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process of diffusion is accelerated by the ultrasound waves, around the demarcation line 
developing a series of W carbides which will lead to an increase in the hardness of the base 
material (fig. 2), unlike the case of ultrasound activation (fig. 3) where these carbides are 
fragmented and uniformly spread; 
• the variation of the Fe concentration, in the case of ultrasound activation entails an 
increase by 5-10% in the applied material thanks to the occurrence and acceleration of the 
process of diffusion under the effect of ultrasound waves, leading to a decrease of the 
hardness around the demarcation line; 
• similar to the variation of the W content is the variation of the Cr and Co content which 
diffuse from the applied material towards the base material; 
• in the case of metallization without ultrasound activation one can see multiple areas where 
adhesion is not good (fig. 4), as well as the development of pores spread unevenly, unlike the 
metallization with ultrasound activation where adhesion is much better and pores are not to be 
found (fig.5). 
 

 
Figure 2. Structure of the base material, adjacent to the demarcation line in the metallized sample without 

ultrasound activation: treatment: Nital solution 2%; magnification 500X 

 
Figure 3. Structure of the base material adjacent to the demarcation line for the sample obtained by ultrasound 

field metallization: treatment: Nital solution 2%; magnification 500X 
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Figure 4. Adhesion of the first layer of application material and of the second layer, in the case of spray coating 

metallization without ultrasound activation: Nital; magnification 200X; base material: X30NiMoVCr11; 
application material: TP 4000[6]. 

 
Figure 5. Adhesion of the first layer of application material and of the second layer, in the case of spray coating 

metallization with ultrasound activation: Nital 2%; magnification 200X; base material: X30NiMoVCr11; 
application material: TP 4000 

2. EXPERIMENTAL RESULTS 

The determination of the shear resistance was performed on samples taken from the areas 
presented in figure 6 and the shock bend test was performed on samples from areas presented 
in figure 7.[5,6]. 
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Figure 6. Place of sampling for traction testing 
 

Figure 7. Place of sampling for shock bending 
testing

The tests were conducted as per norms ASME WS – 001716 and ISO 15612 – 4, using test 
equipment existing in the test and analyses lab of INCERAN S.A. 

For determining the hardness were used the schemes from figures 8 and 9, as per ISO 15614 – 
7 and ASME WS – 001711. 

 

Figure 8. Scheme for determining the HRA hardness, 
as per ASME WS - oo1711, on a sample taken from 

the reconditioned part 

Figure 9. Scheme for determining the HV10 hardness, 
as per ISO 15614 - 7, on a sample taken from the 

reconditioned part

The main functional characteristics of the reconditioned part by spray coating metallization 
with or without ultrasound activation are shown in table 1. 

Table 1. Values of functional characteristics of the part reconditioned by spray coating metallization with and 
without ultrasound activation[1,2,3]. 

Spray coating 
metallization 

procedure 

Manner of 
application of 

application 
material 

Test area Rp0,2 
[Mpa] 

Rm 
[Mpa] 

A 
[%] 

Z 
[%] 

KV – 46 
[J] 

HB 
[HB] 

With oxy-gas flame 
and wire 

without 
ultrasound 
activation 

MB 840 950 18 30 176,4 430 

MA 660 770 23 55 166,0 460 

with ultrasound 
activation 

MB 860 995 22 35 189,3 458 
MA 690 702 25 58 175,4 420 

 

 The measurement of the Vickers hardness in the close proximity of the demarcation 
line is presented in figures 10 and 11. 
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Figure 10. Measurement of the hardness in the close vicinity of the demarcation line in the base material 

 
Figure 11. Measurement of the hardness in the close vicinity of the demarcation line in the application material 

  

It was found that in the case of spray coating metallization without ultrasound activation, 
when there is a diffusion phenomenon, in the close vicinity of the demarcation line metal 
carbides and large grains develop, unevenly spread, which leads to a non-homogeneous 
micro-hardness and lack of homogeneity of functional characteristics (fig. 12), unlike spray 
coating metallization in ultrasound field, when the carbides are spread evenly and grains are 
smaller and equiaxed (fig. 13) 

