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Effect of Hydrogen on Blowhole Formation in Pure Iron

during Solidification

Masahkiro UDA, Takehiro DAN, and Satoru OHNO

Synopsis:

The blowhole formation of the Fe-H system during solidification was investigated.

Pure iron was melted in various hydrogen partial pressures and temperatures by means of the lev1tatlon
method, and cast into a water—cooled copper mold after equilibrated with the atmosphere. The blowholes
in specimens were detected by means of specific gravity, radiograph and cross section methods.

The results were as follows:

The blowhole formation was influenced remarkably by hydrogen partial pressure and melt temperature.
The results can be reduced to the simple relation between hydrogen concentration and blowhole formation
in specimens. That is, the critical hydrogen concentration for the blowhole formation in specimens was

found to be about 13 cc/100 gFe.

In order that a bubble is present stably in molten iron, the hydrogen concentration in molten iron must
be at least 25.2 ¢c/100 gFe which is the equilibrium value at Py,—=1 atm. The above critical hydrogen
concentration is lower than this value 25.2 ¢c/100 gFe.

When the increase of hydrogen concentration in front of a solidification interface is considered, the maxi-
mum hydrogen concentration can exceed the value 25.2 cc/100 gFe. The effective distribution coefficient
under these experimental conditions was estimated to be higher than the equilibrium one.
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Table 1. Chemical composition of electrolytic iron.

Ele-
ment

Cc Si [ Mn P S Cu O

wt% |0.005]|0.005(0.006|0.004|0.004|0.004 | 0.077
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Fig. 1. Schematic diagram of levitation apparatus
and shape of levitation coil.
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Fig. 2. Shapes of copper molds.
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Fig. 3. Cooling curve of specimen.

Table 2. Experimental conditions.

Sample Pure iron (99.979;,)
209, H,-Ar (1 865~2 120°C )
Atmosphere 1094 Ho-Ar (1 840~2 350°C )
. an . 5%H,-Ar (1950~2510°C )
emperature 325 H,-Ar (2 100~2500°C )
Atmospheric 1 atm
pressure

Melting time 120 sec (at a constant temperature)

Gas flow rate 51/ min
Type A
Copper mold Type B
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(a) Schematic figures.
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(b) (c) -

Specimen weight

Atmosphere Flow rate Melt temperature Porosity
(b) 10%Hz-Ar 5 I/min 2050°C 4 5g 0.36 vol% &
(c) 20%H;-Ar 5 I/min 1950°C 3 6g 2.37 vol%

Photo. 1. Radiographs of typical specimens. (x3)

Photo. 2. Photographs of the cross section of typical
specimens.
Upper photographs show the cross sections
of the same specimens that in Photo. I.
Lower ones are the microscopic photo-
graphs which show the place of blowhole
origin in those specimens.

— b

Photo. 3. Macrostructure typical specimen. (X 3)
This specimen is pure iron which was
melted in 1095H,-Ar atmosphere at 2110
°C.
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Table 3. Summary of experimental results.

39,H,~Ar 59%H,-Ar 1024,H,-Ar 20%,H,-Ar
Weight| Temp.| Porosity | Weight| Temp.| Porosity | Weight| Temp. | Porosity | Weight| Temp. | Porosity
g °C ! vol9, g °C | vol% g °C vol2, g °C vol%
1.3 1840 0
1.4 1840 0
2.5 1915 0 2.5 1865 0.91
3.2 1940 0 3.4 1940 2.22
3.5 1980 0 3.6 1950 2.37
1.2 11950 0 3.7 — 0 3.6 1965 10.1
1.6 {1980 0 3.9 2065 1.14 | 3.7 1920 2.60
— {2100 0 2.1)2010 0 4.1 2110 0 4.0 1960 6.30
Pure iron 8.2 12425 0 *4.0 {2040 0 4.2 — 0 4.5 — 1.01
— 12500 0 *4,3 12150 0 4.2 2000 0 4.5 1990 0
7.1 12360 0.05| 4.5 2050 0.36 | 4.6 1 960 0
*7.4 12330 0 4.5 2050 1.58 | 5.0 2 050 20.6
11.0 {2510 | 41.1 4.7 2107 0 5.3 2 000 13.8
5.3 2140 10.2 6.0 2 105 12.9
5.8 2 140 2.59 | 6.3 2120 21.7
5.9 2160 16.1
*6.6 2280 15.2
8.0 2 350 10.0
5.0 2040 } 40.7
Pure iron 3.8 2025 0 5.0 2040 | 41.7
(50p¢ W wire 3.9 2020 0 5.1 2100 | 37.8
inserted) 3.9 2030 0 5.5 — 35.9
4.2 2030 0 5.7 2120 | 24.6
3.8 1965 0 5.0 1950 13.6
3.8 2020 1.17 | 5.1 2 060 14.5
Pure iron 3.8 1885 0 5.4 2050 1 13.3
(Al inserted) 3.8 1980 0 5.5 | 2070} 17.2
3.9 2010 0 5.9 2050 | 20.7
5.4 2030 0
4.8 2000 | 44.5
4.8 2030 0 6.5 2080 0.33| 5.4 2030 32.4
Cast iron 5.2 12040 0 6.6 2080 1.59 | 5.7 2 035 40.3
5.2 12040 0 7.8 2120 0 5.8 2040 | 40.6
5.7 2065 0 6.1 1995 38.4
Gas flow rate 5 //min, melting time 120 sec, mold Type B.
* QGas flow rate | I/min, melting time 60 sec, mold Type A. — Not determined.
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Side view

Plane figure

(a), (b) 20%H;-Ar 5 !/min, 2100°C, 5.05g, 37.8 vol%.
(c), (d) 20%H;-Ar 5 !/min, 2040°C, 5.00g, 40.7 vol%.

Photo. 4. Shape of blowholes in the specimens cast
into the copper mold in which 50p¢
tungsten wire is setted, (x2.3)

Left photographs are radiographs of those
specimens. Right ones are cross sectional
pbotographs,

(1) #2570 94%
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Side view

Plane figure

20%H,-Ar 5 I[/min, 2070°C, 5.53g, 17.2 vol%.

Photo. 5. Shape of blowholes in the speimen in which
ALO; is formed by the addition of alu-
minum. (X2.3)

Left photographs are radiographs of this
specimen. Right one is the cross sectional
photograph,
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HSHh OB Tz bh R B O RFALE QBT LT
WhZ bbb, IRLOBRIE(L), (2)0FERE
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Side view

Plane figure

(a), (b) 209%H,-Ar 5 {/min, 2000°C, 4.8g, 44.5 vold.
(e), (d) 20%H,-Ar 5 {/min, 2030°C, 5.4g, 32.4 vold%.

Photo. 6. Shape of blowholes in the hyper-eutectic
cast iron specimens. (x2.3)
Left photographs are radiographs of those
specimens. Right ones are cross sectional
photographs.
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2000 2500
Temperature (°C)

500

Fig. 4. PCT-diagram of the Fe-H system.
Curves for various hydrogen partial pressures
are calculated by means of the Sieverts’law.
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Fig. 5. Relationship between the PCT curve of
hydrogen in pure iron and blowhole for-
mation in specimens. (total pressure 1 atm)
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