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Figure 10. TGA analysis of Sample A and Reference PdO and ZnO in H,.

4.2 Sample Reduced in Hz at 500°C

Figure 11 shows the x-ray diffraction pattern that from the sample treated at

500°C. Even though this sample was confirmed to be the proper stoichiometry to form

the 2:1 phase, the product after heat treatment was not phase pure.
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Figure 11. Figure 11. X-ray powder diffraction and Rietveld Refinement of sample A after eight hour reduction at
500C in flowing H,.
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Table 1. Structure and phase composition of sample A as determined by Rietveld Refinement.

Phase Information Sample A
Pd,Zn a-(Pd,Zn) PdZn
Weight Fraction
48.4% 221% 29.5%
33.3 at% Zn 10 at% Zn 50 at% Zn
Composition by XRD 35.6at % Zn
Lattice Parameters
Orthorhombic Cubic Tetragonal
a 5.338(9) 3.875(9) 2.924(5)
b 4.154(7) 3.875(9) 2.924(5)
c 7.752(3) 3.875(9) 3.32(3)
Atomic Positions Occupancies
Site X Yy z Pd Zn Thermal Parameters
Pd1 0.039(5) 0.25 0.729(0) 1.0 0.0 0.0279
Pd2 0.1.70(5) 0.25 0.070(0) 1.0 0.0 0.0279
Zn 0.181(5) 0.25 0.404(7) 0 1.0 0.0279

Table 1 shows the structure and phase composition of Sample A after heat treatment.
Rietveld Analysis shows a phase composition of 48.4 at% Pd,Zn. XRD shows that there
are three phases separate present in the sample, and the refinement gives relative amounts
of each phase. This is consistent with previous work that shows the formation of PdZn at
this temperature. Using the stoichiometry PdZn and Pd,Zn, and assuming a Zn

contribution in the a-(Pd,Zn) phase an estimate of the composition can be made.
PdZn = 29.50g PdZn

Pd27Zn = 48.42g Pd2Zn

a(Pd,Zn) = 22.08g a(Pd, Zn)

1 mol PdZn o 1 mol Pd
171.8 g PdZn 1mol PdZn

29.50g PdZn x = 0.1717 mol Pd; 0.1717 mol Zn
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1 mol Pd2Zn 2mol Pd
X
278.22 g Pd2Zn 1mol Pd2Zn

48.42g Pd2Zn X = 0.3481 mol Pd; 0.1740 mol Zn

1 mol a(Pd, Zn) 0.90 mol Pd

22. Pd,Z
089 a(Pd, 21) X 76 50(106.42) + 65.38)g a(Pd,Zn) 1 mol a(Pd, Zn)

= 0.1233 mol Pd; 0.0123 mol Zn

Total = 0.6431 mol Pd + 0.3358 mol Zn = 1.00 mol Total

tomb% Zn = 0.3358 mol Zn % 100 = 33.6
atomvo 2n = 1.00 mol Total e

The outcome of this calculation shows a composition of 33.6 at% Zn. Although, this is
higher than expected, without knowing the exact composition of each phase present it is
impossible to get an exact number. However, as an estimate this serves to indicate that

the sample composition is reasonably close to the intended ratio.

Although, a mixed phase sample was not the desired outcome, Pd,Zn is present in
a large enough phase fraction to isolate the structure. The only difficulty that had arisen
from a non-phase pure sample was being able to refine the atomic occupancies. The
occupancy parameter is refined through peak intensities, and some of the more intense a-
(Pd,Zn) and PdZn peaks overlap with Pd,Zn. In order to try and confirm the Rietveld

structure a second sample was synthesized and reduced at a lower temperature.

4.3 Sample Reduced in Hz at 450°C
Sample B was prepared using the same method and precursor solutions described
above. After synthesis a portion of the sample was reduced at 450°C for four hours.

Lowering the reduction temperature was done to inspect the behavior of the sample



24

closer to the 450°C mass loss shown in the TGA data. Treating the sample for a shorter
reduction times was done in order to ensure that the sample was not forming, and then
being destroyed as an effect of extended exposure to high temperatures. Figure 12 shows
the pattern from this reduction. Visual inspection of the pattern shows both a presence of
ZnO, and a dominance of a-(Pd,Zn) in the sample. This indicates that a four hour

reduction is insufficient to form the 2:1 phase.
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Figure 12. Sample B reduced for four hours at 450C in flowing H,.

A second portion of the sample was the reduced at 450°C for a full eight hours.
Figure 13 is the diffraction pattern recorded from the eight hour reduction of sample B.
The pattern shows noticeable differences in the peak intensities when compared to the
500°C reduction of sample A. The peaks of both a-(Pd,Zn) and PdZn are much smaller,
and the Pd,Zn peaks have increased in intensity. The XRD data from this sample was

analyzed in the same manner as the pattern from Sample A.
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Figure 13. X-ray powder diffraction and Rietveld Refinement of sample B after reduction at 450C for eight hours in

flowing H,.

