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(54) ANTIBACTERIAL AND ANTIVIRAL COPPER-CONTAINING STAINLESS STEEL, AND
PREPARATION METHOD THEREFOR AND USE THEREOF

(57) The present invention provides an antibacterial
and antiviral copper-bearing stainless steel and a prep-
aration method and application of the stainless steel hav-
ing the same composition. The copper-bearing stainless
steel comprises a stainless steel matrix and a copper-rich
phase uniformly distributed in the stainless steel matrix,
wherein the copper content of the copper-bearing stain-
less steel is 6-30 wt%. The preparation method for the
copper-bearing stainless steel includes production of a
small stainless steel product mainly based on powder
metallurgy technology, and production of a large stain-
less steel sheet, bar or tube mainly based on combined
processes without a substantial thermal deformation.
Compared with traditional antibacterial stainless steel,
the present invention has a designed composition con-
taining a sufficient amount of copper-rich precipitated
phase, which can achieve not only a good killing effect
on bacteria, but also a virus-killing ability comparable to
that of pure copper, and can be used for the preparation
of a knife, elevator button, railing, handrail, door handle,

cup and etc., as a whole or a component thereof, which
can effectively kill bacteria and viruses present on their
surfaces.
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Description
Technical field

[0001] The presentinvention belongs to the field of ma-
terial technology and relates to a high-copper content
stainless steel, in particular to a high-performance anti-
bacterial and antiviral copper-bearing stainless steel and
its preparation method and application.

Background Art

[0002] Pathogenic bacteria and viruses present in the
living environment and in the field of public safety and
health have always been a major hidden threat to public
safety and health. Millions of people around the world die
from bacterial infections every year. Seasonal influenza
and periodic outbreaks of various influenza viruses over
a long period of time have an inestimable impact on the
safety of people’s lives and society. Indirect or direct con-
tact with surfaces of bacteria- or viruses-bearing objects
is one of the most important ways for pathogenic bacteria
and viruses to infect humans, and it is also the main way
for various harmful bacteria to infect humans. However,
stainless steel, as one of the most widely used materials
in daily life utensils, public health facilities, food industry
and other key sectors, etc, does not have any antibacte-
rial or antiviral capability itself. For example, the studies
have confirmed that the novel coronavirus 2019-nCov,
which emerged in 2019, has been shown to be able to
survive for several days on ordinary stainless steel sur-
faces; common pathogenic E. coli has also been shown
to be able to survive for a long time on stainless steel
surfaces. The resulting increased risk of bacterial and
viral transmission not only has a huge impact on public
health and safety, butalso imposes an enormous medical
and economic burden on society. There is therefore a
growing need to develop stainless steel equipment with
excellent antibacterial and antiviral properties.

[0003] Metallic elements such as silver, copper and
zinc have natural antibacterial properties. This type of
inorganic antibacterial agent has unparalleled advantag-
es such as wide temperature range, broad antibacterial
spectrum, low cytotoxicity and no drug resistance. In par-
ticular, both silver and copper are widely used in the de-
velopment of antibacterial stainless steels due to their
properties such as high antibacterial ability and low cy-
totoxicity.

[0004] To achieve permanent antibacterial properties
in stainless steel, copper- and silver-bearing antibacterial
stainless steels are currently produced mainly by adding
copper and silver by integral melting during the casting
process. Copper is a common trace element added to
steel materials. When the amount of copper added is
relatively small, its role is similar to that of nickel in im-
proving the corrosion resistance of the material. For ex-
ample, the corrosion resistance of rail steel containing
0.2-0.5 wt% copper is generally better than that of ordi-
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nary carbon steel. When the copper content exceeds
0.75 wt%, the strength of the material can be improved
through solid solution and ageing treatments. When the
copper content is further increased, it can be used to
prepare arange of copper-bearing antibacterial stainless
steels. For example, in the traditional casting process,
the cast copper-bearing stainless steels such as auste-
nitic copper-bearing stainless steel with about 2-5.5 wt%
of copper added and martensitic stainless steel with 3-4
wt% of copper added, generally have an antibacterial
rate against E. coli of up to over 98% after heattreatment.
Silver is believed to have a stronger antibacterial ability
and a broader antibacterial spectrum than that of copper.
Research has shown that when silver is added uniformly
to stainless steel, the antibacterial rate of silver-bearing
stainless steel against E. coli can reach over 98% with
only about 0.3 wt% of silver added.

[0005] However, itis worth noting that the existing re-
search only focuses on antibacterial stainless steel, and
there is still a gap in the research and development of
antiviral stainless steel. Research has confirmed that
both silver and copper elements have THE ability to kill
viruses. For example, silver-bearing composite porous
ceramics can Kkill viruses on their surfaces, and metallic
copper surfaces can kill influenza A (H1N1) viruses on
them. However, there are no reports that existing silver-
bearing stainless steel and copper-bearing stainless
steel have excellent antiviral properties. The develop-
ment of antiviral stainless steel requires new ingredient
selection and design as well as process improvement.
However, there is still a lack of relevant research and
patents.

