LIST OF FIGURES

Figure 2.1 X-ray diffraction pattern, N5 in nitrogen (1BM) .......ccccuviiieiieieiiiiiireeeee e e 16
Figure 2.2 X-ray diffraction pattern, N5 in nitrogen (1BM) .......ccccuvriieiieeeiiiiiiieeeee e e 17
Figure 2.3 Mic (Microstructural) file for sample N5_1 treated for 1 hour ........ccccceeeeiiiciiieieee e, 19
Figure 3.1 Spectra for N5 (1 min, red spectrum), N6 (1 min, green), and background (blue) using the red
L] =T TP TP PP PPRPPPPP 21
Figure 3.2 Spectra for N5 (1 min, green and 48 hrs, red) ........cocccuurrieeiieeeiciciiiieeee et 22
Figure 3.3 Superimposed XRF spectra of N6 samples prepared with various firing times at 900°C (1 min,
green and 68 hrs, magenta) and a background spectrum (red) ........coooecviiiiiieie i, 23
Figure 3.4 SEM image for sample N5 before any treatment: Magnification=100 KX ..........ccccccerrruurnnneen. 24
Figure 3.5 SEM image for sample N6 before any treatment: magnification=100 KX .........ccccceeeiiiiiiiinnnnn. 24
Figure 3.6 SEM for N5 fired at 900°C for 1 minute in air and reduced at 500°C for 10 hours:
Magnification=100.53 KX .....cooeiiiii e 25
Figure 3.7 SEM for N6 fired at 900°C for 1 minute in air and reduced at 500°C for 10 hours: magnification
1T 01 0 PSRRI 25

Figure 3.8 SEM for N5 fired for 10 hours at 500 °C in air and then reduced: magnification =100.05 KX.. 26
Figure 3.9 SEM for N6 fired for 10 hours at 500 °C in air and then reduced: magnification =100.18 KX.. 26
Figure 3.10 SEM for N5 after a 48-hour anneal in air at 500 °C and a reduction at 500°C for 10 hours:

MAgNIfication =100.18 KX ...cceeeeeeeee e 27
Figure 3.11 SEM for N5 fired at 900°C for 55 hrs in air and reduced at 500°C for 10 hours: magnification
T 000 0 PP PPPPPPN 28
Figure 3.12 SEM for N6 fired at 900°C for 55 hrs in air and reduced at 500°C for 10 hours: ..........ccc....... 28
Figure 3.13 SEM for N5 fired at 900°C for 48 hrs in air and reduced at 500°C for 10 hours: magnification=
P00 G P PPUPPP 30
Figure 3.14 SEM for N5 fired at 900°C for 48 hrs in air and reduced at 500°C for 10 hours: magnification=
D00 0 G PPTURP 30
Figure 3.15 Histogram of the grain circumference of N5 after 48 hours at 900 °C .......ccccceeiiieiiiiiiieciennnn. 31
Figure 3.16 SEM for N5 fired at 900°C for 24 hrs in air and reduced at 500°C for 10 hours: magnification=
D TN 0 S PRRPRR 32
Figure 3.17 Histogram of the grain circumference of N5 fired at 900°C for 24 hrs in air and reduced at
L1010 O e gt 0 I o Vo T PR PPPPRN 32
Figure 3.18 Relationship between the durations of time at 900 °C and conductivity for N5 pellets after

Lo TR AT LaY == T =To U1 o] o NP PP PPPPPPPPPPRt 35
Figure 3.19 Relationship between the durations of time at 900 °C and conductivity for N6 pellets after
oY Y La V== T =To [V Tt o] o RO PP PPPPPPPPPPPPRt 36
Figure 3.20 Thermopower for reduced N5 and N6 vs. annealing time at 900 °C .......ccccoeeeeiiiieiieeeeceeeennnn. 39
Figure 3.21 N5 conductivity and thermopower vs. 8rain Siz€.........cooevviiiiiiiiiiiiiiiicie e, 40
Figure 3.22 N6 conductivity and thermopower vs. grain Siz€.........ccoeuuvuieiiiiiiiieiiicce e, 40
Figure 3.23 Rietveld refinement for UnNtreated N5 ....... ... 41






Figure 3.13 SEM for N5 fired at 900°C for 48 hrs in air and reduced at 500°C for 10 hours:

magnification= 200.37 KX

Figure 3.14 SEM for N5 fired at 900°C for 48 hrs in air and reduced at 500°C for 10 hours:

magnification=200.37 KX
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Figure 3.15 shows the histogram of N5 annealed for 48 hours. For the histogram, the
shapes of the grains were assumed to be spherical. The adjustment for magnification of the
image was taken into account when calculating the radius of the spherical grain. The
average of the grain circumference from the histogram was 550 nm, with a standard
deviation of 38 nm. The grain size obtained from the XRD data was 312 nm and the

anisotropy was 67 nm.
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Figure 3.15 Histogram of the grain circumference of N5 after 48 hours at 900 °C
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3.2.1.2 Histogram of N5 for 24 hours

Figure 3.16 shows an SEM picture for N5 annealed for 24 hours at 900 °C.

21 EHT = 2.00 kV Signal A=InLens Date :11 May 2012
Mag = 201.49 K X |—| WD= 4mm Photo No. = 3487 Time :11:23

Figure 3.16 SEM for N5 fired at 900°C for 24 hrs in air and reduced at 500°C for 10 hours:

maghnification= 201.49 KX

Figure 3.17 is the corresponding histogram for Figure 3.16.
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Figure 3.17 Histogram of the grain circumference of N5 fired at 900°C for 24 hrs in air and reduced at

500°C for 10 hours
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From the histogram, the average grain size for N5 after 24 hours at 900 °C was 430 nm
with a standard deviation of 44 nm. The grain size of N5 for 24 hours from the XRD data
was 225 nm and the anisotropy was 45 nm. Discrepancies in the XRD and SEM values could
be due to the inhomogeneity of the samples. As the SEM images show the shape of the
grains was not spherical, and there was a wide distribution of sizes. Furthermore, the SEM
images sampled only a very small fraction of the grains, while the XRD data was obtained

from a larger sample volume [28].

A complete set of SEM images for various treatment times of samples is provided in

Appendix IL

3.3  The electrical conductivity results and discussion

3.3.1 Conductivity before forming gas reduction

The conductivity of each side of the four pellets was measured after being annealed in the
high-temperature box furnace. As mentioned earlier, each set of the four pellets was
annealed for different lengths of time to study the kinetics of grain growth. Electrical
experiments were performed on quenched samples. This procedure was performed on the
two batches of nanopowders (N5 and N6) which have different impurities and different

initial grain sizes.
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