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B SRR IRHEIEXT SA302 Gr. B ISR HEATEREE S 4 C276 HEIR T 217 AR IR NB/T 47014 T AR Pl Z R %)
HELRZ M RS b2 gy e e BE AR AR AT TR R 45 R R W, ik A A5l EQNiCrMo — 3/NSAS3 - 50BS f#y
SR /AR A AT JE JZ HE AR , EQNICrMo —4/ES A — FB 2B 4R/ SR 24 G HEA T i 2 HEAR , 7T ISRASPERB AR R 9 3
SR SR R HE . He I ASTM G28 A 3 o Tif ot 2 0 285 R g T 9 285 e B A7 8 Tl SR A U, 25 SR 433 o 9. 76,
7.55 mm/a, il EFE AR E R < 1.5 & JB/T 4756 X E R <12 mm/a BUER . ARHE IR 3E T 200 i e A5
TR, X3 B AT A N BE BEAT EQNICrMo — 3 + EQNiCrMo — 4 iR AR, SR FIGA 1) it 7 sUEAT il 3 T 29 3R 3 IX
X BRI LA B TR FAAL S T2, F A HEAR AR TR AT LA, 7 i A R T AR DMARIE

KRR AT ES AN s T VR N BE BRI G G s DA HESR ;e AR S OO AR
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Study and application of nickel-base C276 SAW strip surfacing technology for separator cylinder

LIU Hongyan,SUN Xiusheng,DU Yongqin, LI Weihua
(Nanjing Baose Co.,Ltd., Technical Center,Nanjing 211178, China)

Abstract: The nickel-base alloy €276 surfacing process of SA302 Gr. B test plate was evaluated by submerged arc electrode
surfacing machine. The bending, hardness, chemical composition and corrosion resistance of surfacing layer were tested according
to NB/T 47014 and technical agreement requirements. The test results show that the surfacing layer has excellent performance and
the weld beads were formed smoothly when EQNiCrMo —3/NSAS3 —50BS and EQNiCrMo —4/ES A - FB 2B were selected for
the transition layer surfacing and the corrosion resistant layer surfacing. The corrosion rate of as-welded and as-solutioned
specimens of corrosion resistant layer were detected according to ASTM G28 A. The results were 9. 76 mm/a and 7. 55 mm/a
respectively ,which meet the requirements of technical agreement for corrosion rate ratio <1.5 and JB/T 4756 for corrosion rate
<12 mm/a. The welding procedure was formulated to guide the strip surfacing of inner wall of separator cylinder according to the
surface procedure qualification. The EQNiCrMo — 3 + EQNiCrMo — 4 surfacing were performed in a longitudinal way. Surfacing
deformation of the separator cylinder was controlled and product surfacing quality was guaranteed by technological measures such
as tooling constraint,zone symmetric welding, preheating and heat treatment.

Key words; separator; cylinder inner wall ; nickel-base alloy ; longitudinal surfacing;submerged arc strip surfacing
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B AN B B AR HE AR B B R AR |
THEARRIRE =6 mm | HANTE BOE AR & i
Frifl g s oL T AR SO R R R = R
T RENGE I H PR 43 B AR A, B TR
PR HIHERR B 2 4

Sy B AR R A Bl SA302 Gr. B, A K
o2 920 mm, HI& N 1 224 mm, B F K
52 mm, FURE SR B A AT AR ) BESERRE 22 /0 12 mm
5 C276 FRMEREAH MY )E . IHEAR AR,
R AP AR i B S mAR AR Y 7 =X, i3k
JEAS K g L ORI A HE AR A I A7 A Py B
AR , LASR R AR L7 o e . 32
FATPR ELAR PR, A0 SRR A ) AR, AR T 0uE

AR A R 48 7 0 W B, % SO 4 P2
B HEAR T 20 AR5 , AR A
NI SR R AT B HE AT RE, 7 0 B
s

1M R TTiE

1.1 XA

SA302 Gr. B J& T M J) 45 %% R 4H A A AR,
W TR I AT A DG ZS 28 BB )
TE , 76 m iR IR B 25 T, AT B 1) 24k
fig,450 C B PHTHss B REDS 500 MPa, X535
MR A HE GRS 1 K+ [l ke, 3B 1 fh 2
AR 1 iR .

