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Abstract: The evolution law of substructure of CN-1515 austenitic stainless steel cladding tube after cold processing was
studied by TEM (Transmission Electron Microscope) and EBSD (Electron Back-Scattered Diffraction) . It showed that
with the increase of cold rolling deformation, the annealing twins were reduced, the number of deformation twins was
gradually increased, the twinning width and the twin spacing were continuously smaller, and the twin width was reduced
from 0. 03-0. 043 pm to <0. 02 wm when the deformation was at 15% and 25%, while the size of dislocation cells tended
to become larger first and then smaller. In addition, the morphology of deformed twins kept straight all the time under cold
rolling conditions, and twin boundary bending occurred during cold drawing. Under the same amount of deformation,
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more deformation twins would be produced in cold drawing than in cold rolling.
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&1 CN-1515WMHFER S (RESH)
Tablel Chemical composition of CN-1515 steel %

C Si P S Mn Ni Cr
0.056 0.44 0.007 0.001 1.51 152 16.03
Mo Ti Co B N A% Cu
2.20 0.40 0.010 0.005 0.005 6 0.19 0.01
Al (0] As Mg Ca Fe -

0.03 <0.01 <0.003 <0.005 <0.0050 #Axim -

R2 CN-15155048TRM IS

Table 2 Cold deformation processing parameters of
CN-1515 steel
I 24 1 2 3 4 5
SIIE S WE RE wE B
ML AR 0 0.055 0.055 0.055 3.783
AN Ak % 0 15 20 25 20

TR N T, o 15 4 A8 2 T AR
HAERARTE 20 0 09X HLIRE . AR TR 45 A e FH 26
YIEI R U] — B[R4, 454K 10 mm, 2R 5 TR A )
I 60° [F9NAE Bt D ARHEA TR o Sy kit [
b BRI o | R a7 8 5 e S B 25 AL, WOl A B
SRR JEE B I B 22 % 50 pum LUF , 2 2638 6 i3
SRP R SR B2 LUAH ] ] 48 7 12 58— S 22 90 pum, 3X
A BVt AT A5 15 | S P 0 7S At T R iE — > AR
B A — Ko Bl G 7E 3 R Bk 34 63 mm [
[ R, R J5 A AR 0 550h 5% 1 e S0 R TP RS 1 T
HEAT HL A OSSR H AT S (EBSD) A 3 ik
LRI 7 YA o FURIRCR 10% YRR W
LR 6V, HLf#ITE] 50 s

2 ZTWHERSITR

2.1 ARFEEEAIEE T CN-1515 5758 145+
1R B AN B S CN-1515 B RAR AN B A 6]
PRI P9 RS 45 ) o 19 2558 o 1) it e D 3 467 8 23

FEARAR , A D B AL EEAE AT W 60 B AT L, 45 B
PIF 0.35 pm Z2 47, AN 1 Ca) Ui 7 5 38 1T DU 31 /0
R AR i AR KR R SE R 0.34 ~ 0.57 wm,
WE 1 (a)(b)FiR . EIRKZR S AR Z 4,
W () IR o T8 A A ) i P A ) 3 B
JE4E o FE AR R DL B b B — S5 AR T
XL EE AR B K29 0.2 wm, WAL 1 (e) T
No MREBIE 3BT T AT LU Y 55 AR Ti BBk
R 55 AR 1Y JC 2 4L ot R B o il an
&l 2 #1343 i .

K 3 R Gk A A 15% ¥ 4L CN-1515 B {AK
NEWAF T NS5 . 15% B 5L K& 5
] 5 25 1) B0 2 A b i R 2 S5 3 2 A 4 A 4
2, T HLAS Al =2 ) 3R A 40 25 25 1 B A7 68 L, B |
AR EALES , MM A ASECRAR D (A AR A
0.2~0.28 um, WE 3(c) () Fim. BESEMNE
IR KR e X AR R A B T /DA B
2& TG AR 25 iy 3 S8 TP AR AR 5 1Y) T8 BE R 0.03 ~
0.043 pm , FH 4B W 4% I8 42 22 & 1Y (B B 2 0.8 ~
1 wm, WA 3(a) (b) fios, 7] LA 76 3 (a) i —
A 6L AR AR i . X B8 AR AR i 1 A AR P
T, A 1 DA S Ak S A 1) 5t P, A B 3 T DA I A
TR AT

& 4 Ry 2053 A8 T B 20% ¥ %L CN-1515 BG4
REEMET LR o 75 20% B BRI T LR B
g A L 42 I H G 15% 25 B R AN,
I 28 2 B B4 B8 54 0.026 ~ 0.036 wm , A 4K M 557
7 A 5 i ) BE R 0.46 ~ 0.87 wm , A LLA& W, 1
K 4 h—3H 10 FIEARZE T

5 N2t AT A 25% ¥ LR CN-1515 BLEG{A
NE A E I N 454 . 25% ¥4 5L A5 I = i1

AroRL N B B T ORI AR AR A o I AR AR R T

BT CN=1515 A A BEA5H : (a) () OL5E 1B AR BORESRIZ A, () 35 AR T

Fig. 1 Substructure of the solid solution of CN=1515 steel: (a) (b) dislocation, annealing twin and stacking fault; (¢) second phase

particles
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Fig. 2 Second phase particles EDS of the solid solution of
CN-1515 steel

®3 CN-BISPERSE_MBRNFRETERE
Table 3 Content of elements in the second phase particles
of the solid solution of CN-1515 steel
FaS C Ti Cr Fe Ni
JB b 34U % 2322 73.32 1.82 1.45 0.18
JEF 535U % 5480  43.39 0.99 0.73 0.09

3 AR 15% % 55 CN-1515 SR 4544 : (a) (b)JE AR
AR IR JRE R SRR, (o) ()25

Fig. 3 Substructure of CN=1515 steel with 15% deformation

after cold rolling: (a) (b) deformed twin, annealing twin and

dislocation cell; (¢) (d) dislocation cell
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Fig. 4  Substructure of CN=1515 steel with 20% deformation
after cold rolling
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Fig. 5 Substructure of CN=1515 steel with 25% deformation

after cold rolling: (a) (b) (¢) 5000 %,(d)10 000 X
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Fig. 6 Numbers of deformation twins with different cold rolling
deformation of CN-1515 steel
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Fig. 7 Substructure of CN-1515 steel with 20% deformation after cold drawing: (a) (b) deformed twin, (c¢) dislocation cell

*4 AEAIMITEZH CN-151550% B R AN %IT

Table 4 Statistics of twins and dislocations in different cold processes of CN—1515 steel

X
T ARAR iy

T B KR S wm T o T e, P AR wm

VA A 0.34,0.57 - - 0 0.35 (fFFICE)
15% ¥ %L 0.50 0.030 ~ 0.043 0.80 ~ 1.00 6 0.20 ~0.28
20% V2 5L - 0.026 ~ 0.036 0.46 ~ 0.87 10 0.27 ~0.35
25% 1540 - <0.02 0.12 ~ 0.60 15 0.18 ~0.20
20% ¥4k - 0.03 ~ 0.04 0.11 22 0.20
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Fig. 8 Small Angle grain boundary ratio of CN-1515 steel un-

der different cold deformation processes
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