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Determination of Hydrogen by Double Tube Sampler in Molten Steel

Katsuhiko AKASAKI, Kazuo NAKASE, Hideyoshi YAMAGUCHI and Masahito TSUDA

Synopsis :

It is necessary to grasp the behavior of hydrogen in refining process accurately and rapidly, in order to

produce low hydrogen steel by degasification treatment.

From this viewpoint, a study was made, through

comparison of hydrogen analytical value using double tube sampler and that using conventional quartz tube
sampler to establish the technique for accurate determination of hydrogen in molten steel.

(1) Hydrogen analytical value using double tube sampler is more accurate than that using quartz tube
sampler, because double tube sampler can catch almost perfectly evolved hydrogen in solidification and cool-

ing processes of the sample.

Hydrogen analytical value by double tube sampler is 2.5 to 3.5 times that by
quartz tube sampler in molten steel containing 0.05%C.

(2) Fraction of diffusible hydrogen to total hydrogen is different depending on C, Cr and Ni contents in

molten steel.

(3) Reliability of this method expressed by the standard deviation is 0.11-0.25 ppm and these values are
good enough for application to actual production control of refining process.
Key words : hydrogen determination ; evolved hydrogen ; residual hydrogen ; fraction of diffusible hydrogen ;

molten steel.
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Fig. 1. Double tube sampler for hydrogen deter-
mination. ‘ ' ' '
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Fig. 2. Block diagram of hydrogen analyzer LECO
DH-103.
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Fig. 3. Relation between measured hydrogen and
calculated hydrogen using pure H, gas.
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Table 1. Repeatability of hydrogen analyzer.
(ppm, n=10)
Sample LECO 762-747 A
(STD value) (1.4%£0.3) (5.8+0.4)
X 1.334 5.657
R 0.15 0.25
I 0.046 0.084

* A : Standard sample manufactured by Sumitomo Metals
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Fig. 4. Relation between hydrogen fraction and un-
attended time to water cooling of sample after sam-
pling by quartz tube sampler.
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Fig. 5. Relation between Hj ratio of double tube
sampler to quartz tube sampler and C content in

molten steel.
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Fig. 6. Comparison between double tube sampler
and quartz tube sampler for total H, (80t Electric
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Fig. 7. Hydrogen solubility of pure iron.
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Fig. 8. Relation between H, ratio of double tube
sampler to quartz tube sampler and Cr content in
molten steel.
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Fig. 9. Relation between H, ratio double tube
sampler to quartz tube sampler and Ni content in
molten steel.
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Fig. 10. Relation between diffusible H, fraction
“and C content.
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Table 2. Chemical composition of molten steels. (wt%)
Sample C Si Mn P S Cu Ni Cr Mo \Y%
A 0.40 0.20 0.64 0.021 0.016 0.02 0.10 1.00 0.26 0.01
B 0.41 0.15 0.88 0.021 0.012 0.02 0.10 1.19 0.25 0.01
Table 3. Analytical results of hydrogen in molten steels. (ppm)
Sample A B
Hydrogen Evolved Residual Total Evolved Residual Total
X 2.725 0.998 3.723 2.480 1.095 3.575
R 0.78 0.40 0.70 0.35 0.45 0.%4
¢ 0.254 0.106 0.211 0.122 0.131 0.181
* Sample A : n=12 Sample B : n=6

SR £ B, R A R O MR
LEEE (o) 7%, 0.11~0.25 ppm D B %2 5HrfEA51% 5
.
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