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General

Materials like IN or HX are examples of highly heat-resistant and corrosion resistant nickel-based alloys. In most
cases, these alloys contain chrome, iron, niobium and molybdenum and other alloy components and they are
often known as superalloys. Nickel-based alloys withstand higher temperatures than steels and they are also
highly weldable. Their resistance to temperature is achieved through a mixture of dispersion hardening,
precipitation hardening and solid solution strengthening. Nickel-based alloys exhibit good mechanical
characteristic values such as high tensile strength and good endurance strength. Inconel can be used at
temperatures of up to 700 °C. HX can even be used at temperatures of up to 1200 °C. This makes these alloys
ideally suited for aerospace technologies and for turbine production. Another area where nickel-based alloys are
used is toolmaking. These alloys are also suitable for sustained heat treatment and mechanical post treatment.
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Material Structure

Following the SLM-process, nickel-based components exhibit a homogeneous, nearly poreless texture, whereby
the mechanical characteristic values lie within the range of the material specifications. Through subsequent
post treatment, such as hardening, heat treatment or hot isostatic pressing (HIP), the components’ properties
can be adapted to meet specific requirements. In the SLM process of IN939 are theoretical build-up rates of

9.1 cm?3/h (layer thickness 30 um) and 16.4 cm?3/h (layer thickness 50 um) achieved.
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Physical and Chemical Properties
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:jji:;a/EDensity 8,2 /cm’
E[1 4 2% F i) ==! 2 =2 31
izillji{j:ai}giensity”/ E)Jfff?ﬁ?zr/:?@ﬁ 30 um > 995 % Ey%rsgl'tr;ness 50 um >99,5%
3 (wi) Element Min. Max.
Chemical Composition (wt%)™* Element Min. Max.
Ni Balance Balance
Cr 22,00 23,00
Co 18,00 20,00
Ti 3,00 4,50
W 1,00 3,00
Al 1,00 3,00
Ta 1,00 1,80
Nb 0,50 1,50
Mn - 0,50
Si - 0,50
C - 0,15
Zr - 0,10

WU/ N AT GERED @ 10— 45 um

Particle Size Distribution' 10-45um

SRS ik

Grain Shapel” Spherical
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HLAEIAL] EE 30 um JEJE 50 umf3!

Tensile Test!’] Layer Thickness 30 um!?! Layer Thickness 50 um!3!

For i Rm [MPa] | 1009 % 35 928+ 72

Tensile Strength

SRR Re [MPa] | 735+41 633 + 33

Yield Strength

SRR A [%)] 30+4 23+10

Elongation Break

b A 4 Z [%] 45+ 7 28+9

Contraction at Fracture

SRR E[GPa] |177+8 156 + 12

Young’s modulus

e e ZE 30 uml? ZJE 50 umi3!

Hardness Test!®! Layer Thickness 30 um!?! Layer Thickness 50 um"3!

i [HV10] |302%3 305+7

Vickers Hardness

HERE A ) ZE 30 uml? ZJE 50 umi3!

Roughness Measurement!®! Layer Thickness 30 um!?! Layer Thickness 50 um"3!

PR B Ra[um] | 6%1 7+1

Mean Roughness Index

PSR TR R R:[um] | 42+6 48 +7

Average Surface Roughness
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Mechanical Data after Heat Treatment!*’]

Fr ZE 30 umi?

Tensile Test!’] Layer Thickness 30 um!?!

P Ao i Rm [MPa] | 1247 %76
Tensile Strength

JoE b Re [MPa] |749+21
Yield Strength
A iBISES A [%] 13+3

Elongation Break

Wi T A 445 Z (%] 12+3

Contraction at Fracture

SRR AR E[GPa] | 201%3
Young’s modulus

P LA HIP G AR &

Mechanical Data after Heat Treatment and HIP1I

HLAEIAD] EE 30 pm!2

Tensile Test!’] Layer Thickness 30 um!?!

