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Summary

Aspart of the development of the full-scale filtration system for the River Protection Project-Waste
Treatment Plant (RPP-WTP), a multi-tube crossflow filter is to be tested on non-radioactive simukmts at
British Nuclear Fuel, Ltd.’s (BNFL’s) Sellafield plant. The data collected from this pilot-scale unit will
be used in conjunction with the results from the actual waste testing with a single-tube crossflow filter to
assist in the scale-up effort. The objective of this work was to develop the non-radioactive, physical
simulants for use in the multi-tube filter. Two simulant compositions have been targeted: a neutralized
current acid waste (NCAW) developed from a composite of AZ-101 and AZ-102 tank compositions, and
a high-heat tank waste, based on the composition of the waste in Tank C-106. The second objective of
this work was to verify the simulant properties and performance relative to the actual waste.

These simulants were developed to mimic only the sludge properties important to crossflow filtration
testing. The simulants were to contain the primary tank waste constituents and be non-hazardous, low
cost and easy to prepare and reproduce. As a first step, the aspects of the high-level waste (HLW) sludge
properties that were expected to determine the crossflow filtration pefiormance were identified. The key
waste properties for crossflow filtration were determined to be

●

●

●

●

●

●

●

●

the size distribution of particles or agglomerates

agglomerate compactness and deformation behavior under shearing flow conditions

major mineral phases contributing to the waste morphology

major ions

ionic strength of the supematant

the pH of the supematant

slurry solids loading

theological properties of the slurry at a given solids loading.

Then, the actual waste elemental compositions for the NCAW and the C-106 tank wastes were used
to derive a simple chemical composition of the solids and supematant for simulant formulation. The
simulants were tested in the cells unit filter (CUF), and their formulations were adjusted to obtain a
specification that performs similarly to actual waste in a crossflow filtration unit.

Table S.1 lists the solid and supematant components of the AZ-1OU1O2filtration simukmt, and Table
S.2 summarizes the composition of the C-106 filtration simulant.

The C-106 Filtration was evaluated with the O.5-pInMott filter element to compare its filtration
performance with previous experimental data obtained with an actual C-106 sample by Geeting et al.
(1997). The testing in both actual and simulant cases was pedlormed at 8 wt% insoluble solids. The
filtrate flux for all conditions using the simulant was reasonably close in magnitude and curve shape to
the actual waste. The simulant filtrate flux decreased at a continuous rate over the course of an individual
run condition due to deformation of a wide spectrum of agglomerates (from soft to hard agglomerates)
under imposed shearing of a run condition. Generally, the C-106 simulant filtration fluxes were less than
30% higher than those obtained with the actual waste on the basis of averaged fluxes for individual run
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conditions. The difference in averaged fluxes between the simulant and actual waste was partly due to the
difference in the shape of flux-verses-time profiles. The C-106 simulant exhibited a uniform decline in
the filtration flux whereas the actual waste filtration flux profile showed a rapid decline in the beginning
followed by an approximately flat profile in the course of each individual condition. Further, in many
cases, there is more significant variability between the first and the second 30 minutes in the actual waste
testing than between the actual waste testing and the simulant testing. All of these results suggest that the
simulant accurately model the actual waste in its filtration characteristics.

Table S.1. Inactive AZ-101/102 Filtration Simulant Composition

IronOxideNo: 07-5001 22 ~m 17.400

Iron 58 Hematite Red IronOxideNo: 07-3752 2–3 f-lm 29.000
SyntheticRed IronOxideNo: 07- 0.6 urn 11.600
2?68

Beohmite HiQ-10Alumina 0.0028-0.004pm 7.200
C-231 GroundWhiteHydrate 14~m (broad) 8.400

Aluminum 24 Gibbsite SpaceRiteS-23Alumina 7.5 ~m (broad) 5.040
SpaceRiteS-11Alumina 0.25 ~m (narrow) 3.360

Gibbsite/Beohmite Ratio:2.33

Zirconium 13 Zirconium ZirconiumHydroxide;ProductCode: 15p.m 13.000
Hydroxide FZ0922tOl

Silicon 5 Nepheline SpectrumA 400NephelineSyenite .10~m 5.000
SuwmtantComwnen@ :’;.”’ ‘..’~. ‘“ ..’. ~ ~~~ .’: .“. ,{: :..”,; “ ; ‘. , .,
‘ Coxajxment “1 “. Gmcebtratiom(l$l) ‘ ‘ ~]‘ ;; ~ ~ -: ; Chientratioxi (@.)’” ‘;”” ~ “ . ,

NaOH 0.8 32

The available theological results for actual C-106 sludge (Uric et al. 1997) were not applicable
for designing the C-106 filtration simukmt because the rheology of actual C-106 waste was conducted at
too low of solids loading. As a resul; the actual C-106 waste theological data was not used for
designing the C-106 filtration simulant.

No actual waste AZ-101/102 CUF data were available during this work, however, efforts were made
to create a simulant that would have a decreasing flux over time, similar to that seen in most actual waste
samples. The testing matrix was performed with the simulant prepared at 5 and 15 wt’%0 insoluble solids.
The filtrate flux profiles obtained with-the simulant at 5 wt’Yo insoluble solids loading were about 70%
higher than the filtrate flux obtained with the simulant at 15 wt’%0solids loading. The results indicated an
overall decrease in filtrate flux over time, similar to what was seen during actual waste testing.
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Table S.2. Inactive C-106 Filtration Simulant Composition
,,

SolidsComwments .
. .

,., ,,,, .

Mean WwrIe PM) ‘ “

Red IronOxideNo: 07-3752 2-3 f.lm 18.750
Iron 31.25 Hematite SyntheticRed IronOxide 0.6 j.lm

No: 07-2568
12.50

Beohmite HIQ-10Alumina 0.0028-0.004j.lm 18.230

SpaceRiteS-23Alumina 7.5 pm (broad) 10.938

Aluminum 36.46 Gibbsite SpaceRiteS-11Alumina 0.25pm (narrow) 3.646

SpaceRiteS-3Alumina 1 ~m (narrow) 3.646

Gibbsite/BeohmiteRatio:2.33

Zirconium 28.12 Zirconium ZirconiumHydroxide;ProductCode 15pm
Hydroxide FZ0922/01

28.125

Silicon 4.17 Nepheline SpectrumA 400NephelineSyenite 10pm 4.166

Supernatant Components ‘ ; ‘ ‘..-. .
Component i $!oncentration.w “ , ‘ Concentration &L)

NaOH 1.07 42.8

NaN03 1.00 85.0

The theological results of the radioactive NCAW were available (Gary et al. 1990 and 1993) and used
to develop the AZ-101/102 crossflow filtration simukmt. The instantaneous viscosity profiles indicated
that the AZ-101/102 simukmt emulated the viscosity behavior of the actual NCAW waste (core samples
from Tanks 101-AZ and AZ-102 wastes) very well at 10,30, and 40 wt% undissolved solids
concentrations as a function of shear rate. At shear rates of less than 30 S-*,the instantaneous viscosity of
the AZ-101/102 simulant slurries at all solids loading represented higher values, which renderedthe
AZ-101/102 simulant slurries conservatively viscous. The yield stress values for the core samples and the
simulant slurries at similar solids contents were comparable. The yield stress values for the AZ-101/102
simulant slurries were higher than the radioactive slurries by a factor of 2, but the differences were
considered insignificant in discriminating the flow and theological behavior of th’esimukmt and
radioactive slurries.

Rapko et al. (1997) measured the particle-size distribution (PSD) of AZ-101/102 actual waste. These
results were compared with the AZ-101/l 02 simulant PSD under similar conditions using the same
particle size analyzer. On a volume-weighted distribution, the actual waste and the simulant exhibited a
poly-dispersed behavior, and the simukmt encompassed the spectrum of the particle sizes encountered in
the actual waste. Despite the slight differences in the distribution shape and_thelocation of the peaks for
the actual AZ-10 1/102 waste and simulan~ the overall mean volume and number distribution of the actual
waste compare very well with those measured with the simulant. For example, the mean volume and
number distribution of the actual waste are 9.93 pm and 0.63 pm, respectively whereas those of the ~
simulant are 9.32pm and 0.77 pm, respectively. Overall, the particle size distribution and rheology of
the actual NCAW slurry were replicated very well by the AZ-101/102 filtration simulant.
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Finally, the declining behavior in the filtration flux due to filter fouling and/or particle de-
agglomeration over the course of testing were not seen in previous simulant studies. The declining
behavior of the current HLW AZ-101/102 and C-106 filtration simulants is consistent with actual waste.

, I



Terms and Abbreviations

BNFL

CUF

DI

DST

HLw

NCAW

NIST

PSD

PUREX

RPP-WTP

SEM

SST

TEM

TMP

BNFL, Inc; subsidiary of British Nuclear Fuels, Ltd.

cells unit filter

deionized (water)

double shell tank

high-level waste

neutralized current acid waste

National Institute of Standards and Technolo~

particle-size distribution

plutonium-uranium extraction

River Protection Project-Waste Treatment Plant

scanning electron microscopy

Single-shell tank

transmission electron microscopy

trans-membrane pressure
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Units

cm
‘c

ills

k:
kglm3

&
gpm/ft2

m2/g
rills
pm

mL/s
mPa.s

min
M

run
Num%
rnpa.s

Pa
s-1

Vol%
Wt’xo

centimeter
degrees Celsius
feet per second
gram
kilogram
kilogram per meter3
gram per liter
gallon per minute per feet2
mete+ per gram
meter per second
micrometer
milliliter per second
millipascal per second
minute
molarity or moles per liter
nanometer
number percent
millipascal per second
pascal
reciprocal second
volume percent
weight percent
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1.0 Introduction

BNFL, Inc (BNFL) developed flowsheets for the River Protection Project-Waste Treatment Plant
(RPP-WTP) in which they made plans to use crossflow filtration for the solid-liquid separation of the
Envelope D Hanford sludge (DOE-RL 1996). Unlike traditional dead-end filtration in which a filter cake
grows on the stiace of the filter medium and slows the rate of filtration, in crossflow filtration, the fluid
flows across the medium and sweeps the filter cake away. This filtration method is especially beneficial
when there are very fine particles and when system simplicity is required.

As part of the development of the full-scale filtration system for the RPP-WTP, a multi-tube
crossflow filter is to be tested on non-radioactive simulants at BNFL’s Sellatleld plant. The data
collected from thk pilot-scale unit will be used in conjunction with the results from the actual waste
testing with a single-tube crossflow filter to assist in the scale-up effort.

The objective of this work was to develop the non-radioactive, physical simukmts for use in the multi-
tube filter. Two simulant compositions have been targeted: a Neutralized Current Acid Waste (NCAW)
developed from a composite of AZ-101 and AZ-102 tank compositions, and a high-heat tank waste, based
on the composition of the waste in Tank C-106. These simuh-mtswere developed to mimic the sludge
properties important to crossflow filtration testing. The simukmts were to contain the primary tank waste
constituents and were to be non-hazardous, low COSLand easy to prepare and reproduce.

The second objective of thk work was to verify the simulant properties and pefiormance relative to
the actual waste. Particle size and theological data available from past experimental efforts were
compared to these high-level waste (HLW) simulants. The simulants were also tested in the cell unit
filter (CUF) single-tube crossflow filter, providing a comparison between the simulant results and the
available data with actual waste. By comparing the filtration and theological behavior of actual and
simulated waste, the validity of the simukmts can be verified. Furthermore, a comparison between the
simulant behavior in the CUF unit and in the multi-tube pilot-scale unit provides insight into the impacts
of process scale-up.

This report describes the approach taken in developing the AZ-101/AZ-102 and C-106 tank waste
simulants. It also provides the simulant formulation, includhg vendor purchasing information. The
utility and limitations of the simulant are also delineated to define acceptable applications. The
theological, filtration, and particle size properties for each simulant are delineated. These properties are
compared to the actual waste da@ where available. Tlis report also provides a means of transmitting to
BNFL the raw filtration, theological, and particle-size data for the simukmts.

1.1
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2.0 Simulant Development Approach

Simulants are usually designed with a specific processor processes in mind. A simulant that is
appropriate for testing one process might be inappropriate for another. In this work, simulants are
designed for multi-tube crossflow filtration testing. Thus, the simulants are emulating those aspects of
the HLW sludge properties relevant to the performance of crossflow filtration. The approach used to
develop non-radioactive HLW physical simulants for multi-tube crossflow filtration is illustrated in
Figure 2.1. Additional discussions on the methodology used to develop physical simulants are presented
in Golcar et al. (1997 and 2000).

IdentifyKeyWaste Properties
for Crossflow Filtration

NL
.> ‘. ~ankMk&e

% F%&&?S@
~‘andF@wufogy.
k . ..”. )Simulant Composition

& Specification

w
Compare Simulant CUF
Testing, Particle Size, and
Rheology to Actual Waste

I
-.

I

Figure 2.1. Simulant Development Approach

The first step was to identify the waste properties that were expected to determine the crossftow
filtration performance. Literature reviews, CUF testing results, and consultation with experts were
conducted to determine the mechanisms by which the crossflow filtration process operated. This
knowledge was used to develop a list of expected key physical and chemical properties for the crossflow-
filtration process. The relevant waste properties for crossflow filtration were determined to be

● Particle-size distribution (PSD): Particle or agglomerate size is likely the most important properly
for the filtration since it impacts filterability according to their arrangement in the filter cake to
form a compressible verses an incompressible film.

. Theological properties of the sl~’ at given solids loading: The rheology of the slurry will
control the slurry-transporting characteristic in the CUF circulation loop. Thk information is .
needed to determine design parameters of velocity and pressure drop across the pipeline.

2.1
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● Slurry solids loading: The slurry solids loading impact the rheology of the slurry. Obviously, the
lower the solids content of slurry, the lower the viscosity over the measurable range of shear
rates.

. Agglomerate strength and shearing properties: Agglomerate strength and shearing properties are
important due to vigorous mixing and continual pumping that gradually breaks up particles and
changes the filtration characteristics by altering the film or cake structure deposited on the
membrane surface. As small fine particles are generated, they plug the filter cake, and the filtrate
flux could decrease very rapidly to necessitate back flushing to regenerate the membrane.

. Major mineral phases and their contribution to the waste morphology: The mineral types provide
inherent characteristics of shape and strength for individual particles that impact rheology and the
nature of agglomerates.

● Major ions, the ionic strength, and the pH of the supematant: The ionic strength and pH of the
supematant will affect the degree of agglomeration or dispersion and the volubility of particles.

The second step was to review the existing actual waste-characterization data for the NCAW and the
C-106 tank wastes. These results were used to determine the chemical composition of the solids and
supernatant for each waste type. The PSD and the theological results of the radioactive waste samples
were compiled, and their relevance to crossflow filtration simulants was evaluated. Further, the expected
range of magnitude for PSD and theological properties was established and used to develop simulants that
fall within these estimates.

The mineral phases of waste were reviewed and replicated in simulants to the extent practical.
Mineral phases of solids were selected from the existing electron beam techniques (scanning and
transmission electron microscopy [SEM, TEM] with x-ray analysis) of the C-106 waste. Since such data
were not available for the NCAW solids, candidate mineral phases were selected from the TEM data
conducted on sludge samples from 20 other single-shell tanks (SSTS) and 4 double-shell tanks (DSTS).
The waste mineralogy and chemical composition were simplified according to their practicality and
significance in terms of size, shape, and volubility (to a certain extent) for the crossflow filtration
performance. From the standpoint of simulant quality control and the high cost of some minerals
identified by TEM, compromises were made in selecting minerals for simulant formulation. These
minerals were substituted with other solid forms of the same component with a similar PSD and shape
that were commercially available at reasonably low costs. The mineral phases and their selection criterion
are discussed in detail in section 4.3.

In the case of the C-106 simulan~ the available small-scale radioactive CUF results were available.
Thus, the final step in the simulant-development process was to compare the CUF data using simulant
slurry with the radioactive CUF results. Adjustments to the C-106 simulant composition were made to
improve the confidence in the validity of the simulant for crossflow filtration.

Simulant compositions were formulated using commercial minerals. The rheology (viscosity and
yield stress) and PSD of the simulants were measured. Each formulation was tested in the cold CUF, and
its performance was evaluated. The simulant formulation was adjusted numerous times to obtain the final
formulation, which was similar to actual waste in filtration, theological, and PSD properties.

2.2



3.0 High-Level Waste Simulant Specification

The specifications and preparation procedures for the inactive HLW – Envelope D filtration
simulants are presented in this section. These simulants were developed for the purpose of testing
crossflow filtration systems. The applicability of these simulants for filtration studies using washed
and leached solids is uncertain and requires additional evaluation. These simukmts have not been
developed to mimic the chemical properties of the sludge, and their use for washing and caustic-
Ieaching experiments is not recommended. Applicable sludge properties for crossflow filtration were
discussed in Section 2.0. Specifications outlined below are for

. AZ-101/102 waste simulant slurry for the NCAW from Hanford Tanks AZ-101 and AZ-102

. C-106 waste simulant slurIY for the high-heat tank waste from Hanford Tank C-106. It
should be noted that the actual C-106 waste has recently been transferred to Hanford Tank
AY-102. The C-106 waste sirnulant replicates the Hanford tank C-106 waste and it does not

. replicated the AY-102/C-l 06 mixed waste.

3.1 AZ-101/102 Slurry Simulant

Table 3.1 lists the solid and supematant components of the inactive AZ-101/102 waste filtration
simulant. Note that the concentration of the solid components is reported on a 100% dry solids
basis. For aluminum- and iron-bearing compounds in the simulant several metal oxide/hydroxide
powder grades of various PSD ranges were used to produce the required theological and filtration
characteristics. The product descriptions for each mineral, including density and particle size, are
provided in Appendix A. The material safety data sheets for listed source chemicals are provided in
Appendix B.

3.2 C-106 Slurry Simulant

Table 3.2 lists the solid and supematant components of the inactive C-106 waste filtration
simulant. Similar to the inactive AZ-101/102 simukm~ the concentration of “thesolid components is

‘reported on a 100°/0dry solids basis. For aluminum- and iron-bearing compounds in the simukmt
several metal oxide/hydroxide powder grades of various PSD ranges were used to produce the required
theological and filtration characteristics. Appendix A provides the product descriptions for each
mineral, including density and particle size. Appendix B provides the material safety data sheets for
listed source chemicals.

Following is the procedure for preparing both the AZ-101/102 and C-106 simulants:

Determine the wt’XO insoluble solids and the total mass of simulant desired. This simulant should
mimic actual waste over the range of 3 to 40 WtO/Osolids loading. At lower than 3 wtYo solids
loading, the supematant composition becomes more significant than the particle characteristics.
Further development of the supematant may be required to mimic the actual waste. Additionally,
higher than 40 wt% solids loading has not been evaluated in this study. Further validation at
these higher concentrations would be required before using these simulants above 40 wt%.

Weigh out and combine the solid components described in Table 3.1 or 3.2 for the 1) total
simukmt mass, and 2) wt??osolids desired. The order of addition to the mixture is not important.

Prepare sufilcient simulated supematant for the total mass of slurry at desired solids loading with
the molarity specified in Table 3.1 or 3.2.

3.1
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o Add this simulated supematant to the dry solids mixture until the total mass of slurry simulant
desired is reached. Mix with a stirrer for 20 min immediately after addition and before use.

Table 3.1. Inactive AZ- 101/102 Filtration Simulant Composition

Iron

Aluminum

I

58

24

Hematite

Boehmite

Gibbsite

UU1l WAIUb# L-U. UI--JVUL -J. p,.’. ., ..””

Red Iron OxideNo: 07-3752 2–3 Urn 29.000
SyntheticRed Iron Oxide 0.6 pm 11.600

: Hydmte I 14w(b road) I [

I I SpaceRiteS-11 Alumina I 0.25 fun (narrow) I 3.360
.:,.. ‘122 IGibbsite/BoehmiteRat

Zirconium 13 Zwconium ZirconiumHydroxide;ProductCode: 15 pm
Hydroxide FZ0922/O1

Silicon 5 Nepheline SpectrumA 400 NephelineSyenit
I 13.000 II

“.
,

:e I 10 Wm I 5.000
.. . .. ... . . . . ... ,., . .. ,”, . ,,. . ,, . ./. ,I

,,,. ,:
--41

Table 3.2. Inactive C-106 Filtration Simulant Composition

... ,.. . ,., ,.. ,,, .,
‘SoIids Componen& ”,; , j’ “ . ‘.. ~ ‘< ‘ + ‘< ‘:” ...”’. ~~

. .,.$ ‘,, ,:. , ‘,,,’,,:, ,,. ,. .’,. ., . . .’,,..,.,,’

Cmnpouud#.
Bearing:

Red Iron OxideNo: 07-3752 2-3 pm 18.750
Iron 31.25 Hematite SyntheticRed Iron OxideNo 07- 0.6 ~m

2568 12.50

Beohmite HiQ-10Alumina 0.0028-0.004 ~m 18.230

SpaceRiteS-23 Alumina 7.5 pm (broad) 10.938

Aluminum 36.46 Gibbsite SpaceRiteS-11Alumina 0.25 pm (narrow) 3.646

SpaceRiteS-3 Alumina 1 pm (narrow) 3.646

Gibbsite /Boehmite Ratio: 2.33

Zirconium 28.12 Zirconium ZirconiumHydroxide;Product 15 pm
Hydroxide Code: FZ0922/01 28.125

Silicon 4.17 Nephe~me SpectrumA 400 NephelineSyenite 10 pm 4.166

slI&ldal@&ponk?nts ,“:;”‘: ; ‘: ,“ “ .,,,.,,. :“,;:’;:: ‘; “ :’;: ‘,’,,: ‘ :“,;, ,,’,;.,’’’,”,,,,,:,’,;::’’,’,,:::,’.’’’”“,,‘ “
,,, ;,,,.,,, ,,5, ;,’ . .

, Conqx?nemt ,

NaOH 1.07 42.8

NaNO~ 1.00 85.0
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3.3 Simulant Material Suppliers

Simulant properties, such as particle size distribution and mineral composition, will vary from
those listed in this report if alternative sources for simukmt components are used. The brand names
of each simulant component are given in Table 3.3.

Table 3.3. Inactive AZ-1 O1/102 and C-106 Filtration Simulant Material Suppliers

Iron Oxide,Hematite Iron OxideNo 07-5001

The PrinceManufacturingCompany Iron Oxide,Hematite Red Iron OxideNo: 07-3752
Www.princemf~ coml

Iron Oxide,Hematite SyntheticRed Iron Oxide
No: 07-2568

Alcoa - Port Allen, LA
ttmlhww.alto a,coml Beohmite, A1OOH HiQ-10Alumina

1-800-860-3290

C-23lGround WhiteHydrate

Alcoa-Bauxite,AR SpaceRiteS-23 Alumina
http:Ilwww,alcoa.coml Gibbsite,A1(OH)J
1-225-382-3338 SpaceRiteS-11 Alumina

SpaceRiteS-3 Alumina

MagnesiumElectronINC. (MEI)
m:llwww,zrchem, coml ZirconiumHydroxide

Product Code: FZ0922/01 from

1-800-366-9596
FZO 922 series.

Hammill & Gillespie
)@ ://www,ham~il.com/ Nepheline,

(Nz K)AISiO,
SpectrumA 400 NephelineSyenite

973-994-3847

Detailed simulant characterization and crossflow filtration perilormance testing are required if
alternative commercial products are used. Such results should be similar to the simulant properties
documented in this report. Further, the chemical and physical properties listed in Appendix A need
to be matched as closely as possible if another commercial source is used.

3.3
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,/--- 4.0 Chemical Composition and Mineral Phases

The basis for the elemental and mineral phase content of the simulants is presented in this section.
The elemental composition of the NCAW and the C-106 slurries were estimated using analytical results
and hktorical information on the generation of the waste. The elemental compositions were then
simplified to meet the simulant development criteria for crossflow filtration testing. Compositions are
listed in this section. Further, the rationale for selecting the mineral phases used in the simulant
formulation and the significance of these minerals to crossflow filtration is explained.

4.1 Elemental Composition for NCAW

The actual NCAW solids composition was taken from Hodgson (1995) and Lambert (1998). The
tank inventories and their percentages on a “sodium-free” and “water-free” basis are provided in
Table 4.1. The sodium is removed because it is assumed to be present as either an intrinsic constituent of
compounds generated from the analytes in Table 4.1 or as soluble sodium nitritehhrate which dissolves
or is diluted during the retrieval process. Thus, it is not included in the solids composition. The data in
Table 4.1 indicate that approximately 88 to 92 wt% of the NCAW solids are dominated by minerals
formed from the following analytes: iron (-42 to 43 wt%), aluminum (-1 1 to 22 wtYo),silicon (-2 to 3
wtYo),zirconium (-6 to 15 wYo),uranium (-2 to 9 wt%), manganese (-1 to 9 wt%), cadmium (-2 to 5
wtYo)and nickel (-2 to 3 wt%).

As shown, approximately 42 to 43 wtVO of NCAW sludge consists of iron compounds because a kirge
quantity of iron sulfamate was used in the plutonium-uranium extraction (PUREX) process, which is
noted by historical accounts (Ryan 1995). The PUREX process produced the NCAW tank sludges.
Aluminum compounds are the second main constituents of sludge, followed by uranium and zirconium
compounds. The rest of the analytes (silicon, manganese, cadmium, and nickel) constitute the remainder
of the solids.

Uraninite (U02) minerals were not added to the list of simulant chemical sources (despite
representing 2 to 9 wtVOof NCAW solids), because they are radioactive. While uranium-bearing
materials are typically dense hard minerals, it was not expected to have a significant impact on the
filtration properties because the filterability of slurry is not directly influenced by these properties (see
Section 2.0). Therefore, we did not add any dense hard minerals (such as tungsten oxide) as surrogates
for uranium.

Manganese oxides and/or hydroxides were also excluded from the simulant materials list to simpli~
the iterative process of formulation. Manganese oxide or hydroxides tend to be grouped into tight
bundles and columnar mh.ssiveforms of “hard” agglomerates. The behavior of these particles is
dominated by the body-force interactions (inertial and fictional forces) rather than colloidal interactions.
In this context it is assumed that they behave similar to iron oxide or aluminum trihydroxide described in
detail in Section 4.3.

4.1
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Table 4.1. Reference NCAW Elemental Composition.

.’f@fi* ‘~&+,;
. .

Ag 78.2 0.17 242 0.22
. , A~~;, “.’::~ ~,:‘ >... , .532U5’’’”:’::,:,.<:!:,’. ?? “’%P:83i::~:>’?:;’.ii“’,2+29$:; <; ‘~“ :“1”’’:’’’:::22.35.’ ~~~‘ . . ‘.

