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EXECUTIVE SUMMARY

Batch-to-batch variability in the chemical and physical properties of the fly ash, slag and
portland cement (binders) will be an ongoing concern over the many years that salt waste from
Tank 50 will be processed into grout at the Saltstone Processing Facility. This batch-to-batch
variability in the properties of the binder materials translates to variability in the fresh and cured
properties of Saltstone. Therefore, it is important to quantify the batch-to-batch variability of the
binder materials and the resultant variation in grout properties. This report is the starting point
for that process by providing the baseline (reference point) binder properties to which future
batches of binder materials can be compared.

For this characterization effort, properties of fly ash, slag and portland cement were obtained and
documented in this report. These properties included particle size distribution by laser light
scattering and dry sieving, particle size and morphology by scanning electron microscopy, true,
aerated and tapped densities, chemical composition, rheological properties of the water based
slurries made from individual binder material, and volatility through thermogravimetric analysis
and differential thermal analysis.

The properties presented in this report also provide a baseline data set to assist in problem
solving efforts when or if unanticipated and/or unwanted processing events occur at the Saltstone
Processing Facility.
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1.0 INTRODUCTION AND BACKGROUND

1.1 Objective of Characterization Study

The task was performed in order to characterize and document the chemical and physical
properties of Type Il portland cement, Class F fly ash and ground granulated blast furnace slag
obtained in 2005 from the approved suppliers of these premix materials for the Saltstone
Processing Facility (SPF). The objective was to provide a documented set of chemical and
physical properties for each of the premix materials that can be used as the baseline properties to
which all new batches of these materials can be compared.

This process provides the baseline data to (1) assess the typical batch-to-batch variability of these
materials as new batches are received and (2) facilitate problem solving in the event of
unexpected or undesirable processing results or conditions at Saltstone Processing Facility.

This work is part of a Technical Task Request (TTR) entitled “Scoping Studies for Development
of Saltstone Variability Study” [1]. The initial report from this TTR has been issued [2].

1.2 Background

Specifications for fly ash, slag and portland cement (currently in revision) for use at the SPF
provide a significant latitude in the acceptable range of both chemical and physical properties of
these premix materials. The specifications are based mainly on ASTM Standards for blast
furnace slag (ASTM C 989), class F fly ash (ASTM C 18) and portland cement (ASTM C 150).

The properties of the fly ash, slag and portland cement impact the processing and performance
properties of Saltstone. From a processing perspective, the properties that are affected by the
nature of the premix materials include the following:
Flowability in the silos
Wetting (mixing) with fluid waste stream (Tank 50) in the READCO mixer
Pressure drop and flow rate in piping
Flowability in vault
Bleed water
Gel Time
Set Time
e Temperature rise
From a performance perspective, the fly ash, slag and cement impact the following properties:
e Leachability
Redox Level
Permeability
Diffusivity
Durability
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2.0 EXPERIMENTAL

This section details the characterization methods used for obtaining the chemical and physical
properties for the fly ash, cement and slag. Two Batches of premix materials were analyzed in
this study. They are referred to as Batch 1 (old) which was received in April of 2005 and Batch
2 (new) which was received in September of 2005. The work was performed at ACTL, the
Process Science Analytical Laboratory, and in SRNL.

Particle Size Distribution — Laser Light Scattering. These data were obtained by the
Analytical Section of Savannah River National Laboratory (SRNL) using a Microtrac S3000
particle size analyzer. In all cases, the materials were dispersed in deionized water for
measurements. The reported data is an average of three separate runs.

In this type of measurement, the amount of solids in the carrier fluid is less than 0.5 weight
percent to achieve sensitivity and avoidance of multiple light scattering effects. The analysis of
the measured data assumes that the particles are spherical and stored in volume bins (based on
micron size). The S3000 has a measuring range of 0.02 to 1408 microns. The number
distribution is calculated from the volumetric distribution. This data can be presented in both
volume and number distributions. The number distribution, mean volume, mean surface area
and mean number are calculated from the volumetric data. The equations used to determine these
values are shown in equations (2.1) and (2.2). If the densities of the solids are the same for all
particle sizes, then the volume distribution can be treated as a mass distribution.

6-V.
ni = 3
z-d
) 2.1
N. = —"—x100%

>

V.
ma(mean surface area) :L (2.2)

2. (Vi/di)
2 (v/e)

mn(mean number) = =———=

2(v/e)

where: V; = volume % in the i" bin
di = average bin diameter
ni = number of particles in the i" bin, given volume %
Ni = number % in the i" bin (data normalized)

mv(mean volume) =
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Particle Size Distribution — Dry Sieving. These measurements were performed using an ATM
Sonic Sifter which utilizes sieves that comply with ASTM standards. Approximately two grams
of material were placed on the top of the largest sized sieve and the instrument operated for five
minutes. In all cases the instrument was run in the sift/pulse mode with a pulse amplitude setting
of seven. The Sonic Sifter and the associated sequence of sieves, spacers and collectors used are
shown in Figure 2-1.

Placement Order Description
Top 250 um sieve
- Spacer
- 45 um sieve
- Spacer
- 20 um sieve
- Spacer
Fines

Bottom

Collector

ATM SONIC SIFTER

ATM Sonic Sifter Sieve Size and Placement
Figure 2-1 ATM Sonic Sifter and Sieves

Bulk and Tapped Powder Densities. The aerated and tapped densities were obtained using a
Quantachrome AT-2 Autotap shown in Figure 2-2. ASTM B527 describes the use of graduated
cylinders and the number of taps to obtain the tapped density. In this task, a 100 mL graduated
cylinder and 2000 taps were used. Approximately 80 mL of material was added to the graduated
cylinder, the cylinder covered with a piece of Parafilm, and the cylinder gently rocked back and
forth to aerate the powder. The initial volume and mass were recorded. The graduated cylinder
was then installed onto the AT-2 and processed. The final volume was then recorded. The
tapped density for each material was determined by dividing the mass by the tapped volume.
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Figure 2-2 Quantachrome AT-2 Autotap

Thermal Evaluation. A Netzsch STA 409 PC thermal analyzer was used to measure the mass
change with temperature (TGA) and the differential thermal analysis up to 1200 °C.

Rheology. A Haake RS600 or RS150 rheometer was used to obtain the flow curve for each of

the slurries. After mixing was complete, a sample was poured directly from the mix vessel into
the rheology cup and sent for rheology. The flow curve covered the shear rate range from 0 to

300 sec™ at a measurement temperature of 25°C.

The details of the rheological measurements are provided in a report by Hansen and Langton [3].
Chemical Composition. These measurements were made at the Process Science Analytical

Laboratory and involved dissolution of the powders and subsequent analysis by lon
Chromatography (IC) and Inductively Coupled Plasma Emission Spectroscopy (ICPES).
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3.0 RESULTS OF THE CHARACTERIZATION STUDY

This section presents the results of the physical and chemical characterization and analyses of fly
ash, portland cement and blast furnace slag.

3.1 Physical Appearance

The physical appearance of each of the materials provides a visual baseline to which future
batches may be compared. Figure 3-1 provides a side-by-side comparison of the three Saltstone
binder materials, slag, portland cement and fly ash. The blast furnace slag is a dull white color
while portland cement and fly ash are gray colored. Portland cement particles are a darker gray
than the fly ash powder.

