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STRIP

(57) A method for preparing an alternating arrange-
ment silver-copper lateral composite ingot, including: us-
ing a concave roller set, wherein the concave roller set
is a pair of working rollers (2, 3) in a roller system of a
four-roller solid-phase rolling mill, and grooves (5) are
provided at center positions of the working rollers; man-
ufacturing a copper frame having a fixed width according
to a negative tolerance of a width of the grooves of the
concave roller, and corresponding copper bars and silver
bars, and performing a surface treatment on the copper
frame, the copper bars, and the silver bars; and then
arranging different number of copper bars and silver bars
at intervals as needed and tightly placing into the copper
frame to form a composite blank, i.e., a composite ingot.
A method for preparing an alternating arrangement sil-

ver-copper lateral composite strip is further provided, and
the silver-copper lateral composite ingot prepared by the
method for preparing the alternating arrangement sil-
ver-copper lateral composite ingot is used to prepare the
silver-copper lateral composite strip. The composite in-
got prepared by the alternating arrangement lateral com-
posite method has the properties of simple structure and
easy splicing, so that the subsequent processing is op-
timized and the production cycle is shortened. The bond-
ing strength of the silver-copper lateral composite trip is
effectively improved by improving the roller system of the
solid-phase rolling mill.
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Description

Technical Field

[0001] The present invention relates to the field of the
preparation of dissimilar metal composite strips, and in
particular relates to methods for preparing an alternating
arrangement silver-copper lateral composite ingot and a
strip thereof.

Background

[0002] A fuse is a device which interrupts a circuit when
a current exceeds a predetermined value by melting due
to a self-generated heat. The fuse is one of the most
widely used protection devices to prevent short circuits
and overcurrent in high-voltage and low-voltage power
distribution systems, control systems and electrical
equipment.
[0003] Silver has long been used as a main material
for manufacturing a fuse. The use of pure silver in the
fuse is a waste of scarce resources and increases pro-
duction costs. With the development of modern material
composite techniques, various new processes capable
of achieving a stable composite of different materials
have emerged such as cold bonding, hot bonding, ex-
plosive welding, and others. Through these processes,
materials of different properties are combined into a com-
posite material with properties that surpass properties of
the individual materials. Composite materials that can
replace the fuse made of pure silver have been devel-
oped based on principles of modern composite tech-
niques.
[0004] The Chinese patent "Preparation method of lat-
eral compound silver-copper composite strip" (the pub-
lication number is CN 102814324 A, and the application
number is CN201210314140.7) discloses the method to
obtain a silver-copper composite material by embedding
a silver strip into a copper plate in an inlay method, and
then applying a cold bonding method. However, the non-
rolling direction of the material strip cannot be restrained
in the production process, which causes an insufficient
interaction between the silver and the copper, resulting
in weak bonding. Moreover, in the production process,
the copper plate should be processed several times,
which is cumbersome, complicated, and increases the
production cost.
[0005] In addition, a Chinese patent application "Meth-
od of manufacturing alternating arrangement lateral com-
posite board band and mould hot-press arrangement
thereof " (the publication number is CN101318286A, and
the application number is CN200810040137.4) is provid-
ed. However, this method has a complicated production
process, has a high cost in a mass production process,
and the uniformity of the width of the hot rolled composite
strip is difficult to control.

Summary

[0006] In view of the drawbacks in the prior art, the
objective of the present invention is to provide methods
for preparing an alternating arrangement silver-copper
lateral composite ingot and strip thereof. Such methods
for preparing an alternating arrangement silver-copper
lateral composite ingot and strip would improve the bond-
ing strength between silver and copper, and simplify the
production process. These methods will yield stable man-
ufacturing performance and enable large-scale produc-
tion.
[0007] According to the first objective of the present
invention, a method for preparing an alternating arrange-
ment silver-copper lateral composite ingot is provided,
which splices composite ingots made of silver-copper
dissimilar metals by an alternating arrangement lateral
composite method, including:

using a concave roller set, wherein the concave roller
set is a pair of working rollers in a roller system of a
four-roller solid-phase rolling mill, and grooves are
provided at center positions of the working rollers;
manufacturing a copper frame having a fixed width
according to a negative tolerance of a width of the
groove of the concave roller, and corresponding cop-
per bars and silver bars, and performing a surface
treatment on the copper frame, the copper bars, and
the silver bars; and then
arranging different numbers of copper bars and silver
bars at intervals as needed, and tightly placing into
the copper frame to form a composite blank, i.e., a
composite ingot.

