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Abstract

The microstructure of bulk electrolytic MnO, (EMD) was studied using x-ray diffraction and trans-
mission electron microscopy (TEM). The bulk sample showed a typical powder x-ray diffraction pat-
tern of EMD materials. TEM study showed that the structure of EMD is present at two length scales;
grains, ~0.2 pm in diameter, and ~10 nm crystallites within the grain. The electron beam microdif-
fraction study revealed that each grain is an assemblage of multiphase with a common crystallo-
graphic orientation, and that ~50% of the crystallites are Ramsdellite, ~30% are €-MnO,, and ~15%
are Pyrolusite. The {1120} peak located at about 67° in powder XRD pattern as well as a high-res-
olution electron microscope (HREM) image of (0001) plane support the existence of e-MnO, phase.
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Table 1. Crystallographic data for Ramsdellite, Pyrol-
usite, and €-MnO,
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Fig. 1. (a) Schematic of EMD bulk sample used in
the present study. A,B, and C represent three dif-
ferent sections which were cut for XRD measure-
ment. (b) XRD patterns of bulk and ground powder
of EMD. The letters above each peak identify the
phase(s) giving rise to that peak: R stands for
Ramsdellite, € for e-MnQO,, and P for Pyrolusite.
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Fig. 2. Bright field transmission electron microscopy
image of bulk EMD material.
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Fig. 3. (a) Selected area electron diffraction (SAED)
pattern from one grain in the EMD sample. (b)
Electron microdiffraction pattern taken from one
crystallite. This pattern is indexed as Ramsdellite in
<001> zone axis orientation.
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Table 2. Summary of diffraction data from bulk
EMD sample”

Phases # of SAED %
patterns

Pyrolusite 0 0
Ramsdellite 7 10.9
€-MnO, 2 3.1
Ramsdellite/e-MnO, 28 43.8
Ramsdellite/Pyrolusite 10 15.6
£-MnO,/Pyrolusite 11 17.2
Ramsdellite/e-MnO,/Pyrolusite 4 6.2
Feitkneichite/e-MnO, 1 1.6
Birnessite/e-MnO, 1 1.6
Total 64 100
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Fig. 4. High-resolution electron microscopy image
of (0001) plane of £-MnO,.
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