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Abstract

In order to study the electroplating of SnCu brazing material on stainless steel to braze
copper alloy sheet, the effects of brazing material coating thickness, reflow temperature,
reflow pressure and reflow time on the mechanical properties of the welded joints were
investigated, respectively. Stainless steel is first plated with a primed Ni layer, then
plated with Cu, and finally plated with SnCu brazing material, and then soldered with
copper alloy sheet by reflow soldering, analyzed the organization and physical phase of
the solder brazing material by SEM and EDS and XRD, and tested the strength of the
soldered joints by micro-tensile machine. The experimental results show that the
optimal process for welding is SnCu alloy plating brazing material thickness of 10pm,
reflow soldering temperature of 270C, reflow pressure of 0.15MPa, reflow soldering
time of 90s, at this case, the welded joints are completely generated Cu6Sn5, when the
welded joints have the highest shear strength 27.5MPa.
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1. Introduction

In electronic packaging and precision equipment, stainless steel and copper alloys need to be welded
to achieve the effect of encapsulation. Due to the use of electronic packaging and precision equipment,
it 1s necessary to use the welding method to connect the electronic components, welding methods
such as pressure welding, fusion welding, brazing, etc., but the temperature of the pressure welding
and fusion welding is too high, there is huge impact and damage on the properties of parent materiall!-
4. In the low-temperature brazing methods, in order to control the thickness of the weld seam, it is
necessary to use the coating welding method, and with the coating welding method, it is necessary to
solve the problem that stainless steel and copper alloys are difficult to plating brazing, and the welded
joints do not have high strength>-7,

Coating welding using the traditional method of stainless steel surface plating a layer of copper or
nickel using high-temperature transient liquid phase diffusion connection (transient liquid phase
bonding, TLP bonding), this method generating welded joints are also copper-tin compounds, tin-
nickel compounds.in this case, the solder remelting point and mechanical properties have been
improved; but this welding method and the welding time is too long, the welding temperature is too
high, the welding efficiency is low, and the production operation is complicated!",

In this paper, the use of stainless steel plating a priming layer of Ni, and then plating a layer of Cu,
and then plating SnCu alloy brazing material on top of the Cu, and then use the hot air heating table
pressurized welding of copper alloy sheet. The use of hot air reflow soldering improves the joint
welding efficiency and generates Cu-Sn compound joints in a short time, and the Cu-Sn compounds
have high remelting temperatures (remelting temperature of CuzSn is 676°C, remelting temperature
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of CueSns is 415°C), which can improve the service temperature of the welded joints and the strength
of the welded joints!!>'®] and this paper focuses on the study of the effect of SnCu brazing thickness
and welding process on the mechanical properties of welded joints (welding process mainly contains
reflow temperature and reflow pressure, reflow time).

2. Experiment

2.1 Experimental Materials and Processes

Experimental samples selected 30mm, 30mm, 0.2mm 304 stainless steel sheet, this paper first use
hydrochloric acid pickling to remove the oxide film on the surface of the stainless steel, and then pre-
plating nickel plating copper, and finally plating SnCu brazing material coating. The samples were
degreased before pickling.

Chemical degreasing was performed with 30 g/L NaOH, 25 g/L Na>COs, and 30 g/L Na3;POq as
degreasing solution at 60°C for 5 min.

Acid washing with 20% hydrochloric acid to remove the oxide film on the surface of titanium,
pickling time is 3min.

Pre-nickel plating was performed with 130 g/L of NiCl>-6H20 and 100 g/L of HCI as the pre-nickel
plating solution, with nickel plate as the anode and stainless steel sheet as the cathode!'’'8]. The
current density was SA/dm? at room temperature.

