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ABSTRA CT materialsare a subjectof increasing importance and
At the Hanford Site, twenty-eight double-shell in one form or another a review on the subject

tanks (DST) and one hundred and forty nine appears on an annual basis1. Their utility in
single-shell tanks (SST) are used for storage of electrochemicalsystemsand in particular in battery
radioactiveliquidand sludgewastesand saltcake. A and fuel cell applications, is widespread, lt was
fundamental goal of the Westinghouse Hanford realizedthat the lifetimeofcement-basedmaterialsis
Company is to end the current storage practicefor to a large degree determined by the supply and
liquid wastes and to permanently dispose of the transportof ionic species2.The electrochemistryof
waste. The Hanford Defense Waste Environmental cement-based materials started to be of prime
h-npactStatementand subsequentrecordof decision interest because of the corrosion problems of
has identified a cement-based waste form for reinforced concrete and its effects on the global
disposalof DST low-levelliquidwaste, infrastructure3.Computersimulationof conductance

The lowlevel radioactivefractionsof thesewastes in a simulatedcement was reported by Garboczi et
will be immobilizedin a cementitious grout at the al.4 andimpedancemeasurementsby Christensenet
HanfordGrout ProcessingFacilityand disposedof in al. s.
cor_cretevaultsof the GroutDisposalFacility. Priorto The simplest correlation between the electrical
closing each vault, postcuringverificationwill show conductivityof a porous insulator flooded with a
that the final product meets the performance conductingelectrolyteis givenby

requirements. Any long term disposal system of (_r=av,,/F =Gw_ m (1)
radioactive waste will require monitoringto warn
against structuraldeteriorationand/or leach of the where o'r - conductivityof sample, (_w- conductivity

radioactive or hazardous components into the of the electrolyte,_ is the porosityof the sampleand
environment. F is a geometrical formation factor and m is an

We are investigatingthe possibilityof monitoring exponent defined by this equation. This
the degree of immobilization of the waste by relationshipis knownas Archie's laws andarguablyis
elnbeddinga gridof long-lastingelectrodesin grout, responsiblefor a significantfractionof the earningof
This work describes our ongoing attempts to the oil logging industry. For multielectrolyte
understand the physics and chemistry of charge compositionthe ionicconductivityis the sum of the
carriersinthe groutundervariousloadconditions, contributionsof the individualionsgivenby:

i

Introduction a= FT_,uizjCj (2)
The properties of composites and porous j=l
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where z is the ionic charge, 14ils mobility, and C the morphology of the system, of the macroscopic
io_lic concentration, frequency dispersion of the real and imaginary parts

The objective of any electrochemical probe is to of the impedance with the microscopic charge
be able to monitor the individual ionic mobilities and accumulalion and transport modes at the interlace 4
concentrations and the structural parameters such as This technique also offers the possibility of
the porosity and the structural formation factor, nondestructive tomography7.
[here is no single probe that can accomplish such a
task. A multitude of probes are needed. The Electrode configuration
ob;eclive of our program is to test any possible Any attempt to measure the dielectric properties
eleclrochemical lechnique for its applicability to of a bulk material should include a procedure tl_at
monitor the static and dynamic processes that take eliminates the contributions of the contacts. The
place in the grout and by doing so learn as much as four-probe method is regarded as the best
we can about the electrochemistry of cement-based procedure to accomplish ii. lt is widely being used to
materials. Here we report on our preliminary findings measure the resistance of semiconductors and
thai will include electrode configurations, impedance superconductors and was published as a standard to
measurements and rest potentials, measure resistivity of soil samples 8. Alternative

procedure is to use the fact that the contact
impedance is distance independent while the bulk

Sample Preparations impedance should scale linearly with the length.
We report here resulls on two types of grouts: Most of the work in the literature on similar systems is

Podland Cement (11)and the composite that is being concerns with these problems only for DC
presently used at the Hanford site with the following measurements while the AC measurements are
composition: Portland Cement (I/11)20.7 %, Fly Ash done in two electrode configurations. Figure 2
68.3 % and Clay 10.95 %. The three powders in the shows tile impedance spectrum of type II Portland
composite were mixed for 48 hrs in a V-Blender, then cement mixed with lM NANO3electrolyte (W/C = 1:2)

mixed with the appropriate electrolytes in a mixer for using two-wire electrode configuration. Four
15 rnin. to form a consistent paste. Stainless steel electrodes were placed with equal separation in a
wires of 0.024" diameter or chicken wire were used straight line in the cementitious grouts. An applied
as electrodes. Typical setting conditions include voltage of the generator was imposed between the
covering the cement paste with the electrolyte in a outer electrodes, and the voltage drop between the
sealed container for 24 hrs at room temperature, inner electrodes was measured. The current flowing
Other selling conditions will be described in through sample was measured through the voltage
conjunction with the various experiments, drop across a series resistor with a known resistance.

