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Abstract: In this article, a technology for producing wire and rod solder from 52In-48Sn alloy has 

been developed and investigated in the conditions of small-scale production. The use of direct 

extrusion of wire and rods instead of the traditional technology for producing solder, which 

includes pressing, rolling and drawing, can significantly reduce the fleet of required equipment. 

Using only a melting furnace and a hydraulic press, solder wires and rods can be produced in 

various sizes. Shortening the production cycle allows you to quickly fulfill small orders and be 

competitive in sales. The article developed a mathematical model of direct extrusion, which allows 

you to calculate: extrusion ratio, extrusion speed and pressing force. The results of modeling the 

process of extrusion of wire ∅2.00 mm and rods ∅8.0 mm made of 52In-48Sn alloy are presented. 

The temperature of the solder and the tool is simulation in software QForm based on the finite 

element method. Experimental results of manufacturing ∅2.0 mm solder wire and ∅8.0 mm rods are 

presented. The microstructure of the direct extruded solder is a eutectic of phases γ and β. Energy-

dispersive X-ray spectroscopy (EDS) mapping of the 52In-48Sn alloy showed that the solder 

obtained by direct extrusion has a uniform distribution of structural phases. The developed 

technology can be used in the manufacture of wires and rods from other low-melting alloys.             

Keywords: extrusion; 52In-48Sn alloy; wire; lead-free solder; rod; simulation; software.   

 

1. Introduction 

Solder is a material that is used to join metals by soldering. It always has a melting point lower 

than the parts to be joined [1]. To date, a large number of solder alloys have been created, which differ 

in composition, material ratio, and the presence of impurities [2, 3, 4, 5, 6, 7, 8]. According to the 

melting temperature, the solders are subdivided into solders for low-temperature soldering with a 

melting point of not more than 450 ° C [9] and soldering alloys for high-temperature soldering with 

a melting point of more than 450 ° C [10]. According to the main component, solders are subdivided 

into: gallium; indium; bismuth; tin-lead; pewter; cadmium; lead; zinc; aluminum; germanium, etc. 

Tin (Sn) - lead (Pb) low-melting alloy is the most common type of solder [11]. SnPb-solders are made 

in the form of round wire, tape, triangular, round and square rods, round tubes filled with flux, 

powder. 

Tin (Sn)–based lead (Pb)–free solders have been introduced because of the health and 

environmental concerns upon the conventional Pb-Sn solders. In 2006, the European Union's RoHS 

(Restriction of the Use of Certain Hazardous Substances) Directive on the Environment restricted the 

use of lead in new electrical and electronic equipment to a maximum of 0.01% [12]. Several 

environmental-friendly Sn-based alloys such as Sn-3.0Ag-0.5Cu [13], Sn-14Bi-5In [14], Sn-0.7Cu [15], 

Sn-9Zn [8], Sn-8Zn-3Bi [16], Sn-58Bi [17], Sn-52.5Bi-2.68In-1Ga [18], Sn-In [6] have been considered 

the most promising candidates to replace the toxic Sn-Pb alloy from electronic packaging systems [2]. 

As of 2016, In-48Sn alloy solder is one of the most commonly used in semiconductor technology. 

While being Pb free, the eutectic SnIn solder offers very low melting points and bonds well to copper, 

nickel, and gold substrates [19]. The eutectic point shown in the phase diagram is at 118 °C with the 
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composition of 51.7 at.% In and 48.3 at.% Sn (Figure 1). The equilibrium phases are terminal In and 

Sn solid solutions, two intermediate phases β and γ, and the eutectic between the last two phases [6, 

20]. The microstructure of the alloy with the chemical composition In-49Sn is shown in Figure 2 [21]. 

Eutectic SnIn (52In-48Sn by weight) has often been used as a specialty solder in applications where a 

low melting point alloy is required, such as in step soldering or when the components in an assembly 

are sensitive to temperature [22]. 

Physical and mechanical properties of the 52In-48Sn alloy are presented in Table 1 [23].  

 

Figure 1. Sn-In binary phase diagram. 

 

Figure 2. Microstructure of the eutectic In-49Sn solder. 