As 111 0.25
B 57.8 0.13
Bi -
Ca 467 1.04 1080 1.00

.. , .~~ “:.. . \“.; ‘“lo?o~’’”i: ‘:?.’f,’..’”‘/.”:;:- “ “’2:38’:~ ‘ :+ ‘:’’..’$360’..’“:’’::’:-1’::’:‘:..,”4.95’,, ‘ ‘;
Ce 234 0.52
Cr 343 0.76 3930 3.63
Cu 83 0.18

“ ~1% ~‘-’: ‘“f:’ 191$0. ‘. “:.:‘“; .’1,’..‘;:.-’42:$ / ‘“‘ ‘:.::’. J\’.;...46W&: ;<:,’;. “:‘;$’;’’’,’.;,’;;4%422; ‘ ‘~~“ ‘ ‘ “
K 1260 2.81 918 0.85
La 724 1.61 1610 1.49
Li 14 0.03

M 118 0.26
‘ . g ‘.’,, : i’ ‘“‘“4260.-.:”-: ,“,‘. ‘:.\:‘: .:. +?:49:’7.~:’’:”;‘ t’ ‘:’,KWX’“,’’:”:::’? +.’::..”%95 ‘:’ .:: ‘

Mo 24 0.05
Na 17300 0.00 19880 0.00
Nd 518 1.15

; ~1 .“ ‘ .,. ~ ‘ ‘;:g$$ -’:. .: ,::’;~ -,.:: ‘.<f,#& ~ ‘~,’..,,/t- .’”,,~.~$qy , ‘;;,,..; ~,:., ‘:”: ;.~,$z, .,’::::‘ ;,”. ,

P 558 1.24 164 0.15
Pb 101 0.22 394 0.36
Re 11 0.02
Rh 83 0.18

‘::” Si “ \ ; ~~~g ‘.“: ‘ ,.;, ~~t “:, ‘“.:,,23~4.;,, ‘:’ ;;\’”;~ ~g~; ,;::,’,;,-\;:::.\ , .,+‘,’34y3’,;; “’;.,:,’,, ;V.,

Sr 95 0.21 117 0.11
Te 374 0.83
Ti 127 0.28

‘u’ /“’ 1070 ~“:’’’”’.” ~&’ “ ‘ ‘2;38’ “.‘ ‘:’\:“.’ 9674. .:,,’’l<’’’<~”:<~”: “! :’8+93“2“; ‘ ‘ “ ~~
v
Zn 79 0.18 0.00

- .zr. ~~ . ‘;~\ ~; ,6~Q~,,’ ‘,’1.: “,’~,~~ ~Q&9&;.:.:;> .,~,~~~~~1$~.,,,’1~‘: ~(:~~;,,:~,:~$~~’.,” ,:. ,

(a) Projected inventory using core 1 sample composition (Hodgson 1995).
(b) Calculated sludge based on Section 4.0 of the 1995 Tank Characterization Report (Lambert 1998).
* Shaded analytes are the major compoiind-bearing elements in NCAW solids.

Neither nickel nor cadmium compounds are used in deriving simulant formulation. Cadmium
compounds are extremely toxic. Nickel is known to form stable mixed oxides with Al, Fe, Cr, etc. In the
alkaline conditions typically encountered in NCAW nickel most likely occur in related mixed oxy
hydroxides. It is speculated that the co-precipitation of mixed nickel oxides and hydroxides would not .
alter the nature of agglomerate compactness common to for example iron-bearing oxides and hydroxides.
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Thus, it is assumed that these oxides behave similar to iron oxides, and their inter-particle interactions are
governed by body-force type interactions.

Based on the indicated discussions, the elemental composition of the solids fraction of the
AZ-101/102 simulants was normalized with the relative proportions of only the four elements of
aluminum, iron, silicon, and zirconium. This composition is shown in Table 4.2.

Table 4.2. Target Composition of AZ-101/102 Filtration Simulant

~,.-.rv.v. . .... -., ..-,, ~~,,,, ..,.,

txmlpositiml
.~......”..... ...,,

Boehmite; A1OOH
Aluminum 17–30 Gibbsite; A1(OH)S 24

(combined)

Iron 57-60 Hematite; Fe203 58

Silicon 3–5 Nepheline; (Na, K)AISiO1 4

Zirconium 8–21 Zirconium Hydroxide; Zr(OH)4 13

$??r.$,..,-.,---‘---”,- ,.....- -...,..

,,

NaOH 0.80 Liquid viscosity, pH

NaNOJ 1.00 Liquid viscosity, ionic strength

The composition of the supernatant simulant replicates the pH and ionic strength expected in the feed
after the sludge waste is fluidized from the holding tanks with dilute caustic (0.0 lM NaOH) to yield
slurry of metal hydroxide precipitates. Sodium hydroxide, nitrite, and nitrate are the primary soluble
compounds in the waste. Since sodium nitrate and nitrite make similar contributions to the ionic strength,
only sodium nitrate was included in the supernatant formulation.

4.2 Elemental Composition for C-106

The elemental composition of the C-106 solids is estimated from analytical results and projected
inventory from the 1996 grab sample (Schreiber et al. 1996) and projected inventory of waste (Kirkbride
et al. 1999) in Tank C-106. The tank inventories and their percentages on a “sodiurn-free” and “water-
free” basis are provided in Table 4.3. The data indicate that approximately 98 wt%(a)of the non-sodium
C-106 solids are dominated by minerak formed from following analytes: aluminum (-31 to 33 wt%), iron
(-26 to 40 wtVO),silicon (-4 to 16 wt%), zirconium (-1 to 26 w’XO),manganese (-1 to 3 vW%.), calcium
(-1 to 2 wt%), and phosphorus (-2 wt%).

(a) The sodium is assumed to be present as either an intrinsic constituent of compounds generated from
the analytes in Table 4.3 or as soluble sodium nitrite/nitrate which dissolves during the retrieval process.
Thus, it is not included in the solids composition.
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Aluminum is the main constituent of C-106 sludge (-31 to 33 wt’%o)closely followed by iron and
zirconium compounds. The rest of the analytes (silicon, manganese, and calcium) constitute the
remainder of the solids.

Table 4.3. Reference C-106 Elemental Composition

:. ..,.,,, ~,, .,‘.’. . ,,

Ag 1390

Ba 1“ 221 I 0.19 I 7.77 101
Bi 1010 I 4.536 101

Cd I 24 I 0.02 I o I o
Ce 158 0.14 <1 I
Cr 475 0.41 1067 0.62 I
Cs o I o 10 I o
Cu I 79 0.07 I o 0 I

K I 774 I 0.67 I 803 I 0.47 I
La I 57 I 0.05 I 228 I 0.13

.$ ‘~g ,,,... , ~; “, I$q, ‘ ,’,’- ,1<’,’ ,.’()~~””’’.,,,’” ,1 .;; ,’:’+,;,; ;“; : .,,./’;, ,’,,‘::,,:,: ‘..’,,‘:,:,. ~

Mn 1610 1.39 4977 2.89
Na 145000 0.00 60015 0

Ph I 17An I I sn 1278 0.74

c. I
01 I Ju. 1 I U.u>

--r: I

1.83 530 0.31
i39° ; :“‘

I n n~ 55 0.03
I n no o 0

u 1400 I 1.21 I 14 I 0.01
Zn 48 I 0.04 0

“ “ Yzr”; -. : / .’”;. $87.’7,.,,’ “,. /,.: ‘~::::o.si’ : “ ‘ \ ‘,’;:4$372’. :;:;; “;[’’:”~” ‘“’:2L’”::i: \

(a) Projected invento~ using grab sample taken in 1996 (Schrieber et al. 1996) II
(b) Projected inventory using tank transfer plans where the C-106 will be transferred to Tank
AZ101 or Tank AZ102 (Kirkbride et al. 1999).
CShaded analytes are the major compound-be&ing elements in C-106 solids.

Based on similar logic presented in Section 4.1, the elemental composition of the solids fraction of
the C-106 simulants was normalized to 100% with the relative proportions of four major elements
(aluminum, iron, silicon, and zirconium). This composition is shown in Table 4.4.
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Table 4.4. Target Composition of C-106 Filtration Simulant

%Eds Cotiponen@’’:.,’...:”; ;:’’,” ‘; .”’’’’’:,:-’.,” ‘> (,. .’ ‘ ~~ ~ .“ ~ ~ .
~‘ ~~~~~ . ‘“,,’,’;,,:,.-,, ,,;.,;- ,:,., ‘: ,

,. ,., .
..E#&’&i& :’: .“<’.’~.;. : ~ :

35-37 Boehmite; AIOOH
Aluminum Gibbsite; A1(OH)3 37

(combined)

Iron ~ 29-46 Hematite; Fe203 31

Silicon 5–18 Nepheline; (N4 K)AISiOd 4

Zirconium 29(”) Zirconium Hydroxide; Zr(OH)l 28

$l@e3=na$2ntwm3b&&#:” ,:”’”;” ‘ “., ‘:’<’;..’ ,‘” . ‘“ ‘ . .“: ‘ ,, ‘.
.,

Cancefitiatiim @@

NaOH 1.07 Liquid viscosity, pH

NaN03 1.00 Liquid viscosity, ionic strength

(a) It is speculated that the zirconium quantity reported in Kirkbride et al. 1999 was under
estimated. Thus, thk value was not included.

4.3 Major Mineral Phases

In order to replicate various factors of PSD, shape, surface charge, theological Properties,
agglomeration, fid deformation (under shearing flow conditions) o~&e actuai was~e,the mineral phases
need to be accounted for. Incorporating all of the aluminum, iron, silicon, and zirconium-bearing mineral
phases into the simulant design can easily become complicated. Thus, the AZ-101/102 and C-106 slurry
simulants were designed to encompass major mineral phases that govern the expected physical and
theological properties as well as filter-cake agglomeration and deformation (under shearing flow
conditions). The major phases identified in the actual waste and the criterion for using individual
minerals in the simulant design are described below.

The characterization of mineral compounds by electron beam techniques (scanning and transmission
electron microscopy with x-ray analysis) were conducted on sludges from 21 SSTS and 4 DSTS
(Lafemina et al. 1995% 1995b, 1995c). Considering the compositional variety of tank wastes, relatively
few major solids phases were present. The major aluminum-containing precipitates were determined to
be gibbsite [A1(OH)3]and boehmite [cx-A1OOHJ Iron-containing compounds were well-crystallized
oxyhydroxide minerals, goethhe (et-F&OOH)and hematite (Fe203). Much of the silicon in the tank
wastes appeared to be in various forms, including zeolites such as cancrinite, amorphous aluminosilicate,
clay minerals, feldspar, and sand (Lafemina et al. 1995% 1995b, 1995c).
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TYT.---.J J.. . .,, ,,, . . .. . ,>,., ! ,,., ,,,.<. .- . ,,.. .!/ r.. . ., . . ....!.-. ., ?,..... . ... ,, . .. .. .



The AZ-101/102 tank waste mineral compo~ds were postulated using described major minerals for the
25 Hanford tank sludges because microscopy measurements were not performed on actual AZ-101/l 02
sludge samples. On the other hand, microscopy measurements were conducted on the untreated
radioactive C-106 sludge solids (Lurnetta et al. 1996). The TEM coupled with the EDS and electron
difliaction of the untreated C-106 solids is shown in Figure 4.1.

c3. -

General EDS

Figure 4.1. TEM and EDS of Large Sample Area of the Untreated C-106 Solids
(Lumetta et al. 1996)

Similar to minerals reported in the other 24 tank sludges, the C-106 sludge solids are dominated by
gibbsite [A1(OH)S],boehmite [et-AIOOH], goethite (et-FeOOH), hematite (Fe203) and aluminutilron
bearing silicates. Lumetta at al. (1996) indicated that FeOOH was present in both highly crystalline and
poorly crystalline forms.

In terms of solids size, the primary particles and agglomerates in actual tank sludges were observed to
span five orders of magnitude (Ltiemina et al. 19954 1995b, 1995c). As shown schematically in
Figure 4.2, the solids are ranging from-l nm to 100 pm in diameter and vary widely in shape. The small
colloidal size particles (<10 ~m) were found to be zirconium oxide/ hydroxides (1 to 10 rim), geothite
(<100 rim), various silicates, (<100 rim), and boehmite ranging fiorn 100 run to 1 ~m. These sub-micron
particles tend to form homogeneous or mixed heterogeneous agglomerates that can be as large as 100 pm
(see Figure 4.2). Single crystals of gibbsite and hematite can exceed 20 ~m in diameter.
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Figure 4.2. Solids Types in the Tank Sludges(a)

The illustration of Figure 4.2 demonstrates that mineral phases found in the actual waste represent a
wide variety of particle shapes. For example, the boehmite particles are acicular and/or plate-shape
particles that have a specific surface area of approximately 280 m2/g, and gibbsite particles are tabular on
the order of 5 to 50 m2/g. The hematite crystals are approximately spherical (rounded hexagonal) with a
surface area on the order of 50 m2/g. Thus, particles of various forms of spherical, plate like, and needle
shapes were accounted for in choosing the simulant minerals.

To design filtration simulants, commercially available powder grades of aluminti, iron, silicon, and
zirconium bearing minerals were selected that represent a diverse spectrum of observed actual tank
primary particle sizes (less than 10 run to 100 pm). Particle or agglomerate size is likely the most
important property for the filtration since it impacts filterability. Also, minerals were selected to mimic
the formation of both soil and hard agglomerates that behave in different manners under crossflow-
filtration shearing flow conditions. Powder grades of boehmite and gibbsite minerals were used since
they comprise a large fraction of aluminum-containing minerals. Gibbsite was added in several powder-
grade size ranges and ratios to replicate primary gibbsite particles, which either accumulate in soft
agglomerate clusters or represent compact crystalline bundles.

Hematite in several size ranges was used for iron-bearing minerals. Powder-grade hematite minerals
of narrow 0.6-~m size range, broad 2-pm size range, and 22-~m broad size distribution at various ratios
were included in the filtration simukmt’) Although the goethite phase was observed in many actual tank
waste sludges, from the standpoint of simulant quality control, it was not considered as a simulant
component. The geothite phase is typically synthesized using the Fe (II) or Fe(III) salt solutions. This
synthesize path can be time consuming and requires substantial morphological analysis to achieve

(a)Adapted from a view graph presentation by Bruce Bunker et al.

(b) In this text the terms “narrow particle size range” and “broad particle size range” are used to describe
the width of a particle peak distribution qualitatively. Details of peak width distribution are provided in
Appendix E.
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uniformly consistent sizes. Commercially available powder-grade goethite is expensive to acquire ($250
U.S. currency/5 grams) in large quantities. Thus, geothite was not used in the filtration simulant.

Nepheline [(N4 K)AISiOd] and/or (N% AISiOd),an aluminosilicate mineral of the feldspathoid group,
was used as the silicon-bearing phase. This mineral is commercially available and used as a substitute for
cancrinite ~a4A13(SiO&COs] zeolite seen in tank waste sludges. Nephaline was selected because it
contains large openings in the crystal structure similar to cancrinite zeolite and has similar particle
characteristics. Once again, a powder-grade nepheline with a broad size distribution of 10 pm was used
in simulant formulation. A powder-grade zirconium hydroxide was used as the zirconium-containing
solid phase.

The minerals described above and illustrated in Figure 4.2 were used as solid-particle building blocks
to replicate the PSD results (see Section 6.2) of the actual AZ-101/102 and C-106 wastes and mimic the
resulting colloidal and body force inter-particle interactions. Furthermore, close attention was made to
encompass a wide spectrum of particle physics that were determined from the mineral phases found in the
actual waste. The shape of particles and their surface roughness also affect the theological properties of
the slurry as well as the solids size distribution and the state of agglomerates. By incorporating these
factors, unexpected and/or undesirable theological properties can be evaluated at solids loading of
interest. For instance, non-spherical shapes can all provoke particle-particle collisions inducing shear-
thickening behavior.
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5.0 Simulant Verification by Crossflow Filtration Testing

The CUF parametric tests were conducted at various phases of the &Z-101/102 and C-106 simulant-
development efforts. The filtrate flux values and the flux-versus-time results from these tests were
compared to results available from filtration tests with actual waste samples. All actual waste samples
tested show a continuous reduction in filtrate flux over the course of the experiment as a result of floe de- “
agglomeration, particle grinding, and irreversible filter fouling (Geeting et al. 1997; Brooks et al. 2000a,
2000b). In addition, in the course of an individual run condition, the filtiate flux declined. An attempt
was made to match the flux decline over the course of an individual run condition for both the
AZ-101/102 and C-106 ~ltration simulants.

Results of CUP testing conducted with an actual C-106 sample were used to validate the C-106
simulant (Geeting et al. 1997). In both cases, 0.5-pm Mott filter elements were used. The same
transmembrane pressure and axial velocity conditions of the actual waste trials were replicated with the
simulant to simplify the comparison. The test matrix and the CUP results are presented and compared in
detail in Section 5.2. Further, the final C-106 formulation was tested using a BNFL-specified testing
matrix and the BNFL baseline O.l-~m Mott filter.

During the development of the AZ-1OU1O2simulant formulation, filtration results for the actual
AZ-102 sample were not available. Consequently, the objectives of the AZ-101/102 simulant
development effort were to replicate the PSD and theological characteristics of the actual NCAW slurry.
Additionally, the simulant was developed to exhibit a reduction in filtrate flux over the course of an
individual condition as well as throughout the entire experiment. The reduction in filtrate flux over an
individual condition is believed to be caused by a build-up in material on the filter surface. The reduction
in filtrate flux throughout the entire experiment (in spite of backpulsing) is believed to be caused by
deagglomeration of the particles by induced shearing in the CUP circulation loop as well as filter fouling.
This phenomena has been seen many times with actual waste, but is more difficult to obtain with
simulants (see Geeting et al. 1996, 1997). Thus, during the CUF trials, the AZ-101/l 02 simulant
formulation was checked and adjusted several times to obtain a simulant that exhibits a decreasing filtrate
flux as a fbnction of time. The final simulant formulation was evaluated using a BNFL-specified testing
matrix that was similar to the test matrix used for testing the actual AZ-102 sample. The results of the
CUP testing with the AZ-101/102 simulant are discussed in Section 5.3.

5.1 Testing Overview and Apparatus

Crossflow filtration testing of both HLW Envelope D filtration simulants was conducted on a
Battelle-modified CUP, with the following specifications:

. single tube filter module, 6 l-cm-long tube; 0.952-cm ID

. a Mott liquid-service stainless ste~l filter

. re-circulation flow such that 5 m/s (15ft/s) maximum linear crossflow veloci~ can be achieved
through the filter tube with water

. maximum transmembrane pressure 80 psid with water.
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A photograph of the CUF used for this testing is shown in Figure 5.1. The slurry feed is introduced
into the CUF through the slurry reservoir. An Oberdorfer progressive cavity pump (powered by an air
motor) pumps the slurry from the slurry reservoir through the magnetic flow meter and the filter element.
The axial velocity and trans-membrane pressure are controlled by the pump speed (which is controlled by
the pressure of the air supplied to the air motor) and the throttle valve position. Additional details of the
CUF equipment are provided in Brooks et al. (2000a, 2000b).

The C-106 simulant was tested in the CUF at conditions similar to those used for the actual C-106
sample. For both tests, the filtrate was recycled back into the feed tank to maintain the steady-state solids
concentration. Each condition was run for 60 min with backpulsing once after 30 minutes of operation
during the condition similar to the actual C- 106 trials. The data were taken every 5 minutes. Between
each condition, the system was backpulsed twice. The slurry temperature was maintained at 25 + 5°C for
all filtrate rate testing. The temperature was corrected (for both simulant and actual waste) to 25°C using
the formula (Equation 5.1) provided by BNFL to correct for viscosity and surface tension changes:

[

1-11200— —
Flux25c = FIux~ 273+T 298)

(5.1)

where.Flux25cis the corrected filtrate flux, and T is the temperature ~C) at the flux measurement (FIuxT).

The C-106 and AZ- 101/102 simulants were also tested with a O.l-pm Mott Iiquid-senice stainless
steel filter. For these tests, the BNFL HLW filtration test conditions are based on an empirically derived
matrix to determine the optimum de-watering conditions for the feed slurry. A 5-point matrix around the
center-point at 50 psid and 12.2 fth tests the conditions of TMP (30 psid, 50 psid, 70 psid) and velocity
(9. 1 ftk, 12.2 R./s, 15.2 fVs). The filtrate was recycled back into the feed tank to maintain the steady-state
solids concentration for testing. Each condition was run for 60 minutes with data taken every 5 minutes
similar to the current BNFL HLW testing plans (see Brooks et al. 2000a,b). The system was backpulsed
twice between each condition, but was not backpulsed during the testing at each condition. The slurry
temperature was maintained at 25 + 5°C for all filtration testing.

Following the filtration tests with each simulant formulation, the slurry was drained from the CUF
and the CUF was rinsed thoroughly with water. One liter of 1 M HN03 was then circulated in the CUF
for approximately 30 minutes, or until high filtration fluxes were attained. The acid was drained, and the
system was flushed with water. After the CUF had been thoroughly cleaned, testing to establish a
background filtrate flux was conducted with de-mineralized water, prefiltered using a 0.1 micron absolute
rated Millipore filter. Clean water flux testing was performed in the CUF at 20, 10, and 30 psid. Once
the filtration flux exceeded 2.5, 1.0, and 2.8 gpn-df?, respectively, the filter was considered clean, and the
next set of tests could be performed. These flux values were found during the initial filter testing with
water.
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Figure 5.1. Photograph of the Cold Crossflow Filtration System

5.2 C-106 Simulant Slurry Crossflow Filtration

The C-106 simulant developed during this effort was evaluated with the 0.1- and 0.5-pm Mott filters.
The 0.5-pm rated filter testing provided a comparison with previous experimental data obtained with an
actual C-106 sample (see Geeting et al. 1997). The results obtained with the O.l-pm rated filter provide a
means of comparing the results of the small-scale CUF tests to the results of the Sellafield pilot-scale
tests.

The results of test matrices compa@g simulated and actual C-106 filtration are shown in Table 5.1.
Actual velocities and pressures for both tests were within 5% of the target values, and both test matrices
were perfopned at 8 wtYoinsoluble solids. Representative flux vs. time curves are presented in Figures
5.2 and 5.3. These curves are the results of testing Conditions 8 and 9, respectively. The filtrate flux
curves for all other Conditions are provided in Appendix C. The figures show the filtrate flux decline is
reasonably close in curve shape to the actual waste. In most cases, the average filtrate flux of the
simulant is within 30’%0of the actual waste filtrate flux. The filtrate flux for the simulant, however, is
generally slightly greater than the filtrate flux for the actual waste. The difference in filtrate flux is
greatest for condition 8 (Figure 5.2), which is also the condition of lowest pressure. For simulant
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Condition 9 shown in Figure 5.3, the filtrate fluxes are reasonably similw. This is the condition of lowest
axial velocity. Overall, the simulant filtrate fluxes are closest to the actual waste filtrate fluxes at
conditions that produce low filtrate fluxes. The filtrate flux profiles for simukmt and the actual waste at
each condition are presented and compared in detail in Appendix C.

Table 5.1. Test Conditions and Average Filtrate Flux for the C-106 Simulated and Actual Waste using a
0.5-Micron Mott Filter
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where: Vs = Average simul&t “filtrateflux 210”min
V.= Average Actual waste filtrate flux 210 min
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Filter at 20 psig, 3 Ws and 8 wt?40Solids (Condition 9)

The C-106 simulant was also tested using the O.I-pm Mott liquid-service filter. In this case, a
different matri~ developed by BNFL for actual waste testing, was performed (see Brooks et al. 2000&
2000b). The test conditions and average filtrate flux for this matrix are shown in Table 5.2. This testing
matrix contains much higher axial velocities and pressures than that pert?ormedby Geeting et al. (1997)
and results in higher filtrate fluxes. The average, initial, and final filtrate flux values of these tests are
shown in Figure 5.4. The curves showing filtrate flux as a function of time are presented in Appendix C.

Table 5.2. Test Conditions for the C-106 Simulant Slurry using a 0.1 Micron Mott Filter

The highest filtrate flux for the simukmt occurred at the highest pressure and a high axial velocity. .
This result is to be expected in a regime where Darcy’s Law applies—increased pressure results in
increased filtrate flux. It is surprising, though, that Condition 4 with a trasmembrane pressure of 30 psid
has a similar filtrate flux to Condition 6 with similar axial velocities at 50 psid pressure. This simulant
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also shows an increase in filtrate flux in Condition 6 when compared to Condition 1. This result suggests
little filter fouling or particle deagglomeration for this particular simulant over the course of the entire
experiment.

5.3 AZ-101/102 Simulant Slurry Crossflow Filtration

The AZ-101/102 simulant developed during this effort was evaluated with the 0.1 -pm Mott filter.
Although no actual waste AZ-1OU1O2CUF data were available during t.hk work, efforts were made to
create a simulant that would have a decreasing flux overtime, similar to that seen in CUF testing of most
actual waste samples. These results also provide a means of comparing the small-scale CUF tests to the
Sellafield pilot-scale tests.

The testing matrix was performed with the simukmt prepared at 5 and 15 WWOinsoluble solids.
Similar to the solids loading conditions performed with the actual AZ-102 waste sample (Brooks et al.
2000b). The target transmembrane pressure and axial velocity conditions along with the average filtrate
flux are shown in Table 5.3. These conditions were the same as performed with the actual AZ-102
sample tested by Battelle with the hot CUF ultrafilter during January 2000. Once the results of this
upcoming study are published, they can be compared to the simulant results provided here.

Figure 5.4. Initial, Average, and Final ”FiltrateFlux for Each Test Condition with the C-106 Simulant
using a O.l-Micron Mott Filter and 8 wtYoSolids

The average filtrate flux results for both of these conditions are shown in Figure 5.5. The filtrate flux as a
fhnction of time for each condition are provided in Appendix C. Figure 5.5 shows that the filtrate flux
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obtained with the simulant with a 5 wt”iosolids loading is about 70’%0higher than the filtrate flux obtained
with the simulant with a 15 wt’XOsolids loading. This figure also shows that although for both solids
concentrations, Conditions 1 and 6 (- 9 R./sand 50 psid) were nearly identical in velocity and pressure,
Condition 1 has a higher filtrate flux. This indicates an overall decrease in filtrate flux over time, similar
to what is seen in during actual waste testing due to 1) filter fouling and 2) agglomerate break-up due to
the pump shear.

Table 5.3. Test Conditions and Average Filtrate Flux for the AZ-101/102 Simulant using a 0.1-Micron
Mott Filter at 5 and 15 wt% Solids

f,, .,. ,,, ,, . ,,.,,

1 9.4 7.8 50 0.198 0.092
2 7.6 6.6 30 0.115 0.062
3 7.2 5.9 70 0.124 0.062
4 7.8 8.5 30 0.104 0.069
6* . 8.6 8.9 50 0.115 0.077
7 13.1 11.5 30 0.104 0.072

*Condition 5 in the actual waste testing was not performed. It was also not performed here for
consistency.

0

T
-.. —.——-.——. .... ..............................................................

+ AZ-101/102 15wt?! Simulant

m R AZ-1011102 5vvt0/0 Simulant

0123456 7
Condition Number

Figure 5.5 Average Filtrate Flux for Each Test Condition with the Simulated AZ-101/102
using a O.l-Micron Mott Filter with 5 and 15 WtO/OSolids
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5.4 Comparison to Other Simulant and Actual Waste Tests

The decrease in filtrate flux of the AZ-101/102 simulant over the course of testing due to filter fouling
and/or particle deagglomeration has not been seen in previous simulant studies, but is consistent with
actual waste testing. Filtration simulants S-3 and S-103 were developed as part ofGeetingetal.(1996).
These simulants were meant to be used as general “HLW filtration simulants. The S-3 simulant
contained boehrnite and gibbsite in a 0.1 M NaOH solution. The S-103 simulant was a mixture of
precipitated ferric hydroxide, boehmite, gibbsite, silicq and calcium phosphate precipitated to a pH of 10.
These were tested with a 0.5-pm Mott filter using the same conditions as described in Table 5.1. As with
the work presented here, the first condition was at the same transmembrane pressure and axial velocity as
the final condition, thus quantifying any decreases during the course of the test.

The initial and final filtrate fluxes are presented in Figure 5.6 below. Actual tank wastes S-107 and
C-107 were also tested under similar conditions with a 0.5-pm Mott filter. These are also shown in the
Figure. Note that the filtrate fluxes obtained with simulants S-3 and S-103 do not decrease from the
initial to the final condition using the same filter. In contrast, all of the actual wastes decrease. The
actual C-106 test using a 0.5-~ Mott filter shows the least decrease in filtrate flux. This is consistent
with the C-106 simulant which had very little decrease in filtrate flux as well. In contras4 the
AZ-101/102 simuk-mthas a significant”decrease in filtrate flux from the initial to the final condition,
indicating it may better represent actual waste than previously developed simulants. The absolute value
of the AZ-1O1/102 filtrate flux is considerably higher than for any of the other tests. Thk may be because
it was performed with the much higher pressure and axial velocity test matrix using a O.l-pm Mott filter.
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6.0 Physical and Theological Properties

The PSD and theological properties of the filtration simulant are presented in this section.
These results were compared with the available actual waste results at the same solids loading and
similar supematant ionic strength. It should be noted that for the AZ-101/102 waste, the rheology
of unwashed and unleached actual waste was compared with the filtration simulant.

