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ABSTRACT

The use of stainless steels in mediciaed particularly in the biomedical industry as
orthopedic implants, hasbegun since the middle of the 20th century. Their
popularity is mainly due to the fact that, in addition to their excellent mechanical
properties, they have very good argorrosion behavior. However, in order to avoid
any risk of rejection of the implarty the human body, the technique of coating the
steel with biocompatible coatings, such as hydmpatite, has been developefhis
way, the properties of stainless steel mentionatiove are combined with the

biocompatibility of hydroxyapatitan orderto achieve the best results.

The samples 08MO 254 superaustenitgtainless steetoatedwith hydroxyapatite
using plasma spya techniques, used in the present study underwent
potentiodynamic corrosion in a solution simulating the conditions of the human
body. Tests carried out on both coated and rmated specimensshowed a

sensitivity of both materials at low pH and high teenatures.

At the same time, the evaluation of corroded specimens, performed by scanning
electron microscopy and-bay diffractometry, showed that the rate of corrosion was

higher inthe steel that did not have the protection of the hydroxyapatite coating.

All of the abovegconclude to the fact thattisAy (G KS AYLI Fyd NBOSA DA
favor, for it to be coated with hydroxyapatitelhis way,the implant will be able to
respond better,to both mechanical stress, and the otherwise hostile to foreign

bodies human organism.
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Phase Chemical formula Structure Temperature range of formation (*C) Space group Lattice parameter (nm)
o bec Im3m 0286-0.288
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a Fe-Cr-Mo Tetragonal 600-1000 P4, /mnm a=0.879
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X FesgCrypMo,g bec 700-900 143m 0.892
R Fe-Cr-Mo Trigonal 550-650 R3 a=1.0903
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ksi MPa ksi  MPa % Brinell HRB

Type 316L S31603 A 240 70 485 25 170 40 217 96

Type 317L S$31703 A 240 75 515 30 205 40 217 96

Alloy 20 N08020 A 240/B 463 80 551 35 241 30 217 96

Alloy 825 N08825 B 424 85 586 35 241 30 - -

317LN S$31753 A 240 80 550 35 240 40 217 96

260 - - 80 550 40 275 35 217 -

317LM S31725 A 240 75 515 30 205 40 217 96

317LMN S31726 A 240 80 550 35 240 40 223 97

204X - - 73 500 30 210 35 187 90

310MoLN $31050 A 240 80 550 35 240 30 217 96

700 N08700 B 599 80 550 35 240 30 - 90

904L N08904 A 240/B 625 71 490 3 220 35 - -

20Mo-4 N08024 B 463 80 551 35 241 30 217 96

20 Mod N08320 B 620 75 517 28 193 35 - 95

Alloy 28 N08028 B 709 73 500 3 214 40 - -
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Types of Implant-Tissuc Response

If the material is toxic, the surrounding tissue dics.

If the material is nontoxic and biologically inactive (nearly inert),
a fibrous tissuc of variable thickness forms.

If the matenial is nontoxic and biologically active {bioactive), an
interfacial bond forms.

If the matenal is nontoxic and dissolves, the surrounding tissue

> B¢ hht'v = B¢ ' j hh>"<C” A

replaces it.

S h>' ¢ Y37] s >,

Types of Bioceramic-Tissuc Attachment and Their

Classification

Type of attachment

Example

1. Dense, nonporous, nearly inert
ceramics attach by bone growth mto
surface irrcgulantics by cementing the
device into the tissues or by
press-fitting into a defect (termed
“morphological fixation™).

(]

. For porous inert implants, bone
ingrowth occurs that mechanically
attaches the bone to the material
(termed “biological fixation™).

3. Dense, nonporous surface-reactive
ceramics, glasses, and glass-ceramics
attach directly by chemical bonding
with the bone (termed “bioactive
fixation™).

