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On the Determinaitions of Gases in Iron and Steel by Vacuum
Fusion Method Using Graphite Capsule

Synopsis:

Yoshihiko ABE and Shintaro TARAZAWA

In order to eliminate the disadvantages occured on vacuum fusion method using graphite crucible
for determining the gases in iron and steel, the technique using graphite capsule was investigated in

this report.

The content of gas in graphite capsule are minimized by previous de-gassing and the following
storage in vacuum, so that the oxygen and nitrogen in iron are satisfactorily determined. On the other
hand, numerous experiments have been carried out to estimate the effects of the elements dissolved in
iron, and the following advantages are detected for the capsule method: :

1. The getterings of oxygen and nitrogen by dissolved metals having high vapor pressure do not

occur.

2. The gases such as CO;, COS and SO,, which are formed in carbon-saturated melt containing

S or volatile oxide, are converted into CO.

3. As the formation of viscous melt due to the growth of precipitated graphite in flake form is

disturbed, the extraction rate of gas is promoted.

In addition, as the increase in the solubility of gas in the melt does not concern with incomplete
degassing of the gas in its melt on wide concentration range of steels, vacuum fusion method using

graphite capsule is suitable for a routine analysis of oxygen in commercial steels.
(Received Oct. 22, 1970)
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Fig. 1. Schematic diagram of vacuum furnace used.

Photo. 1. Position of the graphite capsule in the
heating zone of vacuum furnace.

Table 1. Gaseous contents of experimental
base sample.
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Table 2. Gaseaus contents of the materials
added in base sample.

Material O (@) EI N (%)
Fe-359, Al 0-051 0-223

S 0-98 3-38
Fe-749, Si 0-097 0-0088
Mn 0-176 0-0022
Fe-77%, Mn 0-069 0-0047
\Y 0-119 0-0195

Cr 0-092 0-017
Fe-429;, Ti 0-103 0-100
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Table 3. Volumes of gases extracted from graphite capsule after various treatments.

Treatment CO (cc) H;(cc) Ng(cc)
(A) Without treatment 0:023~0°064 | 0°003~0-016 | 0-027~0-054
— ) -
(B) ;egpl(;?si‘ﬁﬁag“" after degassing at 2000°C | 4.014.0-030 | 0-003~0-010 | 0-015~0-031
() et -y oo after degasing at 2000°C 0-010~0-014 | 0-003~0-010 | 0-007~0-013

Table 4. Result of accuracy test for oxygen determination by capsule method (Sample : Pure iron).

[O] Volume of CO extracted (cc)
Exp. No determined

(%) Total Sample Blank Capsule
1 0-0332 0-054 0-031 0-011 0-012
2 0-0038 0-058 0:036 0-010 0-012
3 0-0035 0-056 0-028 0-016 0-012
4 0-0032 0-052 0-027 0-013 0-012
5 0-0030 0-052 0-027 0-013 0-012
6 0-0033 0-057 0-031 0-014 0-012
7 0-0934 0-057 0-032 0-013 0-012
3 0-0931 0-059 0-032 0-015 0-012
9 0-01 0-051 0-024 0-015 0-012
12 0°0J)35 0-054 0:030 0-012 0-012

Mean value 0-003289,, Standard deviation 0-000279
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Table 5. Effects of dissolved elements on the determination of the oxygen in iron.

Allowing limit ([% Melmax) (%) .
" Element eMe1 : eMe. (9, Melmax
Crucible Capsule
S 0- 710 20 —0-091 —0-18
Al 1-20 1-8 —1-000* —1-80
Mn 1-3D 7-0(Mn) 0 -
15-0(Fe-Mn) 0 L
Cr 2°5D 310 —0Q-055* —-1-70
Ti 09510 62 —0'19 —1-17
Si 9'5 —0-14 —1-43
\Y% 3-51D 7°0 —0-27 .. —1-88
ehofie : Interaction coefficient for oxygen of elements dissolved in liquid iron at I 600°C
* Values recommended by The Japan Society for the Promotion of Science
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Fig. 2. Effects of dissolved S, Al and Ti on analy-
tical results of oxygen in iron.
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Fig. 3. Effects of dissolved V and Si on analytical
results of oxygen in iron.
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Fig. 4. Effects of dissolved Cr and Mn on analy-
tical results of oxygen in iron.
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Fig. .5. CO recovery of dissolved volatile oxide on
vacuum fusion melt of 1 600°C.
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Fig. 6. Effects of dissolved Al and Ti on analytical
results of nitrogen in iron.
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Fig. 7. Effects of dissolved V, Cr and Si on analy-
tical results of nitrogen in iron.
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Table 6. Results on the determination of nitrogen in pure iron under various conditions.

Crucible

Capsule

Without Ce

With Ce

Without Ce With Ce

3% ~ 56

Recovery (%)

72 ~ 80

43 ~ 85 ! 85 ~120
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Table 7. Effects of dissolved elements on the
determination of the nitrogen in iron
by capsule method.

Allowing limit Mei2 eMe
Element | ‘fo, MeTimax) (%) | N | [%Melmax
Al 4- —0-028 —0-13
Cr 372 —0°045 —1:65
Ti 27 —0-63 —1-70
Si 10-5 0-047 _

AV 17:0 —0-10 —1-70

el\}r{re : Interaction coefficients for mitrogen of elements dissolved
in liquid iron at 1600°C
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Table 8. Conversion ratio of the oxygen in the
melt into Co.

Temperature Omno=13"3X% OMno=9"3%
cC) 10-5g (Fe-Mn) | 10-3g (Mn)
1 800 869 50~539,
1 650 100 56
1 500 100 58
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Photo. 2. Distributions of the graphite in iron melt formed at 1 800°C.
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Photo. 3. Distributions of the graphite in iron melts dissolved various kinds of elements
(quenched after a holding time of 4 min at 1800°C in graphite capsule).

Table 9. Effects of dissolved elements on the precipitation of carbon in iron
melts in case of graphite capsule method. )

‘ c % o .
Dissolved element Addition (%) (%) Precnpltaatlon ratio
Precipitation Solution Total ‘ (%)
—_— 5-51 0-60 611 90
Al 5 4-60 0-90 550 ‘84
Si 5 4-31 0-24 455 95
Cr 5 2-93 3-74 6°'67 44
Ti 5 5-23 1-10 6-33 83

Melting condition : 1800°C X 4 min
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Fig. 8. Result of EPMA analysis on carbon-
saturated iron melt containing 59 Si.
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Table 10. Calculation for possibility of complete extractions of oxygen and nitrogen in various
kinds of conventional steels by capsule method.

Steel Kind JIS mark SeMe 9, Me] SeMe[o, Me]
Structural steel SNCM 5 —0-16 —-0-13
Nitriding steel SACM 1 —1-05 —0-09
Heat resistance steel SUH 33 B —1-01 —0-90
High speed steel SKH9 —0-77 —0-54
Stainless Steel —0-80 —0-79

SuS35B . .
i SuS 29 B —0°96 —1'25
8%’18 and 8%9 show interaction coefficients for oxvgen and nitrogen of elements dissolved liquid iron at 1600°C respectively
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