6.1 Rheology

The theological results of the radioactive NCAW were used in developing the AZ-101/102
crossflow filtration simukmt. The viscosity profiles and the calculated power law models for

● the second core sample from ‘Tank AZ-101 at 10 and 30 wt%oundissolved solids concentration
were described in Gary et al. (1990)

● the fkst core sample from Tank AZ-102 at 10 and 40 wt’??oundissolved solids concentration,
reported in Gary et al. (1993),

were applied to mimic the NCAW slurry theological characteristics. In Section 6.1.1, the
experimental process for conducting simulant rheology is described in detail, and the theological
results of actual slurry and simulant slurry for AZ-101/102 waste types are compared in Section
6.1.2.

Unlike the NCAW waste, the available theological results for actual C-106 sludge (Uric et al.
1997) were not applicable to the C-106 simukmt developed under this task because the rheology of
actual C-106 waste was conducted at too low of solids loading. As a result the actual C-106 waste
theological data was not used for designing the C-106 filtration simukmt. In Section 6.1.3, the
theological characteristics of the C-106 simulant slurry at various solids loading are presented only to
document the theological properties of this simulant.

6.1.1 Experimental

The theological measurements of the AZ-101/102 and C-106 slurry simulants were conducted
using a Haake rotational viscometer with a CV20 and an M-5 system. For both systems concentric
cylinder geometries were used. The concentric cylinder geometry was used to replicate a steady-state
shear flow in slurries. In these studies, shear stress as a function of shear rate (controlled rate
experiments) were pefiormed. A ME45 concentric cylinder geometry for the CV20 system and a
MVl for the M-5 system, both of which are suitable for medium viscous slurries, were used to
measure the slurries. Ascending and descending curves were collected over a run period of 4 minutes
for both systems (2 minutes in each direction). The ascending curve was obtained by increasing
shear rate from Oto 300 or 1000 s-l and the descending curve was collected by decreasing the shear
rate from 300 or 1000 s-l to Os-] . The temperature of the system was kept at 25°C by a water bath.

The CV20 system with an ME45 geometry was used to capture the de-agglomeration of various
agglomerates (both weak and compact) as the slurry samples were sheared. For the CV20 system, the
shear stress was measured over the shear rate range of Oto 300 s-l. ~The M-5 system with an MV 1
geometry was used to measure the shear stress over the shear rate range of Oto 1000 S-*since the
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ranges of shear rates for flow in a pipe (similar to the crossflow filtratiori loop) is about 1 to 1000 S-l
(Barnes 1993).(a)

6.1.2 Rheology of &Z-101/102 Slurries

In this section, the results of the theological measurements for the AZ-1 O1/102 simulant slurries
at known solids contents are discussed. Furthermore, the theological characteristics of the
AZ- 101/102 simulant slurries are compared with the characteristics of radioactive slurries at similar
solids loadings.

The instantaneous viscosity (or apparent viscosity)(b) profile and experimental yield-stress values
for the AZ-10 1/102 simulant slurry at various solids loadings were determined from the controlled
shear-rate experiments. Figure 6.1 shows the viscosity as a fimction of shear rate for the
AZ-1 01/102 simulants at 10, 30, and 40 WI% undissolved solids concentrations in linear and
logarithmic scale.

The plots of viscosity as a function of shear rate indicate that the viscosity for the
AZ- 101/102 simulants at all solids loadings drops to less than 30 mPa.s as the shear rate increases
from about Oto 300 S-*,representing a common shear-thinning behavior. The shear-thinning
behavior indicates that the shearing action breaks the agglomerate structures. This behavior is
desirable because it suggests that 1) the agglomerates are formed in the AZ-101/102 slurry simulant,
and 2) the agglomerates break apart as a fimction of the shear rate over time. Similar behavior has
been seen in the actual waste. It is expected that the AZ-101/102 simulant slurry exhibit a decreasing
filtration flux over time as the agglomerates break during the crossflow filtration testing (see
Section 5.3).

(a) Close attention to the range of shear rate is made because in a slurry system shear stresses are not
linearly related to the shear rate and the slurry behaves as a “non-Newtonian” suspension. In a
Newtonian fluid, the shear stress is linearly proportional to the shear rate by a constant viscosity
factor. But the addition of solid particles to a Newtonian fluid produces non-Newtonian behavior
where the shear stress is a non-linear function of shear rate; and the viscosity of slurry depends on
the shear rate. In dealing with non-Newtonian fluids the viscosities are expressed in terms of shear
stress and shear rate at some instant in time.

(b) In this report, the term instantaneous viscosity or apparent viscosity is simply defined as the
viscosity measured at one specific shear rate.
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Figure 6.2 shows the plots of shear stress as a fimction of shear rate for the AZ-101/102 simulant
slurry at 10, 30, and 40 WtO/Oundissolved solids concentrations. The rheology of the AZ-101/102
simulant (Oto 300 s-1) at 30 and 40 W1340undissolved solids concentrations displays a yield stress of
approximately 2.0 to 5.0 Pa. The maximum yield stress at lower solids loading of 10 wt”ioun-
dissolved solids concentration is below 1.0 Pa. The yield stress was determined by extrapolating the
linear portion of the measured shear stress in the direction of increasing shear rate (“up-curve”) as a
fimction of shear rate to shear rate = O.
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Figure 6.2. Shear Stress verses Shear Rate at 25°C for the AZ-101/102 Filtration Simulant

In all cases, the rheology of the AZ-101/l 02 simulant slurries (at various solids loading) is
mathematically modeled as the Bingham rheology, which is commonly used to describe suspensions
that exhibit yield-Newtonian behavior. A yield-pseudoplastic characteristics was observed between O
to 300 S-l, however, are observed because the rheogram was not measured at sufficiently high shear
rates to detect the constant high shear, Bingham viscosity. Mathematically, Bingham rheology
differs from the yield pseudoplastic, but in practice, they are quite similar.

Furthermore as the solids content (wt% undissolved solids concentration) increases, the simulant
shows a higher time-dependent rheology evident from the observed thixotropy in the shear-stress
plots. The thixotropy (the difference between the up-curve and down-curve) is caused by
agglomerates being broken down as the slurry is sheared during the course of the test. As the solids
loading increases from 10 to 40 wt%, the slurry becomes highly agglomerated and this effect is more
pronounced. In this case, as the shear rate increases at higher solids content, more of the structural
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configurations (agglomerates) break down, and the shear stress and measured viscosity decrease,
which result in a higher thixotropic hystresis loop (see Figure 6.3). The increased thixotropy and
shear thinning as a fimction of solids loading indicates that for the flow velocity in the crossflow
filtration re-circulation Iine, the AZ-1 OUIO2 simulant shu-ries will flow as a pseudo-homogeneous
suspension.
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Figure 6.3. Shear Stress verses Shear Rate at 25°C for the AZ-101/102 Filtration
Simulant Ascending and Descending Profiles

The theological properties of the AZ-101/l 02 simukmt slurries were compared to actual AZ-101
and AZ- 102 core samples at 10, 30, and 40 wt?!oundissolved solids concentrations. The theological
measurements presented herein are for the radioactive and simukmt slurries before any washing or
caustic leaching pretreatment steps. Further, it should be noted that the rheograms of the actual
waste data were not available. Instead, only the fitted parameters from the shear stress vs. shear rate
curves were provided in the original source report. In these reports, the values listed in Table 6.1
were used to calculate “shearstress as a fimction of shear rate using Equation (6.1) described below:

cr=a+p~ (6.1)

This equation is a nonlinear power law model fit where

a = Shear stress (pa)

y= Shear Rate (s-l)

u = Yield stress @a)

~ , n = Empirical constants often referred to as the coefficients of rigidity in the flow index.
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Table 6.1. Results from the Fit to the Theological Models for the NCAW Radioactive Slurries

(Gary et al. 1990 and 1993)

wtO/o 40 40 10 10 30 30 10 10 10

Data Set 1 2 1 2 1 2 1 2 3

a 2.02 2.12 0 0 1.26 1.29 0 “o o

P 0.0284 0.0081 0.0015 0.0019 0.05 0.03 0.08 0.024 0.059

n 0.7392 0.9554 0.9419 0.9306 0.7872 0.8664 0.5953 ().6856 ().6472

Temperature 65 65 65 65 NK* NK NK NK NK
(c)

* NK= The temperatures at which these data were taken were not provided in the report but appear
to be somewhere close to ambient.

The shear stress as a function of shear rate were calculated for the core samples from equation
6.1 and the fitted parameters listed in Table 6.1 at 10, 30. and 40 W-WOsolids. The actual waste shear
stress profiles are shown in Figure 6.4,
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Figure 6.4. Shear Stress verses Shear Rate for the AZ- 101/102 Actual Waste
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Once again, the yield stress for the core samples was determined by extrapolating the linear
portion of the measured shear stress in the direction of increasing shear rate (“up-cume”) as a
fimction of shear rate to shear rate = O. The yield stress values for the core samples and the
A.Z-101/102 simulant slurries at similar solids contents are compared in Table 6.2. The yield
stresses for the simulant slurries (see Figure 6.2) and the actual NCAW slurries are comparable.
Although the yield stress values for the AZ-1OU1O2 simulant slurries are higher than the radioactive
slurries by a factor of 2, the differences are considered insignificant in discriminating the flow and
theological behavior of the simulant and radioactive slurries.

Table 6.2. Yield Stress for the Actual NCAW and AZ-101/102 Filtration Simulant
,., ...

Wt% ‘ “ ‘ ~ AiiiafS+&’Y3@2d$&ss (&:,: ,‘ &MM’u2 Fi&’atWl Sin+llt”
., ,. .,.,, ,,. . Yield ?iX’KW@a.). . .“>, ‘ ., . . .

10 0.2–1 0.6

30 1–2 2

40 2.3–2.6 4–5

Using equation 6.1 the instantaneous viscosities as a fimction of shear rate were calculated for the
actual waste by dividing the shear rate by the shear stress. The instantaneous viscosity profiles (see
Figure 6.5) indicate that the AZ-101/102 simukmt slurries replicate the viscosity behavior of the
radioactive NCAW waste (core samples fkom tanks AZ-101 and AZ-102 wastes) fairly well at 10, 30
and 40 wtYoun-dissolved solids concentrations as a fimction of shear rate. At shear rates of less than
30 S-*,the instantaneous viscosity of the AZ-101/102 simulant slurries at all solids loading represent
higher values, which desirably render the AZ-1 O1/102 simulant slurries conservatively viscous.
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6.1.3 Rheology of C-106 Slurries

The plots of instantaneous viscosity and experimental yield stress values for the C-106 simulant
slurry at various solids loadings were determined from fie controlled shear-rate experiments. Figure
6.6 shows the viscosity as a fimction of shear rate for the C-106 simulants at 20, 30, and 40 wt~o
undissolved solids concentrations in a linear scale.

! , , I , , , I , I t , , I , , , 1 I ! , !
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Figure 6.6 Viscosity as a Function of Shear Rate at 25°C for the C-106 Filtration Simulant

The plots of viscosity as a fi,mction of shear rate indicate that the viscosity for the C-106
simulants at all solids loadings drops to less than 25 mPa.s as the shear rate increases from about Oto
300 S-*,representing a common shear-thinning behavior. Figure 6.7 shows the plots of shear stress as
a function of shear rate for C-106 simulant slurry at 10, 20, 30, and 40 WtO/Oundissolved solids
concentrations. The rheology of the C-106 simulant (O to 300 s-1) at 30 and 40 WtO/Oundissolved
solids concentration displays a yield stress of approximately 1.0 to 4.0 Pa. The maximum yield
stress at lower solids loadings of 10 and 20 wt?/oundissolved solids concentrations are below 1.0 Pa.
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Figure 6.7 Shear Stress Verses Shear Rate at 25°C for the C-106 Filtration Simulant

6.2 Particle Size Distribution

The particle size distributions of the AZ-101/102 and C-106 filtration simulants are described
below. The filtration simulant PSD was conducted for comparison with the particle size distribution
of the actual waste. These measurements were conducted using the same instrument to produce
actual waste data. The results for the actual waste particle size distributions are compared with the
simulants. The criteria for developing a particle size distribution for the simulant were aimed at

e

8

●

●

encompassing the particle size range observed in the actual waste

achieving a poly-dispersed slurry system containing a broad range of sizes for selected solid
phases

representing a similar de-agglomeration trend as the actual waste when subjected to treatments of
circulation and sonication in the particle-size analyzer flow loop

modi~ing the PSD of simulants to attain a slurry that exhibit reduced filtrate flux over time
comparable to the reduction seen with actual waste.

6.2.1 Experimental

A Microtrac X-100 Particle Analyzer was used to measure the PSD of these samples. The
operation of the Mircotrac X-100 was checked against National Institute of Standards and
Technology (NIST) traceable standards from Duke Scientific Corporation. The PSD results of NIST-
traceable standards are documented in Appendix E.
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The Microtrac X-100 Particle Analyzer measures particle diameter by scattered light from a laser
beam projected through a stream of the sample particles diluted in a suspending medium. The
amount and direction of light scattered by the particles is measured by an optical detector array and
then analyzed to determine the size distribution of the particles. This measurement is limited to
particles with diameters be~een 0.12 and 700 pm.

The particle size distribution of the simulants wa!i measured on the Microtrac X-100 after
applying a variety of circulation times, circulation flow rates, and sonication treatments identical to
the actual waste. The treatments in successive order included 1) circulation at 40 mL/s, 2) circulation
at 60 mL/s, and 3) circulation at 60 mL/s with 40 W sonication for 90 s. A detailed comparison of
the flow condition in the PSD analyzer and crossflow filtration is presented in Section 6.2.3. For
each sample, the particle size distribution was measure d three times and averaged. The PSD of the
averaged data on a volume-weighted basis and on a number-weighted basis is reported. The
suspending medium for these analyses was the surrogate supernatants specified in Section 3.0 so that
the simulant PSD results can be related to the distribution of solids in the crossflow filtration loop. A
0.8 M NaOH/1.0 M NaN03 solution was used for measuring the PSD of the AZ-101/102 simulant,
and a supernatant solution of 1.0 M NaOH/1.0 M NaN03 was used for the C-106 simulant slurry.

In Appendix E, the PSD plots for the samples under all conditions measured are presented in
volume-weighted distribution and number-weighted distribution form. The number-weighted PSD is
computed by counting each particle and by weighting all of the particle diameters equally. The
volume-weighted PSD, however, is weighted by the volume of each particle measured, which is
proportional to the cube of the particle diameter. In this case, larger particles are treated as more
important in the distribution than the smaller particles.

6.2.2 Particle Size Distribution of AZ-101/102 Slurry.

The PSD of actual AZ-101/102 waste was measured by Rapko et al. (1997) .in three supematant
solutions (1) deionized (DI) water, (2) 0.1 M NaN03, and (3) 1.0 M NaN03. In this report, in order
to compare the simukmt characteristics under similar ionic strength condition:, the PSD of the actual

. AZ-101/102 waste obtained in a 1.0 M NaNO~ solution was used to compare with the AZ-101/102
simulant PSD. Figure 6.8 shows a comparison of the cumulative undersize percentage as a fi.mction
of the particle diameter for the actual waste and the simulant samples. Figure 6.9 illustrates the
results as a volume-weighted distribution. It can be seen from Figures 6.8 and 6.9 that both the actual
waste and the simulant exhibit a poly-dispersed behavior, and the simulant PSD range (0.7 to 74 pm)
encompasses the spectrum of the particle sizes encountered in the actual waste
(0.4 to 53 pm).

A close examination of the volume-weighted distribution plot (Figure 6.9) of the actual
AZ- 101/102 waste show a uniform distribution that can be approximated by three Gaussian
distributions populated around 12.1, 3.0, and 1.0 pm. The simulant, on the other hand, exhibits
more well-defined peaks at 18, 6.5, and 1.4 pm. Despite these slight differences in the distribution
shape and the location of the peaks, the overall mean volume and number distribution of the actual
waste compare very well with those measured with the simulant. For example, the mean volume and
number distribution of the actual waste are 9.93 ~m and 0.63 ~m, respectively, whereas those of the
simulant are 9.32 and 0.77 pm, respectively. The major particle-size peak modes along with the
relative volume or number percentage that each peak represents are summarized in Table 6.3.
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Table 6.3. Particle Size Distribution of AZ-101/102 Samples

., ..”
:,

.,
,, , /. ~ ‘vi&144wi@it A3&ii&kin,‘ e@hkd titI’ibUtiOU. ~~
,, . !, . . .,

., :
,,,

; Modetilnet& ‘:,;“< , “’’,:..:; “
!:::,.’ ‘.; : “ ModOii&ter ~

.

‘ Sainple’ ‘. , ‘,’ :’*’,’. “.:>. :’:‘;~~~~ ‘, ‘~:‘~~~~~ ‘ .@@ ~, ,mm $44 W~dtli

12.1 52 % 21.5 0.6 100 % 0.7
AZ-1 01/102 Actual

waste 3.0 23 VO 1.8

1.2 25 % 0.9

17.9 31 Yo 17.8 0.4 100 % 0.6
AZ-101/102

Filtration Simulant
6.4 40 YO 5.2

1.4 25 % 1.4

4.4 64 % 7.4 0.2 100 % 0.2
AZ-1 01/1 02 Actual

Waste, Sonicated
1.1 30 % 0.7

0.3 6 ~0 0.1

14.5 55 ‘%0 18.4 0.16 100 % 0.1
A2-101/102 0.9 20 %

Filtration Simulant
0.8

Sonicated 0.3 18 ~0 0.2

0.1 7 Yo 0.03

In crossflow filtration, a slight decrease in the filtrate flux is caused by the formation of a porous
filter cake as the particles are deposited on the membrane surface. However, as small fine particles
begin to p4ug the filter cake, the filtrate flux could decrease very rapidly and necessitate back flushing
to regenerate the membrane. The shearing of the solids across the surface of the membrane/filter
cake could produce fine particles which plug the membrane surface. Rapko et al. (1997) also
measured the PSD of the actual waste tier sonication. Although sonication does not represent the
shear fields that are encountered in crossflow filtration, the data still provide some information
regarding the breakup of the agglomerates.

Figure 6.10 shows a comparison of the volume-weighted distribution of the actual and simulated
samples after sonication. It can be seen from Figure 6.10 that, although the simulant represented the
PSD of the actual waste before sonication, the differences are much more pronounced after
sonication. For example, 45°/0 of the particles in the sonicated simulant sample are smaller than
1 pm whereas the sonicated actual waste sample has only 25% of the particles of <1 ~m in size. In
other words, the de-agglomerating nature of the actual waste is conservatively replicated by the
simukmt. Filtration (CUF) data obtained with actual AZ-102 waste were not available during the
development of the simulant. Thus, the performance of the AZl 01/102 filtration simulant for the
crossflow filtration testing was not verified.
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6.2.3 Particle Size Distribution in Crossflow Filtration and X-1OO Particle Analyzer
.

Solid particles are expected to de-agglomerate in the crossflow filtration loop as a result of the
shearing that occurs. Similarly, the solid particles are subjected to a shear field by circulation in the
particle size analyzer at setup velocities ranging from 1.3 -3.4 mh (40 mL/sec and 60 mL/see). In
order to comparethePSD anticipated during crossflow filtration to the PSD data obtained using the
particle analyzer, the Reynolds numbers for the flow condition in the CUF and PSD analyzer were
calculated. It is postulated that by comparing the Reynolds numbers, one can conceptualize the order
of magnitude of the shear field that solid particles experienced in the crossflow filtration and
particle-size analyzer and therefore relate the information fkom the particle analyzer to the
crossflow filtration unit.

The Reynolds numbers for the simulant slurry in the crossflow filtration re-circulation line were
calculated using measured slurry viscosities (see Section 6.1.2) and densities. Solids loading of 10, 20,
and 30 wl%o were used in the Reynolds number calculation. The diameter of the filter unit itself and
the average velocity were also used in this calculation.

The Reynolds numbers for the particle size analyzer were calculated assuming that material being
pumped had the viscosity and density of water. Since the solids concentration is diluted to less than
2 volume percent in order to conduct the PSD analyses, the solids concentration did not impact the
solution properties. The results of these calculations are summarized in Table 6.4.

It can be seen from Table 6.4 that the Reynolds numbers for the crossflow filtration and the
Microtrac X-1OOparticle size analyzer are comparable. With the exception of 30 wtYo solids
loading, the flow is maintained in a turbulent regime for both the Microtrac particle size analyzer and
the crossflow filtration re-circulation lines. Thus, it is speculated that in qualitative terms, the
particles experience similar vigorous mixing and shearing in the particle analyzer and the crossflow
filtration unit. It should be noted that this simple methodology does not account for the kinetics of
de-agglomeration as a fimction of circulation time.

Table 6.4. Calculated Reynolds Number for the Crossflow Filtration and Particle Analyzer

.,,, ,, .,, .,,

CrossflOw Filtra@n’ i$yste&$ U.Z-&r&M@ W&& #xtk 3/$ kh Zn,nerWlainekw ~., ., ~,., .,,
. , .,

Velocil$,”, ~ “.’’”:’” ,,.
SolidsLoad&g. “, ,. “: SW&~Isc@Y, ~ $IwryDe$siv.

(w-t%) ‘ ‘ ,fqu) , ‘,’. , ‘ ,@gflq : ‘Reyncdds&n&er
{Ws) ‘ @ijs> .,:: ,::”,,.,,”;” ,, ,, ~ ,’

10 2.17 1150 18760

20 12.2 3.7 4.03 1240 10880

30 9.90 1340 4800

Crossflow Hltrkon SyS#qn;, U;$@. IkWt “@&&~fh ,Uq5kck Mner Diameter ‘ ~ ~‘

/ ~‘%?ioeiij;.:~‘:, ‘?’’’::.’”” “’”” .“’”
solids&i ‘ ‘ .. , , ‘Mq’y’lhswity ,, Sltii3y;ehsity , ‘~eti;.d$ *mkr ‘

(Wt,%o) ‘ ‘ ‘ “,’ ‘ “’”:’ ‘.’, .@..Pa;s).., ~ ‘. , ~ {kg@3)
,(M) .I~:,’@@. , ,’ ~ ,,,;,’,,’”, ,, ~ . ,,, ,“, ~

.- 1 --- I -- I — I 1
lU I 12.2 I 3.7 ] 2.17 I 1150

I 16700
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Table 6.4 Continued

6.2.4 Particle Size Distribution of C-106 Slurry

The PSD of actual C-106 waste was measured by Lumetta et al. (1996) in three supernatant
solutions: 1) DI water, 2) 0.1 M NaN03, and 3) 1.0 M NaN03. Once again in this report, in order to
compare the sirnulant characteristics under similar ionic strength conditions, the PSD of the actual
C-106 waste was conducted in a 1.0 M NaN03 solution. The cumulative undersize percentage data as
a fimction of the particle diameter for the actual C-106 waste and the simulant samples are shown in
Figure 6.8. Figure 6.11 illustrates the results as a volume-weighted distribution. It can be seen from
Figure 6.11 that the simulant exhibits poly-dispersed behavior similar to actual waste. Further, the
simukmt PSD range (0.3 to 88 Lm) encompasses the spectrum of the particle sizes encountered in
the actual waste (0.2 to 62 ~m).

A close examination of the volume-weighted distribution plot (Figure 6. 11) of the actual C- 106
waste shows a uniform distribution that can be approximated by three Gaussian distributions
populated around 28.8, 3.8, and 0.2 pm. The simulan~ on the other hand, exhibits two well-defined
peaks at 22 and 0.6 p.m. There are differences between the distribution shape and the location of the
peaks. In the case of the C-106 simulan~ a modal distribution that was centered around 0.6 ~m was
deliberately introduced. This distribution was inserted into the simulant formulation as a compromise
to achieve similar crossflow filtration fluxes as the actual C-106 waste (see Section 6.2). These small
particles were also added to the simukmt slurry to generate a C-106 filtration simulant that exhibits
de-agglomeration and formation of small fine particles that begin to plug the filter cake. By
deviating from the actual C-106 waste PSD, we were able to formulate a simukmt that generated
smaller agglomerates at comparable time scales as the actual C-106 waste under similar vigorous
mixing and shearing of particles in the CUF. Earlier, C-106 simulant formulations, which replicated
the PSD of actual waste very well, did not show a similar decline in the filtration flux as a fimction of
re-circulation time.

The mean volume and number distribution of the actual waste are 13.7 pm and 0.2 ~m,
respectively, whereas those of the simulant are 11.3 and 0.3 ~m, respectively. The mean volume
and number distribution of the actual waste compare fairly well with those measured with
simulant. The major particle-size peak modes along with
that each peak represents are summarized in Table 6.5.

the relative volume or number
the .
percentage
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Figure 6.11. Volume-Weighted Distribution for C-106 Actual Waste and C-106 Filtration Simulant

Table 6.5. Particle Size Distribution of C-106 Sanmles,
,..

,. . .,,
Mode Diameter. “ .,’, ., ,“’:-,>,, ; .-Mode.Diarn~ter ‘; .“.. , (..<.. , .

SampIe ., -@m) Vol% ,’.Width’ . .’;,:.:..”‘(pm).::.’ ,,’ ‘IWm% “Width, :“. . . . . . . . ..
28.8 34% 31.9 0.2 100 % 0.1

C-106 Actual Waste 3.8 61 % 7.2

0.2 5% 0.1

22.0 59% 16.0 0.3 100 % 0.1
C-106 Filtration

Simulant
6.5 12’% 0.7

0.6 29% 1.7

5.5 76% 10.0 0.2 10070 0.1
C-106 Actual

Waste, Sonicated
0.9 13 % 0.6

0.3 11% 0.2

C-106 Filtration 16.14 57 ‘YO 18.4 0.2 100 0.1

Simulant, 0.8 24% 0.8
Sonicated 0.2 19% 0.2
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Similar to AZ-102, the shearing of the solids across the membrane/fiber cake surface could
produce the fine particles to plug the membrane surface that maybe simulated in the PSD analyzer
with sonication. Although sonication does not represent the shear fields that are encountered in
crossflow filtration, the data still provide some information regarding the breakup of the
agglomerates. Lumetta et al. (1996) also measured the PSD of the actual waste after sonication.

Figure 6.12 shows a comparison of the volume-weighted distribution of the actual and
simulated samples after sonication. It can be seen from Figures 6.12 and 6.13 that the differences are
much more notable after sonication. For example, 43°/0of the particles in the sonicated simulant
sample are smaller than 1 ~m whereas the sonicated actual waste sample has only 24°/0of the particles
of <1 ~m size.
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7.0 Conclusions and Recommendations
Based on the testing and analysis performed on HLW AZ-101/102 and C-106 crossflow filtration

simulants, the following conclusions and recommendations were obtained. They have been divided in
two categories for clarity.

Conclusions

●

●

C-106
The C-106 crossflow filtration simulant performance in the CUF suggested that the simulant
accurately models the actual C-106 waste in its filtration characteristics. The theological properties
of the C-106 simulant require verification with actual waste data because the available C-106
radioactive theological data were not applicable for such evaluations. The rheology of actual C-106
waste was conducted at too low of solids loading.