[0006] In addition, existing copper-bearing antibacte-
rial stainless steels are prepared using traditional casting
and thermal processing processes. However, copper is
an element that typically causes thermal defects in steel
materials. Since the oxidation potential of copperis small-
er than that of iron, when the copper content is higher
than about 0.2 wt%, and the steel is thermal-processed,
the iron element is selectively oxidized at high tempera-
ture in preference to copper, resulting in copper-rich
phases found on the surface of the material due to an
increase in the relative copper content. The melting point
and strength of pure copper or copper-rich phases are
much lower than those of steel. At high temperatures,
these copper-rich phases will diffuse along the grain
boundaries of the steel. This penetration and diffusion
along the grain boundaries will seriously weaken the
force between the steel grains, causing the steel to be
scrapped due to cracks or fissures that occur during hot
forging or hot rolling. In addition, existing copper-bearing
antibacterial stainless steel is prepared using traditional
casting and thermal processing processes. However,
copper is an element that typically causes thermal de-
fects in steel materials. Since the oxidation potential of
copper is smaller than that of iron, when the copper con-
tentis higher than about 0.2 wt%, and the steel is thermal-
processed, the iron element will be selectively oxidized
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in preference to copper at a high temperature, resulting
in copper-rich phases found on the surface of the material
due to an increase in the relative content of copper. The
melting point and strength of pure copper or copper-rich
phases are much lower than those of steel. At a high
temperature, these copper-rich phases will diffuse along
the grain boundaries of the steel. This penetration and
diffusion along the grain boundaries will seriously weak-
en the force between the steel grains, causing the steel
to be scrapped due to cracks or fissures occurring during
hot forging or hot rolling.. This problem is greatly exac-
erbated when the copper content is further increased,
making the manufacture and practical use of high copper
content stainless steel difficult.

Summary of the Invention

[0007] Itis an object of the presentinvention to provide
a stainless steel possessing antibacterial and antiviral
abilities and a preparation method and application of a
copper-bearing stainless steel having the composition of
the stainless steel of the presentinvention. This stainless
steel may optionally contain one or more elements pos-
sessing antibacterial or antiviral effects such as silver
and zinc. In particular, unlike conventional traditional an-
tibacterial stainless steels, the new antibacterial and an-
tiviral stainless steel of the present invention contains a
high content of copper element therein.

[0008] The presentinventors have firstly found that sil-
ver, as a very effective alloying element added in existing
antibacterial stainless steel, cannot endow stainless
steel with an antiviral effect. Secondly, the presentinven-
tors have found that existing cast copper-bearing anti-
bacterial stainless steel has no an antiviral effect. Only
when the copper content reaches a certain critical value,
the stainless steel will produce a significant antiviral ef-
fect. Finally, existing patents and researches on copper-
bearing antibacterial stainless steel all adopt traditional
casting techniques to prepare stainless steel, which will
encounter insurmountable problem of copper brittleness
when used for preparing copper-bearing stainless steel
with a high copper content and cannot prepare such a
copper-bearing stainless steel successfully.

[0009] Although copper brittleness can be alleviated
through some technical means, the higher the copper
content, the greater the incompatibility of the thermal
processing defects caused by copper brittleness. Exist-
ing cast copper-bearing antibacterial stainless steels
have a maximum copper content of about 5 wt%, which
is basically the upper limit. In actual production, the cop-
per content is preferably 1-3.5 wt%, generally depending
on the type of steel. However, the presentinventors have
found for the first time that stainless steel containing 5
wt% copper has no antiviral effect. It is only when the
copper content reaches a critical value of about 10 wt%
that the copper-bearing stainless steel exhibits antiviral
properties, anditis almostimpossible to successfully pre-
pare a copper-bearing stainless steel with such a high
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copper content using traditional casting-hot forging and
hot rolling technologies.