[0008] Preferably, the surface treatment is degreasing
treatment and surface grinding treatment.
[0009] Preferably, the copper frame and the copper
bars are subject to softening annealing treatment in a
furnace protected by gas before the surface treatment,
to increase the material uniformity and fluidity in subse-
quent processing.
[0010] More preferably, in softening annealing treat-
ment, the annealing temperature is set to be equal to or
more than a recrystallization temperature of the material,
ranging from 500°C to 800°C, the gas is hydrogen at-
mosphere, and gas pressure in the furnace is greater
than an atmospheric pressure, the gas flow rate ranges
from 0.4 m3/h to 0.6 m3/h, preventing oxidation of the
material, and the annealing time ranges from 1 hour to
3 hours.
[0011] Preferably, for the concave roller, the groove
has a width of 130-160 mm and the depth is 3-6 mm. At
present, the prepared products having the maximum
width ranging from 120 mm to 130 mm can produce a
fuse that protects circuits against heavy current. There-
fore, selecting the width of 130-160 mm and the depth
of 3-6 mm meets customer’s requirement, and at the
same time meets the requirements of the process.
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[0012] Preferably, the copper frame has the length L
ranging from 500 mm to 2000 mm, the width W ranging
from 129 mm to 139 mm, and the thickness h ranging
from 6 mm to 40 mm. An optimization dimension allows
the copper frame to be stressed uniformly in all directions
during the process to ensure the integrity and reliability
of the material.
[0013] Preferably, the copper bars and the silver bars
are obtained by cutting after extrusion forming, having
the length L1 equal to L minus 50 mm, the thickness
equal to the thickness of the copper frame, and the width
W1 of 3 mm to 50 mm.
[0014] The method adopts a concave roll set, and the
bonding strength of the composite strip at the interface
of silver and copper is effectively improved by improving
the roll system of the solid-phase rolling mill. Meanwhile,
the ingot made by the alternating arrangement lateral
composite method has the characteristics of simple
structure and easy alternate arrangement, which opti-
mizes the subsequent processing technology and short-
ens the production cycle.
[0015] According to the second objective of the present
invention, a method for preparing the alternating arrange-
ment silver-copper lateral composite strip is provided,
which uses the above silver-copper lateral composite in-
got as the raw material, the method includes the following
steps:
S1: limiting the composite ingot by the grooves of the
concave rollers, and performing a cold bonding with the
deformation amount X ranging from 50% to 85% on the
composite ingot to form an alternating arrangement sil-
ver-copper lateral composite strip;
the key of this step is the limiting of the concave roller to
the composite ingot, so that the silver-copper interface
is fully extruded and deformed during rolling, and a pre-
liminary physically mechanical engagement is formed on
a newly formed silver-copper interface.
[0016] Preferably, in this step, the deformation amount
X is equal to (h-h1)/h, where h is the thickness of the
composite ingot, and h1 is the thickness of the alternating
arrangement silver-copper lateral composite strip. The
rolling in this process is one-pass formation.
[0017] S2: performing a diffusion annealing treatment
on the alternating arrangement silver-copper lateral com-
posite strip obtained in step S1 under a protective atmos-
phere, so that a bonding mode between interfaces of
silver and copper is changed from the preliminary me-
chanical engagement to a combined action of the me-
chanical engagement and a metallurgical bonding, fur-
ther improving the bonding strength.
[0018] Preferably, in the diffusion annealing treatment
performed under the protective atmosphere, the anneal-
ing temperature ranges from 500°C to 800°C, the pro-
tective gas is hydrogen gas and the gas pressure in the
furnace is greater than the atmospheric pressure, the
gas flow rate ranges from 0.4 m3/h to 0.6 m3/h, and the
annealing time ranges from 3 hours to 8 hours. With this
preferred parameter design, it is feasible to obtain a prod-

uct with a strong bonding strength without generating a
relatively large resistance due to a large thickness of the
diffusion layer, which has a crucial effect on the further
improvement of the performance of the final alternating
arrangement silver-copper lateral composite strip of the
present invention.
[0019] S3: performing a multi-pass rolling on the lateral
composite strip obtained after the diffusion annealing
treatment in the step S2 using the four-roller reversible
rolling mill.
[0020] Preferably, in the multi-pass rolling, the defor-
mation amount Xn of each pass is controlled to range
from 10% to 15%, and the total deformation amount Y is
controlled to range from 30% to 60%.
[0021] More preferably, the total deformation amount
Y is equal to the sum of X1 + X2 + ... + Xn, and the
deformation amount of each pass is a ratio of the change
amount of the thickness of the composite strip at an end
of the each pass to a thickness of the composite strip
before performing the multi-pass rolling.
[0022] S4: carrying out a softening annealing treat-
ment on the strip after being rolled in step S3 under a
controllable atmosphere to obtain the alternating ar-
rangement silver-copper lateral composite strip.
[0023] Preferably, in softening annealing treatment un-
der the controllable atmosphere, the annealing temper-
ature ranges from 400°C to 600°C, the atmosphere is
hydrogen gas and the gas pressure in the furnace is
greater than the atmospheric pressure, the gas flow rate
ranges from 0.4 m3/h to 0.6 m3/h, and the annealing time
ranges from 2 hours to 6 hours. The preferred parameters
are designed such that the annealing temperature is
equal to or higher than the recrystallization temperature
of the material and lower than the solidus temperature
of the Ag-Cu alloy, and the annealing time is appropriate,
which can remove the rolling texture of the material with-
out rapidly diffusing to form a thick diffusion layer, having
the crucial effect on the further improvement of the per-
formance of the final alternating arrangement silver-cop-
per lateral composite strip of the present invention.
[0024] Further, after step S4 is completed, the method
may further include step S5: performing finish machining
on the strip obtained after step S4 using a four-roller re-
versible finishing mill to obtain the final strip with the thick-
ness ranging from 0.05 mm to 0.3 mm.
[0025] Compared to the prior art, the present invention
has the following advantages:

1. The composite ingot prepared by the alternating
arrangement lateral composite method has the prop-
erties of simple structure and easy splicing, so that
the subsequent processing is optimized and the pro-
duction cycle is shortened.
2. Further, in the present invention, the bonding
strength of the silver-copper lateral composite strip
is effectively improved by improving the roller system
of the solid-phase rolling mill, i.e., providing the
grooves at the center positions of the working rollers.
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3. Further, according to the steps of the method of
the present invention, the phenomena such as strip
cracking, silver layer shift and the like are effectively
reduced. Moreover, the performance of the final
product is ensured to be superior by using the design
of the preferred process and the parameters thereof.
For example, in the present invention, the oxide on
the surface of the material strip is reduced in the
furnace by using the annealing process under the
hydrogen protection, thereby achieving the effect of
bright annealing of the strip.

