silver alloy layer, a gold alloy layer,
a tin alloy layer, a platinum alloy layer, a nickel alloy layer,
and a palladium alloy layer. The second alloy layer in-
cludes a single layer or multiple stacked layers of an alloy
layer synthesized from at least graphite and silver, an
alloy layer synthesized from at least graphite and gold,
an alloy layer synthesized from at least graphite and tin,
an alloy layer synthesized from at least graphite and nick-
el, an alloy layer synthesized from at least graphite and
palladium, an alloy layer synthesized from at least graph-
ite and antimony, and an alloy layer synthesized from at
least graphite and bismuth.
[0016] In an embodiment, the method further compris-
es covering an organic layer on the outermost side of the
coating structure.
[0017] In an embodiment, the method further compris-
es plating a metal sealing layer on the secondary outer
side of the coating structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The other features and advantages of the
present invention will be better understood in conjunction
with the accompanying drawings and with reference to
the following detailed description of preferred embodi-
ments. In the drawings:

FIG. 1 is a schematic diagram of a coating structure
according to an embodiment of the present inven-
tion.
FIG. 2 is an exemplary flowchart of the method for
preparing a coating structure according to an em-
bodiment of the present invention.

DETAILED DESCRIPTION

[0019] The technical solution of the present disclosure
is described in detail below through embodiments and in
conjunction with the accompanying drawings. The same
or similar reference numerals throughout the description
indicate the same or similar components. The following
description of the embodiments of the present disclosure
with reference to the accompanying drawings is intended
to explain the overall inventive concept of the present
disclosure and should not be construed as a limitation to
the present disclosure.
[0020] The terms "includes", "comprises" and the like
used in the present disclosure should be interpreted as
open-ended terms, i.e., "includes/comprises but is not
limited to", indicating that other elements may also be