Copper plating was formulated with 200 g/L. of CuSO4-5H>0 and 70 mL/L of H»SO4, with the
addition of appropriate amount of brightener and plating solution stabilizer, current density 2A/dm?,
room temperature, time 4 min, anode for phosphor bronze sheet, cathode for 304 sheet!!-2%],

The electroplating brazing material SnCu alloy solution was used SnS04:40, CuS04:0.8, H2S04:100,
citric acid:40, thiourea:0.08, sodium potassium tartrate 40, and hydroquinone:1.0 (g/L); the process
conditions were as follows: plating density:1A/dm?, plating solution temperature:30°C, and plating
time:10 min. the cathode current efficiency was about:70%. The prepared Cu-Sn alloy plating layer
was gray-white, with bright, flat and dense surface, and the copper content in the plating layer was
0.5~2%!21-241,

Coating welding using stainless steel plating good SnCu alloy plating brazing material, and the length
of 10mm, 4mm wide copper alloy sheet, with hot air heating table for reflow soldering; in order to
facilitate the calculation, the control of the welded area of 4 * 4mm, the welded joints in the shape of
a tower joint, through the universal tensile testing machine to measure the welded joints of the shear
force, the welded joints of the shear strength calculation formula:

c=F/S; (1)

F-the maximum load force of the welded joint fracture.
S-the welded area of the welded joint, here is a fixed value of 16mm?.
o-the joint shear strength.

2.2 Performance and Characterization
1) Micro-tensile testing machine precisionline vario to measure the shear strength of welded joints,
tensile speed Imm/1min.

2) Using FALCON 500 Vickers hardness tester to measure the hardness of the welded joints,
measurement along the Cu/(Cu-Sn) interface inclined 15° line, the measurement point and the
Cu/(Cu-Sn) interface parallel spacing of about 10 pm, load weights of about 0.05Kg, hold load time
10s.

3) Scanning electron microscope(SEM) and X-ray spectrometer(EDS) (Fuhner Scientific Instruments
Co., Ltd.) to analyze the weld morphology of the welded joints and welded joint fracture morphology.
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4) X-ray diffractometer(XRD) model D8 ADVANCE was used to analyze the physical phase of the
welded joints.

3. Experimental Results and Discussion

3.1 The Organization and Microhardness Analysis of Welding Joint

Figl. After the stainless steel and copper alloy sheet is completely welded, the XRD physical phase
analysis of the weld brazing material is carried out, and after XRD analysis, it can be seen that its
physical phase is mainly CusSns, CuzSn; XRD analysis is shown below, comparing with the standard
card, and the diffraction peaks on the top of the XRD are found to be corresponding to the CusSns
and CuzSn on the standard card, which confirms that the main component of the weld brazing
material's physical phase is CusSns, CusSn.
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Fig. 1 XRD analysis of physical phase of weld brazing material

In order to further analyze the weld elements, Fig. 2 shows the enlarged SEM and EDS photos of the
weld to analyze the different tissues of the weld. Since the composition of the plating solder is SnCu
alloy solder, and the brazing material is plated Cu and copper alloy, respectively, the main elements
of the solder composition in the weld seam are Cu and Sn. The main peaks shown on the top of the
energy spectrum diagrams are the two elements of Cu and Sn, and the composition of the Cu-Sn
compound is analysized by the mass-to-atom ratio and the color characteristics of the weld seam area.
The following figure shows the analysis results of different regions of the weld solder, from the SEM
photo, point A hits in the dark gray region of the organization, EDS analysis of the A organization,
from the analysis results, we can see that the mass ratio of the elements within the A is 60.88:39.12,
which is converted into an atomic ratio of 74.4:25.8, the atomic ratio of close to 3:1, proving that the
dark gray of organization is Cu3Sn; the point B in the figure hits in the light gray tissue, Within the
EDS elemental analysis and results, it can be seen that the mass fraction ratio of Cu:Sn is 38.4:61.6,
which translates into an atomic ratio of 53.8:46.2, and the atomic ratio is close to 6:5, so the light gray
of organization is CusSns, and the white organization in the figure is pure Sn by EDS analysis; In
summary, the copper-tin soldering organization of the dark grey organization is Cu3Sn, the light grey
is CueSns, the white organization is Sn, the white organization is Sn.
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Fig. 2 SEM photo and corresponding EDS photo of the welded seam

