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YUAN Xiaogang', CAO Xuejia’, SUN Xiusheng'
1. Nanjing Baose Co., Ltd., Nanjing 211178, China
2. Nanjing Boiler and Pressure Vessel Inspection Institute, Nanjing 210019, China
Abstract: To achieve reliable joining between Hastelloy B3 and SA-516 Gr70 dissimilar steels, this paper conducts research
on relevant welding processes using gas tungsten arc welding (GTAW). Welding tests are carried out with three types of
welding wires, namely ERNiMo-10, ERNiCrMo-3, and ER309LMo. The quality of the dissimilar steel welds and the me-
chanical properties of the welded joints are evaluated through X-ray flaw detection, as well as tensile, bending, hardness,
and impact tests. The test results show that all three types of welding wires can produce qualified welded joints. Among
them, the welding process with ERNiMo-10 is stable, and its welding operability is the best; although there is a slight arc de-
viation phenomenon when welding with ERNiCrMo-3, the molten pool is clear, and its fusion with the base metals on both
sides is the best; when welding with ER309LMo, it is necessary to control the composition dilution in the fusion zone on the
Hastelloy B3 side, which has the highest requirement for the welder's operating skills. The tensile strength of the joints of
the three groups of specimens ranges from 629 MPa to 646 MPa, and fractures all occur in the base metal on the SA-516
Gr70 side. The lateral bending specimens have no opening defects, indicating good fusion of the dissimilar steel joints. To
complete the product welding between the cylinder and jacket of the esterification feed tank, considering the cost of welding
materials and the requirements for welding skills comprehensively, ERNiCrMo-3 welding wire and ENiCrMo-3 electrode
are selected, and a combined welding process evaluation is carried out on 12.7 mm thick Hastelloy B3 and SA-516 Gr70 test

plates using the combination of gas tungsten arc welding and shielded metal arc welding. The evaluation results show that
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the tensile strength, bending performance of the welded joints of the test plates, and the impact performance of the heat-

affected zone on the SA-516 Gr70 side all meet the requirements of the welding procedure qualification for pressure equip-

ment, which enables the completion of the welding between the cylinder and jacket of the esterification feed tank.
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Table 1 Chemical composition of Hastelloy B3 (wt. %)

1.1

C Mn Si S P Cr Mo
<0.001 0.65 0.03 <0.001  <0.004 1.32 28.2

Ni Fe A% w Co Ni+Mo
67.65 1.45 <0.01 <0.1 0.05 95.85

Al Nb Cu Ta Ti Zr
0.29 <0.05 <0.1 <0.01 <0.01 <0.01

%2 Hastelloy B3 8y 15488
Table 2 Mechanical property of Hastelloy B3
L R /MPa R,,,/MPa A/% 2IN HRB
i 951 493 63 96

SA-516 Gr70 f54 ASME BPVC.II.A, SA-516
PRUEZER, HAL 2 8 2 C Mn | Si &5, A5
VR AL 5 AR iR S A D B NI Cr 555 4, 1l
HEA R ap it ae AR e, 8 T—H
H AR IR 51 T R S s A . 1A% H SA-
516 Gr70 M bt A2 il o a3k 3 B, Ji2#Pkfg an
FKAFTR,

R3 SA-516 Gr10LFER 5 (RESE, %)

Table 3 Chemical composition of SA-516 Gr70 (wt. %)

C Mn Si S P Cr

Mo

Ni \Y Al Nb Cu Ti

0.14 1.43 0.29 0.002 0.016 0.07

0.019

0.16 0.003 0.044 0.018 0.01 0.002
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Table 4 Mechanical property of SA-516 Gr70

L Rm/MPa Rp0.2/MPa  A/% 2IN HB

it 535 403 335 153
1.2 BHEEN

Hastelloy B3 5 SA-516 Gr70 i fl k4 BHE )

PRPERE AU SR S E 22 R B W
TR T ik 22 2022 S 25 IR 42 Sk IN BB AN T
SRS | H Hastelloy B3 A5 R B AR T
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SR R S I A3 A AN 5 S KR Sk
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% i 2590 % 43 1] Hastelloy B3 145 4% 4 & rh
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WAL, Mn JC 2R AU 4 H0 e KR 4% 4 i 1Y) 58 1455 2K
MLHLUEZS , T2 K 4% 4 & 1) Ak 24 i 2 R4 4
SERG EAREE Sk it FE ol R AR T

2 REHE

21 BEEFEOWE
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Fig. 1 Diagram of bead sequence of test plate(Unit: mm)
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Table 5 Chemical ¢

position of welding consumables (wt. %)

