











Afterdeposition, longitudinal samples were cut off using the EDM machine and mounted
for grinding and polishing. Kroll’s Reagentconsisting of 92 ml distilled H20, 6 ml HNO3, and 2
ml HF was used foretching. To research themicrostructure characteristic and composition in the
elemental powder deposits, energy dispersive spectroscopy (EDS) line scans were performed using
Hitachi S4700 and FEI Helio 600 scanningelectron microscope (SEM). Also, optical microscopy
was used to assess the microstructure in the samples. Comparison of the mechanical properties
between thetwo sets of differentsamples was also conducted. The Vickers hardness measurements
were taken with a Struers Duramin micro-hardness tester. 9.8kg load with a dwell time of 10
seconds was applied during thetest hardness procedures.

3. Results and dis cussion
3.1 Vickershardness & EDS test

Figure 3 shows thecompositiondistribution and Vickers hardness of the deposited sanple
from elemental powders of Set 1 whose three elements of Ti, Al and V have the similar particle
acceleration. Ti-6Al-4V substrate Vickers hardness was first taken near the bottomedge that i
away from heat affected zone (HAZ) and found to be 352.44415.41 HV. It was observed that the
Vickers hardness values increased as it progressed intothe HAZ fromthe substrate. In the deposit
zone, there was atemporary increase for the first several layers, thena decrease and stabilization
fromthe middle to the top ofthe deposit.

For the deposited samples using mixed powder of Set 1, area scan and line scan were
employed to investigate the composition distribution along the build height direction. Figure 3
showsthe EDS result ofthe deposit. The weightpercentageof Ti, Al and V could be foundin the
image in the left figure of Figure 3. Al and V curves were focused on and showed their weight
percentage variationagainst the position in the image onthe right. Two marked zones in this figure
mean industry qualified Aland V weight percentage for Ti-6Al-4V, which is Al ranges from 5.5-
6.75% and Vranges from 3.5-4.5%. At deposit height, Al and V weight percentage showed that
the values varied outside the qualified range, which means the as-deposit alloy was not the targeted
material Ti-6Al-4V. There was some powder loss when the powder mixture went through the
nozzle, so it was supposed that less powder in the blend especially for Al and V powder because
of the low volume of them. This would lead to the result that the weight percentage of Aland V
along build height direction vary a lot.
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Figure 3. Composition distribution & Vickers Hardness along build height direction of Set 1

Figure 4 shows the compositiondistribution and Vickers hardness of the deposited sanple
from elemental powders of Set 2 whose threeelements of Ti, Aland Vhave similar particle number.
Also, Ti-6Al-4Vsubstrate Vickers hardness was first taken near the bottomedge thatis away from
heat affected zone (HAZ) and foundtobe 359.11+13.78 HV. In this case, it was observed that the
Vickers hardness values decreased with progress into the HAZ from the substrate side. In the
deposit zone, there was an increase for the first several layers and stabilization beyond that.

For the newly deposited samples using mixed powder (Set 2), area scans and line scans
were also employed to check the composition distribution along the build height direction. Figure
4 shows the EDS results of the deposits. The weight percentage of Ti, Aland V could be foundin
the image on the left of Figure 4. Al and V curves were focused on and showed their weight
percentage variation in the image on the right of Figure 4. Two marked zones in the right figure
mean industry qualified Aland VVweight percentage for Ti-6Al-4V. It can be seenthatthedeposit
had qualified Aland VVweight percentageand get close to the maximum limit of industry qualified
Ti-6Al-4V, which means industry qualified Ti-6Al-4V has been made. From this, it can be
concluded that powder number foreach ofthe elements in the blends is a key factor towards the
composition acquired in the final part. It could be found that similar particle number made
composition much more stable and close to industry qualified Ti64. The research theorizes that
the increase in the volume of Aland Vin the set 2’s powder blends increases the probability of
thosetwo elements particles falling into melt pool.
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Figure 4. Composition distribution & Vickers Hardness along build height direction of Set 2

Figure 5(a) showedtheline scanofthe deposited sample fromelemental powders of Set 1
whose three elements of Ti, Aland V have similar particle acceleration. Figure 5(b) showed the
line scan ofthe deposited sample fromelemental powders of Set 2whose three elements of Ti, Al
and V have similar particle number. Line scan was shown in Figure 5(a) to define composition
homogeneity along the build height direction. Thus, it can be known that similar particle
acceleration could not guarantee a homogeneous chemistry distribution throughout the deposit
from Figure 5(a). Also, Line scan was shown in Figure 5(b) to define composition homogeneity
along the build heightdirectionwhich shows that thedistribution is homogenous for the deposit.

k

I WWWWWWMWM
.
i | I

s00]' | I Vanadium Kal Aluminum Kal Titanium Kal

Aluminum Kal Vanadium Kal Titanium Kal

4004

300
14

2004

Electonimage 1

1004 ,'Ij b l{l(u : ']WM‘ ')“:,’Ii ' :‘\ A I IJ "

0

0 10 20 30 40 50 60 70 80 % 50 100

um pm
Aluminum Ka1, Tanium Kat Alyminum Ka1, 31 Tianum Kat
a) Similar particle acceleration b) Similar particle number

Figure 5. Line scan ofthe deposited samples
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3.2 Microstructure

Figure 6 shows the microstructure of deposited Ti-6Al-4Vfrom elemental powder mixture
with the similar particle acceleration at the same laser power and laser transverse speed. The optical
microscope images captured fromthebottompart, middle partand top part of the melt pool (Figure
6 (a)to (c)) in the deposit contained basketwave, colony and martensite microstructure respectively.
Figure 6(a) showedthe finer microstructure could be observed in the bottompart compared with
the middle and top part ofthe deposit. Also, a steady state could be observed frommiddle part to
top part and there were limited differences in the microstructure between them. In these two zones,
the Widmanstaten Basketwave is the main type of microstructure that could be found. It tends to
form with an increasing cooling rate fromthe 3-phasefield [12-13].

Analyses of these microstructures revealed that the smaller grain sizes were achieved closer
to the substrate in the deposit. The reasonwas the proximity to the substrate, increased the cooling
rate, which would lead to a finer microstructure [14]. The same phenomenonwas observed in the
microstructure of the deposited samples from the elemental powder mixture with the similar
particle number of Set 2. Therefore, it was concluded that the steady state section tends to have
the lower cooling rate, which would lead to the formation of coarser microstructure [15]. Figure 7
shows themicrostructure of deposited Ti-6Al-4Vfrom elemental powder mixture with the similar
particle number using the same laser power and laser transverse speed. Also, a steady state could
be observed from middle part to top part and Widmanst&ten Basketwave is the main type of
microstructure that could be found.
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Figure 6. Microstructure of the deposits using elemental powders of Set 1
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Figure 7. Microstructure of the deposits using elemental powders of Set 2
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4. Conclusions

The blended elemental powder can be used in the direct laser deposition processto offera
variety of cost-effective possibilities for near-net-shape manufacture and functionally graded
materials. The finer microstructure could be observed in the bottompart of the deposit compared
with the steady state in themiddle andtop partof thedeposit. The Vickers hardness could fluctuate
at the first several layers of the deposit and then stayed stable at the top layers of the deposit.
Particle number foreach element in powderblends is a key factor for composition controlin the
final part. Similar particle number for Ti, Aland V powder couldeasily get industry qualified Ti-
6Al-4V components.
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