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Effect of Ag contents on microstructure and properties of Zn-Mg-Ag alloys
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Abstract: In this study, Zn-Mg-Ag alloys were prepared by powder metallurgy method. The effect of Ag
contents on microstructure, compressive strength, corrosion resistance and antibacterial properties of Zn-
Mg-Ag alloys were studied. The results show the contents of MgZn, phase increase, sintering density
decreases and compressive strength first increases and then decreases after the addition of Ag element from
0.5% to 2.0%. By increasing the Ag contents, the self-corrosion potentials of the Zn-Mg-Ag alloys decrease
slightly, but the passivation current density, corrosion rate and weight loss significantly increase. After
immersed in the artificial simulated body fluid for 14 days, obvious corrosion pits appear on the surface of
the Zn-Mg-Ag alloys. The diameter of inhibition ring of Zn-Mg-Ag alloy for Staphylococcus aureus and
Escherichia coli has increase of 15.0 and 5.8 mm when changing Ag contents from 0.5% to 2.0%. The
antibacterial effect of Zn-Mg-Ag alloys are improved.
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Zn-Mg &4 (% Mg & 35%~45%)1) T2 ERE R A 4
FEAAVERE . Patrick 55 NN Al EE 22 i N I idEAT
WHAL, EE T EERTAE N AR R AR SO 2R, R B
I FEMARAT A . Vojtech 254 i T F T [ 52
1 Zn &4, RS Zn-3Mg & &R MR KT,
(EMIER L&

EIXTHET Zn &4 1 ERERZE R, A
PR M ARG SH AR Mg, Ag JCRIFINE] Zn K
ed, 4% Zn-Mg-Ag =i & 4. BIENE Zn 5%
[ 126, [FIRHRTE Zn A &R AE SR, (F8 4
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1.1 BRIEESVEH R RF| Zn-Mg-Ag §&

ST R Zn R4 (R 50>99%. i
215 pm, Mg #alifE>99.9%. Kift 44 um, Ag ¥
4lif>99.9%. Fif% 1.3 pmo FRHL 4 L& B R (At
SEZ) 120 g), HA Mg JRESECN 2.0%, Ag i
BEBOH N 0.5%.1.0%-1.5%-2.0%, X EN Zn.
WAFRCLL 4 HEEM AR AT R &G,
JECE T B R AR R (R T 100
MPa), A IRAER P 380°CHESE 2 h, BeghilfE
KRGS e 77N Zn-2Mg-xAg(x=0.5, 1.0,
1.5, 2.0)& 4, HRE5EFE 5T N 47 mmx10 mmx 10
mm, T 240-10004F0 48T BEOE 5 % .
1.2 5 R RAEFIIAR

KA BE(SEM, fE[H Carl Zeiss AG B4y
2y A SigmaS00) AT £ B8 {4 #7 (EDS, 2%
Thermo Fisher Scientific ££ 4] NORAN-QUES II i)
MEERF| Zn-Mg-Ag & E MM ALY . it
X FHEEATEHMU(XRD, H AR /A 7] D/Max-2500/PC
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Fig.1 The surface scanning photos of Zn-Mg-Ag alloys
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Tab.1 Element contents of 1# and 2* position in Fig.1(a) 1% ME 1 ATEH, R Zn-Mg-Ag & & HIFLBRE
- JF () JEE IR 53 B (x) 55?%:, AL AR S BLLL R 2 A ALRR . XA BA
Zn Mg Ag Zn Mg Ag MICR R THARBEAT 700 HHECT Mg (T4
¥ 9922 0 078 9953 0 047 0.16 nm), Ag JA-F4%(0.145 nm)fl Zn JF 1242
2% 8449 1551 0 6683 3317 0 (0.1379 nm)E £z, Frbh Ag Ji7Lk Mg Ji 7R

HZ% 1 W4, Zn2Mg-0.5Ag &4+ 1B+
B Zn A1 Ag RTERAR, 7 Ag BN 0.78%,
EUH 17508 Zn(Ag) B . 75 17 UK LR Mg
JURIEE, XREERA Zn HARFEE Mg 5T
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Mg:Zn JE-F 04N 1:2, 456 Zn-Mg —u&aAHE

DAL Zn FARPE . 2 Ag Ji 1 HflE KR Zn FR4E
HRIAEALE, —ER Mg TR AR Zn Feih
L MRS Zn KA SRNAE RO o AT B R A
PSHAR Zn HYREBEREA B, B4R
PRI AR AR B ARG PR XA BRI R AN
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Fig.2 XRD spectra of Zn-Mg-Ag alloys
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PRAh B R 2 Bl oK, BB RS R A, Zn-Mg-
Ag EERFERIFLIBREE I, Pesh % K. 1 2.1.1
BHALUINETIR, BT Ag LR Mg TRES
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Tab.2 Porosity and sintering density of Zn-Mg-Ag alloys
P FLIR /% Besh % (g/em®)
Zn-2.0Mg-0.5Ag 9.5 6.38
Zn-2.0Mg-1.0Ag 10.1 6.35
Zn-2.0Mg-1.5Ag 10.8 6.32
Zn-2.0Mg-2.0Ag 12.1 6.24
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Fig.3 Compressive strength of Zn-Mg-Ag alloy samples

M 3 TN, BEE Ag SRS, Zn-Mg-Ag
B S HIPUESREE KM G PR, 2 Ag 588 1.5%
i, A& IPUE R K (130.6 MPa). 70 50§
BT T Ag fE Zn AR o[ A SR A v B
W, 55— ORI T 1 S 5RAG AT MgZn, AR R, 7Y
HALFRTE T Zn-Mg-Ag & &R FEIEANINE /1 R K
WATERIRE ST Ag & Bdt— B Ing| 2%8, BT
RREE YR LI . HOEBIERIE 2, Zn-2Mg-2Ag
Ee e NE AT 54 i
2.3 Ag S EXT Zn-Mg-Ag & &I B phikfE 0 Hr
23.1 Atz

K 4 2 251 Zn-Mg-Ag & & AERN AR
HIRRAC 2R, % 3 NI 4 S8 E R AR RIS 5.

