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Electrical conductivity of diaspore, 6-AIOOH and &-FeOOH
Ran Wang*, Takashi Yoshino
Institute for Planetary Materials, Okayama University, Misasa, Tottori 682-0193, Japan
ABSTRACT

Electrical conductivities of diaspore (a-AIOOH), 8-AlIOOH and e-FeOOH were measured
by impedance spectroscopy with a frequency range from 107! to 10° Hz at pressures up to
15, 20 and 20 GPa and temperatures up to 1200, 1200 and 1000 K, respectively, well below
the dehydration temperatures of these phases at the relevant pressures. For diaspore, the
relationship between electrical conductivity and reciprocal temperature can be well fitted
by the Arrhenius formula: ¢ = g, exp [W], where oo is the pre-exponential factor,
AFE is activation energy, and AV is activation volume of 56.0 + 1.2 S/m, 0.55+ 0.02 eV and
1.68 £ 0.12 cm?/mol, respectively. The electrical conductivity of diaspore decreases with
increasing pressure ranging from 8 to 12 GPa by a half order of magnitude, whereas the
conductivity becomes almost constant in a pressure range above 12 GPa. 6-AIOOH and e-
FeOOH show one and two orders of magnitude higher electrical conductivity than diaspore.
Electrical conductivities of 6-AIOOH and e-FeOOH, which have isostructural CaClz-type
hydroxide structure, show the nearly identical activation enthalpies (0.38 £0.01 eV, 0.33 +

0.05 eV), which are relatively lower than that of diaspore. The dominant conduction
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mechanism of AIOOH phases can be regarded as proton conduction. The conductivity
difference between diaspore and 5-AlOOH attributes to result in the different O1H bond
lengths of each phase. The reduction of O1H bond length with increasing pressure could
enhance the proton migration by reducing the potential barrier, thereby raises the electrical
conductivity. Small polaron conduction may contribute to the conductivity of e-FeOOH to
generate higher conductivity than 6-AIOOH. Furthermore, hydrogen bond symmetrization
will also play an important role on the conductivity discrepancy of these hydrous minerals
with CaClz-type hydroxide structure. For the subducted sedimentary rocks, polymorphs of
AIOOH and FeOOH are representative hydrous phases. Al-rich sediments shows
conductivity reduction with increasing depth until phase transformation occurs, because
diaspore represents negative pressure dependence of conductivity. After transformation to
0-AlOOH, the conductivity will jump up around 18 GPa. If e-FeOOH is stable above 5
GPa in the highly iron-rich lithology such as banded iron formation (BIF), high
conductivity zone with positive pressure dependence could be observed to the deep lower
mantle.
Keywords: Electrical conductivity, diaspore, 6-AIOOH, e-FeOOH, hydrogen bond
INTRODUCTION

Water has significant influence on dynamics and deep element cycle processes in the

Earth’s interior such as slab subduction, mantle convection and volcanisms. Recently, many

groups focused on studies on the water content of the Earth’s interior in terms of electrical
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conductivity (e.g., Wang et al., 2006; Romano et al., 2009; Yoshino and Katsura, 2013) and
potential paths to carry multiform water (hydrogen, hydroxyl and H20) into transition zone
and even lower mantle (e.g., Ohtani et al., 2001; 2018). Many studies have proposed that
hydrous minerals such as dense hydrous Mg silicates (DHMS) are potential water carriers
to transition zone and lower mantle (Frost et al. 1998; Ono, 1998; Schmidt et al., 1998;
Nishi et al., 2014; Pamato et al., 2015). Indeed, hydrous minerals and nominally anhydrous
minerals containing significant amount of water were found in diamond inclusion from the
kimberlite suite (Wirth et al., 2007; Pearson et al., 2014), suggesting that at least some
portions in the Earth’s mantle store the water. Meanwhile, recent experimental studies have
shown that high pressure polymorphs of AIOOH and FeOOH are stable in the lower mantle
along the normal geotherm (Sano et al., 2008; Nishi et al., 2017; Duan et al., 2018; Hu et
al., 2016, 2017).