ST C Mn Si S P Cr Mo Ni Fe

\% W Co Al NbtTa Cu Ta Ti Zr  Others

ERNiMo-10  0.003 0.67 0.01 0.001 0.008 1.89 28 67.08 1.69 <0.01 <0.1 0.04 041 <005 <0.1 <0.01 <001 <001 <0.5

ERNiCrMo-3 0.002 0.01 0.03 0.002 0.003 22.67 8.7 6424 0.14
ER309LMo 0.021 1.85 0.47 0.001 0.016 23.1 2.08 13.88 Rem

— 013 372 001 — 03 — <05
- - - - - 07 - = = —
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JEAR T R AR AR B AR B2 <120 °C,
24 RBEIZRSREES

S RINAARCR I AR R T A S H TRz
FEE 1 A RRE R A TR K AR AR
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Table 6 Welding process parameters

SHEHLT/A

)z R i5 - R/ V PHEGEEE/ (ememin™) PRI/ (Lo min™)
etk W]
S GTAW DCEN. 120-140 13~18 — 15
g1 GTAW DCEN. 120-140 13~18 9~15 15
7 2-6 GTAW DCEN. 155-170 13~20 9~15 15
il 7-8 GTAW DCEN. 155-170 13~20 9~15 15

BS2301 it 5 i FE kA , R JH ERNiMo-10 #47
ST 4 T 1) (R R e v AR AR A R R T S
b T 23 7= A — BB /IN TR R T A —
SERZ R, B VRS 4 T BB [, Vi T O TR
BESRNM A T AR R R Y SE M U AT H 4
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TR SR R S A RO A, DL AR
HEIR BRI, A T TR N AR AR A 2 T 4E b
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& Fr AL, EE IR K Fe, £ BS2303 i M 45 12
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REAF I O I A T RS RS EE R E
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A B U TR s A A S A g A
Hitk & @ AL &, F B A, 8 AR
A BE A 4 5 8 2 10 48 1) SA-516 Gr70 il , sk /)

Hastelloy B3 {lll 3 F1 @4 5 %8 , I HL K 452 ) 1
ER309LMo 13 22 £ , 45 i Hastelloy B3 £} #4 i) #i
B, DTS T 2807 A o FR4 58 U Y = R
MRS an & 2 frm

(¢)BS2303
E2 (2R

Fig.2 welding plate
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P o Z TR ) AR A A 0 e A ) 2
REASI AN ] 4~ &1 6 73 o A [ AR A AR i 0] 25
BRI 235 R L3 7 , B ARG I 85 2R DL I 7

R G T 225 SR ] 0 S TR AR S5 T R e
1) = IR, A S X LA A e AR R R A7 1Y
IR DR R R RE A SR TR 4 R A R RS AR B
NB/T 47014—2023 (& FE 5 45 M4 T 2508 ) B
K, P AR BT 5 N AR T P A RE R BT b 5
JE S (I P B3/ IMEL, A BB P Al Ay T 25
Hri% , Hastelloy B3 BEF (1 e/ IMTLHLSR E 2 760 MPa,
1M SA-516 Gr70 BB O HTHI5R FE 4 485~620 MPa, 6
PFARRE BB PL IR BE S 629~646 MPa, i 3 125 T SA-
516 Gr70B}:b4 e/ NILHT 8 BE 485 MPa, Fi7 fHi ARG
WEH o

56 4 PR AP RE A T2 E AT DUR I, 6 14
IRFE Y WTRAEIE B 2 LIS SA-516 Gr70 Ul B141 X
B, FLWT 240RE i S04 1 00 5, 5 B AR g 9
Wi SLRRAF . (EURAR I 36 4 0] LUALE L SA-516
Gr70 B #4 5t 2 ik B 45 fhr s B AU 535 MPa,
1M 6 {3 RE (PR 38 AN R T 535 MPa, 1 HL H
SA-516 Gr70 t#fEFLE 1Y 1 FRAE 620 MPa it /5 , iX

52303230216

I]

(¢)BS2303

B3 RTHRMER
Fig. 3 Pictures of RT results

(a)BS2301

(b)BS2302
B4 HiERiReE

Fig. 4 Specimens images after tensile test

(¢)BS2303



5512 1 BEIENI, 2. Hastelloy B3 15 SA-516 Gr70 #2H:T. AT KU 55
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P B2 B 25 AR B RIR LA LU , Halkere PEE B BCIR IR R R Sk LA ARE , il o pR B
PRUEA 16 E IFREAREE AP AT B Lol WAREE AT BN DU SR S 0 B ) B %51 6 mm,

