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EXECUTIVE SUMMARY

Blast furnace slag (BFS) is a critical component of grout formulations for the remediation of low activity
nuclear waste. This interim report describes the initial results of a study designed to investigate the
fundamental mechanisms of BFS dissolution. The goal of the work is to delineate the physicochemical
aspects of the slag that impart beneficial properties to grout formulations to enable the consistent production
of a slag-replacement material (“designer slag”) that performs better than what is commercially available.

This report documents the dissolution experiments that were conducted using nine different initial solution
compositions. Solution measurements for each solution, including pH and solution composition, are given
for 1, 7, 14, 28, and 56 day intervals samples. Scanning electron microscopy images are presented for the
56 day samples from each of the solutions. Inferences about reaction mechanisms and 56-day mineralogy
are made based on the information collected to date. Some conclusions are made based on the work
performed for this interim report, and a path forward including the strategy for making stronger conclusions
based on X-ray diffraction (XRD) analyses is presented.
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1.0 Introduction

The use of blast furnace slag (BFS) as an additive material in concrete formulations is a standard
practice for many cementitious material applications. This slag, a byproduct of steel production, is
a pozzolanic material when ground into a fine powder similar in size distribution to that of ordinary
Portland cement (OPC) [1]. Unlike other pozzolanic materials, BFS can be used as a hydraulic
binder due to hydration characteristics that do not require the presence of lime. The hydraulic
reactivity of these materials is further enhanced by alkaline solutions [2], which is ideal for the
treatment of low activity nuclear waste located at the Savannah River Site and Hanford Site as these
salt-based waste streams have pH values greater than 13.

We are interested in the properties of BFS as they relate to the retention of radionuclides in the salt
waste streams [3-5]. The release of Cr, Tc, and NOs™ can be significantly reduced by the addition
of hydraulic blast furnace slag for Portland cement in the formulation of grout waste forms [3]. In
this work, we hypothesize that these properties are due in some part to the glassy nature of the slag,
and the dissolution/precipitation reactions that occur at the slag/solution interface. The process of
glass corrosion has been studied for decades, and the fundamental mechanisms that drive the
phenomena are understood [6-10] including mechanisms by which the original glass network
transforms to secondary mineral phases during aqueous interactions. We postulate, that these same
mechanisms that control the conversion from the glassy phase to secondary products in corroding
glass systems must be similar to the mechanisms that control cementitious phase formation during
hydration reactions involving the amorphous slag.

Understanding the fundamental interactions controlling the secondary product formation at the
slag/solution interface is critical to designing concrete and grout formulations that optimize
radionuclide retention and chemical durability. In addition, a foundational understanding of these
properties would enable exploration of the design of synthetic, slag-like secondary cementitious
materials with tighter compositional and structural tolerances.

The objective of this work is to initiate a study into the solution-mediated phase transformations
that occur at the slag/solution interface for various solutions. We isolated certain, but not all,
defining characteristics of a liquid salt waste stream and grout porewater, similar to that of the
saltstone waste form at SRS, by creating various solutions for each characteristic (e.g., high pH,
high salinity, calcium saturated, etc.) We conducted slag dissolution experiments in these various
solutions to isolate the effects of each solution characteristic on the corrosion (hydration in cement
science terminology) reactions at the slag/solution interface. By analyzing the leachate solution
composition from each of these experiments, we can begin to understand how slag composition
and solution chemistry are coupled in the formation of cementitious phases and other reaction
products.

Variability in slag composition could affect the performance, overall durability, and the leachability
of radionuclides from the grout waste form. In particular, variation of iron content could affect the
reduction/oxidation reactions that govern the diffusivity of highly radioactive technetium species.
A study in 2017 showed that while the secondary reaction products of chemically variable BFS
were similar in nature, distinct difference existed in the short-range atomic ordering of the calcium-
sodium aluminosilicate hydrate (C-(N)-A-S-H) phases. Given the desire to improve the retention
of radionuclides by targeting specific secondary phases, these differences that may seem trivial
from a construction standpoint, can prove detrimental in terms of nuclear waste form chemistry.
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This interim report describes the initial results of experimental analyses conducted on a typical Salt
Stone slag sample and provides a roadmap for: 1) finishing these initial analyses, 2) drawing
conclusions from all the data collected, and 3) a work plan for continued development of a
“designer slag” product that will replace the current use of BFS in low activity waste disposition —
this synthetic slag would be produced by glass manufacturers and targeted specifically for low
activity waste disposition via grouting.

