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Sandvik Osprey® Powders



World-leading manufacturer of gas-atomized metal powder

More than Our program of Osprey”’ [
metal powder includes:
2 O O O — Low-alloy steels
— Tool steels
grades — Maraging steels

First year of
powder sales

1979

Osprey®

Metal powders

Stainless steels and
duplex steels

Nickel-based alloys
Cobalt alloys
Titanium alloys
Copper alloys
Expansion alloys
Soft magnetic alloys
Superalloys

Binary alloys
Master alloys
Zirconium alloys
Tungsten powder




BU Additive Manufacturing

Production sites
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Sandviken, Sweden

@

* State-of-the-art atomizing plant with electrode melting
* Electrode Inert Gas Atomization technology (EIGA)
* Atomizing titanium powder with low oxygen & nitrogen levels
* Titanium dedicated downstream sizing, large scale blending & packing facility
AS9100 certified
* High quality titanium powders
* Hot Isostatic Pressing (HIP); <250 pm

* Additive Manufacturing (AM); 150 to 53 um, 106 to 45 pm & 53 to 15 um
* Metal Injection Molding (MIM); <45 um & <25 um

.'.‘ Osprey® Ti-6Al-4V Grade 5 & Grade 23

Osprey® CP-Ti Grade 1 & 2
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Sieving, blending, and packing

POWDER

*Security Tag e,
BLENDER *Packed under inert gas'
*MSDS

Sieving under Blending for homogenization before

_ Packing
inert atmosphere packing



Machining Solutions



Shaping a brighter future together

Competence across the metal manufacturing value chain

— We aim to know our customers needs even before they do
— We want to come into the chain as early as possible and stay as late as possible
— We adapt to meet the customer challenges
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Sustainability in AM
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Experimental Set-up

* Sandvik Osprey Ti64
Particles size ranges

» 15-45 um (Standard PSD)

» 45-90 um ( Large PSD)

e Renishaw 500Q Flex
Three different layer thicknesses
at two different PSDs

» 30 um (Standard PSD)
» 60 um (Standard PSD)
» 90 um (Standard PSD)
» 90 um (Large PSD)

Testing

R

Rel. density
Microstructure
Tensile properties
Hardness

CVN impact energy



Wider PSD

— Reduced powder cost
— Possibility to use higher layers
— Increased productivity

— Mechanical properties on par
with standard processes

— Density >99,9%

— Microstructure like
standard processes
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Summary

e Sandvik Additive Manufacturing offers a wide range of metal powder alloys for Medical
applications, suitable for AM and MIM.

e High level of automation in our Ti-powder manufacturing paves the
way for consistent and high-quality products.

e Sustainability targets with a clear ambition to reduce waste, increase productivity and
lower the manufacturing costs for our customers.

e Sandvik’s total offer of manufacturing and machining expertise together
with digital solutions is unique and supports our customers to reach their
full potential.
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Biomaterial Opportunities

Dr. Tech. Ville Ella
R&D Director, New Technologies
Arctic Biomaterials



Strength to Your resorbable implants




Arctic Biomaterials j

* Biopolymer and biocomposite processing

 Raw materials and semi-finished implants

* Biomaterial & bioresorbable implant R&D
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e X3 fiber + polymer
* Bioactive & fully bioresorbable HM X250 300 um
* Promoting bone healing
* Similar benefits that of ceramic composite

materials e.g. TCP or HA
* High mechanical properties

Flexural strength in MPa (ISO 178:2010) Flexural modulus in MPa (ISO 178:2010)
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X3 Fiber composite Cortical Biocomposite X3 Fiber composite Cortical Biocomposite
with AFP technology bone PLGA+TCP with AFP technology bone PLGA+TCP

esearchand Development




Arctic Eomaterlals
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Implants and indications

Indications:

* Extremities
* Foot & ankle
* Upper extremities

©2022 Arctic Biomaterials

Trauma

Sports medicine

Neurosurgery

Craniomaxillofacial
Chest

©2020 Arctic Biomaterials Oy. All rights reserved.




