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Effect of Cu-rich phase on electrochemical corrosion and pitting

properties of duplex stainless steel surfacing layer
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Abstract; Effect of aging treatment on microstructure and corrosion resistance of Cu containing duplex stainless steel surfacing layer was
studied by means of optical microscope, scanning electron microscopy, potentiodynamic test and pitting immersion test. The results show
that after solid solution at 1170 °C, the microstructure of the two duplex stainless steel surfacing layers is mainly composed of ferrite phase
(o), austenite phase (vy) and a small amount of MnO-Cr, O, oxide. After aging at 580 °C for 60 min, the &-Cu precipitates with the size
of about 1 wm are observed in the ferrite matrix of the 4Cu surfacing layers. The addition of Cu promotes the formation of passivation zone
of the surfacing layer sample. In addition, compared with o phase, y phase has higher pitting resistance equivalent numbers, so pitting is
preferentially initiated in o phase, and vy phase can inhibit the propagation of pitting. A large number of Cu-rich clusters formed by short-
time aging treatment reduce the pitting corrosion performance of the surfacing layer. After aging for 60 min, the Cu-rich clusters change to
stable €-Cu phase, the pitting corrosion resistance of the surfacing layers is improved.
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Table 1 Nominal chemical composition of stainless steel

surfacing layers( mass fraction, %)

Surfacing layers Cr Ni Mo N Mn Cu C Fe
0Cu 21.0 0.5 2.5 0.2 50 0.0 0.06 Bal
4Cu 21.0 0.5 2.5 0.2 50 4.0 0.06 Bal

1 A Q235 1B A, B A1 H s R SF 2 200 mm

x50 mmx5 mm W ARIE, il 5 AR ZHT, FHE RN
1.2 mm [ H10Cr17 fF 8 BT 4R 22, 2R il MIG ( Melt
inert-gas ) 4% J5 1 16 Q235 LK El 42, U
/N Q235 X XUAH AN 85 4N HE 02 2 09 W BEAE T . B S
{# i TIG ( Tungsten inert gas) ¥ A 48 6 25 ¥r 5 H
0Cu J 4Cu RYRUR AN S A HE IR = JEHERR 3 )2, LA
PRI ZIEEE 2 /DR E] 5 mm, B 1 HEEZ 655 R
LR 2 0 TIG B R HESR KR4 280
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Fig. 1 Schematic diagram of the TIG powder surfacing welding
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Table 2 Parameters of the TIG powder surfacing welding

/A V/(mm-min™") Gas flow rate/(L-min™")
200 150 Ar 20

Protective gas

1.2 REHE

[ v 4b B AdF TCXC-1700 w5 48 =80 ) i
FESEAT AL B, TR N 10 °C/min, 3 A Bl
Tho , T AL BRI RE A 1170 °C L, A% R 60 min, [ 5
K

A 00 A B o 22 1 A LS Y U RE £ ] TCXC-
1700 79 w5 9 46 30 00 oE A7 B RCAL B TRIR E R N
10 °C/min, FF 57 N T BEFS € 7 580 C I, Kl AE Tl T
AR, e HT AR AE A5 SR R T, 4Cu HESEZ K
FEZ: 580 C A% 3 min B B R A 2 0 (R 0 F L WK
b o A5 Z AR AE 580 C A% 3 M1 60 min Ji7 B I
KB

B R UL Al T L A D) R 25 K BURE AN
PHEARZVIFEI BT 10 mmx 10 mmx 10 mm fY i
BE RS ARG B X AT T B K6 E
20 mass% KOH 7K & W AE b Hff i Dl FBL % i ok
HUE R 5V, S ]k 15 s, RS 116 2% W s
e JSM-6510 A it 45 45 fig 3% A (EDS) A9 414 i B2
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Fig.2 Schematic diagram of the pitting test
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(a) 1170 °C ¥ 60 min; (b) 580 CHZX 3 min; (c¢) 580 °CHf%X 60 min

Fig.3 Microstructure of the OCu surfacing layer sample after different heat treatments

(a) solution at 1170 °C for 60 min; (b) aging at 580 C for 3 min; (c¢) aging at 580 °C for 60 min
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Fig. 4 Microstructure of the 4Cu surfacing layer sample after different heat treatment

(a) solution at 1170 °C for 60 min; (b) aging at 580 C for 3 min; (c¢) aging at 580 °C for 60 min