2.0 Experimental Procedure

A blast furnace slag sample was obtained from a larger batch of material that was used to process
waste at the Savannah River Site (SRS) in the second quarter of 2019. The BFS was procured from
Lehigh Cement Company. A one-liter container of this BFS was subsampled using a spinning riffler
into 8 smaller samples. The composition of the BFS was measured via X-ray fluorescence (XRF)
spectroscopy and is given in Table 1. The sample-to-sample error in particle size distribution
associated with spinning riffler samples is reportedly less than 1% [11]; accordingly, it was
assumed that the distribution of particle sizes in all riffled subsamples was equal. This assumption
is important as it allows us to consider the raw leachate concentrations when comparing samples,
rather than normalizing to the sample surface area to volume ratio. An X-ray diffraction analysis
of the BFS used in this work in shown in Figure 1 — the crystalline mineral phases are calcite and
gypsum (which are sometimes added to BFS for enhanced reactivity[12-14]), and a large
amorphous phase.
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Figure 1: XRD showing the mineral phases present in the untreated BFS investigated in this
work. The blue shaded region shows the large amorphous component of the slag. The
crystalline phases intermixed with the amorphous slag are calcite and gypsum.

Table 1: Oxide composition of BFS used in the dissolution experiments (wt.%). “Ig” is loss
on ignition.

CaO SiOz A1203 F6203 SO3 MgO KzO TiOz SrO P205 Mn203 Ig Sum
41.61 |33.10 | 13.23 | 040 |3.27 | 6.50 | 0.37 | 0.54 | 0.064 | 0.007 | 0.18 | 0.59 |99.86

2
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A total of 110 individual experiments were conducted involving BFS in contact with various
solutions. The experimental matrix for these solutions in shown in Table 2. A “blank” experiment,
i.e., a solution-only experiment, was also conducted for each of the solutions shown in Table 2.
However, a separate experiment was not run for each individual blank duration, but rather the
aliquots were subsampled from the blank vessel. Each duration in the solid BFS dissolution
experiments was conducted in a separate digestion vessel. De-ionized (DI) water was used to
prepare each solution.

Tank 50 Simulant — The Tank 50 simulant, shorthand “Tank 507, was prepared to mimic the
composition of the liquid waste salt solution just prior to grout mixing at the Savannah River Site.
The average blank composition of the simulant calculated by averaging each of the blank
measurements for the various durations and the %RSD for these measurements is shown in Table
3.

Table 2: Experimental matrix of solutions and test durations. Replicate measurements of
BFS dissolutions are indicated with a superscript “a” and replicate measurements of blank
solutions are indicated with a superscript “b”.

Solution Starting pH Durations (d)
DI H,O 7 18,7,14,28,56
DI H,O +2 M NaCl ~7 1,7,14,28,56
pH 12.5 NaOH 12.5 15,720 14% 280 56°
pH 12.5 NaOH + 2 M NaCl 12.5 1,7,14,28%,56
Ca®** (calcium saturated) 12.5 1,7,142,28,56
Ca** +2 M NaCl 12.6 1,7%,14,28,56
2 M NaOH >13 1,7,14,28%,56
2 M NaOH + 2 M NaCl >13 12,7°,14%,28% 56°
Tank 50 Simulant >13 1,7,14,28%,56*

Table 3: Measured elemental concentrations in the Tank 50 simulant.