 
Figure 12. The development of metallic carbides in the case of spray coating metallization with oxy torch 

without ultrasound activation, in the close vicinity of the demarcation line, in the base material: base material: 
X30NiMoVCr11- Application material: STELLITE 12 AWS,W; Treatment: Nital 2%, Magnification 100X[6] 
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Figure 13. The development of metallic carbides in the case of spray coating metallization with oxy torch and 

powder with ultrasound activation of the part to be reconditioned, in the close vicinity of the demarcation line, in 
the base material: base material: X30NiMoVCr11- Application material: STELLITE 12 AWS,W; Treatment: 

Nital 2%, Magnification 100X[6] 

3. CONCLUSIONS 
The experiment results obtained and measurements performed in the case of reconditioning 
by spray coating metallization with and without ultrasound activation lead to some interesting 
conclusions: 

• in the case of spray coating metallization in ultrasonic field was found a higher variation 
of the content of W and Fe around the demarcation line as compared to the metallization 
without ultrasound activation;[8,9]. 
• the adhesion of the layer of application material to the base material is much better in the 
case of ultrasound activation than in the case of metallization without ultrasound activation; 
• in all cases of spray coating metallization in ultrasound field was found an increase of 
hardness by 12-18% in the close vicinity of the demarcation line and by 15-22% in the 
applied layer; 
• the size of the grains of the resulted structure depends on the size of amplitude of 
ultrasound oscillations (the size of the grains decreases as frequency increases), with an 
optimal value for each couple of materials; 
• upon spray coating metallization in ultrasound field we could not see any cracks or 
fissures in the base material or around the demarcation line or in the application material; 
• upon the development of pores and inclusions, the method is very important of 
introducing ultrasound in the spray coating metallization process, as well as the amplitude and 
frequency of ultrasound oscillations;[12,14]. 
• in all spray coating metallization cases with ultrasound activation of the process, adhesion 
to traction forces increases by 15-29%, while adhesion to shear forces by 9-18%. 

4. REFERENCES 
1. Amza, Gh.,Contribution regarding metal pieces recycling by oxi-gas flame  metallization 

using ultrasonic activation of the base material – Section Name 18, Recycling of vastes 
(metallurgical mechanical, chemical of a power plant after mining and mineral processing 
activities food industry), 15 th International SGEM Geoconference, Albena – Bulgaria, 22 
– 25 iunie, (2015). 

2. Amza, Gh.,Ecotehnologie şi dezvoltare durabilă, Editura Printech, Bucureşti (2009). 
3. Amza, Gh.,Tratat de Tehnologia Materialelor, Editura Academiei României,      

Bucureşti, (2002). 
4. Amza, Gh., Ultrasunetele – aplicaţii active, Editura AGIR, Bucureşti, (2009). 



 143

5. Amza, Gh.,ș.a,Theoretical and Experimental Contributions on sprazing metallisation on 
ultrasonic field, WSEAS, (EFETE), Bucharest, (2010). 

6. Albulescu, R.,Teza de doctorat- Contribuții teoretice și experimentale privind placarea în 
câmp ultrasonic a capetelor de erupție folosite în industria petrolieră, (2014). 

7. Bansevicius, R.,Ultrasonic Motors, Latvia, (1994). 
8. Dumitru, G.M.,Recondiţionarea pieselor, Editura Bren, Bucureşti, (2010). 
9. Relu,F.,Axinte, Cătălina,Increasing engine efficiency by reducing loss of energy by 

friction using hard-chroming published in the Bulletin of the Iaşi Polytechnic Institute, 
Tome LXI(LXV), Fasc. 2, (2015). 

10. Jefferson, T.B.,ș.a.,Metals and how to weld them, Second Edition, (2002). 
11. Karlssonf, L.,Welding of dissimilar metals, Welding in the world, vol. 36(1995). 
12. Suzuki, K., Kamo, S.,The eficiency of ultrasonicaly vibratory tapping proces, J.J.S.P.E., 

vol. 55, no. 25, pg. 853 – 859 (2004). 
13. Tzan, H.S., Fn, H.Q., A study of segmentation of distributed piezoelectric sensors 

andactivators, part. I: theoretical analysis, Journal of Sound Vibration 172, 247 – 57, 
(1994). 

14. Uchida, M.,Advanced Materials Composite, Ed. Kogyo Chosakai Ttd – Tokio, Japan, 
(1996). 

 
 
  

 
 