R

Blast Furnace Slag Portland Cement Class F Fly Ash

Figure 3-1 Photographs of slag, cement and fly ash obtained through the Saltstone Vendor

3.2 Electron Microscopy

The SEM micrographs for the binder materials are presented in Figures 3-2, 3-3 and 3-4. Both
the slag and portland cement are products of grinding and therefore are irregular in shape and
look somewhat alike in the micrographs (Figures 3-2 and 3-4). The fly ash, on the other hand, is
formed in the combustion process at the coal burning power plant which generates mainly
spherical particles. All the micrographs show that many small particles (< 1 micron) are present
in all the powders.
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Figure 3-4 SEM micrographs of portland cement (Batch 2) at two different magnifications.
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3.3 Particle Size Distribution - Laser Light Scattering

The particle size distributions (PSDs) of the premix powders in deionized water were obtained
by laser light scattering. Due to the hydraulic nature of portland cement, these materials were
placed into the deionized water, dispersed and then immediately measured. Organic solvent
carrier fluids have been used by others (outside SRNL) to disperse the portland cement.
However, the resulting PSDs obtained using deionized water as the carrier fluid are typical of
literature values. The mean diameter volume, medium diameter volume and mean diameter
number are summarized in Table 3-1.

Table 3-1 Mean diameters based on volume and number distributions for Batch 1 and Batch 2
slag, fly ash, and portland cement.

Material Volume Diameter (microns) | Number Diameter (microns)
Mean Median Mean Median

Slag Batch 1 8.80 6.74 0.63 0.52
Batch 2 9.10 7.83 0.73 0.58
Fly Ash Batch 1 47.60 30.2 0.67 0.53
Batch 2 37.70 29.5 0.68 0.54
Portland Cement Batch 1 22.00 19.0 0.66 0.46
Batch 2 24.90 20.5 0.59 0.47

The particle size distributions (PSD) on both a volume and number basis are presented in Figures
3-5 through 3-10 for fly ash, slag and portland cement.

These results indicate that many fine particles (< 1 micron) are present in all three powders.
However, these smaller particles contribute little to the overall mass and volume of the powders.
This results in a significant difference between the volume distribution and the number
distribution consistent with equations (2.1) and (2.2). The fly ash has the highest percentage of
large particles whereas the slag has the lowest percentage of large particles.
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Size % % Size % % Size % % Size % % Size % % Size % %
(um) Pass Chan | (um) Pass Chan | (um) Pass | Chan (nm) Pass Chan | (um) Pass Chan | (um) Pass | Chan
1408 | 100.00 0.03 | 31.11 | 50.99 5.63 | 0.688 | 1.06 0.40 1408 | 100.00 0.00 | 31.11 | 51.81 5.71 | 0.688 | 1.05 0.40
1184 99.97 0.04 | 26.16 | 45.36 5.54 | 0.578 | 0.66 0.31 1184 | 100.00 0.00 | 26.16 | 46.10 5.78 | 0.578 | 0.65 0.31
995.6 99.93 0.07 | 22.00 | 39.82 545 | 0486 | 0.35 0.22 995.6 | 100.00 0.00 | 22.00 | 40.32 5.74 ] 0486 | 0.34 0.21
837.2 99.86 0.08 | 18.50 | 34.37 5.15 | 0.409 | 0.13 0.13 837.2 | 100.00 0.00 | 18.50 | 34.58 532 | 0.409 | 0.13 0.13
704.0 99.78 0.09 | 15.56 | 29.22 459 | 0.344 | 0.00 0.00 704.0 | 100.00 0.00 | 1556 | 29.26 459 | 0.344 | 0.00 0.00
592.0 99.69 0.10 | 13.08 | 24.63 3.92 | 0.289 | 0.00 0.00 592.0 | 100.00 0.00 | 13.08 | 24.67 3.81 | 0.289 | 0.00 0.00
497.8 99.59 0.14 | 11.00 | 20.71 3.27 | 0.243 | 0.00 0.00 497.8 | 100.00 0.00 | 11.00 | 20.86 3.15 | 0.243 | 0.00 0.00
418.6 99.45 0.19 | 9.250 | 17.44 2.71 | 0.204 | 0.00 0.00 418.6 | 100.00 0.00 | 9.250 | 17.71 2.61 | 0.204 | 0.00 0.00
352.0 99.26 0.27 | 0.778 | 14.73 223 | 0.172 | 0.00 0.00 352.0 | 100.00 0.02 | 0.778 | 15.10 2.16 | 0.172 | 0.00 0.00
296.0 98.99 0.39 | 6.541 | 12,50 1.81 | 0.145 | 0.00 0.00 296.0 99.98 0.06 | 6541 | 12,94 1.76 | 0.145 | 0.00 0.00
248.9 98.60 0.57 | 5.500 | 10.69 1.46 | 0.122 | 0.00 0.00 248.9 99.92 0.10 | 5500 | 11.18 143 | 0.122 | 0.00 0.00
208.3 98.03 0.85 | 4.625 9.23 1.18 | 0.102 | 0.00 0.00 208.3 99.82 0.19 | 4.625 9.75 1.18 | 0.102 | 0.00 0.00
176.0 97.18 1.30 | 3.889 8.05 0.99 | 0.086 | 0.00 0.00 176.0 99.63 0.41 | 3.889 8.57 1.01 | 0.086 | 0.00 0.00
148.0 95.88 1.96 | 3.270 7.06 0.86 | 0.072 | 0.00 0.00 148.0 99.22 0.87 | 3.270 7.56 0.91 | 0.072 | 0.00 0.00
1245 93.92 2.82 | 2.750 6.20 0.78 | 0.061 | 0.00 0.00 124.5 98.35 1.79 | 2.750 6.65 0.86 | 0.061 | 0.00 0.00
104.7 91.10 3.79 | 2.312 5.42 0.74 | 0.051 | 0.00 0.00 104.7 96.56 3.36 | 2.312 5.79 0.83 | 0.051 | 0.00 0.00
88.00 87.31 483 | 1.945 4.68 0.71 | 0.043 | 0.00 0.00 88.00 93.20 5.46 | 1.945 4.96 0.80 | 0.043 | 0.00 0.00
74.00 82.48 5.85 | 1.635 3.97 0.68 | 0.036 | 0.00 0.00 74.00 87.74 741 | 1.635 4,16 0.76 | 0.036 | 0.00 0.00
62.23 76.63 6.58 | 1.375 3.29 0.64 | 0.030 | 0.00 0.00 62.23 80.33 8.21 | 1.375 3.40 0.70 § 0.030 | 0.00 0.00
52.33 70.05 6.75 | 1.156 2.65 0.59 | 0.026 | 0.00 0.00 52.33 72.12 7.70 | 1.156 2.70 0.63 | 0.026 | 0.00 0.00
44.00 63.30 6.39 | 0.972 2.06 0.53 44.00 64.42 6.67 | 0.972 2.07 0.55
37.00 56.91 5.92 | 0.818 1.53 0.47 37.00 57.75 5.94 | 0.818 1.52 0.47

