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Summary: The research was carried out at an electrical steelwork, equipped with an electric arc furnace type EBT (Electric Bottom Tapping) capacity 100t, LF (Ladle-Furnace) facility, VD (Vacuum Degassing) facility and a 5 wires continuous casting (ITC) facility. In the research conducted, the influence of pressure and the vacuum processing duration on the final content of hydrogen and nitrogen were analyzed, as well as their removal amount.The data obtained from industrial experiments were processed in EXCEL and MATLAB calculation programs, in order to obtain correlations between the parameters analyzed.
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1. INTRODUCTION 
In steel manufacturing process, besides non-metallic inclusions, gasses like hydrogen, nitrogen, and oxygen remain trapped in its structure.The hydrogen represents an impurity for steel products, its negative influence is manifested especially by reducing the plasticity and toughness of the steel (the defect called "flakes", which substantially reduces the fatigue strength of steel parts) [1-4]. To produce steel with low hydrogen content, a series of measures must be applied to the manufacturing flow such as [3-6]: the cargo used must be of good quality, without moisture, oils, calcinated additions, freshly burnt limestone; the treatment of steel under vacuum; the adequate heating of the casting machine (the ladle and the distributor), etc.The negative influence of nitrogen in steel is manifested in the following considerations [2-4]: reduces the plasticity and toughness of the steel; in combination with hydrogen contributes to the appearance of sulfides in the cast steel.

2. INDUSTRIAL EXPERIMENTS. DATA PROCESSING. 

2.1  The experimental framework                                        

In the research conducted, the possibilities to reduce the hydrogen and the nitrogen content from steels designed for pipes manufacturing were investigated. The obtained results are presented in this paper.


The research was carried out at an electrical steelwork, equipped with an electric arc furnace type EBT (Electric Bottom Tapping) capacity 100t, LF (Ladle-Furnace) facility, VD (Vacuum Degassing) facility and a 5 wires continuous casting (ITC) facility. On the flow presented a total of 20 steel batches were followed, S 275 JOH (EN 10216-1) type steel, circular rolled with a diameter of Ø180mm. The 20 batches were monitored throughout the technological flow, stage by stage.
Based on the the hydrogen and nitrogen content before and after vacuuming, the quantities of removed gases were calculated ((H [ppm] and (N [ppm]), respectively their removal efficiency ((H [%]  and (N [%]), which are considered to be the dependent parameters. The independent parameters considered are: the total duration of vacuuming Dtv [min];  the duration of ultra-high vacuuming Dva [min] and the pressure in the vacuum facility under ultra-high vacuuming Pva[mBar].

2.2. Results obtained in EXCEL program. The technological analysis
[image: image2.png]il

T T T T
. y=92.305:3- 4313682 +627 4Bx - 213.89
I 1 F2=0.4993 7

&0

7 f = = *

70 +
g 4

N ¥
60 +
55 Ly = 16,085+ 1535¢ +B1 67 \
F2 =0.4901
5 , \ ,
I I I -
171044~ 928,60 + 1815 B2 1545.4x + 56457
R = 05004
r | | | | | |

1 M 12 13 14 15 1B 17 18 19 2
Pva [mBar]




    [image: image3.png]gy 151

0

y=(01736:3- §.1263 +126.31x- §36.04
2% [r*=0.07e8 }
« 1 1
kol
15
/ DA S S
10 +
. !
5 4 0.271132 +B.9145x - 56.586
R2 = 00587
0
0 11 2 13 14 15 15 17 18

Dvafmin]

19





a.                                                                             b.
Fig. 1 Correlation: a) (H =f(Pva);  b) (H =f(Dva)
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a.                                                                             b.
Fig. 2 Correlation: a) (N =f(Pva);  b) (N =f(Dva)
By processing the technological data in Excel calculation program, correlations between the two representative independent parameters of ultra-high vacuuming (the vacuuming duration and the pressure in the vacuum facility) and the representative dependent parameter of any technological process (the removal efficiency of gasses - hydrogen and nitrogen - from steel) were obtained. The correlations are presented in figures 1 and 2.
 From figure 1 it can be noticed that a decreased pressure in the vacuum facility leads to an increase of the hydrogen and nitrogen removal efficiency, technologically, more favorable conditions for the formation and  growth of argon bubbles, the gas diffusion in these bubbles and respectively the acceleration of their removal process from the steel bath are being created. From figure 2 it is noticed the increased values of the removal efficiency of gasses by increasing the treatment duration, technologically, the required time for the diffusion processes it is insured.
2.3. Results obtained in MATLAB program. The technological analysis 
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a.                                                                             b.
Fig. 3 Correlation (H =f(Dtv, Dva): a) the correlation surface; b) level curves 