(b)BS2302
E5 ik

Fig. 5 Specimens image after bending test

(a)BS2301 (b)BS2302 (c)BS2303
BEle it
Fig. 6 Specimens image after impact test

®7 RRH AR EHIXIEER

Table 7 Tensile Bending test results of test coupon

S Fr ik 25t 5 D=40 mm, a=180°
N S YUHisE B/ MPa Wr 7 B S RS 255 2

L-1-1 646 Gr70 =11 /43

BS2301 W-1-1~4 ES y " 1
L-1-2 637 Gr70 LR/ eSS Er i, TCIF H i
L-2-1 629 Gr70 fml =11 /434

BS2302 W-2-1~4 ES " R
L-2-2 635 Gr70 LR8P s B, T LG
L-3-1 635 Gr70MiE144 /581

BS2303 7O MBI W-3-1~4 s EHs, TCH LB

L-3-2 640 Gr70 =11 /43
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T RMEZ P AT T BIE S E N, X =4l 1614
A AT ARSI, 250 AR IR 4 AR R
JE R R 40 mm K SRR 43 0 AT 1800 25 RS
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FE A B AR A A S 2 ] R e R s A
KRR BT R BIPE.

SR FHEAL A0 52 T2 0 M 0 S R A A Al
(HV10) A, i 25 S LI 7, AR 45 S T A
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FEAEAE RS R T A5 X 2R, (R B A
JEME T . — 2R K X A I 2 57 I B, 32 0
22 7 By R 8K, R F ERNiMo—10 15 22 i 45 7 458
S F f =, S 240~252 HV 10, 3% ] ERNiCrMo-3
YR 22 it J ) SR B A B IR 2, 7 214~220 HV10 Z [H]
K H ER309LMo K 22 it A5 ¥ K AR A B2 51K, 7F 184~
192 HV10 Z 8] , BS2302 1 BS2303 i £ 7 SA516
Gr70 fill HAZ %% i A1 24 , 4 164~181 HV10, BS2301
7E SA516 Gr70 Il HAZ B R =5, 4 196~207 HV 10,
MEEAR I F B R I A Hastelloy B3 fil] HAZ [a]
SA-516 Gr70 B: 44 2 B & R R, S8 2
o AP RS A

300

—=— BS2301
7 | —e— BS2302 ]

SIS LT ST SO
SFOISHROEY SIS

& @
E7 IBEELEESTHHE

Fig. 7 Hardness test results of welded joint
e D \ﬂ:
4 Fmilis

BAL I RHRE S TR fb S 7 B B A% O s 7, HFR
HL b R ARCE LS T 2EH., BE8H
T Ak LG ) 2540 7R B AR AR AR I A I
135~155°C, TAEE 4174 0.025MP, 2K H Hastelloy B3
MBI, Je B 100 TAEREE R 260 °C, TAEH 1N
0.6 MPa, K SA516 Gr70 £1RHI 1 , % £ TCIE 5 #4
ALEEEESR o & 8 WY E1 RN B2 WAL i #R4% HT oA Has-
telloy B3 Fll SA-516 Gr70 HY 5% A Kt 3423k L iR 1k
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Fig. 8 Structure of esterification feed tank

EESNE EI/E2
RN -
i A
I
| 5
' N
! -
| 45°
I RA -
i 18
. h 13
L”ﬁﬁ\\ ﬁﬁﬁﬁﬁﬁﬁﬁ .

E9 kSR (Ba mm)
Fig.9 Connection structure of E1/E2(Unit:mm)

HR A ] PN R ) 7 4 B il 1 25K, 7 et R 1
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PR 50 5 58 281 R 1) S 5 A0 S oI 2R A 7 i iy
2, 75 BB BE Ak oF L 1R 5 e By SR R
K, BATICR FH A AR A T B A B2 S 4% 1 A4
B4 LA A i I SR, LR P A R R
ST LA A5 H oIV I8 5 = 1w ) Oy Sk A 7 e 2
SRR SRR ORI G TR+ AR A5 FL DR
B A T LA T2 0F 2 , JE4 R H ERNi-
CrMo-3 %22 Fll ENiCrMo-3 % 4%, tH A 1545 T 5 3F

TE IG5 A BS2304 .