Fly Ash Batch 1 — Volume Distribution

Fly Ash Batch 2 — Volume Distribution

Figure 3-5 PSD (volume based) for Batch 1 and Batch 2 Fly Ash
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704.0 | 100.00 | 0.00 | 1556 | 99.98 | 0.01 | 0.344 | 0.00 | 0.00 704.0 | 100.00 | 0.00 | 1556 | 99.98 | 0.01 | 0.344 | 0.00 | 0.00
592.0 | 100.00 | 0.00 | 13.08 | 99.97 | 0.02 | 0289 | 0.00 | 0.00 592.0 | 100.00 | 0.00 | 13.08 | 99.97 | 0.02 | 0.289 | 0.00 | 0.00
497.8 | 100.00 | 0.00 | 11.00 | 99.95 | 0.03 | 0.243 | 0.00 | 0.00 497.8 | 100.00 | 0.00 | 11.00 | 99.95 | 0.03 | 0.243 | 0.00 | 0.00
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352.0 | 100.00 | 0.00 | 7.778 | 99.88 | 0.05 | 0.172 | 0.00 | 0.00 352.0 | 100.00 | 0.00 | 7.778 | 99.88 | 0.05 | 0.172 | 0.00 | 0.00
296.0 | 100.00 | 0.00 | 6,541 | 99.83 | 0.07 | 0.145 | 0.00 | 0.00 296.0 | 100.00 | 0.00 | 6,541 | 99.83 | 0.07 | 0.145 | 0.00 | 0.00
248.9 | 100.00 | 0.00 | 5500 | 99.76 | 0.10 | 0.122 | 0.00 | 0.00 248.9 | 100.00 | 0.00 | 5500 | 99.76 | 0.09 | 0.122 | 0.00 | 0.00
208.3 | 100.00 | 0.00 | 4625 | 99.66 | 0.3 | 0.102 | 0.00 | 0.00 208.3 | 100.00 | 0.00 | 4625 | 99.67 | 0.3 | 0.102 | 0.00 | 0.00
176.0 | 100.00 | 0.00 | 3.889 | 9953 | 0.18 | 0.086 | 0.00 | 0.00 176.0 | 100.00 | 0.00 | 3.889 | 9954 | 0.19 | 0.086 | 0.00 | 0.00
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74.00 | 100.00 | 0.00 | 1.635 | 96.96 | 1.70 | 0.036 | 0.00 | 0.00 74.00 | 100.00 | 0.00 | 1.635 | 96.70 | 1.90 | 0.036 | 0.00 | 0.00
62.23 | 100.00 | 000 | 1.375 | 95.26 | 2.69 | 0.030 | 0.00 | 0.00 62.23 | 100.00 | 0.00 | 1.375 | 94.80 | 2.93 | 0.030 | 0.00 | 0.00
52.33 | 100.00 | 0.00 | 1.156 | 9257 | 4.18 | 0.026 | 0.00 | 0.00 52.33 | 100.00 | 0.00 | 1.156 | 91.87 | 4.45 | 0.026 | 0.00 | 0.00
44.00 | 100.00 | 0.00 | 0.972 | 88.39 | 6.29 44.00 | 100.00 | 0.00 | 0.972 | 87.42 | 651
37.00 | 100.00 | 0.00 | 0.818 | 82.10 | 9.39 37.00 | 100.00 | 0.00 | 0.818 | 80.91 | 9.36
Fly Ash Batch 1 — Number Distribution Fly Ash Batch 2 — Number Distribution

Figure 3-6 PSD (number based) for Batch 1 and Batch 2 Fly Ash
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Size % % Size % % Size % % Size % % Size % % Size % %
(um) | Pass Chan | (um) | Pass Chan | (um) | Pass | Chan (um) | Pass Chan | (um) | Pass Chan | (um) | Pass | Chan
1408 | 100.00 0.00 | 31.11 | 98.32 1.72 | 0.688 | 5.26 2.02 1408 | 100.00 0.00 ] 31.11 | 99.62 1.18 | 0.688 | 3.14 1.40
1184 | 100.00 0.00 | 26.16 | 96.60 294 | 0578 | 3.24 1.67 1184 | 100.00 0.00 | 26.16 | 98.44 299 | 0578 | 1.74 1.01
995.6 | 100.00 0.00 | 22.00 | 93.66 448 ] 0486 | 1.57 1.00 995.6 | 100.00 0.00 ] 22.00 | 95.45 5.65 | 0.486 | 0.73 0.53
837.2 | 100.00 0.00 | 1850 | 89.18 596 | 0.409 | 0.57 0.42 837.2 | 100.00 0.00 ] 18.50 | 89.80 8.06 | 0.409 | 0.20 0.20
704.0 | 100.00 0.00 | 1556 | 83.22 6.95 | 0.344 | 0.15 0.15 704.0 | 100.00 0.00 § 15.56 | 81.74 9.04 § 0.344 | 0.00 0.00
592.0 | 100.00 0.00 | 13.08 | 76.27 7.28 | 0.289 | 0.00 0.00 592.0 | 100.00 0.00 ] 13.08 | 72.70 8.57 ] 0.289 | 0.00 0.00
497.8 | 100.00 0.00 | 11.00 | 68.99 7.10 | 0.243 | 0.00 0.00 497.8 | 100.00 0.00 ] 11.00 | 64.13 7.61 | 0.243 | 0.00 0.00
418.6 | 100.00 0.00 | 9.250 | 61.89 6.69 | 0.204 | 0.00 0.00 418.6 | 100.00 0.00 ] 9.250 | 56.52 6.77 | 0.204 | 0.00 0.00
352.0 | 100.00 0.00 | 7.778 | 55.20 6.20 | 0.172 | 0.00 0.00 352.0 | 100.00 0.00 | 7.778 | 49.75 6.13 | 0.172 | 0.00 0.00
296.0 | 100.00 0.00 | 6.541 | 49.00 5.67 | 0.145 | 0.00 0.00 296.0 | 100.00 0.00 | 6.541 | 43.62 5.53 | 0.145 | 0.00 0.00
248.9 | 100.00 0.00 ] 5500 | 43.33 5.12 | 0.122 | 0.00 0.00 248.9 | 100.00 0.00 ] 5.500 | 38.09 4.87 ] 0.122 | 0.00 0.00
208.3 | 100.00 0.00 | 4.625 | 38.21 4.61 ]| 0.102 | 0.00 0.00 208.3 | 100.00 0.00 ] 4.625 | 33.22 4.20 | 0.102 | 0.00 0.00
176.0 | 100.00 0.00 | 3.889 | 33.60 4.17 ] 0.086 | 0.00 0.00 176.0 | 100.00 0.00 § 3.889 | 29.02 3.65 | 0.086 | 0.00 0.00
148.0 | 100.00 0.00 | 3.270 | 29.43 3.77 | 0.072 | 0.00 0.00 148.0 | 100.00 0.00 ] 3.270 | 25.37 3.27 ] 0.072 | 0.00 0.00
124.5 | 100.00 0.00 | 2.750 | 25.66 3.40 | 0.061 | 0.00 0.00 124.5 | 100.00 0.00 ] 2.750 | 22.10 3.03 | 0.061 | 0.00 0.00
104.7 | 100.00 0.00 | 2.312 | 22.26 3.06 | 0.051 | 0.00 0.00 104.7 | 100.00 0.00 | 2.312 | 19.07 2.87 | 0.051 | 0.00 0.00
88.00 | 100.00 0.00 | 1.945 | 19.20 2.77 | 0.043 | 0.00 0.00 88.00 | 100.00 0.00 ] 1.945 | 16.20 2.71 | 0.043 | 0.00 0.00
74.00 | 100.00 0.02 | 1.635 | 1643 253 | 0.036 | 0.00 0.00 74.00 | 100.00 0.00 § 1.635 | 13.49 253 | 0.036 | 0.00 0.00
62.23 99.98 0.10 | 1.375 | 13.90 2.33 | 0.030 | 0.00 0.00 62.23 | 100.00 0.00 | 1.375 | 10.96 2.30 | 0.030 | 0.00 0.00
52.33 99.88 0.21 | 1.156 | 11.57 2.17 | 0.026 | 0.00 0.00 52.33 | 100.00 0.00 | 1.156 8.66 2.05 | 0.026 | 0.00 0.00
44.00 99.67 0.44 | 0.972 9.40 2.07 44.00 | 100.00 0.05 § 0.972 6.61 1.83
37.00 99.23 0.91 | 0.818 7.33 2.07 37.00 99.95 0.33 ] 0.818 4.78 1.64