®1 BMBLERS

Tab.1 Chemical composition of base metal %

s C Si Mn P S Alt

Ni Cu Mo Nb V Ti B

SA302 Gr.B 0.15 0.21 1.32 0.01 0.0027 0.02

0.03 0.08 0.49 0.001 0.002 0.001 0.000 05

PRI B HA M (O R 5 k| S BTG kA
I 1B T T 2R RE , 7R AAL LR URE T X RZ
BB A SR A DU TR T PERE o AS SO HE
R C276 &2 JUHGE & 16wl TR A AR B o
HLBR A HLR 1 7K T T BR85Sl AR
12K F EQNiCrMo —3/NSAS3 - 50BS f5a7/ 48

FILH A, itk 2% F EQNiCrMo —4/ES A - FB 2B
SR/ IR RS 0.5 mm x 60 mm, £
ASME BPVC 11, SFA - 5. 14 7 #fE B3k ; NSAS3 -
50BS Sy LN AL AR ], £F A EN 760 45 23K,
ES A - FB 2B JyHL i B K] 754 EN ISO 14174
B, HARIEM B E B A LR 2 ~ 4,

R2 TEERRHFLERS

Tab.2 Chemical composition of transition layer welding strip %
iR C Si Mn P S Cr Mo Ni Cu Al Fe Ti Nb +Ta  Other
EQNiCrMo -3 0.011  0.06 0.001 0.001 0.001 22.6 8.8 64 0.01 0.1 0.15 0.22 3.6 <0.5
Weld Deposit  0.03 0.41 0.036 0.003 0.004 22.52 8.55 — 0.013 0.048 1.14 <0.005 — —
®3 MAMBEEFULFERS
Tab.3  Chemical composition of corrosion resistant layer welding strip %
= C Si Mn P S Cr Mo Ni A% w Cu Co Al Nb Fe

EQNiCrMo -4 0.006 0.04 0.4  0.001 0.002 16

16.5 Rem 0.15 3.5 0.02 0.6 0.2 0.05 4.5

R4 MWHEEEFLERS
Tab.4 Chemical composition of corrosion resistant

layer welding flux %

B CaF, ALO; Si0, CaO+MgO K,0+Nay0 FeO +MnO

ESA-FB2B 30 20 6 50 2 3
1.2 FHT kA&

ARSI SR AR S OIHE AR T 3 BEAT , HEAR T7
AOHGh I TEHERT o B AR B 2 ot e
[Fi) 2 B0 2 A LT AR 0D A L i M AR ) 2
fiE, 1T LIRS T2 2 AT HER T AU, R4t
HIUE L PR A DC1500 Y, AR R gean e 1 pe

7, SRR ALK S5 ] 2 Bl

Bl iR als R 5

Fig. 1 Strip surfacing arc welding system
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B2 iR Lk 2 A
Fig.2 Machine head of strip surfacing equipment
1.3 REITZLFE

1.3.1 JRRiHES

SA302 Gr. B S 424 19 R ~F A 600 mm x
300 mm x 25 mm, HEARRT, B bR 5 1 9 2k 4 4l
FEA bR, # 4 8 6, I NB/T 47013, 4—
2015 XFFEHEAR R HEAT 100% MT (K ) Rril, 4
N T HAEH o
1.3.2 WA K2R

HRAE 2 1 BEAE fh 2% 153 AT T, SA302 Gr. B
AR TIRE &M, % E R R SRS
F TR AR A 4 e SR AN A0 B 2 B4 20 50
SA302 Gr. B [l 244 CE =0. 52% , il ¥ 5 &4
FISRBILE CE > 0. 5% B, bk 5 Vi, 542 1k A8
25 ARHETTE AT A, SA302 Gr. B 4R AH N A 4545 HL
5 [ PR A 1], NB/T 47015—2011 ([ J) %5

TR AR ) FPOPURL5E B2 T 490 MPa f4 411
B R R AR T TR B . Dy PR b
T2 M0 T s S e AT B R 2 B MR 405 5 58 R S S
o, HERE AT AR EA T =80 °C A HI, LIS ZE ¥
HERE el N H BEAERE AT 1] o R ERIE S BT S LAE
PR R R b 0 0 T AL i T ) R R
() AT, A AR S I AT, 05 R 3 B
R 22 AR, S PRUERE B s RO L 4P E
o] 3ok Y J= S AR B Tl E <200 °C iR ok J=
PEE 2 B RIELRE <120 °C, DASRAS s T il v BE 1
1.3.3 #ETH

