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Abstract 

 

This works deals with the A15 compound synthesis on niobium samples and over the 

internal surface of niobium cavities by means of induction heating. Specifically, three 

compounds were studied: Nb3Ga, Nb3Al and Nb-Al -Ga. As for the preparation of the niobium 

samples, they were treated with BCP solution in order to polish the surface. The niobium 

cavities were treated with centrifugal tumbling, BCP solution and high pressure water rising. 

Subsequent, the samples, or cavities, were placed into an inductor controlling the voltage, time, 

sample position, temperature, type and pressure of gas used. The highest critical temperature 

obtained was 18 K and Tc 0,35 K, in Nb-Al -Ga#1 sample by inductive measurement. 

Mapping analysis showed the uniform diffusion of aluminum into the niobium, and the gallium 

diffuses creating channels into niobium. The composition was measured by EDS obtaining 

(82±1)% wt. Niobium, (11,3±0,9)% wt. Gallium,  (4,7±0,2)% wt. Aluminum and  (1,9±0,1)% 

wt. Oxygen. Finally, RF test confirmed that the cavities obtained after the annealing were 

normal conductive indicating that the preparation parameters must still be optimized. 
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INTRODUCTION  
 

Nowadays, technological advances in particle accelerators are focus according to the 

physical needs, such as nuclear physics, free- electron lasers, high energy particles physic 

and neutron spallation sources, which allows solving human needs related to medicine, 

space exploration and electronic technology. 
[1] 

  

 

 Superconducting radio frequency (SRF) technology is based on bulk niobium 

cavities that allow higher acceleration gradients compared to conventional copper cavities 

because of lower electrical losses. SRF properties are inherently a surface phenomenon 

because it is shallow the penetration depth of the radio frequency fields: less than one 

micron of thickness. For this reason, and for the high cost of niobium, the thin film coating 

technique is a great benefit to fabricate superconducting cavities. 
[2]

 

 

 The development of different deposition techniques for thin films and 

superconducting materials are on the top of the technological revolution in this field. 

Therefore, the general objective is to implement the methodology for performing thin films 

of A15 compounds on the internal walls of the 6 GHz niobium dummy cavities by means of 

induction heating. 

 

Within the specific objectives there are the following: 

 Performing preliminary studies of Nb3Ga, Nb3Al and Nb-Al -Ga samples before 

initiating the studies with 6 GHz niobium cavities, in order to observe the feasibility 

of obtaining good results. 

 Ensuring the optimal parameters of heat treatment by the inductor, so that it is 

reproducible. 

 Characterizing the samples and cavities with a thin film of A15 compound, 

specifically, determine the critical temperature, the Q value, chemical composition, 

crystal structure and microscopic properties of the coatings. 

 

Finally, it will  be shown the study performed with the work group of superconductivity 

lab -INFN illustrating the possible parameters to continue this research project and achieve 

the goal of increasing the performance of the cavities for particle accelerators, employing a 

new technique and A15 compounds without the need of ultra-high vacuum system. 
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CHAPTER 1. LITERATURE REVIEW  
 

 

I.1. Particle Accelerators 

 

 In cavities, electromagnetic fields are excited by coupling in an RF source with an 

antenna. When a cavity is excited at the fundamental mode, a charged particle bunch, 

passing through cavity apertures, can be accelerated by the electric fields, supposed that the 

resonant frequency is matched with the particle velocity. In our lab, at LNL of INFN, the 

resonant frequencies in SRF cavities are in the range from 200 MHz to 3 GHz but depend on 

the particle species to be accelerated. 
[3] 

 

  

  

Fig.1. Sketch of SRF cavity in helium bath with RF coupling and passing particle beam. 
[3] 

 

SRF cavities demand high performance and for this reason they are necessary 

chemical facilities for harsh cavity treatments, clean room for assembling the components, 

high pressure water rising and complex cryomodule vessel. 
[3] 
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Fig.2. Collection of SRF cavities. 
[3] 

