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Abstract The copper-containing stainless steels formed by adding a suitable amount of supersaturated copper ions in
medical stainless steels have a nice biological function. The laser alloying method instead of the traditional heat
treatment alloying method is adopted to form a Cu-Co alloyed layer on the stainless steel surface in order to explore
the possibility of more than one alloying element simultaneously existing in the alloyed layer. Scanning electron
microscopy and X-ray diffractometer are used to analyze the structural characteristics of the microstructures of the
alloyed layer. The antibacterial function of this alloyed layer is verified via the E. coli experiment and the brine
corrosion test is used to analyze the corrosion resistance property of this alloyed layer. The results show that the
fabricated alloy has a stable surface metallography and good antibacterial ability and corrosion resistance when the
laser power is 600 W, the scanning speed is 400 mm/s, the preset thickness is 500 pm, the overlap ratio is 35%,
and the mass ratio of Cu to Co in the mixed powder is 1:1. In addition, the hardness of the alloyed layer is higher by
20% than that of the base. It is proved that the laser alloying method is able to replace the traditional alloying
method for the preparation of bio-functionalized medical metals.
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Fig. 1 Alloy surface after laser alloying treatment
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Table 1 Process parameters for samples

Mass ratio of Preset Spot Scanning Laser
Sample No. ) ) Lap rate /%
Cu to Co thickness /pm diameter /mm speed /(mm * s~ ') power /W
1 1:0 1000 2.4 35 6 600
2 1:1 500 2.4 35 4 600
3 231 400 2.4 35 5 600
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P TR S R A AL 5 J8 1t P 1 24 B [ (9 R AR

Xt 3 AN [ 0 TS RE A i 23 R AT 6 AL S R A
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Fig. 2 SEM morphologies of alloys with three ratios. (al) Morphology of sample 1 at low magnification; (a2) morphology

of sample 1 at high magnification; (b1l) morphology of sample 2 at low magnification; (b2) morphology of sample

2 at high magnification; (c1) morphology of sample 3 at low magnification; (c2) morphology of sample 3 at high

magnification

K3 S =Bl L i 4 B9 SEM 23 49 4 1T RE
M READ 1 A TUEL R AR, B b b i B 2 R
fige B B BB, e SEML B 23 4514 U RE BT LU Y 1Y
OIATANEILT . HIRE S 3 B R T LU L R A

sample 1 (Co) — sample 2 (Co) sample 3 (Co)
300} —sample 1 (Cu) — sample 2 (Cu) — sample 3 (Cu)

WWMMM

100 UMU\‘AMM/W’WWMLM

A WA NN A A AW A e AN AN A~

Distance /um
[\S]
(=
S

1] SURE "

0 50 100 150 200 250 300 350 400
Distance /um

B 3 =H a4 r SEM o 4 B

Fig. 3 SEM scan patterns of alloys with three ratios
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Table 2 Accurate proportion of each component by SEM component scan

Sample Proportion Proportion Proportion Proportion Proportion
No. of C/% of Mn /% of Fe /% of Co /% of Cu /%
1 2.01 6.22 68.68 5.29 17.79
2 3.93 7.76 76.76 8.23 3.33
3 4.67 5.47 71.05 10.40 8.41
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Fig. 4 XRD patterns of three kinds of metals and metal
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Table 3 Peak value and corresponding angle of each sample by XRD

Sample Peak 1 Peak 2 Peak 3 Peak 4 Peak 5
No. Angle /(°)  Value Angle /(°)  Value Angle /(°) Value Angle /(°) Value Angle /(") Value
1 43.3 4048.3 50.4 1266.1 74.1 530.6 89.7 359.8 95.0 116.8
2 43.6 2587.6 50.6 511.2 74.6 289.6 90.4 188.1 95.9 125.9
3 43.5 2952.4 50.5 443.1 74.3 363.5 90.1 206.8 95.5 139.5
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Fig. 6 (a) Metal surface area without large bacterial community; (b) molten pool with much dead E. coli community
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Table 4 Experimental parameters for metal ion precipitation

Concentration Volume after Volume of
Sample No.  Soak time /d Precipitation
factor concentration /mlL NaOH /mL
1 28 50 9 0.5 Without
2 28 50 11 0.5 Without
3 28 50 12 0.5 Without
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Surface morphologies of alloy samples observed by SEM before and after corrosion with saline water for three months.

(al) Surface morphology of sample 1 before corrosion; (a2) surface morphology of sample 1 after corrosion; (bl) surface

morphology of sample 2 before corrosion; (b2) surface morphology of sample 2 after corrosion; (cl) surface morphology

of sample 3 before corrosion; (c2) surface morphology of sample 3 after corrosion
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