HERTAIT, X AR EAT 350 CHET 2 h, AL
S 77 1), A 985 ) 5 - R 1) T L, S
RS VR AR A 7 A 1] s T S AR, S 7 ) 45
JZ/IRIE I 3 B HER T 2SS 8L S Fis .

i i =
EQNiCrMo-4
o0 E;A—FB 2B R
< [ %4 | EgNl(]rMo—fi
| | | i| INSAS3-50BS
' | |
o ER R TE L

B3 AR R O E

Fig.3  Schematic diagram of surfacing layer of test plate
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Tab.5 Welding process parameters of strip surfacing

fRpE R Rl BisTs s

LA RO MREEE KRR/

WE Rk Rk got/mm mm

JAMEHMG /mm R VAL

B )%/V (em+min™") (kJ -em™)

EQNiCrMo -3

PR SAW YA 6~10  \Syey _sops  0-5 %60 DCEP 700 ~800 26~30 14~18 <1.02
iR SAW BiiE 610 EINCVMOSD 05560 DCEP 800-900 28-32 15-21  <1.1s

A A i 409 3K 0 15 OO, R AL S oA o e i 4 e
ARSI JZ O\ 1) HE IR ks W i sh MR 22 R IR
SENNPUE. S N 2y (S URI RV IR & iU
TET W 2R IR B AR 7 A i R, i 4t
FEFE IR R T 38 2 38 4 b 3 8, DA AN TR OB
NGIEHE A BT L B IR e [l AP
2RIy WU RE EAE AR SO LA, M B R4
PURR BEE R FR T AR 7= 2E e s AR B P v 2
SR

IV JE AR SE UG, 37 BRSO EOA H A
P R AT U 2 B AR IS AL B AL R

620 C, PALBLORIEIFE] 4 5 ho B BESE RS,
XA SR T AT B, P AT R e AR Tt
T2 HERRISS, DO U AR P HEAR AT P 4
7 I Z IR BRI R R A, 16T 5 R
TS ol J S AR S AR T2 S T T 00, R T i 2 o B
AFFEEE R Ak, P4 1 E 2wk
EEUR R P B R b i R R T e
PREEAL, (R R B ALk s S B A AR
P R AR e 1 R G, e v B [ ) e A 4T
IR , AP UR S AR T AR e Ak, DR AR 6 i L
e A A A, B
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Fig.4 Transition layer of test plate after heat treatment

BlS aAin o 2 SE A I S

Fig.5 Corrosion resistant layer of test plate after surfacing

2 REER

2.1 AR

X HERRZ EAT A LRI , 7 2 17 A & 20 P AR
AL DL | KA R T, R T i St PR . %
NB/T 47013.5—2015 XML 2 R AT 100% %
BRI (PT) , T %45, ¥ NB/T 47013. 3—2015

Xof A2 B RAS I 45 BE R 4T 100% 8 75 (UT)
K, 2550 T 9eiis
2.2 T Ak

R R K H AR PSRRI 25
REASIN 4G 45 SR W3 6, & 6 /R R AR S il 5
IR

NS R T R B 3 )2 B AR 1 4 )R i R
T AT, APRLZE 825 mm + HESE)ZE 612 mm , £ 1] £
DA 2 1, B 6 (a) b 2 4 S A 1 ik
B, T2 g R P A 1 A e 5 i
AR 22— 4029 0.5 mm [ FF 1
R 5 IR L HE KR 2 2 T Dy S, i T3 )2
i SR EE RSE 2 630 mm (EIAEZE 818 mm + HEAR
JZ 812 mm) A [n) RN ARE 4 2 4, B 6 (b) R
2 R AR, R 2 kA
WA 1A 1) 25 R T AR 2 5225 T I — 4k
29 1.0 mm [ FF FBRFE 5 /NI 2 ] s 1
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Tab.6 Bending test results of surfacing test plate

Gt R AR /mm O EHA/mm SR/ (0) AR 45
L-1~2 A 25 10 40 180 2 o
L-3~4 AGL RS 10 40 180 2 Ak
L-5~6 o ) R 10 40 180 2 Bk
L-7~8 Y i) KA A 10 40 180 2 ]
L-9~12 AN 3 12 180 4 Lk