Fig. 3 is line scanning, in order to determine the different organizations formed in the Cu-Sn joints
and the distribution of elements in the joints, along the Cu/(Cu-Sn) interface tilted 15° line, line
scanning of the welded joints, From the fig. 3 found that the content of Cu and Sn with the distance,
just starting from the top of the plated Cu, the line scanning elements of the highest content of Cu. As
the distance increases, the Sn content increases, Cu3Sn is formed in 7-10um, CueSns starts to appear
as the distance increases, the farther away from the Cu plating the higher the content of Sn, in the
middle of the 10-23um, the content of Sn is the highest, and most of it exists in the form of Sn singlet;
as the distance is close to the other side of the Cu alloy sheet, the content of CusSns starts to increase
in the 25-30um interval and the content of CusSns starts to increase close to the Cu alloy sheet. CuzSn
appears in 30-35um, and CusSns appears in a section in the middle of 35-38um, so it can be seen that
CueSns and CuzSn appear alternately. The last is on the copper alloy sheet, the energy spectrum is
almost all Cu, from the line scanning can be seen CusSns, CuzSn, Sn content of alternating changes,
from the following figure line scanning diagram can be seen in the welded joint, weld composition in
the weld center is Sn, and close to the two sides of the Cu are CusSns, CuszSn.
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(a) SEM of the welded joint
Fig. 3 SEM image and EDS line scan of welded joints

(b) welded joint line scanning

Fig. 4 for the microhardness of the weld solder, from the figure can be seen, the center of the weld
about both sides of the hardness is the symmetrical shape, in the middle of the weld, and in the 20um,
the content of Sn is higher, so the microhardness is lower hardness average value of 70.5HV, because
the content of Sn is the highest, so the microhardness of the weld is the lowest; close to the two sides
of the Cu coating and copper alloy sheet when the content of Cu-Sn compounds is high, at this time
the microhardness rises, which corresponds to the distribution of the Cu and Sn in the line scan of the
fig. 3, the higher the Cu content, the higher the microhardness of the weld, the higher the content of
Sn the lower the hardness of the weld. Therefore, the microhardness of the welding joint shows a
symmetrical shape about the middle position.
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Fig. 4 Microhardness of welded seam

Fig. 5 shows the microhardness of the weld joint, from the above figure, it can be seen that figure (a)
is the middle position area of the weld, and the main organization is Sn, while fig. 5 (b) is the area on
both sides of the weld close to the Cu alloy and the coated copper, and the main organization is the
Cu-Sn compounds, through the test of the microhardness, the following fig. 5(b) shows the
microhardness of the Cu-Sn compounds, and the figure 5(a) is the microhardness of the Sn hardness;
the average value of hardness of Sn in Fig.5 (a) is 67.5HV, while the average value of Cu-Sn
compounds in Fig 5(b) is 278.3HV. By comparison, it can be seen that the hardness of Cu-Sn
compounds is significantly higher than the hardness of Sn.
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(a2)Sn microhardness (b) microhardness of Cu-Sn compounds
Fig. 5 Microhardness test

3.2 The Effect of Welding Process on the Strength of Welded Joints

The following fig. 6, in the reflow pressure 0.1MPa, reflow temperature 270°C, reflow time 90s.
Study the effect of different SnCu brazing material coating thickness on the shear strength of welded
joints. It can be seen from the figure with the increase of coating thickness, the shear strength of
welded joints, first increased and then decreased and then unchanged, it can be seen from the figure,
the coating thickness of S5pum to the plating thickness of 10um, the strength of the welded joints grows
very quickly, in the solder plating Sum, welded joints are too poor strength, in the coating thickness
of 10um, strength of welded joints is the highest 27.5MPa; from 10um to 30um, the slope of the curve
of shear strength is very small, and the strength of welded joints decreases very slowly, the strength
of welded joints at 20um and 30um decreases slightly compared with the strength at 10um, and the
strength of welded joints is 25.4MPa and 24.3MPa, respectively, so that the shear strength of welded
joints is maximum at the thickness of brazing material plating layer of 10pm.