NCA W
The PSD and rheology of the actual NCAW slurry were emulated well by the AZ-101/102 filtration
simulant. This simukmt exlibited an overall decrease in filtrate flux overtime, similar to what was
seen in m~st CUF testing of other actual waste samples due to 1) filter fouling and 2) agglomerate
break-up due to vigorous mixing and the pump shear in the CUF circulation line.

The AZ-101/102 simukmt crossflow filtration needs to be verified by comparing with actual NCAW
results as a means to establish confidence inquantifying how closely the actual waste filtration
performance is emulated by the simulant.

Overall simulant properties, such as PSD and mineral composition, rheology, and filterability will
vary from those listed in this report if alternative sources for simulant minerals and product brand
name are used. Detailed simulant characterization and crossflow filtration performance testing are
required if alternative commercial products are used. Such results should emulate the simulant
properties documented in this report.

Recommendations

● Care should be taken in use of alternative commercial sources for simulants. The chemical and
physical properties for each product description listed in Appendix A need to be matched in the case
of choosing another commercial source.

. The applicability of these simulants for filtration studies of washed solids is uncertain and requires
additional evaluation. These simulants have not been developed to mimic the chemical properties of
the sludge, and their use for washing and caustic leaching experiments is not recommended.

. The application of these simulants for vitrification studies to make melter feeds for the purpose of
preparing glass for waste form evaluation, final glass composition, or chemical durability, melt
viscosity, etc. are not recommended. The elemental composition of all oxides, carbonates, and other
salts with appropriate substitutions for radioisotopes significant to vitrification studies are not
duplicated.

. Addition of the iron-bearing goethhe (c+FeOOH) phase to the simulant formulation may improve the
simulant performance in replicating the actual waste filtration behavior. Further testing is suggested
to examine this hypothesis. If improvements resulted, an inexpensive acicular mineral source similar
in properties to goethite needs to be identified and included in the formulation of the simulants.
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Product Name: PSEUDOEOE HMITE AL UMIN~

Alcoa Alumina & Cheficals, LL”C.,425 Sixth Avenue, Pittsburgh, PA 15219-1850 USA

Emergency Phone: 1-412-553-4001 -.

1. CHEMICALPRODUCTAND..CO”MPANYIDENTIFICATION

“ Chemical Formula: Al@3. H@ “
HIQ 10

Product Use: Catalyst suppofis, binders, abrasives/polishing compounds, and viscosifiers.

Other Designations: Hydrated alumina, Aluminum oxide hydroxide, HiQ@-xalumina, where x is a number or nurcc5._
and letter(s) designating various products.

Manufacture Alcoa PofiAllen Works

USA Phones: Chemtrec 1-800-424-9300; Healti & Safety 1+12-553=49; Pradu~ Information: 1-504-382-3336

.. 1-504-38!?-S%5

2. COMPOSITION/[NFORMATION-ONlNGREDIE~TS .
Hazardous ingredients are listed if they comprise 2 1.0% by weight. “special Hazardous Substances- “
(Pennsylvania Right-to-Know Regulations) ak Iisfedif they comprise> O.Ol%by weight.

~mr30nent
TypicaI’% -

CAS No. EXPOSURE L! MITS(17?JA in mgim:l
EINECS No. bv VVeiaflf

Aluminum oxide Form :ACGIH TLV QSHA PEL1344-28-1 2152843
“-, ,Ja;;dlbrous)

.75 . . . Total dust 10 15
Respirable —— 5“— ;5— —. —

3. HAZARDSINFORMATION . .
-.

EMERGENCY OVERVIEW

White crystalline powde~ odorless: non-flammable, non-corrosive; not an explosion hazard. Can cause irrita:icn
to the eyes, skin, and respiratory tract.

} 1.
Potential Health Effects

-HES: Can @use mild irritation.
SKIN: Can cause mild irritation. -..>.

INHALA?70N: Can cause mild upper respj=to~ tract irritation.
INGESTION: May cause mild irritation.

Alumina is a low health risk by inhalation. T[eat as a nuisanc::-$st.as specified by the ACGIH.
,-

Meditial conditions aggmvated by exposu~ to the ~rodfic-: - ;%22’”””
C@Jg . .

Asthma, chronic lung disease. and skin rashes. ... .t.&-....:. .-. .. -. -. “

4. FIRST AID MEASURES
I

t.,,.

-—-.--’7-’--- . ...,,, .. . . ..>. . . . . ... ..$ ... .,... ---- . . . . . . ... . . .. .. . ,.,. ., . ..-.?., —.—
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Original: JJlv 1.1996 .

“r Piuduct Name: PSFUDOE3 OEHMITE Al UMIN~

.

I 5. FIRE FIGHTINGMEASURES

FLAMMABLE PROPERTIES: Non-flammable.
Flash Point None.
Flammable Limits: Not appfic.abie. .

AUTO-IGNITION TEMPERATURE: “Not applicable.

PRODUCTS OF DECOMPOSITION: None.

EXTINGUISHING MEDIA Use extinguishing agent applicable to surrounding fire.

FIRE FIGHTING INSTRUCTIONS: Fire fighters shou[d wear NloSH approved. positivepressure. se!i-
contained breathing apparatus and full protective clothing when appropriate.

6. ACCIDENTAL RELEASE MEASURES

SMALUIARGE SPILL Cleanup using dy procedures; avoid dusting.

I 7. HANDLING AND STORAGE

HANDLING: Avoid dusting and contact with eyes and skin. Avoid inhaling dust. -- -

“STORAGE: Keep material dry.
-.

I 8. EXPOSURECONTROLSIPERSONALProtection

ENGINEERING CONTROLS: Use with adequate ventilation to meet kxposure limits fisted in Section 2.

RESPIRATORY PROTECTION: Use NIOS1-kpproved dust respirator if potential for overexposure exists.

EYE PROTECTION:” Wear safety glasses to avoid eye contact.

SKIN PROTECTION: Wear appropriate gloves to avoid direct skin contact,

I 9. PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE: White crystalline powder ~
BOILING POINT Not applicable
FRE-EZE-MELT POIN?I Not determined . .

vAPOR PRESSURE (mm): Not applicable
VAPOR DENS!TY (air= 1): Not applicable.
SOLU131L17YIN WATER: Nil
SpEC[F[C G~Vl~. se? Densi~

DENS[~. Loose bulk 37-50 Ib/fts (0.6-018 g/cm3)
PH: Not determined
ODOR: None
GDOR THRESHOLD (ppm): Not applicable
COEFFICIENT OF WATERIOIL DISTRIBUTION: Not applicable

I 10. STABILITY AND REACTIVITY

,

I



MATERIAL SAFETY DATA SHEET

QQ9inal:JdddWfi “
No. 272. .

Page 3 of LProductName PSEU DO130F?ifVllWA~uMIN~

Non-comosive -

‘fI. TOXICOLOGICALINFORMATION
.. . .

LDsOor LC:O found for oral, dermal or,.inhalation routes of administration:

This product has not been specifically tested. Data for similar products are provided below
Eyes: Rabbit eye irritation index 6 (Max. score possible is 110); minimally irritating
Skin: Primary skin irritation index (rabbits): 0.0 (Max. score is 8.0); not a primary skin irritant.

Acute derrnal LD50 (rabbits): >2 g/kg; practically non-toxic.
Inhalation: Inhalation of fine particles (6-8 microns diameter) for 4 hours by rats resulted in no si9ns cf

toxicity.
Rats survived exposure to a concentration of 83 mg/1 for one hour

Ingestion: Acute oral LD50 (rat) ->5 g/kg; practically non-toxic.

12. ECOLOGICALINFORMATION “
..W..

ECOTOXICOLOGICAUCHEMICAL FATE lNFORMAmON: No information found.
r

13. DISPOSALCONSIDERATION . -

Collect in containers, bags, or covered dumpster boxes. Ifreuseor recycfing is not possible, material may be
disposed of atan industrial landfill.

RCRA Hazardous Waste No.: Not federally regulated in tie U.S.

14. TRANSPORT INFORMATION

U.S.A. DOT Not Regulated. - Enter the proper freight classification, ‘MSDS Number,” and “Product Name- cm
the shipping papenvork.

Canadian TDG Hazard Class& PIN: Not regulated.

. .

15. REGULATORY INFORMATION . .
...,

..

U.S. Federal Regulations
TSCA STATUS: All components of this product are listed on the TSCA inventoiy.
CERCIA HAZARDOUS SUBSTANCES: None.
SARA TITLE Ill:

Section 311/312 Physical and Health H~ard Categories: Immediate (acute).
Section 313 Toxic Chemicals: None.

In reference to Title VI of the Clean Air Act of”l 990, this material does not contain nor was it manufactured using “
ozonedepleting chemicals.

international Regulations
CANADIAN DOMESTIC SUBSTANCES LIST All components of this product are listed on the Canadian DSL..
ELIROPEANJ COMMUNl~: All components of this product are listed on ECOIN, the European Core Inventory.
AUSTRALIA: All components of this product are listed on the AICS inventory.
JAPAN: All components of this product are listed on MITI, the Mhmq of International Trade Industry.
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16. OTHER INFORMATION
I

MSDS STATUS: Original issue
HAZMIN Numbec 0424U

PREPARED BY Hazardous MateriafsLContiol Committee.
... .

●

●

●

0

I Fxmure Values-19 9S, Compiled by the American Conference of Governmental “
Industrial Hygienists (ACGIH). .:
Docu

.—
en~tlon of the Threshold !_imitVa!ltes’ and -j~l FWosure Indic es, Sixth Edition, 1991, Compiled 2y

the A~erican Conference of Governmental Industrial Hygienists, Inc. (ACGIH).
JNIOSH Pocket @id~ to Chemical f-lazads, U.S. Department of Health and Human Services. June 1994.
Qa aen fOUS PTOD&_& of Industnai Matena. .

i-s,Sax, N. kving, Van Nostrand Reinhold Co., Jnc., 1984.
attv ‘s Indus trial Hygiene and TOXiCrJO ~ Volume l!: Toxicology, 4th cd., 1994,-Patty, F. A.; edited by Claytcn.

G. D. and”Clayton, F. E.: New Yoric John_Wiley&Sons, Inc.

LEGEND:
ACGIH
A[CS
CAS
CERCLA
CFR
DOT
DSL
ECOIN
EPA
IARC

INFORMATION HEREiN IS GWEN IN GOOD FAITH AS AUTHORITATIVE AND VALID; HOWEvE%
NO WARRANTY, EXPRESS OR IMPLIED, CAN”BE MADE. ~

. . . . . . .—
.,

American Conference of Governmental Industrial Hygienists “
Australian Inventory of Chemical Substances

Chemical Abstract Semites
Comprehensive Environmental Response, Compensation, and Liabili& Act

Code of Federal Regulations

LC~o
LCLO
LQ,J
LDLO
NFPA
NIOSH

OSHA
pl=~
PIN
RCRA
SARA
STEL
TCLP
Ti2G
nv
TSCA
TWA

Department of Transpoflation
Domestic Substances List (Canada) . .
European Core lnvento~
Environmental Protection Agenry
[ntemational Agenq for Research on Cancer
Lethal concentration (50 percent kill)

Lowest published lethal concentration
Lethal dose (50 percent kill)

Lowest published lethal dose
National Fire protection Association
National Institute for Occupational Safety and Health
National Toxicology Program
Occupational Safety and Heal~ Administration
Permissible Exposure Limit
Product identification Number
Resource Consewation and Recovety Act
Superfund Amendments and Reauthorization Act
Short Term Exposure Limit
Toxic Chemicals Leachate Program
Transportztlon of Dangerous Goods
Threshold Limit Value
Toxic Substances Contro[ Ad
77me Weighted Average

atm
cm
; 9m

kg
lb
m

mg

ml, ML
mm
n.o.s.
ppb
ppm
psia
v, u
IJ9

atmosphere -‘ : .
centimeter
gram . .
inch
kilogram .
pound
meter
milligram

. milliliter
millimeter,
not otherwise spec:fieo . Q
parts per billion -
parts per million
pounds per square inch aoso:.:?
micron
microgram

/ I
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Aluminum Company of America
Cn

Page 1/6
Material Safery Data Sheet

ace. co 91/lSSIEEc

Printing date 08/18198 Reviewed on 06/26/98
f

1 CHEMlmL PRODUCT AND COMPANYSDENTIFICATXON

● product Name: Hydrated Aluminas/Aluminum Trihydzoxide 839
- Other Llesianatioms:

Aluminum T;ihyckexide AT3 Series, Bayer Hydrated Alu.rrdnti, 13ayexi.te,
BayGraNi~e(Tr4), Bayer Scale Fines, C-230, C-231, C-30, C-33/31, C-31C,
C-37G, C-330, C-333/331, C-40, C-430, C-431, C-53(I, C-531, C-C)PS-1,
C-NEV-l, Coated ATH, CHSO-1, CV-3002, CV-3003, CV-3004, Flame Gard(R)
Series, Hydral(R) Series, Hydral(R) 705, llydral{R) 707, Hydral(R) 710,
Hydxal(R) 716, Hydral(R} 719, Hydra>(R) BrLte 100, Iiydral(Rj Coat 2,
Hydral(R) Coat 5, IIyciral(R) Coat 7, Iiydral(Ii) PGA, Eiydral(R)PG14SD,
Hydrate 17LVB, Hydrogard CP, Hydrogard GP, Hydrogard HI, HyGraNite(TM)
Series, KB-30, KB-3C18,KC-30, KH-30, LD-1OO, Lubral CSP, Onyx Classica
Series, P-3, P-5, P-7, SpaceRite(TM) Series, SRP-A-L1, SRP-.4-12,
SRP-A-13, SRF-A-14, SRP-A-17, SRP-A-18, and SRI?-A-69E.
(R) ~egistered Trademark of Aluminum Company of America
(TM) Trademark of Aluminum Company of America

w Manufacturer/Supplier:
Alcoa Alumina & Chemica~s, L,L.c.
PO Box ’300,Bauxite, AR 72011
Tel: +1-501-776-4654

+1-800-860-3290

Alcoa Point Comfort operations
State Highway 35, Point Comfort
Calhoun County, TX 77978-0101
Tel: +1-512-987-2631

Dalton Alumina & Chemicals Co., Inc.
PO BOX 1601 .
Dalton, GA 30722
+1-706-278-4434

Alcoa of Australia Ltd. - Kwinana Works
PO Box 161, Kwinana
Western Australia 6Z67 Australia
Tel. +61-9-410-3111
Alcoa Moerdijk B.V.
Vlasweg 19
4782 PW Moerdijk
The Netherlands
+31-16&-324865

o Emergency Information:

Alcoa Aluminio .SA
Rodovia Pocos/Andradas, 16n10
37701-970 Pocos de Caldas MG
Brazil
+55-35-729-5000

USA:‘Che&trec: +1-703-527-3867 +1-800-424-9300 ALCOA: +1-412-553-4001

2 Composition/Data on components:

Components:
21645-51-2 Aluminum trihydrcxide (non fibrous)

EINECS: 244-492-7
99.5 %

Additional information:
Less on ignition 34-35 %

usA-
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Page 2/6
Material Safety Data Sheez

ace. to 9111551EEC

PxinLing date” 08/18/98 Reviewed on 06/26/98

Product Name: Hydrated Aluminas/AluminumTrihydroxide 839

.

.

Hazards identification

EMERGENCY OVERVI&W:
Can cause mild irritation to eyes, skinf and upper respiratory tract.

Hazard description:
Medical conditions aggravated by exposure to the prcduct:
Asthma, chronic lung disease, and skin rashes.
I~formation pertaining to particular dangers for man and environment
- See item 11.

Classification svstsm
The classificati~n was made according to the latest editions of the EXJ-
liscs, and expanded upon from company and literature data.

4

.

First aid measures

After inhalation
Remove to fresh air.
Check for clear airway, breaching, and presence of pulse.
Provide cardiopulmonary resuscitationfox persons without pulse or
respirations.
Consult a physician.
After skin contact
Wash with soap and water for at lease 15 minutes.
Consulr a physician if irritationpersists.
After eye contact
Flush eyes with”plenzy of water for at least 1S minutes.
Consult a physici~n,
After swallowing
Do not induce v~miting.
Never give anything by mouth co a convulsing or unconscious person.
If swallowed, dilute by &inking large amounts of water.
Consult a physician.

5 Fire fighting measures

“ Suitable extinguishing agents
Use fire fighting measures that suit the environment.

. Protective equipment:
Wear self-concained respiratoryprotective device.
Wear fully protective suit.

6 Accidental relezse measures

. Person-related safety precautions:Wear protective clothing.

. Measures for environmental protection: No special measures required. .
s Measures for cleaning/collecting:
Clean up using dry procedures; avoid dusting.

r
“ 7 Handling and storage

- Handling
1 Information fcx safz handling:

(Contd. on page 3)
USA-

.’
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Page 3/6
Material Safety Data Sheet

ace. to 911155/EEC

Printing date 08/18/58 Reviewed on.06/26/9E

Product Name: Hydrated Ahminas/A3.uminumTrihydxoxide 839

{Contd. from page 2)
Ensure good ventilation/exhaustat the workplace.
Prevent formation of dust.
Provide suction extractors if dust is formed.

“ Information about protection against eqlosions and fires:
No special measures required.

* Storage
“ Requirements to be met by storerooms and receptacles:

Keep material dry.
- Information about storage in one comma storage facility: F?ot ie@tied.
w Further information about storage condici.ens:None,

8 Exposure controls and personal protection

o Additional information about design of Eechnical syscenns:
No further data; see item 7.

Components with Umit values that require monitoring at the workplace:
The produce does not contain any relevant quantities of materials with
critical values that have to be monitored at the workplace.

“ Personal proceccive equipment
1 General protective and hygienic measures
Avoid contact with che eyes.
Do not inhale dust.

“ Breathing equipment: ~
Us.ssuitable respiratory protective device in case of insufficient
ventilation.
Short term filter device:
Filter P2,

“ Protection of hands: Impervious gloves.
* Eye protection: Safety glasses.

9 Physical and chemical properties:
..

. !?orm:Crystalline powder
“ Color:
White
Whitish

“ Odor: Odorless
. Value/Range Unit Method
I Change in conditicn
s Melting point/Melting range: 2040 “ c
“ Boiling point/Boiling range: 2580 . c~~o”c

“ Flash point: Not applicable

- Auto igniting: Product is noc self igniting.

“ Danger of explosion:
Product does not present an
explosion hazard.

(Contd. on page 4)
USA-
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Material Satety Data Sheet
Page 4/6

ace. to 91/155/EEC

Printing date 08/18f98 Reviewed on 06126198

Product Name: Hydxated A.Luminas/AluminumTrihydroxide 839

(Contd. from page 3)

- Density: at 20”C 2.4 g/cm3

- Bulk density: at 20 “ c 0.1s-1.3 g/cm3

- Volubility in / Miscibility with
● Water: Insoluble

. . pH-value: at 20 “ c 8.5-10.2 20% in H20

- SoLvent content:
s Organic solvents: 0.0 %. Water: 0.0-1.0 8
. solids content: 99.0 %

Stability and reactivity10

.

* 12

.

Thermal decomposition / conditions to be avoided:
No decomposition if used according to specifications.
Dangerous reactions;
When exposed to fire or heat, hydrated alumina loses its water cf
crystallization beginning at 200”C (390”F).
Dangerous produces of decomposition:
No dangerous decomposition products known.
Coated AT?l:Formaldehyde, Carbon monoxide and carbon dioxide.
Additional information: Non-corrosive.

Toxicological information

Primary irritant effecc:
On the skin: Can cause mild irritation.
On the eye: Can cause mild irritation, especially when wet.
Inhalation: Can cause mild upper respiratory tract irritation.
Ingestion: Can cause mild irritation.
Additional toxicological information:
The product is not subject to classificationaccording to the
calculation method of the General EtlClassification Guidelines for
Preparations as issued in the latest version:
!ZcoLogicalinformation:

General notes:
Water hazard class O (German Regulation) (Self-assessment): generally
not hazardous for water.

t
= 13 Disposal considerations
I

- Product:
- Recommendation
Collect in containers, bags, or covered dumpster boxes. If reuse or
recycling is not possible, material may be disposed of at an industrial
landfill.

[ (Contd. on page 5)
usA-
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Material Safety Data Sheet

ace. to 91/155/EEC

Printing date”08/18/98 Reviewed on 06/26/96

Product Name: Hydrated Aluminas/AluminumTrihydroxide 835

{Contd. from page 4)
‘ European Community Waste disposal key: 16 03 01 513 08

“ Uncleaned packaging:
● Recommendation:
Disposal must be made according EO official regulations.

t
~ 14

,.
.

.

Transport information

DOT regulations:
Remarks:
U.S.A. DOT: Nat regulated -
llMSDSN~er,” and “I?rod~ct
Canadian TDG Hazard Class &

Maritime Cransport IMDG:

Enter the proper freight classification.
Name” on the shipping paperwork.
PIN: Not regulated.

Marine pollutahc: No

15

.

.

.

.

,

.

.

.

Regulations .

U.S. Federal Regulations:
TSCA STATUS:
All components of this pxoduct are listed on the TSCA inventory.
CI?RCLAREPORTABLE QUANTITY: None.
SAFUiTITLE 111:
Section 302 Extremely Hazardous Substances:
None.
Section 311/312 Hazardous Categories: None.
Section 313 Toxic Categories: None.
OTHER INFORMATION:
In reference to Title VI of ths Clean Air Act of 1990, this material
does not contain nor was it manufactured using ozone-depleting
chemicals.

Markings according to EU guidelines:
Observe the general safety regulations when handling chemicals.
The product is not subject to identificationregul,atiofisbnder EU “
Directives and the Ordinance on Hazardous Materials (GefStoffV).

National regulations -

Classification according co VbF: Void
International Regulations:
CANADIAN DOMESTIC SUJ3ST~CES LIST:
All components of this product are listed on che Canadian DSL.
AUSTRAIJAN INVENTORY OF CHEMICAL SUBSTANCES:
All components of this product are listed on the AICS.
JAPAN Ministry of International Trade Industry (MITI):
All components of this prsduct are listed on MITI.



Page 6/6
Material Safety Dara Sheer

ace- to 91/15S/EEC

Pxincing date 08/18;98 Reviewed on 06/26/98

I
Product Name: Hydrated Aluminas/AluminumTrihydroxide 839

I
* 16 Other information:

This information is. based on our present knowledge. However, this shall
not constitute a guarantee for any specific product features and shall
not establish a legally valid contractualrelationship.

< Department issuing MSDS:
Hazardous Materials Control Commircee,Alcoa, Pittsburgh, PA 15219 USA
26.06.98 Supersedes 20.02.98

- Alcoa MS #: 134231
- Appendix:
- Guide to Occupational Exposure Values 1997, Compiled by the American

Conference of Governmental industrial Hygienists tACGIH).
- llocumentation of the Threshold Limit Values and Biological Exposure

Indices, Sixth Edztion, 1991, Compiled by the American Conference of
Governmental Industrial Hygienists, Inc. (ACGIH).

- NIOSH Pecket Guide to Chemical Hazards, U.S. Department of Health and
Human Services, June 1994.

- Dangerous Properties of IndustrialMaterials, Sax, N. Irving, Van
Nostrand Reinhold Co.; Inc., 1984.

- Patty’s Industrial Hygiene and Toxicology:Volume II: Toxicology, 4th
ed.1 1994, Patty, F. A.: edited by Clayton, G. D. and Clayton, F. E.:
New York: John Wiley & Sons, Inc.

USA-

“ LEGEND:
ACGIH
CAS
CERCLA

CFR
IX)T
DSL
ECOIN
EINECS
EWC
EPA
IARC
LC
LD

NDSL
NIOSH
NTP
OEL
OSHA
FIN
RCRA
sP&Fi
STEL
TCLP
TOG
TLV
TSCli
TWA

American Conference of Governmental Industrial Hygienists
Chemical Abstracc Services
Coraprehensive Environmental Response, Compensation, and
Liability Act
Code of Federal Regulations
Department of Transportation
Domestic Substances List (Canada)
@ropean Core Inventory
European Inventory of Existing Co~ercial Chemical Substances
European Waste Caralogue
En!ZiEO~ental ProtectiveAgency
International Agency for Research on Cancer
Lethal Concentration
Lethal Dose
Maximum Workplace Concentraclon (Germany)
%aximale Axbeitsplatz-KonzentrationM
Non-Domestic Substances List [Canada)
National Institute for OccupationalSafety and Health
National Toxicology Program
Occupational Exposure Limit
Occupational Safety and Health Administration
Produce “IdentificationNumber
Resource Conservation and Recoyery Act
Superfund Amendsnentsand ReauthorizationAct
Short Term Exposure Limit
Toxic Chemicals Leachate Program
Transportation of Dangerous Goods
Threshold Limit Value
Toxic Substances Control Act
Time Weighted Average

m meter, cm centimeter, mm millimeter, in inch,
g gram, kg kilogram, lb pound, pg microgram,
ppm parts per million

I
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Materia? Safety Data Sheet

Substance identification

ldentlty: SYNTHETICRED IRONOXIDE Cas # 1309-37-1
Trade Names:

.

Manufacturer: The Prince Manufacturing Co. Emergenqc Chemtrec
One Prince Plaza 1-800-424-9300
Quincy, IL 62301
2~7-222-8854

Components and Contaminants ~
Chemica! Na me: CAS # OSHA PEL ACGIH Tl ~ IW2!21d
Iron Oxide 1309-37-1 80-95% FezOa .‘
Particles not othem”se Regulated

Total 15 mglms 15 mg/ms (lVVA)
Resplrable Fraction 5 mglm3 5 mghr? (lWA) . .

Physical Data
Boiiing Point NA Specific Gravity (H20d): . 4.8-5.3
Vapor Pressure (mm/i-ig): NA Meiting Point: >1700” c
Vapor Density (Ah=l): NA “ Evaporation Rate (Butyl Acetate+): NA
So!ubUity In Watec insoluble

“;“:;Appearance and Odor: red to reddish-brown powder, no odor.

Fire and Explosion Hazard Data

FlashPoint: Not combustible “ -
Flammabie limits: LEL 14A UEL NA
Ext[ngt@hing Media: Foam, COZ,dry chemkai or water.
Special Fire Fighting Procedures: in the event of fire,wear fullprotective clothing and NIOSH-approved.,

self-contained breathing apparatus with fuli face piece operated in the
pressure demand or other pos”tie pressure mode.

Unusuai Fke and expiosion hazards: Not combustible,

Reactivity Data
Stability: Stable under ordinary oondtions of use and storage.
Conditions to avoid: None Known.
Incompatibiii& (materials to avoid): Aluminum, Ethylene Oxide, Hyrkazlne, Calcium Hypochlorite, . .

Performic Acid, Bromine Pentaflouride.
Hazardous Decomposition or Byproducts: None Known.
Hazardous Polymerization: W not occur.

Health Hazard Da@ ~
Routeof Ent~: inhalation: May cause irritation of mucous membrane if dust is

inhaied over a proionged period of time.
SKIN: No.

lNGESTION: ingestion of minerei compounds may cause abdominai
pain and nausea.

Synthetic Red ltonOxide, Page 1
Reviewed July 1996 unchanged since June 1991
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Health Hazard Data (~~~)

Health ~rds (Acute and Chronic): Respiratory disease may result horn prolonged overexposure CarI =US.Ceye
irritation

Carcinogcni~ NTP: No L4RC.Monographs Yes (Sili@
Signs and Symptoms of Exposure: Ekcssive inhalation of dust may result m shortness of breath and reduced pul-

monary function. Symptoms of silicosis include impaired pulmonary function
and whecti~

~avation of Prc-existing Conditions Persons with impaired respiratory function may be more susceptible to the ef-
fectof this Substanw. ,

Emergencyad FirstAidProcedures: TFINHALED,remove to fresh air and seek mediml atwntion for any breathing
difficdy. ~

IN U OF SKIN CONTACT, wash with soap & water. Seekmedicdat[cn.
tionifrcd& irrirated.
~ CASE OF EYE CONTACZ,flush eyes immediately with water for at least
U minutes. Seek medical attention ifiniration persists.
IF INGESTED, induce vomiting immediately by &ng two glasses of water
and sticking finger down t.hrom Never give anything by mouth to aa uncon-

. sciousperson. Call a physicianimmediately.