Element Concentration Deviation %RSD
(ppm) (ppm)

Al 5191.20 116.60 2.25

K 25.89 2.60 10.04
Na 129600.00 2302.20 1.78
S 2058.80 28.30 1.37
NOs 1.83 M* N/A N/A
NOy 0.62 M" N/A N/A
OH" 2.3 Mf N/A N/A

* Target compositions reported in molarity. Anions were not measured as part of the initial analyses.
T OH- concentration was calculated using Geochemist’s Workbench software (React).

3
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2.1 Dissolution Experiments

The BFS dissolution experiments were conducted using the PCT-B method of ASTM C1285,
“Determining Chemical Durability of Nuclear, Hazardous, and Mixed Waste Glasses and
Multiphase Glass Ceramics: The Product Consistency Test (PCT).” The dissolutions were
conducted in 23 ml, stainless steel Series 4700 General Purpose Pressure Vessel from Parr
Instrument Company. The mass-to-volume ratio for the experiments was 1:10 — approximately 1.5
g of BFS was in contact with approximately 15 ml of solution for each duration shown in Table 2.
The experiments were conducted at 50 °C. Upon completion of a given duration, the vessels were
allowed to cool to room temperature prior to sampling or further analysis.

After cooling, the leachate solution (supernate) was decanted from the digestion vessel. A small
aliquot of leachate was then acidified in preparation for chemical composition analysis via
inductively-coupled plasma emission spectroscopy (ICP-ES). Another aliquot of the solution was
retained for pH measurement (at room temperature). The vessels with the remaining solids were
then placed into an oven at 50 °C to dry for solids analyses.

The acidified aliquots were measured via ICP-ES using an Agilent 5110 ES series spectrometer.
Solution pH values were measured using a Fisher Scientific Accumet® AB150 pH Meter.

2.2 Solids Analyses

The dried BES solids from each experiment have thus far been imaged using a Hitachi SU8200
Series Ultimate Cold Field Emission Scanning Electron Microscope (SEM). The dried samples
were removed from the digestion vessels after removal from the drying oven, placed into glass
sample vials, and stored in a desiccator prior to imaging. Small portions of the solids were removed
from the vial and mounted with carbon tape on 30 mm SEM stubs prior to imaging — owing to the
minimized charging associated with field emission SEM, no sample coating was needed to obtain
the images presented in this report.

2.3 Quality Assurance

Requirements for performing reviews of technical reports and the extent of review are established
in manual E7 2.60. SRNL documents the extent and type of review using the SRNL Technical
Report Design Checklist contained in WSRC-IM-2002-00011, Rev. 2.

3.0 Results and Discussion

3.1 pH Measurements

The results of the pH measurements are shown in Figure 2. The recorded measurements are given
in Table 4. Based on the results of these analyses, this particular slag composition has an apparent
pH of approximately 11.5 in de-ionized water (DI H,O) that is reached within 1 day of digestion at
50 °C. The DI H>0 + 2 M NaCl had a similar pH value to the DI H,O only solution throughout the
duration of the experiment. The neutral pH experiments are shaded green in Table 4.
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Table 4: pH measurements recorded for each solution at the various experimental

durations.
Time DI DI H,O- pH 12.5 pH 12.5 Ca-sat. Ca-sat. + 2M 2M NaOH + Tank
H,O 2M NaCl NaOH NaOH+2M NaCl 2M NaCl NaOH 2M NacCl 50
1 11.7 11.5 12.2 11.9 12.3 11.9 134 134 13.6
7 11.5 11.6 12.2 11.8 12.2 11.8 13.1 13.0 13.3
14 11.6 11.6 12.2 11.8 12.2 11.8 13.1 13.0 13.3
28 11.6 11.7 12.3 11.9 12.3 11.9 13.1 13.0 13.2
56 11.7 11.8 12.3 11.9 12.3 11.9 13.1 12.9 13.2

The experiments that started at pH 12.5 (red shading in Table 4) decreased in pH, with the NaCl
solution decreasing more than the salt-free solution. The Ca saturated experiments (Ca**") (shaded
blue in Table 4) demonstrated similar behavior to the pH 12.5 NaOH experiments in terms of pH
value: the salt containing solution reached a lower pH value than the solution that did not contain
salt. The 2M NaOH solutions (shaded orange in Table 4) had similar pH values throughout the
experiment with the pH value of the NaCl containing solution being lower. However, at the high
concentration of OH" ions present in these solutions, this lower value is in fact, a greater difference
in basicity than is present in the pH 12.5 solutions by a factor of 2-4 depending on the experimental
duration. The measured pH of the Tank 50 experiment was consistent from days 7-56 at
approximately 13.2-13.3 after dropping from the initial value of 13.6.