Shear strength of welded joints/MPa

I L 1 L 1 L 1 1
0 3 10 15 20 25 30 35 40 45

Coating thickness/pm

Fig. 6 Effect of SnCu alloy coating thickness on the shear strength of joints

Analysis of the effect of brazing material thickness on the strength of welded joints, the reason why
the shear strength of welded joints increases and then decreases with the thickness of the brazing
material coating increasing; at the beginning of the brazing material coating is very thin for Spum, and
the Sn content of the brazing material is very small in the process of welding plus the air oxidation
leads to the strength of welded joints is very poor, and it is difficult to form a welded joint structure,
and there is no structure of Sum of brazing material coating in the SEM photo of the fig. 7. Fig. 7(a)
SnCu brazing material coating thickness of 10um, the gray tissue in the figure is Cu-Sn compounds,
from the above figure has proved that the white tissue is Sn, the light gray tissue is CueSns, the dark
gray tissue is CuzSn, the figure of the weld in the gray tissue is very high, the weld is completely
generated by the Cu-Sn compounds; Fig. 7(b) brazing material coating thickness of 20pum, Cu-Sn
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compound on both sides of the red line. with the increase of the thickness of the brazing material
coating thickness of 20um, brazing material coating thickness increases, the strength of the welded
joint is weakened on the contrary, this is because of the increase in the thickness of the plating brazing
material, under the same welding process, the thicker coating brazing material generated by the
content of Cu-Sn compounds is less; Fig. 7(c) (d) brazing material coating thickness of 30um, 40um,
the graph of the gray tissue in the figure is very little, the content of Cu-Sn compounds has been very
small, and the vast majority of the area of the graph of the White Sn, the elevated content of Sn leads
to a decrease in the strength of the welded joint, the thicker the solder coating layer, the lower the
content of Cu-Sn compounds in the joint, the lower the strength of the welded joint.

(a) 10pm (b) 20um

(c) 30um (d) 40pm
Fig. 7 Weld morphology for different coating material thicknesses

Fig. 8, the relationship between the thickness of the brazing material coating and the percentage of
area of Cu-Sn compounds, it can be seen from the figure, with the increase of the thickness of the
brazing material coating, the percentage of area of Cu-Sn compounds in the weld layer decreases, in
the case of the same welding process, the thinner SnCu brazing material coating, the greater the
percentage of area of the Cu-Sn compounds generated; however, the brazing material thickness can
not be too thin, the thickness of the brazing material coating of Sum, brazing is very difficult to
welding This is because the oxidation of the welding process, brazing material is too thin, the content
of Sn is less, the welding process is easy to be completely oxidized, The brazing material coating
10um, the coating is relatively thick and there is enough Sn to react with Cu, in a short period of time,
in the middle of the weld layer interface compounds to generate Cu-Sn compounds, and the thicker
coating, a short period of time reflow soldering is difficult to completely generate Cu-Sn compounds.
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Fig. 8 Area ratio of Cu-Sn compounds with different brazing coating thicknesses

Fig. 9 reflow temperature were changed, brazing material coating thickness of 10um, reflow pressure
of 0.15MPa, reflow time of 90s, the other process conditions remain unchanged to study the effect of
reflow temperature on the shear strength of welded joints. From the figure, it can be seen that the
strength of welded joints increases with the increase of welding temperature, and the highest strength
of welded joints is 27.5MPa at 270°C.
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Fig. 9 Effect of reflow temperature on the strength of welded joints

The effect of reflow temperature on the strength of welded joints, the strength of welded joints were
increasing with welding temperature increasing. The higher temperature, the greater the solubility of
Cu in Sn, the faster the enhancement of the reaction between Cu and Sn, the faster the growth rate of
Cu-Sn compounds in the welded joints, and the rapid generation of Cu-Sn compounds in a short
period of time. and the strength of Cu-Sn compounds itself is much higher than the strength of Sn, so
with the increase in soldering temperature, the content of Cu-Sn compounds were increasing, the
strength of the welded joints were increasing.