X3 fiber composite options

X3 fiber pelle i .
pellet X3 fiber tape X3 fiber filament Custom X3 fiber articles
* Injection moldi . indi : :
J ding Winding, Tape laying, * Filament winding, compression « Rods, preforms, lami
) .Whin the short X3 fiber  cOMPression molding molding, *3D Printing, AFP ' ,faminates
is a best opti . : : * [
st option When higher strength required * When higher strength required grl:;tgtr;(iagrnolseswed shapes
* Cost-effici . -
) 1| 5|;ntf. | Cost-efficient * Cost-efficient * Tailored to your needs
* . of Implant . i i . .
Srice ° P Material yield > 95%  Material yield > 97%
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Thank You

Dr. Tech. Ville Ella
ville.ella@abmcomposite.com
Arctic Biomaterials



Advancing Metals for Orthopedics:
R&D Highlights from Fort Wayne Metals

Adam Griebel @
Sr. R&D Engineer

Fort Wayne Metals FORT WAYNE METALS
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Agenda FORT WAYNE METALS

* Fort Wayne Metals Intro
* Absorbable Magnesium Alloys

* Nickel-free Superelastic
* High Strength / High Stiffness




Fort Wayne Metals
* Booth 612

* High-performance, high-precision
wire, bar, strands, and cables
* Broad Material Portfolio
* Nitinol
» Stainless steel (300s, 400s)

* Cobalt-based (MP35N®, 35N LT®, L605, FWM® 1537, FWM® 1058)
 Titanium (CP Grades 1-4, Ti 6/4 ELI, Ti 6/7, Ti 3/2.5, Betas, etc.)
e Sustained commitment to R&D

* Fort Wayne Metals Research Products, LLC
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FORT WAYNE METALS
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Absorbable Magnesium Alloys FORT WAYNE METALS

* Mg: Attractive mechanical performance for absorbables

* Strength:
* Mg: 200-400 MPa
* Ti 400-1000 MPa
* PLLA: ~50 MPa

e Stiffness:
 Mg. 45GPa
e Ti: ~100-120 GPa

* PLLA: ~5GPa




* Alloy Composition
« WE43 (Mg-Y-Nd-Zr)
« ZXM100 (Mg-Zn-Ca-Mn)

=9 ii - —
Nature Made,

. Calcium
i Magnesium

&y Zinc

(LA Helpe Build
sr.rmg Bones
§ My suppieneny  IERTTR G

100 raBLETS

1

Absorbable Magnesium Alloys

FORT WAYNE METALS
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Hydrogen A A IVA VA VIA VIIA Helium
1008 2A 3A 4A 5A 6A 7A 4.003
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.
Li Be B/ C N O F | Ne
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.
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Sc | Ti | V | Cr Fe Co | Ni Cu Ga | Ge As  Se | Br | Kr
Potassium Calclum Scandium Titanium Vanadium Chromium Iron Cobalt Nickel Copper Gallium Germanium Arsenic Selenium Bromine Hrypton
39.098 40.078 44.956 47.867 50.942 51.996 55.845 58.933 58.693 63.546 69.723 72,631 74.922 78.971 79.904 83.798
37 39 40 41 42 44 45 46 47 48 49 50 51 52 53 54
Rb Y | Zr Nb | Mo Ru Rh|Pd Ag Cd In Sn | Sb | Te | | @ Xe
Rubidium Strontium Yttrium Zirconium Niobium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.468 87.62 88.906 91.224 92906 9595 101.07 102.906 106.42 107.868 112.414 114.818 118.711 121.760 127.6 126.904 131.294
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.
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Cesium Barlum Hafnium Tantalum Tungsten Rhenlum Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
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138.905 140.116 140.908 144.243 144913 150.36 151.964 157.25 158.925 162.500 1684.930 167.259 168.934 173.055 174.967
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Actinid
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Actinium Thorium Protactinium Uranium Neptunium Plutonium Americlum Curlum C. i Ei Fermium Nobelium Lawrencium
227.028 232.038 231.036 238.029 237.048 244 064 243 061 247070 247.070 251.080 [254] 257.085 258.1 259.101 [262)
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Absorbable Magnesium Alloys FORT WAYNE METALS

* Alloy Composition
« WE43 (Mg-Y-Nd-Zr)
« ZXM100 (Mg-Zn-Ca-Mn) Uncoated
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Figure 1. A sheep model (A) was used to assess implantation of bare (b) and MgF .-
coated (c) k-wires bicortically through the tibia. K-wires had distal trocar tips (b) and
proximal blunt ends (c).