[0010] The presentinvention creatively utilizes the ad-
vantages of ease of composition regulation, near net-
shaping and no need for subsequent deformation
processing of powder metallurgy technology, and pre-
pares a series of stainless steels with different copper
and silver contents. Combined with the relevant antiviral
experiments, the present invention has successfully de-
veloped a high-performance antibacterial and antiviral
copper-containing stainless steel. As demonstrated by
the experiments of the present invention, none of the
surfaces of pure silver, existing silver-bearing antibacte-
rial stainless steel and traditional cast copper-bearing an-
tibacterial stainless steel blocks exhibits obvious antiviral
properties. However, when the amount of copper added
is greater than a certain critical value, the stainless steel
surface exhibits significant antiviral properties. This com-
positional design is necessary to ensure antiviral prop-
erties and also one of the innovations of the present in-
vention. The copper-bearing stainless steel with this
composition can effectively kill bacteria and viruses, in
particular the 2019-nCov virus, on its surface for a long
period of time. The copper-bearing stainless steel is only
required to have the composition of the presentinvention,
and any minor modifications based on this invention
should fall within the scope of protection of the present
invention. In addition, the copper-bearing stainless steel
in the present invention contains a relatively high copper
content. Due to the problem of copper brittleness caused
by a high copper content, the copper-bearing stainless
steel products having the composition of the present in-
vention cannot be prepared by conventional casting and
thermal deformation processes. Therefore, the present
invention also provides a preparation method of the cop-
per-bearing stainless steel products having this compo-
sition.

[0011] Ontheone hand, the presentinvention provides
an antibacterial and antiviral copper-bearing stainless
steel, the copper-bearing stainless steel comprising a
stainless steel matrix and a copper-rich phase uniformly
distributed in the stainless steel matrix, wherein the cop-
per content of the copper-bearing stainless steel is 6-30
wit%.

[0012] The antibacterial and antiviral copper-bearing
stainless steel provided according to the present inven-
tion has the following composition in mass percentages:
Cu: 6-30 wt%; Ag: 0-1 wt%; Zn: 0-1.5 wt%; Cr: 11-30
wt%; Mn: 0-20 wt%; Ni: 0-18 wt%; Co: 0-8 wt%; Al: 0-5
wt%:; Ti: 0-5 wt%; Mo: 0-4 wt%; V: 0-3 wt%; C<1 wit%,
with the remainder being iron and unavoidable impurities.
[0013] The antibacterial and antiviral copper-bearing
stainless steel provided according to the present inven-
tion may further contain one or more common trace al-
loying elements selected from such as Nb, Si, Zr, N and
B, wherein Si<2 wt%, and the total content of other al-
loying elements is <3 wt%.

[0014] Preferably, in some embodiments of the
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presentinvention, the copper content of the copper-bear-
ing stainless steel is 8-20 wt%, more preferably 10-15
wit%.

[0015] The above composition of stainless steel com-
ponents of the present invention are selected typically in
consideration of economic applicability and antibacterial
and antiviral properties, wherein Cr, Ni, Mo, Mn, Al, V,
etc. are typical components of traditional stainless steel,
which are mainly used to ensure that stainless steel-re-
lated corrosion resistance and mechanical, processing
and other properties can meet the corresponding require-
ments. Although the antibacterial and antiviral copper-
bearing stainless steel of the present invention may fur-
ther contain antibacterial metal elements such as Ag, Zn,
etc., itis critical to control the copper content to a certain
level (for example, 10-30 wt%), so as to make it have an
antiviral ability comparable to that of pure copper.
[0016] Products containing the antibacterial and anti-
viral copper-bearing stainless steel provided by the
present invention are mainly classified into small, com-
plex-shaped stainless steel products, such as door han-
dles, elevator buttons, etc., and large simple-shaped
stainless steel products, such as stainless steel sheets,
bars and tubes, etc. Among them, the "small stainless
steel products" are intended to refer to the products falling
within the size range that can be produced by existing or
future powder metallurgy technologies, which is not a
definite numerical range, but will change with the devel-
opment of powder metallurgy technology. For example,
taking stainless steel as an example, the stainless steel
products produced by current metal powder injection
molding technology generally have a weight of less than
or equal to 500 g; and the large stainless steel products
are intended to refer to products such as stainless steel
sheets, bars and tubes, etc. in a simple shape produced
by combined processes, which densify stainless steel
products without relying on a significant thermal defor-
mation. For example, stainless steel sheets with a thick-
ness of about 0.2 to 4 mm can be continuously obtained
through a method involving powder rolling, sintering and
cold rolling densification of the present invention.
[0017] On the other hand, the present invention also
provides a typical preparation method (the first prepara-
tion method) of small copper-bearing stainless steel
products that have the above composition. Specifically,
the present invention provides a preparation method of
an antibacterial and antiviral copper-bearing stainless
steel product, the preparation method including: formu-
lating raw material powders according to the composition
of the antibacterial and antiviral copper-bearing stainless
steel; and sintering the raw material powders by using a
powder metallurgy method to obtain the stainless steel
product directly.