[0026] In summary, the above method of the present
invention can improve the bonding strength between sil-
ver and copper, simplify the production process, shorten
the production cycle, and greatly improve the production
efficiency, thereby further enabling one to deliver prod-
ucts with stable manufacturing performance and reach-
ing large-scale production.

Brief Description of the Drawings

[0027] Other features, objectives and advantages of
the present invention will become more apparent by read-
ing the detailed description of the non-limiting embodi-
ments and referring to the following drawings.

FIG. 1 is a structural schematic diagram of a concave
roller set according to an embodiment of the present
invention; and
FIGS. 2-8 are photographs of products prepared ac-
cording to a part of embodiments in the present in-
vention.

Detailed Description of the Embodiments

[0028] The present invention is described in detail in
combination with specific embodiments. The following
embodiments are intended to help those skilled in the art
to further understand the present invention, but are not
intended to limit the present invention in any way. It
should be noted that, a number of variations and modi-
fications may be made by those skilled in the art without
departing from the inventive concept of the present in-
vention, which all fall in the protective scope of the
present invention.
[0029] FIG.1 is the structural schematic diagram of a
concave roller set used in parts of the embodiments of
the present invention. In FIG. 1, the upper backup roll 1,
the first concave roller 2, the second concave roller 3,
and the lower backup roll 4 are provided. The concave
roller set (the first concave roller 2 and the second con-
cave roller 3) is a pair of working rollers in a roll system
of a four-roller solid-phase rolling mill. Grooves 5 are pro-
vided at central positions of the first concave roller 2 and
the second concave roller 3. FIG. 1 shows a specific em-
bodiment in which the grooves 5 arranged in the first
concave roller 2 and the second concave roller 3 have a

width of 130 mm and a depth of 3 mm. In other embod-
iments, the first concave roller 2 and the second con-
caveroller 3 of the present invention may also be config-
ured to have other parameters, and the objective of the
present invention can be achieved as long as the grooves
are configured to have a width of 130-160 mm and a
depth of 3-6 mm.
[0030] In the present invention, a copper frame having
a fixed width according to a negative tolerance of the
width of the grooves of the concave rollers, and corre-
sponding copper bars and silver bars are manufactured,
and a surface treatment is performed on the copper
frame, the copper bars, and the silver bars. Then, differ-
ent number of copper bars and silver bars are arranged
at intervals as needed and tightly placed into the copper
frame to form a composite blank, i.e., a composite ingot.
[0031] In the present invention, the copper frame may
be of various shapes, preferably a regular shape, such
as a rectangular copper frame. For the rectangular cop-
per frame, the following parameters may be set: the
length L ranges from 500 mm to 2000 mm, the width W
ranges from 129 mm to 129.5 mm, and the thickness h
ranges from 6 to 40 mm. Obviously, in other embodi-
ments, other shapes may also be used, and the specific
shape is set according to practical requirements.
[0032] In the present invention, the copper bars and
the silver bars are obtained by cutting after forming an
extrusion, having the length L1 equal to L minus 50 mm,
the thickness equal to the thickness of the copper frame,
and the width W1 of 3 mm to 50 mm. The specific number
of copper bars and silver bars may be set according to
practical requirements.
[0033] In order to better understand the technical so-
lution of the present invention, the following detailed de-
scription of the embodiments is provided by using the
above concave rollers. In the following embodiments, the
method for preparing a composite strip combining two
silver plates, one copper plate and one copper frame is
given as an example. Specifically:
The copper frame is prepared according to the size of
the grooves of the concave rollers:
the copper plate having the width of 129.5 mm, the length
of 1000 mm, and the height of 20 mm is subjected to
finish milling by a milling machine to obtain a rectangular
groove having the width of 46.65 mm, the length of 950
mm, and the height of 20 mm with rounded corners.
[0034] The copper bars and silver bars are prepared
according to the drawings:

the copper bars: 11.55 mm (width) 3 950 mm
(length) 3 20 mm (height); and
the silver bars: 3 mm (width) 3 950 mm (length) 3
20 mm (height).

[0035] The parameters of the above specific copper
frame, copper bar and silver bar are used in a part of
embodiments of the present invention, which are not in-
tended to limit the number and size of the copper frame,
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the copper bar and the silver bar of the present invention,
but are merely for the sake of a better description of the
invention.

Embodiment 1

[0036] In this embodiment, a method for preparing an
alternating arrangement silver-copper lateral composite
ingot is provided, and a method for preparing a strip is
further provided based on the prepared silver-copper lat-
eral composite ingot. Specifically, the method includes
the following steps:

