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Precipitation of NbC during Hot Strip Production Process

Shigeki Nomura, Nozomi Komartsusara and Kazutoshi Kunisuice

Synopsis :

The precipitation of NbC during hot rolled steel production process was examined by the laboratory simulation for
Nb-bearing low carbon steels.

For a 0.03%C-0.1%Mn-0.13%Nb steel, finely dispersed NbC precipitates and the precipitate free zone (PFZ) were
observed in the ferrite matrix. On the other hand, for the Mn and B bearing steel the NbC precipitaion was suppressed
considerably. However by aging treatment in a temperature range between 550 and 700°C the fine precipitates became
visible and in the specimens aged at 700°C PFZ was also observed. The addition of Mn and B was also found to lower

the austenite/ferrite transformation temperature.

The suppression of the precipitation by Mn and B addition is explained by the effect of these elements on the
transformation temperature, not by the effect on the Nb diffusion rate and solubility product in ferrite.

The formation of PFZ is explained as follows :

The coarse particles already precipitate in rows along austenite grain boundaries and deformation bands. Through the
austenite/ferrite transformation, the coarse particles grow rapidly and the amount of Nb in solution in the neighborhood
decreases, resulting in the formation of PFZ along the rows of the coarse particles.
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Table 1. Chemical composition of steels . (wt%)

Steel C Si Mn P S solAl N B Nb
Fe-0.1%Mn-Nb 0.034 <0.01 015 0011 0.001 0.048 0.0007 0.0003 0.132
Fe-1.1%Mn-Nb 0.033 001 114 0012 <0.001 0048 0.0007 0.0004 0.126

Fe-0.19%Mn-B-Nb 0.031 <0.01 013 0.011 0001 0027 0.0008 0.0024 0.131
Fe-1.1%Mn-B-Nb 0034 001 111 0010 0.001 0043 0.0009 00027 0.126

HT : 1250°C, 30min
Rolling : 30t +4.5%(7passes)

FT950°C
Water spray cooling (30°C/s)

Furnace cooling (20°C/h)

(CT600°C simulation)

Furnace cooling (20°C/h)
(CT350°C simulation)

Fig.1. Thermo-mechanical treatment condition for simu-
lation of hotrolling process (HT : Heating tem-

perature, FT: Finishing temperature, CT : Coiling
temperature).
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Fig. 2. Effect of coiling temperature on tensile strength
and insol. Nb content of the hot-rolled steels
(HT: 1250°C, FT: 950C).
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Photo. 1. Effect of coiling temperature and addition of Mn and B on the extraction replica microstructure.

(a): Fe-0.19%4Mn-Nbh, coiled at 350°C
(¢): Fe-1.19%5Mn-B-Nb, coiled at 350°C
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(b) : Fe-0.1%Mn-Nb, coiled at 600°C .
(d) : Fe-1.195Mn-B-Nb, coiled at 600C
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Photo. 2. Variation of Nb precipitates during hot rolled steel producing process (a~c : Fe-0.1%Mn-Nb, a’~c’: Fe-1.1%

Mn-B-Nb).

(a),(@’) : Just after reheated (b),(b’) : Just after finishing hot rolled (c),(c’) : Just after water sprayed to 600°C
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Fig. 3. Isothermal age-hardening behaviors at 550C,

600°C, and 700C .
(Fe-1. 19%5Mn-B-Nb steel, CT350C).
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Photo. 3.Effect of aging condition on the microstructure
of the 1.1%5Mn-B-Nb steel coiled at 350°C.

(a): As hot rolled

(b): Aged at 600°C for 60 min

(c): Aged at 700°C for 100 sec
(b): Aged at 700°C for 300 min
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Fig. 6. Effect of Mn content on calculated Nb solubil-
ities in austenite and that in ferrite.
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Fig. 8. Schematic NbC precipitate processes of 0.1Mn-
Nb steel and 1.19Mn-B-Nb steel coiled at 350°C.
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