[0018] Onthe one hand, since powder metallurgy tech-
nology can produce small-sized stainless steel parts of
various shapes without using processes such as hotforg-
ing and hot rolling, the resulting stainless steel products
can achieve a very high copper content without worrying
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about copper brittleness problem; and on the other hand,
since traditional powder metallurgy technology cannot
be used to prepare larger stainless steel products, such
as stainless steel sheets, bars, etc., which are widely
used in life, the presentinvention uses traditional powder
metallurgy technology to prepare small stainless steel
products, such as door handles, elevator buttons, etc..
However, the above method for preparing small stainless
steel products should not be limited to the maximum prod-
uct size that can be achieved by existing powder metal-
lurgy technology. With the further development of powder
metallurgy technology, it is expected that the powder
metallurgy technology can be used to prepare stainless
steel products having the composition of the antibacterial
and antiviral copper-bearing stainless steel of the present
invention and a size largerthan that of the "small stainless
steel products" defined above, and such products still fall
within the spirit of the present invention.

[0019] According to the method for preparing a small
stainless steel product provided by the presentinvention,
the particle size of the raw material powder is only re-
quired to meet the usage requirements of the corre-
sponding powder metallurgy process.

[0020] According to the method for preparing a small
stainless steel product provided by the presentinvention,
formulating the raw material powders may be carried out
by a variety of ways, e.g., by using pre-alloyed copper-
bearing metal powder directly formulated according to
the composition, or using element powders to formulate
the corresponding stainless steel ingredients, or using
master alloy powder plus iron powder, as long as the
composition fall within the scope of the present invention.
[0021] According to the method for preparing a small
stainless steel product provided by the presentinvention,
the powder metallurgy method can be operated in a va-
riety of ways, e.g., using any powder metallurgy process-
es without severe thermal deformation such as powder
injection molding technology, traditional metal powder
pressing and sintering technology, powder hot pressing
and sintering technology, etc.

[0022] Taking powder injection molding technology as
an example, the preparation method may include the fol-
lowing steps:

(1) weighing raw material powders in proportion ac-
cording to the composition of the copper-bearing
stainless steel, and mixing them evenly;

(2) mixing the fully mixed powder from step (1) with
abinder evenly and then granulating to obtain a feed;
(3) injection molding the feed obtained in step (2) in
a mold to obtain a green body;

(4)degreasing and sintering the green body obtained
in step (3) to obtain a copper-bearing stainless steel
product; and

(5) subjecting the copper-bearing stainless steel
product obtained in step (4) to solid solution and ag-
ing treatments to obtain the antibacterial and antiviral
copper-bearing stainless steel.
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[0023] In the preparation method, the binder is only
required to meet the requirements of metal injection
molding process. For example, it may be either a wax-
based binder or a polymer-based binder. Specifically, the
binder may be one or more selected from the group con-
sisting of polyformaldehyde, polyethylene, paraffin, etc.
Typically, based on the volume of the raw material pow-
ders, the amount of the binder may be 25% to 65% (vol-
ume percentage).

[0024] In some preferred embodiments, the tempera-
ture for the injection molding in step (3) may be 80-220°C.
[0025] In some preferred embodiments, the tempera-
ture for the sintering in step (4) may be 1200-1350°C.
[0026] Insome preferred embodiments, the conditions
for the solid solution treatment in step (3) may include:
the temperature is 1000-1300°C and the time is 10-300
minutes.

[0027] Insome preferred embodiments, the conditions
for the aging treatment in step (3) may include: the tem-
perature is 300-900°C and the time is 30-600 minutes.
[0028] The above preparation method of small copper-
bearing stainless steel products of the present invention
adopts powder metallurgy technology. Due to the advan-
tages of powder metallurgy technology in preparing small
stainless steel products, such as near net-shaping and
no need for subsequent thermal deformation process,
the resulting stainless steel products can achieve a very
high copper content without worrying about copper brit-
tleness problem. At the same time, since the copper-
bearing stainless steel products of various shapes ob-
tained by the present invention contain a sufficient
amount of copper-rich precipitated phase, the copper-
bearing stainless steel can achieve not only a good killing
effect on bacteria, but also a virus-killing ability compa-
rable to that of pure copper. The preparation method can
be used for the preparation of small stainless steel prod-
ucts such as knives, elevator buttons, door handles,
cups, etc., as a whole or a component thereof, which can
effectively kill bacteria and viruses present on their sur-
faces.

[0029] On the other hand, the present invention also
provides a typical preparation method (the second prep-
aration method) of a large copper-bearing stainless steel
product that fulfills the above composition requirements.
The preparation method uses combined processes,
which densify the stainless steel product without relying
onsignificantthermal deformation, to prepare large stain-
less steel productsin a simple shape, especially stainless
steel sheets, bars, and tubes. Since traditional powder
metallurgy technology cannot be used to prepare larger
stainless steel products, such as stainless steel sheets,
bars, etc., which are widely used in life, the present in-
vention also proposes use of combined processes to
avoide significant thermal deformation (such as hot forg-
ing, hot rolling) to obtain dense stainless steel sheets,
bars or tubes.

