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HACTYMHUW ETAIMN : KOPO3IA METATIB -
PYNHYBAHHSA TA TBOPUICTb




ENEKTPOXIMIMHUU OU3AUH
TOHKOMNIBKOBUX CMNJABIB




EJIEKTPONITUYHI
CIMNINABU




PyHKUIOHaNbHI BNAcTU

Cknapg Pexum
eKTponiT erneKkTponis
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3aranbHa cxema ene




3aranbHa cxema Kp
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3aranbHa cxema Kp




Bnnue pexumie enekTpo
nokpuey Ni-Pd

EHT = 20,00 kv : EHT=18.89 kv Date 24 Dec 2007

Date 15 Oct 2007
- 1822
WD =130 mm Time 155748 Lt e




Bnnue pH Ha cknapj |

Date 15 Oct 2007 3 EHT = 10.00 kv Date 16 Apr 2008
Time :16:10:23 WD = 155 mm Time :15:15:20




Bnnue pH Ha cxnap |

EHT = 20,00 k' Date -15 Oct 2007
WD =13.0mm Time :16:03:48




Date 18 Nov 2011

Time :16:02:43
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ATOMHO-CUNOBA MIK
CTPYKTYpa NOBEPXHI

Kl lum ¥:10.lum 3:760.4nm [1.1:1)
Ba: #9.1lrm Ry 114, Tna

0 1
B4 — C5-Topography
Absolute values: [a)-> x=2.2um; 2(1)=342.7nm; [b]-> x=3.4um; 2(1)=341.6nm; Absolute values: [a)-> x=755.7nm; 2(1)=541.7nm; [b]-= x=3.2um; 2(1)=537.4nm;
Difference between markers: di=1.2um; dz(1)=1.1nm; Difference between markers: dx=2.5um; dz(1)=4.3nm;
Difference between first two lines: x{al=2.2um, dz{a)=0.0nm; x{bl=3.4um, dz{b]=0.0nm Difference between first two lines: x[a}=755.7nm, dz{a]=0.0nm; x[{b]=3.2um, dz[b]=0.0nm




ATOMHO-CUNOBA MIK
CTPYKTypa NOBEPXH

0 1
MEO] A= c5-2.Crop
Absolute values: [a)-> x=1.5um; 2{1)=229.5nm; [b]-> x=2.3um; 2(1)=231.0nm;
Difference between markers: dx=793, Inm; dz(1)=1.5nm;
Difference between first two lines: x[a]=1.5um, dz[a}=0.0nm; x[bl=2.3um, dz[b]=0.0nm




ATOMHO-CUMNOBA MIKPOCKO
CTPYKTYpa NOBEPXHI NOKP

10.0va T:10.0um X:Z3.5um [1.0:1)
p BL2vm Ry O.2um




KoposiHa CTIKKICTb | ka
BUAiNeHHA eBoaHo (1 M
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KoposiHa CTIKKICTb | ka
BUAiNeHHA eBoaHo (1 M

25 50 75
o(W), %weight

20 40
o(W), % weight




KoposiHa CTIKKICTb | ka
BUAiNeHHA eBoaHo (1 M
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Katanitu4Hi nokpueu Co-W ana He
Bukuaie [1B3




KatanitnuHi nokpusun Ni-W ana Heutpanisartopie
Bukuaie [1B3




KATANITUYHI HEUTPANI3ATOPU

Yramay ctpany 1o ¢ororpacgpuu




MeToau nepepobku Bonbdy

XiMIYHMN mMeToq

oy TeMoyaap, mexaHuvyeckoe gpotneHne ‘4".@’”&!0?;

M=Ni, Fe ©bpabotka B HNOs B npucyterenn CI

TEpMUMECROS
BOCCTAMOBNGHHME (NHg G20y ¥

Ni = Niczj:"/iﬂ OH}la
garr®
FegsOs ti’?wrm

EnekTpoximiHnn metog (HY “JibBiBCbKka noniTexHika”):

far H280 NH2)285:08, H
we 2 290, WO3, W00, WO56 (NHg)25:05 2‘02__

EnektpoximiyHun metog (UIFXTY) :
WC +120H — WO5 +CO, 1 +6H,0 +10e




MikpodooTtorpadii (x3000) Ta cK

EHT = 15.00 kv' Signal & = SE1 Dabs 2 B | um* T =15.00 kv Signal A = SE1 Date :5 Mar 2012 - EHT = 15.00 kv Signal A = SE1
WO =105 mm Photo Mo. = 81 U] O _| WD =11.0 mm Photo Ne. = 8114 Time :17:30:38 WD = 9.0 mm Photo No. = 8097




