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Geometrical constraints for membrane polarization
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Extended membrane polarization model

Mo = Wy Hn < My Mo = Hy Marshall and Madden (1959)
5_D current flow jp Different charge transport due to

» charge densities
» geometry
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Electrical double layer (EDL)

Different charge transport through different ion
concentrations

Stern layer: partition coefficient

lon concentration

Integrate concentration over pore radius.
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Model parameters

Property Symbol Value
Length of pore 1 L, 500 um
Length of pore 2 L, 5 um
Radius of pore 1 ry 200 nm
Radius of pore 2 Iy 20 nm
lon concentration Co 1 mol/m3
pH pH 6
Mobility of all ions Hp1= Hpy= 5-10-8m?/(Vs)
HMn1™ Hn
Temperature T 293 K
Zeta-potential C -75mV
Partition coefficient fo 0,2

Geometrical parameters

Fluid properties

EDL properties
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Sample phase spectra

1 2 3
R1 (nm) 200 200 1000
R2 (nm) 20 20 20
L1(Micrometer) | 500 5 50
L2 (Micrometer) | 5 0,05 0,5
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Scope

» Constraints on
» Pore radii
» Pore lengths
» L/r ratios

... to simulate measured phase spectra

» Are the required geometries ,realistic”
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»1ypical® phase spectra of sandstones
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Range of relaxation time scales of sandstones
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Exploration of parameter space Part 1: pore radii

Pore radii too large,
Phase shift no phase shift Relaxation time

No symmetry

because L different Lengths fixed, radii vary Relaxation time independent
of pore radii
@I@)
—rit—pI

1Ly
.
2

L Sum  0.05 um
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Exploration of parameter space Part 1: pore radii

Maximum phase Relaxation times
Phase shift shift unchanged Relaxation time much larger
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Summary pore radii

Minimum pore radius in the range << 1 ym to

produce measurable phase shifts

Time scale fairly independent of pore radii
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Are small pore radii relevant ?

E] Even 10 nm pores
occupy a significant

portion of the volume

Cumulative percent pore space
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Figure 2. Mercury injection curves for the sandstone samples GR,
Bul2, and Bu3.

Weller et al. (2011)
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Are small pore radii relevant ?

por

g

\

Correlations of S, with o*

S.... with BET method

Kaolinite

Oom o4« >

Clean sand
Trend: Weller et al. (2010)
— — ¢, = 24x10712 S (illite and muscovite)

————— ¢, = 5.8x10-12 § (clean sand)

L1l

" @ 1Hz (mS/m)

0.1

4
v

w

2!

~

| L1 il
7

é

T T T T TT1T1T

0.01

/ u

A e
y.. [ ]
/‘L‘.

e
v/‘v

T T T TTT1IT

0.001 T

>

T T T T TTTIT

Technische

# Universitit
¥ Braunschweig

Spor (1/pm)

10

100

-
MB: sand - clay mixtures W
. =
- [
« N8 S with MB method z
v i Por ¥
L] Kaolinite A
o Clean sand > L
———— Trend: Weller et al. (2010) ﬂf’ L
————— Trend: this study "
LN // A
0.1 .. -
g ] A o E
] X C
E . B
O o r
5 - (. i
=b w N
rd
0.01 — “1 -
] | -
- g ] -
N £ q -
i s L
- 40 -
4 i~
4 - 18]
i 7o L
&
ra
&
0001 T T 1III'1I| T T TTTIT T T TTTIT
0.1 1 10 100
Spor (1/um)

Weller et al. (2015)

MB (high resolution) better correlation — small pore radii

page 13

IGEP

TU Braunschweig

Institut fur
Geophysik und
extraterrestrische

Physik



Exploration of parameter space 2. pore length

Phase shift Relaxation time
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Excursion: Relaxation of concentration gradients

Numerical simulation: concentration surplus and deficit yay: 5 566e-6
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Exploration of parameter space 2. pore length

Phase shift

Relaxation time

Iog(l(bmaxl/mrad)

4

n Pore radii fixed, lengths varied Large length —
) r, 50 nm

large time scale
500 nm @I@)
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Exploration of parameter space 2. pore length

Phase shift Phase shift
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Summary pore length

Pore length controls time scale

Optimum length ratio connected to radius ratio:
L_h
L2 I’-2

Length and radii:

,omall“ radii required for large phase shifts
,Large” length required for large time scale (> 1s)

Large L/r ratio required ?
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Exploration of parameter space Part 3: L/r

Fix L, and r,

Moderate L/r ratios, 50 nm
large phase shift ‘ )
] ’ )| 2
large time scales O)-
500 um
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Can L/r ratios be constrained?

Figure 1. Micrographs of thin sections of the samples (a) GR with
the size 850 X 690 pm”, (b) Bul2 with the size 850 X 690 pm?, and . : 2 :
(c) Bu3 with the size 2125 x 1700 pm- |—| 200 U—m

Weller et al. (2011) Bairlein et al. (2016)

Describing real pore space not trivial
Current high-resolution methods do not give information on L
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Conclusions

» Wide range of time scales and phase shifts simulated
» Membrane polarization Not particular for long time scales
» Pore length controls time scale

» Pore radii AND length control phase shift

L _ &
L2 i r2
» No evidence that these are ,unrealistic”

!

e, .

K LY Technische
&> Universitat
{%

L
-
E
-

e
o
)
<
O a3
%}r! < Braunschweig Institut fir
Onsen® Geophysik und
extraterrestrische

TU Braunschweig Physik
page 21



Acknowlegdements

100

—1
S
._._..3 N

Matthias Bucker
DFG (Ho1506/23-1)

o ‘E""Q
g3t | .a% Technische
8 %;

= Universitit

L= -
‘}"i %45 Braunschweig Institut fiir
& Geophysik und
extraterrestrische

Ohgort

TU Braunschweig Physik
page 22 i