Electrical conductivity has been used as an effective tool to determine water contents in
the Earth’s mantle because the conductivity has been believed to be quite sensitive to water
content in nominally anhydrous minerals (e.g., Karato, 1990; Huang et al., 2005; Wang et
al., 2006; Yoshino et al., 2006; 2008). Electrical conductivity of hydrous minerals would
be useful to constrain water distribution in the Earth’s interior, especially the subduction
zone. For this purpose, many researchers have measured electrical conductivity of hydrous
minerals such as serpentine, lawsonite, mica, DHMS (Guo et al., 2011; Guo and Yoshino,

2013; Manthilake et al., 2015; Pommier et al., 2019; Chen et al., 2019). These studies have
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shown different pressure dependence due to the difference of their crystal structures. For
example, brucite shows positive pressure dependence (Guo and Yoshino, 2014), induced
by a shortening of O---O distance in hydrogen interlayer between (MgQOs) octahedron,
whereas phengite shows negative pressure dependence (Chen et al., 2017) probably
because of absence of face to face hydrogen layer. To understand the pressure effect on
electrical conductivity of hydrous minerals, more studies on hydrous minerals with simple
structure are more effective. Electrical conductivities of AIOOH and FeOOH, which are
hydrous phases with the simplest chemical formulae, have not been reported yet, although
these phases are main hydrous phases in subducting sedimentary rocks (Xu et al., 2019;
Yoshino et al., 2019).

In this study, we measured the electrical conductivity of diaspore (a-AlIOOH), 5-AIOOH
and &-FeOOH well below their dehydration temperatures (1273K, 1473K and 1073k) to
avoid contribution of dehydrated water to the measured conductivity (Suzuki et al., 2000;
Ohtani et al., 2001). Both 3-AIOOH and &-FeOOH have the identical crystal structure that
are characterized by hydrogen interlayer between (AlO¢s) or (FeOs) octahedron,
corresponding to the CaClz-type InOOH crystal structure (Kudoh et al., 2004; Otte et al.,
2009; Tsuchiya and Tsuchiya, 2009; 2011; Kagi et al., 2010; Sano-Furukawa et al., 2018).
On the other hand, diaspore has different crystal structure from 6-AIOOH and e-FeOOH
(Winkler et al., 2001; Friedrich et al., 2007). Therefore, electrical conductivity

measurements of diaspore, 3-AlIOOH and e-FeOOH are useful to understand the influence
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of crystal structure especially the change of O1-H:--O2 bond length during compression on
the electrical conductivity of hydrous minerals.
EXPERIMENTAL METHODS

Starting material

The starting material for FeOOH was reagent-grade goethite (a-FeOOH) powder from
Alfa Aeser. The starting material for AIOOH was powder prepared from a single crystal
of natural diaspore from Turkey, which contains considerable amounts of Fe203 (0.82 +
0.08 wt%) (Yoshino et al., 2019). The sintered aggregates were used for the conductivity
measurement to reduce porosity of the sample, and synthesized in a Kawai-type multi-
anvil apparatus installed in the Institute for Planetary Materials, Okayama University. The
cell assemblies for synthesis experiments are composed of a Cr203-doped MgO
octahedral pressure medium, ZrO2 thermal insulator, graphite or LaCrO3 heater, MgO
spacer and the powdered AIOOH and FeOOH samples were sealed in Pt and Au capsules,
respectively. The octahedron edge lengths of the pressure medium and truncations edge
length of anvils for synthesis experiments are summarized in Table 1. Diaspore aggregate
was sintered at 8 GPa and 973 K. Starting samples of 3-AIOOH and e-FeOOH aggregates
were synthesized at 19 GPa, 1273 K and 9 GPa, 700 K, respectively, based on the
sintering procedure by Suzuki et al. (2000) and Suzuki (2016). The phases of run
products (Fig. 1 and Table 1) were identified by X-ray diffraction patterns using

microfocus X-ray diffraction in reflection geometry (collimator with 0.1 mm diameter).
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No change was observed in the x-ray diffraction patterns before and after the experiment.
If dehydration occurred during the measurements, some peaks of other phases such as
corundum (Al203) and hematite (Fe203) could be observed in the XRD patterns. The
XRD patterns infer that there is no obvious dehydration occurring in the samples. The
recovered samples were observed by field emission scanning electron microscope. Fig. 2
shows the backscattered electron images on the polished section of the recovered
samples. No phases such as corundum and hematite produced by dehydration reaction
was found in all the recovered samples. The grain sizes of these recovered samples are
shown in Table 2 (Kong et al., 2005).
Electrical conductivity measurement