included. The term "based on" indicates "at least partly
based on". The term "one embodiment" indicates "at least
one embodiment". The term "another embodiment" indi-
cates "at least one additional embodiment".
[0021] FIG. 1 shows a schematic diagram of a coating
structure according to an embodiment of the present in-
vention. The coating structure 100 at least comprises a
substrate 102, a first metal layer 104, a second alloy layer
106, a third metal layer 108, and a fourth alloy layer 110.
[0022] The substrate 102 may be metal or non-metal
substrate material, such as copper, nickel, plastic, poly-
mer material, etc., and the substrate 102 may also be a
substrate coating, such as copper coating, nickel coating,
etc.
[0023] The first metal layer 104 is plated on the outside
of the substrate 102, and the first metal layer does not
include graphite. The first metal layer 104 may be pure
metal or alloy. The first metal layer 104 may include a
single layer or multiple stacked layers of a silver layer, a
gold layer, a tin layer, a platinum layer, a nickel layer, a
palladium layer, a silver alloy layer (such as silver-tin al-
loy), a gold alloy layer (such as gold-cobalt alloy or gold-
nickel alloy), a tin alloy layer, a platinum alloy layer, a
nickel alloy layer (such as nickelphosphorus alloy), and
a palladium alloy layer (such as palladium-nickel alloy).
For example, the first metal layer 104 may be a silver
layer, a silver layer and a gold layer in a stack, or a silver
layer and a silver-tin alloy layer in a stack.
[0024] A second alloy layer 106 is plated on the outside
of the first metal layer 104, and the second alloy layer
106 includes an alloy synthesized from graphite and met-
al. The second alloy layer 106 includes a single layer or
multiple stacked layers of an alloy layer synthesized from
at least graphite and silver (such as silver graphite or
silver-tin graphite), an alloy layer synthesized from at
least graphite and gold (such as gold graphite or gold-
cobalt graphite), an alloy layer synthesized from at least
graphite and tin (such as tin graphite), an alloy layer syn-
thesized from at least graphite and nickel (such as nickel
graphite or palladium-nickel graphite), an alloy layer syn-
thesized from at least graphite and palladium (such as
silver-palladium graphite), an alloy layer synthesized
from at least graphite and antimony, and an alloy layer
synthesized from at least graphite and bismuth. For ex-
ample, the second alloy layer 106 may be a silver-tin
graphite layer, or a silver graphite layer and a tin graphite
layer in a stack. The first metal layer 104 can provide a
structure similar to the second alloy layer 106 for plating
and reducing face tension, so that the second alloy layer
106 can be closely combined with the first metal layer
104. Compared to plating the second alloy layer 106 di-
rectly on the substrate 102, the arrangement of the first
metal layer 104 can solve the problem of weak adhesive
when the graphite alloy is combined directly with the sub-
strate 102.
[0025] The third metal layer 108 is plated on the outside
of the second alloy layer 106, and the third metal layer
108 does not include graphite. The arrangement of the
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third metal layer 108 is similar to that of the first metal
layer 104. In particular, the third metal layer 108 may
include a single layer or multiple stacked layers of a silver
layer, a gold layer, a tin layer, a platinum layer, a nickel
layer, a palladium layer, a silver alloy layer, a gold alloy
layer, a tin alloy layer, a platinum alloy layer, a nickel
alloy layer, and a palladium alloy layer.
[0026] The fourth alloy layer 110 is plated on the out-
side of the third metal layer 108, and the fourth alloy layer
110 includes an alloy synthesized from graphite and met-
al. The arrangement of the fourth alloy layer 110 is similar
to that of the second alloy layer 106. In particular, the
fourth alloy layer 110 may include a single layer or mul-
tiple stacked layers of an alloy layer synthesized from at
least graphite and silver, an alloy layer synthesized from
at least graphite and gold, an alloy layer synthesized from
at least graphite and tin, an alloy layer synthesized from
at least graphite and nickel, an alloy layer synthesized
from at least graphite and palladium, an alloy layer syn-
thesized from at least graphite and antimony, and an alloy
layer synthesized from at least graphite and bismuth.
[0027] Optionally, the coating structure 100 may in-
clude a fifth metal layer 112. The fifth metal layer 112 is
plated on the outside of the fourth alloy layer 110, and
the fifth metal layer 112 does not include graphite. The
arrangement of the fifth metal layer 112 is similar to that
of the first metal layer 104.
[0028] Optionally, the coating structure 100 may in-
clude a sixth alloy layer 114. The sixth alloy layer 114 is
plated on the outside of the fifth metal layer 112, and the
sixth alloy layer 114 includes an alloy synthesized from
graphite and metal. The arrangement of the sixth alloy
layer 114 is similar to that of the second alloy layer 106.
[0029] Optionally, the coating structure 100 further in-
cludes a repeating stacked layer 116. The repeating
stacked layer 116 includes a pair or multiple pairs of a
metal and an alloy layers in a stack. For example, the
repeating stacked layer 116 can include a pair of a metal
and an alloy layers in a stack, wherein the arrangement
of the metal layer is similar to that of the first metal layer
104, and the arrangement of the alloy layer is similar to
that of the second alloy layer 106.
[0030] It should be noted that all the metal layers in the
coating structure 100, namely the first metal layer 104,
the third metal layer 108, the fifth metal layer 112, and
the metal layers in the repeating stacked layer 116, may
have the same or different structure and coating compo-
sition. Similarly, all the alloy layers in the coating structure
100, namely the second alloy layer 106, the fourth alloy
layer 110, the sixth alloy layer 114, and the alloy layers
in the repeating stacked layer 116, may have the same
or different structure and coating composition. By arrang-
ing the metal layers without graphite and the alloy layers
with graphite to be repeated in a stack, the coating struc-
ture 100 can be arranged to any desired thickness, meet-
ing the requirements of practical applications. In addition,
the metal layer without graphite can also serve as a seal-
ing layer, especially in the case that the coating structure