3.2 Solution Composition Analyses

The compositions of the various leachate solutions were measured via ICP-ES. Figure 3 shows the
measured concentrations of the various leachate constituents for the various solutions by element.
The concentrations in Figure 3 were corrected for the average background concentration of each
solution taken from the average of the measured concentrations for each of the various solutions
measured in the blank experiments. The concentrations in Figure 3 were not corrected for the
dilution factor or normalized to the composition of the BFS.

The measured concentrations for the individual experiments, normalized to the mass fraction of the
element in the BFS composition, along with an “average” uncertainty that was determined from
replicate measurements, are shown in the following subsections. The mass fraction of an element
in a composition is calculated by Equation 1.

fi :xOM_D. ¢Y)

[13%4]
1

Where, f; is the mass fraction of element “i” in the slag composition, x, is the weight percent of
the oxide containing element “i”” in the composition, m; is the molar mass of element “i”, and M,
is the molar mass of the oxide containing element “i”. The normalized concentration, corrected
for the dilution factor of 20x, is then determined by dividing the corrected and normalized
concentration by the mass fraction of the element being reported. This type of normalization is
performed to evaluate the release of one element with respect to another element under a given
set of conditions on a stoichiometric basis to investigate the congruency of the dissolution. The
following subsections will discuss observations about the dissolution/leaching behavior of the
BEFS in the individual solutions — in addition to the solution data. Scanning electron microscopy
images are presented for each solution of the solid specimens collected at 56 days to show the
morphology of the samples. It is important to note here that any mineralogical identification
based on the SEM images is purely speculative without X-ray diffraction analysis to confirm.
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Figure 2: pH measurements of the BFS dissolution experiments.
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Figure 3: Measured concentrations of elements in leachate solutions from the various experiments. The dashed lines in each subplot
represent the concentration difference between the average blank concentration and 1 day.
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3.2.1 De-lonized Water (DI H;O)
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Figure 4: Normalized solution composition and SEM images of BFS in DI H,O from 1 to 56
days. Note the possible ettringite formation visible in b) and c).

The measurements indicate that, relative to the other constituents in the slag, potassium and sulfur
are highly soluble elements. Although potassium is highly soluble in this system, the concentration
of K0 in the BFS is less than 1% of the bulk solution composition and the release of this element
is unlikely to contribute to the formation of significant mineral phases in the cementitious waste
form. Sulfur, on the other hand, does play a factor in mineral phase formation, even in the DI H,O
experiment, as evidenced by the preliminarily identified ettringite formation observed via SEM in
Figure 4b and 4c. The formation of this mineral phase may explain the observed decrease in the
concentration of sulfur in Figure 4.
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3.2.2 DI H;O + 2M NaCl
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Figure 5: Normalized solution composition and SEM images of BFS in DI H,O + 2 M NacCl

from 1 to 56 days. The large hexagonal crystals seen in images b) and c) are likely Friedel’s
salts.