Precautions for Safe Handling and Use~-—.

MaterialRelease or SpiUPrecautions: Should a spiI1.occur, ventilate area. Clean-up personnel require respiratory
protection. Recover uncontaminated material for use. Vacuum or sweep
remainiig mate~ keepingdusttoaminimum.

Waste DipoSal Me&o& Dispose of unreclaimablematerialin a RCRA-approved wastefaciJity.
Handliig and StoringPrecautions: Protect containersfrom damagearidkeep closed when not in USC.
Other PrccautioM. Obsemc good personal hygiene. Wash after handling.

Control Measures
I

RespiratoryProtection

ventilation

Protective Gloves
Eye Protection:
Other Protective Clothing or Equipmenu

Work and Hygienic Practices

Use NIOSH approvedparticulaterespiratorifdustgenerationoccursoris
anticipateciOSHA standard1910.134orANSI 2%8.2-1980specificationsare
recommended..
A ~tqn oflocaland/orgeneralexhaustisrecommendedtokeepemployee
exposuresbelowtheAirborneExposureLimits.LocaIexhaust1sgenerally.
preferredbecauseitcaneontroltheemissionsofthecontaminantatitssource,
preventingdispersionofitintothegeneralworkarea P1easerefertothe
#LCGI15documen~‘IndustrialVentilationA ManualofRecommendedPrac-
tices-,mostrecerucditio~fordetails.
Yes
!hfuy gogglesare recommended.
Use other protective equipment whw necessary in order to avoid prolonged
exposure to skin.
Observe good persdnal hygiene. Wash after handlin~

SARA TitlelII Section 313 Supplier ~o~ifica~ion

This product contains the following toxic chemicalssubject to the reporting requirements of section 3J.3of the Emergency
Planning and Community Righr.Io KnowAcl of 1986and of 40 CFR 37245:

QmE!m!u
Chromium (HI)Compounds

(2AS#
7440-47-3

YObv Weight
10- 16% Cr

This informationmustbc included in all MSDS’Sthat are copied and distributed for this material.

ITOUOddc
Page2, May1992
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lMatetiaI Safety Data Sheet

Substance Identification

Identi@ IRONOXIDE “ cAs#: . 3309”37-1
Item Numbers 04-5113,04-5114

Manufacturer: The Prime Manufacturing Company Emergen~ Chemrrcc
One Prine&1’1- 1-s00-424-9330
@XY, IL “62301
217-222-8S54

. Components and Contaminants
ChemicalName CAS# $3SIIA PEL ACGIH TLV Porcml(
Iron Oxide W-37-1 — -- . 45-70%Fezoz
Chromium Cr+3 7440-47-3 05mg/rn3 0s mg/n13 10-16% (2x
Ahunhmm Oxide(non-fibrous)

(respirabIe fiaetion) W&l 5 mg/m3 5 mg/m3 VA) 5-s% A1303
Magnesium ti”de 320948-4 — 3-5% M@
Silica,CrystallineQuarE (respirable)

..-
1480840-7 0.1mg/m3 0.1 mg/m3 (TWA) 05-1% Si02

Phvsiczd Data.

Boiling Poink NA SpeciiicGravity ~0=1): 4s -5.0
VaporPressure (mm/Hg): ~ Melting Poink 1300-1700’c
Vapor Densily (Air= l): Evaporation Rate @u@”Aeetate=l): NA
SoIubiIityin Water: insoluble
Appearance and Odor: red to reddish-brovmpowder, no odor.

Fire and Explosion Hazard ~~t~

Flash Poinh Not combustible
Pbrnmable Limits LJ3L NA UELNA
Ex6ngukhing Mcdix Foam, C02, or dry chemicalor water.
Special Fme 3?xghtingProeedurcs In the eventof fire, wear full protective clothing and NIOSH-ap roved self-

rlcontained breading apparatus with full face piece operated in c pressure
demand or other posiive pressure mode.

Unusual Fiie and explosion hazards: Not mmbustildc.

Reactivity Data
Stabfi~ Stable under ordinary eondirionsof use and storage.
CoditIons to avoid: -None Ihovm
Ineomptibility (materials to avoid): Alumin~,EthyIene Oxide,Ca(OCl),, N,H,.
Hazardous Decomposition or Byproducts None KnowR
Hazardous Polymetitiow . will not Occur.

Health Hazard ~~~a

Route of Entry INHALATION May cause irritation of mucous membrane or delayed
respiratmy disease if dust is inhaled over a prolonged period of time.
SKIN No.
INGESTION Ingestion of mineral compourds may cause abdom-hal pain and
nausea-

Iron O.ddc
Page1,May1S93
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Health Hazard .Data (cont.)

tiezmn nazaras {Acute ana Lnromcy

Carcinogenicity:
Signs and Symptoms of Exposure:

Aggravation of Pre-existing Conditions:
Emergency and First Aid Procedures:

Can cause eye mnzwon. mjuiy 10sxm may occur Dy a]rec[ mecnanlca
action.
NTP: NO lARC Monographs: No
Excessive inhalation of dust may result in shortness of breath and reduced
pulmonary function, Iron oxide ~ has been linked to slderosls which Is
considered to be a benign pneumoconiosis that exhibits no adverse health

.e“ffects. To the best of our knowledge, this condition has not been observed
after prolonged exposure to iron oxide pigments.
None I@own.
IF INHALED, remove to fresh air and seek medical attention for any
breathing difficulty.
IN CASE OF SKIN CONTACT, wash with soap&water, Seek medi~l
attention”if red & irritated, “
IN CASE OF EYE CONTACT, flush eyes immediately with water for at least
15 minutes, Seek medical attention if kritetion persists.
IF INGESTED, induce vomiting immediately by giving two glasses of wate}
and sticking finger down throat Never give anything by mouth to an
unconscious person, Call a physician Immediately.

Precautions for Safe HandIing and Use “ /
MateriaI Release or Spill Precautions: Should a spill occur, ventilate area, Clean-up personnel require respiratory”

protection.Recover uncontaminated material for use. Vacuum or sweep -
remaining material, keeping dust to a mlnlmum,

Waste DlsposaI Method: Dispose of unreclaimable material in a RCRA-approved waste facility.
Handling and Storing Precautions: Protect containers from damage and keep closed when not in use.
Other Precautions: Obsetve good personal hygiene. Wash after handling.

ControI Measures
Respiratory Protection: Use NIOSH approved particulate respirator if dust generation Qccurs or is

Ventilation:

Protective Gloves:
Eye Protection:
Other Protective Clothing or Equipment:

Workand Hygienic Practices:

anticipated. OSHA standard 1910.134 or ANSI286.2-1980 speclficat[ons
qre recommended,
A system of local andlor general exhaust is recommended to keep
employee exposures below the Airborne Exposure Limits. Local exhaust is
genera[ly preferred because it can control the emissions of the contaminant
at its source, preventing” dispersion of it into the general work area. P[ease
refer to the ACGIH document, “Industrial Ventilation, A Manual of
Recommended Pmctices”, most recent edition, for details.
Yes
Safety goggles are recommer!ded.
Use other protective equipment when necessary in order to avoid
prolonged exposure to skin.
Obsenfe good personal hygiene. Wash after handling.

SARA Tit[e Ill Section 313 SuppIier Notification
This product does d contain chemicals subject to the reporting requirements of section 313 of the Emergency Plannlng
and Community Right-to-Know Act of 1986 and of 40 CFR 372.45:

This information must be included in all MSDS’S that are copkct and distributed for this material.

Synthetic Red iron Oxide, PBge2
Reviewed July 1996 Unchanged since June 1991
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VNXFSM COIipOWZION

258 Elm Street
2?ewCanaan. Cm 06840

.

Emezgency Telephone Number
(203} 966-R890

“Telephone Nunbe= for hfo~]fi~tio~
(203} 966-88B0

Date Prepared; Octobex 3998’

SECTIOl? 1} SDENTXFX~TXQN

‘PRODUCT 2WYE: F?ephelke Syenite - wAous grades ‘.

fW?JONY?4S:JMaydroua sodk~m pDC&iUm alumino silicate, Inozganic feldzpatbic :ineral
fiam=nv==wgacc======en*swk====w.=====================.=%==q============a======.======

6ECTIOX 2: COWO~S “

pis# ‘ ComPomerat Percentage Exxmswe Lim,its
t

. 37244-96-S zrephe2ine Sjerlite “ lQO% PEL- 5 mg]m~ TWA

.

.

‘ PE~ means OSHA Permi.ss3QleExpasuze Limit.
2LV means Ameyican Conference of Governmental Industrial Eyg@enists (ACGIW T?irks%ld
Limit Value.
M$UA means Mine Safety and Health Administration Exposure Limit.
TWrneans 8 hour time weighted average.

Note: The permissible Exposure Limits (PEL) reported above a%e the pre-1989 3imits
that weze reinstated by bsn June 30, z993 following a decision by the 3Zth CixcuLt
Court of Appeals. The:e ~ELs are now being enferced by Federa2 OSZA. se avare chat
mere rcstrickive exposure >imits may be enfozced by some stakes, a~e=cics or okhe~
Wtboritier3.
m====na=~===~.a=a S=====G'=GGC========S============.=======..=.===========ZX.=-==%===a

#?C710N 3: lUiZAFWSXB~FXCA71QN-

. EH?IK%NCY 0VERVH37

Page 2 of 5 Pages
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?4SDS NO: 013

<

HEALTH NAZA!!DS;

Inhalation: Inhalation of dust may Cause irxitatioficif the nose, throat and
xczpiratory“passages.

skin.contact: ?YOadverse etfect~ expeeted.

Eye Contact: Contact may cause mec”nanical irrigation and possible injury.
1

Xn9escien: NO adverse effects expected for aermal, lnciden$al Snges$ion.

Chrcmie E!ealehEffects: ptolonged oveze~osuxc to any nuiz=ce dwt may cauoe lung
injury. Symptoms include cough, shortness of breath, and seduced pulmnaty function.

ggcer status:: None bf the components of this product axe Zisted as carcinogens or
suspected carcinogens by IAIZC,NTP or OSHA.

Medical Conditions Amxa”vated by Exposure: Individuals vSth %espiratoxy di6easc,
including but mot Zjtited to, aBchma and bronchitis, e% sabject to eye imitation
Maeuld be exc3uded frgm exposure.

Sims mad S~ toms of ExPosuxe: 0verexpo6uxe to nui6ance dusts may cau6e mucous
membrane and resp%ratery Srr$tatien, cough, soze throat. nasal conszestimu sx==zi~g
and”shortness of breath.
======b============~=========================.-.=z====..=====...*aws==G==..======.=m-

SK’ZZON 4: FZR6Z AID .

Gross Intmlationr Re~ve victim to fresh air. If breazhing has stop?ed, perform ‘
arti~icial xespiratioh. Xg bxeathmg is d$i’timalt have wl~fied pezeonnel adm~nister “●

oxygen, Get pzmpt medical attention.

Skin contacc: Ne first aid should be needed since this produec does not affect the!

skin. Wach exposed skin with sea? and watez before breaks ad at the end of the
shift .

we Contacc: FIusb the eyes $mmetiately with Ja%ge amounts of runain~ water, lifting
the upper and lover lids occasimally. If irzitatim persists ox for imbedded foreign
body, get s~diate medical attention. .

‘r

Inqezticm: Xf liargemunts are swiillowed,get immediate medical aete~tion.
m=wmv=ms_===~=~~u=========ak~=smsvw-----._.ws_-=uu=*==_____====5usm==GG=========*2*=------- -—___

z

SKTXON 5: FIRE AND ~PLOSZON DXT+

Flash Point (Method Wed)-: lwlly oxidized, will not burii.
moicm itioraTemP: ui~l not burn.

Fla~ble Limits: LEL: Not applicable UEL: Not applicable

Wwml BY
M!!l!iil 8 E!lmL (w

}.’+.:-t w ;:; :. Mm; XC
#. , %*.. .\------- . .... P.-. G;;23
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MSDS No: 0x3
.

. &KW~8hiM Media: This pxoduct.will not burn but is compatible Ach all
* b3XtingQi6bingmtdia. Use any tnedia that is appropriate for the s==u~diw fire.

?peciat Fire EXqhtinq Pro&dures: None required w$th respect to this pr~dock”
F~re:Aghters should always wear self-contained brcqthing apparatQ6 fOr fiXeS indoors
Or h contined areas. ‘

Unu6uaZ Fire and Explosion Hazards: None.

SEffZO!l6: ~cCItENZJiL RELRASB MEASURES
.

?f uncontaminated, co13ecb using dustless method (IE.I%vacuum Qr wee w.ethod~ and”
place in appropriate centainez for use. If contaminated, use apprO@ate method foz

the na,ke of coneatinatien. Consides possible tuxie ax fire hzard=~ ~eas
appropriate protective e~ipment. Collect f~z disposal.
a=auaww-mw-*=====w-=*==========s*m*==m=====wRws*=sw---===*%a*======------x%s=%=%="5=------ “

Sl?crro?l 7; %MIIIJXW MD SroRAf3
.

Avoid beeathing dust. Use nomal precautions against bag bxe=~gc OX S?zI~8 of bulk
material. )woid ereat%on uf zespizable dust. use good housekeeping SB ~~e:age and use
areas eo ~mvent acamulation @f dust Sm woxk agea.

“Use adequate wntilation”and dust collection. Maintain ad use P~oP~z cl@an
*uspS:atory equipment (See Section 8). Lawder ekthsng tkw 1= become dasty. WAR??
md TAM-N employees in accordance w~th state and federal rewla:~o~” .

WRIJYOUR EMPLOYEES (AND YOUR CUSTOMERS - USERS 3N == =f=w) “By ‘osTzNG w ● .
OTHER UEAM QF TH& WWiJUJS AND OSHA SRECAUHONS TO BE USED. PROW~E =!%XNXNG FOR ?fOUR
@4PLOYEES A50UT oS%& PRECAUTIONS.
#=CCz.S=Kfs===~=~.s=cs===*=mm mma=====g== ==~=============s======s=%=a39wa=====s=mma*w..

i

SECTION 8; SXPOSUR13CO=~OLS/PBRSONAL PROZECTXW

Vent53ation: usc local e~haust as ~e~~~ed to. maintain exposures below applicable
ocoupationa$ expo6u3e limits. see also ACGIH “Industrial Ventilation - A ?’faaualfor
Recommended practice”, (current edition), . ?

~emkatox Y Protection: Use.appropriate respiratory pzeteccion :or respirable
Wwticulates based on consideration of aizbornt?vorkplace ccneentraticns and duzation
of exposure. Refex to the most zeeent standard’sof ANSX (288.2) OsR~ (29 CFR
19$f).134), ?4SKA (30 CFR Parts S6 and 57) and WO$II Re6piZator be=isfan Logic.

Gloves: ,Proteczive gloves zeckxfmmxaikd.

Eve ~rotcction:”$a~ety gla~Bes or g-glee recouunended.

O&her Protective E@uipment/Clo.thinq:As appropriate fox the wozk environment. Dusty
clothing should be iaund’eredbefore reuse.
nssa=sa0m9=a*9sta z==*sa*=”s=x~-rss*- S-========== ===s=q==tisw====m= ====~m-~~~=== msxt==a=za

.
,
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MSDS ~Ot 013
I

:

,9,:PXYSZCA3 AND CHEHT&AL PROPERTIES

Appearance and Odor: Ehite powder, odorless.

~Not applicable $Pecific Gr=ViEy {uater=l~: 2.61
Boilinq Point: NoE applicable Vamx Pressure: Not applicable
~e~tin~ Point: 12230C / 2233”P Va20r Den3ity: Not applicable
Volubility in Water: ~egligible ma~oratkm Rate: Xot applicable
Percent Volaeile: Ot
-=?==RlmwgOu=a-a-*a-=m=u =.-.-EC=== xs==wagss. ~-e..-x==s =_______---- ------- -------=== .=”=ss~~=zszx c=:====aa

SR~XON 10; sZABX&X7Y M?tlREACTWITY

St~ility; Stable

conditions to Avoid: None
Incornpatibilicy: None Icnom.

Hazaxdous Bccomposit50n Products: Z?one

Hazardous Polymerixackon: Will not occuz.
Conditions to Avoid: None

========S====s ====.a. ============c======%=====s=xmzszsxz====z---------- ----====SXXZX----..- --------

sEcTxcIN 31: ZOXICOLOGSCAL INFORJSATION

No acute toxicity data is available for product ox components. Jieger to Section 3 for
health hazard information.

SIKTSO!? 12: ~coLOGXafi XNFORI$Z4TZ021

No ●cotoxiclty data ig available. This $#otiuctia not expected zo present an
env$xonmental hazaxd. ,
=--”.--=CE ========= _____=-=s zam$?~r=~==E===.=-=- a=w===wsx=zzssaz== ====U9R==a==a=uw== ==----- -----

Waste miBpOsa~ ~ethod: Xf uncantamiaaced, dispose as art inert, non-me~a~lic minezal.

If contaminated, dispQ$e in accordance wieh all applicable local. stute/pzoviacia)
and federal segulaeiork.
e33.9==_--- -=========** -.=s==p==============----- =*s*a*==a=======-------- -—------s es==esz=-w ======

SISCTIOX 14t TRA??sPo~TATxoH DArA-
“.

,
U.S. MT MZARD CLUSZFICATION

proper Shi>inq Na&&egulated
Technical Name: lu/&
VI?Number$ lY/A
Hazard Cla$s/Packiny Group : N/A
Labels Re~ired: Ncme
DOT Packac@q Requirements: N/A

“. ,
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u>ful~ad A-?. 6> ,lr,, it i*-- - ------- -- ---- . . .

MS9S No: o13
h

SARA 313 %h~s PZO&,ICt contains the Follohng c~emicals Subject to Axxaual Releaae
RCPo%Ci12gRequirement= Under khe SJUIA section 323 (4G CFR 372) :

None . .

~ERCLA Section 103 Reportable Quantity: None

California pre~eg~g~on 6$: ~~is product d&s not Contati smstances =egulaced Under

California Proposition 65..
.

Cantkah WRMIS Classification: Not a controlled pxoduct,
wmmnwmmgw-.=--~====a==~~=-.~~-.------=--------------- .--..-.SS8m-w===~=-m====ti9-k%z~czZczcG===uS==3

16: OTHER Z$??OR2QATION

European Community Labelinq Classification: WA

European CommunitY Risk tid Safety Phrases: None

“NFPA Ha&atd Rak$nq: Xea2th: 0 Fire: o “Reactivity:

MIS x!azard Ratinq: lfeatth: O Fire: O Reactivity:

03ferexlccsi

o

0

——
RegiStSy for Toxic Kf~ects of chemical substances {RTECS], 1S9S
Pattyle Industrial x~ie~e and Toxicology
?J3P Seventh Jumual Report on Carcinogens, 1994
Iiawley’a Condensed ~hemical I)ictionazy, twel:th edieion
Toxlkie Database, NW, 1998

*

Revision summa w: Revi8e exposure limits (Seceicm 2)
===:cze==x===cc=c===e==a==:~==*=_- --a=aw=======sw -Ek=<az=e= =c======s2m=B sm===sam==s~ =

.
The data in this Mater2a3 Safety Data Sheet xelates only ko the spi3CifiC ma~cr!al
designated herein and does not relate to use in combination with any other
tnatexial or in any pxucess, The info~tion set forth herein Ss base~ an technical
data the Unimin Corporation believes Xeliab-le.It is Sntended for we by pe:sons

having technical skill and at tieir ovn dise~etion and ~isk. Since conditions sf
use are outside the control d Unimia corporation, no varrantie6, expressed or
implied, are ~de and no liability is assumed in connection with any Use QZ this
i~foxtion..~y use ef”these data md infomtion &st be determined by the USQY
to be in accordance with federal, state and local laws and zegulaticms..

.
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E@/26/99 14:35 NO.052 DE12

MATERIALSAFETY DATASHEET

MANUFACTURES NAME ..
t Marmeaium Elaklmn,km.

ADDRESS
,

500PoknBreezeRoad,Flem!ngton,NJ

TRAOENAME 1} Zkccmlum Hydfoxfde

SYPJONVMS HY&we Zirwnki

CASNUMBER ? lM7s334
*

MATERIALOR COMPONENT ;

Zkonhm OxJda 60-95% :

BOILfNQPOINT~q 1 Clacompoaes@ 100‘c DENSfTY 3.25

VAPORPRES6URE{mm Hst,] : NO MELTINQPOW( “ C] NA

SOI.UBILITVINWATER :. <lm@ VAPORDEN81TV ND
#.I

APPEARANCEANOOOOR ;.1White,bulky,amo@oUaaolldwithnoOdof

FLASHPOINT~EST METHOD] 1

FLAMMABLEUMfTSINAfR.%SYVOL. ; No! LOWER
I

NIA
I

UPPER NIA
Phmmable ..

EXTkNCW18HlNQMEDIA ! UseMediisu”~e forsunmmding the, thla materialIsnot
i flammable

SPECIALPIfW Flt3~N6 PROCEDURES ; NoneKnown

NoneKnown

FIRSTAJD:
EYES Flusheyaawith nmnlngwar for8t Iaaat15 minulea.If inftation,

pemhxs.aeakmedkdald
SKIN:

~
FIUSIIaffectaaareawtthwater. If Irrltatfonwalate seHkmedical
aid.

INHAUTION: Ffamcweto freshair, If bathing hfkaSIOPXd8dddSIti
adfiolalre8dratlon,seek medicalsldImmedlatety.

INGESTION:
t
, Waahmouthml wllh watw. Do not inducavomiting,Beak

medicafattention,

NATUREOF HAZJVID I

EYES Noknowneffeota,freat as a foreignobhoL

SKIN: Unllkeiyto beanMan!basedstucflesof similar material.

lNHALATIOtd: Noknownelfeatafromwidespreaduawandmenufaoture
z expariama.

lNGESTfO?4: Noknownaffectli..
I

I
.—. ~=”=,

. . . . . . . . . ,. ..,.,’.. mm~,, !. - ,..,2... >,n’. 7=, .,:;zw~,.,... : Y .. Y /—-’-. *.. ... . ... ..,, > < , ,- . , J ..+, , , .. {
,, -------
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I EPFE07SOFOVEREXPOSURE “
I

NOKnovmeffactaof ova?e~we.

L===5 600@mmA)100mgm3(=EL)

NoKnowneff~ of ovemxpoaure

ZimonlumCompounde- OSHAPEL:

SKiNCONTAm Noknowneffectci
I

EYEOOmACT: :1 No imowl etfecta

lNHAWTiON: NQkrmwndkxta

INGE$TWW No knownaffecte,NOT RECOMMENDED

1N00MPATIBIUT% None Known!.

ttAZARBOliS DE~MP08iT10N PROfMi$TS None Know
t

CONBfflONS CONTRIBUTINGTO i4AWbOLiS WI Applicable
POLYMERUATiON

Take pmxzrutionatDw“d oma!bgendBraathlngdud.
SPILLED Dampenany epllledmaterial,collectby vaouumorshoval

andmaceintolabeledcom”ner for difipoaal.
NEUTRALIZINGCNEMI~ NoneRequired

WA8TE 018POSALMETHOD Notddktd ES● ha2afdousmeteudef40 cm PaIt261of
the RrnourcaConwwion andRecovmyAU OWX?A).

VENTliATION I?EQUIREMEMTS Uss local axhauetventilationto avoid Inhallngduw
i

L
SPEOiFiCPER80NAL PROTE~VE EQ1;IPMENT Skinoomot shdd be prevented byprot~lveclothhg,In

allaraaaofdustoonoantratlon.dustmeaksshaufdbe
Drovidad,and Incam of fumaa,maskswith rxotw canietem

I I I &t3 UFolia Elk raadratom mu-ii M Used. - -
RESPIRATORY NiOSWh4SHA@Pwed duet@wtkulate rmdrator b

HAZARDCLA8SlFiCATiON information N ● Not Ra9u18mdunder tha Dmartmant of Tranmw&tJon
007 HazardCfass: t UN Nu&ec

.

HANDLINGANO8TGRA6EMATERIAL8~D COATiNQS
Suitable:Storein a CWI,chyplace. Avoid Qntact withwater
SARATIRE Ilk Not Ag@lcabie
TSCA: ZimonlumHyrdmxJdela UsIed on ‘ TSCACIWMl@S&tame InvantoryundeiCAS NO. 147583-9
Date:01i28jPtlJF6 SuWImixfizs MSDS

Q03

,

“:
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Alcoa Industrial Chemicals

HiQ@ Alumina Product Line: Boehmite Phase

HiQ@-IO, HiQ@-20, HiQ@-30, HiQ@-40

Powders for Catahrsts and Abrasives MAY 1998.

CHEMICALSPRODUCTDATA

Product Information
Alcoa markets high purity boehmite
worldwide under the HiQC3 - Alumina
trade name. The manufacturing
process for this product begins with
primary aluminum to produce an
alumina of extraordinary purity. This is
unlike other processes that start with
tri”hydrete and yield aluminas which are
subject to common purities such as
sodium, iron, or silica. High purity
denotes very low levels (less than 0.01
W%) of such impurities.

Description
HiQ@ aluminas are available as white,
free-flowing, spray-dried powders. These
aluminas consist of small boehmite
crystals, often referred to as
pseudoboehmite. The Crystalline
character of each alumina is controlled in
order to tailor their chemical and physical
properties. HiQC3-1O alumina exhibits the
smallest crystallite size and is mainly used
for making extruded catalysts. HiQ@-20
alumina is the general-purpose grade of
alumina that is easy to mull and extrude.
HiQC3-30is typically used as the binder for
extruded oxide blends. Additionally,
supports made from HiQ@-30 have very
narrow micro/meso pore distributions.
HiQ@-40 alumina offers the largest
crystallite size and is well suited for
applications requiring exceptionally high
acid dispersibility or binding ability.

Applications
HiQ@ Alumina is a specialty product but
its applications are quite diverse: specialty
chemical catalysts; automotive washcoat
catalysts; catalyst binders and supports
sol-gel abrasives; polishing compounds;
viscosifiers; and anti-skid agents.

Typical PhysicalProperties

HiQ@-10 HiQ@-20 HiQ@40 HiQC!J-40

Surface Area (m*/g) 290 280 280 250
PoreVolume(cc/g) 0.45 0.48 0.48 0.5
Acid Dispersibility(wt%) 80 88 89 94
LooseBulk Density(g/l) 730 730 730 730
NAG (minutes) 60 10 4 <q
Crystallitesize (A)
020 peak 26 30 33 47
021 41 43 50 72

Particle Size.wt% (HiQ ProductLine]

da (pm) <125 pm <88 pm <44 pm
50 95 95 80

Typical Chemical Properties (HiQ Product Line)

A1203(vA%) Carbon (wt%) Si02 (ppm) Fe*Os (ppm) Na20 (ppm)

<0.3 <100 <50 <1()

HiQ@ Aluminas-TypicaI Properties

................................................................................
Acid Olsperslbllity

... . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .

SurfaceArea..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. ..