52In-48Sn is considered the lowest melting point practical solder. It is often used as the last step 

in a sequential soldering operation, and for soldering to metallizations on temperature sensitive 

components. 52In-48Sn is relatively ductile. Elongation is reported to be 83%. This higher elongation 

is a result of superplastic behavior in creep under shear loading at a temperature above 0.8 of their 

melting temperature (Tm) [24].  

Table 1. Physical and mechanical properties of the 52In-48Sn alloy. 

Solidus / 

liquidus 

Alloy 

density,  

g / cm3 

Thermal 

conductivity, 

W / mK 

Specific 

electrical 

resistance, 

Ultimate 

tensile 

Elongation, 

% 

(at 22 ° С) 

Brinell 

hardness, 

HB 
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temperature, 

° С 

(at 22 ° С) (at 85 ° C) Ohm ∙ m 

(at 22 ° С) 

strength, 

MPa 

(at 22 ° C) 

117/120 7,30 86 0,147 11,9 83 5 

The traditional technology for the production of solders (Figure 3) consists of the following stages: 

alloy preparation, casting of ingots (100-200 mm in diameter), extruding, drawing to the required 

diameter [25]. In some cases, billet rolling can be applied between extruding and drawing (Figure 4). 

 

Figure 3. Solder wire production line (type 1). 

 

Meiting furnace Automatic billet 
casting machine

Extruding machine

Rolling machine
Drawing machineSolder wire

 

Figure 4. Solder wire production line (type 2). 

Traditional technology for the production of solder wire requires not only a large fleet of 

equipment, but also often comes with problems related to the stability of the drawing process. 

Frequent breaks of the wire during rolling and especially during drawing [26, 27, 28, 29] require the 

improvement of the technology of its production. At the same time, there are known methods of 

making wire by extrusion [30, 31, 32], which are used in medicine. We have not found any 

publications describing the small-scale technology for the manufacture of wire solder.  
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The purpose of this work is to develop and study a technology for the manufacture of wire and 

rod from 52In-48Sn lead-free alloy in the conditions of small-scale production. 

2. Materials and Methods  

The study of the technology for the manufacture of wire and rod solder was carried out in the 

laboratories of the South Ural State University, Chelyabinsk, Russia.  

The alloy was melted in a SmartMelt 2.0 crucible furnace. The heating temperature was 300 to 

ensure the dissolution of pure indium (In) and pure tin (Sn). The chemical composition of the 

obtained alloy was checked by the inductively coupled plasma atomic emission spectrometer 

NETZCH Optima 2100 DV (PerkinElmer, USA). The results of the analysis of the chemical 

composition of the alloy are shown in Table 2. Billets with a diameter of 30 and 20 mm were obtained 

by casting molten alloy into metal molds (Figure 5).  

Table 2. Chemical composition (wt %) of the 52In-48Sn alloy. 

In Sn 
Impurities 

Bi Fe Cu As Sb 

51.00 balance <0.015 <0.01 <0.01 <0.006 <0.015 

 
(a) 

 
(b) 

Figure 5. Casting billets into molds: (a) mold; (b) billet in the mold. 

For extrusion, we used a hydraulic press, which is equipped with a system for registering the 

pressing force and the speed of the traverse (Figure 6). Maximum press power is 617 kN. The traverse 

speed of the press is from 0.5 to 12 mm / s. Photo and drawing of the tool for obtaining wire and rods, 

developed by us, are shown in Figure 7. The tool shown in Figure 7 was made in two versions: the 

diameter of the container is 32 mm and 21.8 mm. For the manufacture of wire and rods, dies of 

diameters were used: 2.0 and 8.0 mm. The extrusion was carried out without the use of a lubricant 

and using graphite as a lubricant. To determine the temperature of the wire and rods at the exit from 

the die, a DT-9860 pyrometer and an RY-107 thermal imager was used. 

The specialized software QForm (QuantorForm LLC, Russia) was used to simulate the extrusion 

process.    
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(a) 

 
(b) 

Figure 6. Hydraulic press model D2428: (a) photo of laboratory hydraulic press; (b) scheme 

of laboratory hydraulic press: 1 – main cylinder; 2 – stroke; 3 – housing; 4 – bench; 5 – control 

desk; 6 – manometer; 7 – slide; 8 – oil pump; 9 – monitor; 10 – block of control and data 

collecting. 

 
(a) 

 
(b) 

Figure 7. Extrusion tool: (a) photo tool; (b) tool drawing: 1 - ram; 2 - container; 3 - die;      4 

- clamp; 5 - saddle. 