The ICP-ES measurements for the DI H,O system that also contained 2 M NaCl again indicate the
relative solubility of S compared to the other elements in the BFS composition. Also of note is the
increased concentration of the Ca in the salt solution relative to the water-only, pH neutral solution.
In fact, this experiment yielded the highest concentration of Ca measured in the solution any system
at 56 days as shown in Figure 3. The SEM of these specimens revealed the formation of large,
hexagonal crystals that are likely Ca-containing minerals like Friedel’s salts (hydrocalumite). As
with the DI H,O experiment, there are other, poorly crystalline in appearance, phases present in the
SEM images. The mineral identification of these phases requires additional analysis such as X-ray
diffraction. It should be noted that nothing appearing like ettringite was observed forming in this
system. Correspondingly, no drop in the S concentration was measured in this system over the
duration, which was hypothesized to be related to ettringite formation in the DI H,O system.
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3.2.3 pH 12.5 (NaOH)
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Figure 6: Normalized solution composition and SEM images of BFS in pH 12.5 (NaOH
adjusted) solution from 1 to 56 days. The SEM images reveal what appear to be calcium
silicate hydrate (CSH)-related phases (b) and ettringite (c,d — needle like structures).

Again, S and K are the most soluble elements in the pH 12.5 system relative to the elemental
concentration in the glasses. The normalized concentration of these elements in the pH 12.5 system
is lower than in the near-neutral pH experiment, DI H,O + 2M NacCl, but higher than in the DI H,O
solution. No Al and very little Ca was observed in the pH 12.5 system, which is likely an indication
of the pozzolanic reactivity of the BFS samples. The SEM image Figure 6b shows what appears to
be CSH-like phases. The images in Figure 6¢ and 6d appear to show similar poorly crystalline
phases interspersed with crystals that were tentatively identified as ettringite.
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3.2.4 pH 12.5 (NaOH) + 2M NaCl
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Figure 7: Normalized solution composition and SEM images of BFS in pH 12.5 (NaOH
adjusted) with 2M NaCl in solution from 1 to 56 days. The SEM images, Figure 7b and 7c,

show what appear to be CSH-like phases as well as Friedel’s salts. The hexagonal crystals in
Figure 7c may also be stratlingite.

The pH 12.5 + 2M NaCl system demonstrated similar behavior to the DI H,O + 2M NaCl system
in that the presence of the salt increases the solubility of both Ca and S. The amount of S measured
in the system is approximately equal to the amount measured in the DI H>O + 2M NaCl experiment;
however, the amount of Ca measured in both the pH 12.5 and pH 12.5 + 2M NaCl experiments was
only half the amount measured in the water experiments. This is likely due to enhanced
mineralization in the higher pH systems. The appearance of Friedel’s salt-like phases and

potentially stratlingite in the pH 12.5 + 2M NaCl are consistent with reported behavior of slag in
briny solutions [15].
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3.2.5 Calcium Saturated (Ca*™)

600
a) Ca%t

4004

200 ¥

Cnormalized (mg”)
]

YA &4 >on
-~

& ]
® L 4 L L]

o
1
[ B
L ]
|
»

~ "X " ¥ " F ¥ Ty T EFETAd T E"TTETOTT
-5 0 5 10 15 20 25 30 35 40 45 50 55 80
Time (days)

Figure 8: Normalized solution composition and SEM images of BFS in Ca*** solution from 1
to 56 days. The SEM images in Figures 8b and 8c show what is likely calcium hydroxide
phases formed during the hydration of the slag in the Ca®*" solution.

The normalized concentration of S in the Ca™" system was the lowest of any of the experiments
conducted. Similarly, the normalized concentration of K was lower than measured in the DI H,O
(with and without NaCl) experiments but higher than what was measured in the pH 12.5 (with and
without NaCl) experiments. This lowered K concentration could be caused by several mechanisms
that are not necessarily exclusive: 1) the Ca concentration in the solution suppresses the dissolution
of the BFS, 2) K is being consumed in the pozzolanic reactions that form the binding CSH-based
phases (e.g., C-(Na,K)-S-H), and/or 3) the rapid reaction on the BFS surface to form CSH phases
creates an altered layer that inhibits diffusion (via ion exchange) of K from the BFS matrix. The
background corrected concentration of Ca in this experiment was less than zero, which indicates
consumption via pozzolanic reaction of some of the initially present Ca. Approximately, 29% of
the original Ca in the system was fixed by the BFS within the first 24 hours and approximately
36% was fixed at 56 days indicating the most of the pozzolanic reaction occurs very early on in the
BFS hydration.
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3.2.6 Ca*" + 2M NaCl
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Figure 9: Normalized solution composition and SEM images of BFS in Ca*** + 2M NaCl
solution from 1 to 56 days. The SEM images in Figures 9b, 9¢c, and 9d show a high degree of
potential ettringite formation as well as what appears to be CSH-like phases.