300

290

260

2s0
HiQ-10 HiQ-20 HiQ-30 HiQ40

For recommendations on your specifrc application, call Alcoa’s
Appbcations Managec (504) 382-3353. For price and shipment
information contact your Alcoa Sales Representative or Sales Service
Unit at (800) 533-4511.
bIfomUtkWI Presented herein is beliwed to be auwmte and Miible but C&S not imply any guam”b or
wrmnly by Alma. Nothing herein shall be mnstnmd as an imitation fn tMJ processes “-”& by patents
Wout proper arrangements wiUI indtiuals or mmpanies owning these patents

Alcoa Industrial Chemicals
Absorbents and Catalysts Division
16010 Barket’s Point Lane, Suite 250

Houston TX 77079

.. . . ---- ... .. . . . ..._. _ -— ...
.-rm————



Alcoa Industrial Chemicals
Vidalia Works

c1v

PRODUCT:

LOT NUMBER:

Analysis ProPer@

*AIz03 Content, Wt0/0:

.. - **SW-face Area, sq M/g.:

**Pore Volume (pores<1000A dia),cc/g:

Loose Bulk Density, #l:

Carbon Content, wt%:

Particle Size Distribution, wt%:

<44 microns

>88 microns

Impurities, wt. ‘A:

Si02
Fe203

Na20

HiQ@)10 Alumina

8K30-1

Value

73.7

. 2s1

0.61

747

0.49

52.7

12.7

0.007

0.006

0.01

ALCOA

,

Alcoa Alumina & Chemicals, L.L.C. HC 63- Box 4 Vidalia, Louisiana 71373-9701 USA Telephone: (318) 336-9601
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Excepfiiondy

Product Information

, I
pure white hydrates

Alcoa@white hydrated alumina, is
aluminum trihydroxide, Al(OH)~, that
is produced through special pro-
cessing of alumina-bearing feed-
stocks and stringent process control
systems. The result is an aiumina
trihydroxide of exceptional purity
and whiteness, Although hydrated
alumina is a dry powder, It contains
a high proportion, approximately 35
percent by weight, of chemically
combined water. The hydrate [s a
nonabrasive, iow-density material
with a Mobs’ hardness index of
2,5 ● 3.5 and a specific gravity of
2,42 g/cc, White hydrates are used
primarily in applications where color
and the absence of impurities are
critical. They are halogen-free 1
making them excelient nontoxic
frameretardanf.kmokesuppressant
fiilers for plastic compounds.

Product Descripth
Aicoa precipitates a highiy pure
gibbsite phase of alpha aiumina
trihydrate. The Aicoa proprietary
white stream process is designed,
through chemical and recrystalliza-
tion processes, to achieve near 100
percent photovolt brightness and”
relatively uniform particles,

C-33 and C-31C (coarse) “
The precipitation process is con=
troiied to produce two median
particle sizes, Grades C-33 (50
microns) and C-31C (85 microns).
Both grades have free-fiowing
properties,

Applications
GradesC-33 and C-31C hydrates
are used in the manufacture of
giass, chemicais, catalysts, vitreous
emrmeis and ceramic whltewares,
and as additives in high quality
pigments. These products are also
used as additives and fillers in
polymer systems such as electrical
wire insulation and high quality .
cultured rnarbie and soiid countertop
surfacing material. Hydrated
alumlnas are preferred because of
their good arc and track resistance,
aesthetic properties, reinforcing
characteristics and performance as
nontoxic smoke suppressants and
flame retardants.

Grades C=231and C-333 are
ground versions of Grade C-33.
They are used in polymer formula-
tions, toothpastes, adhesives,
coatings, paper, cosmetics,waxes
and polishes.

C-231 andC-333 Ground White ~
Hydrates
Intermediate and fine size grades
are produced by grinding the
precipitated grades to form C-231
(14 microns) and C-333
(7 microns),
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Typical Properties of AlcoaWhite SeriesAluminaTrihYdrates

~hemicalAnalysls C-33 C-31c C-231 c-333
Al (OH)a(%) 99.6 . 99.6 99.6 99.6
Lol (%) 34.6 34.6 34.6 34.6

A120s (~0) 65.0 65,0 65.0 65.0

sio~(%) “ . 0.003 0.003 0.003 0.003

Fe20~ (%) 0.009 0.009 ‘ 0.009 0.009
NaJl (Yo Total) 0.17 0.26 0.17 . 0.1?

NazO(% Soluble) 0.010 0,010 - 0.023 0.022

Moisture (0’0) 0.05 0.06 0.15 0415

Physical Analysis

LooseBulkDensity (g/cmS) 1.17 1.15 0.8 0.6

PackedBulkDensity (g/cma) 1.38 1,33

SurfaceArea(mZ/g) 2.5 3.0

Particle Size Analysis

‘A on 100 TMer Mesh o“ 3 0

YOon 200 TylerMesh 70 60 3 0

% on 325 Tyler Mesh 55 90 20 2

YOthrough 325 Tyler Mesh. 45 10 80 98

MedianMicron(D512) 50 85 14 7

Physical Constants Test Mehds ,

RefractiveIndex 1.57 Al (Ol& and Ala03-by differanoe LooseBulk Oens”@- M@rfied ASTM B212-89
Dansfty (@rn~ 2.42 LOI(LOSSOn Ignition) - from 110”to 1100” Centigrade Packad Bulk Dens-Hy- ModiiedASTM6627-85
Mobs’Hardnaaa 2.S=2,5Sl~-byDCArcOptical Emieaion Speotmmehy
Color

Suiface araa measured by Bnmauar-Emman
Whhe F~Q -by ~ Arc Optical Erni8ekMSpeCtromaUy CoiorTeller methodof dtmgen adsorption

TotalSoda. by DCAroOpticalEmieslonSpactromefry Y. throughTyler 225Mesh-by wet wean
SolubleSoda- by Flame Emleakm Photometry Mediin Mkxon (050) * Miiotmc (C4W31C)
Moisture by Microwave MadlarI Mm (D50) - Sedigra@ 51W (G23V333)

Information prastmted herein is believed to be accurate and reliabla but is not intended to meet
any specification and does not impiy any guaramae or warranty by Alcoa.

,

United States of Amerke & LatinAmerlce
Alcoa IndustrialChemicais

m

P,O.Sox300,4701Akoa Road,BauxiteAR 72011, USA
ALCOA

Phorw 800-680-3$!90,FAX 600-483-7329
E.mailaddra8rxlraucctIl,aicoa03&sw.alcoa.com.
Foroalisfromoutsideof theLfnltedStatascPhone501-776-4760,Fax:501-776-4762
south herb S&3 PWb,t3razii● EuropeFraMurt,Germany● AafB-m~j W@rn ~~~
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Pure white3fine crystalline powder I

with broad particle size distribution
.

Product Information
Alcoa SpaceRite@S-23 is a special
purpose white hydrated alumina.
White hydrated alumina is aiuminum
trlhydroxide, Ai(Oii)3, that is pro-.
duced through special processing of
aluminous feedstocks and stringent
process control systems. The resuit
is hydrated aiumina unequaled in
purity and whiteness, Aithough,
hydrated aiumina is a dry powder, It
contains a high proportion, approxi-
mately 35 percent by weight, of
chemically combined water.

Hydrates are nonabrasive, iow=
density materiais that have been
used extensively in the coatings
industry and other applications
where color and the absence of
impurities are criticai,

SpaceRite aiuminas meet FDA
specification 175.300, MSDS
Section iX, Regulatory Information,
states: “For purposes of SARA Iii
reporting, this substance contains
no ingredients iisted on the Ex-
tremeiy Hazardous, CERCLA, or
Section Iii iists.n

Product Description
SpaceRite S-23 is a fine crystalline.

aluminum trihydroxide with uniform
particies averaging about 7.5 microns
in diameter, h is an organic-free, pure
white powder produced by a propri-
etary precipitation process, SpaceRile
S-23 can aiso repiace other extenders
providing enhanced performance and
benefits in coatings and adhesives.

Product Features
● Broad particie size distribution
(7,5 microns median)

c Low oil absorption
● High,brightness
QCiean white coior
● Low specific gravity
● Nonabrasive
● Excellent dispersion characteristics
o Chemicaiiy inert
c UV transparent

Applications Properties

Architectural coatings ●E;tender (fiat and semigloss). +Viil not impact
color. ●Easiiy dispersed (s+ Hegman),●Weather
resistant, ●inert.

,.
High solidsflow VOC coatings +fighiy inert. ●LOWoil absorption and high ioading

capabiilty, ●Reducesyeilowing in alkyds, ●Easily
dispersed (5+ Hegman). .Can be used In wide
range of colors (no impact on colors).

— .—

UV coatings +MC reduction (formulation ex~ender). .lmproves
photoinitiator efficiency. “Wili not adverseiy affect
speed or depth of cure (UV Iranspartmt). ●Easiiy
dispersed.

... . --- . -----

Organic colored pigments “ideal pigment extender (invisible at levels up to
5“/0). ‘Inert. ●Excellent weatherabiiity, SLOWoii
absorption. ‘Will not impact hue. .Easily

dispersed (5+ Hegman).

PRODUCT

DATA

z

,-. .,,,7 ,,, ,, ,, T,,,. ,+..,9.,,...%,,.: -~~. ?;.-2,-,,,,..,:< ..,7 y~.- -,
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SpaceRite S-23 Alumina Typical Particle+ize Analysis by Sedigraph

Typicaf Properties of
SpaceRite S-23 Alumina

Chemical Composition

~0H)3 (% minimum) 98.0
Moisture content (%) 0.01-0,5
Na@ (% soluble) - 0.0-0,04

~hysical Properties

Specific gravity G

Mob’shardness 2.5- 3,5

Pounds per gallon 20.20

Gallons per pound 0.0495

Median particle size, #m. 7.5

Oil absorption, g/fi 00g 18-20

PH* (ASTM 1208] 9.8
Refractive index 1.57

information presented herein ia beliwed IObe accurate and reliable but is not intended to meet
Brightness - Z percent” 98.0any spaclflcation and does not imply any guarantea or warranty by Alcoa.

Color white
Bulk density, loose, g/cm3 1.52
Bulk density, packed, g/cm3 2.65

“ NOIa buifor
‘“ Z Mrcanl bdghtnow Is m. Z v81uoof

Iha XYZ !rlsrlmulu8dfidedby 1,18103

- .-

,

., UniIerY Statesof America & Latin America

mPRODUCT Alcoa industrialchemi~ls
P.O.Box300.4701 AlcoaRoad,BauxiteAR 72011. USA ALCOA

DATA. Phone:800-860-3290,FAX!800.493-7329
.. E-mailaddress bauccOl.alcoa03@ssw.alcoa.com.

ForCallsfrom oulsideof the UnitedSlates* Phane 501-776-4760,Fax: 501.776-4762
SouthArm?rkaS2D Paulo,Brazil● Europe Frankfufi,Germany● Asia Booragwn,Western Awalia
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Unequaled purityand whiteness

Product Information
Alcoa SpaceRite@S-11 is a special
purposewhite hydrated alumina.
White hydrated alumina is aluminum

trihydroxide, AI(OH)3,that Is pro-
duced through special processing of
aluminous feedstocitg and stringent
process control systems. The resuit
IS hydrated alumina unequaled in
purity and whiteness, Although
hydrated alumina is a dry powder, it
contains a high proportion, approxi-
mately 35 percent by weight, of
cherrricaily combined water.

Hydrates are nonabrasive, iow-
densijy materials that have been
used extensively in the coatings
industry and other applications
wherecolorandpurity are criticai.

SpaceRite aluminas meet FDA
specification 175.300, MSDS Section
iX, Regulatory Information, states:
‘For purposes of SARA Iii reporting,
this substance contains no irrgredi-
ents iistecf on the Extremely iiazard-
OUS,CERCLA, or Section Ill lists.”

Product Description
SpaceRite S-11 is a fine crystalline
aluminum trihydroxide with uniform
particles averaging 1/4 micron in

diameter. It ISan organic-free, pure
white powder that has been further
processed to function in coatings
and adhesives,

Features
● Narrow particle size dktribution

(0.25 micron median)

● Low oil absorption
wHigh brightness
● Ciean white coior
● Low specific gravity
* Nonabrasive
o Excellent dispersion characteristics
c Chemically inert
● UV transparent

Applications Properties
Architecturalcoatings ●TiOareplacement. +/ill not reducegloss,

●Excellent gloss retention. Will not Impact
color. ●Easily dispersed (7+ Hegman).

. ●Weather resistant.●lrlert.

High solidsflowVOCcoatings ●Highly inert. ●LOWoil absorption and high

loading capabiiky. ●MN not reduce gloss,

●Excellent gloss retention, +leduces

yellowing in aiicyds. ●Easiiy dispersed (7+

t-iegman). ●Can be used In wide range of

colors (no impact on coiors)..-

UV coatings ●RMC reduction (formulation extender).

■improves photoinitiator efficiency. ●Will not

adverseiy affect speed or depth of cure

(UV transparent), ●Easiiy dispersed.

Organic coiored pigments .ideai pigment extender (invis.@ieatievek

UPto5%). ●inert. ●lExcellent weatherability.

SLOWoii absorption. ●kViil not impact hue.
●Easily dispersed (7+ iiegman).

———-—.
-T--,=.

.— -
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--------- . . . . .apace~ire a--71 ISa tilne crystalline aluminum rrihydroxide with uniform”
particles averaging 1/4 micron in diameter. (This typical particle s]ze
ana/ysis is by Sedigmph.)

Information presented herein is believed to be accurate and reliable but is not intended to meet
anyspecification and does not imply any guarantee or warranty by Alcoa.

Typical Propwties of
SpaceRite S-11 Numha

“ChemicalComposition

AI(OH)S(% minimum) 99.0
Moisture content (%) 0.6

Na*O (% soluble) 0.10-0.25

Physicai Properties

Spsoific gravity 2.42
Mob’shardness 2,5- 3.5

Pounds per gallon 20.20
Gallons per pound 0.0495
Median particle size, pm 0.25-0.30

Oil absorption, g/100g 24-28

pH* (ASTM1208) 9.8
Refractive index t .57
Brightness - Z percent’* 98.0
Coior white

8uikdensiiy, loose,@c@ 0,13. 0Q4

Bulkcie@i, -; g/~ 0,26.0,45

. Nti a buffer
“ Z~M@massbumznluanf

rhoXYZuladmufw-by 1.181al

.

..
i

I

United Stat8e of Amerka & Latin Amertca
Alcoa IndustrialChsmkals m
P.O.Sox9-CO,4701Alcoa Road,ElauziteAR72011, USA ALCOA
Phone!800-660-3290,FAX 800-493.7329
E-mail addrass:baucc01.alcoa03gtssw.dma,com,
For calls framoutsideof lhe UrtitadStates ● Phonw 501-77&47Kr, Fax:501-776-4762
SouttIkrWOS &b RwkaBrazilcEuropa Fran!dUIIiGermany● &ii %aragocq Wrmsm&mtra!ia
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CHEMICALS PRODUCT DATA

Produot lntormation
AlmaSptwMWe@S-31s a special
pqoose wh!ti hydrated ●lumlna.
WhJtehydmted alumhra Is alumlnum
Whydmxide, At(UH)~ , that iS pro-

duced thrvugh apeoial pmoesslng of
alumlnmm tbedetooks and str/ngant
process oorrtml 6ystems The result
Is hydrated alumlna unequaledln
purity and whlteneas. Although
hydrated alumlna Is a dry powdefi it
contains a h!gh proportion approx-
hnate!y 35peroent by weight, of
chemically sombined water.

Hydrates m? nonabrasive, ,IOW
density materials that ham been used
extensively In the eoatfngs industw

Alcoa Industrial Chemicals CHE 909A

SpaceRite S=3Alumina
I-lydnted Alumhws

Product Description “
Spa&ite S-3 is a fine crystalline.
aluminumtrihydroxldewith uniform
partiofes averaging about one micmn in
dlarneter: It Is an organic-free,pure whiie
powder produced by a proprietary
precip@tion process that closely controls
partldc+slze dlstrfbutlons. SpaceRite S-3
can also replace other extenders
providing enhanced performance and
benefits In ooetings and adhesives.

Product Features”
● Narrow particle size dlstribu!lon

(1.0 micron median)
■ Low oil absorption
c High brightness

and other ippllcmfons where color ● Cfaanwhitecolor
and the absence of impufhies am .. : ● Low specific gravity
Crlthrl. ● Nonabradve

SpaceRltp atuminas meet EOA
sExoelleMdispersioncharaoteristlce
. Chemkslly Inert

spaclfioetion 175.300. MSDS Saotlon
IX. Reaulatow Information, states:

cW transparent

“Forp>rps& of SARA Ilireporting,
thl19substanse oonts!ns no fnffm-

TyploelProperties of
SpaceRite S-3 Alumina

Chemical Composition

Af(OH)3 (% minimum) 99,0
Moisture content (% maximum) 0.7
N@ (“A soluble) 0,08

Phy6[caf Propenles

Spedfic gravity 2.42
Mob’s hardness 2.5- 3.5
Pounds per gallon 20.20
Gallons par pound 0.0’485
Median panicle size, vrn 1so
011absorption, g/100g 30=33
pH”(ASTM 1208) 9.8
Refractive index 1.57
Brightness- Z percent”= 98.0
color white
Bulk density, loose, @c@ 0.22
Bulk dens-Hy,peeked,g/cr@ 0.37

“ Notabuf&f
.“ Zpemml~k OmZwhval

the Hz tdsllml!us- by 1.18W

dlents listed canthe Ektrsrne@-
Hezardous, CERCLA, or Seotfon /1/ AP@lcatkms Properties

liars.”
Architecturalcoatings ●TIOZmpIaoement.“Witl not reduce gloss.

+xcelfmt gloss retention. .Will not impactcolor.
●Easily dmpersed (7+ Hegman). Weather., .
redstant. +18rt.

H@hsotiddow VOC coetlngs ●Highly inerL OLOWoil absorption and high loading
capability. Will not reduoa gtoss. ●Excellent
gloss retention. “Reduces yellowing in alkyds,
●Easilydispersed (7+ Hegman). -an be used in
wfde range of colors(no impact on mlors).

UVcoatings .RMC reduction (formulation extender).
●improves photolnitktor effia-ency. ●VW not
adversely affect speed or depth of cure (UV
transparent). “Easily dispersed.

Organic mlored pigments ●Ideal ptgfnent extender (lnvIsibleat levels up 10
5%). “Inert, ●xcsllent weatherabifii. ●l.ow oil
absorption. ●WII not impact hue. .Easily dispersed
(7+ Hegmen).
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Iron Oxide 5001
FqO~

Item Number: 07-5001

Typical Chemical Analysis

-PhysicalDescription

o

Fe..................................................................................................................... 67.8%

Fe O~ 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . .. . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .97.0%
til~o~................................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.S0%

SiOz ................................................................................................................. 1.35%.
P ...........................................................*........................................................ 0.1 15%

Mgo ................................................................................................................ 0.10%

Mn ....................................................................................................................0.09%
CaO ................................................................................................0................ 0.04%

s .................................................................................................................... 0.032%

. I

color ................................................................................................................rouge

Fineness......................................................................................99% thru325 Mesh ,
Apparent 13ulkDensi&

Loose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 Ibf&
Compacted ......................................................................................170 lb/&

Package ....................................................................................
[A

50 lb 3 ply paper b% a~~ ~~i~ ~

2000 lb SuperSack

TIMIdmxdon uddamconaincdhminucbdkwdmk coma,Sbwwr,wcdoEMwrnntckbcrccpmlyorbyimpliin, & tccuncyUIUmf,W
-muxl thuth pKW4Va K daumkeehesuittbllbofaumuuldt IrdLWUL%IIMW ti~”q UlmlM t cemnx?cid de No tltkmml in fib
buualn h mb. ccawudasvio!miIIKanYeowWorPIW &$$

. . .. ..
T’7---------- ,,, ,, ,$ ,.<.K.+;>,P.

. . . . . . - . . . ...2 ,. ... ,. -. . r-= ---SWix<$wvr......... ~h ,.,,,>
. ;-.:..,,,. . . . . .

—.. . . .
. . . . . . . . .



COLLECT DISPLAY - MICROTRAC FULL RASGE PARTICLE AKALYZER - ~er 3.02

Fe203 Sample*: 07-5001
In 1)1water

GRG

Mg~~P~~s~: param~2: 0,000Lot Code:
0.000 - param~3: 0.000Account#:

Id #l: Summary Data
Distrib. Format: Volume
Filter:. On ~z : o.~2;;

&E?”03/30/99
dv

Time: 12:49

Run Time: 60 ~e;gm$
Chan. Progression: Geom/Srt2

Run $:AVG of
Upper Channel Edge: 704.00

.50%= 21:05

!k%s:~~!%~g;;!:oss
9s% = ;j.$: K%Lc%%inXf~i 10g”12
mv = Fluid Refractive.Index: n/a
ma= 4:81

Above Residuals: 0,00
Transparent PaTtlcles: Xo

Cs = {iz.l:
Below Residuals:

Spherical Par~lcIes: n/a
0.00 sol=. Part. Refractive xndex: n/a

chn!lchtoo %oass %chnllch too %ass %-chnllci’L ‘$??J‘j:@
6:80 0:72
6.0S 0,75
S.33 0.76
4.57 0.76
3.81 0,74
3.07 0,69
2.3S 0.64
1,74 0,56
1,18 0.4s
0.?0 ~.$;0,27
0.00 0:60
0.OO 0.00
0.00 0,00
0,00 0.00
0,00 0.00
0.OO 0s00
:.WJ :.:1

0:00 0:00
0.00 0,00
0.00 0.OO
0.00 0.00

,0
,0
.01

0 so,7tl Iotl.oo 0.00
0 74.00 100.00 0.10

9.2’5 17.79 1,00

0 67.86 99.90 0,24
8.4S 16.79 0,77

0 62,23 99,66 0,46
7.78 16,02 0,60
7’.13 1S.42 0,48

.20 0.84 6.54 14.94 0,39

.36 1,47 6,00 14,S5 0.32

.89 2,26 5.50 14.23 0.2S

.63 3,26 5.04 13.95 0.2s

.37 4.20 4.62 13.70 0.23

.17 5,11 4.24 13,47 0.21

.06 5.70 3.89 13,26 0,21
,36 5,97 3,57 13,05 0.22

.00 28.53 70.39 6.04 3.27

.00 26,16 64,35 5,90
~~,33 o.~3

.00 23,99 5S.45 5,69
3.00 12.60 0.24

.00 22.00 S2,76 5.43
2.7S 12.36 0,26
2.52 12010 0,2S

.00 20,17 47.33 5,1z

.00 1S,50 42,21 4,73
2.31 11.S2 0.30
2.1?,

,00 16,96 37.43 4,36
11,5.? 0.32

,00 15.56 33,07 3,39
1.94 11,20 0,34
1.78 10,86 0,37

,00 14.27 29,1S 3,36
,00 13.0S 25,82 2,76

1.64 10,49 0.39
1.50 10.10 0.43

,00 12.00 23.06 2.22 1.38
,00 l~ooo ~o,s$ 1.7;

9.67 0.471,26 9.20 0.S2
1.16 8.68 0.57

:Oc
,00 S7.06 99
.00 52,33 98
,00 47.9S 96
.00 44.00 94
,00 40,35 91
,00 37,00 87
,00 33,93 82
,00 31.11 76

.UulllU.U9 19.11 1.3:
Esc-exit.. 11

I Record Number: O
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l?RINCE MANUFAC~NG
~ Established41858

13ATA SHEET

Red Mm Oxide 3752 *

Fe20~
Item Number: 07-3752

Typical Chemical Analysis

-L----

COMPANY

Fe...................●. . . . . . . . ..4. *. O*OO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*. .. *..**.... c**@$@****$*...-.-.*~ ●-*.*. 57%
F%O~●.........................................●...............................0....................................... 82%
SiO~ .................................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.0%
fil~o~

1
..........................................................................................................”.....2.9%

MgO .........................0.. . . . . . . . . ..00..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*...... ..* Is%
CaO ....... . .. .. . . . . .. .. .. . . .. ... . .. . .. .. . .. .. .. ... .. ... .. .. .. . .. .. .. ... ... .. .. .. .. .. ... .. .. . ..*...... .. . . .. .. .. .. .. . . . 0.5%
Mn .............................................................................. . . . . . . . . . . . . . . . . . . . . ...0... . . . . . . . . . . 0.36%
P ,,.OO ..0..,......40. ●. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.1%
Pb . . . . . . . . . . . . . . . . . . . . . . . . . ●. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 ppm
& ..............................................................*................................................... 20 ppm

Physical Description 32mw4-h =5@

Color .................................................................................................................,.. red

Fineness...................................................................................99.9% thru 325 Mesh

Average Particle Size.................................................................................2 microns

Apparent Bulk Densi~

Loose................................................................................................ 24 lb/$3

Compacted i4*..........COO**.’.............................................*..**......*..*...*..... 81 lbif?

Package ●...................................................................................50 lb.3 ply paper bag

2000 lb’SuperSack

Thcinformationand &n ConuhcdhereSrlarcbelievedtobeurresr.Howeve.r,wc do not warrant either oxprsssly or byirnplicnrion,tie
accurzqthw’eotWerwommerrdthtitbeprospectiveuserdmrmine the suitiili~ of our maseriaisandsuggestionsbefore ndopting them on a
commercialscale, No swmerrt in this buiiesin is b“ be coostrrredw violating anysopy@t or pmenc 7i9a

.. ....-
..__. .- ,
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COLLECT DISPLAY - MICROTRAC FULL RA?iGEPARTICLE A?iALYZER- Ver 3.02

Fe203 Sample+: 07-3752
In DI water

GRG II

mSummar Data

dv = 0.0341

5% :
0.43

95% =
1.68

lg,~:
mv =
ma= 1:19
Cs = 5.049
sd = 2.70

‘@J c~::ji
0:00 67:86
0.00 62,32
0.00 S7,06
0.00 S2.33
O.OO 47.98
0,00 44.00
0.00 40,35
0.OO 37,00
0.00 33.93
0,00 31011
0.OO 28.S3
O.OO 26.16
0.00 23.99
0,00 22.00
0.00 20.17
0.OO 18.S0
0,00 16.96
0.00 1S,S6
0.00 14.27
0.OO 13,08
0.00 12.00
0.00 11.00
0.OO 10.09

;%~?:03/30/99 T.
Chan. Progression:
Upper Channel Edge
Lower Channel Ed e

fNumber of Channe s
Fluid Refractive.1]
Transparent Pa~tlc:
Spherical Par~lcle:
Part. Refractive ii

——

$piJ =j%%
1:s3 0:89
1.91 0,s2
1,9s 0.7s
1,97 0.69
1.9s 0.63
2.00 0,ss
2.04 0,s3
2.10 0.49
2.20 0.4s
2.30 0,41
2.42 0.37
2.s1 0,34
2.S7 0.32
2.S7 0,29
2.S3 0,27
2.48 o,~4
2.42 0.22
2.41 0.20
2.43 0.19
;,;: 0,17

0,16
2:83 0.14
3.03 0.13

Record Number: O .

:: 1s:ss
tom/Srt2
704.00

0.12
100
SX: n/a
s: No
n/a
:x: n/a

ass %-chn
.93 3.21
.72 3.36
.36 3,42
.94 3,40
.54 3.31
.~~
,09

3.14
2.93

.16 2.66

.s0 2.3s

.12 2.07

.0S 1.78

.27 1.52

.7s 1.14
:b-; :.::

.s3 0:33

.20 0$20

.00 0.OO

.00 0.00
,00 0.00
,00 0.00
,00 0.00
,00 0.00
.00 0.00
,00 0.00
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PHINCE

THE PRINCEMANUFACTUNNGCOMPANY
Establish& 1858

DATA SHEET

,

S@thetic Red 2568 t
FQO~

Item Number: 07-2568

Typical ChemicalAnalysis

Fe.................................................................................................. . . . . . . . . . . . . . . . . . . . 67.5%

F~O~ .................................................................................sOO,O. . . . . . . . . . . . . . . . . . . . . . . . 96.5?40

AlzOS& SiOz ..................................................................................................... 3.070

Oil Absorption ...............................................................................................*........26

Total Water Solubles......................................................................................... 0.3%

Soluble Sulfites “...............-................................................................*............... 0.3% .

