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Research and Development of Medical Stainless Steels

YANG Ke, REN Yibin
(Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract. Stainless steels are widely used for manufacturing various types of medical devices owing to their excellent
mechanical properties, corrosion resistance and processability. This paper briefly summarizes the characters of medical
stainless steels and their clinical applications, as well as major existing problems; overviews the main research progresses
of medical stainless steels in recent years, focusing on high nitrogen nickel-free austenitic stainless steels, surface modifi-
cations on stainless steels and anti-bacterial stainless steels. It can be illustrated that the research and development of
medical stainless steels have further enhanced or improved the bio-safety, mechanical properties and corrosion resistance
of stainless steels, and even brought about some bio-functions, which gives new opportunities for medical stainless steels
in clinical applications.
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Table 1 Comparison on chemical compositions of medical SS for implants and corresponding ordinary SS(w/% )

Standard Universal code  Chinese code G Cr Ni  Mn Mo  Cu Si S P N
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Fig. 1  Effect of cold deformation on mechanical properties

of medical SS
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Table 2 Chemical compositions of SS for implantations in ASTM Standard (w/% )

Stainless steel C Cr Ni Mn Mo Cu Si N Other
F138, 139 <0.03 17 ~19 13.0~15.0 <2.0 2.25~3.0 <0.5 <0.75 <0.1 -
F745 <0. 06 16.5~19.0 11.0~14.5 <2.0 2.0~3.0 <0.5 <I1.0 <0.2 -
F1314 <0.03 20.5~23.5 11.5~13.5 4.0~6.0 2.0~3.0 <0.5 <0.75 0.2~0.4 V, Nb: 0.1~0.3
F1586 <0.08 19.5~22.0 9.0~11.0 2.0~4.25 2.0~3.0 <0.25 <0.75 0.25~0.5 Nb: 0.25 ~0.8
F2229 <0.08 19.0~23.0 <0.05 21.0~24.0 0.5~1.5 <0.25 <0.75 0.85~1.1 -
F2581 0.15~0.25 16.5~18.0 <0.05 9.5~12.5 2.7~3.7 <0.25 0.2~0.6 0.45~0.55 -

®3  EE ASTM iREPRSIMRHEN B TEINNE S 1 FEaE

Table 3 Mechanical properties of SS for implantations in ASTM Standard

Stainless steel Condition Yield strength/MPa Ultimate strength/MPa Elongation/ %
F138, F139 Annealing =190 =490 =40
Cold working =690 =860 =12
F745 Annealing =207 =483 =30
F1314 Annealing =380 =690 =35
Cold working =862 =1 035 =12
F1586 Annealing =430 =740 =35
Medium hardening =700 =1 000 =20
Hardening =1 000 =1 100 =10
F2229 Annealing =517 =827 =30
Medium hardening =827 =1 034 =20
Hardening =1 241 =1 379 =10
F2581 Annealing =482 =827 =40
Cold working =827 =1 103 =12
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Fig. 3 Cell cultures on surfaces of Fe-24Cr-2Mo SS before
and after high temperature nitriding, with 316L SS as

comparisons
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Fig. 4  Histological photos of sheep tibias with implantations of nitrogen alloyed Cr-Ni SS ( Fe-21Cr-10Ni4Mn-2Mo-
0.43N) (a) and high nitrogen Ni-free SS ( Fe-17Cr-10Mn-3Mo-0. 49N) (b)
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Table 4 Chemical compositions of some high nitrogen Ni-free medical SS(w/% )
High nitrogen Ni-free SS C Cr Mn Mo Si Ni N Cu
PANACEA P558!14] 0.20 17.4 10. 18 3.09 0.43 <0.08 0.48 -
Biodur® 10812/ 0.08 21 23 0.7 0.75 <0.3 0.97 0.25
X13CrMnMoN18 — 14 —3[20] 0.13 18 14 3 <0.05 0.75-1.0 Nb<0.25
24Cr-1N( nitriding) [2!/ 24 1.0
24Cr-2Mo-1N ( nitriding) 2! 24 2 1.0
BIOSSN4 [22] 0. 043 17.9 15.3 2.02 0.02 <0.2 0. 46 0. 66
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Table 5 Mechanical properties of some high nitrogen Ni-free medical SS

