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Effect of Solution Treatment on Properties of 254SMo Steel Welded Joint
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Abstract: Austenitic stainless steel 254SMo is widely used in chemical industry and other industries because of its good re-
sistance to pitting corrosion and intergranular corrosion. In this paper, in view of the reduced mechanical properties and cor-
rosion resistance of austenitic stainless steel 254SMo welded joints, it is proposed to use 1 150 °C solution treatment method
improves the properties of welded joints. The super austenitic stainless steel 254SMo was welded by GTAW welding, and
the mechanical properties, impact toughness and corrosion resistance of the welded joints in the as-welded and solution-
treated states were compared through experiments. The experimental results show that: after solution treatment at 1 150 °C,
the coarse columnar crystal structure in the weld zone disappears, and the equiaxed crystal structure in the heat affected zone
appears larger twin crystal structure; the hardness of the weld seam, the heat affected zone and the base metal after solution
treatment The value is significantly reduced, the average hardness of the heat affected zone is reduced by 12%, and the aver-
age hardness of the weld is reduced by 24%. The tensile strength of the welded joints decreased slightly, while the impact
toughness at =196 °C increased significantly. The weld increased from 132 J to 161 J, and the heat-affected zone increased
from 102 J to 164 J; solution treatment eliminated the grain boundaries of the heat-affected zone. The precipitation phase re-
lieves the intergranular Cr depletion, thereby significantly improving the corrosion resistance of the welded joint.
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254SMo J&—Flh 100% B[R LU AR, &
fe FEARAIG , 55 M98 [C AR N 85 4K 4N S30408 . S31603
SEAH I B VRS R RSSO RS A —E
R, ELAG Bl A TR ok | S5 B ol % 5, 1) S ok 1
DI Pz N TR R A R B AL TR T 4
2SR, 254SMo AN TP T B B
AR, MHICR & o 2B G Laves I
PRIFTCER S AHOCHFSE R AT HIRLEE 24 800 °C,
o FHBT U BE 24 4 900 °C ¥, HAEPL B HI 4 T
IXLEAHY ) O B AELH S )| DR AR SR G BR 3
T v AU i (X R 5 XA 5 2B B o iy B AT
FH7 . Mateo 55 N SHFGEFE I, o AHXT AR (4 T fodt 14
AWK, BEAh, o 1 AR BRI [RIFE 2 AR
B ERMES . Anfal f DAt th AHXT 254SMo BB A
R SR PR B A5 SR 2 Y T 254SMo i FH X
Mo AREDESE N ORI RI, X 254SMo i AN N
HEAT 1 150~1 200 °C Y & 95 kb P B 45 A3 R HL I BR o
Ay M A

25PN 2% o HE TR A I A R WR I 3
IR i S A S5 R M T R 254SMo, SRR I
s i) 328 ) R SO A, 254S Mo B TR B4 5 2
2 J5 0 [ AL BRI TE A e v iS5 . AR
SR T T A G I L G RO B AN
254SMo , FFXFHR R S FE KA RN BV AL BOIRES R 1Y)
J12E P Re bl i iR A T A, B
TEWFIT RIS IR AL BT 254SMo 3323k 724 VEBE F1 it
Ji PR BB Y R ), AR 2R L AR 85 4K 254SMo 51
o it il i PR LR AR S

1 KRR T %

1.1 KIEHR

RIS FHRER M JE 18 mm 4 254SMo AN, Kt
o T A% >R 800 mm>x 120 mmx 18 mm A AR ,
HAL2E A T RE A BIANER | R 2 s . g
PUAVERL U ERNICrMo-3 #5742, 42 2.0 mm, HiAL
SR 2R AN 3 R4 PR . MR

 8%~10% [ Mo JC 2 , AE s 5 4 M 12 vy 5 e 1 3k
FAY T J5 Tl RE R AR B i ) 1
F1 254SMo R FER D (RESE, %)

Table 1 Chemical composition of 254SMo (wt, %)

C P S Mn Si
<0.02 <0.03 <0.01 <1.0 <0.80
Cr Ni Mo Cu N
19.5~20.5 17.5~18.5 6.0~6.5 0.50~1.00 0.18~0.22