MikpodoTorpadii (x3000) noBepxHi BK10 ni

EHT = 15.00 kv Signal & = SE1 Date 5 Mar 2012 Pl i EHT =15.00 k' Signal A = SE1 Date :5 Mar 2012
WD = 9.0 mm Photo No. = 8087 Tirre 16:34:56 WD = 9.0mm Photo No. = 8098 Tirne :16:36:07
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EHT = 15.00 kv
WD = 9.0mm

{
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Signal A = SE1
Photo Mo. = 8086
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Date :5 Mar 2012

Time :16:33:29
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Cxema peunKniHry rnce
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BnacTtunsocTi nokpusiB \W24(

MikpoTteepgaictb H, = 480 — 50
Po3mip 3epeH 50 — 60 HM
acouiaTtiB — 500 — 600 HMm;

MarHiTHi XxapakTepUCTUKMU:
koepuutmBHa cuna H.=150 E,

LLIBUOKiCTb KOpO3ii

pH

Ki,, MM/piK




TITANUM
ELECTRO
DESIGN




BIOMATERIALS

For implants, Ti with oxide layer should exhibit:
- high hardness - presence of Co, Mn

- good wear & corrosion resistance

- low friction = proper structure

- porosity - proper structure

- good compatibility to the body tissues

- presence of P (Ti;P, Ti(HPO,),xnH,, P,Ox)
formation of hydroxyapatite

Promising method is the microarc-anodic treatment

38



LAYER FORMATION by MICROARC

substrate: Ti (Fe+Si+Al+Mn < 1 wt %)
microarc-anodic treatment: application of constant current ->to sparkling
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LAYER FORMATION AT MICROA

L
R

NSNS

deposition of in plasma formed increase in deposite thickness

species on the surface
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S-3400N 25.0kV 10.7mm x3.50k SE




FORMATION PARA

e Ti anode
 graphite cathode (30 mm |
o alkaline polyphosphate sol
 addition of Co, Mn contain

Specimen code | Interelectrode voltage | Addition element
U, Vv
Ti-S <100
Ti-1 110
Ti-3 120 Co
Ti-5 125 Mn
Ti-7 130 Mn




LAYERS CHAR!/

- SEM (10,000x) -> layer topography and structure
- EDS analyzer -> surface chemical composition

- GDOS —> destribution of elemens In layer
thickness

- X-ray analysis -> phase composition

- Bending —> Drittle or ductile fracture

- adhesion




APPEARANCE of MODIFIED SURFACE

S-3400N 25.0kV x3.50k SE ¢ 100u

round grains with holes (doughnut, tire like)
+ mixture of fine acicular grains

good sliding ability



S-3400N 25.0kV x500 SE

S-3400N 25.0kV x500 St
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S-3400N 25.0kV x500 SE
S-3400N 25.0kV x500 SE




LAYER DEPT
VS. int

| L | L | L | L | L | L |
100 105 110 115 120 125 130

U,V

L | L | L | L | L | L | L | L
100 105 110 115 120 125 130 135

U,V




CHEMICAL COMPOSITI(
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S-3400N 25.0kV x500 SE

* Uniform color of backscattering electrone image
reveals uniform chemical composition of surface




CHEMICAL CO

Full scale counts: 545 Ti S11_pt2
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DISTRIBUTION
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APPEARANCE of FRACT

27340011 S2'0KA 8'3WIJ X| 20K 2E 30° 0N

TR

" P




CORROSION RESISTA

2M NaOH | |




CORROSION RESISTANCE vs. STRUCTURE

lowest corrosion resistance — Ti-1

S-3400N 25.0KkV x3.50k SE 10.0um

Ti-3 Ti-1



HYDROGEN ABSORPTIC(

350 _ 2M NaOH _ Ti-5H
o~ || -2400mV, 60min

=
O 300}

0

3 250}
I_I r
< 200}

150

highest H absorption by layer of most loose structure
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Adenka anga ocaxgeHus
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December 2 2010.003a.ti f
NiW nanowire

Sample 16

Print Mag: 21700x @ 7.0 in

W 147 nm
B121nm
104 nm

500 nm

HV=80.0kV

Direct Mag: 4000x
NU EM Facility
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sample_16 5.0kV 6.7mm x100k SE(U,LA100) 1/20/2011



HaHoHnpoBOMNoKK nocne obpaboTk

%746 nm
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aniall08=-08 ultrasound.00%a.tit E— anial =08 ultragsound.00&a.tif
HiW nanowires 2 microns HiW nanowires
Samplo 16 HV=80.0kV Sample 5 HY=80.0kV

rint Mag: 13600x @ 7.0 in Direct Mag: 2500x rint Mag: 21700x @ 7.0 in Direct Mag: 4000x
5:24:22 p 11/08-10 AMT Camora Systom 5:40:31 p 11-08-10 AMT Camora System

© 5898 nm
Al




HaHoHMnpoBoOnoku nocne obpabc

arc 2
Sample 31

HiW nanoviroes HV=80,0kV

Frint Mag: 21700x @7.0 in Direct Mag: 4000x