Stainless steen YS/MPa UTS/MPa Elong/ % RA/ % HV/MPa
AISI316L (1805832 -1) 220 -260 500 - 540 55 - 65 65 -75 1300 ~1 600
PANACEA P558014] 600 923 54 74 3 670
Biodur® 10812 586 931 52 75
X13CrMnMoN18 — 14 —3[20] 590 1030 70 75 2 590
24Cr-1 N ( nitriding) [2"] - 1032 26 - -
24Cr-2Mo-1 N ( nitriding) 2! - 1167 45 - -
BIOSSN4 221 559 938 54 64 2 480

AR, AR EAHE N T2 &/ RsH s N

JG Ni BEFANE B N OB # B R Z B E AL, Kuroda
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Fig. 5 Platelets attachments on SSs after immersion in fresh blood for
2h: (a) 316L SS, (b) high nitrogen Ni-free SS with
0.46% N, (c) high nitrogen Ni-free SS with 0. 64% N, and
(d) high nitrogen NI-free SS with 0. 81% N
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Table 6 Comparison of mechanical properties of high nitrogen Ni-free SS with the Co-Cr-Mo alloy

Materials YS/MPa UTS/MPa Elong/% RA/%  ag/J+em™>  HV/MPa
3161 SS, Solid solution 225 555 64 72 290 1 640
Co62Cr28Mo6 alloy, solid solution 492 1013 19 24 33 3180
High nitrogen Ni-free SS, solid solution 537 884 52 71 193 2620
High nitrogen Ni-free SS, 10% cold forming 857 1008 36 73 - 3 160
High nitrogen Ni-free SS , 20% cold forming 1041 1105 30 70 - 3 500
High nitrogen Ni-free SS , 30% cold forming 1175 1215 24 68 - 3 800
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Fig. 6 Platelets attachments on high nitrogen Ni-free SS with

0.62% N and CoCrMo alloy ( Co62-Cr28-Mo6 ) after
immersion in fresh blood for 3h: (a) and (b) high ni-
trogen Ni-free SS, (c¢) and (d) Co-Cr-Mo alloy
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and without diamond-like coating in fresh plasma:

(a) for 1 day and (b) for 4 days
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Table 7 Killing bacteria rates of anti-bacteria SS

Killing rate against bacteria/%

Test bacteria Ferritic  anti-

bacterial SS

Austenitic an-
tibacterial SS

Gram- E. coli 99.9 99.9
negative Pseudomonas aeruginosa 99.7 99.9
bacteria Bacillus pumilus 92.7 98.2
Salmonella typhimurium 96.3 91.5
Acinetobacter calcium acetate 88.0 72.2

Gram- Staphylococcus aureus 99.9 99.9
positive Sarcina lutea 99.9 99.9
bacteria Bacillus subtilis 84. 6 85.9
Enterococcus faecalis 92.0 72.0

Fungi Candida albicans 93.1 97.0
Saccharomyces cerevisiae 85.1 99.9

TENR PRSP i R, AR R 45 7 6T P #6828 2
AR AR I — RPN KA R R, (RO e A fiE
SE AR N2 B AN R B AT RETE . 1R W AR G
FHAAE, BRI7 A DRG] 00 40 R e L i 21 g R o
N R R R SRS, SREERHEA YA
TRYLHAE R H 4.3% o 53 HMR I i B T A 41 41
(WHO) A4 14 € Be A I e B 162 5 T M) h A7 S Sl
R A AT L 1400 T3 N IELE M2 e AR A9 v
Horpr 60% (4 4 R 5 (TR BRI 7 A IO 6 o 1818
{19 B R BIORA G I e b o A0 A HL ) T 4
000 ] 4 oK R R B ] 4 B R 5 DS R i R
MEZ AR, o) b 5 34% F032% , HERRE G E
13% . 17155 | 6 1 1 W g Ao 4 A e 11 2 2 A8 i Bk
PR UG TR ) o 2 R O PR TR (OF J SO 1R AF IR R
£

FLAYIZR BRI 7 A5 R T B A SR, , i 75 2L
WPV ER BB ZRFARAGEIAA, 2 AR iR B
PRHRAHT AR 5 o BFFETT R BAT DA T R DI BE A9 4=
P IRRE, SR KM A S KR DhRE, 2 0
PRy, FEMREGLER, A PUERMER, AT
P8 ek A TS SR I P9 1O PR AT 57 R FHE B A 5 9 1) 2

Streptococcus
2%

Escherichia

2%
Enterococcus
5%

Pseudomonas

8% S.aureus

34%

Other CNS
13%

S.epidermidis
32%

P 8 i A A BT S g o B DL 2 T L £
Fig. 8 Ratio of bacteria in the implanted devices related

infections in orthopedics
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