Slag Batch 1 — Volume Distribution

Slag Batch 2 — Volume Distribution

Figure 3-7 PSD (volume based) for Batch 1 and Batch 2 Blast Furnace Slag
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Size (microns)
Size % % Size % % Size % % . % % . % % . % %
Pass Chan Pass Chan Pass Chan Size Pass Chan | Size Pass Chan | Size Pass Chan
1408 100.00 0.00 31.11 100.00 0.00 | 0.688 76.95 14.35 1408 100.00 0.00 | 31.11 100.00 0.00 | 0.688 | 66.00 | 16.68
1184 | 100.00 | 0.00 | 26.16 | 100.00 | 0.00 | 0578 | 62.60 | 19.92 1184 | 100.00 | 0.00 | 26.16 | 100.00 | 0.00 | 0.578 | 49.32 | 20.22
995.6 | 100.00 | 0.00 | 22.00 | 100.00 | 0.00 | 0.486 | 42.68 | 20.02 995.6 | 100.00 | 0.00 | 22.00 | 100.00 | 0.00 | 0.486 | 29.10 | 17.80
837.2 | 100.00 | 0.00 | 1850 | 100.00 | 0.00 | 0.409 | 22.66 | 14.14 837.2 | 100.00 | 0.00 | 1850 | 100.00 | 0.00 | 0.409 | 11.30 | 11.30
704.0 | 100.00 | 0.00 | 1556 | 100.00 | 0.00 | 0.344 | 852 | 852 704.0 | 100.00 | 0.00 | 1556 | 100.00 | 0.01 | 0.344 | 0.0 | 0.00
592.0 | 100.00 0.00 13.08 100.00 0.01 | 0.289 0.00 0.00 592.0 100.00 0.00 13.08 99.99 0.01 | 0.289 0.00 0.00
497.8 | 100.00 | 0.00 | 11.00 | 99.99 | 0.01 | 0243 | 0.00 | 0.00 497.8 | 100.00 | 0.00 | 11.00 | 99.98 | 0.02 | 0.243 | 0.00 | 0.00
418.6 | 100.00 | 0.00 | 9.250 | 99.98 | 0.02 | 0.204 | 0.00 | 0.00 418.6 | 100.00 | 0.00 | 9.250 | 99.96 | 0.3 | 0.204 | 0.0 | 0.00
352.0 | 100.00 | 0.00 | 7.778 | 99.96 | 0.03 | 0.172 | 0.00 | 0.00 352.0 | 100.00 | 0.00 | 7.778 | 99.93 | 0.05 | 0.172 | 0.00 | 0.00
296.0 | 100.00 | 0.00 | 6541 | 99.93 | 0.05 | 0.145 | 0.00 | 0.00 296.0 | 100.00 | 0.00 | 6541 | 99.88 | 0.08 | 0.145 | 0.00 | 0.00
248.9 100.00 0.00 5.500 99.88 0.07 | 0.122 0.00 0.00 248.9 100.00 0.00 | 5.500 99.80 0.11 | 0.122 0.00 0.00
208.3 | 100.00 | 0.00 | 4.625 | 99.81 | 0.1 | 0.102 | 0.00 | 0.00 208.3 | 100.00 | 0.00 | 4625 | 99.69 | 0.16 | 0.102 | 0.00 | 0.00
176.0 | 100.00 | 0.00 | 3.889 | 99.70 | 0.16 | 0.086 | 0.00 | 0.00 176.0 | 100.00 | 0.00 | 3.889 | 9953 | 0.24 | 0.086 | 0.00 | 0.00
148.0 | 100.00 0.00 3.270 99.54 0.25 | 0.072 0.00 0.00 148.0 100.00 0.00 | 3.270 99.29 0.36 | 0.072 0.00 0.00
1245 | 100.00 | 0.00 | 2.750 | 99.29 | 0.38 | 0.061 | 0.00 | 0.00 1245 | 100.00 | 0.00 | 2.750 | 98.93 | 0.56 | 0.061 | 0.00 | 0.00
104.7 | 100.00 | 0.00 | 2.312 | 9891 | 057 | 0.051 | 0.00 | 0.00 104.7 | 100.00 | 0.00 | 2.312 | 9837 | 0090 | 0.051 | 0.00 | 0.00
88.00 | 100.00 | 0.00 | 1.945 | 98.34 | 0.87 | 0043 | 0.00 | 0.00 88.00 | 100.00 | 0.00 | 1.945 | 97.47 | 1.42 | 0043 | 0.00 | 0.00
74.00 | 100.00 | 0.00 | 1.635 | 97.47 | 1.33 | 0.036 | 0.00 | 0.00 74.00 | 100.00 | 0.00 | 1.635 | 96.05 | 2.24 | 0.036 | 0.00 | 0.00
62.23 100.00 0.00 1.375 96.14 2.06 | 0.030 0.00 0.00 62.23 100.00 0.00 1.375 93.81 3.42 | 0.030 0.00 0.00
52.33 | 100.00 | 0.00 | 1.156 | 94.08 | 3.24 | 0.026 | 0.00 | 0.00 52.33 | 100.00 | 0.00 | 1.156 | 90.39 | 5.13 | 0.026 | 0.00 | 0.00
44.00 | 100.00 | 0.00 | 0.972 | 90.84 | 518 4400 | 100.00 | 0.00 | 0.972 | 8526 | 7.68
37.00 | 100.00 0.00 0.818 85.66 8.71 37.00 100.00 0.00 | 0.818 77.58 11.58
Slag Batch 1 — Number Distribution Slag Batch 2 — Number Distribution

Figure 3-8 PSD (number based) for Batch 1 and Batch 2 blast furnace slag
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Size (microns)