The measured concentration of S in the Ca®" + 2M NaCl experiment is one of the highest observed
for any of the experiments in this work. In addition to the high solution concentration of S, prolific
ettringite formations were observed via SEM as shown in Figure 9b, 9¢, and 9d. The measured
concentration of Ca in the Ca®" + 2M NaCl system was not as low as was measured in the Ca**"
experiment without the NaCl addition. Interestingly, it is well known that the solubility limit of Ca
in water increases with increasing CI” concentration; however, the observation of higher Ca in the
Ca® + 2M NaCl relative to the Ca**" experiment poses an interesting question: Is the higher value
of Ca in the salt-based solution caused by the higher solubility of Ca in this system, or is the high
salt concentration suppressing the pozzolanic reactions occurring at the slag/solution interface? In
terms of the amount of Ca fixed from the initial solution throughout the course of the experiment,
the value is significantly lower for the NaCl-containing solution relative to what was observed in
the Ca™" solution (approximately 36% in Ca**"at 56 days compared to approximately 9% in Ca**"
+ 2M NaCl at 56 days). So, it would seem that at this cursory level, this observation is evidence
that Cl suppresses the pozzolanicity of BFS.
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3.2.7 2M NaOH
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Figure 10: Normalized solution composition and SEM images of BFS in 2M NaOH solution
from 1 to 56 days. The SEM images in Figure 10b and 10c show what appear to be CSH
phases that are present in other experiments but an additional phase that may be a
tobermorite mineral phase.

The 2M NaOH experiment was one of three experiments to register a detectable amount of Al in
the leachate solution. The presence of Al is likely indicative of an aggressive dissolution of the BFS
matrix relative to the hitherto reported solutions. Similar to the appearance of Al, this experiment
was also one of only three experiments to record a detectable level of Si in solution, which is more
evidence of aggressive dissolution of the BFS matrix. No Ca was detectable in the solution beyond
1 day, which is not surprising given the solubility of Ca with respect to the high pH of the solution.
What is indicated by all of these observations is that the BFS was dissolving in the solution to such
a degree that the Al and Si being released could not be completely sequestered in phases that also
contain Ca, such as CSH. The massive release of K (keeping in mind this is normalized to the
amount of K in the original BFS composition) is also suggestive of aggressive dissolution relative
to the other samples. The S content in the 2M NaOH experiment is consistent with concentrations
observed in the Ca**" + NaCl, pH 12.5 + NaCl, and DI H>O + NaCl at 56 days and slightly lower
than the 2M NaOH + 2M NaCl (not yet discussed) at 56 days. The concentration is higher than all
previously mentioned experiments not included in the list above. A noteworthy observation is the
“settling” of S concentrations on approximately the same value in the following experiments: Ca™"
+ NaCl, pH 12.5 + NaCl, and DI H>O + NaCl, and 2M NaOH. This behavior could be anomalistic
or indicative of some underlying transient mechanism involving S that is playing out on a longer
time scale than most of the previously discussed mechanisms.
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3.2.8 2M NaOH + 2M NaCl
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Figure 11: Normalized solution composition and SEM images of BFS in 2M NaOH + 2M

NaCl solution from 1 to 56 days. The SEM images in Figures 11b, 11¢, and 11d show a similar

phase to what was observed in the 2M NaOH, i.e., potentially tobermorite. The nearly
prismoidal crystal in Figure 10c is potentially katoite, which is a Si-free hydrogarnet.