El 5 4Cu HEIEZIFEZ R R PACBE ) SEM FE S8 (a) 1170 °C 3% 60 min;
(b) 580 °C 2L 3 min; (¢) 580 CHFZL 60 min; (d) Fe, Mn, Cr, Cu Hl O JCZ WY T 345 7

Fig. 5 SEM microstructure of the 4Cu surfacing layer sample after different heat treatment (a) solution at 1170 °C for 60 min;

(b) aging at 580 °C for 3 min; (c) aging at 580 °C for 60 min; (d) surface scanning maps of elements Fe, Mn, Cr, Cu and O
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Table 3 Chemical composition of each area of the 4Cu
surfacing layer sample after solution treatment

(mass fraction, %)

Areas Cr Mn Mo Cu (o) Fe

Pl(a) 20. 89 3.74 2.78 4.17 - 65. 14
P2(P) 46. 64 24.38 - - 25.97 1.68
P3(vy) 19.70 4.33 2.01 4.57 - 65. 88
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IS (@ OREAR B BT A A A A T o AP SR A
yHEBBER P A S — 2B S5 (e) T HE
X1 EDS 234, 25 R K U], Mn Cr 1 O TR £
TR T RO A X 5 1AL B R AT
FH I AR 2 1 43 A — B, B0 W1 3% 28 BB G BT s A AT



%51 3]

SRR S < 5 Cu AR GUAH A 65 599 3 0 T2 00 1~ 6 ol % 5 e A i 194 52 ) 161

MnO-:Cr,0,, WA, BFTLUIFEWE Co TR EFEFET
WURLAR 19 1t B 0 AR P, KA Fe-Cu — ST AH W]
A, 600 C B Cu 7 o«ffl 89 B & FE A 2
0.5 mass%, MEITH, ZFEHELHE o FHH Cu
N 4.17 mass% , %W Cu 7£ o H AL T 33 1 A
RS IR B 5 TAT I S Cu M. (A
B 1) 21 5 2 PV B B SR 4 SR R W], 28 540 CHERL 4 h
J5 ,e-Cu AXHT T o AH Ty AH o R e 3 Al A
HAH . AR, E AR E A TE Y e-Cu AH BY RN 7R
100 nm Ly LT E A e-Ca #HR SFZE 1 um
A WOz A AT AR 58 K KRJE ) e-Cu
A, FHEWFIE R e-Cu HITE BCC 25 M1 o A 3L
T HT T R B S 4 A ARV BB R BCC
SR A xRS o MR R RIS X R,
WIS AT, B E Cu J5+ B A W7 il 28, BCC 4514
& Cu ARS8 AR 2200 10 OR 4509 1% 45 1 1 1k
AT FE N Fe M Cu, Bl B 250 B[] F) 4k 282 34 fin
OR MY & Cu W15 38 W % 72 O W AS S 19 FCC 45

K6 RN R PAEBRTE 3.5 mass% NaCl 3 0 H 1945 AL H 22

& Cu M, B A2 BT FCC 45 1y
e-Cu #, X FELE 580 °C Bf &% B[] 60 min Ji5 , AT LA &
B e-Cu i oK, RFE D pm £4, BH I F
JH SEM B a] Wi 5 3 H AR TE
2.2 &-Cu B R Z B ZE MIEREN M

Kl 6(a) .6(b) sl tr"5 R 0Cu 4Cu HESEZ
JFE 4 B 7 b B R B A B FS 7E 3.5 mass% NaCl
WP bl 28 . ME 6 R Al LLE i, 28 i Ab
IS 0Cu K 4Cu HEAR 2R 3 B A 59 i sl b IX
53R 4 gy 0y P Rl HE AR 2 25 1 B A AL B
RSNl X VAN e S = S AT I ST |
WAL RS WA HEAR Z B IX 28 0.3 ~ 1.3V,
BEAN AT 4Cu HEXR 2R 09 B 8 il i A7 1T
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(a) OCu HEARJZ; (b) 4Cu HEARZ

Fig. 6 Polarization curves of the surfacing layers samples after different heat treatment in 3.5 mass% NaCl solution

(a) OCu surfacing layer; (b) 4Cu surfacing layer
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Table 4 Polarization parameters of the surfacing layers after different heat treatment

