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ABSTRACT Effects of antibacterial aging treatment on the corrosion resistance of copper—bearing
duplex stainless steels were investigated by electrochemical methods. The film—cover method was
used to test the antibacterial effect of the materials. The polarization curve test results show e-Cu
and other copper-rich phases become the weak point of the passive film on the surface of the
duplex stainless steel, and the sites where the coarse copper-rich phases are precipitated from the
matrix are apt to become pitting nucleation source. The proportion of coarse copper-rich phase
increases, which makes pitting resistance of the materials worse. EIS test reveals that the presence
of e~Cu and other copper—rich phases in passive film reduces the overall potential and passive
film resistance, decreasing the stability of passive film. DL-EPR tests show that e—~Cu and other
copper-rich phases in grain boundary makes it take on anode characteristic in corrosion process,
leading to selectively intergranular corrosion. Compared with austenite, the intergranular corrosion
resistance of ferrite decreases seriously because the copper-rich phases are mainly precipitated from
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ferrite matrix. Antibacterial tests show that the microstructure and volume fraction of copper—rich

phases are the key factors affecting the antibacterial properties of the materials. e—Cu displays the

best antibacterial effect, followed by metastable copper—rich phase, solid solution copper is the worst.

The more e—Cu phases are, the more antibacterial effect is.

KEY WORDS antibacterial treatment temperature, copper—containing duplex stainless steel,
corrosion resistance, antibacterial property, copper—rich phase
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Fig.1 TEM image of copper—containing antibacterial du-
plex stainless steel (solution at 1050 ‘C and then aged
at 580 ‘C for 6 h)
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Fig.2 Potentiodynamic polarization curves of the speci-

mens with different heat treatment
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Table 1 Test parameters of the potentiodynamic polarization

curves

Specimen Ey Ry, Teorr

(vs SCE), mV Q 1076 A/cm?
540 C, 6 h 1066.5 125278.7 1.219
560 C, 6 h 1149.2 96905.9 2.355
580 C, 6 h 1102.3 21480.8 4.280

As—annealed 1167.1 112924.0 1.729
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Fig.3 Pitting morphologies of specimen aged at 560 ‘C for 6 h

(a) metastable pitting  (b) stable pitting
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Fig.4 Nyquist plots of specimens treated at different an-

tibacterial treatment temperatures
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Fig.5 Electrical equivalent circuits model of Nyquist plot
in Fig.4
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Table 2 Values of fit parameters of EIS in (Rs(QRp)) equiv-

alent circuits

Specimen Rs C Ry n

Q-cm? Q lem™2s5™"  Q-cm?

540 C,6h 4.077 2.401x10~° 2.262x10° 0.9142
560 C,6h 4.157 3.805x107° 1.705x10°% 0.8325
580 C,6h 4.678 5.087x107° 0.463x10°% 0.8784
As—annealed 4.322 2.171x107% 2.557x10° 0.8538

K.

& Cu SRS P A A B By T e
Cu 557 Cu A, © IR TS BAA. Sk [17)
stk 8 CI™ fovenest, Jb T UM AR Cu HIEA
AR AL B, B 112 W bR 0 R o (o
TCBEEL. LAY, MAEEERS L Ry BRI A PR
FEHOTHRS TSR0, BT HI 0B Cu LI T S
R SRR, BRRIERI THES, BT AT K
Be, LR A0 TR B i MUY Hh R0, St
TR RGP T, L Ry RSO, i
(SR, FERRIIb . 9% e Cu %5 Cu Ay
TR L EF A 24, 5 3k [18] 459850 5340, B
R BT, ORI A0 Cu HIRLAER Sk
BEALET A ] O [, S8R SR
PR B FE B AL, AT 35 MG AR 1. 540
ERT I AR Cu AR /D, X LR M
2.4 SEEE

KRR AL S AL Gk (DL-EPR) i
S L R M. 1 6 Sy 5 26 WL B
bk DL-EPR k. HE 6 w41, #£ 2 mol/L
H2SO4+1 mol/L HCI iFR A i ikt DL-EPR #&:il,
E TR 30 TR, OB R BSR4 — SO
BB 2 AN TR 0, LSS 1 e
oK. 3OS T OUR R B0 e 22 5 L A
PRIAUR, —FH5 . G 1A% 5 SO A A P A
BRI b R, LI, k2 S o e o A 1