o J
Size % % Size % % Size % % Size % % Size % % Size % %
(um) Pass Chan | (um) Pass Chan | (um) Pass | Chan (nm) Pass Chan | (um) Pass Chan | (um) Pass | Chan
1408 | 100.00 | 0.00 | 31.11 | 76.09 | 9.48 | 0.688 | 1.68 | 0.53 1408 | 100.00 | 0.00 | 31.11 | 73.48 | 10.11 | 0.688 | 1.27 | 0.40
1184 | 100.00 | 0.00 | 26.16 | 66.61 | 9.45 | 0578 | 1.156 | 0.47 1184 | 100.00 | 0.00 | 26.16 | 63.37 | 9.66 | 0578 | 0.87 | 0.36
9956 | 100.00 | 0.00 | 22.00 | 57.16 | 8.47 | 0486 | 0.68 | 0.34 9956 | 100.00 | 0.00 | 22.00 | 53.71 | 8.71 | 0486 | 051 | 0.27
837.2 | 100.00 | 0.00 | 1850 | 48.69 | 7.10 | 0.409 | 0.34 | 0.22 837.2 | 100.00 | 0.01 | 1850 | 4500 | 7.65 | 0.409 | 0.24 | 0.17
704.0 | 100.00 | 0.02 | 1556 | 4159 | 5.91 | 0.344 [ 0.12 | 0.2 704.0 | 99.99 | 0.02 | 1556 | 37.35 | 659 | 0.344 [ 0.07 | 0.07
592.0 | 99.98 | 0.04 | 13.08 | 3568 | 5.10 | 0.289 | 0.00 | 0.00 592.0 | 99.97 | 0.03 | 13.08 | 30.76 | 558 | 0.289 | 0.00 | 0.00
497.8 | 99.94 | 0.06 | 11.00 | 3058 | 4.62 | 0.243 | 0.00 | 0.00 4978 | 99.94 | 005 | 11.00 | 2518 | 4.65 | 0.243 | 0.00 | 0.00
4186 | 99.88 | 0.06 | 9.250 | 2596 | 4.28 | 0.204 | 0.00 | 0.00 4186 | 99.89 | 0.06 | 9.250 | 2053 | 3.82 | 0.204 | 0.00 | 0.00
352.0 | 99.82 | 0.06 | 7.778 | 21.68 | 3.83 | 0.172 | 0.00 | 0.00 352.0 | 99.83 | 0.06 | 7.778 | 1671 | 3.05 | 0.172 | 0.00 | 0.00
296.0 | 99.76 | 0.07 | 6541 | 17.85 | 3.20 | 0.145 [ 0.00 | 0.00 296.0 | 99.77 | 007 | 6541 | 1366 | 2.39 | 0.145 | 0.00 | 0.00
2489 | 99.69 | 0.08 | 5500 | 14.65 | 2.50 | 0.122 | 0.00 | 0.00 2489 | 99.70 | 0.08 | 5500 | 11.27 | 1.83 | 0.122 | 0.00 | 0.00
2083 | 99.61 | 0.10 | 4625 | 12.15 | 1.91 | 0.102 | 0.00 | 0.00 2083 | 99.62 | 011 | 4625 | 944 | 142 | 0102 | 0.00 | 0.00
1760 | 9951 | 0.13 | 3.889 | 10.24 | 1.50 | 0.086 | 0.00 | 0.00 1760 | 9951 | 0.5 | 3889 | 8.02 | 1.13 ] 0.086 | 0.00 | 0.00
1480 | 9938 | 0.19 | 3270 | 874 | 1.23 | 0.072 | 0.00 | 0.00 1480 | 99.36 | 0.20 | 3270 | 6.89 | 0.94 | 0.072 | 0.00 | 0.00
1245 | 9919 | 028 | 2750 | 751 | 1.05 | 0.061 | 0.00 | 0.00 1245 | 99.16 | 0.28 | 2750 | 595 | 0.82 | 0.061 | 0.00 | 0.00
1047 | 9891 | 045 | 2312 | 6.46 | 0.91 | 0.051 | 0.00 | 0.00 1047 | 9888 | 039 | 2312 | 513 | 0.73 | 0.051 | 0.00 | 0.00
88.00 | 9846 | 0.75 | 1.945 | 555 | 0.80 | 0.043 | 0.00 | 0.00 88.00 | 9849 | 063 | 1.945 | 4.40 | 0.66 | 0.043 | 0.00 | 0.00
74.00 | 9770 | 1.30 | 1.635 | 475 | 0.71 | 0.036 | 0.00 | 0.00 74.00 | 97.86 | 1.17 | 1.635 | 374 | 059 | 0.036 | 0.00 | 0.00
62.23 | 9641 | 2.28 | 1.375 | 4.04 | 0.64 | 0.030 | 0.00 | 0.00 62.23 | 96.69 | 2.33 | 1.375 | 3.5 | 0.53 | 0.030 | 0.00 | 0.00
5233 | 9413 | 3.86 | 1.156 | 3.40 | 0.60 | 0.026 | 0.00 | 0.00 5233 | 9436 | 443 | 1.156 | 262 | 0.48 | 0.026 | 0.00 | 0.00
4400 | 90.27 | 6.01 | 0972 | 2.80 | 057 4400 | 89.93 | 714 J 0972 | 214 | 044
37.00 | 8426 | 8.17 | 0818 | 223 | 055 37.00 | 8279 | 931 | 0818 | 1.70 | 0.43

Portland Cement Batch 1 — VVolume Distribution

Portland Cement Batch 2 — VVolume Distribution

Figure 3-9 PSD (volume based) for Batch 1 and Batch 2 Portland Cement.
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Size (microns)
N\ %
Size % % Size % % Size % % % % % % % %
Pass Chan Pass Chan Pass Chan Size Pass Chan | Size Pass Chan | Size Pass Chan
1408 | 100.00 | 0.00 | 31.11 | 100.00 | 0.00 |} 0.688 | 82.60 | 10.22 1408 | 100.00 0.00 | 31.11 | 100.00 0.00 | 0.688 | 81.43 | 10.40
1184 | 100.00 | 0.00 | 26.16 | 100.00 | 0.00 | 0.578 | 72.38 | 15.23 1184 | 100.00 0.00 | 26.16 | 100.00 0.00 | 0578 | 71.03 | 15.72
995.6 | 100.00 | 0.00 | 22.00 | 100.00 | 0.00 J 0.486 | 57.15 | 18.49 995.6 | 100.00 0.00 | 22.00 | 100.00 0.01 ]| 0.486 | 55.31 | 19.78
837.2 | 100.00 | 0.00 ] 1850 | 100.00 | 0.01 | 0.409 | 38.66 | 20.14 837.2 | 100.00 0.00 | 18.50 99.99 0.01 | 0.409 | 35.53 | 20.97
704.0 | 100.00 0.00 15.56 99.99 0.01 0.344 | 18.52 | 18.52 704.0 | 100.00 0.00 | 15.56 99.98 0.01 | 0.344 | 1456 | 14.56
592.0 | 100.00 | 0.00 | 13.08 | 99.98 0.01 ] 0.289 | 0.00 0.00 592.0 | 100.00 0.00 | 13.08 99.97 0.02 | 0.289 0.00 0.00
497.8 | 100.00 | 0.00 | 11.00 | 99.97 0.02 ] 0.243 | 0.00 0.00 497.8 | 100.00 0.00 | 11.00 99.95 0.03 | 0.243 0.00 0.00
418.6 | 100.00 0.00 9.250 99.95 0.03 0.204 0.00 0.00 418.6 | 100.00 0.00 | 9.250 99.92 0.04 | 0.204 0.00 0.00
352.0 | 100.00 | 0.00 | 7.778 | 99.92 0.05 | 0.172 | 0.00 0.00 352.0 | 100.00 0.00 | 7.778 99.88 0.05 | 0.172 0.00 0.00
296.0 | 100.00 | 0.00 | 6.541 | 99.87 0.07 ] 0.145 | 0.00 0.00 296.0 | 100.00 0.00 | 6.541 99.83 0.07 | 0.145 0.00 0.00
248.9 | 100.00 | 0.00 | 5.500 | 99.80 0.09 ] 0.122 | 0.00 0.00 248.9 | 100.00 0.00 | 5.500 99.76 0.09 | 0.122 0.00 0.00
208.3 | 100.00 | 0.00 | 4.625 | 99.71 0.12 ] 0.102 | 0.00 0.00 208.3 | 100.00 0.00 | 4.625 99.67 0.12 | 0.102 0.00 0.00
176.0 | 100.00 0.00 3.889 99.59 0.16 0.086 0.00 0.00 176.0 | 100.00 0.00 | 3.889 99.55 0.16 | 0.086 0.00 0.00
148.0 | 100.00 | 0.00 | 3.270 | 99.43 0.22 ] 0.072 | 0.00 0.00 148.0 | 100.00 0.00 | 3.270 99.39 0.23 | 0.072 0.00 0.00
1245 | 100.00 | 0.00 | 2.750 | 99.21 0.32 ] 0.061 | 0.00 0.00 1245 | 100.00 0.00 | 2.750 99.16 0.33 | 0.061 0.00 0.00
104.7 | 100.00 | 0.00 | 2.312 | 98.89 0.46 ] 0.051 | 0.00 0.00 104.7 | 100.00 0.00 | 2.312 98.83 0.50 | 0.051 0.00 0.00
88.00 | 100.00 | 0.00 | 1.945 | 9843 0.68 ] 0.043 | 0.00 0.00 88.00 | 100.00 0.00 | 1.945 98.33 0.76 | 0.043 0.00 0.00
74.00 | 100.00 0.00 1.635 97.75 1.02 0.036 0.00 0.00 74.00 | 100.00 0.00 | 1.635 97.57 1.14 | 0.036 0.00 0.00
62.23 | 100.00 | 0.00 | 1.375 | 96.73 1.54 | 0.030 | 0.00 0.00 62.23 | 100.00 0.00 | 1.375 96.43 1.72 ] 0.030 0.00 0.00
52.33 | 100.00 | 0.00 | 1.156 | 95.19 2.43 ] 0.026 | 0.00 0.00 52.33 | 100.00 0.00 | 1.156 94.71 2.62 | 0.026 0.00 0.00
44.00 | 100.00 0.00 0.972 92.76 3.87 44.00 | 100.00 0.00 | 0.972 92.09 4.03
37.00 | 100.00 | 0.00 | 0.818 | 88.89 6.29 37.00 | 100.00 0.00 | 0.818 88.06 6.63

