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Present and Future of Fractional Analysis for Oxygen and Nitrogen in Steel
Yoshio Nuri and Tomoko Ise
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Synopsis:

For further development of clean steel production technologies and its cleanliness evaluation methods, the

demand for the fractional measurement of oxygen in various oxides is increasing. In this paper, present state of

fractional analysis for oxygen and nitrogen in steel by vacuum fusion and the inert gas fusion methods was

reviewed. Consequently, the extraction temperature and appearance order of oxygen in various oxides at heating

and the precise measurement of bulk oxygen were discussed. The development of experimental apparatus for

fractional analysis was also desirable.
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Table1. Test results of fractional vacuum analysis of steel samples containing known oxide inclusions” .

Gases Evolved, Percentages

Spi(l:(l)men Description* Tet;g;r:. clsfeRedCuc- by Weight
) , Deg. C. 0, N, H,
1 Oxidized ingot iron melt. 1050 0.165 0.00056
1300 0.002
1570 0.010  0.004 0.00054
2 Oxidized ingot iron deoxi- 1050 0.006  0.003 0.0004
dized with aluminum. 1300
1570 0.039  0.002
3 Oxidized iron deoxidized 1050
with ferrosilicon. 1200
1300 0.058  0.002 0.0006
1570
4 Oxidized iron deoxidized 1050 to 1150 0.0783  0.007 0.0028
with ferromanganese. 1300 0.008 0.0001
1570 0.030  0.004 0.0006
CHEMICAL ANALYSIS OF SPECIMENS
Percentages
Specimen No.
C Si Mn Al
1 0.025 0.01 Trace Trace
2 0.025 0.02 Trace 0.186
3 0.034 0.71 Trace
B 0.025 0.01 0.35 Trace
*The specimens of oxidized ingot iron mentioned do not refer to specinens from the
same melt.
Table?. Reduction of powdered oxides by carbon” .
Oxide Temperature of Reduction, Percentage Yield of Oxygen
Deg. C. Collected as CO.
Ironoxide.................... 1000—1050 97.3
Manganous oxide.......... 1150 86.9
Silica.......coocoooiii 1300 100.0
Alumina ...................... 1550—1600 75.0
LIeEDBNESBBHTEIVICEBALB TSI THALL RETREICKWUBEL TS, 5TEERIITable3ICRLIZE
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Table3. Temperatures at which the equilibrium pressure of CO over
various oxides is 2.4 mmHg* .

Oxide Temp., C.
MoO, <1550
Sio, <1550
VO <1550
AlLO, 1600
Zr0, 1640
uo, 1710
TiO 1770
ThO, 1950

2-3 #BESOMFE> (1956)
SBNBHDORRBENETICONT, EBREDHE S
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Table4. Results of oxide analysis in Kamaishi pig iron. [C 2.55%, Si 2.05%, Mn 0.46%, Ti 0.22%, P 0.150%]

Fractional vacuum fusion

Oxide method (%) Electrolytic method (%) Chlorination method (%)
FeO 0.008 0.009 0.014 0.025 0.028 0.034
MnO 0.005 0.004 0.001 0.001 0.004 0.005
Sio, 0.008 0.007 0.009 0.009 0.006 0.010
AlLO, 0.013 0.014 0.008 0.006 0.008 0.009
Total
oxygen 0.013 0.013 0.012 0.014 0.014 0.018
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Table5. Decomposion temperature of various nitrides and oxides (‘C)®.

Measured
with  with
Sample .
graphite steel
capsule capsule

Reported previously

o-Si,N, 1460 1350 <15507, <1500~1900", 1060°,
AN 1610 1560 <15507, 1550~17207, 1187%,

a-ALO, 1370 1450 1500~1600”, 16007, 1570°

o-Fe,0, 1130 1130 -

a-Si0, 1560 1650 1500~19007, <15507, 1320°

Table6. Decomposion mechanisms of nitrides and oxides® .