[0030] It should be explained that the first method of
the present invention, which uses typical traditional pow-
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der metallurgy technology such as pressing sintering,
metal powder injection molding technology, etc., is a
more economical preparation method when used for pre-
paring small and complex-shaped products. However, it
is difficult to prepare larger stainless steel products, es-
pecially stainless steel sheets, bars and tubes that are
widely used. Therefore, it is preferable to use the above
first preparation method to produce small and complex-
shaped stainless steel products, while the above second
preparation method is used to produce stainless steel
sheets, bars or tubes.

[0031] In particular, the second preparation method in-
cludes:

formulating raw material powders according to the
composition of the antibacterial and antiviral copper-
bearing stainless steel;

pre-molding the raw material powders to obtain a
green body;

sintering the green body to obtain a basically dense
sintered part;

completely densifying the sintered part by one or
more methods selected from the group consisting of
extrusion, cold rolling and hot isostatic pressing to
obtain the antibacterial and antiviral copper-bearing
stainless steel product.

[0032] Because of combining the characteristics of no
macro-segregation of powder metallurgy technology and
no need of significant thermal deformation at a high tem-
perature, the process combination as described in the
present invention can fully avoid the problem of thermal
deformation and processing cracking caused by a high
copper content.

[0033] According to the method for preparing a large
stainless steel product provided by the presentinvention,
the particle size of the raw material powder is only re-
quired to meet the use requirements of the corresponding
powder metallurgy process.

[0034] According to the method for preparing a large
stainless steel product provided by the presentinvention,
formulating the raw material powders may be carried out
by a variety of ways, e.g., by using pre-alloyed copper-
bearing metal powder directly formulated according to
the composition, or using element powders to formulate
the corresponding stainless steel ingredients, or using
master alloy powder plus iron powder, as long as the
composition falls within the scope of the present inven-
tion.

[0035] According to the method for preparing a large
stainless steel product provided by the presentinvention,
the pre-molding technical means may be powder rolling,
cold press molding, hot press molding, isostatic pressing
and other powder metallurgy pre-molding technologies.
[0036] According to the method for preparing a large
stainless steel product provided by the presentinvention,
the sintering process may be vacuum sintering, inert at-
mosphere sintering and other means. It is mainly aimed



9 EP 4 431 629 A1 10

to preliminarily densify the sintered part, or make the sin-
tered part have a certain strength for subsequent
processing.

[0037] According to the method for preparing a large
stainless steel product provided by the presentinvention,
the complete densification process may adopt technical
means such as extrusion, cold rolling, warm rolling, hot
isostatic pressing, etc.. It is mainly aimed to completely
densify the sintered part to obtain a large stainless steel
product with various properties meeting the require-
ments.

[0038] Taking the preparation of stainless steel sheet
by powder-rolling technology combination as an exam-
ple, the second preparation method may include the fol-
lowing steps:

(1) weighing raw material powders according to the
composition of the copper-bearing stainless steel;
(2) pouring the raw material powders from step (1)
into a powder rolling mill to make a green body;

(3) subjecting the green body obtained in step (2) to
a sintering treatment to obtain a preliminarily dense
sintered part;

(4) subjecting the sintered part obtained in step (3)
to cold rolling so as to completely densify it and obtain
a copper-bearing stainless steel material;

(5) subjecting the copper-bearing stainless steel ma-
terial obtained in step (4) to solid solution and aging
treatments.

[0039] In some preferred embodiments, the step (2)
includes adjusting the spacing and power of the powder
rolling mill before pouring the powders, and setting the
spacing of the powder rolling mill to be 0.2-4 mm.
[0040] In some preferred embodiments, the tempera-
ture for the sintering treatment in step (3) may be
1100-1350°C, and the time may be 30-300 minutes.
[0041] In some preferred embodiments, the deforma-
tion amount of the cold rolling treatment in step (4) may
be 5-60%.

[0042] Insome preferred embodiments, the conditions
for the solid solution treatment in step (5) may include:
the temperature is 1000-1300°C and the time is 10-300
minutes.

[0043] Insome preferred embodiments, the conditions
for the aging treatment in step (5) may include: the tem-
perature is 300-900°C, and the time is 30-600 minutes.
[0044] The above combinations of processes can all
effectively reduce or eliminate the occurrence of copper
brittleness. However, the present invention is not limited
to a specific process. Any stainless steel that has the
chemical composition as described in the presentinven-
tion should fall within the protection scope of the present
invention.

[0045] On the other hand, the present invention also
provides a stainless steel appliance, the stainless steel
appliance including a medical appliance or a appliance
for living or public place, wherein the stainless steel ap-
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pliance comprises the antibacterial and antiviral stainless
steel provided by the presentinvention. For example, the
stainless steel appliance includes knives, elevator but-
tons, door handles, railings and handrails, as a whole or
a component thereof.