(1) The composite ingots composed of silver-copper
dissimilar metals are spliced by an alternating ar-
rangement method.
After the copper bars, the silver bars and the copper
frame are prepared, a half of the copper bars, the
silver bars and the copper frame are subjected to
treatments of degreasing and surface grinding, and
the other half of the copper bars are not performed
with the surface treatment. Then, the two raw mate-
rials subjected to different treatments are respective-
ly made into composite blanks, i.e., alternating ar-
rangement silver-copper lateral composite ingots.
(2) A cold bonding with a deformation amount of 70%
is performed on the above composite ingots by using
a four-roller solid-phase rolling mill to form alternat-
ing arrangement silver-copper lateral composite
strips. A product prepared by the raw materials sub-
jected to the surface treatment has closely attached
interface during the rolling process, while a product
without the surface treatment presents an interface
cracking during the rolling process, showing that the
surface treatment can significantly improve the
bonding strength of the product.
(3) The product prepared by the raw materials sub-
jected to the surface treatment in step (2) is rolled,
and the lateral composite strip obtained by the rolling
is subjected to a diffusion annealing treatment under
the protective atmosphere.
In this embodiment, the annealing temperature is
750°C, the protective gas is hydrogen gas (a gas
pressure in a furnace is greater than an atmospheric
pressure), the gas flow rate ranges from 0.4 m3/h to
0.6 m3/h, and the annealing time is 4 hours.
(4) Four-pass rolling is performed on the lateral com-
posite strip after the diffusion annealing treatment
using the four-roller reversible rolling mill. In this em-
bodiment, the deformation amount of each pass is
controlled at 12%, and the total deformation amount
is controlled at about 50%.
(5) The strip obtained after step (4) is subjected to
softening annealing treatment under the controllable
atmosphere, and the annealing temperature is
600°C, and the atmosphere is hydrogen gas (a gas
pressure in a furnace is greater than the atmospheric
pressure), the gas flow rate ranges from 0.4 m3/h to

0.6 m3/h, and the annealing time is 4 hours.
(6) The strip obtained after step (5) is subjected to
the finish machining on a four-roller reversible finish-
ing mill to obtain the final thickness of 0.1 mm. After
inspection, the strip passes through the inspection
tool without leaking copper (as shown in FIG. 2), and
the performance meets the requirements in the
drawings.

[0037] In the present invention, the raw materials are
subjected to the surface treatment, so that the contact
surfaces of different kinds of the materials have no oil
stains and impurities, and the surface grinding helps the
formation of the diffusion layer, which can effectively re-
duce the cracking of the strip and increase the bonding
strength. The above method of the present invention can
improve the bonding strength between silver and copper,
simplify the production process, shorten the production
cycle, and greatly improve the production efficiency,
thereby further meeting the practical requirements for
stable manufacturing performance and large-scale pro-
duction.

Embodiment 2

[0038] In this embodiment, a method for preparing an
alternating arrangement silver-copper lateral composite
ingot is provided, and a method for preparing a strip is
further provided based on the prepared silver-copper lat-
eral composite ingot. Specifically, the method includes
the following steps:

(1) The composite ingots composed of silver-copper
dissimilar metals are spliced by an alternating ar-
rangement method.
After the copper bars, the silver bars and the copper
frame are prepared, the corresponding copper bars,
the silver bars and the copper frame are subjected
to a softening annealing treatment, the annealing
temperature is 600°C, the protective gas is hydrogen
gas (the gas pressure in the furnace is greater than
the atmospheric pressure), the gas flow rate ranges
from 0.4 m3/h to 0.6 m3/h, and the annealing time is
2 hours. After that, treatments of degreasing and sur-
face grinding are performed. Then, two silver plates
and one copper plate are arranged at intervals and
tightly placed into a rectangular copper frame to form
the composite blank, i.e., the alternating arrange-
ment silver-copper lateral composite ingot.
(2) A cold bonding with the deformation amount of
70% is performed on the above composite ingot by
using the four-roller solid-phase rolling mill to form
the alternating arrangement silver-copper lateral
composite strip.
(3) The product prepared by the raw materials sub-
jected to the surface treatment in step (2) is rolled,
and the lateral composite strip obtained by the rolling
is subjected to a diffusion annealing treatment under
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the protective atmosphere.
In this embodiment, the annealing temperature is
550°C, the protective gas is hydrogen gas (a gas
pressure in a furnace is greater than an atmospheric
pressure), the gas flow rate ranges from 0.4 m3/h to
0.6 m3/h, and the annealing time is 6 hours.
(4) Four-pass rolling is performed on the lateral com-
posite strip after the diffusion annealing treatment
on the four-roller reversible rolling mill. In this em-
bodiment, the deformation amount of each pass is
controlled at 15%, and the total deformation amount
is controlled at about 60%.
(5) The strip obtained after step (4) is subjected to a
softening annealing treatment under the controllable
atmosphere, and the annealing temperature is
450°C, and the atmosphere is hydrogen gas (a gas
pressure in a furnace is greater than an atmospheric
pressure), the gas flow rate ranges from 0.4 m3/h to
0.6 m3/h, and the annealing time is 2 hours.
(6) The strip obtained after step (5) is subjected to a
finish machining by the four-roller reversible finishing
mill to obtain the final thickness of 0.1 mm. After in-
spection, the strip passes through the inspection tool
without leaking copper (as shown in FIG. 3), and the
performance meets the requirements in the draw-
ings.

[0039] In the present invention, the raw materials are
subjected to the softening annealing treatment, so that
the fluidity of the material is relatively good. During the
rolling process, the raw materials are extended synchro-
nously during the rolling process with the deformation
amount of 50%-85%, and the interfaces tightly contact,
which helps to increase the diffusion speed and increase
the bonding strength. Moreover, the problem of interface
oxidation caused by local cracking inside the product due
to the unsynchronized flow of raw materials during the
rolling process is alleviated, and the quality of the product
is improved. The above method of the present invention
can improve the bonding strength between silver and
copper, and improve the uniformity and stability of the
product as well, meeting the practical requirements for
large-scale production.