E on/mV I/ (A-em™) kv
Samples
0Cu 4Cu 0Cu 4Cu 0Cu 4Cu
1170 °C x60 min -433.5 -514.0 3.5354x107° 1.4172x107° 1.36 1.28
580 °C X3 min -427.6 -616.7 1.2251x107° 1.5375x107° 0.01 1.30
580 °C x60 min -485.3 -466. 2 3.9444x107° 1.5692x107° - 1.08

MEFR 3 min B AHER T EIE A, 0Cu HE 2 25K
FERY B D 2%, [R5 il B A2 R R 22 0. 01V, IKKE
ONEN XV e i R R AR A Tl = B RN T R
Ko XJEH T2 580 °C A3, o M4 & A 0 & 43
fift 7 Fe SRR G Cr BREMHER ) BN T A

5 T T I P 0 AT R o o e O
R M 4Cu HEXRJZFE R AL 3 min I, 75 0% S 4K 58
TR A BEAL DX i e 07 WS AT 42 R, O 130V, (H4E
v U B S A b A BT R I, X RO TR
CI R R PR B R P B9 Cu JBUT K A 2 5 ik 2R
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BRI Bz s ph ST RSP 2 R o MR R
PBE o H AR TS B (PREN ) 1B BURT A 85 4
(s e RE 30 (1) S PREN £k

PREN = %Cr + 3.3%Mo + 30%N - %Mn (1)

N A i 20 B B ERR R E LR, — A N Ot
REZEEET y M, FR, ZEREET NE
o P R 298 0. 05 mass% , M HH P KA A
A AEAERY AT o FHP A N & &5 0. 05 mass% ,
HAM N JCE LA BR R 18 2B T oy A
i PR A B 3 #7 5 ADATRALE TT 4Cu HESLZ
AP PR AR B B, AR 5 AT o A AR AR
(e, )R56.3%, Wit y T NZE(ol )l
DA A (2) TR AR 51 .

0.20 - 0.05¢,
- (2)
1 -9,
RS5 ACuHERAEZERLEERENERIEH.
NETEEERAMYE

Table 5 Volume fraction, N element content, and

pitting PREN value of the a and y phase of the 4Cu surface

layers after solid solution treatment

4Cu surfacing layer Volume fraction/% (w3 ,wy)/%  PREN

[ 56.3 0.05 27.8
v 43.7 0.39 33.7

ZAHE AT, o) 9 0.39, M 3 h A R T
REHaM ), -2 ER B WA PREN {H
g s praR, w0y #HAY PREN W 25T o HHAY
PREN fH, VW] o AHAHEL T v MHEE 5 Tk AE il 31X
5 &8 A 2 i o5 i e 25 A — 3,

7 0Cu HESR )2 22 [F] Pak 385 s il 1 S 19 2 OB
(a) 1170 °C ¥ 60 min; (b) 580 CHZL 3 min; (c¢) 580 °CHf%L 60 min

Fig. 7 The pitting morphology of the 0Cu surfacing layer sample after different heat treatment
(a) solution at 1170 C for 60 min; (b) aging at 580 C for 3 min; (c¢) aging at 580 C for 60 min
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Kl 8 4Cu MEMRZ AR 28 ] A4k B1UR G IR TR 19 2 RO S
(a) 1170 C[## 60 min; (b) 580 CHIEL 3 min; (c¢) 580 CHIAL 60 min
Fig. 8 The pitting morphology of the 4Cu surfacing layer sample after different heat treatment
(a) solution at 1170 °C for 60 min; (b) aging at 580 C for 3 min; (c¢) aging at 580 °C for 60 min
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W, PR, 45 580 CHFAL 3 min J5iRRE Fh A0 5 ph bt
BT o AH A, HL Pl B 2 S TR
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RG] 35 2 60 min BF, WKL 7 HRAT LLE
MR M 120 min 5 T E W B T &
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1 pm BEE M e-Cu #H, R e-Cu M HHY Cu JE+
AT 5 Fe™ & A= B AR i Cu™ |, BET F 30 e-Cu M &

HEfg Bl THAL)G B e-Cu FHAU B R Z ] B b F
& Cu BI#E #4580 °C I RL 60 min J5 AR B A0 4k
B E ] /T 580 CHIAL 3 min S5,

9 PIRPIEAR R R 2 SRS 2
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Fig. 9 The average number of pitting pits in the microstructure

of two kinds of surfacing layer samples after pitting immersion
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