R2=0.3545;a1=0.0254; a2=0.111; a3=-0.030; a4=-0.972; a5=-2.299; a6=32.1096
[image: image8.png]AH [ppm]

45

35

25



           [image: image9.png]15 16 7 16
Dva[min]

14

13

12





a.                                                                 b.
Fig. 4 Correlation (H =f(Pva, Dva): a) the correlation surface; b) level curves
R2=0.4370; a1=0.136; a2=-6.459; a3=0.231; a4=-4.264; a5=16.186; a6=21.816
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a.                                                                 b.
Fig. 5 Correlation (H =f(Dtv, Dva): a) the correlation surface; b) level curves
R2=0.3520; a1=-0.116 ;a2=1.093; a3=-0.199;a4=9.674; a5=-26.433; a6=123.097
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a.                                                                 b.
Fig. 6 Correlation (H =f(Pva, Dva): a) the correlation surface; b) level curves
R2=0.3868;a1=1.386; a2=-27.429; a3=3.356; a4=-44.561; a5=26.015; a6=369.960
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a.                                                                             b.
Fig. 7 Correlation (N =f(Dtv, Dva): a) the correlation surface; b) level curves
R2=0.3058; a1=-0.1139; a2=0.021; a3=-0.318; a4=11.378; a5=7.158;a6=-193.464
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a.                                                                 b.
Fig. 8 Correlation (N =f(Pva, Dva): a) the correlation surface; b) level curves
R2=0.739;a1=-0.586; a2=76.044; a3=1.489; a4=16.311; a5=-256.081; a6=72.785  
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a.                                                                 b.
Fig. 9 Correlation (N =f(Dtv, Dva): a) the correlation surface; b) level curves
R2=0.3247; a1=-0.186;  a2=-0.190;  a3=-0.159;a4=13.065; a5=9.142; a6=-228.493
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a.                                                                 b.
Fig. 10 Correlation (N =f(Pva, Dva): a) the correlation surface; b) level curves
R2=0.7797;a1=-0.736; a2=82.825; a3=1.149;a4=21.009; a5=-274.099 ; a6=57.303
By processing the data in the Matlab calculation program, multiple correlation equations between the dependent parameter and the independent ones were obtained, the results being presented both in the analytical and graphical form in figures 3-10.

  The following equation form was used: 

z = a1.x2 + a2.y2+a3.xy+a4.x+a5.y+a6                (1)

From the results obtained in the Matlab calculation program, the correlation surfaces and the level curves in flat projection are presented in graphical form and the correlation equation in analytical form. From figures 3,5,7 and 9, it clearly appears that the total duration of vacuuming and the duration of ultra-high vacuuming has a combined effect on the quantities of gasses removed, as well as on the removal efficiency of gasses. Analyzing figures 4,6,8 and 10, it also appears that the duration of ultra-high vacuuming and the pressure in the vacuum facility under ultra-high vacuuming has the same combined effect as mentioned above. Values for the total duration of vacuum of 28-32 minutes, the duration of ultra-high vacuuming of 14-18 minutes and the pressure in the vacuum facility under ultra-high vacuuming of under 1,7 mBar can ensure the hydrogen reduction content of more than 3,5ppm, the average nitrogen reduction content of 12ppm, for (H more than 68% and for (N an average of 16%.
3. CONCLUSION 

From the results obtained by processing the data in the EXCEL and MATLAB calculation program, one can conclude the following: there is a large dispersion of the values of the hydrogen removal efficiency (H and the ones for the nitrogen removal efficiency (N, depending on the duration and the pressure under ultra-high vacuuming; regarding the Pva influence, representative correlations with (H and (N are being noticed, which are expressed as a polynomial form of degree 2 and 3;  for values of Pva under 1,4 mBar are obtained values for (H (70%, respectively  (N (15%.
By using in practice the obtained diagrams, values for the vacuuming parameters can be established in order to obtain estimated values both for the removed quantity and the removal efficiency of gasses.
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