Embodiment 3

[0040] In this embodiment, a method for preparing an
alternating arrangement silver-copper lateral composite
ingot is provided, and a method for preparing a strip is
further provided based on the prepared silver-copper lat-
eral composite ingot. Specifically, the method includes
the following steps:

(1) The composite ingots composed of silver-copper
dissimilar metals are spliced by an alternating ar-
rangement method.
After the copper bars, the silver bars and the copper
frame are prepared, the corresponding copper bars,

the silver bars and the copper frame are subjected
to a softening annealing treatment, the annealing
temperature is 550°C, the protective gas is hydrogen
gas (the gas pressure in a furnace is greater than
the atmospheric pressure), the gas flow rate ranges
from 0.4 m3/h to 0.6 m3/h, and the annealing time is
3 hours. After that, treatments of degreasing and sur-
face grinding are performed. Then, two silver plates
and one copper plate are arranged at intervals and
tightly placed into a rectangular copper frame to form
the composite blank, i.e., an alternating arrangement
silver-copper lateral composite ingot.
(2) A cold bonding with the deformation amount of
60% is performed on the above composite ingot by
using a four-roller solid-phase rolling mill to form the
alternating arrangement silver-copper lateral com-
posite strip.
(3) The product prepared by rolling in the step (2) is
subjected to the diffusion annealing treatment under
the protective atmosphere, the annealing tempera-
ture is 750°C, the protective gas is hydrogen gas
(the gas pressure in a furnace is greater than the
atmospheric pressure), the gas flow rate ranges from
0.4 m3/h to 0.6 m3/h, and the annealing time is 3
hours.
(4) Five-pass rolling is performed on the lateral com-
posite strip after the diffusion annealing treatment
on the four-roller reversible rolling mill, the deforma-
tion amount of each pass is controlled at 10%, and
the total deformation is controlled at about 40%.
(5) The strip obtained after step (4) is subjected to a
softening annealing treatment under the controllable
atmosphere, and the annealing temperature is
400°C, and the atmosphere is hydrogen gas (the gas
pressure in the furnace is greater than the atmos-
pheric pressure), the gas flow rate ranges from 0.4
m3/h to 0.6 m3/h, and the annealing time is 6 hours.
(6) The strip obtained after step (5) is subjected to a
finish machining on a four-roller reversible finishing
mill to obtain the final thickness of 0.1 mm. After in-
spection, the strip passes through the inspection tool
without leaking copper (as shown in FIG. 4), and the
performance meets the requirements in the draw-
ings.

[0041] In the present invention, by controlling the roll-
ing deformation amount at 50%-85%, the bonding
strength and the finished product rate of the product can
be effectively controlled. If the deformation amount of the
composite is too low, an effective mechanical bonding
interface cannot be formed between the materials, and
an intermolecular force cannot be formed microscopical-
ly, so that the diffusion layer becomes thin and the bond-
ing strength becomes weak. If the deformation amount
is too high, the product will have unrecoverable defects,
including internal cracking, which will eventually lead to
a product having substandard performance.
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Embodiment 4

[0042] In this embodiment, a method for preparing an
alternating arrangement silver-copper lateral composite
ingot is provided, and a method for preparing a strip is
further provided based on the prepared silver-copper lat-
eral composite ingot. Specifically, the method includes
the following steps:

(1) The composite ingots composed of silver-copper
dissimilar metals are spliced by an alternating ar-
rangement method.
After the copper bars, the silver bars and the copper
frame are prepared, the corresponding copper bars,
the silver bars and the copper frame are subjected
to a softening annealing treatment, the annealing
temperature is 650°C, the protective gas is hydrogen
gas (the gas pressure in the furnace is greater than
the atmospheric pressure), the gas flow rate ranges
from 0.4 m3/h to 0.6 m3/h, and the annealing time is
2 hours. After that, treatments of degreasing and sur-
face grinding are performed. Then, two silver plates
and one copper plate are arranged at intervals and
tightly placed into a rectangular copper frame to form
the composite blank, i.e., an alternating arrangement
silver-copper lateral composite ingot.
(2) A cold bonding with the deformation amount of
70% is performed on the above composite ingot by
using a four-roller solid-phase rolling mill to form an
alternating arrangement silver-copper lateral com-
posite strip.
(3) The lateral composite strip obtained in step (2)
is subjected to a diffusion annealing treatment under
the protective atmosphere, the annealing tempera-
ture is 600°C, the protective gas is hydrogen gas
(the gas pressure in the furnace is greater than the
atmospheric pressure), the gas flow rate ranges from
0.4 m3/h to 0.6 m3/h, and the annealing time is 1 hour.
(4) Five-pass rolling is performed on the lateral com-
posite strip after the diffusion annealing treatment
on the four-roller reversible rolling mill, the deforma-
tion amount of each pass is controlled at 12%, and
the total deformation is controlled at about 50%.
(5) The strip obtained after step (4) is subjected to a
softening annealing treatment under the controllable
atmosphere, and the annealing temperature is
450°C, and the atmosphere is hydrogen gas (the gas
pressure in the furnace is greater than the atmos-
pheric pressure), the gas flow rate ranges from 0.4
m3/h to 0.6 m3/h, and the annealing time is 2 hours.
(6) The strip obtained after step (5) is subjected to a
finish machining on a four-roller reversible finishing
mill to obtain the final thickness of 0.1 mm. After in-
spection, the strip passes through the inspection tool
without leaking copper (as shown in FIG. 5), and the
performance meets the requirements in the draw-
ings.