(a)fil 25 A

(b) KA 25 1A (c)/ M2 A

K6 kS ik

Fig.6  Picture of specimens after bending test
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Fi el 7 Fr i B HE SR PRGN e I 20 0T S A
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175 PR HERR 2 )2, 53— 20 i 3 4~ H
3 A A AN 1 omm, AR SR AN T LR
Ja [FIREE 15° ) A1 2k 2t 47 3 FR A B (HRC) A£G,
R A5 2R WL 7, 5 L B PR HRC A KT 22
D 8
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Fig.7 Hardness test location of surfacing specimen
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Tab.7 Hardness test results of surfacing plate

e 2 HEZE Moz MRS
7 (HV10) (HVIO) (HVIO)  (HRC)
241,231, 15.5,16.0

223,233, 231,216, Tt ) 10-0s

L-13 i 1 232,225, 15.0,15.5,
214,223 14.4

2.4 AR
X XTI AT < A F A £, S U0 U
PRIE NI AT, F5) V) T PR 0 e P P A, it

e,

" < % ¥

100 pm
—

(b) i )Z

100 pm
—

(a)L)2

FEOR B A JE A HE R R, 0 90 D) K B
200 mm A5 ) Z5 W AR AN AL 8 Fr ik T LR i
MBS RIIE R G PR i ik 2 22 ) A 5, A
JRIEFER S, T AL e R S BRI, 10 £
TR BEMEEAR K BLZ T 80, R T o0
SRR, A5 R AN 9 FoR . BRI SN Bk
SO BAERZRAR A Db i i et ) i3 =4 b
FO R X, 1 PR AR SRR, 7R 8 Bk
HAERTR , KRR AL WA AR 5 AR R I T2 B e
FEAN— IR X 5 1 2 B ] J2 ) £ LR ) R
HEEIFEHLULHL, Ty BT ARA AL Lt
RUIRBRACY) , B A o0 A AL, DR RS P ik
IR KA H, 2 BRI R 2 0 O A
AR A B AR B, IR 3 o

210.7,5.501.
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Fig.8 Macroscopic morphology of surfacing section
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Fig.9 Microscopic morphology of surfacing section

2.5 fF R

X S P i ok S22 BBORE A7 A 2 B3 G N, B
FEOL B DIERR R 00 9 ZE 1, 1 R 2.5 mm AR
FEREIBRIC S H 10 R 3.5 mm 2R BOREAG I A5 3C
N Hy KA R IR 8 1, H, A& 40 o4

% 4 ASME BPVC I, SFA - 5. 14 i %t
EQNiCrMo — 44575 fb 22 B i 223K (0 Si & i L
A R A S, SRR R R A IR 1Y
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Tab.8 Chemical composition of surfacing layer %
Y C Si Mn P S Cr Mo Ni \Y% N Cu Co Fe  Hith
H, 0.009 0.24 0.39 0.004 0.003 15.39 15.20 Rem 0.13 3.35 0.03 0.22 6.5 <0.5
H, 0.01 0.34 0.35 0.002 0.005 15.54 15.86 Rem 0.09 3.35 0.05 0.12 7.0 <0.5

2.6 WAk AR A
ARYE BRI ISCEER, Xof HE 7 J2= 1) i ke 1 RE E
7 A ) IR A B o 45 ASTM G28A R

FREARE 2 18, BRic o F, A F, 3R RSE o

30 mm x20 mm x4 mm, HA F, TR R ST

LR AT AL R F L F, IR E TR
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BRERER — 50% B IR 1C50] ) 2w T H , i R 5s) - O
FRC SRS IR EAT 24 h P50 1, A 00 )
JEARESR AL 9 ATLIE N, F Xk F, ik

BIELAER 1. 29, 3 2 B IR iR U < 1. 5
MZLSR, Fo, Fy 3XFE 0 8 1l R 53 5 o 9. 76,
7.55 mm/a, 5 EFRERTE IR <12 mm/a BUEEKR

x99 MHMMERERNER

Tab.9 Test results of corrosion resistance

i BAERRE il JE5 et A/ h JEhE/ (mm - a™") AR UE
F, R ik - 50% Wil 24 9.76 ASTM G28A -02
F, [ 75 2 Rk - 50% B2 24 7.55 ASTM G28A -02

3 NEREEERES

b SRR HERE TV S S i A T AR N B
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TR 5 7 [ AR BESEAT , A 245, Al LA SE 4 s 4
AR I PO i e M A
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TEEATT SRS BRI , N f S

2250 315°
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[ 10 HEARIF )
Fig. 10 Angle diagram of surfacing sequence
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Process diagram of transition layer surfacing

Fig. 11
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Fig. 12 Morphology of cylinder inner wall after surfacing of

corrosion resistant layer
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