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Figure 3: Back scatter electron SEM images of Al-5at.%Ni at 20,000x magnification sintered
at (A): 100°C, (B): 200°C, (C): 300°C, (D): 400°C, (E): 450°C, (F): 500°C (G): 614°C
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Figure 4: Back scatter electron SEM images of Al-5at.%V at 20,000x magnification sintered
at (A): 100°C, (B): 200°C, (C): 300°C, (D): 400°C, (E): 450°C, (F): 500°C (G): 614°C

Figures 5 and 6 show the XRD scans for Al-5at.%Ni and Al-5at.%V, respectively. Both contain
the full spectrum scan and a close-up view of the primary peak. Peaks corresponding Ni or V do
not appear in XRD scan indicating complete alloying. Additional peaks corresponding to

intermetallics appear in Al-5at.%Ni upon sintering at 300 °C. Al-5at.%V show higher thermal



stability, intermetallic peaks appear after 400 °C. High thermal stability of Al-5at.%V can be

attributed to significantly lower diffusivity of V. Narrower peaks indicate grain growth, and the

peak shifts can indicate changes in solid solubility. Peaks became narrower with increasing the

sintering temperature. The single peak charts show a shift to the left as temperature increases,

which coincides with a decrease in solid solubility.
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Figure 5: (left): full XRD scans for Al-5at.%Ni, (right): Primary peak of XRD scans for Al-5at.%Ni
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Figure 6: (left): full XRD scans for Al-5at.%V, (right): Primary peak of XRD scans for Al-5at.%V

Figure 7 illustrates the effect of sintering temperature on both grain size and solid solubility.

Grain size increases nearly exponentially with sintering temperature. For Al-5at.%V, solid

solubility is steady until 400 °C where it has decreased significantly. This is in contrast with Al-

5at.%Ni, which decreases steadily throughout the sintering temperature range. Error bars were

excluded from all plots for clarity.
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Figure 7: (Left): Grain size and (right): Atomic percent in solid solubility as functions of sintering temperature for
Al-5at.%Ni and Al-5at.%V

Figures 8 and 9 show the CPP curves for Al-5at.%Ni and Al-5at.%V, respectively, at each
sintering temperature. Only one curve for each temperature is included to facilitate viewing.
Pitting potentials and transition potentials were read of the graphs, and corrosion current was

calculated using the tafel fit analysis tool built in the EC-Lab software used. Appendix B

contains the raw data from the polarization tests.
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Figure 8: Cyclic potentiodynamic polarization curves for Al-5at.%Ni at various sintering temperatures
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Figure 9: Cyclic potentiodynamic polarization curves for Al-5at.%V at various sintering temperatures

Figure 10 shows an example of a single CPP curve with labeled pitting potential, transition
potential, and corrosion current. Pitting potential was identified by locating the point where the
slope decreases drastically. The transition potential was identified by locating the characteristic

change of inflection. The method for finding corrosion current was mentioned above.
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Figure 10: Cyclic potentiodynamic polarization curve for Al-5at.%V sintered at 100°C with labels to indicate points
of interest



Figure 11 shows the relationship between the corrosion properties and sintering temperature. For
Al-5at.%Ni, the general trend is a decrease in pitting potential and corrosion current as sintering
temperature increases. For Al-5at.%V, corrosion current and transition potential appear to be
relatively consistent over the full range of temperatures. Pitting potential also appears to be
relatively consistent, until dropping appreciably at higher temperatures. Al-5at.%V sintered at

200 °C shows a higher transition potential than pitting potential.
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Figure 11: Pitting potential, transition potential, and corrosion current as functions of sintering temperature for
(left): Al-5at.%Ni and (right): Al-5at. %V

Figure 12 shows the decrease in hardness as sintering temperature increases. The hardness of Al-
5at.%V increases until 200°C. This is presumably a result of precipitation hardening, the effect

of which decreases at the higher sintering temperatures.
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Figure 12: Vickers hardness as a function of sintering temperature
for Al-5at.%Ni and Al-5at.%V




Figure 13 illustrates the effect of grain size and solid solubility on hardness. Hardness decreases
as grain size increases for both alloys; the relationship is similar for both alloys. Hardness and
solid solubility have a direct relationship for both alloys, but it is logarithmic for Al-5at.%Ni and

exponential for Al-5at.%V.
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Figure 13: Vickers hardness as a function of (left): grain size and (right): atomic percent in solid solubility for Al-
5at.%Ni and Al-5at.%V

Figure 14 shows the pitting potentials, transition potentials, and the corrosion current as
functions of grain size. There appears to be little correlation, with the exception of a decrease in

pitting potential as grain size increases for Al-5at.%Ni.
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Figure 14: Pitting potential, transition potential, and corrosion current as functions of grain size for (left): Al-
5at.%Ni and (right): Al-5at.%V