[0043] In the present invention, the thickness of the
interface layer can be effectively controlled by designing
the parameters of the diffusion annealing process. The
material obtained above is fused the heat generated by
the resistance, thereby interrupting the circuit and there-
fore providing circuit protection. The material is extremely
sensitive to resistance. As the temperature increases,
the thermal motion intensity also increases. The heat dif-
fusion intensity increases with the increasing time. A
thicker diffusion layer, causes to have more intermetallic
compounds to be formed, and as a result the resistance
increases. The effective diffusion layer cannot be formed
in low temperature, in a short time and in non-intense
thermal motion, resulting in an insufficient bonding
strength. The above method of the present invention can
produce a reasonable diffusion layer, which meets the
requirements of a user besides the strength requirement.

Embodiment 5

[0044] In this embodiment, a method for preparing an
alternating arrangement silver-copper lateral composite
ingot is provided, and a method for preparing a strip is
further provided based on the prepared silver-copper lat-
eral composite ingot. Specifically, the method includes
the following steps:

(1) The composite ingots composed of silver-copper
dissimilar metals are spliced by an alternating ar-
rangement method.
After the copper bars, the silver bars and the copper
frame are prepared, the corresponding copper bars,
the silver bars and the copper frame are subjected
to a softening annealing treatment, the annealing
temperature is 600°C, the protective gas is hydrogen
gas (the gas pressure in the furnace is greater than
the atmospheric pressure), the gas flow rate ranges
from 0.4 m3/h to 0.6 m3/h, and the annealing time is
3 hours. After that, treatments of degreasing and sur-
face grinding are performed. Then, two silver plates
and one copper plate are arranged at intervals and
tightly placed into the rectangle copper frame to form
a composite blank, i.e., an alternating arrangement
silver-copper lateral composite ingot.
(2) A cold bonding with the deformation amount of
75% is performed on the above composite ingot by
a four-roller solid-phase rolling mill to form an alter-
nating arrangement silver-copper lateral composite
strip.
(3) The lateral composite strip obtained by rolling in
step (2) is subjected to a diffusion annealing treat-
ment under the protective atmosphere, the anneal-
ing temperature is 650°C, the protective gas is hy-
drogen gas (a gas pressure in a furnace is greater
than an atmospheric pressure), the gas flow rate
ranges from 0.4 m3/h to 0.6 m3/h, and the annealing
time is 1 hour.
(4) Five-pass rolling is performed on the lateral com-
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posite strip after the diffusion annealing treatment
on the four-roller reversible rolling mill, the deforma-
tion amount of each pass is controlled at 13%, and
the total deformation is controlled at about 52%.
(5) The strip obtained after step (4) is subjected to a
softening annealing treatment under the controllable
atmosphere, the annealing temperature is 400°C,
the atmosphere is hydrogen gas (the gas pressure
in the furnace is greater than the atmospheric pres-
sure), the gas flow rate ranges from 0.4 m3/h to 0.6
m3/h, and the annealing time is 2.5 hours.
(6) The strip obtained after step (5) is subjected to a
finish machining on a four-roller reversible finishing
mill to obtain the final thickness of 0.1 mm. After in-
spection, the strip passes through the inspection tool
without leaking copper (as shown in FIG. 6), and the
performance meets the requirements in the draw-
ings.

[0045] In the present invention, by controlling the total
deformation amount of the cold rolling and the deforma-
tion amount of each pass, the processing time is reduced
and the processing cycle is shortened while satisfying
the positioning of the silver layer. Because of the different
deformation amounts, the width spreads of the materials
and the accumulations of the internal stresses of the ma-
terials are different. If the deformation amount is too
small, the processing cycle is long, and the width spread
is large. If the deformation amount is too large, the ma-
terial will have an unrecoverable internal defect, which
will have a certain effect on the performance of the prod-
uct. The above method of the present invention improves
production efficiency by using the processing technique
disclosed.

Embodiment 6

[0046] In this embodiment, a method for preparing an
alternating arrangement silver-copper lateral composite
ingot is provided, and a method for preparing a strip is
further provided based on the prepared silver-copper lat-
eral composite ingot. Specifically, the method includes
the following steps:

(1) The composite ingots composed of silver-copper
dissimilar metals are spliced by an alternating ar-
rangement method.
After the copper bars, the silver bars and the copper
frame are prepared, the corresponding copper bars,
the silver bars and the copper frame are subjected
to a softening annealing treatment, the annealing
temperature is 550°C, the protective gas is hydrogen
gas (the gas pressure in the furnace is greater than
the atmospheric pressure), the gas flow rate ranges
from 0.4 m3/h to 0.6 m3/h, and the annealing time is
4 hours. After that, treatments of degreasing and sur-
face grinding are performed. Then, two silver plates
and one copper plate are arranged at intervals and

tightly placed into a rectangle copper frame to form
a composite blank, i.e., an alternating arrangement
silver-copper lateral composite ingot.
(2) A cold bonding with the deformation amount of
60% is performed on the above composite ingot by
using a four-roller solid-phase rolling mill to form an
alternating arrangement silver-copper lateral com-
posite strip.
(3) The lateral composite strip obtained by rolling in
step (2) is subjected to a diffusion annealing treat-
ment under the protective atmosphere, the anneal-
ing temperature is 550°C, the protective gas is hy-
drogen gas (the gas pressure in the furnace is great-
er than the atmospheric pressure), the gas flow rate
ranges from 0.4 m3/h to 0.6 m3/h, and the annealing
time is 2 hours.
(4) Five-pass rolling is performed on the lateral com-
posite strip after the diffusion annealing treatment
on the four-roller reversible rolling mill, the deforma-
tion amount of each pass is controlled at 12%, and
the total deformation is controlled at about 48%.
(5) The strip obtained after step (4) is subjected to a
softening annealing treatment under the controllable
atmosphere, the annealing temperature is 450°C,
and the atmosphere is hydrogen gas (the gas pres-
sure in the furnace is greater than the atmospheric
pressure), the gas flow rate ranges from 0.4 m3/h to
0.6 m3/h, and the annealing time is 2 hours.
(6) The strip obtained after step (5) is subjected to a
finish machining on a four-roller reversible finishing
mill to obtain the final thickness of 0.1 mm. After in-
spection, the strip passes through the inspection tool
without leaking copper (as shown in FIG. 7), and the
performance meets the requirements in the draw-
ings.

