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Study on the 316LVM Stainless Steel for Surgical Implant Materials

Myung-Chul Shin, Kyu-Hwan Lee, Han-Koo Lee*

The 316LVM stainless steel that is widely used in surgical implant has been

studied. The objective of this study is to develop the domestic production of the

surgical implant materials. In the work,

the metallurgical phenomena,

physical

and chemical properties and biocompatibility of the materials are investigated. Ac-

cording to the experimental observation, corrosion resistance is strongly depended

on the §-ferrite structure and passive film, and mechanical prdperties are mainly

depended on the cold reduction ratio. The d-ferrite structure is minimized in the

16.6% Cr and 14%Ni contents,

and yield strength is 104kg/mmz at 45% cold

reduction. Biocompatibility is excellent in the mouse body test for six weeks.
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13 0,08 \
. 2.00 0,025 b0l 0.75 _ -
ASTM 77 * ‘Zén%xog max | mmax| max| max 17~20 | 12~14 | 2~4
max ! i
— 16 — | — 1| o8 17 14 250 20.4| 157
— e | - — 0.6 17 12 2.5 20.4 13.7
— 16 | — | - 0.6 20 14 2.5 23.4 1 15.7
4 - 16 — i —1 o8 20 12 2.5 23.4| 13.7
; i !

* Special quality

-+ Cr Equivalent=9%Cr+1.5x%Si+ %Mo
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Table 4. Chromium and nickel equivalent of allovs
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Alloy No. ™ __| | | valent \ valent |
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Table 6. Mechanical properties of zimmer wire
and developed wire.

ctrengih | strength | Plongation

(kg/mm?*)|(kg/mm?) °
S-pin (Zimmer) 119.8 | 104 11
(2mm) (KAIST) 116.5 104 9
K-wire(Zimmer) 183.0 | 153.3 %3 %7}
(0.9mm) (KAISTy|  164.0 | 153.0 ”
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Aom 5 APl A A oxalic acid |4 H4 54
ero} t}4] 10% ammium persulfate g ol 4 1A/cm?
o zA0® 5—1083 A FAAL 27 Apalelt.
= A g R% step structure F JEb Tz Yol W44

o] $43g ndF gk

PRI
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©) 9 HEry
Ae Wok 4 Gol ARE 672 FUF AP A
AM3E zANgsh AAT Agdde o BT 5
3 Ak 2ol A0, 4AA FHolE Fhol
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. oldsh e BAAA AAEAE 24T A
photo 6014 Bl ksl 7ol bMWY, ATHAE
sh AL 3AYE 2A0] YANA Lo ALy
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PR AALNA 24 Aol et WaE g
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1) #% = W (tarnishing) : ¥4 R 4

Aol Ay Yo T4 BRle]l WAt T4

g ow] o Mot gl TAMow W),

Soto g sAe] rhFaElch

2) Pitting corrosion : Zsj ¢l sl 27l A Es ek
Ve "R olAlel ge] g (Che] EAjste A
el A A Qala Faod F4s B34 g
b3 ste] W AE H4 T8 FA R

1008 A =8] &wl 7 stolld YA A=A,

3) Stress corrosion cracking : X Az} o] §
Zh7bE-& kel AR & vhol WA v £wala
&7k &3 Vel A4z F35 Q4 (Cl)o] 2o}
Tl B S o AL Fd & BT

1008 A= "uld oA A S

4) General corrosion : §-4l 897 ol F4 ®
Hofl Auba oz Kol ez HAL

oo A= 100w Hxo HAwAez o5
Flo] asiv}

ol 4zt 7he FAMA A4 F ARF 247
Az} ok Table 73 22 #AstE 2.

BH7 657 444 F 54 3449

Table 7. Wire surface state after six weeks
implantation in mouse body.