4. Dense, nonporous (or porous)
resorbable ceramics are designed to be
slowly replaced by bone.

Al; O3 (Single crystal
and polycrystalline)

Al O; (Polycrystalline)
Hydroxyapatite-coated
porous metals

Bioactive glasses
Bioactive glass-ceramics
Hydroxyapatite

Calcium sulfate (Plaster
of Pans)

Tricalcium phosphate

Calcium-phosphate salts
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Biomaterials-Tissue Interactions
Local Interactions
(at biomaterial-tissue interface)
Effect of material Effect of environment
on host tissues on materials

* Blood-material interactions  Physical-mechanical effects

* Toxicity * Wear

* Modification of healing * Fatigue

* Inflammation * Corrosion

* Infection * Stress-corrosion cracking

* Tumorigenesis Biological effects
. Ad_sorp!ion of tissue constituents
* by implant , Device-Associated
* Enzymatic degradation
» Calcification Complications

* Thrombosis/thromboembolism
* Infection

Systemic Interactions

* Embolization

* Exuberant or defective healing
* Biomaterials failure

* Adverse local tissue reaction

* Adverse systemic effect

* Hypersensitivity

* Elevation of implant
elements in blood

* Lymphatic particle transport
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Totals 100.00

{ah Wph2seCs "

rl'(."){h‘rqo'cb’J’h)’h

{9a _ "~
pH=5,65(x50).
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zaky X188 188mm |

Nb Spectrum 23

g '\
T T T ¥ ¥ Y T T
0 1 2 3 4 5 6 9 1(
Full Scale 517 cts Cursor: -0.139 (0 cts) keV|

NS Nh AR M, h f9a T 4'hi’ . SwATCOfab wpn
pH=5,65(x100).

Pwypn

Element | Weight%
oK 243
PK 0.87
clK 167
CrK 17.66
Fe K 55.76
Ni K 18.97
Mo L 2.64
Totals 100.00

AaBpwpévn

HATPO WoTevitn

n'¢< " Xhrfifm” "4+ "~ h,h {9a _ . LTS WA COh'abht pn

pHE5,65(x500).
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1 SMO 254, pH% T=25¢ /

NS  X¥hchA T1h,h fga T L'hi . SWATCOHAD #Wpn

pH=7 (x400).

MepwpuoTtalAki
Suappwon (6pLa
KOKKWV)

Element Weight%
oK 1.87

SK 1.06
CrK 2217
FeK 57.77

Ni K 17.13
Totals 100.00

n* ¢ ' x¥hehé T2, 9a hTHpA "M TSWRTICO fhac: b
pH=7 (x1000.
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Pitting
corrosion

Element Weight%
OK 22.65
PK 054

CIK 31.96
KK 33.72
CrK 3.18

Fe K 6.75

Ni K 1.21
Totals 100.00

n"¢< " Xhrenf "4, {03a T4t U SwWAT COg'pb Hpn L. T

pH=7(x2000.
ms A" Shy 7 -y T Lt h T L pH T TRt ] h <Y AR
>' A ¢ h_ h ° _<',W,'B_Bh'” , h“Aa 8 " h @ 1_“ * E B¢ "' SswAY
""‘>W/\|5I _B"V‘WI ‘5"<.‘"‘ h « <t ¢ 1 hj 7,
rl‘ﬂ"/\h noao rl(‘ls’ ,h’/\"/\_h‘ v ¢h* h “ h _h 1
e S>swAY S I S ‘h’h_"'>‘5YW|I5 BB"'I
“JCBC">W/\' s Yy < ', _I. ,{'h]'+"l¢
¢ h h = o ,“h<|’-|a{n|¢§)?h_ﬁ’\_'4'tn'<f11'>h_+":q) o[w<
n'< " Ah nn ,h’ As _hpitting eofrosiér® " L h TR T T h <h hooh

Lhd T L 0R T h hEnk€d 0
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1 SMO 254, pHE T37c /

n'<'Xhrap T

N A

%1, 608

1~ h

X

1%}-'#: '.

{9a ._
pH=7 (x500.

{9a _
pH=7 (x1000.