(a) Nitrides
i) 2[MxN]
=2x[M]+(N,)
=2x (M} +(N,)
i) 2[MxN]
=2x<M>Fe+(N,)
i) 2[MxN]+2y[C]
=2[MxCy]+(N,)
(b) Oxides
i) [MxO]+I[C]
=x[M]+(CO)
=x {M} 4 (CO)
i) [MxO]+I[C]
=x<M>Fe+ (CO)
i) [MxOl+(14y) [C]
=[MxCy]+(CO)

[ ]:Solid, ( ):Gas, { |} :Liquid
<B>A Solute metal B in solvent metal A
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TILERWVIEEICISBIENEBR T DEBNREERID
LRIEMEERT D-OIC—BIERFZEZERT DRI
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(Table 6Ma-ii, b-i) NERIBEEZO>NDEDD, BRHET
BREBDIEWEITERD DIZERELTIND,
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Fig. 2. Analysis of oxygen with step by step thermal decomposition.
Quick ramp time? .
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Fig. 3. Analysis of oxygen with step by step thermal decomposition.
Low ramp time® .

Table7. Analysis by thermal decomposition of three stainless stegls.
Comparison with micrographic SEP methods? .

Oxygene Oxygene Oxygéne
sous forme sous forme sous forme

Repére de silicates  d'aluminium d'oxydes globulaires

(0S) (OA) (0G)

(ppm) (ppm) (ppm)
Acier 1 2< 10 36
Acier 2 40 — —
Acier 3 = 40 20
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Fig. 4. Difference in CO extraction curve of oxide—sample by addi—
tion of graphite carbon powder'® .
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Fig. 5. CO extraction peak pattern of converter slag after decar—
burization of stainless steel™® .
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Fig. 6. Schematic presentation of heating pattern and oxygen extrac—
tion signal'” .
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Fig. 7. Effect of heating rate on the extraction oxygen content at
heating stage— | and 11, and comparison with other
determination methods'" .
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Fig. 8. Relation between gas evolution temperature of alumina

oxides and heating rate of specimens.

Table8. Extraction temperature of various type of oxides and nitrides ('C)

Type of oxide and L. Reeve" S.L.Hoytet.al.?  H.A.Slomanet.al.¥ M. Kanaiet.al.® H.Hocquaux® H.Goto et. al.” A. Komatsu et. al.®
nitride (1934) (1937) (1951) (1980) (1988) (1956) (1995)
FeO 1050 1000~1050 1050 1050
MnO 1050~1150 1150 1170 1150
SiO, 1300 1300 1320 <1550 1560 1650  Difficult to read 1450 1800
Al,O,4 1570 1550~1600 1570 1600 1370 1450 from reported 1750 1600
MoO, figure
VO <1550
Oxide  ZrO, 1640
uo, 1710
TiO 1770
ThO, 1950
CaO 2000
MgO
Fe,0, 1130 1130
Si;N, <1550 1460 1350
AIN <1550 1610 1560
TiN 1800
Nitride MoN <1550
VN <1550
UN <1550
ZrN 1750
ThyN, 1750
Iron melt added Sn. Synthetic Oxide ~ Rimming steel Thermodynamic Synthetic Oxide  SiO2<Al203<  Cast Iron Oxide-sample
Remark Ingot iron deoxidized Sn capsule. Aluminum killed steel calculation (Left ; C capsule) Globular oxide Heating rate :
with various metal. Silicon killed steel Pco=2.4mmHg (for O) (Right ; Fe capsule) 3C/s
3.16x10%atm Heating rate : 0.3°C/s
Apparatus The U.S. Bureau of Standards Japan Vacu, MSQ-150 HORIBA EMGA-620
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Table9. The appearance order of extraction temperature of the oxide
evaluated by each researcher.

Metallic bath
With
FeO<MnO<SiO,<AlO, (Iron melt)
FeO<MnO<SiO,<Al,0; (Sn capsule)
Si0,<ALO,

Researcher :
Without

L. Reeve'

H. A. Sloman et. al.?’

M. Kanai et. al.?’
H. Goto et. al.®
A. Komatsu et. al."”

AL,O,<SiO,

FeO<MnO<SiO,<Al,0, (Iron melt)
Al,0,<Si0,<Ca0

350

Iron bath
with
without

CaO+C=
Ca(g) + CO MgO + 3C =
\MQCZ}:CO
1/3A1,05 + C =
2/3Alin Fe + CO

|
CaO+C=
Cain Fe + CO
1/3A1,0, + 3/2C =
1/6Al,C, + CO

300

250

200

150

AGHN

MgO + C =
Mg(g) + CO
SiO,+C =
Sio + QO

100

50

0

1/28i0, + C =
1/2Siin Fe + CO
| |

|
1873

— 50
1273

1473 1673 2073

Temperature/K

Fig. 9. Free energy change versus decomposition temperature of
oxides calculated using CHEMSAGE.
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