R2 254SMo R 1EHERE
Table 2 Mechanical property of 254SMo

R,MPa R /MPa A% Z1% T E/HB
>310 >655 >35 50 <223

#&3 ERNICrMo-3{LZRi 5 (RESHH, %)
Table 3 Chemical composition of ERNiCrMo-3 (wz, %)

C P S Mn Si

0.008 0.001 0.000 3 0.01 0.06
Cr Ni Mo Fe Nb+Ta

22.56 A 8.82 0.07 3.76

%4 ERNICrMo-3 /122468
Table 4 Mechanical property of ERNiCrMo-3

R, /MPa R /MPa Al% i) /HB
2420 >760 >30 220~280
12 BEITZ

e FH R A S A 3k A AR 42 L O VA
1, 3% E1 £ J3 65°+2°, B 0~1 mm 4ifi 171, 41 %6k A1) it 3~
4 mm, W& 1R, 254SMo K42 i — A 7 T
B Y RERER EEAR T 15 °C, 07 X 42 3k P 250~
300 mm F& A4 XN 15~20 °C, Ui A S
FOsE AL MR T R B I 11 %% 20 mm kb
FT B35 BRI Y5 , N ER RT3 vk, AR Ik ALY
PR R R T 2 RIELE R 15~100 °C, LB
LB A AR ) X1 AR KRR AL (R AT S A
T EREWER SR BEEIZM BRI R )
K, BT B M IR SR | IR ) 5 7 A A
4, WNGEE 280 230 A2 80M R il R ¥R 244, vl 3E
T PRIE B JE AR A T S AT T IR R SR T
By 1AL A
1.3 HALETZ

AR MR 58 B R FH e KA 2 D) BRI U0
(FLA% 400 mm>240 mmx18 mm) , 4 54+ 3 K 1.2,
HerpaR 1 A RS, 1A 2 R A A B, Ak B
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Table S Welding procedure specification

Wﬂx JPEL i JE 5 JPEL 52> SRR Hfe L s e

KBy i I 2 A TR JRHEFL TR J#Tﬁﬁ-ﬁi ﬂm“.% Eij(ffaﬁla%

T/°C /A unv v/(mm-min™") O/(L-min™") E/(kJ-cm™)

GTAW DCEN =15 150~170 15~17 =100 8~12 17.34

T e %, HBR A TR LR On R 15 AR T AR AT
TERF LR AR R A G SR I AL E AR, X AR EE &
> e J o T SR R TR B R R Fe B RERUR

= N N N N =
MBS TS N, 332 Kl 254SMo H Fe & it i T
1% 3-4 ERNiCrMo-3 #2422 i) Fe & i . S5 4haT LU 1, D

1RO
Fig. 1 Groove of test plate
FL R 6 Frow , B AL BRIEEE 4 1 150 °C, [#A4b
FEAFR] 40 min, 3RFE P E TR
Fzoe HMAEIE

Table 6 Heat treatment specification

RS Tk PAL B
1 GTAW JeES
2 GTAW  [EVAKEH 1 150 °Cx40 min( 47 BIK A 20)

2 HEER5ITiE

2.1 [REESNRK FTIRE

Y42 58 S 4 ) Xk 1 ke g A 4 4 Sk R AT 41
WK A, KRS R T BUE R4, FR4E 5 BEA T e i 55
BfA . 4% NB/T47013.5-2015 FrEI BoR W Hag 2
T AT PT Al ¥ A7 24 50 45 i B 7= 4 5 4% NB/
T47013.2-2015 brofE NI ZER X AREEHEA T RT R, 5
LEN IR L SALE B
22 BRENZRSHH

P GB/T38939-2020( 8 A 4 Z LR &
A0 5 K AR TS PR D B i AT (R R ) ) XoF
1678 G B AT A BT T, MR EE A
TR

=7 BENENS (RESH, %)

Table 7 Chemical composition of weld (wt. %)

s Cr Ni Mo Cu Nb+Ta Fe
1 2226 59.90 8.16 0.14 3.25 435
2 2220 59.43 8.12 0.12 3.21 439

