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Effect of Heat Treatment on Microstructure and Properties of SUS304
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Abstract: After the impact and vibration test of rail transit vehicles, some equipment 304 stainless steel welded parts ap-
peared fracture failure. In order to improve the mechanical properties of 304 stainless steel after welding, in this paper, by
means of metallographic microscope, scanning electron microscope, hardness and tensile test, the effects of medium and low
temperature heat treatment process on the microstructure and mechanical properties of 2 mm thick 304 stainless steel plate
TIG welded joints were studied. It is found that the microstructure of the untreated weld is composed of y-austenite and d-
ferrite after heat treatment at 400 °C for 30 min, and d-ferrite mainly distributes in the Cr-rich zone and appears as a worm,
and the content of d-ferrite decreases to some extent after heat treatment. After heat treatment, the hardness of welded joints
is lower than that of untreated ones. The yield strength of welded joints after welding is 189.5 MPa, and the strain is 64.5%.
After heat treatment, the yield strength is 221 MPa, the strain is 72.7%, and the yield strength is increased by 16.6%, reach-
ing the yield strength of base metal. The fracture surface shows ductile fracture characteristics and no significant welding de-
fects, mainly showing deep dimples, and the dimples are distributed with second phase particles, which hinder the slip and
cause stress concentration and produce micro-pits, which become one of the main craters of cracks.
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1 BB EFTE

IR EER A SUS304(GB/T 3280-2007) bt , i,
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Tablel Chemical composition ofbase metal and welding material (wt. %)

et C Si Mn P S Ni C N Fe
SUS304 0.06 0.65 223 0.025 0.003 943 1973 0.1 Bal
308LSi 0.015 0.75 1.05 0.01 0.01 1023 21.85 — Bal

R2 BMAFMEESH

Table 2 Mechanical properties parameters of base metal

E/EOKLY 3 e i 32 WrR figi e
R,/MPa R, /MPa Al% /HV
>520 205 >35 <200

K HTF T TIG S22 SR AR, ARk
JE RO JR AT T3 . R H FK 4000-R
KM, FEREEL RN 18~25 V, BT R 75~95 A, St a5k
FE 4 0.8~1.2 mm/s, T 4 8 L/min, #ki A H
995~1 260 J/mm. #7425 J5 il 7 300 °C . 400 °C |
500 °C 435138 2k 30 min .60 min 90 min.

FS AT S HOt)E |, LURSE O R 3 E,
% 7% GB/T2654-2008 (K 42 12 3k A F i 48 7 76 ) #
GB/T4340.1-2009¢ 4 J& b4 k-2 [C A B2 3055 ) , R HH
MHYV 5Z fifi BT+ HE A X (BZ) (A2 X (HAZ) |
FESE X (WZ) B T 00 & 050, 2% 17 fr 0.98 N
(100 gf) FFHFLERTE] 15 s, PEATHESLAH I, FHH
KACLATT N T332 0 26 2% et 4 T A 20 mmix
10 mmx2 mm 15 /N AL 5 R4 X (WZ) FITBERF
X (BZ) , #X J& FH b 4K (400#. 600# ., 8004, 10004 ,
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Fig. 1 Schematic diagram of drawing sample size

2 HEERSWE
2.1 FANERHESE AR

T A A B B R [ A R e S
FOBE 2 iy 2 0 P 2 9 2% , R A2 3 7 . T A

65
230 . : .
BZ ' HAZWZ HAZ ' Bz
20 : ? l o
| . : 300 °C(30 min)
L 1 / \
20 | 4/ ;\ . 4300 °C(60 min)
B 1 e’ /K " T\ n 1 ¥ 300 °C(90 min)
5200 = ; ; d E N OO S ey 400 €0 min)
' % O /B < 400 (60 mi)
W190F g ¢/ 1\ WP e
E : ¥ \§ : ) ¥y 7 400 C(90 min)
180+ * REA | ¥ ihy © %500 C(30 min)
| 1 | )
I ¥ 1 P * 500 °C(60 min)
170 F ; - : 500 °C(90 min)
| : : e
160 ] ; :
1 N i
1 N "
150 T 1 L L L
-6 -4 -2 0 2 4 6 8 10
BEIA A 2R IE 5 d/mm
E2 KBEEIEESS

Fig.2 Hardness distribution of welded joints
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AR HEAT , FR AR N A5 BRI, 6 B (E 3R
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Table 3 Hardness value of welded joint

PRARLERE SRS AR 300 °C 300 °C 300 °C 400 °C 400 °C 400 °C 500 °C 500 °C 500 °C
B /mm & (30 min) (60 min) (90 min) (30 min) (60 min) (90 min) (30 min) (60 min) (90 min)
-5 180.4 180.5 184.8 194.7 195.5 197.3 183.7 188 187.9 186.9
-4 188.8 188.8 190.3 196.1 189.1 195.1 185.1 188.3 194.3 195.1
-3 193.7 193.7 196.8 187.7 183.6 186.7 191.9 196.1 191.2 199.4
-2 195.4 195.4 201.7 194.4 176.7 182.7 181.3 198.9 201.7 195.1
-1 191.3 191.4 205.0 197.4 182.6 204.3 198.5 202.7 213.4 206.8
0 210.1 210.1 208.2 209.6 203.4 212.7 213.7 213.5 219.6 217.5
1 202.9 202.9 190.1 193.1 194.15 190.7 207.9 207.8 200.85 206.4
2 205.4 205.4 182.4 198 201.6 187.3 197.8 201.7 191.1 187.3
3 198.8 198.8 179.75 190.8 199.7 194.4 194.7 196.6 189.7 199.5
4 187.2 187.2 176.7 176 194.7 185.8 187.4 185.8 196.5 197.1
5 197.4 197.4 167.95 196.6 186.1 183.25 184.7 190.8 197.8 197.8
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Fig. 3 XRD patterns of welded joints
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Fig. 4 Microstructure diagram of welded joint
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Fig.5 Stress-strain curve
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Fig. 6 Fracture scanning diagram
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