109

~

ull Scale 320 cts Cursor: 0.020 (346 cts)

Spectrum 3

keV

WA COBRL WpN

MepkpuoTtaAAki
Suappwon (opra
KOKKWV)
Element Weight%
oK 299
CrK 20.88
Fe K 53.24
Ni K 16.49
Mo L 6.41
Totals 100.00

S>WATCORab pn



X1, 868 )

Awfpwpévo
UAKO

Pwyun

n® ' AbY gt ¢ "1 " h, h {Q9a _~ 7o >wAT COhab mpn
pH=7 (x1000.
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hAh>SEA">S6A" D s . L h A b ¢ he o )

n'*'* " A.A nop Sh: ncx ~w’”h h~" _h Hankg >hh =~

ST <Yt Th Tt s AT S A
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h ¥ hSEM,“h A ht o : o ¢ AT A h. T ot
oTCc¥ ° Ah , has 7 o OOV A ‘f'<'_|5'I T o>
U“‘CthHWhB‘_"{'h’_s" ' >h > h ¥y Ch‘_l -
pHA ' <h i ™ Y g3 TR I Ut hAtTrY o mt
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1 SMO254> &

I’/\h(.'h

s 7 ' HApPH=3,T=25C

MPY msE A" Ss  Swa Co. B(PHEZ, TE25DA o< T
Element Weight %

0 39,31

Na 5,94

P 13,04

C 6,99

Ca 30,38

Fe 4,35
Totals 100,00

n' < Arh Spy'y

X2BE 188 K

h,>h {9a _~ .
pH=3 (x200).
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Spectrum 4

Ca
P
o
o Na a
b 1 2 3 4 s & 7 8 8 A
Full Scale 186 cts Cursor: 0.047 (293 cts) keV|
ZOR
n' € orh  en” "4 " h, > h f9a _° »&NITHKAAT T25€CAN Hp®
pH=3 (X500).
Alata
Element Weight%
oK 14.15
Na K 3479
PK 348
CclK 39.08
CakK 8.49
18 1 3 6 Totals 100.00
Spectrum 7
Ca
P
0
Ca - a Ca
b 1 2 3 &« s s 7
Ful Scale 372 cts Cursor: 0653 (2cts) keV]
n' ¢ Ah" Spayr Ch,ch fga _ Y »sN T AMAPAT T25€CAM" Hph
pH=3 (x1000.
B’l'(.‘hz h - _'/\ rl‘C'/\h nyZ "" - h "‘
, h > A B h ¢ h* h " h YW A Y AT h Aht <« 7 ~



T B Ah h ="' < _fH T E S T ETWSE My LA > EC T AT

pn )h’/\ls_h‘ '_‘ ('N&C),:‘A"‘,‘_"qvh"’/(ah(t‘t‘h h = ! _"
Hank®%A - ~ h v'>waA~> , _ 7Y ~¢h* Y h*jw® ¢
_ e . . 17 V‘ h = h _ ? _ 0] o[" * ’B/\""<"’C h_/\+Z/\ )‘h_/\"lﬁ"i_ts/\’ts*‘/

 SMO254>%5 &~ HAppH=3,TT 0 € C

[ AhSh  McY mEA'SE S>wA' Yt " hor" hAahc YOt
Element Weight %
O 38,93
Na 10,41
P 10,40
Cl 13,85
Ca 22,96
Fe 3,45
Totals 100,00

5 El Mo

n' ¢ AMTSpIMY: T h, C hhif9a>w AT »fsah SHipdAps | CSfoTc s
pH=3 (x300.
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fooan
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ZEkL

¢ hy
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%1, BEE

{9a _ .
pH=3 (x500.

4
.

¢

18 parn

>

h

{9a
pH=3 (x1000).

Spectrum 26

Fe

] el S,
b 1 2 3 5 7
Full Scale 325 cts Cursor. -0.036 (83 cts) keV|
P TAKHADAT T LCab'Tepn
7 HAph J 7 . Gwnt ¢c” 8{ ah HpR
n - h 4 h n 4 1 ~ -
Yt Nf&g&i"E A 7Y > wTah 7Y Y hy B
w , B " h A, ’ "t
¢ h <« Lt ¥ \V] h -
B 1 Y A h = A 1 ' h
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¢ ht B 1 v i’ I >w ¢ h* W A A h Ah 1 <