The 2M NaOH + 2M NaCl experiment recorded the highest 1-day concentration of S for any of the
experiments conducted. This experiment also had detectable levels of Al and Si, which, similar to
the 2M NaOH system, is indicative of a more aggressive BFS matrix dissolution than what occurred
with the previously discussed initial solution compositions. The Al concentration in the 2M NaOH
+ 2M NaCl experiment was approximately equal to what was measured in the 2M NaOH without
salt solution and the amount of Si in the salt bearing solution was slightly higher than in the non-
salt containing 2M NaOH solution. Again, zero calcium was detected in the system, which is
consistent with what was observed in the 2M NaOH system — this lack of calcium combined with
the measurable concentrations of Si and Al signaling matrix dissolution into the leachate implies
that all of the Ca “released” from the slag is being consumed in secondary phases.
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3.2.9 Simulated Tank 50 (SRS) Solution
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Figure 12: Normalized solution composition and SEM images of BFS in Tank 50 simulant
solution from 1 to 56 days. The SEM images in Figure 12b, 12¢, and 12d show similar CSH-
like phases relative to those observed in the other systems, but also an example of a unique
crystalline phase to the Tank 50 experiment.

The initial composition of the Tank 50 simulant solution was quite different from any of the other
solution-systems tested in this work as demonstrated by the data presented in Table 3. A significant
portion of the initial Al present in the solution was consumed throughout the duration of the
experiment. In addition, Na was also consumed as evidenced by the negative corrected and
normalized concentration. This is likely due to the precipitation of secondary mineral phases,
perhaps zeolites (see Figure 12c and 12d). However, XRD would be necessary to determine what
specific phases were consuming the Al. Interestingly, the Tank 50 simulant experiment was the
only system to have a measurable concentration of Fe in the leachate solution. This is notable
because of the low concentration of Fe in the slag composition (0.4 wt%) and that no Fe was
measured in the Tank 50 simulant blank experiments. This presence of Fe in the leachate is
suggestive of aggressive BFS matrix dissolution. Similar to the 2M NaOH solution with and
without NaCl, no Ca was measured in the Tank 50 experiment for the entirety of the experiment.
The K and S normalized concentrations were approximately equal throughout the duration of this
experiment.

4.0 Conclusions

Nine different solutions were examined during this work. Not surprisingly, the rate of apparent
matrix dissolution appears to be strongly correlated with the initial pH of the leachate solution. For
instance, the only system in which Fe was measured in the leachate solution also had the highest
starting pH — this is similar behavior to that which occurs in corroding glass systems. Many
potential mineral phases were speculatively identified via visual observation of SEM images
including: ettringite, CSH, Friedel’s salts, stratlingite, tobermorites, and zeolites. Leachate solution
composition measurements indicated that of the base slag composition, K and S are the most
soluble elements and appear in all solutions in high relative concentrations even after only one day
of leaching — the high sulfur concentrations likely resulted from the added gypsum. The most
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notable conclusion that can be drawn from this initial work is that the presence of chlorine in the
initial leachate solution has a significant effect on both the dissolution rate and/or solubility of
certain elements as well as the mineral phases formed throughout the experiments. For example,
the presence of Cl in solution significantly affects the solubility of Ca in solutions with initial pH
of 12.5 or less (it should be noted that this enhanced solubility in the presence of Cl was not
observed in the 2M NaOH systems). The solutions that contained NaCl also had higher
concentrations of S present.

5.0 Recommendations, Path Forward or Future Work

In order to fully understand the effects of the different initial solution compositions on the
dissolution/precipitation reactions occurring in BFS samples, the solids must be analyzed via XRD
to understand the mineral evolution throughout the course of the experiments. This will provide
further insight into the dissolution characteristics of the initial mineral phases present in the BFS
versus the glassy component. Given what is known about the mineralogy of the slag studied in this
work (see Figure 1), it is likely that the beneficial properties that BFS imparts on low activity waste
grout formulations arise as a result of the dissolution or transformation of the glassy phase.
Subsequently, any designer material meant to replace BFS would need to be based primarily on the
chemical and physical properties of the amorphous phase.
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