The chemical composition of the samples structural components was analyzed on a JSM-6460LV 

scanning electron microscope (JEOL, Tokyo, Japan) equipped with an energy dispersive spectrometer 

(OxfordInstruments, Abingdon, United Kingdom) for qualitative and quantitative X-ray 

microanalysis. The microstructure of the samples was studied on Axio Observer D1.m optical 

inverted metallographic microscope (Carl Zeiss Microscopy GmbH, Jena, Germany) equipped with 

ThixometPro software (Thixomet Pro, Thixomet Company, Saint Petersburg, Russia).  
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3. Results and Discussion 

3.1. Mathematical modeling for the extrusion process 

To calculate the parameters of the extrusion process, we compiled a mathematical model [33]. 

The energy for pressing is supplied to the extrusion ram by force F, while the total work of 

process A is the sum of the plastic deformation work 𝐴𝑑𝑒𝑓 and the friction forces work 𝐴𝑓𝑟. 

𝐴 = 𝐴𝑑𝑒𝑓 + 𝐴𝑓𝑟 .                                 (1) 

 

Figure 8. Scheme of the deformation zone during extrusion. 

Figure 8 shows a diagram of the deformation zone during pressing. The extrusion energy 

consumption (while neglecting the sliding friction forces on the contact surface of the ram and the 

container) is proposed to be estimated as a sum of forces  

𝐹 = 𝐹𝑑𝑒𝑓 + 𝐹𝑓𝑟 ,                                   (2) 

where 𝐹𝑑𝑒𝑓 – forming (plastic deformation) force; 𝐹𝑓𝑟 – efforts to overcome sliding friction forces 

on the processed metal with the container and the die contact surface. The derivation of the equation 

for determining the plastic deformation required force can be based on the Fink dependence. This 

dependence determines the work of metal shaping, spent on the implementation of plastic 

deformations, determined by the initial and final dimensions of the processed metal (without taking 

into account the peculiarities of the plastic deformation conditions) 

𝐴𝐹 = 𝜃 · 𝜎𝑎𝑣 · 𝑙𝑛𝜇                                (3) 

where 𝜃 – volume of processed metal; 𝜇 – extrusion ratio 

𝜇 =
𝐷𝑒𝑛𝑡

2

𝐷𝑒𝑥𝑖𝑡
2  ;                                       (4) 

𝐷𝑒𝑛𝑡 = 𝐷𝑐𝑜𝑛  – billet diameter at the entrance to the die equal to the container diameter; 𝐷𝑒𝑥𝑖𝑡  – 

diameter of the wire (rod) at the exit from the die;  𝜎𝑎𝑣 –the average value of the processed metal 

deformation resistance, which can be determined as (5), under the assumption that the specific 

resistivity of the billet metal deformation is equal to the average value of the yield stress 

𝜎𝑎𝑣 = √𝜎 · 𝜎𝑒𝑥𝑖𝑡  ,                                (5) 

σ – billet material yield strength; σ𝑒𝑥𝑖𝑡  – metal yield stress at the exit from the die.  
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A distinctive feature of the considered extrusion process is the value of the deformation zone 

shape parameter ∆𝐵= 𝑙𝑎𝑟𝑐/𝐿𝑐𝑜𝑛𝑡= <<1, where 𝑙𝑎𝑟𝑐 is the length of the arc perpendicular to the tool 

contact line in the middle of the deformation zone; 𝐿𝑐𝑜𝑛𝑡  - the length of the tool contact line (Fig. 1). 

The value ∆𝐵 is calculated by the equation: 

∆𝐵=
𝛼

𝜇−1

𝜇
∙(1+√1−

𝜇−1

𝜇
)

2,                               (6) 

where α – half-angle of the die. 