 

I.2. Superconducting Radio Frequency Resonant Cavities 

 

 The technology of superconducting radio frequency (SRF) involves the application 

of superconducting materials to radio frequency devices, where the ultra-low electrical 

resistivity allows the obtainment of high quality factor (Q) values in RF resonator. This 

event means that the resonator stores energy with very low loss. For example, for 1,3 GHz 

niobium cavity at 1,8 K was obtained a Q factor of 5x10
10

.  
[4] 

 

 The most common application of superconducting RF is in Particle Accelerators, 

where usually the resonant cavities are made of bulk niobium and, in a few cases, with bulk 

copper coated with niobium. 
[4] 

 

I.3. Physical basis SRF cavities 

 

 The physics of superconducting RF can be complex; however the principal 

parameters will be defined.  

 A resonator´s quality factor is defined by the following expression: 
[5] 

 

 
                                                                                    eq.1 
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Where: 

 is the resonant frequency [rad/s] 

 U is the energy stored [J] 

 Pd is the power dissipated in the cavity [W] 

 

The energy stored in the cavity is given by the integral of field energy density over 

its volume: 
[5]

 
 

                                                       eq. 2 

 

Where: H is the magnetic field in the cavity and ɛ0 is the permeability of free space. 

 

The power dissipated is given by the integral of resistive wall losses over its surface: 
 

 

                                                            eq.3 

Where: Rs is the surface resistance. 

 

The integrals of the electromagnetic field in the above expressions are generally not 

solved analytically; therefore, the calculations are performed by computer programs that 

solve for non-simple cavity shapes. Another alternative is determinate Geometry Factor (G) 

which is given by the following expression: 
[5]

 

 

                                                             eq.4 

 

Then, the Q factor can be obtained by: 

                            eq.5 

 

In the superconducting RF cavities for particle accelerators, the field level in the 

cavity should be as high as possible to most efficiently accelerate the beam passing through 

it. The Qo values tend to degrade as the fields increase, showed in "Q vs E" curve, where 

"E" refers to the accelerating electric field. Ideally, the cavity Qo would remain constant as 

the accelerating field is increased up to the point of a magnetic quench field (Hc2), but in 

reality, is quenching before due to impurities, hydrogen contamination and a rough surface 

finish. 
[5]
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Fig.3. SRF cavity Qo vs. the accelerating electric field Ea. 
[5]

 

 

I.4. Surface resistance in superconductors 

When the current flowing in the superconductor is a DC current (direct current) or a 

low frequency Alternating Current (AC), the superconducting electrons shield the normal 

conducting electrons from the electromagnetic field so that the power is not dissipated. 

However, this is not the case when in the superconductor flows alternating current at radio 

or microwave frequencies because the shielding is not perfect due to the inertia of the 

Cooper pairs which prohibits them to follow immediately with the change of 

electromagnetic fields. This event provides a surface resistance known as BCS resistance 

which depends on the square of the frequency of the AC current and the number of normal 

conducting electrons. The surface resistance can be obtained with the following expression: 

[6]
 

                                                       eq.6 

Rres is the residual resistance and RBCS is the BCS resistance. 

The RBCS can be approximated to the following expression: 

                                       eq. 7 
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Where: 

 S is the strong coupling factor (~2). 

 n is the normal state resistivity in DC. 

 Tc is the critical temperature. 

 T is the operational temperature. 

Then Equation 7 tells us that a low RBCS loss superconductor must have a high critical 

temperature and the most metallic behavior in the normal state. 

