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Microstructure and Mechanical Properties of 150 mm
SA387Gr22CI2 Steel Plate for Methanol Synthesis Tower

Yin Weijiang' Li Jie® Wu Yanyang' Wang Tiantian' Zhang Jian’ and Hou Jingchao'
(1 Department of Science and Technology Wuyang Tron and Steel Co Ltd Wugang 462500;2 Wu yang Iron
and Steel Co Ltd Wugang 462500; 3 HBIS Group Cheng Steel Company Chengde 067002)

Abstract The simulated post-weld tensile property —29 °C impact property metallographic structure and temper em—
brittlement tendency evaluation of 150 mm thickness SA387Gr22CI2 steel plate( /%:0.13 ~0.14C 0.09Si 0.55 ~0.56Mn
0.004P 0.001S 2.48 ~2.49Cr 1.11 ~1.12Mo) are tested. The each property of steel plate with delivered state ( normalizing
+ tempering) minimum simulated post-weld state maximum simulated post-weld state and step cooling test are measured. The
results show that the temper embrittlement tendency of steel plate is not obvious the resulf of CvTr55 +2.5 ACvItS5 is —63
°C fully to meets the technical requirements of steel plate for methanol synthesis tower.

Material Index SA387Gi22CI12 Steel Plate Microstructure Mechanical Properties Temper Embrittlement

. N 2 o
100 t —
' —50.68 t — —450 mm —
SA387Gr22CI2 ASME SA387/SA387M-2019 — — — — — —
2.25% Cr+1% Mo GB/T7132014 — —
12Cr2Mol R 2. CrMo .
1/2  1/4
3
150 mm 2 SA387Gr22C2
1 SA387Gr22C12 1%
SA387Gr22CL2 ° Table 1 Requrement for chemical composition of test SA387Gr22CI2 steel plate/ %
SA387Gr22CI12 C Si Mn P S Mo Cr vV Nb

0.10 ~0.15 <0.50 0.30~0.60 0.005 0.002 0.90~1.10 2.00~2.50 <0.03 <0.02

o Table 2 Mechanical property requirements for
SA387Gr22C12 steel
1 -29 C
SA387Gi22CI2 150 mm R, /MPa R, /MPa  As/% Kvy 1
515 ~690 310 ~ 620 =18 =55( )

+ 1
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3 SA387Gr22C12 2
Table 3 Heat treatment scheme of samples of
SA387Gr22CI12 steel plate 2.1
1 1/2 1/4
( + 910 ~940 °C
1# 2 ~2.5 min/mm
680 ~710°C 3 ~3.5 min/mm ) o 4 o
min. PWHT : 4 P.S.As.Sn.
2 (690 +10) °C/8 h 350 C <55 C/h
<350 C Sh P
max. PWHT : 0.004% S 0.001% As-Sn.Sb 0.
3# (690 +10) °C /32 h 350 C 002%
<55 C/h <350 C.
ot S. C: °
min. PWHT SA 387Gr22Cl12 J.X
4 SA387Gr22CIR2 /%
Table 4 Analysis of SA387Gr22CI12 steel plate/ %
1% I
C Si Mn P S Cr Mo As Sn Sh Cu
T/4 0.13 0.09 0.55 0.004 0.001 2.49 1.12 0.002 0.002 0.001 0.02 38.4
T/2 0.14 0.09 0.56 0.004 0.001 2.48 1.11 0.002 0.002 0.001 0.02 39.0
:T- J -
5 SA387Gr22CI2
Table 5 Metallographic structure and inclusions in delivered state SA387Gr22CL2 steel plate
/
A B C D /
T/2 0 0 0 0 0 0 0 0.5 0.5 7
T/4 0 0 0 0 0 0 0 0.5 0.5 7
<l1.5 <l1.5 <l1.5 <1.5 <l1.5 <l1.5 <l1.5 <l1.5 <4.5 =90% <5
P.As.Sn Sb Cr-Mo
2.2.2
Si  Mn 3 2%.3* N
6.7
° 1 o
2.2
3 6\7 ( Re]) :
376 ~441 MPa (R,):545 ~589 MPa
’ ’ (Ay) =28.5% . ASME SA387/SA387M-2019
2.2.1 :(R,):310 ~620 MPa
R, 515 ~690 MPa A, =18% o
O
5 s v =29 C
5 o ( 690 +10) C 32 h
0.5 D <l1.5 1/4 1/2