100 wears, as it can prevent graphite particles within the
coating from floating in the air, thereby avoiding hazards
to human health.
[0031] Optionally, the coating structure 100 further in-
cludes a metal sealing layer 118. The metal sealing layer
118 is plated on the secondary outer side of the coating
structure 100, which may be a silver layer, a tin layer, or
a silver-tin alloy layer, for sealing the coating structure.
[0032] Optionally, the coating structure 100 further in-
cludes an organic layer 120. The organic layer 120 is
covered on the outermost side of the coating structure
100, which may be sealing agent or lubricating oil, etc.
[0033] FIG. 2 illustrates an exemplary preparation
method of the coating structure 100 according to an em-
bodiment of the present invention. The preparation meth-
od 200 can be applied to production lines of high-speed
continuous plating, barrel plating, and rack plating. If the
coating structure 100 is to be prepared on an odd part,
then the odd part requires to hang on the rack or be put
in the barren. If the coating structure 100 is to be prepared
on a continuous strip or a conveyor belt, then the roll of
the strip or belt requires to be loosen and it enters into
the plating line, wherein the plating line may be straight
line or S-type line.
[0034] Step S202: a first metal layer 104 is plated on
the outside of the substrate 102, wherein the first metal
layer 104 does not include graphite. In this embodiment,
the first metal layer 104 is obtained by flash plating. In
other embodiments, other metal plating techniques such
as chemical plating and hot dipping can also be used to
obtain the first metal layer 104.
[0035] Step S204: colloid including graphite is mixed
with electroplating solution including second metal ions.
In particular, graphite particles are added to colloid in-
cluding Sn2+and Pd2+ and well stirred, to obtain the col-
loid including graphite. For example, an acidic colloidal
solution of stannous chloride and palladium chloride is
firstly prepared, and then anionic dispersant such as so-
dium hexametaphosphate or sodium stannate is added
to mix with the solution to obtain a homogeneous and
stable colloid. Alternatively, Sn2+ is added to colloid pal-
ladium, wherein the concentrations of Sn2+ and Pd2+ are
adjusted. Then, micro- or nano-sized graphite is added
to the colloid and stirred thoroughly to obtain the colloid
including graphite. To obtain the second alloy layer 106
of silver-tin graphite, this embodiment mixes the colloid
including graphite with an electroplating solution includ-
ing second metal ions (namely Ag+ and Sn2+). In other
example, in order to obtain other types of graphite alloys,
the colloid including graphite is mixed with an electroplat-
ing solution containing other second metal ions (such as
gold ions, nickel ions, etc.)
[0036] Step S206: the mixed electroplating solution in-
cluding the second metal ions is used to be electrode-
posited on the outside of the first metal layer 104, to obtain
a second alloy layer 106 synthesized from graphite and
the second metal. During the process of electrodeposi-
tion, the second metal ions (namely Ag+ and Sn2+ ) and
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graphite are deposited together on the outside of the first
metal layer 104, thereby obtaining the second alloy layer
106 of silver-tin graphite.
[0037] Step S208: ultrasonic water cleaning is used to
remove graphite particles on the surface of the second
alloy layer 106.
[0038] Optionally, the embodiment continues to per-
form step S210 that a third metal layer 108 is plated on
the outside of the second alloy layer 106, wherein the
third metal layer 108 does not include graphite. The ex-
ecution of this step can be referred to step S202.
[0039] Optionally, the embodiment continues to per-
form step S212 that colloid including graphite is mixed
with electroplating solution including fourth metal ions.
The execution of this step can be referred to step S204.
[0040] Optionally, the embodiment continues to per-
form step S214 that the mixed electroplating solution in-
cluding the fourth metal ions is used to be electrodepos-
ited on the outside of the third metal layer 108, to obtain
a fourth alloy layer 110 synthesized from graphite and
the fourth metal. The execution of this step can be re-
ferred to step S206.
[0041] Optionally, the embodiment continues to per-
form step S216 that ultrasonic water cleaning is used to
remove graphite particles on a surface of the fourth alloy
layer 110. The execution of this step can be referred to
step S208.
[0042] Optionally, the embodiment performs steps
S210- S216 repeatedly.
[0043] Further, the embodiment performs step S218
that a metal sealing layer 118 is plated on the secondary
outer side of the coating structure 100.
[0044] Further, the embodiment performs step S220
that an organic layer 120 is covered on the outermost
side of the coating structure 100.
[0045] After completing the preparation method above,
the odd part can be taken out of the rack or the barren,
or the roll of the continuous strip or the conveyor belt can
be collected. In the preparation method above, metal and
graphite are deposited together by utilizing graphite col-
loid, thereby obtaining graphite alloy. This method can
be used to prepare the second alloy layer 106 including
graphite alloy. The second alloy layer 106 may include
a single layer or multiple stacked layers of an alloy layer
synthesized from at least graphite and silver, an alloy
layer synthesized from at least graphite and gold, an alloy
layer synthesized from at least graphite and tin, an alloy
layer synthesized from at least graphite and nickel, an
alloy layer synthesized from at least graphite and palla-
dium, an alloy layer synthesized from at least graphite
and antimony, and an alloy layer synthesized from at
least graphite and bismuth. The advantages of this meth-
od for preparing graphite alloy include a wide working
window for the plating solution, high deposition efficiency,
stable quality of the coating, and feasibility on industrial
mass production. Additionally, in the preparation method
above, the step of cleaning graphite particles can prevent
people from easily contacting with graphite particles

when using the coating structure.
[0046] Although the present invention has been de-
scribed herein with reference to specific examples, these
specific examples are only intended to be exemplary and
not to limit the present invention. It is obvious to those
skilled in the art that the disclosed embodiments may be
changed, added or deleted without departing from the
spirit and scope of the invention.

