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solution to the problem no. 12
presented by the team of CzechRepublic

Powder conductivity | |
Measure and explain the conductivity of a mixture of metallic and dielectric powders with
various proportions of the two components.

Abstract

We have divided our solution in two main parts — theoretical and experimental. In the theo-
retical part we have used percolation theory to express effect of a fraction of dielecticum and
metal. Than we have used contact theory to express real values of the powder conductivity.
We based our experimental solution on van der PAUwW’S method.

Overview

o Basic explanation
- Microphone effect
o Contact risistivity
o Mixture — Percolation theory
o Results of the model
o Model details
o Experiments — van der Pauw’s method
o Results of experiments
o 2D-experiments
o Conclusion
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- 12: POWDER CONDUCTIVITY

1 Basic explanation
e structure of powder
e contact resistivity
® pressure
e magnetic field
" o melting

e humidity

1.1 Microphone effect

e carbon grains

e resistance varies with pres-
sure of sound T

Figure 1: Microphone

2 Contact risistivity
e graln resistivity
e contact area —>
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3 Mixture — Percolation theory

o 15 used for a flow of a liquid through a random maze

Computer simulation

e random distribution of:

X dielectrikum
o metal

Figure 2: Simulation

e current goes through an existing chain

.

glde'%

b /by = & = ® @ B ® % & ® 8 & B 8 ® 8 & 8 B S & 5 8 S 4@ &8 ® 4 B & & B & & & & 83 & 5 & & & & 4 & B B B 88 s S S8 B s A s s s s s EEFEssEEsErrrrR
1&1’19%

p Y & B B @ & @ ® B ® & = 8 & ® B & ® 8 8 8 8 8 8 8 S W 8 S 4 F B 4 & = 5 5 B 4 & A B S & B & 4 8 8 8 s s s 8 s 4 s s 4 s 4B s s s oo

4 Results of the model
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Figure 3: Metal fraction (left: 2D, X, = 0.61, right: 3D, X. = 0.32)
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12: POWDER CONDUCTIVITY

9 Model details
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Figure 4: Model-treshold

e conductivity is less then calculated

e chain-backbone + minor chains + dead ends

finit / infinit sample:
higher / less relative deviation of specific values

6 Experiments — van der Pauw’s method

measuring specific resistivity

— T~

arbitary shape
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7 Results of experiments
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diameter d = 0.01...0.06 mm
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e found no dependance on diameter, pressure ...1 MPa
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12: POWDER CONDUCTIVITY

9 Conclusion
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Figure 7: Relative conductivity

comparison: theory <> experiments

+ treshold
— some other values (not ideal grinds)

e theoretical and experimental part
¢ proved dependence on pressure

e good agreement of the model and experiments
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