Loss on Ignition ..............*................................................................................. 0.5%.
pH.........................................................................................................................;.6

4

Physical Description

Color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . red

Fineness.............................................................*.....................99.9% thru 325 Mesh

. Tap Density .......................................................*....................................... 6!3;7lb/f?

Specific Gravity -....................................................................................................5.0

,Package ..............................................................................*.....50 lb 3 ply paper bag ~I @$ ‘

.’

Thelnfbrmadon anddatacontahwdheroin sirebclkvcd tn be correct. However.wc donotwarrant eirhcr expresslyofby~mpliadonjtic
acoumqLhercof.We recommendtbssthe prospectiveuserdeterminethewhiMiry of our matirlals snd suggestion-sbcfbm odoptlng them on a
commercial wile. No sta!emcnt‘mthisbuilerinktobeconslfucdsswiolnslngmy copyright or parcnL 6/96



-,.

c
u
M

u
o
L
u
M
E

x

COLLECT DISPLAY - hiICROTRACFULL RAXGE PARTICLE ASALYZER - Vcr 3.02

Fe203 Sampleg: 07-2568
in DI water

GRG

!Seas/Pres$:
param =1: 0.000 -

param *2: 0.000 Lot Code:
param ;3: 0.000 AccOunt;:

;~s~;;b. Format:
Summary Data

Vo1ume
Filter: On dv~% : 0.0341

&i?:03/30/99 Time: 12:14

Run Time: 60 ~e~gm~
Chan, Progression: Geom/8rt2

o,~8
R&mdf~AVG of

Upper Channel Edge: 704.00
50% = :,:!

Las~;ur7&~:;;W;057
95% =

Lower Channel Ed e:
Number of Channe?s: 10~”12

mv . 0:63 Fluid Refractive.Index: n/a
0.49

Above Residuals: 0,00
ma= Transparent Particles: No
Cs

Below Residuals: 0.00
= 12.23S Spherical Particles: n/a

sd = 0,30 Part. Refractive Index: n/a”

%-chn C1l to
0.00 SO.76 1%88 %
0.00 74.00 100,00
0.00 67.s6 10C.OO
0.00 62.23 100,00
0.00 57,06 100.00
0.00 52,33 100,00
0.00 47.9s 100.00
0.OO 44.00 100,00
0,00 40.35 100.00
0,00 37,00 100.00
0.00 33,93 100.OO
0,00 31,11 100.00
0.00 2S.53 100.00
0.00 26,16 100.00
0,00 23.99 100.CO
0.00 22.00 100.00
0.00 20,1- 100.CG
0.00 1s.50 100.00
0.00 :6,96 100!00
O,co 15,56 100.00
0,00 14,27 100.00
0.OO 13,0s 100.OO
0,00 12,00 100,00
0,00 11.00 100.00
0,00 10,09 100.00

Record Number: 0

% ass %-chn
$:? 2.S33.19
~>;o~ ;.57
7S,65 3.96
74.69 4,4070,~9 ~e~~
65.41 S,46
S9.95 6,13
S3.S2 $,’i$
47.04
:M: 7:75

7,73
24.17 6.9:
;;,ZQ :.<3

7;54 ;l~~
~.:: 2.3.5

1.2s
o“:-O.OO :..5;

0:00 0:00
0.OO 0,00
0,00 0.00
0,00 0.00
0.00 0,00
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Minerals IBy_Name IBy_ Class IBy_Groupings I Search IProperties ISilicates

psqTHE MINERAL NEPHELINE
A
● Chemistry: (Na, K)AlSi04 , Sodium Potassium Aluminum Silicate.
● Class: Silicates
● Subclass: Tectosilicates
● Group: Feldspathoid.
● Uses: As mineral specimens and as raw material for special kinds of glass and ceramics.
● Specimens

.
Nepheline is a major rock forming mineral that is not often sold in rock shops due to a lack of good crystals or attractive
specimens. It is a major component of seveml igneous rocks called nepheline syenite, nepheline monzonite and
nephelinite . The basicdMferencebetweentheseisintheamountandtypesoffeldsparspresent.In nepheline syeni?e

potassiumfeldsparsorK-sparsarethepredominantfeldspar.Inthenepheline monzonite rocksbothk-sparsand
plagioclasefeldsparsarepresentinnearequalproportions.And finallyinthenephelinites there islittleofanyofthe
feldspais present and the rock k mostly nepheline.

The formula of nepheline in some sources will list it as NaAlSi04. There are very few natural nephelines that have this
“pure”chemistry although it produces a stable structure and it is manufactured for use in ceramics and glass production.
Potassium is always present in some amounts and often the chemical analysis of nepheline will approach Na3K(AlSi04)4.
This result reflects the fact that the alkali sites for the sodiums and potassium have an interesting difference in the amount
of space within the nepheline structure. There is actually one site out of four that is larger than the other three sites. This
larger site is a more comfortable fit for the lager potassium ion.

Nepheline is a member of the feldspathoid group of minerals. Minerals whose chemistries are close to that of the alkali
feldspars but are poor in silica (Si02) content, are called feldspathoids. As a result or more correctly as a function of the
fact, they are found in silica poor rocks containing other silica poor minerals and no quartz. If quartz were present when
the melt was crystallizing, it would react with any feldspathoids and forma feldspar. Localities that have feldspathoids are.,;
~ew.

Nepheline is reactive to acids although it does not bubble like many of the carbonates. If powdered it will dissolve in
hydrochloric acid and if clear specimens are dipped in acid they will become cloudy or frosted. This could be helpful in
distinguishing nepheline from some similar looking feldspars, scapolite and cryolite.

The greasy luster of nepheline also is diagnostic. Massive nepheline with a greasy luster is given the variety name “eleolite”
which is derived from the greek word for oil . Nepheline is derived from the greek word for cloud in allusion to its
cloudy or translucent crystals and masses.

PHYSICAL CHARACTERISTICS:

●

●

●

●

●

●

●

.
●

●

Colorisusuallyoff white to gray or brown and occasionally other tints.
Luster is mostly greasy to dull in weathered specimens.
Transparency: Crystals are translucent to more rarely transparent.
Crystal System: Hexagonal; 6
Crystal Habits: Usually massive or granular. Some prismatic to columnar crystals are found with a simple
hexagonal cross section.
C1eavage is poor, in three directions, prismatic, but rarely seen.
Fracture is conchoidal to uneven.
Hardness is 5.5-6 .
Specific Gravity is 2.6+ (average)
Streak is white.
Other Characteristics: Application of acids onto the surface of nepheline will cause a cloudy frosting and
powdered nepheline will dissolve in hydrochloric acid.
Associated Minerals include calcite, feldspars such as albite, apatite, biotite, hornblende,
cancrinite, sodalite and other feldspathoids.
Notable Occurrences include Kola Pennisula, Russi% Mt. Vesuvius, Italy; Bancroft area, Ontario, Canada and
Kennebec Co., Maine, USA.
Best Field Indicators luster, associations, reaction to acids, locality and hardness.
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COLLECT DISPLAY - MICROTRAC FULL RANGE PARTICLE AKALYZER - Ver 3,02
Spectrum liEP.Syenite/A-400

GRG

~j$%:
591:99
542.86
497.80
456,49
y;. ;:

352;(30
322.79
296.00
271,43
248,90
228,24
209,30
191.93
176.00
161.39
14s.00
135.71
124,45
114,12
104.65
95.96
S8.00

M:::~P::s #:-. O.OGO -
param +2: 0,000 ~Ot Cod::
param ;2: 0,000 Account;:

;?s~;;b. Format: Volume
Smmary Lata

Filter: On dv = 0.1484
&E?:03/25/99 “

Run Time: 60 seconds 5% =
Chan. Progression?l~;m>$;?;

Run $:AVG of 3or;~s 50% .
0.9s Upper Channel Edge: 704,00

Loadzn- Inde;
S.04

95% = 27,62
Lower Charnel Ed e:
Number of Channe?s: 10~”12Laser ~ntens, y: ’1.055

Residuals: D. abled
mv . 1;.;; Fluid Refractive Index: n/a

Above Resjdu; s: 0.00
ma= Transparent Pa~ticles: No

Below Resldu: s: O.OO
Cs = 1.656 Spherical Particles: n/a
sd = S.22 Part, Refractive index: n/a

. ~w cex,t

Chn ch to % ass %-chn ch to
,00 80,7{ 108,00 0,00

Z“:i !W ‘~~~
Chf:jf ‘f?~i ‘j:&

.00 74,00 100,00 0,00
,00 67,S6 100,00 0.00
.00 62.23 100,00 0,14

;:;$ $;::; 3:?: 0:89 3:90 0:s5
.00 S7,06 99,86 0,23 6:54 43:50 ~:i;

o,8~ 3,05 o,~~

,00 S2,33 99.63 0,26 6.00 41.10 2.23
0.75 2.34 0.5S
0.69.00 47.9S 99,37 0.32 5,S0 3S,S7 2.09

1.76 0,47
.00 44,00 99,05 0.41 0.63

5.04 36.7S 1,97
1,29 o,3s

0,5s.00 40,3S 9S.64 0.52 4.62 34.81 l.s9
0,91 0.30

,00 37.00 98.12 0,67
0.53

4.24 32,92
0,61 0.25

.00 33.93 97.45 0.S6 3,89 31.0S !::!
0.49 0.36 0,22
0.4s 0.14 0,14.00 31011 96.S9 1.10 3,57 29.26 1,81

,00 28,53 95.49 1.40
0,41 0,00 0,00

.00 26.16 94,09 1.7S
3,27 27,45 1.S3
3,00 2S,62 1.83

0.37 0,00 0,00
,00 23,99 92,31 2,20 2.75

0.34 0.00 0.00
,00 22,00 90.11 2,6S 2.52 $?:;: i:~;

0,32 0,00 0,00
.00 20.17 S7,46 3.07

0.29 0,00 0,00
2.31 20.13 1.79 “:.;;

.00 18,50 S4.39 3,45 0,00 0.00
,00 16,96 80.94 3,72

2,12 18.34 1.76
1.94 16.58 1.71

0.OO 0,00
,00 15.56 77,22 3.86 1.7s 14,s7

0:22 0.00 0,00
●00 14,27 73.36 3,S9 1.64 13.22 ;:$;

0.20 0.00 0.00
,00 13.0S 69.47 3,S3

30.19
1.50 ~~.f: ;,::

0.00 0,00
,00 12.00 65.64 3.71 1,38

0.17 0.00 0,00
,00 11.00 61.93 3,S5 1,26 . 8:64 1:36

0.16 0,00 0.00
,00 10.09 SS.38 3.36 1.16

0.14 0.00 0.OO
.7.2S. 1.26 ‘0,13 0.00 0.00
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ZIRCONIUM HYDROXIDE
DRY POWDER GRADES

PRODUCT DETAILS

MEI supplies pure zirconium
hydroxide grades produced by

chemical precipitation processes.
These grades have controlled

purity and morphology.

PRODUCfDATA FOR
ZIRCONIUMHYDROXIDE

DRYPOWDERGRADES

Product General
Description

FZ0922/01 Dry, coarse
hydroxide

FZ0935/01 Dry, fine
hydroxide

Cu;tomised variations can be
made available on request.

6iiiii2:01
ZIRCONIUM HYDROXIDE

Typical ZrOZcontent range 65-75?/.

lYPKAL IMPURITIES

Na 0.029!0
cl 0.02%
Si02 .0.1?”0
SOS 0.1?40
L.O.I. (1OOO”.C) 30’%.

PARTICLESIZE

d50 15-20pm

Surface area
as received (mzg-l)ta) 300-400

POROSllY
PoreVolume 0.2 cm3gl(a)

0.3cmqgl~)

(JJAfter degassirg at 260’C
~)After degassirrg at 8(7C

FZO 935 SERIES
PRODUCTCODE- FZ0935/01
ZIRCONIUM HYDROXIDE

Typical ZrOzcontent range 55-65%i0

TYPICALIMPURITIES

Na 0.02%

c1 0.0270

SiOZ 0.1%
S03 0.1%

L.O.I. (1OOO”C) 40%

PARTICLESIZE

d~O l-2pm

Surface area
as received (mzg-l){a) 300-400

POROSIN
PoreVolume 0.2cmjgl[’)

\

ZIRCONIUM HYDROXIDE
~ PASTE GRADE

PRODUCT DETAILS

MEI supplies pure zirconium
hydroxide grades produced by

chemical precipitation processes.
These grades have controlled

purity and morphology and are
available as white paste.

Customised variations can be
made available on request.

HCP
ZIRCONIUM HYDROXIDEPASTE

Typical ZrOZcontent rang= 45-55%

TYPICALIMPURITIES

Na 0.01%’0
cl 0.01?”0
SiOz 0.05%
S03 <0.170

TiOz 0.2%
Fe 0.001%

PARTICLESIZE

d5t2 20-30 pm

Surface area against calcination temperature

Temp.(*C) SurfaceArea (mzgl)

4oo- 100
700 35

-- .:-. -?- -.7. 4., , ,, >.,.- . ..’. ; .,Z. . ...<.’,. ,,: ,*,, ,~, . .*,.,, ;, .- —-
:., ~. ,,. ‘2 ..-.-> .X.7 m. %4 . . ... . . . ;,..~;.+. J.::. : ~., $ . . . . . .. . . . . . . ,,: ,.

--- . ..— -.



Appendix C: Crossflow Filtration Raw Data
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C-106 Slurry CUF Testing Using O.lpm Graver Filter

Same sequence of run condition as actual waste
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BNFL AZI02 testing--AZ-102
Using 0.1 Micron Mott filter-3/8 inch ID

Run# v (ft/s) V (m/s) GPM
1.0.1 12.2 3.72 4.20
1.0.2 12.2 3.72 4.20
1.0.3 12.2 3.72 4.20

1.1 12.2 3.72 4.20
1.2 9.1 2.77 3.13
1.3 15.2 4.63 5.23
1.4 15.2 4.63 5.23
1.5 9.1 2.77 “ 3.13
1.6 12.2 3.72 4.20

IJ.G.H. Geeting et al, PNNL-11652 Sept. 1997
Using 0.5 Micron Mott filter-O.5 inch ID

Psid Run # v (R/s) V (m/s) GPM Psid

10 1 . 6.1 1.86 3.73 20
20 2 4.5 1.37 2.75 12.5
30 3 9 2.74 5.51 20
50 .4 6.2 1.89 3.79 35
30 5 4.5 1.37 2.75 27.5
70 6 6 1.83 3.67 20
30 7 7.5 2.29 4.59 12.5
70 8 6 1.83 3.67 5
50 9 3 0.91 1.84 20

I 10 7.5 2.29 4.59 27
11 6 1.83 3.67 20

-—--— .. --- —..--- —--. — ..— — ..— .—.—---- .._. .__. . ___ . . .. . . _____ .

INFL LAW testing

Run# V (m/s) GPM Psid
&8&14 3.7 1.86 55

9 3.7 1.86 40
10 3.7 1.86 70

;eeting et al.
Run# V (m/s) GPM Psid

&6&11 1.83 0.93 20
4 1.89 0.95 35
8 1.83 0.92 5
9 0.91 0.46 20
3 2.74 1.38 20

—— .__.. ---
● BNFL LAW Hot

Testin
?■ Hot C 06 Data,

Geeting
~Low P, Simulant

● High P, Simulant
-—. ——

0 20 40 60 80
TMP (Psid)

—.—.—-.—. —. —-. — —.. — —————. ———..—. . ——
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Condition 1 .
C-106 Waste and C-106 Simulant

Filtrate Flux vs. Time
at Target Conditions of 20.0 psig and 6.0 IWs
(1 Hour Tests Backm.dsed Once After 30 Min)
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0:00 0:07 0:14 0:21 0:28

Time (hr:min)

r
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+ Simulant C-106 Ist 30 Min ●Actual C-106 Ist 30 Min

O Simulant C-106 2nd 30 Min o Actual C-106 2nd 30 Min
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Filtrate
SlurIY LooP Filler Oullet Sample Time of Filtrate

Condition Tolal Time
Filtrate Flux pe~eabjlil~

Flmv Rale Prassure Filler Inlet Volume
Number

collection FIOVJ’Rate (m3/m2/day (m/day~ar) Filka[e Flux
Time Elapsed (Min) (gpm) (psig) Prassua (psig) (mL) (See) (mUsec) Slurry Temp C )

lb 1455 000 377 NM 20 9 39.79 0 22s
lb 1500 005

24.2
3,56

3.287
NM 20,5 9 4968 0.1S1 24.1 2.640 1,e6a

1.739
l,Es5
1,764
1649
1.493

lb 15,05 0.10 37 NM 20 9 5456 0165
lb 1510 0:15

24.2 2.397
369 NM 20 9 56.65 0,159

lb 1515 020
24,4 2.29s

3,67 NM 20 9 52.SS 0.170
lb 15,20 0:25

24,S 2.432
3.65 NM 20.5 9 54ss 0.164

lb
25

1525 03fJ 3,S2 NM
2330

20 9 62.13 0.145 25 2.05S

Average Pressure = 20.i Average Flmv = 0,173 Averaga Flux=
RAw

2.492
Average Slurry Flow = 3,71 gpirr Filtrate

Test Number

lb
lb
lb
lb
lb
lb
lb

SIuny Lq)
Chiller Tamp

Filtw Outlet
Flaw Rate Pressure

Time c Slurry Temp C (L7Jm) (psig)

1455 Is 23.S 0.S9 NM
1s00 Is 24.2 0,93 NM
1505 1s 24.6 0,9S NM
15:10 20 24,9 1 0.98 NM
1515 20 25 0.9 NM
1520 19 25.1 0.S9 NM
15:25 19 25.5 0.SS NM

FNrale
Permaale Filter Inlet Sample Time of Fihle Flu

Pressure Pressue Volume COllediOn Rate

(psig) (psig) (mL) (See) (mL/see)

1 20 10 25.S1 0.367
1 20,5 10 2S.43 0352
1 20,5 10 30.62 0,327
1 20.5 10 31,16 0.321
1 20 10 33.s1 0.296
1 20.5 10 34.07 02s4
1 20 10 3697 0.270

~.
.s.. ,. -A..”.

0,039

C-106Simulant Permeability vs. Time
at 20.0 psig and 6.0R/sgpm

5.0 r I

0,0 l----—r---——-–-r---.--.-r---—.......J
0:00 0:07 0:14 0:21 E28 0:36

Time(hr:mhr) .

.—.—

C-106 Simulant Flux vs. Time
at 20.0 psig and 6.0 ft/s

0.00 ~---l
0:00 0:07 0:14 0:21 0:28 0:36

Time (hcmin)

I [Jjj@tiariC-i062nd30iiin” Ac&ic-1082.d30hf ii”/..-.—. ......-—-—.. .---— —..-——..—_ —
I——._-...-_——_ ___ ___ _____ ___ .

Total Tima slurry Filtrate Flux Filtrate Flux Normalized

John Gaating Data Elepsed (Min) Temp C (gpmfff2) Temperature (gpm/fL2)

1st 30 minutes 31,3 0,102 o.Ca57
:: 3fJ3 0,0414 0.W3
010 31,s 0,0393 0.0328
fM5 32,2 0.0396 0.0325
020 32.7 0,0401 00326
025 32.7 o.@393 0.031s
030 32,3 0)3401 0.032s

OCO 32,4 0,0924 0.0754
005 32 0.0411 0.0339
010 31,9 0,039s 0.is328
015 31.9 0,0368 0.0303
020 31.s O.ozaz 0.0317
025 31.s 0,0375 0.0311
0:30 31,7 0.0384 00303

2nd 30 minutes
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Condition 2
C-1 06 Waste and C-106 Simulant

Filtrate Flux vs. Time
at Target Conditions of 12.5 psig and 4.5 ft/s
(1 Hour Tests BackPulsed Once After 30 Min)
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Time (hr:min)

r

——— ... ——.- —_——._-.—
+ Simulant C-1 06 1st 30 Min ●Actual C-106 Ist 30 Min

O Simulant C-1 06 2nd 30 Min o Actual C-106 2nd 30 Min— .——-— — ———- ..—._ .——.. -.



Slurry Filter
Total Timo Lwp Flow Outlet

~mdJtt Elepsed Rete Pressure
Time (Min) am (9pm) (psig)

2a 1610
2a

276 NM
1615 005 2.76 NM

Filkale
Filter Inlet Sample Time of Filtrate

Pressue Volume Collection ‘Iw Rate Filtrate Flux
(psig) (mL) (See) (mLfSe@ SIU~ TempC (m31m21dey)

13 15 73 S4 0,203 271 2,722
12.5 9 69.97 0129 26.6 1746

2a 1620 010 27 NM 125 9 7464 0.120
2a 1630 0.20

262 1,652
2.5 NM 12,5 9 81,22

2a
0.111

1635 025
25.9 1535

2,75 NM 13 9
2a 1640

74.56 0.121 26
030

1.668
2.77 Nfd 12 9 81.5 0,110 27 1.464

Average Pressure = 12.6 Average Flow = 0,132 Averege Flux=
RAw

1,s01
Average Slurry Flow = 2.71 gprrr Filtrate

Test
Numk%r

2a
2a
2a
2a
2a
2a

slurry Flltar
Leap Flaw Outlet

Chiller slurry Rate Pressure
Time Temp C Tamp;7, (9pm) (psig)

1610 13 2.76 NM ‘
1615 12.5 26’6 2.76 NM
16:20 12.5 26,2 2,7 NM
1630 12.5 25.9 2,5 NM
1635 13 26 2.75 NM
1640 12 27 2.77 NM

NM= Not Measured

Filtrate
Panneate Fil!er Inlet Sample Fdkata Flow
Pressure Pressue Voluma Time of
(psig)

Rate (mUse,
(psig) (mL) Collection (See)

o 13 15 73,s4 0.203
0 12.5 9 69,97 0,129
0 12.5 9 7464 0.120
0 12.5 9 61,22 0,111
0 13 9 74.56 0,121
0 12 9 81.5 0,110

Parmeabihty

‘m’nT ik?f’ux

1.793 l-JW.2K+_,j .

0,027

-0.05
$!
~ 0.04

:0.03

F 0.02

John Geeting Data
1st 30 minutes

2nd 30 minutes

C-106Simulant Permeabllitv va. Time
at 12.5paig and 4.5 tia

.,...,,,,,.,

—— _. —._r____ . .._-. _ . . ..--...

0:00 0:14 0:28 0:43
Time (hr:min)

C-106 Simulant Flux vs. Time
at 12.5 psig and 4.5 ftk

,,,,,.,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,., ,,,,,, ,,,, ,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,.,
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m ().()1
&

~ 0.00

...— —. . .. . .

,.

●
■

✎��

0:00 0:07 0:14 0:21 0:28
Time (hr:min)

[IFirnfiS~lOEl_g~O_mn-rnAtiU~ic~lo61.t30Min
—.— ..__ —. ——... . .

————.-—-... —.—.—- .-... . . —.———
Total Time Filtrate
Elapsed slurry Flux Filtrate Flux Normalized
(Min) Temp C (gpmfft2) Temperature (gpmfft2)

Oco 30.8 0,0494 0.0421
0:10 29,5 002s0 0.0256
0:20 29.2 0,0266 0.0237
030 29,2 0.0264 0.0235

000 29.5 0,04s6 0.0429
010 29.3 0,0283 0.0251
02U 29.3 0.026 0.0231
030 29,2 0.026s 0.0239

0:36



Condition
Number

2b
2b
2b
2b
2b
2b
2b

RAw

:luwuR\:p Filter Outlet
Total Tme Pressure

Time Elapsed (Min) (gpm) (psig)

1053 000 2.87 NM
1058 005 Z.&l NM
11:03 010 2.69 NM
11:08 0:15 2.79 NM
11:15 0:32 2.82 NM
11:18 0.25 2.77 NM
11:23 0:30 2.73 NM

Filtrate
Sample

Ftlter Inlet Volume
Pressua (psig) (mL)

12.5
12.5
12.5
12.5
12.5
12,5
12.5

Xme of Filtrate

Colledion [~fl~~~
(See)

9 45.28 0,199
9 66.68 0,131
9 72 0,125

Filtrele Flux permeability

(m~m~day (m/day/bsr)
Slurry Temp C )

25.2 2.EWI
25.2 1.852

25 1.7T6
9 74.72 0.120 24.9 1.716
9 75.25 0.120 24.7 1.714
9 77.47 0.116 24.7 1.E65
9 79.47 0.113 24,7 1.623

Average Pressure = 12,5 Average Flew = 0.132 Average Flux = 1.879
Average Slurry Flmv= 2.76 Filtrate

Filtrate
Sluny LOOP

Chiller Temp
Filler Outlet Permeate Filter Inlet Sample Filtrele FIc

Flmv Rata Pressure Pressure Pressue Voluma Time of Rale

Test Number Time c Shy Temp C (gpm) (psig) (psig)

2b

(psig) (mL)
1053 19

Collection (Sea) (muaw)
25,2 ‘ 2.87 NM o 12.5 9 45,26 0.139

2b 10:58 17 25.2 2.64 NM o 12.5 9
2b 11:03 18

68.66
25

0.131
2.69 NM O 12.5 9

2b
72

11:06 17 24.9
0.125

2.79 NM o 12.5 9
2b 11:15

74,72
18 24,7

0.120
2.82 NM o 12.5 9

2b 11:16
75,25

18 24,7
0.120

2.77 NM o 12.5 9
2b 11:23

77.47
18 24,7

0.116
2.73 NM o 12.5 9 79.47 0.113

NM= Not Measured

3.259
2.149
2.061
1.991
1.939
1.932
1.863

,.-

0.06

0.05

0.04

0.03

0.02

Filtrale Ftux I

J
W!,!.m

(M479
CKtm
(N303
5.02$3
u&292
0<-

–u&w

C-106Simulant Permeability vs. Tima
at 12.5psig and 4.5 WS

0.029 – 0.0 ~———r——l
000 0:07 0:14 021 0:28 036

Time (hr:min)

l-... -..._-. .-. --- .

C-106 Simulant Flux vs. Time
at 12.5 psig and 4.5 II/s

..................... ....................................................................... . .............. ...............................,,,,,.,,.,,

----.——*------- +— — ●� ✎✍
✍☛ &—- - ; --

-———-—__—. .- —..-_ . .. -—.

I—-—— .—. —----- ---

0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:min)
—-..-—------ ..---— ——.-——.—. ..

&m~n~C-106 2nd30Min~ActualC-1062nd 30 Mini——. _ ---- .-—.. ——-.. —.-.—-—
hiirate Flux
Normalized

Total Tme Filtrate Flux Tem~alure

John GeethrgDate Elapsed (Min) Sluny Temp C (gpm/ft2) (9pmW

1st 30 mlnutea 0:00
010
020
020

2nef 30 minutes 000
010
0:20
0:30

30.8
29,5
29,2
29,2

29.5
29,3
29.3
29.2

0,0494
0.0260
0.0266
0.0264.

00436
0,0263

0.026
0.0268

0.0421
0.02M
0.0237
0.0236

00429
0.0251
0.0231
0.0239



0.1000

0.0900

0.0800

— 0.0700

0.0200

0.0100

0.0000

Condtion 3
C-106 Waste and C-106 Simulant

“Filtrate Flux vs. Time
at Target Conditions of 20.0 psig and 9 ft/s

(1Hour Tests Backr.wised Once After 30 Min)

—

.—. —....—.

.—. . .. . . .

0 --------

0- ------- --–-~.__.._ .. . ......-...2 _-.+
o 0—. -..—.———.—...————.———_ .—- _________._. ——.._—-.—-

0
—...—— — .——

+

0 -.. ----

.