Claims

1. A coating structure, comprising:

a substrate;
a first metal layer plated on the outside of the
substrate, wherein the first metal layer does not
include graphite;
a second alloy layer plated on the outside of the
first metal layer, wherein the second alloy layer
includes an alloy synthesized from graphite and
metal;
a third metal layer plated on the outside of the
second alloy layer, wherein the third metal layer
does not include graphite; and
a fourth alloy layer plated on the outside of the
third metal layer, wherein the fourth alloy layer
includes an alloy synthesized from graphite and
metal.

2. The coating structure according to claim 1, further
comprising:

a fifth metal layer plated on the outside of the
fourth alloy layer, wherein the fifth metal layer
does not include graphite; and
a sixth alloy layer plated on the outside of the
fifth metal layer, wherein the sixth alloy layer in-
cludes an alloy synthesized from graphite and
metal.

3. The coating structure according to either claim 1 or
claim 2, further comprising:
an organic layer covered on the outermost side of
the coating structure.

4. The coating structure according to either claim 1 or
claim 2, further comprising:
a metal sealing layer plated on the secondary outer
side of the coating structure.

5. The coating structure according to claim 1, wherein
the first metal layer and the third metal layer each
include: a single layer or multiple stacked layers of
a silver layer, a gold layer, a tin layer, a platinum
layer, a nickel layer, a palladium layer, a silver alloy
layer, a gold alloy layer, a tin alloy layer, a platinum
alloy layer, a nickel alloy layer, and a palladium alloy
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layer;
and wherein the second alloy layer and the fourth
alloy layer each include: a single layer or multiple
stacked layers of an alloy layer synthesized from at
least graphite and silver, an alloy layer synthesized
from at least graphite and gold, an alloy layer syn-
thesized from at least graphite and tin, an alloy layer
synthesized from at least graphite and nickel, an al-
loy layer synthesized from at least graphite and pal-
ladium, an alloy layer synthesized from at least
graphite and antimony, and an alloy layer synthe-
sized from at least graphite and bismuth.

6. A preparation method for a coating structure, the
method comprising:

plating a first metal layer on the outside of a sub-
strate, wherein the first metal layer does not in-
clude graphite;
mixing colloid including graphite, with electro-
plating solution including second metal ions; and
making the mixed electroplating solution includ-
ing the second metal ions, electrodeposited on
the outside of the first metal layer, to obtain a
second alloy layer synthesized from graphite
and the second metal.

7. The preparation method according to claim 6, where-
in the colloid including graphite is obtained by:
adding graphite particles to colloid including Sn2+

and Pd2+ , and stirring them well.

8. The preparation method according to claim 6, the
method further comprising:
using ultrasonic water cleaning to remove graphite
particles on a surface of the second alloy layer.

9. The preparation method according to claim 8, the
method further comprising:

plating a third metal layer on the outside of the
second alloy layer, wherein the third metal layer
does not include graphite;
mixing colloid including graphite, with electro-
plating solution including fourth metal ions; and
making the mixed electroplating solution includ-
ing the fourth metal ions, electrodeposited on
the outside of the third metal layer, to obtain a
fourth alloy layer synthesized from graphite and
the fourth metal.

10. The preparation method according to claim 6, where-
in the first metal layer includes: a single layer or mul-
tiple stacked layers of a silver layer, a gold layer, a
tin layer, a platinum layer, a nickel layer, a palladium
layer, a silver alloy layer, a gold alloy layer, a tin alloy
layer, a platinum alloy layer, a nickel alloy layer, and
a palladium alloy layer;

and wherein the second alloy layer includes: a single
layer or multiple stacked layers of an alloy layer syn-
thesized from at least graphite and silver, an alloy
layer synthesized from at least graphite and gold, an
alloy layer synthesized from at least graphite and tin,
an alloy layer synthesized from at least graphite and
nickel, an alloy layer synthesized from at least graph-
ite and palladium, an alloy layer synthesized from at
least graphite and antimony, and an alloy layer syn-
thesized from at least graphite and bismuth.

11. The preparation method according to claim 6, the
method further comprising:
covering an organic layer on the outermost side of
the coating structure.

12. The preparation method according to claim 6, the
method further comprising:
plating a metal sealing layer on the secondary outer
side of the coating structure.
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