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Generalized Nb Carbonitride Precipitation Model Applicable to Extra Low
Carbon Steel
Satoshi AKAMATSU, Takehide SENUMA and Mitsuhiro HASEBE
Synopsis :

The isothermal precipitation behavior of Nb(C, N) in austenite has been investigated using steels of dif-

ferent carbon contents.

The observed progress of the precipitation in extra low carbon steel is much fas-

ter and size of the precipitates is apparently larger than those in steels with higher carbon content even

though their supersaturations are the same.

To explain this phenomenon, the local equilibrium at the

austenite/Nb(C, N) interface has been introduced into the classical nucleation theory and the spherical
growth theory, and a generalized precipitation model has been proposed which can predict the precipitation

behavior of extra low carbon steels as well as that of HSLA steels.

As a conclusion, this study clealy

shows that the kinetics of MC-type precipitation is influenced not only by the precipitate-forming atomic

product, M- C, but also by its ratio, M/C.

Key words : computer modelling; precipitation; carbonitride; austenite; extra low carbon steel; thermo-
dynamics ; kinetics; local equilibrium ; nucleation ; growth.
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Fig. 1. Observed fraction (f) and mean particle
diameter (d) of Nb(C, N) precipitates in austenite
at 1 223K.

Table 1. Chemical composition of steels (mass% ).
C Si Mn P S Nb Al (0] N
Steel A 0.006 0.007 0.007 0.002 0.0001 0.142 0.031 0.0020 0.0022
Steel B 0.018 0.005 0.009 0.002 0.0003 0.052 0.028 0.0035 0.0041

al)~a3) : Steel A bl)~b3) : Steel B Holding time : al)bl); 0.6 ks a2)b2); 3.6 ks a3)b3); 18 ks
Photo. 1. Extraction replicas showing Nb(C, N) precipitates held at 1 223K.
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Table 2. List of calculated values in section 3-1
for steels A, B at 1 223 K.

Steel A Steel B
e [2.80x107418.80x107¢
Initial comp. of ¥ (mol fr.) N 8.80%10751,60Xx10™4
rnp | 8.50X1074(3.10x107¢
Solution temp. of Nb (C, N)(K) T 1392 1373
“2c | 1.46X1074[7.71x10”%
Equi. comp of 7 (mol fr.) oy | 7.00%1078|5.78X107%
‘anp [ 6.35X107%(9.90X1075
Equi. comp of Nb (C, N)(site fr.) 3¢ 0.62 0.52
Mole fraction of precipitates °f 14.31Xx107%|4.22x107*
Driving force for nucleation (J/mol)| A°¢G, | 8.40%X10% | 8.66x103
Free energy chande for e
precipition (J/mol) 4Gy 3.62 3.65
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— d*xn, = 0.5 df

— d%c = 0.5%c df

— d%y = 0.5y df
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&, %l %y — n— x AR SV DW ST
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EBIZ A, BMTEHELZDH Fig. 3 Thh. 2T

NbN BYcey, NbC

I —

-

Superscripts

i init. comp. X

© tequi. comp. oc\e/“

a :ave. comp.

b : y /Nb(C.N) boundary
comp. under local equi.

@' :quasi-equi. comp.
under local equi.

Solubility
of NbC

Solubility
of NbN

Fig. 2. Schematic Fe-corner isothermal diagram
for Fe-Nb-C-N quaternary system. Here, x;, x;
[j=Nb, C, N] are restricted on the solubility of

Nb(C, N).

Table 3. Wagner interaction coefficient®?.
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3-5 FtHER

Fig. 5 WA E 7V CFHE L B E & SFIm ik
ROBREEIL %, Fig 1 153 LERE L IR,
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10°® . . 107®
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.. @ O Exp. ~_...____./______ -
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Fig. 5. Comparison between observed and pre-
dicted fraction (f) and mean particle diameter (d)
of Nb(C, N) precipitates. Symbols are the same in

Fig. 1.
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HSLA il 3% Tl D _o0ZEZITIFEL 2 5. it
KOIEFVBEREFTND LD L RITEE O % L
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Fig. 6. Schematic composition changes and con-
centration profiles from the interface during
precipitation of a typical MC-type stoichiometric
compound on a simplified Fe-M-C ternary system.
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