The shape parameter ∆𝐵<<1 leads to an increase in power conditions similarly to how it is 

accepted in sheet rolling. It should be taken into account when calculating: 

𝐴𝑑𝑒𝑓 =
1

∆𝐵
· А𝐹 =

1

∆𝐵
· 𝜃 · 𝜎𝑎𝑣 · 𝑙𝑛𝜇.                        (7) 

Taking into account that the deformation power on one side is  

𝑁𝑑𝑒𝑓 = 𝐹𝑑𝑒𝑓 · 𝑉𝑝𝑟 ,                               (8) 

where 𝑉𝑝𝑟 – pressing speed (movement speed of the ram), on the other hand, can be found as 

𝑁𝑑𝑒𝑓 =
𝑑𝐴𝑑𝑒𝑓

𝑑𝑡
=

1

∆𝐵
· 𝜎𝑎𝑣 · 𝑙𝑛𝜇 ·

𝑑𝜃

𝑑𝑡
=

1

∆𝐵
· 𝜎𝑎𝑣 · 𝑙𝑛𝜇 · 𝑆𝑒𝑛𝑡 · 𝑉𝑝𝑟 ,               (9) 

then provided that the area of the round billet 

𝑆𝑒𝑛𝑡 =
𝜋·𝐷𝑒𝑛𝑡

2

4
                                  (10) 

the equation for calculating the deformation force is: 

𝐹𝑑𝑒𝑓 =
𝜋·𝐷𝑒𝑛𝑡

2

4
·

1

∆𝐵
·  𝜎𝑎𝑣 · 𝑙𝑛𝜇.                              (11) 

 

The friction force 𝐹𝑓𝑟  is determined by the geometry of the deformation zone (Fig. 1) and 

consists of three components - the effort aimed at overcoming the processed metal sliding friction 

against the container 𝐹𝑓𝑟𝐼, the surface of the die 𝐹𝑓𝑟𝐼𝐼, and the parallel land of the die 𝐹𝑓𝑟𝐼𝐼𝐼 [15] 

𝐹𝑓𝑟 = 𝐹𝑓𝑟𝐼 + 𝐹𝑓𝑟𝐼𝐼 + 𝐹𝑓𝑟𝐼𝐼𝐼 .                              (12) 

The formation of friction forces according to Sybel's law is 

𝜏 = 𝑓 · 𝜎                                       (13) 

Components of friction forces can be found: 

𝐹𝑓𝑟𝐼 = 𝑆𝑐𝑜𝑛 · 𝜏 = 𝜋 · 𝐷𝑐𝑜𝑛 · 𝐿𝑏𝑖𝑙 · 𝑓 · 𝜎;                         (14) 

𝐹𝑓𝑟𝐼𝐼 = 𝑆𝑑𝑖𝑒 · 𝜏 =
𝜋

4·sinα
· (𝐷𝑐𝑜𝑛

2 − 𝐷𝑒𝑥𝑖𝑡
2) · 𝑓 · 𝜎𝜏;                    (15) 

𝐹𝑓𝑟𝐼𝐼𝐼 = 𝑆𝑐𝑎𝑙 · 𝜏 = 𝜋 · 𝐷𝑒𝑥𝑖𝑡 · 𝐿𝑐𝑎𝑙 · 𝑓 · 𝜎𝑒𝑥𝑖𝑡 ,                       (16) 

where f – friction coefficient;  𝑆𝑐𝑜𝑛, 𝑆𝑑𝑖𝑒, 𝑆𝑐𝑎𝑙  – lateral surface area of the container inner liner, die 

and its parallel land; 𝐷𝑐𝑜𝑛 – container diameter; 𝜎𝜏 – plastic shear strength 

𝜎𝜏 =
σ𝑎𝑣

2
=

√𝜎·𝜎𝑒𝑥𝑖𝑡

2
 ;                               (17) 

𝐿𝑏𝑖𝑙  – length of pressed billet; 𝐿𝑐𝑎𝑙  – length of die parallel land. 

The mathematical model of direct extrusion is implemented in the Excel mathematical table. 

An example of calculating the power conditions for pressing rods  2.00 and 8.00 mm from Sn-In 

alloy are given in Table. 3.  

The developed mathematical model was used to analyze the influence of changes in the friction 

coefficient in the container on the pressing force (Figure 9). With a friction coefficient in the container 
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of 0.4, the pressing force at the initial moment and at its completion is 40 kN. And with a friction 

coefficient of 0.1, the difference between the forces does not exceed 10 kN. Therefore, from the point 

of view of reducing energy consumption for the pressing process and increasing its efficiency, the 

use of technological lubricants is very useful. 

