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Behavior of Hydrogen in Steel in the Steel-making and

Strand Casting Processes

Shigo TARAIsHI, Tadanobu KoMAl, Hironobu MURATA,

Katsuhusa HiIRoMoTO, and Hiromichi SEKTHARA

Synopsis:

Behavior of hydrogen in steel in the steel-making and strand casting processes was studied.

The results are summarized as follows:

(1) The optimum procedure of sampling and analyiis of hydrogen in liquid steel is determined.

(2) Diffusible and non-diffusible hydrogen in cast slabs can be analyzed separately by the methods of
glycerine extraction and vacuum heating extraction respectively.

(3) Hydrogen content in liquid steel is about 2~4 ppm before tapping and increases abruptly during
tapping. The amount of hydrogen increase is closely related to the humidity of atmosphere.

(4) Segregation of hydrogen is observed at the center of slabs, the amount of which is affected by the non—

diffusible hydrogen content in cavitiees.

(5) Non-diffusible hydrogen content is confirmed to be proportional to the total volume of cavities which

are formed during solidification.

(6) The degree of hydrogen segregation at the center of slabs decrease with an increase of the thickness
of equiaxed structure zone in slabs, because cavities in the zone are scattered uniformly and finely.
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Table 1. Effect of diameter on formation of cavities in the specimen. (x3/5)
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Fig. 3. Sampling procedure from molten steel for
hydrogen analysis.
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Fig. 4. Sampling procedure from cast slabs for
hydrogen analysis.
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Fig. 5. Extraction of hydrogen by liquid glycerine
method.
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Fig. 7. Apparatus for hydrogen analysis of cast
slabs by vacuum extraction method.
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Fig. 8. Effect of temperature and time on the

hydrogen extraction by the method of
vacuum heating.

Table 2. Methods of hydrogen analysis.

Extraction Condition Sample Notes
method 4
M In Ar atmosphere Total
olten | Fusion . - ota
steel 2000 C 2~3¢g hydrogen
2 min
in glycerine bath X i
Glycerine bath 40~45C 230 ~330g Diffusible
hydrogen
Cast 6 days
s A:33X20x50mm
slab
In vacuum (10 %Torr} Total
Vacuum heating| 100 C B:} OX20x50mm hydrogen
2 hrs
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Table 3. Chemical composition of the investigated

steels (wt%).
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Fig. 10. Relation between absolute humidity in the
atmosphere and hydrogen content in steel
in the mold of strand casting machine,
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Fig. 11. Change of hydrogen content in liquid
steel of three different charges in the
mold during strand casting.
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Table 4. Comparison of hydrogen content between
in molten steel in the strand casting mold
and in cast slabs.

Hcy:‘rog‘en At the center of slabs | Average in the slabs
content
Test Mo | inthe moid | (IR | (M1/(H1 | Beegen | (3/(HDu
(ppm) PpM, (ppm)
| 4.1 6.3 1.54 4.0 0.98
2 5.2 8.1 i.55 4.7 0.92
3 3.2 6.3 1.96 3.0 0.95
4 3.2 6.4 1.99 29 0.92
5 4.1 75 1.83 4.4 1.09
=] 5.2 9.6 1.85 4.6 0.88
7 4.4 75 1.72 4.4 1.00
Average | ——— -_— 1.82 0.97
[H]/[H]m *Ratio of hydrogen content in the slabs vs,
hydrogen content in molten steel in the
mold.
Sampling positions
gl in cast stabs L]
@ Center
O Upper-side | /4 thickness ® hd

Diffusible hydrogen content (ppm)

0 2 A 6 8 10 12 14
Total hydrogen content (ppm)

Fig. 12. Relation between diffusible hydrogen
content in cast slabs. (Size of sample :

10 20 X 50 mm)
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Fig. 13. Hydrogen content in the thickness direction
of cast slabs.
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Fig. 14. Apparent specific gravity in the thickness direction of slabs corresponding

to solidification structure,

Withdrawal direction

Upper side

B1
Sampling
position
B2
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B4

Lower side 10mm
Photo. 1. Sampling position in cast slab for

measurement of specific gravity
and hydrogen content.
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Fig. 15. Relation between apparent specific gravity
and total hydrogen contentlin the slabs.
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Fig. 16. Relation between apparent specific gravity
and diffusible hydrogen content in cast

slabs.
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Fig. 17. Relation between apparent specific gravity
and non-diffusible hydrogen content in
cast slabs.
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Fig. 18. Apparent specific gravity at the center of
cast slabs in relation to the thickness of
upper side columnar zone.
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Cs=Co kp(l—g)kpl wormiinmmiiniiini i (2)
7212 L, Co WAKEOIMAEE, C. X0 Cs 135EE
R R B WS L CEOKERE, ke (1B
TR D ERE LT COENS R THS. KkED
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WIC, FER B ke OHERETH 525, BREEE £
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ZHRAWT,

kp= ko .
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koD, EEFhEEOBHEEE 10.5m, $HEEE 0.55
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Photo. 2. Insideview of a cavity at the thickness
center of cast slab.
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Fig. 20. Relation between volume of non-diffusible
hydrogen and volume of cavities.
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