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ABSTRACT The effect of aging on antibacterial performance of 3Cr13MoCu martensitic stainless steel was
studied by antibacterial test, Vickers hardness measurement, TEM observation, confocal laser scanning
microscope (CLSM) and SEM observations. The results showed that increase of the aging temperature did favor
to rapid precipitation of Cu-rich phases in the steel matrix, and correspondingly, the antibacterial rate was
increased, but the hardness declined. Aging at 500 ‘C for 10~14 h could enhance both antibacterial rate and
hardness due to the increase of precipitation of Cu-rich phases. Therefore the optimal heat treatment for
3Cr13MoCu stainless steel was proposed to solution at 1080 ‘C for 30 min, water cooling to room temperature,
then aging at 500 ‘C for 10~14 h, air cooling to room temperature. CLSM and SEM observations indicated that
3Cr13MoCu stainless steel with optimum heat treatment could effectively killed the free bacteria and inhibited the
formation of bacterial bio-films on its surface.
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1 Eil@#9 3Cr13Mo AEHFI LA R FAL LS (¥ 3Cr13MoCu ANEREN (¥ 7% B8R K]
Fig. 1 Photos of antibacterial performance on petridishes cultured with 3Cr13Mo (a) and 3Cr13MoCu (b~f)
stainless steels
(a) 3Cr13Mo stainless steel  (b) solution treated at 1080 ‘C for 30 min (c) aged at 500 ‘C for 6 h

(d) aged at 600 C for 6 h (e) aged at 700 C for 6 h (f) aged at 800 “C for 6 h
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Fig. 2 Antibacterial rate against staphylococcus aureus (S. aureus) of 3Cr13MoCau stainless steel aged at different

temperatures for 6 h
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Fig. 3 Variation of Vicker’s hardness of 3Cr13MoCu stainless steel with aging temperature (aging time is 6 h)
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Fig. 4 TEM images of 3Cr13MCu stainless steel (a, b) and corresponding EDS analyses(c~¢)
(a) aged at 600 ‘C for6h (b)agedat 800 ‘Cfor 6 h (c) EDS analysis of Cu-rich precipitates in the steel
(point I) shown in Fig.4a (d) EDS analysis of Cu-rich precipitates in the steel (point II) shown in Fig.4b ()

EDS analysis of the steel matrix (point III) shown in Fig.4b
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600 ‘C LA LRI BATBAL PR ERE, (FRERREE MR, R T Mol B A (. O 7S
PAERAT VLA TR TERERT RN, AR ORAFHE BRI 122 PERE, X 3Cr13MoCu ANFEANAE 500 C o3l AT
TN IRIIN T R I AR B, O <8 o (R A BR R R AR B AR WAL 5 . nTRAR Y, B NN e,
3Cr13MoCu AN G IR W TR n, fERTREE EAEA I i o v O AN 1 . SRR GuH R

R, IR 10 h 5, AN o (R A ER TR PR TR R IR B T 94%, WRK 14 h G, ARWEREET T 99%, &



A% ACTA METALLURGICA SINICA
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& 5 i@ 3Cr13Mo ANEENAT 3Cr13MoCu ANIBANAE 500 “C I RAS ] s 18] J Aok 4 2 €0, 767 26 BR 1 1) 4% 11 RUR:

Fig. 5 Photos of antibacterial performance on petridishes cultured with 3Cr13Mo (a) and 3Cr13MoCu stainless

steels aged at 500 ‘Cfor 6 h (b), 10 h (c) and 14 h (d)
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PN 280 R b bT R K B Cu MR 1 5% i mT LAFH 41T 89 Mott-Nabarro B 18 S fif e 120):
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A, e F TR DA AT IWRORE A%,/ TR AR AR 2 B e UBIC R 2 b (ks
(¥ Burgers KRR 7K RTINS 3Cr13 B5 Cu NEEMIMBFIEE B, 78RR I RO R b, B N
] AERS, 3Cr13 M55 Cu AMEAN T Cu 57 & SR IX I AT KO TR S PR K, A5 Cu AR R 15 T 3
B U Cu MR R IA R RN, — I s Cu (i 2R X AR BN R B 22k, 55— 51l Cu
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B I RO TRIE A, & Cu A7 HE AR AR R 7 Bt AN 0, &5 Cu A5 80 A A7 A AR AT P ot G
WAFR) T ST m. 10 h S, ZEAURAT 94% DU ERSR TSR, I HaE AT R s MR, Rt ] L

ffi7E, 3Cr13MoCu ANBAN AL AL PAL FRAEIEE 4 : 1080 “ClH1%F 30 min, /K¥& + 500 CHRE 10~4 h, =¥

23 EYREWE

NT AR T Z AR5 1 3Cr13MoCu ANFEAN R T L (19 40 B B 175 250, 05 4 o €0 e 2
BREAEM] 24 h 5 FSCEANEE L (500 CIFA 10 h)RIIEEAT T DAPL et JFAEROEILR M B P71
ML, SR 6 fron, wLLE L, B Puw O FEANEE AN S 4 B 4E 0 24 h s, FESGR A 1 KR40
I, 15 3Cr13MoCu AEHISLRIERIR 24 h )5 (A G 2 100 40 3 A I B0 AR M D, 1K — 45 R oy UL
3Cr13MoCu ANEH R A 40 T 70 H R 1 F A, AT B LE 3 1 40 B AR ) T ik

& 6 il 3Cr13Mo AEENAI 3Cr13Mo Cu NN 5 4 #5577 24 h J5 1) DAPT 444 /4

Fig. 6 DAPI staining on surfaces of the 3Cr13Mo (a) and 3Cr13MoCu (b) stainless steels after cultured with

bacterial solution for 24 h
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JEHTTR24 b (4w B IE 1 D

Fig. 7 Morphologies of bacterial biofilm of S. aureus on surfaces of the 3Cr13Mo (a) and 3Cr13MoCu (b)

stainless steels after co-culturing for 24 h
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