BS2301~BS2303 BE$5 1) — Ffi 45t 22 i 4R 35 ml i
& Hastelloy B3 1 SA-516 Gr70 (/)5 Fh 84 k5 422 42 3k
() PE RE 2R |, {H & ERNiMo-10 3 141 B M 4%
B, M 254 1 100~1 300 JG/kg , SR WA JE 451 1k
A3 5 s ER309LMo SR M AT AR, I Py k6%
D5 (E G R T R A BE R e i L A
5 1% Hastelloy B3 7 A= SR 24 4, 1y H ™ b it 6%
E1 I B2 (AT R ANE B A I, 4k DL & 30 P 35 o 1
Wa s, 5 XU 458K 5 17 ERNICrMo—3 1241 [ P 4%
AWM FILF A4, AR+,
Yt ¥ 24 5 200~280 JC/kg , >R W) J& 3 Fn A 359 ]
Yoo GRATH IR T ORI AR R R
ERNiCrMo-3/ENiCrMo-3 #5 #4 3£ 17 g fk 15 el i
5 RERE = SR R

Fie 3% 8 WU ARH: T 2 S8, R P A St oA R AR
ZRHIEA A T2 i & 10 frs . 15
TR K H2 B NB/T47014-2023 7K JE 5404 T2
PEREBEAT T ALK AT | SRS 7 ik e 25 gk
55 \SA-516 Gr70 s ma X pp il 5 . Al 45
7R AU A A, ST A H4 I NB/T47013.2—
2015 SR B T A M, SRR B LI 115 4 A4
T2 1 PR A R B B o 627 MPa,
635 MPa, Jf H 2 S B 24 T SA-516 Gr70 I £:44
DU ) 25 A 34 T A o] 11 86 B 5 — 4 SA-516
Gr70 | F452 i IX o 3R AE -20 °CAIGIR T whils oy
431 823/1603/1047 Ko HE A5 351 7 24P E REAG I () 25
W RF S NB/T47014—2023 7K T35 £ 14 T 25 0F
FEMEER , BS2404 4H SR E T AVFE 45 R G %

BS2404 20 A 045 T S e UG |, e 38 8 1y 42
BT Z2HE T ELA B2 SR80 & R T AR
(WPS) , 1§ ‘T8 dE 47 B fL 1 RHIE E1 I E2 SR 481
T, PSS R B9 E1 AT E2 AP & 12 FFoR .
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Table 8 Welding process parameters

T — WA SR/ A " ‘Jﬁfﬁiﬁ:)&f ﬁ})ﬁ’/ﬁ.‘iﬁ:ﬁﬁ
RS Fiks /mm ek VEAE /(cm+min™") /(L*min™")
JyE| GTAW ERNiCrMo-3 2.4 DCEN. 120~140 13~18 — 12~18
TR GTAW ERNiCrMo-3 2.4 DCEN. 120~140 13~18 6~15 12~18
=g SMAW ENiCrMo-3 4.0 DCEP. 130~145 22~28 15~24 —
Al SMAW ENiCrMo-3 4.0 DCEP. 135~150 22~28 15~24 —
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E10 BS230412#E T ZEEIXIR
Fig. 10 BS2304 PQR plate

E 11 SETEIEERRRT %R
Fig. 11 Pictures of PQR plate RT results
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%45 I NB/T47013.5—2015 (R T 5% 45 T A I 26
SESY BB, 45 R TR A . HE IR EIRE
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PR B[] 30 min, 455 Bon k& B s, T r] WL AR
T KRG A o B8 I R Ak R
7 AP 13 TR o
5 it
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LI IV

(2) 2k FHl ER309LMo % #2 i/ 17 Hastelloy B3 5
SA-516 Gr.70 1) 5 R KR4I, 25 5 T B B 7
(1) Hastelloy B3 fill 7 £ 2445, 75 i o 5452 94 1 4%
TR 22 3 B RGN, 98D i A A Ak 2 B A3 1Y)

E12 E1.E2/2485p 30
Fig. 12 El and E2 weld seam

E13 EEERHRERL fm
Fig. 13  Picture of esterification feed tank
i B, BN Ya 7> Hastelloy B3 I 85 [a) A 45 X L 4% v 1)
JEN DRI L it

(3) Y& £ ERNiCrMo-3 Fll ENiCrMo-3 544 , %
8 A G I R 2% I I A A R T 2%
Hastelloy B3 5 SA-516 Gr.70 il i #E 4717 5 , S 4%
TV il i 422 3k M RE 4% IR NB/T47014—2023
ORJEB AL T 2P EE N ) H E A%

(4) MK BB 2 A e T 200 Y T 2 3800
EREE T AHER S TR ey
TAT A3 11 AR 42 S A MRz, S P B e B 22 5 TR A R
B, BRALIERME Je B 2500 1.25 MPa K 5
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