[0047] In the present invention, the product that meets
the user’s requirement for mechanical properties is ob-
tained by controlling the softening annealing. Different
temperatures in the softening annealing have different
effects on the texture, grain and internal stress of the
material. If the temperature is low, and the time is short,
the tempering is not thorough in the softening annealing,
the material cannot be recrystallized, and the processing
texture cannot be removed, which may cause the product
to break during the processing. If the temperature is high
and the time is long in the softening annealing, a sec-
ondary recrystallization may be caused in the material,
and large crystal grains appear, which affects the
strength of the material. The above method of the present
invention prepares a product that meets the requirements
of the user by the disclosed processing.

Embodiment 7

[0048] In this embodiment, a method for preparing an
alternating arrangement silver-copper lateral composite
ingot is provided, and a method for preparing a strip is
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further provided based on the prepared silver-copper lat-
eral composite ingot. Specifically, the method includes
the following steps:

(1) The composite ingots composed of silver-copper
dissimilar metals are spliced by an alternating ar-
rangement method.
After the copper bars, the silver bars and the copper
frame are prepared, the corresponding copper bars,
the silver bars and the copper frame are subjected
to a softening annealing treatment, the annealing
temperature is 550°C, the protective gas is hydrogen
gas (the gas pressure in the furnace is greater than
the atmospheric pressure), the gas flow rate ranges
from 0.4 m3/h to 0.6 m3/h, and the annealing time is
4 hours. After that, treatments of degreasing and sur-
face grinding are performed. Then, two silver plates
and one copper plate are arranged at intervals and
tightly placed into a rectangle copper frame to form
a composite blank, i.e., an alternating arrangement
silver-copper lateral composite ingot.
(2) A cold bonding with the deformation amount of
65% is performed on the above composite ingot by
using a four-roller solid-phase rolling mill to form an
alternating arrangement silver-copper lateral com-
posite strip.
(3) The lateral composite strip obtained by rolling in
step (2) is subjected to a diffusion annealing treat-
ment under the protective atmosphere, the anneal-
ing temperature is 650°C, the protective gas is hy-
drogen gas (the gas pressure in the furnace is great-
er than the atmospheric pressure), the gas flow rate
ranges from 0.4 m3/h to 0.6 m3/h, and the annealing
time is 1.5 hours.
(4) Five-pass rolling is performed on the lateral com-
posite strip after the diffusion annealing treatment
on the four-roller reversible rolling mill, the deforma-
tion amount of each pass is controlled at 14%, and
the total deformation is controlled at about 56 %.
(5) The strip obtained in step (4) is subjected to a
softening annealing treatment under the controllable
atmosphere, the annealing temperature is 500°C,
the atmosphere is hydrogen gas (the gas pressure
in the furnace is greater than the atmospheric pres-
sure), the gas flow rate ranges from 0.4 m3/h to 0.6
m3/h, and the annealing time is 2.5 hours.
(6) The strip obtained in step (5) is subjected to a
finish machining on a four-roller reversible finishing
mill to obtain the final thickness of 0.1 mm. After in-
spection, the strip passes through the inspection tool
without leaking copper (as shown in FIG. 8), and the
performance meets the requirements in the draw-
ings.

[0049] In the present invention, by using the improved
four-roller solid-phase rolling mill, the product cracking
and the silver layer shift are effectively reduced, and the
production efficiency is improved. Since the four-roller

set exerts a certain pressing and limiting action on the
material, the interface bonding of the material is in-
creased, the lateral extension of the material is reduced,
and the finished product rate of the product is greatly
improved. Moreover, compared with the conventional
process, using the four-roller set for production, a product
with a large single weight can be produced and the pro-
duction efficiency is improved.
[0050] In the prior art, the method of rolling using the
four-roller set has not been used. During the deformation
process, due to the different lateral width spreads of the
upper surface and the lower surface of the material, the
positioning silver layer is shifted. Meanwhile, the energy
applied to the material by the device is partially consumed
by the extension in the width direction, and it is difficult
to form an effective molecular combination at the inter-
face, resulting in a poor bonding strength.
[0051] Therefore, the above method of the present in-
vention and the improved rolling method using four-roller
set effectively solve the material cracking and the silver
layer shift, greatly improving the production efficiency.
[0052] According to the above embodiments, prepar-
ing the alternating arrangement silver-copper lateral
composite strip using the present invention can effective-
ly reduce the phenomena such as strip cracking, silver
layer shift, etc. Meanwhile, the bonding strength of cop-
per and silver in the strip is obviously improved, the pro-
duction cycle is shortened, and the production efficiency
is greatly improved.
[0053] The specific embodiments of the present inven-
tion have been described above. It is noted that the
present invention is not limited to the specific embodi-
ments described above, and variations or modifications
may be made by those skilled in the art within the scope
of the claims, which does not affect the essence of the
present invention.

