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Table 1 Chemical composition of the experimental steel (w/%)
C Si Mn Nb Ti Cr Ni Cu N P S
0.0060 0.49 0.10 0.16 0.13 21.2 0.31 1.52 0.0055 0.016 0.006
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Fig.1 Schematic diagram of heat treatment of the sample
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Fig.2 Distribution of copper atoms in experimental steel aged at

800 C for time of 0 s (a), 10 s (b), 30 s (¢), and 60 s (d); the
analysis volume: (a) 288x74x76 nm’, (b) 213x 65x67 nm’,
(c) 258x87x89 nm’, and (d) 408x60x62 nm’
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Fig.3 TEM images of experimental steels annealed for different time: (a) 180 s, (b) 600 s, and (c) 2400 s

SURL A A BT HAH G SORE Ay A BT A 4 9 T B
Tilo 1 3a 3Bk 180 s MHIHT HAHIE F o BT HiAH A A
ERIE, AT AI R K/ N (8.8+0.2) nm, % 100 pm?
WHT HARECRE ) 16 069, & 3b J4IE K 600 s (IS
W HARTE S MR, 1)K/ 4 (15.540.3) nm, {H
SATRIET, AF 100 pm?® HAT H A SR 2205, (A
AR K 3 2400 s I, RBORLHT HAH 73 /N DRSO,
B AR 2 RAT AR 22 KK, 3 RSFIA 31 (28.7+1.1)
nm, JFHIDEAPRERE, 5 100 pm? 84T AR SR
b 822, W 3¢ 7R . 7 BEAR H K& AN [ Bk 3= A4 Aok,
LA AT AR R /N 22 AR K. 32 H T AN [ FR B
FARI A 38 e, B3 AARAE A () 18 PR T A HE 2 R AN
[, b {110} AT At S iin . BT L, Bl K a] 1)
WK, Hr AR ECE AR W, BT H AR A AR ERCIR )

DR, 2k 3 AR AN A0 v B S BT R ARDE R e B
BT H AR AR o HEAN IR I TR T H AR RS 36 15 2
B4 Bros gk Bt AN o] DUR G b q8l 5 4 56 T i
] ¢ 1) 1/3 Wik, Bl 7 =245 -4.46, £ Ostwald
A A
2.3 SRIGNAMT H AR RIREE LT TR

WS AR AR SEE AN T AT R, SR A
375 S LB S0 5 R PR T A e R i A 45 A Y
WIS FEREAT T RGE53HT . HUBEAH I 32 AT A5 > T &
{110} ope B HEH T . KA HRTEM MELHF, HFRUT
a-Fe [<111>J5 [1] N5 .

5a & 800 CiE ‘K 10 s J5 ] HRTEM £ .HRTEM
B A R R R 2 0 Sb FIFE Sc 430K Sa
P DX s 8 L AR e B (FFT) 0 fd HL I A
(IFFT) K. FFT KRR 0T (bee)
giky, ARPAE - E AR, A AR AR AR AL A B, fE
Tl 2 L0 A e T TR A A i X R

40
E 301 7=2.45/-4.46
[N
g
220t
s
(o]
=
E 1o}
(=W
%7500 1000 1500 2000 2500

Time, t/s

P 4 AR AT R AR P32 RS B I ] 1 22 4L

Fig.4 Change of average particle size of copper precipitate with time
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Fig.5 HRTEM image (a), FFT image (b), IFFT image (c) of experimental steel annealed for 10 s
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Fig.6 TEM image (a) and FFT image (b) of experimental steel

annealed for 60 s
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Fig.7 HRTEM image of experimental steel annealed for 180 s
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Fig.8 Schematic diagram of growth of 9R structure twin
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Fig.9 HRTEM image (a) and IFFT image of B area in Fig.9a (b)

of experimental steel annealed for 180 s
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Fig.10 HRTEM image of experimental steel annealed for 600 s
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Fig.11 HRTEM image (a) and FFT image (b) of experimental

steel annealed for 2400 s
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Growth and Crystal Structure Evolution of Copper Precipitate in Ferritic Stainless Steel

Yin Hongxiang', Wu Yi', Zhang Guanzhen', Li Xiang', Zhang Pengpai', Zhao Aimin®
(1. China Academy of Railway Sciences Co., Ltd, Beijing 100081, China)
(2. University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In order to study the precipitation process and crystal structure evolution of copper precipitate in ferritic stainless steel, the
growth process of copper precipitate was observed by atomic probe tomography (APT) and high resolution transmission electron
microscopy (HRTEM). As a result, the size of copper precipitate increases and the quantity density decreases with the prolonging of
annealing time. And the shape of the precipitated phase changes from the initial spheroid to ellipsoid, and finally to rod. The growth curve
of the copper precipitate can be fitted into a formula 7 =2.45¢"° ~4.46 , which is consistent with Ostwald ripening rule. The orientation
relationship between 9R structure and matrix is (114),, /(011) [110],, /[111] The precipitation sequence of copper precipitate in

a-Fe? a-Fe *

the ultrapure ferritic stainless steel is bcc—>9R—3R— fcc.

Key words: ultrapure ferritic stainless steel; copper precipitated phase; Ostwald ripening; crystal structure
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