87 >Y ¢ h 2 h . /\>V‘I" A ‘_h j .’ .W7\_'v _V‘ T Y e h <
¢ h B >'" ¢ " h -y oy _hz h At L AB A -1 *
h A Y ° _ LT, > B R S wo ¢ h ¢ - ! ~h "~ h _
! <|5¢_ AT h O 1W<V . > - h 7 h_' U -1 'C"h"

- Y w T YA h * h = ' YA 17 T v h'h_Ha_nkQZD ¢ ht

1 SMO254>¢t¢ s~ ' HApPHb5,65 T=25cC

[P AhNSh  MTY mEA" S8 >SwAa oYt st hem hah <
Element Weight %
O 48,27
P 13,56
Cl 2,41
Ca 31,67
Cr 0,55
Fe 3,55
Totals 100,00

n' ¢ “darht fpr Tt h e f9a T 2T AKEADAT T25Cah T Hp
pH=5,65(x25).
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" ¥pH=5,65 h

h, v

B‘/\VB’ _
' s - ' ¢

RS o

a8

Ve
L »

Aal

{9a _ 7.
pH=5,65(x500).

{9a _ 7.
pH=5,65(x800).

’__' BC_’>" S -~ h ~ h B
““'hyls‘

wo, Bt h Ah | B~ B ¢ h* t B
A ha "4 " hj” oo o>k
hs " X 8A_ Th .Y A S h
h > >h 'h““z 'Wh""h‘_/\"">h /\_‘C
hj -, > w , B " -8~ h B ‘_
. > 8 L > T , h

Cp Spectrum 48
]
o a ca
Ca pFe a - V\ Fe Fe
D 1 2 3 4 5 6 %
Full Scale 446 cts Cursor: -0.036 (78 cts) keV)|

46,95% Fe

» &I T hADA Y T 25€CR ' Hp W

Spectrum 42
Ca
P
o}
Ca Fe & Ca
1Y NG Fe  re
2N
u 1 2 3 4 5 6 7
Full Scale 325 cts Cursor: -0.036 (83 cts) keV|

» & T T A HAPA Y " 25€CR N
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¢ B h >waA' O Luwjh‘hz“

 SMO254>% & - HAppH-5,65TT 0 € C

SRR SO AN > I AN LA I e

[P AhNSh  MyY mEA"CE SwaA' > ‘s EBUGKS hAMKI PpACPT >¢
Element Weight %
@) 38,71
Na 8,76
P 10,47
Cl 11,75
Ca 25,81
Fe 4,50
Totals 100,00

{9a _ .
pH=5,65 (x200).
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Element | Weight%

oK 47.03

Na K 643

PK 10.07

clK 8.50

CakK 23.88

Fe K 4.09

Totals 100.00
7,60% Fe

n' ¢ '8aht Spt T b R 9g T Lt hj “xeswACh KApah 3@pnh ¢ ok
pH=5,65(x500).

Spectrum 18

o] Fe

Full Scale 400 cts Cursor: -0.081 (0 cts) keV|
Nb Spectrum 20
C1
Lo UL
e
Fe
. el Ut

1 2 3 4 S 6 7 8 9 10

Full Scale 400 cts Cursor: -0.031 (1 cts) keV]

n' ¢ 'O Sp” Y4 "h, > h f9a _ Y »mHI]TAMHAAT “37CAN HpN
pH=5,65 (x10@D).

B" _' 1 B A" C B . >w A N ) ¥t . ' hg¢nm _h'/\lh <h"‘ " __W .
Thow vy ¢ h TN L o- S, T “" B > Ah ‘\‘_h_'
> Y AR T T T Y Mghk@TALM R L h T ¢ h Y gy e o< 2
B‘_' B > A h h Ah > A" >8A7 3% h,", h/\"/\B"'QB
T L o AE " C oy ‘ B C h * ‘Cun">’v‘¢"lhz‘ >hh A h|.|>psc/\' >B8 AT E
> TS I > -y sy ' ~ ety B > Ah B <h |



