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Ce este sticla metalica?

Majoritatea aliajelor sunt cristaline
Sticla metalica sau aliaj amorf (fara cristalinitate)
Aranjament atomi, comportament termic si mecanic similar sticlei clasice

aliajcristalin aliajamorf (sau sticla metalica)

Atomii sunt aranjati Atomii sunt aranjati
ordonat DEZordonat

Figurile de la Daniel Sopu



Sticla metalica: rezistenta mecanica mare

Aliaje cristaline: Aranjament ordonat, planuri atomice
Alunecare planuri atomice -> deformare la stres mic, dar plasticitate

Sticla metalica, lipsa planuri atomice -> lipsa alunecare -> rezistenta la stres

aliajcristalin aliajamorf (sau sticla metalica)

Atomii sunt aranjati Atomii sunt aranjati

ordonat Figurile de la Daniel Sopu DEZordonat



Cum obtinem sticla metalica?

Toate topiturile metalice tind sa cristalizeze
cand sunt racite sub temperatura lor de
solidificare

Principiul: previne cristalizarea

Structura amorfa este structura lichidului https//nusteelfab.com/nu-steel-fabricators-
(top|tu ra ) | nghetata is-working-on-revolutionary-flex-mill/

Racirea mai rapida decat procesul de aranjare
al atomilor intr-o structura ordonata

Compozitia aliajului, rol decisiv in viteza
critica de racire



Sticla metalica masiva
Bulk metallic glass

Grosime mare -> racire Thceata
Grosime critica

Sticla metalica masiva: D>1 mm



Ce este un implant dentar?

<« —— COroana

nﬁ— abutment

implant

Fabricate din metalul Titansau aliaj
de Titan cu Aluminiusi Vanadiu




> 35 milioane cetateni americaniau toti dintii sau toti dintii de sus sau de jos lipsa
3 milione au implanturi dentare
in fiecare an numarul creste cu 0.5 milioane

piata US + EU estimata la 4.2 miliarde USS panain 2022

American Academy of Implant Dentistry
http://www.aaid.com/about/Press_ Room/Dental_Implants_FAQ.html



‘Narrow diameter implants’
Implanturi mici

* Implanturicu diametrul< 3 mm
* necesare cand creasta alveolara este subtire

* implantde dimensiuni mici - solicitare mecanica ridicata:

LT il TLGAL AV

e avem nevoie de materiale cu rezistenta mecanica mai mare!



Obiectiv proiect

* Evaluare “suitability” sticle metalice massive de Ti
pentru implanturi mici

* Anthogyr se ocupa de toate proprietatile urmand
cerintele standard

* Noi introducem o metodologie noua de evaluare a
biocompatibilitatii
e Standard: evalueaza daca aliajul se corodeaza

* Noi: presupunem ca se corodeaza, studiem care
sunt produsii de coroziune, studiem care este
efectul acestora asupra unor tesuturi specifice



De ce produsi de coroziune?

http://all-free-download.com/free-
photos/download/bridge-railway-
rusted_235457.html

http://www.european-coatings.com/



Coroziunea implanturilor in vivo

XANES

Tesut prelevatdin vecinatatea unui o
implantcohlear care cauza inflamatie

X-ray fluorescence mapping
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The metallic glass under investigation:

* Very good glass forming ability for a Ti-based composition (d= 12 mm)

* Yieldstrength 2000 MPa

NIKKEI TELHVOLOGY

Tech & Industry Analysis from Japan/Asia o

Japanese Universities Develop Ti-based
Metallic Glass for Artificial Finger Joint

The artifictal finger joint prototype made
Masaaki Maruyama, Nikkei BP Producer Jun 11, 2009 of Ti-based metallic glass. The saddle-

shaped structure on the upper side iIs a

(Zhu et al 2008 Intermetallics)



Cum putem investiga produsii de
coroziune ai sticlei metalice?

Experimente de difractie

* Fiecare metal/compus chimic are o structura ordonata a atomilor

componenti

 Datoritaacesteia, radiatia X sufera difractie dand nastere unei
difractograme cu ajutorul careia se poate identifica metalul/compusul

respectiv
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Celula de coroziune speciala pentru
investigarea produsilor de coroziune

Pt counter Ag/AgCl
electrode reference 3cm
1| n electrode «— 5

_ electrolyte

L
VLI d 7,

" “metal foil

* Foil: TiypZry,Cuz,Pd,Sn, metallicglass 50-100 pm
e Solution: physiological saline (0.9 % NacCl)
* Pitsgrown at: 1.3V and0.7/0.5/0 V vs Ag/AgCl
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Figure SS. Cyclic polarisation curve for an artificial pit on Ti40Zr10Cus4Pd14Snz metallic glass
in 0.9% NaCl. The pit was initially grown at constant potential 0.7 V for =40 min (depth <0.4
mm). Also shown, optical microscope images of the artificial pit at points indicated on the
polarisation curve.



Investigatii la scara micrometrica
folosind radiatie X de sincrotron

Fascicul foarte subtire de ordinul micrometrilor

Beamline

Sursa de radiatie X de 100 de miliarde
de ori mai intensa decat radiatia Experimente de:
folosita in spitale difractie, spectroscopie etc.

Gayadeenand Duncan 2014



In situ X-ray diffraction experiment

3cm

Focus the beam (3x10 pum?) on the solution above the corrosion ——
products then

move the sample up, so that the beam passes through the
interface in 3+100 um steps (20 s per frame)

The dissolution rateis ca 3 pum/min

/ X - rays

CCD 2D area
detector

diffraction electrode
rings




Difractograma 2D -> difractograma 1D
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Intensity (arbitrary unit)

TigoZroCus,Pd,,Sn, metallic glass foil
0.9 % NacCl, 1.3 V vs Ag/AgCl
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Intensity (arbitrary unit)
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Corrosion products consist mostly of Pd
nanoparticles
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50 nm

Particule de Paladiu cu
dimensiunea 5-40 nm

Microscopie
electronica de

transmisie
0 2 4 6 3 10 -
1/d, nmt

EDX

Ti Zr Cu Pd Sn
Mean value (at. %) 5 5 3 85 2
Standard deviation 2.7 2.5 0.8 5.9 0.8




Rezumat

Implanturile dentare mici necesita aliaje cu rezistenta mecanica mare

Precum: sticle metalice masive

Precum: Ti,yZr,,Cus,Pd;,Sn,

Anthogyr: load to failure 1.5-times higher than that of Ti-6Al-4V, similar fatigue limit
Produsi de coroziune: nano-particulede Pd, PdCI2, CuCl, etc

Urmatoarea etapa

Studierea impactului nano-particulelorde Pd etc asupra celulelor structurale
siimune (osteoblasts, neutrophils etc)

Implanturi mici din sticle metalice
masive? : Thca nu