X 1, 3.38 7 0 A1, ERNiCrMo-3 #4784
J& "1 Cr \Ni Mo \Nb % J0 2 & & A KA YA T ke

fHAEREM AR 2 S R R R IS S Jmrh 22
H2EITER Cr Ni & i Ah i T-REF 254SMo, ATTTBf £
TR S R AR R A i FE v R
2.3 SHAZRSH

FEAS S A FRACE T AR A% /ARG I X B E
FIOR L 2L 2~ 5 firzR o F BT RTAT, Kt 2 20
LG X 2 SV AE B B 2 5, G IR X 4 40 A
U 25l B8 (AR A 4 T AR S 20 2 B AN Tm) |, A
T ARG DX ST SR /0N B4 S5 R 3 R R X
WA AR SR AR Z A A B R R, HL
FERE 2 I AR S 1Y SR S 4 IR T AL T
M s &AL BN R % X RS 4 JE 1E
P [ A B BRI T A R I s [ A 5
AR SR AR AR UG X, TR A R4
J& A B o A [ S 4 e, HL R [ e A
BT 96 A 0 R AT SR AE [ R A T DA
TR B R W VR T, B8 [ e e R 2
WA B JT M R A A2 A, i TR A%
ZlET Cr NiB LR b e, kg F 22
TR AR+ R RIS

100 pm
2 BB &8 (RE)
Fig.2 Weld /heat affected zone (as welded)
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Fig. 3 Base metal (as welded)

_ 0100 pm
E4 REHRZMXEHE(ERLE)

Fig. 4 Weld / heat affected zone (solution treatment)

5 SHeE(ERLE)

Fig. 5 Base metal (solution treatment)

S [ AL S KR AR AU L T IR AR AL
[Eil Vs A SR K5 v A B Y OB R SR U A, T
JENT A TREAY SR ZAHZE S T BRI AE h AR AL
a AT LU B B R PR RE . IUAh , BERE R 2 [
AbFRE BT S 2 AR R AL (EBAT W AT
HIAFAE.
2.4 NFMERES R

X 7 2 P I 8 Ak B ) R 1 S A A R 3
HEERUNR PR . Goid WIE AL P2 5 MR 4%

SRRRE B DX R AR A 2H S U RE A T
TR A DT [ S o W], P DX 412U
Z BB RE BEAE T FERO/IN , 00 P Oy 225 [ 9 A Ak
B S A A i S BORE LA T B, B i A Y
DA 8 T b ] S
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Table 8 Hardness test results

e HBAL WE/HVI0
ThEE 246,266
1 G X 244,262,242,242,225,242
i) 175,169
JirgE 192,198
2 N X 172,178,176,180,182,181
BRAF 167,174

R4 GB/T228.1-2010( 4 J& A4 FHhr ik 56 ) b
#E, R HUT 605 A fCbL45 il F v £r) R U7 BE S B AL
PR AL A A T AR Sk i A 2 R %
R ; AR 4R GB/T2653-2008 (A5 424223k 25 it 56
D715 ) , R H HBT 106 fldL 4 il 25 f i s WLtk £ 7 25
k56 ; 22 B8 GB/T 229-20204 4 J@ bR B L 134k
dr 56 ) L SR PIT 453G-2 Sl il $54 v ol
RIGHLIEAT 20 S -196 °Crpifi izt , ik Be 25 S in g
9 ff7n o

F9 NEMHERAKRER

Table 9 Mechanical property test results

it e iR A
i
o Jot PG X
%> S/mm’ R /MPa
A, JI(-196°C) A4, /1(~196 °C)
' 402.58 742 109,145,142 155,85.4,68.8
401.76 736 (F{H 132) (F{E 103)
5 391.19 698 152,166,167 162,168,164
394.79 724 (Ff 161) (Ffi 164)