I.5. A15 compounds 

 

 The A15 materials are an intermetallic compounds, brittle where generally occurring 

close to the A3B stoichiometric ratio. The ñAò is a transition metal and ñBò can be any 

element. The crystal structure is the ɓ-W or Cr3Si type. 
[7] 

 

 

Fig.4. Unit cell of the A3B compound showing ñBò atoms at the apical and body 

center positions while ñAò atoms in pairs on the faces of the cube. 
[8]

 

 

 In 1933 it was discovered the first intermetallic compound with the typical A3B 

composition. It was Cr3Si, but without any interest. However, few years later Hardy and 

Hulm found a superconducting transition in V3Si at 17,1 K. Consequently, many A15 

compounds were studied in the coming years, as shown below. 
[9, 8] 
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In the below table, we can see different values of Tc which is strongly influenced by 

the degree of Long-Range crystallographic Order (LRO). In compounds with B atoms are 

not a transition metal, the highest Tc value is obtained when all the A atoms are on the A 

sites and all the B atoms are on the B sites. This order is quantified through the S parameter 

and this parameter reaches the unit, means it has been achieved the Long Range Order. On 

the other hand, when the B atoms are not a metal transition, the compound does not have the 

same sensitivity to order. 
[7] 

 

Table 1. Superconducting transition temperatures Tc of some A15 compound. 

The number of valence electrons is given for each element. 
[10] 

B/A3 Ti Zr V Nb Ta Cr Mo 

 

4 4 5 5 5 6 6 

Al 3 

  

11,8 18,8 

  

0,6 

Ga 3 

  

16,8 20,3 

  

0,8 

In 3 

  

13,9 9,2 

   Si 4 

  

17,1 19 

  

1,7 

Ge 4 

  

11,2 23,2 8 1,2 1,8 

Sn 4 5,8 0,9 7 18 8,4 

  Pb 4 

 

0,8 

 

8 17 

  As 5 

  

0,2 

    Sb 5 5,8 

 

0,8 2,2 0,7 

  Bi 5 

 

3,4 

 

4,5 

   Tc 7 

      

15 

Re 7 

      

15 

Ru 8 

     

3,4 10,6 

Os 8 

  

5,7 1,1 

 

4,7 12,7 

Rh 9 

  

1 2,6 10 0,3 

 Ir 9 5,4 

 

1,7 3,2 6,6 0,8 9,6 

Pd 9 

  

0,08 

    Pt 10 0,5 

 

3,7 10,9 0,4 

 

8,8 

Au 11   0,9 3,2 11,5 16     
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Fig.5. A15 type structure of a system A3B with different occupation of the 

6c (  ) and the 2a (  ) sites by the two atomic species. 
[11] 

I.5.1. Nb3Ga 

 

 This compound is formed by a peritectic reaction at 1860 ºC and 21 at. % Ga. as 

shown in the phase diagram below.  Stoichiometric Nb3Ga is well known to have the second 

highest Tc among A15 compounds after Nb3Ge. 
[12] 

 

 

Fig.6. Niobium- Gallium phase diagram. 
[12] 

S=1 

Perfect order 

SÍ1 

Partial disorder 

at % Ga 
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The critical temperature value for A15 compounds depends on the Long Range 

Ordering, as mentioned before, but specifically depends on the heat treatment applied. 

Below the Tc annealing history in Nb3Ga is showed. 
[13] 

 

Fig. 7. Tc annealing history: 
[12,14] 

Range I: T<750°C. No segregation occurs but increases Tc after three days caused by long-

range ordering (LRO) effects. 

Range II: 750<T<1100 ÁC. Segregation occurs, resulting in a shift of ñfrozenò phase limit of 

22,5 at.% Ga obtained from the arcðmelting process. The annealing times for reaching 

thermal equilibrium at temperatures below 1000°C are prohibitively long. After two months 

at 1100°C, the composition was 20,8 at.% Ga, while the lattice constant value increased 

which corresponding the lowest Tc value (9ºC). 

Range III. 1100<T<1740 °C. The composition of A15 phase follows the phase limit 

indicated in the phase diagram. The rapid quenching is necessary in order to prevent a shift 

of the phase limit during the cooling process. 
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Fig. 8. Lattice parameter obtained as function of Critical temperature for 

Nb3Ga. 
[12, 14]

 

 

Table 2. Nb3Ga properties. 
[15] 

Critical temperature 20 [K] 

High Hc2 (4,2 K) Above 30 [T] 

Max. Jc (4,2 K) on wires 280 [A/mm
2
] 

Lattice parameter 5,163 [Å] 

 

I.5.2. Nb3Al 

 This compound is obtained by the peritectic reaction at 2060 ºC and 22,5 at.% Al. 