Table 3.  Results of mathematical model calculation 

Parameter Unit 
Value 

Exper.1 Exper.2 

Initial data 

Diameter of billet, 𝐷𝑒𝑛𝑡  mm 20 30 

Diameter of the wire (rod), 𝐷𝑒𝑥𝑖𝑡 mm 2 8 

Billet length, L mm 120 120 

Container diameter, 𝐷𝑐𝑜𝑛 mm 21,8 32 

Pressing speed,  𝑉𝑝𝑟 mm/s 3 3 

Billet material yield strength, σ MPa 10,5 10,5 

Half-angle of the die, α ° 18,4 40 

Length of die parallel land, 𝐿𝑐𝑎𝑙  mm 5 5 

Friction coefficient, f - 0,5 0,5 

Calculation results 

Extrusion ratio, μ  - 118,8 16,0 

Extrusion speed, 𝑉𝑒𝑥𝑡  mm/s 356,4 48 

Force at the start of pressing, 𝐹𝑠𝑡𝑎𝑟𝑡  kN 105 106 

Force at the end of pressing, 𝐹𝑒𝑛𝑑  kN 71,9 55,6 
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 (b) 

Figure 9. The results of modeling the pressing force with a change in friction in the container:  

(a) ∅2.0 mm; (b) ∅8.0 mm. 

3.2. Extrusion temperature simulation in QForm software 

To simulate the stress-strain state and temperature in metal forming processes, it is convenient 

to use software such as DEFORM (developed by Scientific Forming Technologies Corporation, 

Columbus, Ohio, USA) [34], Simulia Abaqus (Dassault Systemes, Velizy-Villacuble, France) [35], 

QForm2D / 3D (QuantorForm LLC, Moscow, Russia) [36]. However, it must be said that temperature 

modeling of low-melting materials in the direct extrusion process has not been revealed in the 

literature. 
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To simulate the extrusion process, 2D and 3D models of the tool and billet were created. In the 

process of simulation, it is possible to determine not only the stress-strain state, but also the 

temperatures of the metal and the tool (Figure 10). The characteristics of the material were as follows: 

resistance to deformation σ = 10.5 MPa, density ρ = 7300 kg / m3, thermal conductivity λ = 86 W / m 

K, heat capacity C = 230 J / kg K. To graphically display the temperature change in the billet, 9 points 

were selected in each of the billet (Figure 11). Three points in the center of the workpiece, three on 

the edge and three in between. During the simulation, temperature changes were investigated during 

the extrusion ∅2.0 mm wire and ∅ 8.0 mm rod of at different speeds.  

 

Average stress, MPa

 
(a) 

Temperature, °C

 
 (b) 

Figure 10. Simulation of the stress-strain state (a) and temperature (b) when extrusion a 

rod ∅8 mm in the QForm. 

 

   

Figure 11. Location of temperature measuring points. 

In Figure 12 (a; с; e) graphs of temperature measurements at the points under study during the 

extrusion of wire ∅2.0 mm with pressing speeds of 0.5 are provided; 1.0 and 3 mm / s. The extrusion 

speed was 59.4 mm / s; 118.8 mm / s and 356.4 mm / s, respectively. As can be seen in the graphs 

(Figure 12 (a); (с); (e)), the metal pressing speed significantly affects the temperature of the metal in 

the die. The maximum heating temperature of the metal corresponds to points 2, 4 and 5. At point 5, 

the temperature with an increase in the pressing speed from 0.5 to 3.0 mm / s increases from 33.4 to 

75.8 ° C. The heating of the metal is caused by deformation processes. Heating due to friction of the 
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metal on the surface of the container is insignificant and does not exceed 2 ... 3 ° C, which is 

characterized by the temperature at points 6 and 9. 

 

 
(a) 

 
 (b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Figure 12. Extrusion process simulation results: (a) ∅2.0 mm; pressing speeds 0.5 mm/s; (b) 

∅8.0 mm; pressing speeds 0.5 mm/s; (c) ∅2.0 mm; pressing speeds 1.0 mm/s; (d) ∅8.0 mm; 

pressing speeds 1.0 mm/s; (e) ∅2.0 mm; pressing speeds 3.0 mm/s; (f) ∅8.0 mm; pressing 

speeds 3.0 mm/s. 