Portland Cement Batch 1 — Number Distribution

Portland Cement Batch 2 — Number Distribution

Figure 3-10 PSD (number based) for Batch 1 and Batch 2 Portland Cement
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3.4 Particle Size Distribution — Dry Sieving
The results from dry sieving of the premix materials are provided in Table 3-2.
Table 3-2 PSDs of slag, fly ash and cement using dry sieving
Batch 1 Batch 2
Material . . Weight Percent of Material . . Weight Percent of Material
Size (microns) Size (microns)
Run #1 Run #2 Run #1 Run #2
X > 250 26.20 27.88 X > 250 4.01 2.73
250 > x > 45 42.26 43.76 250 > x > 45 36.83 37.49
if 45> x> 20 26.06 22.78 45> x> 20 32.19 37.10
20 > x 4.42 4.91 20 > x 22.86 23.07
TOTALS 98.93 99.33 TOTALS 95.89 100.40
X > 250 1.38 0.93 X > 250 0.69 1.38
< 250 > x > 45 35.01 34.21 250 > x > 45 35.08 34.59
§ 45> x> 20 44.82 52.05 45> x > 20 33.33 31.45
L 20 > x 18.29 12.77 20 > x 29.57 31.99
TOTALS 99.51 99.95 TOTALS 98.67 99.41
X > 250 4.42 6.37 X > 250 30.36 29.68
=Bs 250 > x > 45 19.97 22.35 250 > x > 45 7.42 5.60
= % 45> x> 20 25.11 23.55 45> x> 20 18.75 19.03
g0 20 > x 50.07 47.35 20 > x 43.28 42.92
TOTALS 99.57 99.61 TOTALS 99.81 97.23

These results reflect a problem with dry sieving that is well-known. That is, the particles of
some of the materials were either pre-agglomerated or became agglomerated during the sieving
process and consequently do not pass through the sieves. Therefore, there were significant
differences in the amount of material retained by the 250 micron sieve for the two batches of slag
and Ordinary Portland Cement (OPC). This was not observed for fly ash.

Additional samples of slag and cement from both batches were obtained from different bottles
and characterized using the ATM sonic sifter (the original raw materials were subdivided when
received by placing them in 2-liter bottles that were then sealed). The results reconfirmed that
Batch 1 of the slag and Batch 2 of the OPC have a much higher quantity of particles in the 250
micron sieve than Batch 2 of the slag and Batch 1 of the OPC (there is, however, some scatter in
the results). The general reproducibility of this measurement demonstrates that there are
differences in the two batches that affect their tendency to agglomerate. The agglomerates
present on top of the 250 micron sieve were readily dispersed into smaller particles using a
spatula. Agglomerates were also evident on the 45 micron sieve.

This method provides a visualization of the different fractions of the particle size for the premix

materials which in turn can lead to the detection of extraneous or unexpected materials. For
example, the Batch 2 fly ash had black particles present in both the 250 and the 45 micron

14



WSRC-TR-2006-00067
Revision 0

screens. Placing a magnet close to the top surface of the sieves resulted in a transfer of the
magnetic particles to the pole of the magnet and the formation of magnetic alignment of these
particles on the pole surface. Placement of the magnet on the underside of the sieves allowed the
magnetic particles to be moved about on the top surface of the sieves. Batch 1 fly ash had
significantly less magnetic material as compared to Batch 2 fly ash. In both cases there were
some black particles that were not attracted to the magnet.

With the portland cement, one of the fractions had a different color than the other three fractions.
The fractions captured on the 250 and 45 micron sieves were light gray in color whereas the
particles on the 20 micron sieve were darker in appearance. The fines, which had passed through
the 20 micron sieve, were again light gray (see Figure 3-11). The chemical compositions of the
light gray fines and the darker 20 to 45 micron fraction were measured and are presented in
Table 3.3. The changes are relatively minor with the largest mass changes occurring with
calcium oxide and sulfate.

Figure 3-11 Photograph of the fractions of portland cement captured by the filters after dry
sieving
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Table 3-3 Chemical compositions of the two portland cement fractions obtained through dry
sieving

Oxides (Percentage)
Size AlLO, CaO Fe,03 K,O MgO Na,O P,Os SO, Sio,
X <20 um 5.5 64.61 351 0.62 121 0.15 0.24 3.2 20.36
20 um <x <45 um 5.43 67.06 3.32 0.44 1.23 0.13 0.25 2.07 20.09
Absolute Difference -0.06 -2.45 0.19 0.18 -0.02 0.02 0.01 1.13 0.27
% Difference (<20 mm) -1.12 -3.79 5.41 29.03 -1.65 13.33 4.17 35.31 1.33
3.5 Densities

Densities of the binder materials provide another means of characterization of the slag, cement
and fly ash. In this case the densities were determined for the dry particles. Although particle
(true) densities for the binder materials were not measured, typical values were obtained from the
literature and included in Table 3-4.

The aerated and tapped densities were measured for slag, cement and fly ash. Tapping deaerates
the powder, allowing the particles to compact within the graduated cylinder to produce a greater
density than that measured for the aerated materials. The ratio of the two densities
(tapped/aerated) is the Hausner Ratio, which provides an indication of the degree of compaction
that a dry powder can undergo in handling and storage. The fly ash batches are significantly
different. The fly ash tapped density of Batch 2 is much larger than that of Batch 1. The tapped
densities of the slag and cement are more consistent for Batch 1 and Batch 2. The aerated
densities have more variability, because the preparation of the materials may not aerate the
materials consistently.

Table 3-4 Particle, aerated and tapped densities of Batch 1 and Batch 2 binder materials.

o 3
Material Batch # . _ Densities (g/c.m ) . Haus_ner
Particle Density*| Aerated Density | Tapped Density Ratio
Class F Fly Ash 1 2.26 0.92 1.26 1.37
2 2.26 1.02 1.49 1.46
1 2.75 0.81 1.26 1.56
Blast F I
ast Furnace Slag 2 2.75 0.80 127 159
1 3.07 0.90 1.46 1.63
Portland Cement
2 3.07 1.00 1.45 1.45

*See e.g., Cement Chemistry by H. F. W. Taylor [5]

3.6 Chemical Compositions

The chemical compositions of the fly ash, cement and slag for both batches are presented in
Table 3-5. These data, obtained from both ICPES and IC can be used as the basis for
comparison with future batches of these materials. Carbon is an important volatile from fly ash
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and therefore, a volatiles contribution from carbon was added to the overall sum of oxides for fly
ash (See Section 3.7).

