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Modelling Simultaneous Reactions of Niobium Precipitates in Ferritic Stainless Steels

Nobuhiro Funta and Masao KIKUCHI

Synopsis

: Niobium is used as an important alloying element in the design of heat-resistant ferritic stainless steels for automotive exhaust systems.

When in solid solution, the niobium improves both the high temperature strength and the resistance to thermal fatigue. However, it also forms
several kinds of precipitates during service at elevated temperatures, making it important to understand the kinetics of its precipitation and

coarsening. In the present work, the kinetics of simultaneous reactions of niobium precipitates in ferrite have been modelled, taking into ac-
count the multicomponent nature of the diffusion process whilst at the same time allowing for capillarity effects. The model can predict not
only volume fraction changes but also particle size. The experimental results on Fe,Nb Laves phase and Fe,Nb,C carbide in a 19Cr—0.8Nb
steel have been obtained and shown to be comparable to be the calculations with new simultaneous model.
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Table 1. Concentration in mass% of the major alloying el-
ements in the niobium-alloyed ferritic stainless
steel studied here.

[ Steet T € [ Si TMn] o [ No [ N 1}
| 19Cr-0.8Nb | 0014 | 03 [ 02 | 196 | 0.78 | 0.016 |
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Table 2. X-ray and chemical analyses of extraction residues from 19Cr-0.8Nbmass% steel.

Aging conditions Precipitates detected Each element in presipitates / mass %
Aging Lo . .
Aging time / M,C: Fe,M:
N
tem}/}eoglture h Nb(C, N) Fe;NbsC Fe,Nb Nb Fe Cr

As annealed at 1000°C S \'A i 0.204 0.214 0.042 0.014

1 VS \A VS 0.407 0.326 0.051 0.015

8 S \A W 0.460 0.298 0.048 0.016

950 20 S VS W 0458 0.289 0.047 0.016

50 N VS VW 0.432 0.247 0.044 0.013

100 \A VS - 0.443 0.234 0.041 0.014

1000 20 W VS - 0.362 0.171 0.037 0.015

VW, W, S and VS stand for very weak, weak, strong and very strong X-ray intensities respectively.

Fig. 1. Transmission electron micrographs of extraction replicas for a 19Cr-0.8Nb mass% steel aged at 950°C for (a) 20 h and (b)

100 h.
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Fig. 2. Transmission electron micrographs of extraction replica for a 19Cr—0.8Nb mass% steel aged at 1000°C for (a) 1 h, (b) 10h,
(c) 100h and (d) 500 h.
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Fig. 3. Transmission electron micrographs of the precipitates and electron diffraction pattern and EDX spectrum taken from one
of them for a 19Cr—0.8 Nb mass% steel aged at 1000°C for 100 h.
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Fig. 4. Changes of the particle size distribution with aging time at 1000°C for a 19Cr-0.8Nb mass% steel.
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Fig. 5. An illustration of the solute concentration profile
durln% dlifusmn controlled precipitation of 3 from
and P are concentrations at the interface
a/[i in the matrix ¢ and the precipitate 8 respec-
tively.

ZZT, @ i33RITOMEHRIBEEDRE T T
DESIZETILENTEZD,

LU, EROMEM 7254 FRAF VL AWIZIE
CrRNbD KD BAETLENRMEN TN B 70, Bido
EIB2ILRET - HMARTIE AL, ZILROED
WHARELEDS, FIAXMCONE 2% X 28B4, 3TR
Fe-C-MIZBWToEE T HAIIBHTIREE2E X 5
L, CBEXUMDBEEYE» S, LTOBRARKD D,

U(cp"‘—c,ﬁ)— Dy Ve =D Ve, seveeemennnsnnsnennnnnnnnnn, 8-1)
v(cBr—cgPy= =DV, =Dy Ve, weeernrrrnnssesnniiiinninns (8-2)
ZIT, B&VqdCh LUBERAABETEMDER,

D3 TCRj DRI RITT ER kDM ELZE L /2T,
closs-diffusion effects Td 5 2122, L» L, EAIHE A ILER
BN EWEHIM T, CBXUMOEEAERIZKTT 5 EYA
TEME LV CORWRNDEEIOThE M, 7,
KRBTSR E (D)) FERBEE TR OB (D)
ICHANTIRIZARE D, Led->T, 81) XU 32 R
ZRIFISIHZE ¥ 57201213, O REOBRE/IE 2/
{¥% (SEJSATFEH : Partitioning Local Equilibrium, PLE)
», @ BRIEEBETROBENR*KEL T3 (R3HE
[T *F-#  Negligible Partitioning Local Equilibrium, NPLE)
KO ITHRERR (tie-line) #RETIMBENS S, ZOKD
tie-lineid, 2TCRDBFAL B LV ASHR A B I L EIL &
W, F72, Q@ OBBRAFEBTLROBRENRAED 570
2, KRELBESIHBLET, B2 IDBERERK X 5
AEICHBEL LS, LAL, AHHD LS IZNbDEBEIA
& A HEEHE O IBA ISR EIZ B 1 5k % 28 HiEIZF
fEL £\, Fig. 3O EDXAM TRER S b2 3 X512,
W ICN BHYBHBEL TWBZ 0568, RE
DIRBABE+B/PME L F 3 XS % tie-line 25BN L & A8
CRRVEIDLELDIONRYTH S, T4bb, Fig
6IINT XKD Ktie-line D> 7 b EE X, RESHEIZH W,
Y, AR (Ria) 282 REOKFERF L HERG

513 I



B

$% 48 Tetsu-to-Hagané Vol. 89 (2003) No. 5

M concentration

v

Cc
C concentration

Fig. 6. An illustration of an isothermal section through the
Fe-M-C phase diagram, showing the precipitate
(B)/ferrite (@) phase boundaries. The alloy compo-
sition is plotted as point a.
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Fig. 7. Distribution of solute when (a) both B and y are precipitating, and (b) where the precipitation of B has been completed.

Note that ¢’ is solute concentration in the matrix c.
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Experiments fo X-ray analysis for extracted residues ]
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Fig. 8. Calculations of multiple precipitation reactions for a 19Cr—0.8Nb mass% steel aged at 950°C using the new model.
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Fig. 9. Calculated data on the volume fraction and particle radius changes for Fe;Nb,C at 1000°C in a 19Cr-0.8Nb mass% steel

with N,=5X10"m™> and 6=0.285J m ™.
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Fig. 10. Changes of (a) volume fraction, (b) mean particle
size and (¢) number density of Fe;Nb,C with
aging time at 1000°C for a 19Cr-0.8Nb mass%
steel.
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