0.8
10k Zn-2.0Mg-1.0Ag
Zn-2.0Mg-1.5Ag

Z -12
g Zn-2.0Mg-0.5Ag
=
Q
S - 5D >
L 14 Zn-2.0Mg-2.0Ag

-16F

-1.8 L L L

0.001 0.01 0.1 1 10

Lg(1/(A/cm?))

B4 Zn-Mg-Ag SeERYN TR R ARALH £
Fig.4 Polarization curves of Zn-Mg-Ag alloys in SBF solution
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TRIES: Ag &I Zn-Me-Ag # & ALEVRIERE K3 S

R3 AR HRIET/RBEER

Tab.3 Tafel overfitting parameters of polarization curves of alloys

R4 In-Mg-Ag &SRB HER K E(SBF 40 d)
Tab.4 Corrosion rate and weight loss of Zn-Mg-Ag alloys (in

T Econ/V Leor/(A/cm?) SBF for 40 d)

7Zn-2.0Mg-0.5Ag -1.2421 2.1483x10 FE il JEE R (mm/a) L E/(mg/cm?)

Zn-2.0Mg-1.0Ag ~1.2474 4.0567x104 Zn 0.142 8.9

Zn-2.0Mg-1.5Ag ~1.2554 4.9794x104 Zn-2Mg 0.161 10.1

Zn-2.0Mg-2.0Ag -1.2593 5.3248x10 Zn-2Mg-0.5Ag 0.197 123

Zn-2Mg-1.0Ag 0.273 17.1

P 4 FI 3 TH, BEH Ag SR, Zn-  Zn2Me-l5Ag 0.289 18.7

Mg-Ag & &M B JE AL A BEA%, 4E8i e & Zn-2Mg-2.0Ag 0.313 19.6

B HE . X2 Ag (FA+0.78 V)5 Zn (FAAL
—0.763 VYA EIR K, Ag JETHEVEAE Zn K5,
TER Ag-Zn JRE, T30 Zn VBN MR AR
JE A ) B B R Ak, KB IR SR AEAE MgZn, AH
FIAE R, SEL Zn-2Mg-2Ag & 4 8 ik RE A PRI,
WAL EE Zn FEAR [ AR .
232 JEDRRE ST

KR E LN 2R RS Zn-Mg-Ag & &1E
BN AR IR 40 d 7531 ) )i b ik RN 2k o,
Wk 4 Fryl. K 4 7751, BEE Ag SR,
Zn-Mg-Ag &4 R MOEZIG N, e HIE K. 7R
NTARRHIZ L 40 K5, Zn-2Mg-2Ag & &Il
HRILF R KAE 0.313 mm/a, 2L SR AE 19.6
mg/cm?, XK Zn-2Mg-2Ag & 4 HITH JE Tl BE B
7%, X5 2.3.1 AT AR S5 AR — 3. 724 b
RIRW R R, FEH Ag S=HEN, Zn-Mg-Ag
G FLBR RGN, [FE EVATE Zn FpRH 1 Mg
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Fig.5 Surface morphology photos of Zn-Mg-Ag alloys immersed in SBF

solution for 14 days
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Fig.6 Surface scanning analysis of Zn-2.0Mg-2.0Ag alloy

immersed in SBF solution for 14 days
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AT R R BE 7% 24 h AH R P ELAR . AR R S 45
B, BE Ag SEMNIN, Zn-Mg-Ag & &5 &5
MK B E AR, 4 Ag S EIATH
KN 2.0%F0F, Zn-Mg-Ag B4 % P Fl 41 18 Frt 300 12 [l
IR, 7358 63.2 F128.3 mm, iXFEH] Zn-Mg-
Ag A &0t G B AR AT R 25 S 3 IR S B A
EH, BA REFRIPIRE R
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Zn-Mg-Ag & 45 &8 W MR 43 Bl 3L ks
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Fig.7 Saureus inhibition ring of Zn-Mg-Ag alloys

5 Zn-Mg-Ag SSHMNEHBES

Tab.5 Diameter of inhibition ring of Zn-Mg-Ag alloys /mm

ot ] PN

0 P AR 0w P AR
Zn-2.0Mg-0.5Ag 472415 22.5+0.8
Zn-2.0Mg-1.0Ag 48.442.0 24.320.7
Zn-2.0Mg-1.5Ag 58.143.0 25.7+0.6
Zn-2.0Mg-2.0Ag 63.242.5 28.3+1.0
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Fig.8 Results of co-culture of Zn-Mg-Ag alloys and S. aureus
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Fig.9 Results of co-culture of Zn-Mg-Ag alloys and E.coli
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Fig.10 Antibacterial model of Zn-Mg-Ag alloys
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