Table 3-5 Chemical compositions of the Batch 1 and Batch 2 fly ash, portland cement and slag

Oxide Fly Ash Portland Cement Slag
Batch 1 Batch 2 Batch 1 Batch 2 Batch 1 Batch 2

AlL,O3 28.6 28.6 5.4 5.2 8.4 6.6
CaO 0.7 0.6 64.9 63.0 385 35.0
Fe,03 6.0 5.6 3.7 3.8 0.4 0.3
K,0 2.6 2.5 0.5 0.7 0.3 0.5
MgO 0.9 0.8 1.2 1.2 12.9 13.1
Na,O 0.3 0.4 0.1 0.2 0.3 0.3
SO, 0.1 0.3 3.2 33 1.0 2.5
SiO, 54.2 56.8 20.5 20.3 37.9 40.4
TiO, 1.6 14 0.3 0.3 0.4 0.3
Volatiles 2.5 14 0.0 0.0 0.0 0.0
Total 97.5 98.4 99.8 98.0 100.1 99.0
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3.7 Thermal Evaluation

Thermogravimetric analysis detects not only the change in mass of a material as a function of
temperature but also identifies the temperature ranges over which significant mass changes
occur. This information can be useful as a fingerprint for the identification of each of the premix
materials. The outputs can therefore be used to compare batch-to-batch variation in the slag,
cement and fly ash. The ASTM Standards for premix materials also have limits on volatility of
these materials. In particular, water content and carbon, both of which can affect the properties
of Saltstone, are limited by the ASTM Standards.

The portland cement displayed a series of mass losses as shown in Figure 3.12. There were
differences in the magnitude of these changes between Batch 1 and 2 but the overall profiles
were equivalent. Mass loss for Batch 1 portland cement was ~1 wt% while Batch 2 had a mass
loss of ~ 1.5 wt%.

Thermal Analysis’ ACTL/PSE/SENL

TG %
100.0

\

Portland Cament Bortle #1 9-30-05

S S A P "
_‘__N
400 00 200 1000 1200
Temperane “C

SS07_33-11-2005 0941
Ismument NETZSCHSTA 409 PCPG Sampie: Earbour, 133.100 mg DTA-TG/ Sample + Comection
File: CEMO-30D5V B.aference 1]
DBroject: Thermal analy: Material Tlank DTATG crucible AI203
Identity: Partland Cement #1-0-30-03 Correction File: FLYI0BSV A el
DateTims: 117172005 1:54:30 PM Temp.Cal /Sens. Files TCALNULL.TCX / SENSNULL.EXX
Laboratory: ACTL, 134 Famge: 30010, 00(EL min) 1400.0
Opemtor: F. Eibling Sample Car. TC DTA(TG) HIGHRG3/S Pemark

Figure 3-12 The TGA curve for Batch 2 portland cement.
The ground granulated blast furnace slag exhibited a weight loss up to 700 °C and then went

through a weight gain that peaked at 1100 °C. Over the next 100 degree increase to 1200 °C the
slag underwent another mass loss. (Figure 3-13). The overall mass loss was ~ 2.1 wt%.
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Thermal Analysis' ACTL/PSE/SFML

TG %%

100.0 4

200 400 600 200 1000 1200
Temperamre ~C

SS07_13-11-205 1219
[osmmament: METZACH STA 209 BCPG Sample Harbour, 9. 700 mg Moda Type of Meas. CTA-TG/ Sample + Comection
File: SLAGR-30D5V Peferenca: Sepments: 111
Project: Thermal analysis Material: blank Cructble: DTATG crucible ALZO3
Identiny: 5lag Bon -3 Comection File: FLYIOBSV Ammosphera: ATED [l
DCate Tims: 1172172005 10:24:38 AM Temp. Cal./Sans. Files: TCALNULL TCX / SENSNULL EXX TG Comr M Bange E2030000 mg
Laboratory: ACTL, 134 Fange 30.0/10.00(EVnainy 1400.0 D5C Comr./M Range: 02075000 WV
Cperator: B Eibling Sample Car TC: DTA{TG) HIGERG 5/ 5 Remark

Figure 3-13 The TGA curve for Batch 2 ground granulated blast furnace slag.

Fly ash is of particular interest from a mass loss perspective due to the fact that carbon is
composited with the fly ash during its formation in the coal burning power plants. Class F fly
ash has a limit of 3 wt% moisture content and a maximum 6 wt% loss on ignition (LOI). This
latter requirement encompasses the amount of carbon that is allowed with Class F flay ash.

Figure 3-14 shows the TGA spectrum for fly ash obtained from Batch 2. The overall loss of only
~ 1.4 wt % readily meets the requirements of Class F fly ash. The differential thermal analysis
curve is also shown in Figure 3-12 in blue.

The TGA spectrum for Batch 1 was run twice and was quite reproducible. Overall the loss was

~ 3.0% with a contribution associated with carbon between 400 to 800 °C of ~ 2.5 %. In
contrast, the loss associated with carbon from Batch 2 was ~ 1.4 %.
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200 400 600 200 1000 1200
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Instrumant: MNETZSCH STA 2 FCPG Sample: Harbour, 115500 mg (Mods Type of Meas. DTA-TG / Sample + Comection
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Date Time: 11/23/2003 10:33:51 AM Temp.Cal.Sens. Files: TCALNULL TCX / SENSNULL EXX TG Corr./M Range 22030000 mg
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Figure 3-14 The TGA curve for Batch 2 fly ash.

3.8 Slurry Rheology of Individual Premix Materials

Slurry flowability is an important property of fresh Saltstone mixes. This flowability, as
reflected in rheological parameters, depends on each of the binder (premix) materials added to
the waste stream. For example, the yield stress and plastic viscosity of the slurry (at a fixed
temperature) produced by adding blast furnace slag to the salt waste stream are dependent on the
amount of slag added and on the slag’s physical and chemical properties.

An approach was taken to characterize the slag, cement and fly ash by measuring the rheological
properties (yield stress and plastic viscosity) of each binder material separately after its
introduction into a well-defined salt simulant. This approach provides unique information for
each binder and a method to track changes in the batches of binder materials as new batches are
received at Saltstone.

For this characterization method, the modular caustic side solvent extraction unit (MCU)
simulant [4] was chosen as the simulated salt waste stream. Each of the binders was tested
separately with water to binder ratio of 0.60 for slag and cement and 0.50 for fly ash. The results
are provided in Table 3.6.
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Table 3-6 Rheological data for slurries of fly ash, slag and cement in the MCU simulant

Material Mixer Speed Batch # Bingham Plastic Rheological Properties
(RPM) Yield Stress (Pa) | Plastic Viscosity (cP)
Not Measured 1 Not Measured Not Measured
Fly Ash
460 2 0.1 62.2
410 1 5.6 66.7
Slag
490 2 1.7 68.9
Portland Cement 950 1 19.2 124.6
820 2 11.5 90.2

The major change in rheological behavior between Batch 1 and 2 materials (excluding fly ash for
which only a very limited amount of Batch 1 material remains) was observed for the portland
cement. Batch 2 portland cement slurry shows a significantly lower yield stress and plastic
viscosity than the Batch 1 portland cement slurry. This is consistent with batches made during
the scoping study for the Saltstone variability study using all three premix materials
(45%/45%/10%) which showed a decrease in yield stress and plastic viscosity for Batch 2 based
mixes versus Batch 1 based mixes with all other parameters equal (Table 3-7). Another
interesting result in Table 3-6 is the fly ash, which has essentially no yield stress and can be
considered a Newtonian fluid.