The stoichiometric composition is metastable at room temperature and is only stable at 1940 

ºC. The homogeneity range is found at 1000ºC between 19 and 22 at.% Al. 
[16] 

5.165      5.170        5.175        5.180 
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Fig. 9. Niobium- Aluminum phase diagram. 
[17] 

Table 3. Nb3Al properties. 
[17] 

Critical temperature 18,8 [K] 

High Hc2 (4,2 K) Above 30 [T] 

Max. Jc (4,2 K) at 20 T 10
5
 [A/cm

2
] 

Lattice parameter at 18,2 K 5,183 [Å] 

 

Fig.10. Critical magnetic fields (Hc2) as a function temperature for three materials.
[14] 
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 High temperature process around 1800ºC and 2000 ºC consists of continuous heating 

and quenching, then retransformed from BCC to A15 at 850 ºC, as shown in the figure 

bellow. 
[18,19] 

 

Fig. 11. Heat treatment for Nb3Al compound. 
[19] 

 

 

I.5.3. Nb3GaAl 

 

The superconducting properties of alloys in the Nb3Al-Nb3Ga system have been 

studied by Otto who reported a Tc about 18,4 K for Nb3Al sample, increased up to 18,7 K 

when Otto added gallium obtaining Nb3Al0,65Ga0,35. In this system it was observed the A15 

phase. 
[20] 
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Fig.12. Nb-Al -Ga system at 1000ºC. 
[20] 

 

Table 4. Summary of the lattice parameters and superconducting transition temperatures of 

Nb-Al -Ga alloys. 
[21]
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Fig.13. Lattice parameters and critical temperatures of the ternary A15 

phase vs. composition of Nb-Al -Ga alloys for the section of the phase 

diagram at 7,5 at.% gallium. 1) Tc after low-temperature annealing. 2) Tc 

after high-temperature annealing. 3) Lattice parameter ñaò of the A15 

phase after high temperature annealing. 
[21]
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CHAPTER 2. EXPERIMENTAL PROCEDURE  

 

 II.1. Induction Heating System 

 

In order to develop RF superconducting A15 cavities was used induction heating 

which allows direct heating on samples (or cavities) reaching temperatures higher than 

2500ºC. This system has the following advantages compared to the infra-red heating in 

ultra-high vacuum system: 

 Clean quartz tube, where is not found contaminations from chamber or alumina 

crucible. 

 Short time of treatment (few seconds or fractions) instead of hours. 

 Very high temperatures around 3000ºC. On the contrary, the infra-red heating 

reaches no higher than 1100ºC. 

The complete system was assembled for the induction heat treat as shown in the figure 

below, in order to get the coating of A15 compounds, as the first experimental proof on 

niobium samples and then, on niobium cavities.  

 

 

 

Fig.14. Sketch of the induction system. 
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The induction system consists of a quartz tube where on the bottom part it is fluxed 

argon or helium. The chamber is sealed with Viton o-ring to the aluminum flanges. The 

sample or cavity is centered on the coil and this, in turn, is connected to the work head 

AMERITHERM model. Subsequent, the work head is connected with the power supply 

EKOHEAT brand, where it can control the time and the voltage. The maximum power 

allowed is 15 kW. Using a pyrometer IRtec P-200 model it can read the temperature in the 

(250-3000)ºC range. 

 

 

Fig.15. Induction heating for samples. 

 

 

Fig.16. Induction heating for cavities. 
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In the figures 15 and 16 it can be observed the induction system; however, it can be 

noticed that for cavities the coil and the quartz tube have larger diameter than sample 

system. 