Claims

1. A method for preparing an alternating arrangement
silver-copper lateral composite ingot, wherein the
composite ingot is formed by splicing the silver-cop-
per dissimilar metals by the alternating arrangement
lateral composite method, the method comprises the
following steps:

using a concave roller set, wherein the concave
roller set is a pair of working rollers in a roller
system of a four-roller solid-phase rolling mill,
and grooves are provided at center positions of
the working rollers;
manufacturing a copper frame having a fixed
width according to a negative tolerance of a
width of the groove of the concave roller, and
corresponding copper bars and silver bars; and
arranging the copper bars and the silver bars at
intervals and tightly placing into the copper
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frame to form a composite blank, i.e., an alter-
nating arrangement lateral composite ingot.

2. The method for preparing the alternating arrange-
ment silver-copper lateral composite ingot of claim
1, wherein, the copper frame, the copper bars and
the silver bars are subjected to a surface treatment
before a composite, the surface treatment is a de-
greasing treatment and/or a surface grinding treat-
ment.

3. The method for preparing the alternating arrange-
ment silver-copper lateral composite ingot of claim
2, wherein, the copper frame and the copper bars
are subjected to a pass of softening annealing treat-
ment in a furnace protected by a gas before the sur-
face treatment.

4. The method for preparing the alternating arrange-
ment silver-copper lateral composite ingot of claim
3, wherein, in the softening annealing treatment, an
annealing temperature ranges from 500°C to 800°C,
a hydrogen atmosphere is provided, and a gas pres-
sure in the furnace is greater than an atmospheric
pressure, a gas flow rate ranges from 0.4 m3/h to
0.6 m3/h, and an annealing time ranges from 1 hour
to 3 hours.

5. The method for preparing the alternating arrange-
ment silver-copper lateral composite ingot of claim
1, wherein, in the concave roller, the grooves have
a width of 130-160 mm and a depth of 3-6 mm.

6. The method for preparing the alternating arrange-
ment silver-copper lateral composite ingot of any one
of claims 1-5, wherein, the copper frame is a rectan-
gular copper frame having a length L ranging from
500 mm to 2000 mm, a width W ranging from 129
mm to 129.5 mm, and a thickness h ranging from 6
mm to 40 mm.

7. The method for preparing the alternating arrange-
ment silver-copper lateral composite ingot of claim
6, wherein, the copper bars and the silver bars are
obtained by cutting after an extrusion forming, having
a length L1 equal to L minus 50mm, a thickness equal
to a thickness of the copper frame, and a width W1
of 3 mm to 50 mm.

8. A method for preparing an alternating arrangement
silver-copper lateral composite strip, using the silver-
copper lateral composite ingot of any one of claims
1-8 as a raw material, comprising the following steps:

S1, limiting the composite ingot by the grooves
of the concave roller, and performing a cold
bonding with a deformation amount X ranging
from 50% to 85% on the composite ingot to form

an alternating arrangement silver-copper lateral
composite strip; wherein the concave roller is
configured to limit the composite ingot, so that
the silver-copper interface is fully extruded and
deformed during rolling, and a preliminary phys-
ically mechanical engagement is formed on a
newly formed silver-copper interface;
S2, performing a diffusion annealing treatment
on the alternating arrangement silver-copper lat-
eral composite strip obtained in the step S1 un-
der a protective atmosphere, so that a bonding
mode of the silver-copper interface is changed
from the preliminary mechanical engagement to
a combined action of the mechanical engage-
ment and a metallurgical bonding, further im-
proving the bonding strength;
S3, performing a multi-pass rolling on the lateral
composite strip obtained after the diffusion an-
nealing treatment in the step S2 on a four-roller
reversible rolling mill; and
S4, the strip after rolled in the step S3 is sub-
jected to a softening annealing treatment under
a controllable atmosphere to obtain the alternat-
ing arrangement silver-copper lateral composite
strip.

9. The method for preparing the alternating arrange-
ment silver-copper lateral composite strip of claim 8,
wherein, in the step S1, the deformation amount X
is equal to (h-h1)/h, wherein h is a thickness of the
composite ingot, and h1 is a thickness of the alter-
nating arrangement silver-copper lateral composite
strip.

10. The method for preparing the alternating arrange-
ment silver-copper lateral composite strip of claim 8,
wherein, in the step S2, in the diffusion annealing
treatment performed under the protective atmos-
phere, an annealing temperature ranges from 500°C
to 800°C, the protective gas is hydrogen gas and a
gas pressure in a furnace is greater than an atmos-
pheric pressure, a gas flow rate ranges from 0.4 m3/h
to 0.6 m3/h, and an annealing time ranges from 3
hours to 8 hours.

11. The method for preparing the alternating arrange-
ment silver-copper lateral composite strip of claim 8,
wherein, in the step S3, in the multi-pass rolling, a
deformation amount Xn of each pass is controlled to
range from 10% to 15%, and a total deformation
amount Y is controlled to range from 30% to 60%.

12. The method for preparing the alternating arrange-
ment silver-copper lateral composite strip of claim
11, wherein, the total deformation amount Y is equal
to a sum of X1 + X2 + ... + Xn, and the deformation
amount of each pass is a ratio of a change amount
of a thickness of the strip at an end of the each pass
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to a thickness of the strip before performing the multi-
pass rolling.

13. The method for preparing the alternating arrange-
ment silver-copper lateral composite strip of claim 8,
wherein, in the step S4, in the softening annealing
treatment under the controllable atmosphere, an an-
nealing temperature ranges from 400°C to 600°C,
the atmosphere is hydrogen gas and a gas pressure
in the furnace is greater than an atmospheric pres-
sure, a gas flow rate ranges from 0.4 m3/h to 0.6
m3/h, and an annealing time ranges from 2 hours to
6 hours.
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