[0046] Compared with traditional copper-bearing
stainless steel, the antibacterial and antiviral copper-
bearing stainless steel of the present invention contains
a sufficient amount of copper-rich precipitated phases
therein, which can achieve not only a good killing effect
on bacteria, but also a virus-killing ability comparable to
that of pure copper. The stainless steel appliance pre-
pared by using the antibacterial and antiviral copper-
bearing stainless steel of the present invention can ef-
fectively kill bacteria and viruses present on its surface.

Brief Description of the Drawings

[0047]

Fig. 1 is an SEM image of the stainless steel con-
taining 10 wt% of copper prepared by the method of
Example 2 of the present invention.

Fig. 2 is an SEM image of the stainless steel con-
taining 20 wt% of copper prepared by the method of
Example 2 of the present invention.

Fig. 3 is a photograph of the stainless steel discs
containing 10 wt% of copper prepared by the method
of Example 2 of the present invention.

Fig. 4 is a photograph of the elevator buttons made
of the stainless steel containing 20 wt% of copper
prepared using the method of Example 2 of the
present invention.

Best Modes for Carrying Out the Invention

[0048] The presentinventionis further describedin de-
tail below in combination with the specific embodiments,
wherein the given examples are for illustrative purposes
only, and are not intended to limit the scope of the inven-
tion.

Example 1

[0049] This example is used to illustrate a method of
preparing a stainless steel disc with a high copper content
using powder metallurgy technology. The preparation
method includes the following steps:

(1) On the basis of the composition of 304 stainless
steel, 304-10wt% Cu pre-alloyed powder with an ad-
ditional 10 wt% copper added was prepared.

(2) The 304-10wt% Cu pre-alloyed powder from step
(1) was pressed into a green disc through cold press
molding.

(3) The green disc obtained in step (2) was placed
into an atmosphere sintering furnace, with argon gas
being a protective gas, and held at 1350°C for 2
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hours to complete the sintering process to obtain a
stainless steel disc.

(4) The stainless steel disc obtained in step (3) was
held at 1100°C for 1 hour and then quenched, and
subsequently an aging treatment was performed at
700°C for 6 hours to obtain an antibacterial and an-
tiviral copper-bearing stainless steel disc of the
present invention.

Example 2

[0050] This example is used to illustrate a method of
preparing a stainless steel disc with a high copper content
using powder metallurgy technology. The preparation
method includes the following steps:

(1) On the basis of the composition of 316L stainless
steel, 10 wt% copper powder was added to a 316L
pre-alloyed powder, and the two powders were
mixed evenly to obtain a 316L-10 wt% copper mixed
powder.

(2) The 316L-10 wt% copper mixed powder obtained
in step (1) was pressed into a green disc through
cold press molding.

(3) The green disc obtained in step (2) was placed
into an atmosphere sintering furnace, with argon gas
being a protective gas, and held at 1350°C for 2
hours to complete the sintering process to obtain a
stainless steel disc.

(4) The stainless steel disc obtained in step (3) was
held at 1100°C for 1 hour and then quenched, and
subsequently an aging treatment was performed at
700°C for 6 hours to obtain an antibacterial and an-
tiviral copper-bearing stainless steel disc of the
present invention.

Example 3

[0051] This example is used to illustrate a method of
preparing a stainless steel disc with a high copper content
using powder metallurgy technology. The preparation
method includes the following steps:

(1)Based on mass parts, 20 parts chromium powder,
17 parts nickel powder, 10 parts copper, 3.5 parts
molybdenum powder, 1.6 parts manganese, and
0.75 parts silicon, with the remainder being iron pow-
der (100 partsin total), were taken and t mixed even-
ly.

(2) The mixed powder from step (1) was mixed with
13 wt% polymer binder (the main components of
which are polyformaldehyde, polyethylene and a
small amount of paraffin), and a feed for metal injec-
tion molding was obtained through mixing and gran-
ulation.

(3) By an injection molding machine, the feed from
step (2) was injection molded into a green body of
elevator buttons.

10

15

20

25

30

35

40

45

50

55

(4) The green body of elevator buttons obtained in
step (3) was degreased to remove the polymer bind-
er.

(5) The sample obtained in step (4) was sintered
under an argon protective atmosphere, and held at
1350°Cfor 2 hours to complete the sintering to obtain
sintered parts of elevator button.

(6) The sintered parts of elevator button obtained in
step (5) was held at 1100°C for 1 hour and then
quenched, and subsequently an aging treatment
was performed at 700°C for 6 hours to obtain stain-
less steel elevator buttons with antibacterial and an-
tiviral effects.

Example 4

[0052] This example is used to illustrate a method of
preparing a large copper-bearing stainless steel product
as described in the present invention. The preparation
method includes the following steps:

(1) On the basis of the composition of 304 stainless
steel, a 304-10wt% Cu pre-alloyed powder with an
additional 10wt% copper added was prepared.