1 : 150 mm SA387Gi122CI2 °95-

6 SA387Gr22CR2
Table 6 Simulated PWHT performance of SA387Gr22CI2 steel plate

330 °C ~29 C
R, /MPa R, /MPa Asy /% 71% R ., /MPa K, /]
T/4 Max. PWHT 380 550 34.5 83 323 280/272/261
T/4 min. PWHT 441 589 30.0 77 375 261/260/273
T/2 Max. PWHT 376 545 33.0 78 310 181/154/270
T/2 min. PWHT 438 580 28.5 77 373 278/252/212
310 ~620 515 ~690 =18 =40 =215 =55

7 SA387Gr22CI12

Table 7 Tensile properties of simulated PWHT in thickness
direction of SA387Gr22CI2 steel plate

R,,/MPa R, /MPa 71%
386 532 57
Max. PWHT 383 530 61
385 531 54
453 577 52
min. PWHT 455 576 52 20 pom
452 578 56
=310 =515 =45 1 SA387Gr22CI2 ' ( a) min.
PWHT ( b) Max. PWHT
1 Fig. 1 Metallographic structure of SA387Gi22CI2 steel plate
simulated post-weld heat treatment ( PWHT) ( a) min. PWHT
(b) Max. PWHT
8 SA387Gr22C12 A)
Table 8 Series transverse impact energy of step cooling test state SA387Gr22CI2 steel plate/]J
/C
-120 -100 -80 -70 -60 -50 -29 0
T/2 22/10/15 41/21/36 45/49/40 124/122/111 172/178 /164 242 /260/250 185/148 /249 256/252/236
5
2.2.3
3 4"
8 2
9 SA387Gr22CI2 N 1/
2 1J

2 SA387G122C12
Fig.2  Metallographic structure of SA387G122CI2 steel plate af—

ter step cooling test

Table 9 Average transverse impact energy at 1/2 thickness
series of SA387Gr22CI12 steel plate with minimum die welding
heat treatment and step cooling test state/J

/C Min. PWHT Min. PWHT + S. C
. ~120 13 16
. ~100 I5 33
° -80 79 45
-70 128 118
~60 262 171
1/2 -50 m 251
-29 245 194

0 285 248
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300 Min.PWHT -

(R,) 1376 ~441MPa (R,): 545 ~589 MPa

Min.PWHT+S.C

130 100 80 60 10 20 o CvTr55 +2.5 ACvTi5S
HBREEC -63 C 10 °C.
3 SA387Gr22CI2

Fig.3 Transition temperature curves of SA387Gr22CI2 steel (2017YFB0305300)
8 -70 C
1 . 12C2Mol R
2 ( SA387Gr22C12) J. 2008 43( 12) : 6790.
o 2 . 12C2Mol R (
SA387Gr.22C1.2) J. 2014 26(2) :
2.2.4 5660
3 . D .
9 2008.
° 4 M. 2000.
9 3 5 .
55] . 12Cr2Mol R J . 2012 18( 1) :6-8.
CvTi55 = -88 C
(19839 (2012 )
ACVTI’SS = 10 OC 2009 ( ) Cr-Mo
CvTrS5 +2.5 ACvTr55 = =63 C <10 Co o E-mail: yinweijiang2010@ 163. com
55 ] 120210619
CvTrdS + 2. 5 ACGVTiSS
-63 C 10 C 0
3
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