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Figure 1: The Hydris® system




. ABOUT HYDRIS®

1 Hydris® Measurement Principle

A. Configuration

The Hydris® system' (figure 1) measures the hydrogen content in a specific gas mixture.
Its basic components are:
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Processor unit that controls the pneumatic system and displays the hydrogen resuits

Pneumatic unit

_Interface cable for communication between multi-lab Hydris® and pneumatic unit
_Pneumatic cable as a link between pneumatic unit and lance
_Lance for immersing the probe in the steel bath

Disposable probe
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Figure 2: typical Hydris® measurements




B. Method

A nitrogen carrier gas is injected in the steel melt and recirculated between the melt and the pneumatic unit. It
will pick up hydrogen during its passage in the melt. The measurement is stopped when the equilibrium is
reached between the hydrogen dissolved in the melt and hydrogen in the carrier gas (figure 3).

Examples of a few hydrogen measurements are shown in figure 2.

C. Analysing technique

The Hydris® system measures the hydrogen content b
the hydrogen concentration in the nitrogen carrier gas

[H] = KA \/P(Ho)

y means of a thermal conductivity detector. It analyses

with (H] = Hydrogen content in steel (ppm)
PHp) = Partial pressure of hydrogen in the melt (hPa)
LogK = -1900/T + 1,9 (T in K)
fq = Hydrogen interaction coefficient

Figure 4 shows the thermal conductivity of different gasses. As the difference in thermal conductivity between
hydrogen and nitrogen is very significative, even small amounts of hydrogen can easily be detected.
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Figure 3: measurement principle
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Figure 4: thermal conductivity of gases


















































































APPENDIX

MATHEMATICAL MODELS DEVELOPED WITH HYDRIS®

1. CALCULATION OF THE CONTRIBUTION OF ADDITIONS

Although no single model is suitable for all plants it is informative to examine a spegcific model. For this purpose the model developed by Mr.
Varcoe and co-workers of BHP-Steel Australia is selected14.

The model describes Hydrogen pickup in the ladle prior to ladle treatment, table 1, and due to ladle treaiments, table 2. The evaluation is based
on Hydris®, measurements before and after the ladle treatmenttment. An initial measurement of Hydrogen is used to determine the effect of
upstream practices. The final minus initial measurement is used to determine the effect of ladie treatment practices. in both cases a large num-

ber of variables were submitted to regression to establish the most influential predictors.

A. Pre-ladle treatment
Table 1: Pre-treatment model
Model r2= 0.70
Number of data points = 99
Standard deviation of prediction = 0.47

MODEL
VARIABLE UNITS COEFFICIENT UNITS
Constant 1.82 (ppm)
Tap S (%) -28.69 (PpM/%)
1/Tap C (1/%) 0.026 (Ppm. %)
pHo0 © 35.51 (ppm)
Equilibrium Hydrogen (ppm) 0.018 )
™) (bags) 0.012 (ppm/bag)
Char addition at tap (kg) 0.00027 (ppm/kg)
FeSi addition at tap (kg) 0.00031 (ppm/kg)
FeCr addition at tap (ton) -0.018 (ppmi/t)
Charged scrap (ton) -0.158 (ppm/t)
Charged dolomite
FeSi addition LTP (kg) 0.0047 (ppm/kg)
before first sample

The Hydrogen pickup can be calculated as follows:
AH = 1,82-28,69 (%Si) + 0,026 (1/%C) / 35,51 . pH20 + 0,018. Heq+ 0,012.(bags)
+ 0,00027.(kg FeSi) + 0,00031 (kg FeCr) — 0,18 . (fon scrap) + 0,158 (ton.dolomite)

+ 0,0047 (kg FeSi)
% pH50 can be calculated as follows: HoO (sat)=-0,096 x 0,17 x ambient temperature (°C)

Ho0 (vap)= humidity / 100 x H20 (sat)
pHo0 = HpO (vap) /101.3
) Heq (equilibrium) can be calculated as follows: H = (1!024'10'7@"’20)”2‘1O,OOO (ppm)

O/10000

B. Pre-ladle treatment
Table 2: Ladle treatment model
Model r2= 0.67
Number of data points = 84
Standard deviation of prediction = 0.18 ppm

MODEL
VARIABLE UNITS COEFFICIENT UNITS
Constant 0.51 (ppm)
Initial S (%) -0.83 (Ppm/%)
Initial C (1%) -0.37 (ppm.%)
Equilibrium Hydrogen (ppm) -0.0096 )
Dolomite addition (kg) 0.00034 (ppm/kg)
Scrap addition (kg) 0.00004 (ppm/kg)
Al pucks addition (kg) 0.005 (ppm/kg)

The Hydrogen pickup can be calculated as foliows:
AH = 0,51 - 0,83 (%S) - 0,37 (1/%C) — 0,0096.Heq + 0,00034 . (kg dolomite)

+ 0,00004 (kg scrap) + 0,005 (kg Al)
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