Table 2. Structure and phase composition of Sample B as determined by Rietveld Refinement.

Phase Information of Sampl= B

Pdzin a{Pd,Zn} PdZn
Weight Fraction
T8E% 80% 121%
333 at%In 10 at% Zn S50 at¥%Zn
Composition by XRD 344 at%In
Lattice Parameters
Orthorhombic Cubic Tetragonal
a 5.338{9] 3.875{9] 2.324{5)
b 4.15447) 3.875(9] 282445}
c 7.752{3) 3.875{9] 332143}
Atomic Positions Oooupancies
Site ® ¥ z Pd Zn Thermal Parameters
Pdl 003(9) 0.25 0.72{a] 1.4 0.0 0.080
Pd2 0.16{8) 0325 0.06{9] 1.0 0. 0080
In 0.18{2] 0.25 04141} a 1o 0.080




26

Table 2 shows the structure and phase compositions of this sample from Rietveld
Refinement. The refinement confirms what the visual inspection of the peak intensities
had indicated. The undesired phases have decreased in quantity, and the Pd,Zn phase is
present in a larger amount. This indicates that the temperature of formation for the 2:1
phase may be considerably lower than that of the 1:1, which is consistent with the
synchrotron data that had originally prompted this study. Figure 14 illustrates the change

in peak intensities between the refinements of reduced Sample A and reduced sample B.
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Figure 14. Comparison between the XRD patterns of sample A and sample B.

The compositional analysis of the oxide had proven that the precursor solutions
had been mixed to the proper concentrations, so quantitative chemical analysis of sample
B was started after heat treatment. In order to confirm that the composition of the
reduced sample was consistent ratio with which the precursor solution was mixed
electron microprobe analysis was conducted on the eight hour reduced sample. After

reduction a portion of sample B was embedded, and cut on the ultramicrotome for TEM
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analysis. The requirement of the sample that was embedded is minimal, so the remaining
sample and epoxy stub were sealed in larger mold, and polished for microprobe analysis.

Figure 15 shows the outcome of this analysis.

Statistics From Microprobe
Sample Size 425
Mean 30.3at% Zn
Standard Deviation |1.71

Reduction

frequency
I

Figure 15. Electron microprobe analysis of Sample B after an eight hour reduction at 450C in flowing H2.

The microprobe analysis shows a composition of 30 at% Zn. Although, this is
slightly lower than expected, it is in an acceptable range for forming the 2:1 phase. It
should be noted, that Pd and Zn were the only elements used to calibrate the instrument.
This may slightly affect the results as a 100% mass balance would not be able to be
reached in areas that the beam hit that were not directly on a particle. However, the Pd
and Zn ratios were most likely not affected by this, so the reports of the relative amounts

of these two elements in the sample should be considered accurate.

As a final means of confirming the structure, the cross-sectioned samples were

analyzed by the TEM. This is the novel characterization approach taken by this study.
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Aerosol derived powders consistently present a problem when trying to analyze them
using a TEM, it is difficult to obtain consistent electron diffraction data due to the
diameter of the particles. The TEM requires that a sample be on the order of 20 nm thick
to gather acceptable HRTEM images, and considerably thinner than that for lattice fringe
analysis to be conducted. Lattice fringe studies of the 1:1 PdZn material have been
performed, but these studies have always been limited to finding a thin region on the
outer surface of a particle. Although, this can give an indication of the structure of a
material at the surface, which is relevant for catalysts, it gives no insight into the

sample’s bulk structure.

Slicing the spherical particles into thin sections not only remedies the problem of
particle thickness, but allows analysis of the particle’s internal morphology. Although,
the sectioned particles are still too thick for lattice fringe images to be taken, they are thin
enough to gather selected area diffraction patterns. These patterns present a
confirmation for the structure determined by XRD. Figure 16 shows a low magnification

TEM image of the cross-sectioned sample.
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Figure 16. Low magnification TEM of sample B after being sectioned on an ultramicrotome.
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The area in the large circle noted with the letter A shows the region that EDS was taken
to determine an average composition of all of the particles in the image. This
composition was determined to be 22.3 at% Zn, which is a lower Zn concentration shown
by the previous analyses, but a sampling error had been noticed through the course of
developing this technique. The cross-sectioning technique favored Pd heavy particles
throughout the course of this study. The reason for this is unknown at this point, but

future work to resolve this issue is planned.

Although, the EDS analysis was not useful in corroborating an average sample
composition, it was useful in pinpointing particles of the 2:1 composition. The cross-
sectioned images show particles of both the Pd,Zn and a-(Pd,Zn) compositions.
Although, XRD had shown a presence of the 1:1 phase, particles of this composition
were not evident in the cross-sectioned samples. Figure 17 shows the previous image

with two particles, and their corresponding diffraction patterns.

Diffraction Pattern of Particle H

Orthorhombic — Pd,Zn

Sample B: 450°C, 8Hours, H,

Diffraction Pattern of Particle F

Figure 17. Comparison of the diffraction patterns of a-(Pd,Zn) and Pd,Zn.