Table 3-7 Rheological data as a function of old (Batch 1) and new (Batch 2) binder materials
using MCU simulant for a w/p ratio of 0.6

Portland . . . .
Fly Ash | Bingham Plastic Rheological Properties
Trail Run # Y8 - Cement ’ ’ _ P :
Batch# | Batch# | Batch# | Yield Stress (Pa) P'as“c((‘:;')scos”y
118 1 1 1 3.7 47.1
119 2 2 2 2.7 36.8
126 2 1 1 3.4 43.1
127 2 1 2 25 37.0
128 2 2 1 3.6 44.2
129 2 1 1 3.8 43.8
132 2 2 2 2.9 38.0
133 2 1 2 2.9 38.5
134 2 2 1 3.7 47.3
161 2 2 2 2.6 355
202 1 2 2 3.0 39.3
203 1 2 1 4.2 50.4
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4.0 DISCUSSION

Additional Measurement Techniques. The properties of fly ash, slag and cement presented in
Section 3.0 of this report comprise an overall and relatively broad baseline from which
comparisons to future batches can be made. There are however, additional characterization
techniques which could also provide useful properties to more completely characterize the
powders. At this stage, the approach is to move forward with the current suite of tests, and
depending on results from future batches, add additional testing when and if it is required. An
example of an additional testing method is X-ray diffraction (XRD), which in this case would
measure the degree of crystallinity in the slag and fly ash. Slag and fly ash are glass phase
materials, which are produced by rapid cooling with only a very small amount of mineral phases.
The XRD technique can quantify the percentage of crystallinity in slag and fly ash. Another
example is wet sieving of particles. The procurement specifications, which in turn reference
ASTM standards, require a minimum amount of fines above the 45 micron level by wet sieving
for slag and fly ash. This testing was excluded at this point because the particle size distributions
of slurries were already measured by laser light scattering and by dry sieving.

Reference Fresh and Cured Grout Properties. For this study, the underlying concern for
Saltstone production is the extent to which variations in the properties of fly ash, slag and cement
affect the fresh and cured properties of Saltstone. Therefore, as an integral part of this approach
when new batches of premix materials are received, slurries of grout will be produced to a fixed
recipe for several different simulant waste streams (Deliquification, Dissolution and Adjustment
(DDA) and MCU and selected fresh and cured properties measured. This will provide a first
indication if the new batches of premix materials significantly change the fresh or cured
properties of the grout. The initial report on the Variability Study [2] with grout provides these
reference recipes, the corresponding properties and the measurement uncertainties.

During the course of this study, two batches of fly ash, slag and portland cement were received
and tested. For a fixed recipe, substitution of Batch 2 materials for Batch 1 materials increased
the bleed water, decreased the yield stress and plastic viscosity, and increased the gel times.
Further analysis of these materials demonstrated that it was the new batch of portland cement
that was causing these changes.

Compliance with the Procurement Specifications.

At the time of writing this report, the procurement specifications for fly ash, slag and portland
cement are in the process of being revised. Based on the latest draft revision for these
specifications, the results of this Characterization Study can be used to determine, in those cases
where the techniques are appropriate, whether or not the Batch 1 and 2 materials comply with the
procurement specifications.
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Class F Flay Ash:

The procurement specifications require compliance with ASTM C-618-00 Specification which
includes: SiO, + Al,O3 + Fe;03 > 70 wt %; SO;3; < 5.0 wt %; Moisture content < 3 wt %; Loss
on Ignition < 6 wt %; and Fineness < 34 % retained on 45 micron sieve by wet sieving. The sum
of silica, alumina and iron oxide readily meet the > 70 wt % requirement and the sulfur oxide
meets the < 5.0 wt % requirement from analyses performed by the Process Science Analytical
Laboratory on both batches of materials. The TGA results show compliance of the fly ash with
the moisture content and loss on ignition requirements. The dry sieving gave the same results for
the amount retained on the 45 micron sieve for both batches of 35.8 wt %. The laser light
scattering results on a slurry of fly ash in water showed retention of 35.9 % by Batch 1 fly ash
and 34.7 % by Batch 2 fly ash. These results indicate that the fly ash batches may be marginally
non-compliant with the wet sieving requirement of < 34 % retained on the 45 micron sieve for
both of these batches.

Slag

The procurement specifications require compliance with ASTM C-989-99 and allow for either
Grade 100 or 120 ground iron blast furnace slag. The use of grade 120 can increase the heat of
hydration, and therefore, this specification should be reconsidered in light of the organic
volatility of some of the batches and corresponding temperature placement requirements. The
sulfur content in the ASTM specification is 2.5 % elemental and has been further reduced by the
procurement specification to a maximum of 0.5 % elemental sulfur. The elemental analyses
performed by the Process Science Analytical Laboratory show 0.32 % for Batch 1 and 0.83 %
for Batch 2 elemental sulfur. These results show that Batch 2 slag does not comply with the
specifications. The fines specification requires that < 20 wt % of the material is retained by the
45 micron sieve during wet sieving. The laser light scattering results on slurries of the slag
particles showed that 0.3 wt % of the Batch 1 slag and 0.0 wt % of the Batch 2 slag were greater
than 45 microns in diameter. The dry sieving results showed greater retention, but as discussed
with both slag and portland cement, these powders tended to aggregate during the dry sieving
process and are therefore not representative of the actual particle size distribution.

Portland Cement

The procurement specifications require Type Il portland cement and compliance with ASTM C-
150-00. Specifications include SiO; > 20 wt %; Al,O3 < 6.0 wt %; MgO < 6.0 wt %; Fe,03 <
6.0 wt %; and SO3 < 3.0 wt %. Table 3.5 of this report shows that all of the requirements are met
by both batches of portland cement. The fineness requirement for portland cement is a surface
area > 280 m%/kg. No direct surface area measurements were performed as part of this study.
However, the laser light scattering results calculate a surface area assuming spherical particles.
Although the portland cement particles are not spherical, the calculated value for Batch 2
portland cement was 430 m%/kg.
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5.0 CONCLUSIONS

Batch-to-batch variability in the chemical and physical properties of the fly ash, slag and
portland cement (binders) will be an ongoing concern over the many years that salt waste from
Tank 50 will be processed into grout at the Saltstone Processing Facility. This batch-to-batch
variability in the properties of the binder materials translates to variability in the fresh and cured
properties of Saltstone. Therefore, it is important to quantify the batch-to-batch variability of the
binder materials and the resultant variation in grout properties. This report is the starting point
for that process by providing the baseline (reference point) binder properties to which future
batches of binder materials can be compared.

For this characterization effort, properties of fly ash, slag and portland cement were obtained and
documented in this report. These properties included particle size distribution by laser light
scattering and dry sieving, particle size and morphology by scanning electron microscopy,
densities, chemical composition, rheological properties slurries made from individual binder
material, and volatility through thermogravimetric analysis and differential thermal analysis.

The properties presented in this report also provide a baseline data set to assist in problem

solving efforts when or if unanticipated and/or unwanted events occur at the Saltstone Processing
Facility.
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