 

Fig.17. Left side: Viton o-ring to seal the tube. Right side: Plastic tube on the bottom part 

which transports the helium or argon from the bottle into the chamber. 

 

  

Fig.18. Left side: Power supply where it can set up the voltage and time for the annealing. 

Right side: Pyrometers. 

 

 II.2. Samples and cavities preparation 

 

Before coating the niobium samples with A15 compound, these were chemically 

etched with BCP (Hydrofluoric acid 40%, Nitric acid 65% and Phosphoric Acid 85%) 

solution with a 1:1:2 relation, in order to increase the purity of the sample surface. High rate 

reaction was observed when the samples were introduced into the solution as well as brown 

gas was observed (NO3).  
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Nitric acid is an oxidizing agent on niobium surface.  Hydrofluoric acid reduces the 

niobium pentoxide into a salt that is soluble in water. Phosphoric acid acts as a moderator 

for the chemical reaction giving rise to a less turbulent and more controllable reaction. 

           

 

Fig.19. Left side: a) Without treatment. b) After chemical etching. Right side: BCP solution 

system. 

 

 

On the other hand, 6 GHz niobium cavities were used to evaluate the surface 

resistance of the treatment trough the Q value measurement. 6 GHz cavities are made 

through spinning technology (seamless). These are used instead of 1,5 GHz resonators to 

simulate the real conditions with new superconducting materials. This process is done at low 

cost due to reduction of: material, energy in heat treatments, and spending cryogenic. 

Before coating the cavities, it was needed to polish the internal surface. For this, 

mechanical treatment was performed through a centrifugal tumbling. The 6 GHz cavities 

were filled with abrasive agent pieces (silicon carbide) and Yttria Stabilized Zirconium 

oxide spheres, plugged up and fixed to the machine. The tumbler makes the cavity rotate, so 

that the pieces can erode the metal surface in a uniform way reducing the scratches 

according a satellite motion. 

a) b) 

eq. 8 

eq. 9 

eq. 10 
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Fig.20. Centrifugal tumbling system. 

 

After tumbling process, the cavities were rinsed with DI water, then with ultrasonic 

around 60 minutes, rinsing with acetone or alcohol and drying with nitrogen.  Subsequently, 

chemical treatment was performed. Equally, the BCP solution was used with the same ratio 

1:1:2. However, the solution circulated in a closed circuit. In the pulsed system, the acid flux 

is directed from the bottom to the top of the cavity in order to evacuate the hydrogen, 

produced during the process.  

 

Fig.21. BCP system for cavities. 

 

Once completed the chemical treatment, the cavity was rinsed with DI water, then 

with ultrasonic around 60 minutes, rinsing with high pressure water, acetone or alcohol and 

drying with nitrogen.   
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Fig.22. High pressure water rinsing with a water jet. 

 

II. 3.   A15 preparation 

 

In order to perform the coating on niobium samples it was used:  

 

1) Liquid gallium with 99,99% of purity for Nb3Ga samples. 

2) Commercial foil, high purity sheet or powder of 200 mesh and 99% purity of 

aluminum for Nb3Al samples. 

3) For Nb-Al - Ga samples: 

a) Liquid gallium + Aluminum sheet.  

b) Paste 1: liquid gallium + Aluminum powder.  

c) Paste 2: liquid gallium + Aluminum foil.  

 

 

 

Fig.23. Aluminum forms used: a) Sheet. b) Commercial foil. c) Powder. 

 

The first way to apply the materials mentioned above was the sandwich structure 

which consists in placing the gallium or/and aluminum between two niobium samples. The 

second configuration performed was a surface layer without the volume of gallium or 

aluminum enclosed. The last system used was a drop of liquid gallium on the niobium 

surface. For these three methodologies we used hands, with the appropriated protective 

gloves, together with chemical tools as shown in the figure below. 

 

 

a)                                            b)                                  c)             

c)                                              
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Fig.24. Structures to prepare the samples: a) Sandwich. b) Surface layer. c) Drop of 

gallium. 