HopCeh L . w.ws gt VR
<7 A ) 1 ' hj ThTOm h S®s W" YYohwg 3
,h’/\ls_h' h - ! 'S B h ¢ w . 8B h ¢ w h
B two, Y A B h - _ _h_ h _" VO
qh! qh-VEh '_'_h "’V\Z ' HV!>W*’I
- vy h/\"'l_' >B. - B 7 JWIZ' ,h’/\ls_h‘
>8 1 h <Y - ¥ " ¥ S B A - ! 1 ¢ B ¢
N o hov: 7 b p: @ o 187 L N
1 ¢ B ¢ S WA - A )}
 SMO254>® -~ ' ¢ h HApPHE7, TT HP C
[P AhRSh  mMpY mEA"SE  >SwA _T s them  h AR <t YO
Element Weight %
@) 43,75
Na 1,19
Mg 1,09
P 14,22
Cl 2,14
Ca 34,99
Fe 2,61
Totals 100,00

n' ¢ Boarh' ¢

TH1OE, 1B8 KM

> h

{9a _ "O254» % 1| T h HWApA T ~254CE N

pH=7 (x100.
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Spectrum 28
C1l
Ca
o Fe
Cr P
Fe Cr Fe
£a i Cl Cr N
T # r ? Py . Tt gt
1] 1 2 3 4 s 6 7 8 9 10
Full Scale 104 cts Cursor: -0.175 (0 cts) keV|

S8 s 15 &8 38R

Spectrum 29
Ni
A 1,
8 9 10
Full Scale 104 cts Cursor: -0175 (0 cts) kev|

n' ¢ "Wh  ScT T4 T h L h {9a _ T »®MTTAMAPAT "25€C@ M HpH
pHE7 (x500).

Element Weight%

PK 19.07
Cak 80.93
Totals 100.00

'S '2aht St v a o h,h fga Y »sh T hMADAT “25€CAM' Hpw
pHET (x700).
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haAht < " 13- H" Y A ~887°Y, w 3 =7 w, Y A
,h> A" A b A oont ¢ A h CMZ oY hat o A ' ¢C
PEES h<<h ©ho > "B _h 67 A Cosupwdith tvhs T A
h - ' ! I 8 A" C B >w A ¥t .Y h o h Ah < ! ¥
- v ¥ ! i B ALhM - B Shw ALY €8s *Th, w7 St hj 7 _
VAR pHpB“' h ¥ I B 1Y A > ,hiE AT A hh* Al * K C vh
AW B B 7 v ' AT T8 i h w2 T YTAY Y
[ B B Y ow S h A h " - v , h > A B h *
h ' ¢ h ~ 1 YoV h = h ’ N G))
 SMO254>¢8 &~ ' HApPH=7,T o€ C
J"/\hCh HnY‘_rrj’ts'/\"BC‘BhC>"W/\h'/\h< A ;¢ s Y > B B~ ' ¢ h <
Element Weight %
@) 46,55
Na 1,11
P 1416
Cl 1,63
Ca 33,72
Fe 2,82
Totals 100,00

Z8 kU HEBB 188 kM

n' <" Ah" €c’oy! “h,h f9a _ 7 I THhHEADAT T LhlTEpHh
pH=7 (x200.
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Spectrum 21

0
Full Scale 97 cts Cursor: -0.151 (0 cts) keV|

Z8ku

Element Weight%
OK 40.34
PK 15.46
CakK 4419
Totals 100.00
n' ¢ B4cht €770 7 h 7 {9a _ . T T hHEADAT 7 LCao'Tepin

pH=7 (x500.

Cl Ca Spectrum 3
[
(o]
Fe
Cal Cl i‘l Fe Fe
L IANETET 1 VITT (ol WOV ST W, N T S S
1] 1 2 3 4 5 6 7 8 9 10
Full Scale 33 cts Cursor: -0.142 (0 cts) keV|
15 668 .36R
52,48% Fe
n' <" Arht S¢’pyr “h, > h f9gag _°7 pEs ;T hHAPAT T LCab'Tephn

pHE7 (x1000.
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ENTAZH (cps)
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4. Ca(PO,)(OH), - Hydroxyapatite
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ENTAXH (cps)
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