The cell design for electrical conductivity measurements in a Kawai-type cell was
developed by Yoshino (2010). The load-pressure relation for this cell assembly determined
by Yoshino et al. (2017) was used for the pressure estimation. Electrical conductivity
measurements were performed using a complex impedance analyzer (Solartron 1260) with
a frequency range from 107! to 10° Hz. One wire from each thermocouple were connected
to a Solartron 1296 interface for measuring the electrical conductivity of the sample.
Alternating current with amplitude of 1 V was applied to the measurement circuit. The
impedance spectra show semi-circular shape and its intersection on horizontal axis
represents the real resistance of the sample. Resistance (R)-capacitance (C) parallel circuit

was used to fit the impedance spectrum obtained from the electric circuit. The sample
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119  conductivity was calculated from the following equation: ¢ = % = %, where p is
120  electrical resistivity, L is sample length, and S is cross sectional area of the sample. The
121 details of experimental conditions are summarized in Table 3.

122 RESULTS

123 All the conductivity measurements were performed below the dehydration temperature
124 (1273K, 1473K and 1073k) of each phase (Ohtani et al., 2001; Yoshino et al., 2019). Fig.
125 3 shows examples of impedance spectra of diaspore, 6-AIOOH, and e-FeOOH at 8, 20 and
126 8 GPa, respectively, as a function of temperature. Impedance spectra of diaspore show
127  semi-circular shape in complex impedance plane. However, for 6-AIOOH and &-FeOOH
128  with high electrical conductivity, only a portion of semi-circular shape appears in the same
129  frequency range applied for all the experiments. The small tails of impedance spectra
130  indicate the interaction between samples and electrodes at lower frequencies.

131 Fig. 4 shows the electrical conductivity of the diaspore, 6-AIOOH and &-FeOOH
132 during cooling at various pressures as a function of the reciprocal temperature. In any phase,
133 electrical conductivity linearly increases with increasing temperature. Arrhenius formula

134  was used to fit the relationship between electrical conductivity and reciprocal temperature:

AE+PAV]
9

135 g = 0jexp [— T

Eq. (1)
136 where gy, AE, P, AV, k,and T are pre-exponential factor, activation energy, pressure,

137  activation volume, Planck constant and absolute temperature, respectively. For each

138  experiment, the AE and AV were determined from the global fitting using all the data
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139  obtained at different P and 7.

140 The diaspore shows negative pressure dependence on electrical conductivity ranging
141  from 8 to 12 GPa. However, the conductivity becomes constant in a pressure range

142 between 12 and 15 GPa. The electrical conductivity of 5-AIOOH shows one and two

143  orders of magnitude higher than diaspore and much smaller AE. Although the electrical
144  conductivity of e-FeOOH is higher than 6-A1OOH, the AE for conductivity of e-FeOOH
145  (0.38 £0.01 eV) is similar to that of 3-AIOOH (0.33 £ 0.05 eV). e-FeOOH shows

146  positive pressure dependence on electrical conductivity in an investigated pressure range
147 (8 to 20 GPa). Fig. 5 shows the fitting results of diaspore conductivity using data ranging
148  from 8 to 12 GPa. The oo, AE and AV are found to be 56.0 £ 1.2 S/m, 0.55 £ 0.02 ¢V and
149 1.68 £ 0.12 cm?/mol, respectively.

150 DISCUSSION

151  Conduction mechanisms of diaspore, 6-AIOOH and &-FeOOH

152 In hydrous minerals, proton conduction has been considered to be the dominant
153  conduction mechanism (Freund et al., 1981; Guo and Yoshino, 2014; Chen et al., 2018).
154  While increasing temperature, proton could be produced through the thermally activation
155  process:

156 OH™ + OH™ = HOH + 0?7, Eq. (2)

157  where HOH is the hydroxyl with an extra proton on the lattice site and O? represents a

158  defect proton (chemically O*) (Martens and Freund, 1976; Guo and Yoshino, 2014).
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159  Therefore, protons would be able to migrate along the adjacent hydroxyls through two

160  paths:

161 HOH + OH™ = OH™ + HOH, Eq. (3)
162 or

163 0?2~ + OH™ = OH™ + 0%~ Eq. (4)

164  In Eq. (2), the protons are thermally activated during heating which is called intrinsic
165  mechanism. In Eq. (3 and 4), the defects related to proton mobility are also generated by
166  the existence of chemical impurities, and protons can migrate due to compensation of
167  charge balance.