(2) The spacing and power of a powder rolling mill
were adjusted, and the 304-10wt%Cu pre-alloyed
powder from step (1) was poured into the powder
rolling mill to obtain a green body of stainless steel
sheet.

(3) The green body of sheet obtained in step (2) was
placed into an atmosphere sintering furnace, with
argon gas being a protective gas, and held at 1350°C
for 2 hours to obtain a basically densified sintered
part.

(4) The sintered part obtained in step (3) was sub-
jected to a cold rolling treatment so as to completely
densify the sheet.

(5) The stainless steel sheet obtained in step (4) was
held at 1050°C for 30 minutes and then quenched,
and subsequently an aging treatment was performed
at 700°C for 6 hours to obtain a stainless steel sheet
with antibacterial and antiviral effects of the present
invention.

Example 5

[0053] This example is used to illustrate a preparation
method of a large copper-bearing stainless steel product
as described in the present invention. The preparation
method includes the following steps:

(1) On the basis of the composition of 304 stainless
steel, a 304-10wt% Cu pre-alloyed powder with an
additional 10 wt% copper added was prepared.

(2) The 304-10wt% Cu pre-alloyed powder from step
(1) was poured into a rubber mold for bar, and the
moldwas placedinto a cold isostatic press. The pres-
sure was set to 180MPa and the pressure was main-
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tained for 5 minutes to obtain a green body of stain-
less steel bar.

(3) The green body of bar obtained in step (2) was
placed into a vacuum sintering furnace and held at
1350°C for 2 hours to obtain a basically densified
sintered part.

(4) The bar sintered part obtained in step (3) was
subjected to an extrusion treatment so that the sin-
tered part was completely densified during the ex-
trusion, and simultaneously a stainless steel bar with
a corresponding size was obtained.

(5) The stainless steel bar obtained in step (4) was
held at 1050°C for 30 minutes and then quenched,
and subsequently an aging treatmentwas performed
at 700°C for 6 hours to obtain a stainless steel bar
with antibacterial and antiviral effects of the present
invention.

Product Characterization

[0054] Fig. 1 is an SEM image of the stainless steel
containing 10 wt% copper prepared by the method of
Example 2 of the present invention, in which, the white
particles are the copper-rich phases in the matrix. Fig. 2
is an SEM image of the stainless steel containing 20 wt%
copper prepared by the method of Example 2 of the
present invention, in which the white particles are the
copper-rich phases in the matrix. From Figs. 1 and 2, it
can be seen that the copper-rich phases are essentially
uniformly distributed in the stainless steel matrix.
[0055] Fig.3isaphotograph ofthe stainless steel discs
containing 10 wt% copper prepared by the method of
Example 2 of the present invention. Fig. 4 is a photograph
of the elevator buttons made of the stainless steel con-
taining 20 wt% copper prepared using the method of Ex-
ample 2 of the present invention. As can be seen from
Figs. 3 and 4, the antibacterial and antiviral copper-bear-
ing stainless steel material of the present invention has
a surface which is silvery white in color and smooth and
clean. In contrast, 316L stainless steel containing 10 wt%
copper which was prepared using existing casting, hot
forging, and hot rolling methods, caused fissures or
cracks occurring on the surface of cast large stainless
steel material during the hot forging or hotrolling process,
and directly lead to material breakage in the severe cas-
es. Therefore, the preparation method of the present in-
vention has solved the "copper brittleness problem".

The antibacterial and antiviral performance test

[0056] In accordance with JIS Z2801 2010 standard,
E. coli was cultured on the surface of the disc obtained
in Example 2 at 37°C for 24 hours. The surface was
washed with phosphate buffer solution (PBS), and the
resulting bacterial solution was put and cultured on a
counting plate for 24 hours. After counting, it was found
that there were many bacterial colonies on an ordinary
stainless steel as the control group, but almost no bac-

10

15

20

25

30

35

40

45

50

55

terial colonies appeared on the copper-bearing stainless
steel as the experimental group. Therefore, after calcu-
lation, the antibacterial rate of this stainless steel disc
can reach above 99%.

[0057] In addition, the experiments, in which a certain
amount of novel coronavirus was added dropwise onto
the sample surfaces and the stability and decay rate of
the novel coronavirus on the surfaces of ordinary 316L
stainless steel, 316L stainless steel containing 5 wt%
copper, 316L stainless steel containing 10 wt% copper
as obtained in Example 2 and pure copper were tested
over different time periods. The experiments show that
the stainless steel obtained by the present invention can
effectively shorten the survival time of 2019- nCov virus
on its surface. Compared with the surfaces of ordinary
stainless steel and 5 wt% copper-containing stainless
steel on which a large number of viruses still survived
after 24h, the number of novel coronavirus on the surface
of the stainless steel obtained by the present invention
had been greatly reduced after only 3 hrs, and completely
inactivated after 24 hrs.