KAIST . .
Develo . Zimmer wire
Item eveloped wire
J Muscle ] Bone | Muscle| Bone
Tarnishing no no no no
Pitting Corrosion no no no no
Stress Corrosion
. no no n n
Cracking , 0 o
.
General Corrosion: no no no no
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%ﬂ%ﬂ%AHﬂﬂABWNMﬁJ&AQ%%ﬂ 1) A.C, Fraker and A.W, Ruff: Metallic Surgical

a Wzk olubsle] S-pin (Steinmann pin) =
(Kirschner wire) & A &3 A3 o}-&3 2 AEL
A},

L A% Aok dxz 948 242 A 5Tl
FAE R $1, delta ferrite 7/} EAELR &= WAA

o] Aol AL A& + APeh

2. A4 s A RAFEE A ¥wFE AA
B¢ oko] ASTM F138-76 1‘1’-73LH ¢ AlLO,BL0¢,ClLO,
DL59 HAg & ubE 5 dgieh

3. AAFe AT A4y =27 ASTM No7 (0.03
mm) 24 A E9 Nob6 (0.04mm) B} = 4 shg v},
AR Aol sl ATEE 4% B4 42 54 ALY )
2 2Es} 4R,

4. S-pin & FYFE(45% WrelwAH) = 104kg/
mm?, K-w1re4 L1722 (80% W 7kel ukAle)) = 153, 3
kg/mm? 2 Zimmer ¢ 104kg/mm? 153kg/mm? s}
e 754 JAA AEE Verdeh

5. HeSO,-HsPO, 8 Lellof|4] A A 5—10% A5 5
dehatel ol qliA F4H B A FUY
AAY 4 dem A8 duk F LERALE @
] 30vol% HNO; g of] 4 30—?:2!(’%9-) A A gkl o

Fd Add 2+ gl

3
%<
A

qAe] $Feta FAT

-

AAEY AAd e AT AagE
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AL REEF 1,050C, 4087 obd Wik
HNO,; — Acetic acid 4]

(@ 1w EA4(LH), (B 2¥x4(LL), (¢) 3:9x4 (HH), (d 41524 (HL)

Photo. 1. Annealed micro structures of

(@) alloy No.1(LH) (b)alloy No.2(L1L) (c)alloy No.3(HH) (d)alloy No.4(HL).
(<400, HNO, - Acetic acid etched).
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NAERE 5

Mo

0 &l-0]-0] =

A7 2. 5% opE  cdxeElgel |nldzA, X100, 10% oxalic acidell A =3 -4
(a) 1 9A]|% ASTM grain size 7, (b 2 W 2% ASTM grain size 64,

(¢) 345 ASTM grain size 94, (d 4¥WA]& ASTM grain size 8 ¥l.

Photo. 2. Final annealed microstructure and ASTM grain size of each composition.

(%100, 10% oxalic acid electro-etched)
(@) alloy No.1{(LH), ASTM grain size 7 (balloy No.2(LL), ASTM grain size

(¢)alloy No.3(HH), ASTM grain size 9 (d)alloy No.4(HL), ASTM grain size




13 AF AAEe] wEE5 AAEE

A 3.3 E Alel s Ak y e
(a) Fol-g e~ 73k X100, (b) Zimmer AFAlE- X400, (©) A[A}F X400
w7 2223, 10% oxalic acidell a4

AR 4, A Az )T AIE 2
(a) A| A F (198 4]%) S-Pin(#2, Omm) X200,

(b) 9] =A% (Zimmer4l) S-Pin(#2. Omm) <100

Photo. 3. Non metallic inclusions in
(a) Air melted commercial stainless steed pipe, X 100
(b) Zimmer product, <400
(¢) KAIST-developed product,

Photo. 4. Microstructure of final products.
(a) KAIST-developed product (composition 1), S-Pin (¢2. Omm) X200

(b) Zimmer S-Pin(¢2. Omm) x 100"

> 400

Py 2 .

3—(a)
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HU

AT 3 HEH4) [

AbR) 5. AR w3l A @l B5 acceptable etched structure® vEFW I 9lch 10% ammonium pe-
rsulfate -S4l 4] 1A/ £7102 5~1087 HAlgH
(a) AJAZ x200, (b) 4=3]4 21 X200
Azl 6. A A2 A 6 Z AAAEF WS AR 243 9=2] Fx 2 (Hematoxylin ~Eosin X 200).
Photo. 5. Results of intergranular corrosion test.
(a) KAIST-developed specimen, X 200,
(b} Zimmer product X 200.
Both specimens show acceptable etched structure,
(Test condition; 10% ammonium persuefate solution, 1 A/ci, 5~ 10min)
Photo. 6. Microphotograph of the tissue and bone in contact with a developed- sp-
ecimen (Hematoxylin-Eosin, X 200).

after 6 weeks implantation in mouse.