Absorbable Magnesium Alloys FORT WAYNE METALS
* Alloy Composition
« WE43 (Mg-Y-Nd-Zr)
« ZXM100 (Mg-Zn-Ca-Mn)

* Centerless ground bar (2-15 mm)
* Wire (0.05-2 mm)
* Strip/Sheet
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FORT WAYNE METALS

Absorbable Magnhesium Alloys

e Standardization

ISO 20721
Guidance for the assessment of absorbable metallic implants

ASTM F3160 ASTM F3268 WK83979 ISO 37137-1
Metallurgical in vitro Corrosion Fatigue Biological
Characterization degradation testing (under development Evaluation

through ASTM)
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Nickel-free superelastic FORT WAYNE METALS
* Nitinol: Nickel + Titanium
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Nickel-free superelastic FORT WAYNE METALS

* Nitinol: Nickel + Titanium

Occlusion of metallic biliary stent related to nickel allergy

Salman Fasih Khan, MBBS, Mary Ann Sherbondy, MD, Adrian Ormsby, MD, Vie Velanovich, MD

Journal of Vascular and Interventional Detroit, Michigan, USA

Radiology

Volume 26, Issue 9, September 2015, Pages 13751377

Brief Report
Allergic Reaction following Implantation of a Nitinol Alloy
Inferior Vena Cava Filter

Nickel hypersensitivity in the orthodontic patient
Zhongzhi Jia, MD?, JianFei Tu, MD®, Kai Wang, MD?®, Guomin Jiang, MD?, Weiping
Wang, MD® & - &

+ Show more

Justin K. Bass, DMD," Howard Fine, DMD, MMSc,* and George J. Cisneros, DMD, MMSc®
Bronx, N.Y.

Nickel is one of the most common causes of allergic contact dermatitis and produces more all




Nickel-free superelastic FORT WAYNE METALS

e B-Titanium: nickel free, superelastic?

2000
e Success! TNZS 1800 Stainless Steel

* Ti-Nb-Zr-Hf-Sn 1600
* US11111571B2 g 1400
= 1200

2 1000

3 800
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200
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Nickel-free superelastic FORT WAYNE METALS

* Bone Staple Study
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Nickel-free superelastic FORT WAYNE METALS

* Material Availability
* R&D quantities
* Bar, Wire, Sheet, Billet




Smaller, Stiffer, Stronger FORT WAYNE METALS

* Engineering review
* Strength vs Stiffness ' Swainhardening | Necking

Stress, 0 .
A E ;
E .'JIII
Ultimate strength
~

.
Fracture

Yield strength

Rise
Run

Rise

Young's modulus = Slope = Run

» Strain, €




Smaller, Stiffer, Stronger FORT WAYNE METALS
* Engineering review

* Strength vs Stiffness
* Beam bending

Tension
y
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; B Stress
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Higher strength, higher stiffness FORT WAYNE METALS

* Higher Strength

* By Processing




Higher strength, higher stiffness FORT WAYNE METALS

* Higher Strength o
* By Processing P 3.0mm N\ .

1300 55
* 4TiTude® 1200
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Higher strength, higher stiffness FORT WAYNE METALS

* Higher Strength

* By Processing
* 4TiTude®
« ceECAP 22

ey Constrain,
. {/

Fig.11. A schematic illustration of the ECAP-Con-
form process [53].




Higher strength, higher stiffness

* Higher Strength
* By Processing
* By Alloying
* NiTi+Nb+Y

C©

FORT WAYNE METALS

NiTiNbY

Applied stress (MPa)

binary NiTi

-----------

-
---------

0 2 4

6 8 10
Eng. strain (%)

12

14

Figure 1 Comparison of the room temperature loading and unloading stress-strain curves of
wires made from NiTiNbY and binary NiTi alloys.
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Higher strength, higher stiffness FORT WAYNE METALS
* Higher Strength 1200 4
* By Processing 10007

800 -

* By Alloying
* By Material Class
* Tungsten (W)
* Molybdenum-Rhenium (MoRe)

600 -

eng stress (ksi)
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Higher strength, higher stiffness FORT WAYNE METALS
* Higher Strength

* Higher Stiffness 250
* Geometry dominates £ 350
* Modulus of metals g;gg
e 9mmTi =~ @6 mm CoCr =~ @5 mm MoRe _28200
.2 150

E 100 I
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Summary

* Fort Wayne Metals
* Booth612

* Absorbable Magnesium Alloys

* Alloy ZXM100 @

* Nickel-free superelastic FORT WAYNE METALS
* Alloy TNZS

* High Strength / High Stiffness

* Many tools in the toolbox




Thank You

Adam Griebel
adam_griebel@fwmetals.com
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FORT WAYNE METALS
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