[0058] The above are only the specific embodiments
of the present invention. However, the protection scope
of the present invention is not limited thereto. Any stain-
less steel having a chemical composition falling within
the scope of the present invention should fall within the
protection scope of the present invention. Those skilled
in the art should understood that any changes or substi-
tutions within the technical scope as disclosed in the
presentinvention that can be easily conceived of by those
skilled in the art fall within the protection scope and the
scope of disclosure of the present invention.

Claims

1. An antibacterial and antiviral copper-bearing stain-
less steel, the copper-bearing stainless steel com-
prising a stainless steel matrix and a copper-rich
phase uniformly distributed in the stainless steel ma-
trix, wherein the copper content of the copper-bear-
ing stainless steel is 6-30 wt%.

2. The antibacterial and antiviral copper-bearing stain-
less steel according to claim 1, wherein the copper-
bearing stainless steel comprises the following com-
position in mass percentages: Cu: 6-30 wt%; Ag: 0-1
wt%; Zn: 0-1.5 wt%; Cr: 11-30 wt%; Mn: 0-20 wt%;
Ni: 0-18 wt%; Co: 0-8 wt%; Al: 0-5 wt%; Ti: 0-5 wt%;
Mo: 0-4 wt%; V: 0-3 wt%; C<1 wt%, with the remain-
der being iron and unavoidable impurities.

3. The antibacterial and antiviral copper-bearing stain-
less steel according to claim 1 or 2, wherein the cop-
per-bearing stainless steel may further contain one
or more elements selected from the group consisting
of Nb, Si, Zr, N and B, wherein Si<2 wt%, and the
total content of the other alloying elementsis <3 wt%.
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The antibacterial and antiviral copper-bearing stain-
less steel according to any one of claims 1 to 3,
wherein the copper content of the copper-bearing
stainless steel is 8-20 wt%, more preferably 10-15
wit%.

A preparation method of the antibacterial and anti-
viral copper-bearing stainless steel according to any
one of claims 1 to 4, the preparation method includ-
ing: formulating a raw material powder according to
the composition of the antibacterial and antiviral cop-
per-bearing stainless steel, wherein the raw material
powder comprise 6-30 wt% of copper powder; and
molding the raw material powder into a stainless
steel product by using a powder metallurgy method.

The preparation method according to claim 5, where-
in the molding includes metal injection molding tech-
nology, powder pressing sintering technology,
and/or hot pressing sintering technology.

The preparation method according to claim 5, where-
in the preparation method includes the following
steps:

(1) weighing the raw material powder according
to the composition of the antibacterial and anti-
viral copper-bearing stainless steel;

(2) mixing the raw material powder from step (1)
with a binder evenly and then granulating to ob-
tain a feed;

(3) injection molding the feed material obtained
in step (2) to obtain a green body;

(4) degreasing and sintering the green body ob-
tained in step (3) to obtain a copper-bearing
stainless steel product;

(5) subjecting the copper-bearing stainless steel
product obtained in step (4) to solid solution and
aging treatments to obtain the antibacterial and
antiviral copper-bearing stainless steel.

A preparation method of the antibacterial and anti-
viral copper-bearing stainless steel according to any
one of claims 1 to 4, the preparation method includ-

ing:

formulating a raw material powder according to
the composition of the antibacterial and antiviral
copper-bearing stainless steel, wherein the raw
material powder comprises 6-30 wt% of copper
powder;

pre-molding the raw material powder to obtain
a green body;

sintering the green body to obtain a preliminarily
dense sintered part;

completely densifying the sintered part by one
or more methods selected from extrusion, cold
rolling and hot isostatic pressing to obtain the
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antibacterial and antiviral copper-bearing stain-
less steel product.

9. The preparation method according to claim 8, where-

in the preparation method includes the following
steps:

(1) weighing the raw material powder according
to the composition of the copper-bearing stain-
less steel;

(2) pouring the raw material powder from step
(1) into a powder rolling mill to make a green
body;

(3) subjecting the green body obtained in step
(2) to sintering treatment to obtain a preliminarily
dense sintered part;

(4) subjecting the sintered part obtained in step
(3) to cold rolling so as to completely densify it
and obtain a copper-bearing stainless steel ma-
terial;

(5) subjecting the copper-bearing stainless steel
material obtained in step (4) to solid solution and
aging treatments.

10. A stainless steel appliance, the stainless steel appli-

ance including a medical appliance or an appliance
for living or public place, wherein the stainless steel
appliance comprises the antibacterial and antiviral
stainless steel of anyone of claims 1 to 4, preferably,
the stainless steel appliance includes a knife, eleva-
tor button, door handle, railing and handrail, as a
whole or a component thereof.
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