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Wear and Antibacterial Properties of Ag-N Co-alloyed AISI 316 Stainless Steel
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Abstract: In order to improve the hardness, wear resistance and antibacterial properties of AISI316 austenite stainless steel
(ASS), Ag-N co-alloyed layers were prepared on AISI316 ASS by a modified active screen plasma nitriding (ASPN)
technology. The composition and microstructure of the Ag-N co-alloyed layers were characterized using SEM, EDS, XRD,
TEM and glow discharge optical emission spectroscope (GDOES). Microhardness, wear performance in dry air and artificial
simulation of body fluids (SBF), corrosion resisitance in SBF and antibacterial efficiency to S.aureus of the untreated and Ag-N
co-alloyed ASS were evaluated. Results show that a continuous and compact Ag-N co-alloyed surface case, with a
nanostructure Ag doped S-phase deposition layer on an S-phase diffusion layer, is obtained on 316 ASS. Hardness of the ASS
is improved by 3 to 4 times after Ag-N co-alloying treatment. Comparing with the ASS substrate, the dry wear loss of the Ag-N
co-alloyed samples is reduced by about 84.6%, while the wear rate decreases by about 35% in SBF. The corrosion resistance of
Ag-N co-alloyed layer is slightly lower than that of ASS in SBF. Antibacterial tests show that Ag-N co-alloyed layer presents a
bactericide rate of 100% after contacting with S. aureus for 12 h.
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Fig.1 Schematic of Ag-N co-alloying equipment
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Table | Process parameters for Ag-N co-alloying

Ag-SS deposition Ag-N co-alloying

Samples
Gas Time/h Gas Time / h
Ag6AgN12 H, 6 25% N,+75% H, 12
Ag9AgN9 H, 9 25% N,+75% H, 9
Agl2AgN6 H, 12 25% N,+75% H, 6
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Fig.2 SEM images of Ag-N co-alloyed samples
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Table 2 Surface elements distribution by EDS corresponding to different micro-area in Fig. 2 (w/%)
Samples Zone N Cr Fe Ni Mo Ag

1 331 11.73 53.13 6.53 091 24.39

Ag6AgN12 2 2.98 11.22 46.71 5.90 1.52 31.66
3 2.08 13.69 58.29 7.15 1.21 17.57

2.59 12.11 51.58 7.20 1.41 25.11

AgIAENY 5 2.39 10.68 41.38 5.21 0.94 39.41
6 2.32 15.09 57.40 8.75 1.47 14.97

2.38 13.91 55.98 7.40 1.59 18.74

Agl2AgN6 4.29 12.74 49.93 6.45 1.43 25.16
9 1.63 13.80 55.08 7.68 1.10 20.71
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Fig.3 Cross-sectional image and elements depth profile of Ag-N co-alloyed layers in sample Ago6AgN12
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Fig.7 Potentiodynamic polarization curves of SS and Ag-N co-
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Table 3  Electrochemical corrosion test results for SS substrate
and Ag-N co-alloyed samples

Samples E o/ mV Lo/ (MA-cm™?)
SS 244 0.128
Ag6AgNI12 -157 0.447
Ag9AEN9 -127 0.224
Agl2AgN6 —134 0.501
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Fig.8 Antibacterial effects of untreated SS and Ag-N co-alloyed
SS samples
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ZIEEET Agl2AgN6, TEEEHAR] T 1100 HV,) s
FeA, B St

16 SBF AV HP N5 0 J2 U 14 T s e e 4
FUFTREUIE, M Ag-N & 535 40 15 14
551 B I AH LG 42 0T A AR, X2 A
B AS IR B AL DR E 1 . TR SR N Y
BB ML 5 B R S FIORG B s Ay, e R
JE 5 5 A4 e 2 TR R RN AR 5 398 2 (R R AR RE T A
XKoo TR B ) B A R T b RN B R 5C HAE
— B b 2 i B A, (A R b e 2 8 Y T
PN R A J5T 2 e TR A T ) 2 T A 42 kiR
A, WUPREE R, R A AR S AR
g, [FIFE AgoAgN12 JRE Y 41 it L T B %
WA W/ o X T AR S ok A B T
P, SRR AR,

Ag HIRMRMPTEME, XM ABEAI R E A
S KA 4 0 (O AT BR B4 (S.aureus) FE IR S5
IRENT 100%M R ERCR . RAFIHT B RCR DL it
P 2 B O FH Bl R Y ASPN 2R T7E 316 BLEGA AN
BMRTIE R Ag $B2% S HHA KL UTRZ M
S MY HUZALY Ag-N E & IHB 2R AT
w2 I,

4 %

(1) BEHECHE ASPN HRTE AISI316 BLIGIAA
BRIV T L W Ag 4% S MK
ZERUTRUZ A S AHY BUZ AL RN Ag-N B & 4ks
2, BEMEEREE 12 pm,

(2) 316 BTN Ag-N I 4b 385 it
TP A RS, FIRERE B 3~4 %, LLERUR
FETEEHE A T i BEAIR T 86.4%, 1 SBF HifE
KT 35%, MR RS,

(3) Ag-N & G335 2 X 4 W (0 A 3R 1A 19 Bt
AR E] 100%, RIS PO TERE, ATikH]
Kz B
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