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Appendix Al: Microstructure and mechanical testing methods

X-ray diffraction (XRD) test

Residual stress has been measured using an XRD system (Model: Empyrean material
research diffractometer (MRD), Make: Panalytical) with Co-Ka radiation at 26 of 71.225°
with a step size of 0.07° and time per step of 3.5 s. For this measurement, the range of
angle was taken as 0 to 40° at a step of 8°. To calculate the residual stress, the software
“Stress Plus” provided by the Malvern Panalytical was used. A Rigaku Miniflex 600 X-
ray diffraction (XRD) system with Cu (Ka) radiation within the angular range (26) of 30°
- 90° at the scan rate of 5°/min was used to check the peaks and characterize the phases of

the different components.
Archimedes’ principle

To measure the density of solid components, Archimedes’ principle was used which states
that when a solid body is immersed in liquid, it experiences a buoyant force acting
upward and the magnitude of this force is equal to the weight of the liquid displaced by
the solid part. The density of a solid part depends on the weight of the solid part in air,
weight of the solid part in liquid, density of a liquid, and density of air. It can be estimated

from the following formula:

Psolia = L(p”qmd — pal-r) T Pair e (A1)

Wair— Wliquid

where psoia 1s density of the solid body, puir is the density of air, piiquia 1s the density of
the liquid, wai- is weight of the solid part in air and wiiguia is weight of the solid part in the

liquid.
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Scanning electron microscopy (SEM)

High-resolution scanning electron microscope (SEM) (Nova Nano SEM 450) equipped
with energy dispersive spectrometer (EDS) (Team Pegasus Integrated EDS-EBSD with
Octane Plus and Hikari Pro) for finding out the elemental distribution in the relevant

phases.

Electron backscattered diffraction (EBSD)

Electron backscatter diffraction (EBSD) analysis was done on different samples. After
polishing, the samples were electropolished in 80% methanol and 20% perchloric acid at

—20° C at 12V for 15s, and then EBSD was carried out on the EFI Quanta 3D field

emission gun (FEG) system for the micro-texture characterization.

Tensile test

Testing of all the tensile specimens was carried out on an INSTRON 8801 universal
testing machine (100 kN load cell) at room temperature and a uniform rate of

displacement of 1 mm/min and as per the ASTM ES8 standard.

FLIR thermal camera

The FLIR E75 thermal camera was employed to detect the grinding temperature during
the process under different grinding environments. The emissivity of the thermal camera
has been taken as 0.34 for additively manufactured Ti-6Al-4V workpiece material. The
thermal camera was fixed at a distance of 600 mm from the grinding zone using a tripod
after performing number of experiments to optimize the distance between the workpiece

and the camera for proper focus on the grinding zone.
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Atomic force microscopy (AFM)

3D surface morphological characteristics of the grinding surface were evaluated by AFM

(NTEGRA Prima, NT-MDT Service & Logistics Ltd.)

X-ray photon spectroscopy (XPS)

X-ray photon spectroscopy (XPS) (Model: K, XPS, Make: Thermo Fisher Scientific)
fitted with a monochromatic (1486.6 e¢V) radiation source established at 150 W was
employed to analyse the chemical composition and observe the evolution of oxide layers
on sample surfaces, as well as to identify the prominent peaks on the surface of the
samples. The detection region selected for XPS analysis was 4 x 4 um. The elements
present on the surface of the oxide films were analysed by XPS Avantage software. The

XPS spectrums of the surface layer of corrosion samples were obtained.

Raman spectroscopy

The presence of TiO; formed on the surfaces was analyzed by high resolution Raman
spectroscopy (Model: Alpha 300, Make: WiTech Germany) with an excitation wavelength

of 532 nm.
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