168 This study demonstrates three significant features among diaspore, e-FeOOH and 6-
169  AIOOH: (1) &-FeOOH and 6-AIOOH have one and two orders of magnitude higher
170  conductivity than diaspore; (2) e-FeOOH has much higher conductivity than 3-AIOOH. (3)
171 Diaspore shows negative pressure dependence while e-FeOOH shows positive pressure
172 dependence.

173 (1) e-FeOOH and 8-AlOOH have isostructural CaClz-type hydroxide structure which is
174  different from diaspore. The space group of diaspore is Pbnm while both e-FeOOH and 6-
175  AlOOH are P2inm. Different crystal structure leads to variable compressible behaviors
176  during compression. If proton conduction is the dominant conduction mechanism in these
177  phases, the proton exchange in those minerals may occur by reaction Eq. (3). Therefore,

178  the length of O1H and H---O2 bonds becomes a significant factor on their conductive
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179  behaviors. During compression, the O1H bond will elongate and become weaker which
180  may produce the free proton and combine with another proton defect (0*). §-AIOOH and
181  &-FeOOH have shorter H---O2 bonds and longer O1H bonds which can account for the
182  relatively higher conductivity than diaspore (Friedrich et al., 2007; Gleason et al., 2013;
183  Cedillo et al., 2016).

184 (2) Although &-FeOOH and 3-AlOOH have the same crystal structure, there are some
185  differences between them. One possible explanation for higher conductivity of e-FeOOH
186 is that e-FeOOH has shorter H---O2 bond than 8-AIOOH at 20 GPa (Cedillo et al., 2016;
187  Thompson et al., 2017). Besides, the symmetry of Oi-H:--O2 bond changes with increasing
188  pressure. Hydrogen bond symmetrization of 3-AIOOH occurs at 15~18 GPa (Cortona,
189  2017; Sano-Furukawa et al., 2018), whereas hydrogen bond in e-FeOOH is predicted to
190  symmetrize around 40 GPa (Gleason et al., 2013). In this study, the conductivity of -
191  AIOOH was measured at 20 GPa, which is higher than the pressure at which
192  symmetrization of the O1-H---O2 bond occurs. After reaching this pressure, the O1-H:--O2
193  bond becomes covalent and it will be difficult for proton to migrate through lattice sites,
194  suggesting that the pressure-induced effect become negligible. Since the experimental
195  pressures for e-FeOOH are much lower than the hydrogen symmetrization pressure (40
196  GPa), the conductivity of e-FeOOH can increase effectively by compression in the
197  investigated pressure range. Alternatively, if the e-FeOOH contains significant amount of

198  Fe®" through the substitution: Fe3* = Fe?* + H*, small polaron conduction would yield

10
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199  enormous contributions to the conductivity. A study on electrical conductivity and
200  hydrogen diffusivity of brucite suggests that all hydrogen would not contribute to the
201  electrical conduction in hydrous minerals (Guo and Yoshino, 2014). Compared with o-
202  AlOOH, &-FeOOH would considerably enhance electric conductivity by activating a
203  greater numbers of protons by the reaction of Fe3t = Fe?* + H™.

204 (3) For diaspore, the length of O1H bond slightly increases with increasing pressure
205  (Friedrich et al., 2007). Therefore, pressure-induced effects are not effective for diaspore
206  unlike 3-AIOOH. As the O1-H---O2 bond becomes more symmetric, protons become more
207  difficult to migrate due to the enhanced hydrogen bond strength which cause the negative
208  pressure dependence on the conductivity. In contrast, 3-AIOOH and &-FeOOH show
209  obviously larger change on the length of O1H bond during compression (Gleason et al.,
210 2013; Cedillo et al., 2016). The O1H bond strength becomes weaker and then protons are
211 more likely to migrate through lattice sites. As a result, the conductivity of e-FeOOH can
212 be enhanced by pressure. As described before, hydrogen bond symmetrization occurs in 8-
213 AlOOH and &-FeOOH at 15~18 and 40 GPa, respectively, which will weaken the O1H bond
214  and strengthen the H---O2 bond to yield higher conductivity. However, hydrogen bond in
215  diaspore never symmetrizes (Friedrich et al., 2007; Tsuchiya and Tsuchiya, 2011). This
216  may be caused by the difference of O1-H:--O2 bond angle in the crystal structure of these
217  phases. The angle of O1-H:--O2 bond in 8-AIOOH is almost 180° while that in diaspore is