W e P, 7, T 38k DU A 5 T 0 W A L, (3708 ¢ A e e
ot 119,

o5t [ JEG ot SRR P LA p PRV AL R R FR, Ra 1
WER R AR LI 7 BRI T ORI, BEBUEE
ROFEIRBE A THER, Ro (EBWHEA, 22 WIAHRH 5 18 ik
SEORPEDIR. SRS B S 540 CHY, H Ra {4
5 B VAR A EL S A AR, T 247 e b B 4R e )
560 1 580 CHY, R, (FEEFIRFEN 2 FESEEZL, it
6] Jo S P R S BAEAIR. OG T R0 ot [ Eo L, I T
A3 N e F T et P B T K AR BT R T
A (o T A5 i i A0 X 5 S 0 O 5 T 7
RITTREM, T ARE A4 I R R % AR, S8
7 A T AR A PR ISR, R T TR B T AR [ 5 D o
it PO AT Cr 260k, i aischy gy 10wy
B, 4 Cu W AREEHIAE 540580 CHU B i ab Bk 72
H1, 1 /vy MR oo g0 T RS TR e
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Fig.6 Typical DL-EPR curves obtained in 2 mol/L
H2SO4+1 mol/L HCI test solution for copper—
containing duplex stainless steel specimens aged at

different temperature for 6 h
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st [P JBB e 732 2 Hhy 22 b/ T LBE L9 4 T i 3 2, (HLAEAH
B /o @R e-Cu %% Cu MW RERES T £
S1EH. DL-EPR MRy 45 KK, A RIEESTE
BALER, t FAPERRAT AR Cu AFFTER S5 /b,
SrAR AN, DATIT S A5 bk S B ASE O 22 S 14 it I G o
2.5 HEMERE

SR FH B JEE 13 %o 8 S [ 0 1 P A B 5 A R HC B 4
REZEAT TN, S5 3 frR. tisedugi Rl A, & Cu
SN 2T PO I BAC S, #RI T — & M PTE
BE, 560 CHHLR A 99.6%, Hrr R R fefd; [F i &8 X
ZE A ES AAPEHBEA RBECR, AT Cu iy 316L
AR DU 2 A 95 A A% TR A

K 8 NARAFEHIHBCRE. SRR MR E N
105 cfu/mL W5 240w EUbBE B iRRE R 24 h
JERIBER S IR R HER 3 SR L R, & Cu SUHAES

SR e B I R SR B B B P RE, 4
B BT R e—Cu 285 Cu AHAIHT S e k)
LB R SRR e PR 3 2 —

XTFE Cu MEAGHOTIHE LI, HAT¥Eily
RIEFEEE Cu MEEEIEME Cu T KIERK
Cut, &5 M B AT R SH F1 -NH, 5@
it Coulomb J7 3 ZUWLFR, {3 25 41 50AE M A T AR 31 2% 5820
B 12U, RIR BB BB B e, BT i
(95 Cu HIZBURIE MLEH ., AR TE5 R, B
T2 B0t AR TR A R . BT R SchuBrge 100wy, 12
540—580 CHIEuT T, HHYEEA bee K fec E Cu

%3 & Cu HHH AWM ERE
Table 3 Antibacterial properties of copper—containing duplex

stainless steels

Specimen Antibacterial rate, %
Aging at 540 C for 6 h 82.9
Aging at 560 ‘C for 6 h 99.6
Aging at 580 C for 6 h 95.4
Solution treatment 57.7
Contrast steel 316L 0.0

B8

LR A B HLRA S A K 3161 AEEMHTRHBCR
Fig.8 Antibacterial effects of copper—containing duplex stainless steels aged at 540 ‘C (a), 560 ‘C (b), 580 C (c)
for 6 h and 316L stainless steel (d)
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FE RS KA Ramz iy e Cu M, A K iR 17,
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BT 540 CARWRCE. dsLmst BB A, & Cu XUHAR
SNBSS TR B — E R R, X B
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SEHU R AR T AR SN, DR H b B
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AN R R R R R Y B R A IR A
PUHE Cu MITETE, (EAPEH R B 5 A A 4540
— RO R AT YERE. X UEE, B Cu RIS A SIS
PR B BRI R B e MR, Rk e &
Cu FECE RE BT A ILE 5 40 B 1F P st A ch A e 2 4%
Tty Cut, BRARR R S0 A BRUR. XHE— i, &

Cu F& XA R BOR A 2.
3 it

(1) PPEHEPTRE UL B, K AFTER e Cu %5 Cu
FERCA BEAL R s AL, HRE Cu AT L5
RTEAZ IR, SO A R REREAR. 540 CHFEIAT HiAR
o2, SR T RETE MURR 2 AU BRI, X8 Pl RE 2 M
RK. EIS JRFE W, e-Cu HHIHT i SRR RHE S
ok o (57 B B A PR L BEL, o B A R R 1 T e

(2) e-Cu 455 Cu AHTESETH, 6 8 A AR,
SEOR AR AR PR I, 5 B ERAAH L, BRI i 8]
JE Fik P RE TS e S B

(3) SEMRHTRRCR B N SRR FE Cu fYARZE,
T e-Cu MHTIHACR B, ERESE Cu ke, EE
Cu f7%; e Cu WA S, FIRBCRELT.
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