 

 

 

Fig.25. Chemical tools used on the samples preparation process. 

 

To make the coating in the cavities, it was used liquid gallium and gallium-aluminum 

paste 2. The first way consisted in filling the cavity with gallium, plugging it up and placing 

in the rotor in order to try obtaining a uniform gallium coat. After half an hour in which the 

cavity is turning, the residual gallium is evacuated.  

 

 

Fig.26. Rotor system to perform the cavity coating. 

 

The second way was to hand-shake the cavity instead of using the rotor, so to 

evacuating the residual gallium. 

  a)                                        b)                                     c)                                              
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Fig.27. Gallium coating performed shaking by hand the cavity. 

 

The third form was to fill  completely the cavities with gallium and after perform the 

heat treatment without evacuating the gallium, as shown in the figure below. 

 

Fig.28. Third way in order to perform Nb3Ga. 

 

 The fourth way was put the liquid gallium with Yttria- stabilized Zirconium oxide 

inside the niobium cavity, plug it up and agitate it with both hands. Later, the residual 

gallium and Yttria- stabilized Zirconium oxide spheres were evacuated. 
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Fig.29. Fourth way to coat the cavity with gallium. 

 

Last way was using hands with the respective protection gloves i.e. using the fingers 

to spread the paste 2 on the internal niobium surface. 

 

Fig.30. Fifth way: coating with Nb-Al -Ga paste 2. 

 

Table 5. Summary of the methodology used in cavities to obtain the A15 compound. 

Method Result 

Rotor method (with gallium) The coating is not uniform 

Hand-shake  (with gallium) The coating is not uniform 

Heat treatment without evacuate the residual gallium Cavities melted 

Gallium with Yttria-stabilized Zirconium spheres The coating is not uniform 

Paste 2 coating with fingers Uniform coating 

 

 Once obtained the coating of gallium, aluminum, or both, on the niobium surface, it 

is necessary the heat treatment with the inductor. We raise the cavity or the sample at high 

temperatures close to the melting point, in order to promote the diffusion of these elements 

within the niobium, and so to obtain the desired A15 phase. Therefore, the next procedure 

carried out was setting the heat treatment profile, specifically the voltage and the time 

through the display located on the power supply. However, there are other parameters to 

control, such as sample or cavity position, pressure of gas, temperature and type of gas. 

 

 

Paste 2 
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Fig.31. Time profile of the induction heating system. 
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CHAPTER 3. RESULTS AND DISCUSSION 
 

 In total we performed 51 samples with different parameters and 7 cavities by means 

of induction heating, distributed as shown below. 

 

 

Fig.32. Heat treatment by induction. 

 

Table 6. Samples and cavities treated by induction heating. 

Performed on  Materials  Number of samples  Total   

Samples  

Nb-Ga  10 

51 Nb-Al  6 

Nb-Al -Ga  45 

Cavities  
Nb-Ga  6 

7 
Nb-Ga-Al  1 

 

 

After the annealing process, we have to evaluate if we reach the A15 compounds i.e. 

the superconducting state. For this, it was used an inductive measurement in order to define 

the critical temperature (Tc). The inductive measurement is based on the principle of the 

Meissner- Ochsenfeld effect. The superconducting material is placed under a primary coil 

that generates an oscillating magnetic field. A secondary coil induces an AC current from 

the oscillating field. However, when the superconducting state is reached the material expels 

the magnetic field lines that pass through it and the measure phase shift is carried out. 

Samples were cooled down with the liquid helium, by dipping the whole set up into the 

helium tank. 
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Fig.33. Inductive measurement system. 

 

III.1. Nb3Ga samples 

 

 Below the results obtained for niobium gallium system are shown, indicating the 

parameters used in the process. 

 

Table 7. Summary of the results for the Nb-Ga system. 