218  Dbent (160°) (Cedillo et al., 2016; Friedrich et al., 2007). The O1-H---O2 bond angle of

11
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219  diaspore should show minor variations during compression. The Oi-H:--O2 bond
220  symmetrization in e-FeOOH will cause the increment of the length of OH bond and
221  shortening of hydrogen bond which will enhance the migration of the hydrogen (proton).
222  This could be the other cause of the opposite pressure dependence on conductivity of
223  diaspore and e-FeOOH.

224  Comparison with other hydrous minerals

225 Many studies were conducted on the measurements of electrical conductivities of
226  hydrous minerals in a wide range of pressure. Guo and Yoshino (2014) reported that the
227  electrical conductivity of brucite has positive pressure dependence. Proton conduction was
228  suggested to be the dominant conduction mechanism and Eq. (4) was the most favorable
229  reaction for the proton exchange. The explanation for the positive pressure dependence on
230  conductivity is that Oi---O2 distance deceases with increasing pressure which will lead to
231  the reduction of the potential barrier between proton sites in adjacent OH™ groups. This
232 shows an agreement with the e-FeOOH result. With increasing pressure, the O1H bond
233 becomes weaker and protons are easier to escape from the attractive force of O1 which will
234  help to increase the conductivity. Meanwhile, the conductivities of samples under different
235  pressures do not converge at high temperatures, suggesting that the activation enthalpy
236  does not change dramatically with increasing pressure which is consistent with the result
237  of e-FeOOH.

238 Pommier et al. (2019) showed that the electrical conductivity of natural lawsonite has

12
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239  positive pressure dependence between 5 and 9 GPa. All the lattice parameters (a, b, ¢ axis)
240  decrease with increasing pressure (Comodi and Zanazzi, 1996) which may enhance the
241  conductivity of lawsonite. Molecular H20 is also contained in the crystal structure of
242  lawsonite which may play an important role on the conductivity during compression
243  because the dominant conduction mechanism is presented as proton conduction. Chen et
244  al. (2018) reported a negative pressure dependence on conductivity of phengite. The
245  negative pressure dependence was explained by the non-existence of face to face hydrogen
246  layer and interactions between neighboring hydroxyls in phengite. Pressure cannot enhance
247  the conductivity by markedly elongating the O1H bond as well as diaspore. Besides, the
248  conductivities of phengite at different pressures converge together at high temperature as
249  well as the behavior of diaspore.

250 IMPLICATIONS

251 According to the crystal structure of hydrous minerals, we can predict trends of the
252  conductivity-depth relation for various lithologies including hydrous minerals in
253  subduction zone as shown in Fig. 6. Lawsonite and phengite are representative hydrous
254  phases of the subducted altered oceanic crust. Lawsonite has larger conductivity than
255  phengite at some P-T condition, suggesting that lawsonite will contribute to the
256  conductivity of the subducted MORB. If lawsonite is interconnected phase, it may indicate
257  positive pressure dependence with depths until dehydration occurs at around 10 GPa for

258  the cold slab (e.g., Schmidt and Poli, 1998; Okamoto and Maruyama, 1999). Although
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259  phengite can survive a bit higher pressure, this phase will not contribute to the conductivity
260  of the hydrous MORB because of its negative pressure dependence. For the hydrous
261  peridotite, one can notice that DHMS phases transform from phase A to superhydrous phase
262 B (or phase E) and phase D with increasing pressure (Ohtani et al., 2001). The resulting
263  conductivity variation with depth should have positive dependence. For the subducted
264  sediments with average composition of continental crust, phengite is considered to be a
265  dominant hydrous phase below 8 GPa. For more Al-rich sediments, diaspore could be
266  dominant hydrous phases. Thus, electrical conductivity of the sedimentary rocks would
267  generally decrease with depth. Goethite is only dominant in the highly iron-rich lithology
268  such as banded iron formation. The stability field of goethite is limited at pressures below
269 5 GPa (Yoshino et al., 2019). In this region, the conductivity of the subducted sedimentary
270  rocks would decrease with increasing pressure. e-FeOOH could be stabilized if the
271  rehydration of subducted Fe-rich sediments occurs at pressures higher than 5 GPa. On
272 account of the extremely higher conductivity of e-FeOOH, highly conductive zone with
273 positive pressure dependence should appear in the descending slab.

