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Analysis of Precipitates and Precipitation Behavior in Nb-Ti Bearing Steels
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1. #&

: The method for isolation and determination of TiN and (TiNb)C,N) precipitated in Nb-Ti bearing steels has been

investigated in the cooperative research of the Precipitate Analysis Subcommittee of Iron and Steel Analysis Commit-
tee of Iron and Steel Institute of Japan. Also, the precipitation behavior of TiN and (Ti,Nb)(C,N) in the steels has been
studied. The results are summarized as follows; (1) TiN, (TiNb)(C\N) and other precipitates were extracted by
potentiostatic or galvanostatic electrolysis in 10% acetylacetone-1% tetramethylammonium chloride-methanol electro-
lyte. (2) Only the TiN in the above mentioned precipitates was insoluble and remained by 60°C-10% bromine-
methanol solution treatment. Consequently, the amount and composition of TiN and (Ti,Nb)(C,N) could be determined
quantitatively by analysis of the residues extracted by using the method of (1) and the residues after this treatment.
(3) The size of TiN was several micrometers, the amount of TiN did not change with heating temperatures between
1000 and 1250°C, and the atomic ratio of Ti to N was stoichiometrically one to one. (4) Total amount of Ti and Nb
in the precipitates decreased with an increase in heating temperature, because the small size of (TiNb)(C,N) dissolved.
(5) Both lattice constant and composition changes in (Ti,Nb)(C,N) showed that Nb and C dissolved preferably into the
matrix and the composition of the precipitates approached to that of TiN with an increase in heating temperature. (6)
Such behavior of precipitates agreed well with rough calculation from the solubility products.

Nb-Ti bearing steel ; precipitation ; heat treatment ; element analysis of precipitates; phase analysis; separation ;
electrolysis ; residue ; electron microscopy ; X-ray diffraction.
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Table 1. Chemical compositions of Nb-Ti bearing
steels (mass%).

Steel C Si  Mn P S Nb Ti solAl N

No.l 0.082 0.30 1.49 0.001 0.006 0.043 0.046 0.019 0.0046
No.2 0.084 030 150 0.001 0.005 0.012 0.045 0.020 0.0036
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Fig. 1. Relationship between the amount of precipi-
tates and heating temperature of steels.
open symbols : mainly 1095AA electrolysis,
closed symbols: 109%6AA electrolysis +
10%bromine-methanol treatment,

(A): steel No.l, (B): steel No.2
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Fig. 2. Relationship between the amount of (Ti,Nb)
(C,N) and TiN, and heating temperature.
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Fig. 3. Relationship between atomic ratio, N/(Ti+
Nb), and heating temperature.
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Fig. 4. Influence of heating temperature on the
lattice constants of (Ti,Nb)}C,N) (O) and
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steel No.1, (B): steel No.2

Fig. 5. Scanning electron micrographs of the pre-
cipitates in the steel No.l.
(a) to (e) : as cast, 1000, 1100, 1200, and 1250
°C heat treated samples respectively,
T: TiN or (TiNb}{CN), M: MnS, A:
oxide included Al and/or Mg
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Fig. 6. Morphology change of the small precipi-
tates in the steel No.l as a function of
heating temperature.

(a) to (d) : the samples heated at 1000, 1100,
1200, and 1250°C respectively
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Fig. 7. Influence of heating temperature on the Nb
composition, Nb/(Ti+ Nb).
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Table 2. Constant terms for solubility calculation.

Compound NbC NbN TiC TiN
Constant A 2.96 4.04 2.75 0.322
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Fig. 8. The amount of precipitates calculated from
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