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Effect of solid particles on crystal structures and mechanical properties of polycrystalline ice
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Changes of the Greenland ice sheet could lead to global climate change and sea level rise; however, the detailed mechanisms
of these changes have not been clarified. Understanding of ice sheet behavior is important for high-accuracy prediction of
future environmental change. Although the ice sheet behavior has large spatial-temporal scales, importance of microstructure
of polycrystalline ice has been suggested (Faria et al. 2014). In particular, solid particles originated from volcanic ash affect
not only crystal microstructures such as grain size or C-axis orientation of polycrystalline ice, but also the flow law of ice sheet
(e.g., Thorsteinsson et al. 1997, Durham et al. 1992). In this study, we have performed deformation experiments to investigate
the relationship between solid particles, microstructures and mechanical properties of polycrystalline ice.

We prepared artificial ice with and without silica particles (pure-water ice and silica-dispersed ice). Average size of the
silica particles is 10-20 nm and 0.3 um. Each particle was mixed with 0.01 wt.% to ice. Deformation experiments were
performed under constant temperature and stress in the refrigerator with various conditions. We monitored displacement and
temperature of ice during deformation experiments. We also measured grain size of polycrystalline ice before and after the
deformation experiments using ImagelJ software.

Figure 1 shows the temporal variations of strain for each ice sample (—10°C, 0.5 MPa). Silica-dispersed ice shows larger
deformation than that of pure-water ice. As for the particle size, ice sample is softened when it contains large particles. Crystal
structures and average grain sizes for each ice sample are shown in Figure 2. Initial grain size is almost same, while after the
deformation, the size has large differences.

In this presentation, we discuss the effect of solid particles on crystal structures and mechanical properties based on

deformation experiments and crystal observations.
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Figure I Temporal variations of strain for each ice sample. Experiments were performed under -10°C and 0.5 MPa.
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Figure 2 Crystal structures and average grain sizes for each ice sample.
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