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EOS NickelAlloy IN939
Excellent High Temperature Performance
with Corrosion Resistance

EOS NickelAlloy IN939 is a nickel-chromium alloy which provides an
outstanding balance of high temperature strength, corrosion and

oxidation resistance, fatigue performance and creep strength at
temperatures up to 850 °C (1,560 °F). Parts built from EQOS NickelAlloy
IN939 can be hardened after manufacture by application of precipita-

tion-hardening heat treatments.

Main Characteristics:

— Excellent mechanical properties
—> Excellent corrosion and oxida-
tion resistance
—> High tensile, fatigue, creep and
rupture strength at tempera-
tures up to 850 °C (1,560 °F)
Maintains good ductility in
age-hardened condition
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Crack-free in as-built conditi-
on and resistant to strain-age
cracking

The EOS Quality Triangle

EOS uses an approach that is unique
in the AM industry, taking each of the
three central technical elements of
the production process into account:
the system, the material and the
process - together simply described as
the Quality Triangle. EOS focuses on
delivering reproducible part properties
for the customer.

Typical Applications:

— Industrial gas turbines (vanes,
blades, heat-shields)

Microturbines
Turbochargers
Instrumentation parts

Power industry parts

LT

Process industry parts

All of the data stated in this material
data sheet is produced according to
EOS Quality Management System and

international standards. Process

Part
Properties




Powder Properties

Powder chemical composition (wt.-%) Powder particle size
Element Typical ) : :

" e
o 225
Co 19
W 2.0
Nb 10
i 3.7
Al 1.9
Ta 14
2 0.1
¢ 0.15
B 0.01
N Balance

SEM picture of

EOS NickelAlloy IN939 powder.

100 pm




Process Information

System set-up

EOS M 290

EOS MaterialSet

IN939 40um HiPer M290/400W

EOSPRINT Material Set

IN939_040_HiPerM291_1.00

Software requirements

EOSPRINT 2.6 or newer
EOSYSTEM 2.10 or newer

Powder part no.

9011-0030

Recoater blade

EOS HSS Blade

Nozzle EOS Grid Nozzle
Inert gas Argon
Sieve 63 um
Additional information

Layer thickness 40 um
Volume rate 3.6 mm?[s

Min. wall thickness

Typical 0.3 - 0.4 mm

Heat Treatment

The as-built microstructure of
additively-manufactured IN939
consists of gamma phase (y) and
primary carbides. Heat treatment is
required for the material to reach the
desired microstructure and part
properties through precipitation of
the gamma prime (y') strengthening
phase. EQS has developed a short,
AM-optimized 3-step heat treatment
(14 hours at temperature), which
results in similar or better properties
than the commonly used 4-step heat
treatment (50 hours at temperature).
The gamma prime (y*) volume
fraction after heat-treatment is in
the range of 30 to 40 %.

Solution treatment:

Step 1: The purpose of this treatment
is to homogenize the gamma matrix:
Hold at 1,190 °C for 4 hours followed
by fast air [ argon cooling.

Aging treatment:

The purpose of aging steps is the pre-
cipitation and growth of gamma prime
(v) and carbides.

Step 2: Hold at 1,000 °C for 6 hours,
followed by fast air [ argon cooling.
Step 3: Hold at 800 °C for 4 hours,
followed by cooling in still air [ argon.




Chemical and Physical Properties of Parts

Chemical composition of built parts is compliant to
EOS NickelAlloy IN939 powder chemical composition.

Images show the microstructure of the alloy at two scales.

The image on the left shows the grain structure, while
the image on the right shows the strengthening phases
(9gamma prime) at a much higher magnification.

Defects Result Number of samples
Average defect percentage 0.01 % 50
Density, 1SO3369 Result Number of samples
Average density min 8.15 g/cm? NA

The areal defect percentage was determined from cross-sections of built parts
using an optical microscope fitted with a camera and analysis software. The
analysis was carried out for sample area of 15 x 15 mm. The defects were
detected and analyzed with an image capture/analysis software with an
automatic histogram based filtering procedure on monochrome images.



Mechanical Properties in Heat Treated State

Tensile properties ISO 6892-1
Room temperature

Yield strength Tensile strength Elongation at break Number of samples
Ry02 [MPa] R, [MPa] A [9%]
Vertical 1,100 1,500 13 187
Horizontal 1,130 1,520 1 160

Hardness at room temperature 1ISO 6508

Hardness, HRC 48
Number of samples 10
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Validation with three powder lots
and three EOS M 290 systems. Data
presented with tolerance interval
limits that 90 9% of the population
fullfill with 95 9% level of confidence.
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Mechanical Properties As-Manufactured

Tensile properties as manufactured 1ISO 6892-1

Yield strength Tensile strength Elongation at break Number of samples
Rp0. [MPa] R [MPa] A [%]
Vertical 740 1,090 28 21
Horizontal 880 1,160 24 18
Hardness as manufactured 1SO 6508 Data collected on a standard

validation job with one powder lot
and one EOS M290 system. Data
Hardness, HRC 33 presented with tolerance interval
limits that 90 % of the population

Number of samples 10 fullfill with 95 9% level of confidence.
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Additional Data

Coefficient of Thermal Expansion (as manufactured) ASTM E228

Temperature 25-100°C 25-200°C 25-400 °C

25-600 °C 25-800 °C 25-900 °C

CTE 12.18*10°5/K 12.89*10°5/K 13.78*10°8/K

13.49%10°¢/K 13.99%10°8/K 15.06*10-/K

Surface Roughness of DownSkin (as manufactured)
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Standard exposure

Downskin exposure OFF

75 90

Manufacturing angle of the specimen

EOS NickelAlloy IN939 parameters were developed for optimized
dimensional accuracy of internal cooling features, which are
essential to hot gas path components in gas turbines. This
comes with a compromise on downskin roughness. Whenever
possible, for parts where optimized dimensional accuracy of
internal cooling features is not needed, EOS recommends to
switch off downskin exposure, to improve downskin roughness
and buildability at low angles, and to increase process speed.

The surface quality was characterized
by optical measurement method
according to internal procedure.

The 90 degree angle corresponds to
vertical surface.





