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Post weld heat treatment characteristics of S11306 stainless steel thick plate
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2. College of Mechanical and Electronic Engineering, Shandong University of Science and Technology, Qingdao Shandong 266590, China)

Abstract: Residual stress, microstructure and mechanical properties of S11306 ferritic stainless steel thick plates were examined after
welding and two heat treatment processes. The welding residual stress was determined both before and after heat treatment by using the blind
hole method. The sequential coupling method and double ellipsoidal heat source were utilized to characterize the temperature and stress fields
during welding. The microstructure evolution both before and after heat treatment was studied by using optical microscope. The results show
that the error of the welding temperature field simulated by the heat source can be controlled within 10% . The difference between the stress
results obtained through sequential coupling and the experimental values shall not exceed 23% . The heat treatment process can significantly
reduce the peak residual stress in the weld zone. Compared to 770 “C |, the heat treatment temperature of 820 “C provides a greater residual
stress-relieving impact on the 100 mm area surrounding the weld zone. The higher heat treatment temperature not only reduces the martensite
content of the base metal, but also promotes the grain growth of the heat affected zone, concurrently the content of lower bainite and
martensite composite phase (LB/M) in the weld zone is increased to 47.6% . The hardness values of the base metal and heat affected zone
show a decreasing trend after heat treatment, while the hardness value of weld zone is increased by 33 HVO0. 05.

Keywords: stainless steel thick plate; welding temperature field; welding residual stress; post weld heat treatment; microstructure ; hardness

S11306 ERE KA W B A S HEVEREZ AR 4%k T@?ﬁﬁﬂ’]ﬁ 1" o BEE A RITHMER H 25
e A ™ BRI R T R e S RS B B RAFRY 3G R IR EE S R AR N ) 37 AR UL T B L Ok
I JE T e AN ¥ U A AR ) M )2 T TR R E‘Z RO R TS 2K AN ] 394 BROTAER A nT LA
B S B R O B E R AR o Rk ﬁﬁ(ﬁﬁ%ﬂﬁ?ﬁ{ﬁh H e A 1Y 5AR D T o A e K
AN TR A RL R B S B R S R R N B IR AR A KR e AR AL, DR 2 E A
Rl BRI SRAR N i 25 RN ik, KORW/ N i FE, *ﬁ%Aﬁ%E’J_J’Fg*ﬂlﬁﬁf’ﬁ ENAME, BLf

':

s B 1 :2023-10-12 1T B #7.:2024-03-24

BEEM A : HEK A AR 4 (52305172)

EE® T 9K F(1988—) B, @B TR, 65+, FERFFE 5 0] AR R A& 3 5 il , E-mail ; edward1226@ 126. com,, i@ AEF# : IRUK , #4%Z, ¥
+ . E-mail : huxdd@ 163. com

sI3XHgz:5k B, S, FW, 5. S11306 SR EAFHWESE G REEFEL]]. &RAEEE, 2024, 49(5) : 146-152.
Zhang Yong, Ma Qingshan, Li Ruyang, et al. Post weld heat treatment characteristics of S11306 stainless steel thick plate[ J |. Heat Treatment of
Metals, 2024, 49(5) . 146-152.




w55

K 5,55 :S11306 Bk Z RG99 IEAR o AL BERF I 147

R Je FAAL BT 20 nT LA 00T B AR 4 42 3k 1 3R A
1, EHIPERARRAGE NI &, 455 PAK 2 o] D4R e 2k
FRAFE WA HEAE L 0 12 ™ L (PR
i) 3 A T, R ERE AR AN G5 AN A F7 e AR AL 3T 2 A
ZNH,

ALl g S11306 BRAR AR AEEH] 20 1845 H X H A
GE A, b 1 AR SE S X BB AR YRR ) 4k,
TIFFRER RN T S OE K IPE R, 3@ i 770,820 °C J
i 2 h BYPFRIRAL I T Z AR L, Dy R T 280
P K o

| BB %

IR 1E ] 25 mm JRGELZS S11306 2% 2 18R A 55 4
B, )IR5) 8 400 mm x 300 mm x 25 mm; &t % HF T
HL IR, KR 25 iz R A LR 2 & o4 mm |1 G207 %k
AWEATIE SR, FERPRFE 57 300 C FHERE 2 hti
MAFR RIS T AR 1 s .

&1 S11306 $HF0 G207 AL FER D (FRESE, %)
Table 1 Chemical composition of the S11306 and

G207 steels ( mass fraction, % )
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= B Si Mn P S B N1

S11306  0.02 0.41 0.11 0.024 0.004 12.45 0.09

G207  0.048 0.625 0.61 0.019 0.004 12.54 0.196
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Fig. 1 Schematic diagram of the S11306 steel welded joint
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Table 2 Welding process parameters
PR/ Pl A/
(ST HE/V H/A
mm s ) (k] - mm ")
1 23 ~25 149 4 0.857 ~0.931
2 ~18 23 ~25 155 4 0.891 ~0.969
19 ~20 232 25 149 4

0.857 ~0.931
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Fig.2 Test points of welding thermal cycle curve
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Fig.3 Test points of residual stress
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Fig.5 Schematic diagram of hardness sampling
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Table 3 Thermophysical properties of the S11306 steel
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(kg - m (] - kg MPa (Wem'-C") (x107°6°C ")

30 7742 0.292 456 205. 0 62.35 9.29

200 7693 0.298 586 150.0 42.67 10. 45
400 7629 0. 306 835 128. 0 24.90 11.4]1

600 7560 0.314 793 112.0 25. 04 12. 11

800 7884 0.322 774 17.0 26. 57 12.39
1400 7234 0. 346 739 0.4 32.78 13.32
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Fig.7 Comparison between experimental and 51mulated thermal c'ycle curves at different temperature test points
(a) point 1; (b) point2; (¢) point 3; (d) point 4
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Fig.9 Microstructure of base metal zone of the specimens heat treated at different temperatures
(a) untreated; (b) 770 C; (¢) 820 C
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Fig. 10 Microstructure of coarse grain zone of the specimens heat treated at different temperatures
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