T A Rm [MPa] | 1348 +57
Tensile Strength

JoE Al e Re [MPa] |957+18
Yield Strength
Wiy i A [%] 11+2

Elongation Break

LS Z (%] 12+2

Contraction at Fracture

PR E[GPa] | 195%6
Young’s modulus
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The properties and mechanical characteristics apply to powder that is tested and sold by SLM Solutions, and that has been processed on
SLM Solutions machines using the original SLM Solutions parameters in compliance with the applicable operating instructions (including
installation conditions and maintenance). The part properties are determined on the basis of specified procedures. More details about the
procedures used by SLM Solutions are available upon request.

The specifications correspond to the most recent knowledge and experience available to us at the time of publication and do not themselves
form a sufficient basis for component design. Certain properties of products or parts or the suitability of products or parts for specific
applications are not guaranteed. The manufacturer of the products or parts is responsible for the qualified verification of the properties and
their suitability for specific applications. The manufacturer of the products or parts is responsible for protecting any third-party proprietary
rights as well as existing laws and regulations.

SLM Solutions Group AG
Materialentwicklung / Material Development
Libeck, den 08.02.2017

[1] Optische Dichtebestimmung mittels Lichtmikroskopie. / Optical density determination by light microscopy.

[2] Materialdatei / Material data file: Inc_SLM_BP2.1_30_Stripes-US_T200_S09-02_V4101

[3] Materialdatei / Material data file : Inc_SLM_BP2.1_50_Stripes-US_T0_S32-04_V4101

[4] Bzgl. pulverférmigen Ausgangsmaterial. / With respect to powder material.

[5] GemiR DIN EN ISO 3252. / According DIN EN ISO 3252.

[6] Materialpriifung wie gebaut, ohne Nachbehandlung/ as built, without post-processing.

[7] Zugprifung gemaR 1SO 6892-1: 2009 B (DIN 50125 — B6x30); Ausrichtung: 0° und 90°; Warmebehandlung: keine; Priifmaschine: Zwick 1484;
Lastbereich: 200 kN; Prufgeschwindigkeit 0,008 1/s; Pruftemperatur: Raumtemperatur; Priflabor: EWIS GmbH/EADS. Die Proben sind vor dem
Zugversuch abgedreht worden. / Tensile test according to ISO 6892-1: 2009 B (DIN 50125 — B6x30), Orientation: 0° und 90°;

Heat treatment: None; Testing machine: Zwick 1484, Load range: 200 kN; Testing speed: 0,008 1/s; Testing temperature: room temperature;

Test laboratory: EWIS GmbH/EADS. Test samples were turned before Tensile test.
[8] Harteprifung gemaR DIN EN ISO 6507-1. / Hardness testing according to DIN EN ISO 6507-1.

[9] Rauheitsmessung gemaR DIN EN ISO 4288: 1998; Ac = 2,5 mm. / Roughness Measurement according to DIN EN SO 4288: 1998; Ac = 2,5 mm.
[10] Wirmebehandlung / heat treatment: 1107°C/2h + cool3°C/min to 899°C + 913°C/8h + 982°C/6h + 802°C/4h
[11] Wirmebehandlung / heat treatment: 1107°C/2h + cool3°C/min to 899°C + 913°C/8h + 982°C/6h + 802°C/4h + HIP

y / Ve N/
~ A A 7 A A\ ~

SLM Solutions Group AG Fon +49 451 16082-0 Amtsgericht Liibeck HRB 13827 HL Release 02/17

Roggenhorster StralRe 9c Fax +49 451 16082-250 Vorstand .
D-23556 Liibeck E-Mail info@slm-solutions.com Uwe Bdgershausen Anderungen und Irrtiimer
Henner Schéneborn vorbehalten.

Internet www.slm-solutions.com

Aufsichtsratsvorsitzender
Hans-Joachim |hde
USt.-IdNr. DE282823792

Modifications and errors reserved.