274 Fig. 7 shows the comparison of conductivity-depth profiles calculated from diaspore, 5-
275 AlIOOH and &-FeOOH along cold (the North Philippine Sea) and hot slab surface
276  geotherms (the North Cascadia) and magnetotelluric observations from the above
277  subduction zones. The conductivity-depth profiles of diaspore were calculated through the

278  Arrhenius formula: ¢ = g, exp [w

| by inputting the o0 (56.0 + 12 S/m), AE

14
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279 (0.55+0.02¢eV),and AV (1.68 +0.12 cm*/mol). Considering the stability fields of diaspore,
280  8-AlOOH and &-FeOOH (Yoshino et al., 2019), we plot the conductivity-depth profile of
281  these phases. Diaspore can exist below 2.3 and 1.8 GPa for the North Philippine Sea and
282  the North Cascadia slab surface geotherms (Syracuse et al., 2010), and shows lower
283  conductivity compared with conductivity-depth profiles of both slabs (Megbel et al., 2014).
284  For e-FeOOH, we used g0 (512.9 = 1.8 S/m), AE (0.46 = 0.03 eV), and AV (-1.52 £ 0.13
285  cm?®/mol) for the calculation of conductivity-depth profile. If the rehydration of &-FeOOH
286  occurred, e-FeOOH would appear above 15 GPa along the extrapolation of the North
287  Philippine Sea slab surface geotherm, and represents distinctly higher conductivity values.
288  The comparison between this study and the geophysical observations indicate that diaspore
289  and e-FeOOH cannot account for the electrical anomalies in the upper mantle because of
290 the decompositions of these two phases and the lower conductivities compared to the
291  conductivity profiles of both hot and cold slabs. Thus, the volume fraction of these phases
292  is negligibly small in the present subduction zones. In contrast, the absolute conductivity
293  values of 3-AIOOH are comparable to the extrapolation of conductivity-depth profiles
294  obtained from subduction zones.
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433  Fig. 1. XRD pattern of samples before and after measurements. (a) XRD pattern of

434  diaspore before and after conductivity measurements compared with that of RRUFF

435  database. (b) XRD patter of 3-AIOOH before and after conductivity measurements

436 compared with Suzuki et al. (2000). (¢) XRD patter of e-FeOOH before and after

437  conductivity measurements compared with Pernet (1975).

438

439  Fig. 2. Backscattered electron images of recovered products after electrical conductivity
440  measurements under composition mode. (a) Diaspore under 8, 10, 12 and 15 GPa; (b) -
441  FeOOH under 8 and 10 GPa; (¢) 6-AIOOH under 20 GPa; (d) e-FeOOH under 20 GPa.
442  Note that no presence of phase associated with dehydration.

443

444 Fig. 3. Impedance spectra of electrical conductivity measurement. (a) Impedance

445  spectrum of diaspore at 8 GPa. (b) Impedance spectrum of 5-AIOOH at 20 GPa. (¢)

446  Impedance spectrum of e-FeOOH at 8 GPa. Z’ and Z” are real and imaginary parts of the
447  impedance, respectively. Equivalent circuit for fitting the spectrum of these phases is
448  shown in (¢). CPE denotes constant phase element which has a similar function as

449  capacity but could be used to fit with approximately semicircular-shape spectrum.

450

451  Fig. 4. Electrical conductivity of diaspore, 6-AIOOH and e-FeOOH as a function of

452  reciprocal temperature. Stars, triangles and circles illustrate the conductivity results of

23

Always consult and cite the final, published document. See http:/www.minsocam.org or GeoscienceWorld



453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

This is the peer-reviewed, final accepted version for American Mineralogist, published by the Mineralogical Society of America.
The published version is subject to change. Cite as Authors (Year) Title. American Mineralogist, in press.
DOI: https://doi.org/10.2138/am-2021-7605. http://www.minsocam.org/

Wang & Yoshino: Electrical conductivity of AIOOH and FeOOH

diaspore, 6-AlIOOH, and e-FeOOH, respectively.

Fig. 5. Global fitting result of electrical conductivity of diaspore. Solid symbols represent

raw conductivity data. Dashed line indicates curves fitted by E