In Figure 12 (b; d; f), graphs of temperature measurement at the points under study are provided 

when pressing a rod ∅8.0 mm with pressing speeds of 0.5; 1.0 and 3 mm / s. The extrusion speed was 

2.15 mm / s; 4.3 mm / s and 12.9 mm / s, respectively. As can be seen in the graphs (Figure 12 (b); (d); 

(f)), the temperature of the metal in this case does not exceed 30 ° C. The maximum heating is only 10 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 April 2021                   doi:10.20944/preprints202104.0405.v1

https://doi.org/10.20944/preprints202104.0405.v1


 

° C. The extrusion speed in this case does not exceed 13 mm / s. Small deformations cause slight 

heating of the metal. Analyzing the flow of metal when pressing the bar, you can see that point 3 has 

the highest temperature. The reason for the greatest heating of the metal precisely at point 3 is, most 

likely, in addition to deformation heating, also the friction of the metal at the billet -container contact. 

When extruding rods of 8.0 mm, it is possible to increase the pressing speed and, as a consequence, 

the productivity of the process.  

Simulation of a single extrusion process has shown that the temperature of the metal in the 

deformation zone at high pressing speeds increases quite significantly. In small-scale production, 30 

... 50 billets are continuously extruded. With continuous extrusion, heating the alloy will lead to 

heating of the tooling, the accumulation of heat by it and an even greater increase in the temperature 

of the alloy in the deformation zone. The study of this effect on the temperature of the die was carried 

out axisymmetric modeling of pressing the wire at a speed of 3 mm / s, considering the heat exchange 

of the tool with the environment and the billet. The graph of the die temperature change based on 

the results of the simulation of four cycles of extrusion of the billet into a wire of ∅2 mm at a pressing 

speed of 3 mm / s are shown in Figure 13 (a). During extrusion, the die heats up at the point of contact 

to a temperature of 60 ... 80 ° C. At the same time, according to the results of the simulation of multiple 

extrusion, we can speak of the average die temperature at the level of 50 °C. The temperature of the 

container during extrusion also gradually increases (Figure 13 (b)). The maximum temperature of the 

container during the extrusion of four billets rises by 10 ° C. The average container temperature rises 

by 4 ° C. 

 
(a) 

 
(b) 

Figure 13. Die (a) and container (b) temperature during extrusion wire ∅2.0 mm at 3 mm/s 

pressing speed. 

3.4. Experimental studies of wire and rods extrusion 

Rods were obtained from cast sections during the experiment in accordance with the conditions 

presented in Table 2. Extrusion was carried out without lubrication and using graphite lubricant. The 

forces during pressing were recorded by the system (Figure 14). The calculated forces according to 

table 1 at the start of pressing should be 106 kN with a friction coefficient of 0.5. In the experiment, 

the pressing force was 116 kN. The deviation of 10% may be due to the coefficient of friction. We 

assumed that it is 0.5, but in reality, it can be slightly higher. Force measurements have shown that 

the use of a lubricant can reduce the force at the start of pressing from 116 to 56 kN. According to 

Figure 9 (b), the friction coefficient when using graphite lubricant is 0.05. The use of lubricant during 

pressing can significantly reduce the energy consumption to overcome friction. It is logical to assume 

that a decrease in friction at the contact of the container-alloy will lead to a decrease in the 

temperature of the solder rod. Measurement of the temperature of the solder rod at the exit from the 

die, made by a pyrometer, showed that this is exactly the case. The use of graphite lubricant allows 

to reduce the temperature of the bar at the exit from the die from 30 to 22 °C (Table 4). The room 

temperature during the experiment was 20 °C. With a sequential process of pressing several billets, 

this difference will increase, according to the calculated values given in Figures 12 and 13.  

Table 4. Experimental results rod extrusion  
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Parameter Dimension 

Value 

without 

lubrication 

with 

graphite 

lubricant 

Diameter of the rod, 𝐷𝑒𝑥𝑖𝑡  mm 8 8 

Diameter of billet, 𝐷𝑒𝑛𝑡  mm 30 30 

Pressing speed,  𝑉𝑝𝑟 mm/s 3 3 

Force at the start of pressing, 𝐹𝑠𝑡𝑎𝑟𝑡 kN 116 56 

Force at the end of pressing, 𝐹𝑒𝑛𝑑  kN 61.5 50 

Solder surface temperature, 𝑇𝑠  ° C 30 22 

Force at the start of pressing

Force at the end of pressing 

Moving ram, mm

*10 kN

 
(a) 

Force at the start of pressing Force at the end of pressing 

*10 kN

Moving ram, mm

 
(b) 

Figure 14. Screenshot with the results of measuring the rod pressing force ∅8.00 mm (a) without 

lubrication and (b) with graphite grease 

Solder wire and rods obtained by direct pressing have high surface quality and precise 

geometrical dimensions (Figure 15).  