Figure 15 shows the pitting potentials, transition potentials, and corrosion current as functions of

solid solubility. There appears to be little correlation for Al-5at.%V, but for Al-5at.%Ni,

corrosion current density increases with pitting potential.
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Figure 15: Pitting potential, transition potential, and corrosion current as functions of atomic percent of alloying
elements in solid solubility for (left): Al-5at.%Ni and Al-5at.%V

Figure 16 shows pitting potential as a function of hardness for both alloys. Al-5at.%Ni shows a

slight correlation between the two, whereas Al-5at.%V is more difficult to assess. The highest

pitting potential was achieved at 200 °C for Al-5at.%Ni, and at 500 °C for Al-5at.%V. The

highest hardness was achieved at 100 °C for Al-5at.%Ni and at 200 °C for Al-5at.%V
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Figure 16: Pitting potential as a function of hardness
for Al-5at.%Ni and Al-5at.%V




Discussion and Analysis

The results above indicate that sintering temperature has an effect on mechanical properties. An
increase in sintering temperature showed an increase in grain size and a decrease in solid
solubility. These results explain the decrease in hardness as sintering temperature increases. The
grain sizes at 614°C were each above 1000 nm, which is outside the accurate range of the XRD
analysis technique. EDX scans showed the expected compositions, and were not included due to
the availability of XRD analysis. EDX showed small amounts of chromium and iron in the
samples. This is likely from the stainless steel balls used in high energy ball milling, and could

be a source of error.

Al-5at.%V showed little correlation between the sintering temperature and the corrosion
properties, but Al-5at.%Ni showed a decrease in both corrosion current and pitting potential as
sintering temperature increased. It is important to note, however; that only 2-3 repetitions of CPP
were performed for each sample due to time constraints. There were some complications in
mounting the samples relating to achieving adequate connection from the potentiostat to the
sample. This is believed to be primarily related to the adhesive on the copper tape used. This can
also explain the noise in some of the curves, as well as the inverted pitting and transition
potentials for Al-5at.%V at 200°C. It is recommended that additional CPP experiments be and

that multiple samples be sintered for each temperature for reproducibility.
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Appendix A: Hardness Testing Raw Data

Al-5at.%5Ni

Temperature 100 200 300 400 450 500 614

1 246.3 243.7 226.1 192.5 161.5 128.9 75.7
2 260.4 243.7 233.4 183.5 173.6 135.2 91

3 246.3 235.9 223.8 183.5 175.2 133.1 88.7
4 246.3 249 228.5 185.3 142 127.9 88.1
5 235.9 228.5 228.5 185.3 152 137.4 92.3
STDEV 8.72 8.02 3.57 3.73 14.16 4.06 6.63
AVG 247.04 | 240.16 | 228.06 186.02 160.86 132.5 87.16
Al-5at.%V

Temperature 100 200 300 400 450 500 614

1 299.3 318.2 260.3 200.2 190.6 157.3 128.9
2 299.3 326.3 263.3 206.2 187 154.6 133

3 303 318.2 269.3 204.2 188.8 150.6 124.9
4 310.4 314.3 278.8 206.2 200.2 149.4 142

5 285.4 318.2 269.3 208.3 202.1 146.8 136.3
Avg 299.48 | 319.04 | 268.2 205.02 193.74 | 151.74 133.02
STDEV 9.082 4.396 7.092 3.060 6.916 4191 6.601




Appendix B: Polarization and Mechanical Average Values

Al-5at.%Ni
Sintering EPt Efrans | geor jeorr Vickers Solid Grain
Temperature (°C) Hardness | Solubility | Size
0 249.6 1.956 34.977
100 247.04
200 -0.0690 -0.548 0.598 240.16 0.715 37.766
300 -0.1350 -0.516 0.231 228.06 0.365 61.848
400 -0.3087 -0.522 0.606 186.02 0.145 94.886
450 -0.2230 -0.567 0.396 160.86
500 -0.3860 -0.603 0.3215 | 1325
614 -0.2465 -0.533 0.1255 |87.16 0.000 4886.554
Al-5at.%V
Sintering | EPt gtrans Ecor jeorr Vickers Solid Grain Size
Temperatu Hardness | Solubility
re (°C)
0 - -0.203 | -0.546 0.075 271.667 3.091 35.527
0.13165
100 - -0.181 | -0.467 0.020 299.48
0.10925
200 -0.296 | -0.1445 | -0.527 0.054 319.04 3.084 40.362
300 -0.0671 | -0.201 |-0.519 0.015 268.2 3.075 46.093
400 -0.0895 -0.556 0.048 205.02 2.183 52.378
450 -0.2296 -0.522 0.010 193.74
500 -0.0433 -0.590 0.061 151.74
614 -0.4065 -0.531 0.057 133.02 0.017 1439.610