Figure 3 shows the impedance spectrum of the
Electrode Configurations cementitious grout identical to the one used to

One of the main attractions of the electrochemical produce Figure 2, but with the four-probe electrode
probing techniques is thai the hardware needed to arrangement, lt is obvious that the polarization effect
carry out most of the conceivable measurements can was nearly totally excluded from the real components
be installed before or parallel to the development of of the measured impedances. The imaginary
the basic understanding of these systems and hence component poses a series problem here because of
t_i,_edeveloprnent of an exact protocol for the smaIIbulk capacitance involved (around 10pf).
r-heasurements. The basic unit that will be used is Our experimental setup for impedance
based on four probes in an arrar_gementsimilar to the measurements was described beforeg, lt is based on
one shown in Figure 1. The electrode material of the Solalron 1250 and the Hewlett-Packard (HP)
choice at present is the stainless steel type 304V. network analyzer.

For the Solatron 1250 Frequency Response
Impedance Analyzer, one gets the maximum accuracy by

Broad frequency range impedance measurements grounding the lower terminals of the generator and
offer the advantage of direct, in situ, correlation the two analyzers. Four-probe technique requires
between the morphology and the electrochemical thatat least the lower terminal of one analyzer will not
dynamics of such systems. The desired outcome of be grounded. This may induce some noise pickup.
such an experiment is the correlation, through the Since the lower terminals of the analyzers must be
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grounded for tile HP impedance measuring system, higher resistivity than the samples with lower
ii can not be used for the four-probe measurement concentrations. After about three months ali the
system. Therefore, four-probe system can be samples cracked at the electrode insertions,
measured with the Solatron 1250 only if an upper highlighting the need to improve the setting
frequency limit of 65 kHz is imposed. In order lo conditions and to check the role of crack formation
extend the measuring frequencies up to 10 MHz (HP on the impedance measurements.
system), and keep the lower terminals of the
analyzers grounded, a three-probe system was Reproducibility
developed and tested. In this arrangement, the We have started a new series of drying
applied voltage of the generator was imposed experiments, this time emphasizing sample-sample
between the two outer electrodes, of the four reproducibility. This was done to get an experimental
aligned, to keep the current that passes through the handle over the random crack formation and its
cement constant. The impedance between each of influence on the impedance measurements. We
the inner electrodes and the outer electrode with the have used three electrolyte concentrations (1, 0.2
lower potential is measured. The difference between and 0.04 M) and prepared five "identical" samples
the two impedances is the impedance between the with each electrolyte. Some of the samples were
inner electrodes. The effects of polarization, lead covered with an electrolyte for one week and then
wire impedance, and the inductive coupling are ali were let dry and some of the samples were covered
excluded since ali of those items are independent of for two weeks and then were allow to dry. We did not
the interelectrode spacing 10,and cancel by taking notice any cracks in any of the samples.. We show
the difference between the above two impedance representative results for the low electrolyte
measurements. A typical impedance spectrum is concentration in Figures 6 and 7. In that case the
shown in Figure 4. The real component of onset approximately corresponds to the onset of the
impedance from the two three-probe measurements natural drying which indicates that with these low
is almost identical with that of the four-probe electrolyte concentration the current flows through
measurements over the frequency range in which the top electrolyte layer. The scatter with the higher
the modes can apply (compare with Figure 4.) The electrolyte concentration is even higher. We didn't
imaginary component of the impedance exhibits a yet make a statistical analysis of the variability, lt is
snlooth spectrum with less noisy scatter and better obvious that especially with regard to the capacitance
Nyquist plot. values it is very big.