 

Sample  Tc  ȹTc  Temperature Treatment  Time  Power  Voltage  

#  [K]  [K]  [°C]  [min]  [kW]  [V]  

         Max     Max  Max  

0-A  11,73 1,57 1666 8,2 5 -  

0-B  11,24 1,26 1666 8,2 5 -  

1 11,7 1,56 1664 6,3 5 -  

2 10,84 1,19 1727 13,3 6 -  

3 Only Nb  -  1100 10 3,6 333 

4 Only Nb  -  1190 10 4,1 357 

5 Only Nb  -  1250 10 6,2 451 

6 Only Nb  -  1200 10 2,8 342 

7-pre  Only Nb  -  900 60 0,9 84 

7-post  12,32 0,44 1500 6,6 -  -  

8-sand1  Only Nb  -  2150 3 Max  Max  

9_wires  16,27 0,49 1930 1,1 Max  600 
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The critical temperature (Tc) reported on the before table was determined from the 

graphs of the inductive method. These values were calculated from the following 

expressions: 

 

 

 

  

 

Where T (90%) is the temperature in which the resistance has a value equal to 90% of 

the transition, T (10%) is the temperature at which the resistance is 10% of the transition. Tc 

is an indication of how sharp is the transition. 

 

 

Fig.34. Phase Shift vs Temperature of the most important transitions obtained by the 

sandwich Nb-Ga structure. 
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Fig.35. Phase Shift vs Temperature for Nb-Ga system where the A15 phase was not found.  

 

 According to the figure 34, the highest critical temperature was obtained on the 

sample called Nb3Ga_wires (the black one) with a Tc of 16,27 K and  Tc 0,49 K. The 

conditions used were: maximum temperature of 1930 Cº, maximum voltage (600 V) and 1,1 

minutes. The temperature read by the pyrometer is not accurate due to the sensibility i.e. the 

temperature on the sample changes faster than the time in which the pyrometer takes the 

measure. Also because the camber walls of the induction system were metalized due to the 

gallium vapor.     

 

 The behavior of the Nb3Ga_wires curve is unusual due to the presence of two 

superconducting transitions and between them the resistance increases. The first one at 16,27 

K as it was mentioned before and the second one at 13,71 K. This means the presence of the 

two different superconducting phases. However, this hypothesis can be corroborated by 

analysis of composition and review of the microstructure. Nevertheless, these tests were not 

conducted because the sample with highest Tc value was the only thoroughly analyzes and it 

was found in the Nb-Al -Ga system. 

 

 On the other hand, the Nb3Ga_wire sample and the other samples with transitions 

between 10 and 12 K (see figure 34) indicate that obtaining a single phase, specifically the 

A15 phase is almost impossible because the region where the phase is stable is very narrow 

according to the phase diagram of Nb-Ga system (see figure 6). In addition, when heat 

treatment was carried out, we note that the gallium evaporated. The consequence of this fact 

is we can´t control the stoichiometry on Nb-Ga samples. As well, we are not certain from the 

beginning about how much gallium diffuses into the surface of niobium. 
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Figure 35 shows the samples of Nb-Ga in which did not precipitate any 

superconducting phase. Only the niobium transition was observed. It could be for several 

reasons: 

 

1) Complete evaporation of gallium due to the long heat treatment around 10 minutes. 

2) The gallium volume was not enclosed since these samples were made with surface 

layer and gallium drop configurations. 

3) The low wettability of gallium on niobium surface makes the liquid gallium fall as 

droplets within the chamber system and it is worse when the temperature is 

increasing since the viscosity decreases. 

In addition, the gallium handling process was difficult due to the fact that it does not 

wet the niobium surface, so not allowing to do the procedure for sandwich arrangement, 

gallium drop or surface layer structure (see figure 24) in simple way. Notwithstanding, the 

best structure for working at high temperature is the sandwich model because it encloses the 

gallium volume decreasing the amount evaporated. 

 

 

Fig.36. Gallium drop configuration. 

 

 

Fig.37. Best configuration for samples. 

 
































































