Microstructure and Mechanical Behavior of Additively Manufactured
Haynes 230 0DS Alloys
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Abstract: Laser powder bed fusion (LPBF) of Haynes 230 nickel alloys is often constrained by thermal cracking
and alloy chemistry. Introducing oxide nanoparticles to the alloy offers the potential to reduce this cracking while
enabling more reliable additive manufacturing of H230. Establishing an optimal processing window (of laser
power and scanning speed parameters) will allow for minimized cracking and improved density in oxide-
dispersion-strengthened (ODS) H230 produced with nano-yttria. The purpose of this project is to design and
optimize LPBF parameters to enable reliable production of ODS H230 with superior mechanical properties
suitable for high-temperature applications.
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POWDER PREPARATION

Haynes 230 powder was fabricated by Linde using gas atomization.
The powder was mixed with 0.75 wt % nano-yttria (d =40 nm) via
acoustic mixing with the Resodyn LabRAM Il acoustic mixer.

Conclusions & Future Work

XRD
oy XY Plane YZ Plane
_ (a) (111) (200)750/225(100 0 (220) (311) (b) (111) (200)750/225(100 0 (220) (311) CONCLUS|ONS
VACUUM e e e ~ ' = .
(Optional) > . A 800/225 (938) 4 N jL )\ 800/225(938) R _ . o
= _ oo e _ h 5501225 (85.2)  Increasing VED can decrease crack density; Porosity is not very
TEMPERATURE | 4 . i 12 s e v uhean 9 v ~A 7 s .y
conteoL | SSRERNEEETS : ") rsumo e R : | msonmoes) sensitive to VED
ptiona et % —
B y 9; o J__800/200(83.3) — 8; | 800/200 (83.3) .  XRD shows (200) texture on XY plane and (111) texture on YZ plane
MULTIPLE INTENSE > = = . . . .
MIXING ZONES r’*’ 0 & ) _ssomose . 2 ) ssoz0mse .~ * Mechanical strength decreases with increasing test temperature
(Diameter ~50 pm) k = b= . . - s
D : = . ﬁtht 750175 (77.8) . i — LWJL TSONTS (T78) ~— * Nano-yttria and (WMo),C have been identified from SEM/EDS
4 5 , . -
BULK MIXING. [op S R — - S — FUTURE EXPERIMENTATION SHOULD FOCUS ON:
FLOW 4 i‘ 8501175 (686) A e A 850/175 (68.6) N . - - - .
- — e T 1) Fabricating tensile specimens of samples 4 and 8 in DOE table,
30 40 50 60 70 80 90 100 30 40 50 60 70 80 90 100

Acoustic mixing schematic [3] which display minimal cracking and porosity in OM analysis

Refining the DOE to minimize cracking and porosity via a narrower
processing window

Improving mixing of nano-yttria particles to achieve even dispersion
Fabricating control samples and investigating DED printing
Determining the individual effects of cracking and porosity on
mechanical properties; designing processing parameters to prioritize
reducing the more critical defect.
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XRD spectra for all samples, labeled as “Scan Speed (mm/s)/Laser Power (W) (VED (J/mm?3))”) 2)

SAMPLE PREPARATION
A design of experiments (DOE) was created to fabricate samples
with a range in volumetric energy densities (VED). Samples were
fabricated with an SLM 125 printer. Tensile billets of VEDs #3 and #5
(highlighted below) were printed and made into dogbone samples
using electrical discharge machining (EDM).

« XY plane shows texture in (200) plane, YZ plane shows texture in
(111) plane - indicates anisotropic properties (typical for LPBF [5])
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CHARACTERIZATION METHODS

* Optical Microscopy (OM) — Olympus BX41

* Archimedes Density

« X-Ray Diffraction (XRD) — Bruker D-8 Focus

« Scanning Electron Microscopy (SEM) — Apreo 2S5

« Energy Dispersive X-Ray Spectroscopy (EDS) — Oxford
Instruments Ultim Max

* Vickers Microhardness — Leco Vickers Indenter

 SEM Tensile Testing — Teneo Volumescope in-situ SEM
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