Time evolution Dielectric constant and resistivity
We have used the three electrode configuration to We have shown that most of our data can be

evaluate the time evolution of the impedance of five represented in terms of a frequency independent
samples of the composite grout with different NANO3 RC element. The material intrinsic elements are the
concentration. The procedure was that in ali cases resistiviti.es,_, and the dielectric constants, ¢, which
the setting has started with a blanket of the relate to R and C through the geometric factor of the
electrolyte on the top of the sample. After one day electrode configuration. The geometric factor can be
the electrolyte was taken off the samples. The evaluated by measuring the same electrolyte with a
samples with the 1 M and 0.2 M concentrations were conductivity meter in which the geometric factor is
taken out of box after three days while samples with known. Such an evaluation for various electrolyte
the 0.04 M, 0.01 M, 0.002 M still set in box, after concentrations was performed and over two orders
about 1 month, these samples shrunk, then were of magnitude of electrolyte conductivities the cell
taken out of the box. Since the high concentration constant was shown to be independent of
samples were taken out of their boxes early, cracks concentration. If we take the high concentration
developed quickly, and "R" and the "C" change electrolyte ( R = 1(_) and take ¢ = 80 for water, the
rapidly. In the low concentration samples, cracks peak impedance should be at 109 Hz. This is two
developed slowly and the time evolution of the "R" orders of magnitude above our high frequency limit.
and "C" was smooth. Figure 5 shows the time This is one of the main reasons that there is almost
evolution of the resistance and capacitance of the no literature data on measurements of the dielectric
five samples. The trends are obviously problematic constant of aqueous solutions at audio frequencies.
with the more concentrated electrolytes showing We have spent considerable amount of efforts in
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trying to measure the dielectric constant of water at
these frequencies. For reasons not yet fully Acknowledgement
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independent, correct, dielectric constant of water Hanford Company.
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Figure 1. The measuringelectrodearrangement for a four-probe system. Fourelectrodesare placed
with equal separationina straightline. An a.c.voltagegeneratoris appliedbetweenthe
outerelectrodes. V1 is measuredbetween the innerelectrodes.Zr isa seriesresistorwitha
knownresistance. The currentflowingthroughthe sample canbe obtainedfromV2. The
impedancebetweenthe innerelectrodescan be evaluatedfromV1, V2, and Zr.
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Figure2. The impedancespectrumof cementitiousgroutsmade fromtype II Portlandcement mixed
with 1 M NaNO3 electrolyte(W/C = 1:2)usingtwo-probeconfiguration.The settingcondition
of the cementpaste, The conditionsfor the cementpaste settingare 48 hrs withwater
coveredsurfaceat roomtemperature. The electrodeare stainlesssteelwireswithdiameter
0.024". The inter-electrodespacingis 4 cm.
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Figure 3. The impedance spectrum of cementitiousgroutsusing four-probe system shownin Figure 1.
The compositionand settingconditionof the cement sampleare the same as that used in
Figure2. The electrodematerialand tile electrodespacingare the same as thatin Figure2.
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Figure 4. The impedance spectrum of cementitiousgrouts using tile difference between measured
impedancewith two three-probesystems.The compositionand settingconditionof the
cement sampleare the same as that usedinFigure2. The electrodematerialand the
electrodespacingare the same as thatin Figure2.



WHC-SA-1630-FP

0 10 20 3O 4O

2000 .... t" "" • m .... m ....

........o-........ 1 Molar
15OO

_" L _ - 0.2 Molar

O0 .... q .... 0.04 Molar
0,)
o 1000
t,-

.... u .... 0.01 Molar
.m 400
CD
rr - --u- -- 0.002 Molar

500

o _T"."_,., m .... , ....

lO.OO • ,', • ! .', • , t .... = ....

t

7.50 ........o ........ 1 Molar
ff-

__ !i ----v----- 0.2 Molar
'- 5.00 i .... v .... 0.04 Molar

.... c}.... 0.01 Molar

2.50 - ---u--- 0.002 Molar

0.00
0 10 20 30 40

Time (Day)

Figure 5. The time evolutionof the resistanceandcapacilance for differentelectrolyteconcentrations
withNaNO3 and 8.4 Lb/galof the referencedry blend.
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Figure6. The time evolutionof C and R of five"identical"samplesmadewithsimilardryblendto the
one used in Figure5. with0.04 M concentrationof NaNO3. Twoof the sampleswere

coveredfor week withan electrolyteand three of the samplesfortwo weeks.
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