The fig. 10 shows the strength change of welded joints under different pressures when the thickness
of weld brazing material plating is 10um, welding temperature is 270°C, and reflow time is 90s. It
can be seen from the fig. 10 that the shear strength of welded joints increases first and then decreases,
with the increase of welding pressure and the strength of welded joints is the best up to 27.5MPa.
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Fig. 10 Effect of pressure on the strength of welded joints

The strength of welded joints first increased and then decreased with the increase in welding pressure.
When the pressure is 0, SnCu brazing material and copper alloy gap is large, Cu and Sn reaction is
weak, the welded joints generated by the lower content of Cu-Sn compounds, pressurization to reduce
the gap between the SnCu brazing material and the copper alloy, to help the chemical reaction
between the Cu and Sn, However, with the increase of welding pressure, the strength of the welded
joint will be slightly weakened when the welding pressure is 0.45MPa, this is because the increasing
pressure hindered the flow of Sn atoms of the plated brazing material, slowing down the reaction
between Cu and Sn, and generating a reduction in the Cu-Sn compounds, and the strength of the
welded joint was also reduced.

Fig. 11 shows that, with the increase of reflow time, the shear strength of the welded joint first
increase and then decreases, the beginning of 30s, the strength of the welded joint is 15.8MPa, extend
the reflow time, the strength of the welded joint grows very quickly, in the reflow time of 90s, the
strength of the welded joint is the best 27.5MPa, but with the reflow time increases to 120s, the
strength of the welded joint begins to weaken, and the strength of the welded joint decreases to
25.5MPa.

w
3

[
3
T

)
G

}/ +\%

-

1 1 1 1 1
20 40 60 80 100 120

%3
T

Shear strength of welded joints/MPa
= 8
T

w

Time/s

Fig. 11 Effect of reflow time on the strength of welded joints

The strength of welded joints first increased and then decreased with the increase in reflow time,
which is because as the welding time increases, the reaction time of Cu and Sn grows, and the content
of Cu-Sn generated in the welded joints is increasingly high, Fig.12(a), the content of Cu-Sn
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compounds generated in the reflow time of 30s is small; Fig. 12(b) the extension of the welding time
at 60s, the content of Cu-Sn compounds in the welded joint is high. Fig. 12(c) at 90s of welding, the
brazing material of the welded joint completely generates Cu-Sn compounds.12(d) at 120s of reflow
time, the reflow time is too long, which leads to coarse particles of Cu-Sn compounds in the welded
joints, which are in the form of particles of haphazard buildup, and results in the decrease of the
strength of the welded joints. From the Hall-Petch formula, the larger the weld particles are, the poorer
welded joint strength are. Therefore, with the prolongation of the reflow time, the strength of the
welded joint increases first and then decreases.

(a) 30s (b) 60s

(c) 90s (d) 120s
Fig. 12 Effect of reflow time on weld morphology

a

(a) ductile fracture (b) brittle fracture.
Fig. 13 Fracture morphology of welded joints

Fig. 13 in the SnCu brazing thickness of 10um and the best welding process conditions, the
morphology of the welded joint fracture; Fig.13 (a) and the small piece of stone-like for CusSns, its
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fracture is obvious ductile nest-like, small stone-like Cu-Sn compounds pulling off the structure of
the ductile nest left behind, at this time the fracture mode is the ductile fracture. Fig.13 (b) fracture
interface of Cu-Sn compounds mainly for the large plate, large Cu-Sn compounds fracture interface
like after scissors shear presented as a disintegration, disintegration structure of the main fracture
mode is brittle fracture; therefore, Thus welded joints fracture by ductile fracture and brittle fracture.

4. Conclusion

(1). The hardness of Cu-Sn compounds is significantly higher than that of Sn; the microhardness of
Sn is 67.5HV, while the hardness of Cu-Sn compounds is 278.3HV.

(2). With the increase of the thickness of the solder coating layer, the welded joint strength increases
first and then decreases, in the solder plating layer thickness of 10pm, the welded joint strength is the
best 27.5MPa, as the thickness of the plating layer continues to increase, the content of Sn in the weld
rises, the proportion of Cu-Sn compounds decreases, and the strength of the welded joints weakened.

(3). The optimum process for coating welding is reflow temperature is 270°C, reflow pressure is
0.15MPa, and reflow temperature is 90s. The fracture mode of the joint fracture under the optimum
welding process is ductile fracture and brittle fracture..
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