i ASME 11 A %5 v SA-240( 1 11 2508 M — i
1% FH T AV B B N 5 A oA RNy ) v 14
JE ,254SMo (1Y 2 IRATHL5R FE e/ ME N 655 MPa, 7
ATk BPTHR B2 4 {E N 739 MPa, FIE S T 4L
P EEAE R 711 MPa, 3K T84 e/ M, B iE 2
Je BUHL o FE WA T [ 4 I R AT RE S [ AL B
Je KB4 T B I i DX T HE W A B L 485 50 4k
AKX SRR A IRk 180025 12 56 1
FEAR BT 2L 45 S 01 L, U B 42 3k YR 35 R 4o
PR SN R B X I —196 °Cirp il i Eh 4% R,
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[V b B —196 °Cobrili Dy TR &4 F 1, Horp
FEE T 132 THEHNE 161 T, PGEM X 103 T35
164 T, JF DA J2: - [ 375 A B 0 e o RELAC P A Sl T
I TRRIASE f F fit [B) A7 A6 25 ™ 3 %) ) o0 b ELAFAE
I SIS AL A, PR e 2 H s 1 e s A A
oM, VR SRS A AR A PO O AT i T
[ o A B 4 LA IR AT, (AR 4 rhu O X e
HPEREAEZE . AL, BV REIS N R 254SMo
FESRE AL R BT H A G 52, BB HT R S A S
T R R DI TR R A I
25 Bihilie

3 % PR 2 A ) MR Sk HEA T FeCL a5 ot
X6 (ASTM G48A) . 5%H,SO, 157 Ji i % (GB/
T4334.6) . H,SO-CuSO, J&§ 1t i % (GB/T 4334.5) .
Hor G48A 3R R 51 4 25 mmx50 mm»3 mm, i
IR (22+2) °C, iR H I E] 72 h; 5% H,SO, 151 Ji

PRI AR R BB R R 20 om?, 155 i R 2 ik
IR RG] 6 h; H,SO,~CuSO, i it i 56 i ke
51 80 mmx20 mmx=3 mm, 256 15 S SOIRIR A,
REGFE] 16 he IREGE R WK 10 s, AlLIE W,
FEAS M B AS AT =Rl i 50 25 S 75 5 A
RFRAESAE AR SRR o SRSk S Z5
0.002 g/dm’ I2JJEF A5 R 0.047 g/dm? ;s TELE 1L [H]
VS HRAL B2 5 R PR it R AR N | i 2 AR
J90.001 g/dm?® IS RS H R 0.01 g/dm?. X 1EHH
(] A Ak 3K T ol A 2 o KR PR T AR R
PAGER L AR P, 78 A ) DX PG4 S5 5l & 11 i ALk
ST R ) AH T A E B Crot &R . Ry A
SRR A K B Cr ot 2R, AT 3 B A ] 2T Cr,
1M Cr G 26 LT Jg oot B B A R 2R .
17 [ 5 A B o 4 58 42 0 i, (i Cr o 28 th o A 1] 3%
Cr X34 H5L, i dh A0 28 Cr i 8 24

F10 BRLRER

Table 10 Corrosion test results

%S ECCRIRES PATHRE PR
=3 LRl [TPRE . - o o
R g B i J /g JE I/ (g-dm™)
. 32.605 8 32.605 6 0.001
FeCl, s Ji il g ASTM G48A
34.438 4 34.4383 0.003
' 14.045 5 14.045 1 0.04
5% H,SO, 242 Ji i 4 GB/T4334.6 10.984 3 10.983 7 0.07
12.616 8 12.616 5 0.03
H,S0,-CuSO, J# iz 4 GB/T 4334.5 i
- 27.8157 27.8155 0.001
FeCl, i i i g5 ASTM G48A
19.212 8 19.212 6 0.001
5 10.492 3 10.492 2 0.01
5% H,SO, 5] Ji il GB/T4334.6 132632 13.263 1 0.01
182210 18.220 9 0.01
H,SO,-CuSO, J& i 5 GB/T 4334.5 it

(DFECH S ECT B89 2 B 18 mm & Y
254SMo W [CIARN G AN IR 32 S B Sk i A7
L S RS N A AL B
e

(2)1 150 °C [& AL R )5 , 254SMo 4% X HL A
[ERINTE AN E RIS A o PR N R
A, BEM I ZU A R BT AR AEAE

(3)1 150 °C [l Ab HF () FE 4% G2 0 X4 A
JEE AL S 25 AR AT, v B g DX 2 i B I 12%,
KRG T2 Bl 35 BTG 24% . KSR S (R B o o B
TR . M—196 CCAAFT i rh i I vE ] 38 hn, H
rESEH 132 TR 161 T, A2 X 102 T340
#1641,

(4) 195 b 33 B 1 A% M) DX AT LR A
w2 Cr 22 , T S 25 4R 1 R S T g oy
PERE
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