 
(a) 

 
(b) 

Figure 15. 52In-48Sn alloy solder: (a) wire ∅2.0 mm; (b) rod ∅8 mm 

The microstructures of the extruded 52In-48Sn alloy are shown in Figure 16. The microstructure 

is a eutectic of phases γ and β. Energy-dispersive X-ray spectroscopy (EDS) mapping of the 52In-48Sn 

alloy showed (Figure 17) that γ - solid solution of In in Sn, and β - solid solution of Sn in In. The solder 

obtained by direct extrusion has a uniform distribution of structural phases.  
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γ 

β

 
(a) 

γ 

β

 
(b) 

Figure 16. Microstructure of the 52In-48Sn alloy: (a) at 200x magnification; (b) at 2000x 

magnification 

х 200

  

(a) 

х 1000

 

(b) 

Figure 17. Energy-dispersive X-ray spectroscopy (EDS) mapping of the 52In-48Sn alloy: 

(a) at 200x magnification; (b) at 1000x magnification 

Wire and rod can be obtained in various standard sizes of 52In-48Sn alloy direct extrusion. The 

transition from one standard size to another does not require significant time and material costs. Also, 

the developed technology can be used in the manufacture of wires and rods from other low-melting 

alloys. In continuation of the work already done, it is planned to improve the tool and technology for 

obtaining rosin core solder wire. 

4. Conclusions 
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In this article, a technology for producing wire and rod solder from 52In-48Sn alloy has been 

developed and investigated in the conditions of small-scale production. The use of direct extrusion 

of wire and rods instead of the traditional technology for producing solder, which includes pressing, 

rolling and drawing, can significantly reduce the fleet of required equipment. Using only a melting 

furnace and a hydraulic press, solder wires and rods can be produced in various sizes. Shortening 

the production cycle allows you to quickly fulfill small orders and be competitive in sales. 

Studies of the developed technology of direct extrusion have shown: 

1. A mathematical model of direct extrusion has been developed, which allows calculating 

extrusion ratio, extrusion speed and pressing force. The discrepancy between the calculated 

and experimental results does not exceed 10%.  

2. In mathematical modeling, it was found that a decrease in the friction coefficient from 0.4 to 

0.1 reduces the force at the start of pressing from 97 to 71 kN for extruding a 2.0 mm wire; 

and from 94 to 54 kN when extruding a rod of ∅8.0 mm. 

3. The temperature of the solder and the tool the extrusion process is determined by simulation 

in software QForm based on the finite element method. With an increase in the pressing 

speed from 0.5 to 3 mm / s, the maximum temperature of the ∅2 mm solder increases by 2.2 

times and 1.3 times when pressing a rod ∅8.0 mm. The temperature with an increase in the 

pressing speed from 0.5 to 3.0 mm / s increases from 33.4 to 75.8 ° C for 2.0 mm wire and from 

22.5 to 30 °C for ∅8.0 mm rod. With successive pressing of four billets, the maximum 

temperature of ∅2.0 mm wire of solder increases to 79 °C, and the maximum temperature of 

the container increases by 10 °C.  

4. An experimental study has established that the use of graphite lubricant makes it possible to 

reduce the friction coefficient from 0.5 to 0.05, which reduces the temperature of the solder 

at the die exit from 30 to 22 °C when manufacturing a rod ∅8.0 mm at a pressing speed of 3 

mm / s. 

5. Visual and microstructural analysis of the rod and wire showed their compliance with the 

customer's requirements. The microstructure is a eutectic of phases γ and β. Energy-

dispersive X-ray spectroscopy (EDS) mapping of the 52In-48Sn alloy showed that the solder 

obtained by direct extrusion has a uniform distribution of structural phases. 

6. The developed technology can be used in the manufacture of wires and rods from other low-

melting alloys. In continuation of the work already done, it is planned to improve the tool 

and technology for obtaining rosin core solder wire. 
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