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Development of Austenitic Stainless Steel Cold—drawn Rods
for Nuclear Power Plant Reactor Internals
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Abstract: Austenitic stainless steel for nuclear power plant reactor internals is extremely strict in terms of purity, grain
size, corrosion resistance and mechanical properties, and stable quality materials are crucial to the safe operation of
nuclear power plants. By setting a reasonable chemical composition (mass fraction) target value for 316 stainless steel,
namely w[C]0.045%, w[N] 0.06%, w[Cr] 17.00%, w[Mo] 2.50%, w[Ni] 12.50, w[Mn] 1.80%; Three dimen-
sional pre-melting and remelting smelting is used to improve the purity of molten steel, and low melting speed is set to re-
duce smelting segregation. Combine forging and rolling; control the consolidation insulation time according to material
specifications and accurately control the cold drawing deformation at 2 mm. The austenitic stainless steel SA-479 316 (N-
60-6) cold-drawn bar for reactor internals has been successfully developed. Its non-metallic inclusions A, B, C and D are
all <1. 0 grade, grain size reaches grade 5, intergranular corrosion qualified, room temperature yield strength 479-545 MPa,
high temperature tensile strength 515-575 MPa at 350 ‘C, meeting the requirements for the use of cold drawn bars for in-
stack components.
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Table 1 Chemical composition requirements of austenitic stainless steel SA—479 316 (N-60-6) %
C Si Mn P S Cr Ni Mo Co Cu N Ta B
<0.065 <1.00 <2.00 <0.035 <0.010 16.00~18.00 10.00~14.00 2.25~3.00 <0.05 <1.00 <0.10 <0.15 <0.001 8

x2 BREKMETHENSA-479 316(N-60-6) N EMEEES
Table 2 Austenitic stainless steel SA—479 316(N—60—-6) mechanical properties requirements
SR E DA CERF W ESTRUINR fifi i /HBW 350 ‘CHr iR
Rm/MPa Rp,,/MPa Al% 7/% KV,/J (B HiTT) Rm/MPa Rp,,/MPa
=585 415 ~ 620 230 =60 =80 <192 2480 2325
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Table 3 Austenitic stainless steel SA-479 316 (N-60—6)
non—metallic inclusion requirements
A4 AML B4 BM  cH CHL D4 DM
<1.5 <1.5 <1.5 <1.5 <1.0 <1.0 <1.0 <1.0
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Table 4 Chemical composition control and target requirements of SA—479 316(N—60—6) stainless steel %
i H C Si Mn P S Cr Ni Mo Co Cu N Ta B
e 0.04~ 0.30~ 1.70~ < < 16.80~ 12.30~ 2.40~
BHREE 005 050 190 0030 0005 1720 1270 260 <005 <020 0.05-0.07 <0.15 <0.0015

HARZR 0.045 0.40 1.80

<0.020 <0.001 17.00

12.50 2.50 <0.05 <0.20 0.06 <0.15 <0.0015
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Table 5 65 mm and ¢»75 mm cold drawn bar product chemical composition of SA—479 316(N-60—6) stainless steel %

A /mm C Si Mn P S Cr Ni Mo Co Cu N Ta B
65 0.043 041 1.81 0.010  0.001 17.12 1244 254 0.01 0.06 0.06 0.01  0.0010
75 0.045 045 175 0010 0001 17.17 1237 2.6 0.01 0.06 0.06 0.01  0.0010

R6 SA-479 316(N-60-6) R %M 65 mm.¢p75 mm SRR =R 5 350 °CHEF AL
Table 6 65 mm and ¢75 mm cold drawn bar at room temperature and 350 °C mechanical properties of SA-479 316 (N-
60-6) stainless steel

. PR FEilhdr R (HBW) 350 ‘CHi ik 5e
HAZHAE /mm VR
Rm/MPa  Rp,,/MPa Al% 71% KV,/J (LA Rm/MPa  Rp,,/MPa
65 690 545 44 82 355 160 575 460
75 620 479 40 80 287 153 515 375

K1 SA-479 316(N-60-6) HIV& HIFEM SHKLEE : (a)$p65 mm, (b)$75 mm
Fig. 1 Grain size of SA-479 316(N-60-6) steel cold drawn bar: (a)$65 mm, (h)$75 mm
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K2 SA-479 316(N-60-6) A5 $70 mm HIALLR T ] E fh ]« Ca) (RBR 0085 , (b) e W el
Fig. 2 intergranular corrosion diagram of ¢$70 mm SA-479 316(N-60-6) stainless steel : (a) stereoscopic microscope, (b) Optical
microscope
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