0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:min)
.. --— .—. —..- —... -...-—— .————. .... .. .. . ._ —_—-—.—__—._________.

+ Simulant C-106 Ist 30 Min . Actual C-106 1st 30 Min

O Simulant C-106 2nd 30 Min o Actual C-106 2nd 30 Min.. .— —



i
!

.SJIJJYRLO:P Filter Cndtet Filler Inlet FWate Time of
Total Time Pressure

Fillmte FIUW
Pressue Sample Conedhl

Pefmeabili~

Time Elapsed (Min) (gpm)
Rats (mUsec.) Filtrate Ftux (Wdayh.qf)

(psig) (psig) Volume (ml-l (See) Slurry Temp C (m3/m2/day)

C-106Simulant Permeability vs. Time
at 20.0 psig and 9.0 Ws

3.500 ,—.-—----------- --- ---------- . . -

g:mill

38
Za
Za
3a
w
Za

RAW

11:59 0.00 559 NM 20 9 27.75 0.324
12:05 Ocm 5,52 NM 20 e 32.62 0.276
1210 0,11 5.51 NM 20 e 34.65 0.256
1220 0,21 5.52 NM 20 9 42,62 0.211
7225 026 5.54 NM 20 9 4681 0.192
1230 031 5.54 NM 2U e 46,75 0.165

3.305
2.635
27o7
2.244
2.032
1.s46

25.4 4.557
25.1 3399
24.4 3.732
23.9 3,095
24,1 2802
24.2 2,663

000 0:07 014 021 Ct28 0:36

Time (hcmln)
.—. —- -.-—--- . .. . .. .. -+...

Average PresswfJ. 20
Aversme.%rw flow = 5s4

Average Flow. 0241
Fillmte

AveraRe FklX= 3.463 0,052

. .
Filter

Skmy Loop Outlet
Chiller Temp Flow Rate Pr%ssur8

Test Number Time c SlurTYTemp C (gPm) (p$lg)

Pmmeale Filtrate Time of Fillmle F1.a

Pressure Filter Inlet Sample Collecoon Ra!e

(pslg) Pressue (Psio) Volume (mL) (S=) (mUsec)

C-106 Simulant Flux vs. Time
at 20.0 psig and 9 ftls

0.0900 . —.—. .———. —.-... ”-..-.—
0.0800, ,- -------
0.0700 - -* ----

~ -0.0600 I. . . ... . . . . 2.

L QO.0500--- –-9-- .“ ●

* ~o.0400------—------- -.
*

& go.0300---–--–—–-—----- -- ■

=
IA-0.0200–——-—-- -- -- -- ----- ---

0.0100-—
0.0000

3B
3a

11:59
12:05

18 25.4 5.59 NM
15 25.1 5.52 NM

o m 9“ 27.75 0.324
0 m 9 3262 0.276
0 20 9 34,65 0.256
0 20 9 42/33 0.211
0 m 9 46.61 0,192
0 20 9 46.75 0.165

w 1210 15 24.4 5.51 NM
w 1220 15 23.9 5,52 NM
3a 1225 16 24.1 ‘ 554 NM
Za 1230 15 24.2 5.54 NM

NM= Not Measured

,.,’

0:00 007 0:14 0:21 0:28 0:36
Time (hcmin)

~=nKZXRk;& ri~ctu;l ~st 30 minutes]
——_——

—.——— . . . . . .. . . . —.

Told T7me Filbxte Flux
JohnGeetlngData E18Ps~ (Mln) JG SIWIY Tomp c krm)

1st 30 minutes OJxl 33.4 0.0750 0.0592
LHo 34.4 0C337 0.04s3
020 34,3 0,0637 0,0464
6s6 35.1 00449 0.0341

2nd 30 minutes croo 26.5 0.0s66 00653
&lo 2s.3 0.0352 0.0312
m20 29,3 0.0076 0.C602
0,30 29,2 oC34.4 0,0573

I



Condltlon
Number
3b
3b
3b
3b
3b
3b
3b

Slurry LooP Filter Oullet Fillrato Time of
Told Timo Flow Ra10 Pressure Filter Inlet Sample Conecticfl Filtrato Flow

Timo Elapsed (Mln) (gpm) [LAO)
Filtrate Flux Pemleability

Pressuo (psig) Volumo (mL) (See) RO~O(mus~) SIuny Temp C (m3/m2/doy) (WdOym@

12.41 003 20 9 28 0.321

Iltmte Flux
~pmmz)

‘ ?&J

‘ Q.0539
0.Q4W
U&46
O.a$w0.0423

C-106 Slmulant Parmoablllty vs. Tlmo
at 20.0 palg and 9.0 ft/a

. . . . . . ..5.51 ‘“ “NM
5.51 NM
554 NM
5,52 NM
5.52 NM
555 NM
5,52 NM

248 4.619
24,9 3,919

25 3,160
25,2 2.909
25.3 2.615
25,3 2,5435
24.9 2.483

3.35JI
2.642
2,292
2,109
1,833
10I3J3
1801

3,500

3,000

2SCQ

2,W0

1.500

1,000

O,!XYJ

1245 004
1250 0,09

20 9 3272 0.275
20 9 40,47 0222
20 9 43,72 0,200
20 9 48,5 0.100
20 9 4944 0102
20 9 51.65 0174

1255 0,14
1300 019
1305 0:24
13,10 029

. ,

L’
. .,,,,~..,,,.,.,~,,. .

‘ -—.

0.047

Oouo
003 007 014 0:21 028 036

llmo (hcmln)
. .

Average Pressure =
Average Shy Flow =

20 Averme Flaw= 0,224 Averaae Flux = 3.181
RAW 5.52

Slurry LOOP Filter OutJet
Chiller Temp Flow Rate Pressure

Test Number Time c S!unY TemP C (O!Xl) (Pskl)

Filtrslta. .
Penneate Filtrate Time of
Pressure Filter Inlet Sample Collection FIlbate Flow

(pslg) Pressue (psig) Volume (mL) (Sac) Rate (mUse

o 20 9 2a 0.321

C-106 Simuiant Flux vs. Time
at 20.0 psig and 9.0 R/s3b 1241 16

Zb
24.6 ““ 5.51 ‘“NM

12:45 16 24.9 ,
3b

5.51 NM
12:50 17 25 554 NM

34 12:55 16 252 5.52 NM
3b 13:LYJ 17 25.3 5.52 NM
Zb 13’05 16 25.3 5,55 NM
3b 1310 15 24,9 5,52 NM

o 20
0 20

9 32,72 0.275
9 40,47 0,222 0.0900

0.0800
0 20 9 43.72 0,2C8
o 20 9 40.5 O,laa
o m 9 49.44 0,1s2
o 20 9 51.05 0,174 *

m
●

m
. -.——. ●

● ●—.—.—. ●. . . .
-- .. —.—...m. .—..— -. . . . .... . . . .

0.0200 —..—..—-

NM = Not Measured
0.0100
0.0000

0:00 0:07 014 0:21 0:28 0:36
Time (hymi@

[~~ulant 2ndfirnlnu~* ~ Actual 2nd 30 rninutis]
—.——

— .—— —.—.. —.- —. ..- .— ------ .._.—-—————+——— —-. . . .—. .._

Tofal Time FWole FIUX
John Gaating Data Elapsed (Min) JG SIUW TMIIp c klm)

1st 30 mlnufes Omo 33.4 0.0750 0.05s0
010 34,4 0.0037 0.04s3
020 34.3 0,0037 o.04a4
(t30 35.1 00449 0,0341

2nd 30 minutes 0.00 29,5 O,o%o 0.0853
010 2a3 00352 0.0312
&zo 2%3 0.0378 0.0002
02JJ 2s.2 0.0044 0.0573
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Condition 4
i

i
,{

~...

..;
.1. .
.,
>

0.1000

0.0900

0.0800

g 0.0400
b
=
“- 0.0300

0.0200

0.0100

0.0000

C-106 Waste and C-106 Simulant
“Filtrate Flux vs. Time

at Target Conditions of 35.0 psig and 6 ft/s
(1 Hour Tests Backmdsed Once After 30 Min)

.—

I

..— . . . . . ..—.

-.

—-

..—-..-.——. —

——-— .—..-—.. . —..—- ...—_— .. ———— . . . . . —. —.. -.

e +
8

+—-—.—.-. . . ... . .. .—.———-.——.—-—____ __$. -___.___!____. ..-.-._
o

●
o

●
— .————c-- —.————— .—.-.———..—.. —

.- -—. . . -—.—..——

-.——.

*.

●

✎✎✎

.-

0:00 0:07 0:14 0:21

Time (hr:min)
.—— ——z.

+ Simulant C-106 Ist 30 Min ● Actual C-106 1st 30 Min

O Simulant C-106 2nd 30 Min o Actual C-106 2nd 30 Min
—.—.... .—.———— -....——... — .-.

0:28 0:36



Number

4a

4a

4a

4a

4a

4a

4a

RAw

Test
Number

4a

4a
4a
4a
4a
4a
4a

Filter Filtrate
Total Time Slurry Outlet Filler Inlet Sample Time of Filtrate Flltrato Flux permea~hty

Condition Elapsed Loop Flow Pressure Pressue Volume Collection FIOWRate SIurry (m3/m2/day (m/day/bar) ~~~#fl~

Time (Mln) Rate (gpm) (pslg) (pslg) (mL) (See) (mUsec) Temp c )

13:30 000 3,63 NM ““ 35 9 “32.66 0.276
1335 005 3.66 NM 34.5 9 56.28 0,154
13:40 0:10 3.66 NM 35 9 58,26 0.154
13:45 015 3.63 NM 3s 9 62.25 0.145
1350 020 3.62 NM 35 9 61.84 0.146
1355 0:25 3.69 NM 35 9 62.44 0.144
14:00 0:30 3.67 NM 35 9 66.57 0.135

Average Pressure = 34.926571 Average Flow = 0.165

Average Shy Flow = 3,66 gpm Filtrate

Filter
slurry Outlet

Chiller Sluny LoopFlow Pressure
Time Temp C Temp C Rate (gpm) (pslg)

13:30 15 27.7 3.63 NM
1335 15 28.3 3.68 NM
1340 16 26.5 3.86 NM
1345 17 27.3 3.63 NM
1350 16 29 3.62 NM
13:55 16 26.6 3.69 NM
1400 16 26.8 3.67 NM

NM= Not Measured

27.7 3,632
28.3 2.002
26.5 1.991
27,3 1.927

29 1,851
26.6 1.643
26.6 1.726

Average Fh 2,139

Filtrate
Permeate Filter Inlet Sample Time of Filtrate Flo

Pressure Pressue Volume Collection ~fi5ec)
(pslg) (psig) (mL) (See)

o 35 9 32,66 0.276
0 24.5 9 58.280.154
0 35 9 58.26 0.154
0 35 9 62.25 0.145
0 35 9 61.64 0.146
0 35 9 62.44 0.144
0 35 9 66,57 0,135

.-.
1.505 0,0619
0.642 0,0341
0,625 0.0339
0.798 0.0326
0.767 0.0315
0.784 0,0314
0.716 0.0295

0.032

0.07

u.

John Geeting Data
1st30 minutes

0.01
0.00

C-106 Simulant Permeability vs. Time
at 35.0 psig and 6 Ws gpm

● ● 6 ● 6
●

0:00 0:07 0:14 0:21 0:28 0:36

Time (hKmIn)

C-106 Simulnat Flux vs. Time
at 35.0 psig and 6 Ws

.—

——.———. ..... . -—. -—-— -.

● ☞ ☞
� �✍ ✍✎ � ✎✎ ☞✎ ●

✍☛

■ m m
——-— .- —.. - -.

——— —.. .

0:00 0:07 0:14 0:21 0:28

Time (hr:min)

~.~!iiii!~~l~j-js~$~ Min ~ ActualC-106 Ist 30 Mint

Total Time Fii%te
Elapsed Flux
(Mln) JG SlurryTemp C (9P~)

000 35.5 0.0708 0.0532
010 36.1 0.0319 0.023s
020 35.9 0.0314 0.0234
030 35.8 0.0334 0.0249

000 36.4 0.065 00624
(MO 3S.6 0.036 0.0278
O:XI 37.2 0.0393 0.0283
030 36.7 0.0391 0.0285

0:36



I

Condtion
Number
4b

4b
4b
4b
4b
4b

RAw

Filter Fiitrale Fikrate
Total Time Slurry Outlet Filtrate Pemseabilii

Fiiter Inlet Sample Time of Flux
Elapsed

Fiitrsde
LoopFlow Pressure Prassue Volume Collection ‘tow ‘ate Slurry

Time (Min) Rale (gpm) (pslg)
(m3/m2/da [@day/bar Flux

(psig) (mL) (sac) (mLrsec) Ternp c y) \ (9rmm2)
1415 000 3.69 NM 35 9 45 0.200
1420 005

24.5 2.882 1.194 ‘-0.0491
3.67 NM 35 9 66.59 0.135

1425
24.5 1.948 0.607

0:10
0.0332

3.83 NM 35 9 72.69 0.124
1430

24.6 1.779
0:15

0.737 0.0303
3.84 NM 35 9 79.85 0.113 24.5 1.624

1440 0:25
0.673 0.0277

3.69 NM 35 9 63.9 0.107
1445

24.6 1.542 0.639
0:30

0,0263
3.67 NM 35 9 69.31 0.101 24.7 1.444 0.596 0.0246

Average Pressure = 35 Average Flow = 0.130 Average Fb 1.870 0.027
Average Slurry Flow = 3.67 gpm Filtrate

Fiker Filtrate
slurry Outlet Filter Inlet Sample Time of Filtrate

Test Chiller slurry LoopFlow Pressure Pressue
Number Time Temp C

Volume
Temp C

Collection ~~~s~~~
Rate (gpm) (palg) (pslg) (mL)

4b
(See)

1415 16 24.5 3.69 NM 35 9
4b

45 0.200
1420 16 24.5 3.67 NM 35 9 66.59 0.135

4b 1425 16 24.6 3.63 NM 35 9
4b 1430

72.69 0.124
16 24.5 3.84 NM 35 9

4b 1440
79.65 0.113

16 24.6 3.69 NM 35 9 83.9 0.107
4b 1445 17 24.7 3.67 NM 35 9 69.31 0.101

NM= Not Measured

C-106 Simulant Permeability vs. Time at
35.0 psig and 6.0 It/s

1.4
1.2

N
0.6
0.4
0.2

_..-_.--l
0.0 ~

000 0:07 014 0:21 0:28 . 036

Time (hr:min)
.— -..— .-. —“. –.. .. . . . ... —- . . . .. . ... . . ..—

C-1 06 Simulant Flux vs. Time
at 35.0 psig and 6 fth

0.07-

0.06 ---- ----– --- ----– --
; n 0.05, ,—. ———. — .—. . . ..— _ ..__ _._ ._.. _

k 2! 0.04- ——.. — ..- .-——. _____ _______. .
$Eg Q 0.03 ~—4 *___G . * . . ...--...* .

s G 0.02 ——–——
+_——_ _ .

IA
0.01 ——. - . .—. .-. —. .... . .

0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:min)
● Simulant2nd 30 minutes A Actual 2nd 30 minutes

--—.—-.————— -—. . .. .-
Total Time Filtrate
Elapsed Flux

John Geeting Dati (f’JIn) JG Slurry Temp C (9P~)
Ist 30 minutes 000 35.5 0.0706 0.0532

0:10 36.1 0.0319 0.0236
Lk20 35.9 0.0314 0.0234
0:30 35.8 0.0334 0.0249

2nd 30 minutes 0:00 36.4 0.085 0.0824
0:10 36.6 0.038 0.0278
020 37.2 0.0393 0.0263
0:30 36.7 0.0391 0.0285



0.1000

0.0900

0.0800

-0.0700

z

~ 0.0600
m

g 0.0500
E

g 0.0400
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s
“- 0.0300

0.0200

0.0100

0.0000

Condition 5
C-106 Waste and C-106 Simulant

Filtrate Flux vs. Time
at Target Conditions of 27.5 psig and 4.5 ft/s
(1 Hour Tests Backrmlsed Once After 30 Min)

—.—. . . ..—..
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Time (hr:min)

r:-._.-.-_---.-_:_______.:______-:... ‘“--” --:: ‘--

+ Simulant C-106 Ist 30 Min ● Actual C-106 1st 30 Min

O Simulant C-1 06 2nd 30 Min o Actual C-106 2nd 30 Min



slurry Filter FiItrale
To!allime Lmp Flmv Outlet Filter lnlel Sample Xme of Filtrate

Condition Elapsed Rate Pressure Pressue Volume
Number Time (Min)

Colledlon Ff~Rale

~:w (9pm) (psig) (muaec) SkaryTempC
Fillrale Flux

(psig) (mL)
5a

(See)
1515 2.73 NM

(m3fm2/day)
28 9

5a
36.47 0.247

1520 0:05
25.7

2.75 NM 27.5 9 72.44 0.124 25.s
5a 1528 0:13 2.7 NM 27 9
5a

80 0.113
1530 0:15

25.7
2.63 Nfd 27.5 9 80.37 0.112

5a 1s35 020
256

2.56 NM 27.5 9
5a

8268 0.109
1540 025

25.4
2.66 NM 27.5 9

5a
85,81 0.105 25

1s45 030 2.8 Fhl 27.5 9 S6,22 O.IM 24.8

RAw

Test
Number

5a
5a
5a
5a
5a
5a
5a

Average Pressure = 27.5 psig
Average Sluny Flow= 2.71 gpin

slurry Filter
Leap Flmv Outlet

Chiller slurry Rale Pressure
Time Temp C Temp ;5,7 (9pm) (psig)

1515 18 2.73 NM
1520 18 25.8 2.75 NM
1528 16 25.7 2.7 NM
1530 16 25.6 2.63 NM
1535 16 25.4 2.s6 NM
1540 15 25 2.5a NM I

1545 15 24,8 2.8 NM

NM= Not Measured

Average Flew = 0.131 Average Flux =
Filtrate
Filtrate

Fillw Inlet Sample Time of FiltrateFlewRate
Prassua Volume Collection (mfJs@
(psig) (mL) (See)

20 9 36.47 0.247
20 9 72.44 0.124
21 9 0.113
20 9 80.; 0.112
20 9 82.68 0.109
20 9 65.81 0,105
20 9 66.22 O,IM

3.43&
1.726
1.567
1.S35
1.529
1.490
1.492

1.s30

Permeability
(mfdayhar)

1.781
0.910
0.642
0.625
0.607
0.766
0.787

ilk.ale Ffux

%%%–

8%$
Ii&?&’
m2$$
WM54
‘0<0254

0.026

C-106Simulant Permeability vs. Time
at 27.5 psig and 4.5 ftls

2.0 ~... ----- _____ .– . ._ _ _ ._. ,

0.0~
000 0:07 0:14 0:21 Q28 0:36

Time (hnmin)
.------ . . . . . . . . . .. -,-_ . .. ..

I “-””-
;no.05------ ...
tJ- g 0.04 . . ...-. . . ..——..—..—.——. ..- -. —-

$E~ ~ 0.03 --—— ● ––-—-— - --
gu)

●’-
-0.02 ----—-–—–~- --:- * “- - “-- :

&
0.01 ----- -————–- –- ..- —..

0.00-1
aoo 0:07 0:14 0:21 0:28 0:36

Time (hr:min)__ ..— ——..—-—. _____
~Simulant Ist 30 minutas ■ Actual Ist 30 minutes]

——— ————..—— - .-. ..—.—
Filtrate

Tolal Time slurry Flux Filkale FluxNmrrralked
John Geating Data Elapsed(Min) Temp C (gpm/ft2) Temperature (gpm/ft2)

Ist 30 minutes - Ocm 31.7 0,0596 0.0496
&lo 31.9 0.0296 0.0245
020 31.5 0.0275 0.0230
0$343 31.1 0,0269 0.0227

2nd 30 minutee Ox)o 31.5 0.0596 0.0496
0;10 31.3 0.0287 0.0241
0:20 31.3 0.0263 0.0221
030 31.3 0.0254 00214

I



slurry FIlk?r Filtrate
Total Time Lcmp Flow Outlet FNer Inlet Sample Ttme of Filtrate

Ccmd!tlon Elapsed Rata Pressura Pressue
Numbar

Volume
Time (Min)

collection FIOW Rata Filtrate Flux

(9pm) (psig) (psi9) (mL) (See) (mUsec) Slurry Temp C (m3/m2/day)

5b 1610 0s0 274 iM 275 9 36.22 0.248 249 3541

5b 16’15 0,05 2.7 NM 27,5 9 S459 0.10s 249

5b 16,20 010 2.78 NM 275 9 8232 0.109 248

5b 1630 020 2,74 NM 27.5 9 66 0.105 24,7

5b 1640 0,2JI 2.73 NM 28 9 66.85 0,104 24.7

FLAW

Test
Number

5b
5b
5b
5b
5b

Averaga Pressure= 27.6 rJslg
Average Slurry Fkk = 2,74 g~ -

slurry Filter
LoapFlaw Outlat

Chiller slurry Rate Pressure
Time Temp C TamP ;4,9 (9Pm) (psig)

1610 16 2,74 NM
1615 16 24.9 2,7 NM
16:20 15 24,8 2,78 NM
1630 16 24,7 2.74 NM I

1640 15 24.7 2,73 NM

NM= Not Measured

Averaga Flew= 0.134 Avarage Flux=
Filhala
Filtrate

Filter lnlel Samp4e Tima of Fittrata Flaw Rate
Pressw Volume Collection (mL/sac)
(psig) (mL) (See)

27,5 9 36,22 0,248
27.5 9 64.59 0.106
27.5 9 82,32 0.109
27,5 9 ffi 0,105

28 9 36.85 0,104

1516
1.562
1.%s3
1485

1,921

PermeabMy
(m/dayibar) IWrale Flux

(qpm/fU)
1367 .,>=
OJ300
0.824

I

, t):wtw
0791 t%cQ@
0,769 0<0253

-0.07

~ 0.06

EQ 0.05

s 0.04

0.03

0.02

0.01

0.00

C-106Simulant Permeability vs. Time
at 27.5 psig and 4.5 ft/s gpm

Oco 0,07 0,14 021 026 036

Time (h~min)
. . ---..

C-106 Simulant Flux vs. Time

Filtrate
Total Ima slurry Flux Filkete Flux Normalized

John Geetina Data Elapsed (Min) Temp C (gpm/ft2) Temperature (gpm/ft2)

at 27.5 psig and 4.5 ftk

—.—.-——— ...—-.—. —.. .—. .

. .— .—

. .. .
+ ●

■ ●
✚

��� ✎ ✎✎✎✎ ✎✎✎✎� �✿ ✎✍✎✎✿ ✿✎✿✎ ✎✿✍✎ ✿ ✎✎ ✎✎ R

0:00 0:07 0:14 0:21 0:28 0:36
Time (hr:min)

F%kfiant Ist 30 minutss ■ Actual Ist 30 minutes I
.—-..—..— -.. ‘—___ -“- . . . .

(_. —. —. —-—...- .— . . —. –. . I
-—

1 at 30 minutes - 0:00 31.7 0.0596 0.0493
0:10 31,9 0.0296 0,0245
02U 31,5 0,0275 0.02s0
MO 31.1 0,0269 0.022?

2nd 30 minutes mm 31,5 o.a5s6 0.049s

&lo 313 0.0267 0.0241
ox 31.3 0,0263 0.0221
0:30 31.3 00254 0.0214



I

0.1000

0.0900

0.0800

-0.0700
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~ 0.0600;
~

g 0.0500
ii (

g 0.0400
5
=
L 0.0300

0.0200

0.0100

0.0000

Condition 6
C-106 Waste and C-106 Simulant

Filtrate Flux vs. Time
at Target Conditions of 20.0 psig and 6.0 It/s.

our Tests B_ed Once Af@r 30 ~

-. .-. — -. -. -.

1

— ..—.— —. . . .. -—__ _______._... .. ____ .

..—— - . . . .. —.-

—--. ——-.

0 8 $
_o_ _______ .__--4&_—..-

—8 8
● __ _______8..___.... . .———. —-.. —.—___ —_ _
e @

-.--. .— . ——._.—__—— —...--— ...—_.___ ——_______ -——. .. -. --—.—.-———

__ ——____ ___ . . . . .

0:07 0:14 0:21 0:28
Time (hr:min)

——..—.—....—..-_--.-—__ ._ ._ .
+ Simulant C-106 1st 30 Min . Actual C-106 1st 30 Min

O Simulant C-106 2nd 30 Min o Actual C-106 2nd 30 Min
—. ———... ..— ——— .——.... .—.. .-—___..__



Conddion
Number

6a
6a
6a
6a
6a
6a

Slurry Filter Ftllrate
Total Time Loep Flw Outlel Filler Inlet Sample Time of Filtrate

Elapsed Rate Praasure Pressue Volume
Tima (Min) ~ ~ (9pm)

Collect Ion ~~$j~~~
(pslg) (psig) (mL) (Sac)

16:40 35 NM 20 9 35.62
1650

0.253
010 364 NM 20 9

l&55
61,72 0146

0,15 3.67 NM 20 9 64 0,141
19,00 020 367 NM 20 9 6325
1905

0.142
025 363 NM 20 9

1910
70.94 0127

030 3.64 NM 20 9 6905 0,130

Average Pressure ❑ 20,0 r)airr
RAw Average Slurry Fl&v = 3.63gpm , -

slurry Filter
Leep Flow Outlet

Test Chiller slurry Rate Pressure
Number Time Temp C Temp ;6,6 (gpm) (pslg)

6a 1640 16 3.5 NM
6a 1850 14 23.6 3,64 NM
6a 16:55 14 23.2 3,67 NM I

6a 19.00 15 23.1 3,67 NM
6a 1905 15 23,3 363 NM
6a 1910 16 233 3,64 NM

NM= Not Measured

Filtrate Flux
Slurry Temp C (m3/m2/day)

26,6 3,433
23,6 2156
232 2103
23.1 2,134
23,3 1,692
23.3 1,943

Average Flew = 0.1S3 Average Flux= 2.277
Filkele

Filtrate
Permeata Filler Inlet Sample Filtrate Flow
Pressure Pressue Volume ~~)of Collation RaIe (mUSeC)

(Pskr) (psig) (mL)
o 20” 9”” 35,62 0.253
0 20 9 61,72 0,146
0 20 9 64 0,141
0 20 9 63.25 0142
0 20 9 70.94 0,127
0 20 9 69.06 0,130

Permeability
(m/day/bar) Filtrate Flux

2:490
1563
1.525
1.547
1,372
1,409

]pm/ft2)

‘WwM-:
‘0.0%7

O.o$w ~
‘:,y?&

f$l%$ ‘j,

C-106Simukmt Permeability vs. Time
at 20.0 psig and 6.0 ftk

3.0 , ,, ~~ ~~ I

0.0 I.~—..... -.r-. -.-r .—. . .,r--_.......I
0:00 0:07 0:14 0:21 0:28 036

Time (hr:min)

.. . .

0,034

C-1 06 Simulant Flux vs. Time
at 20.0 psig and 6.0 ftk

0.07

0.06

0.05

0.04

0.03

0.02

[._. _.._.
● 4 ●

6_-_.. s..._—_. s ---- u —..__.*.
● m

—— ...——-...--. . -. —_.---- ..____

0.01 —------ ----- —-- - ----- ---- ---

0.00
0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:min)

~“simuiati-l~~jo~m~.ks B Actuai lst30rnin.tes]
.-. .—.

Filtrate
Total Time Sluny Flu Filtrate Flux Normaliiad

John Gaating Data Elapaad (Min) Temp C (gpmffU) Temperature (gpm/f12)

2nd 30 minules

1st 30 minufes O:al 31,5
0.65 31,3
0:10 31,3
0:15 31,3
0:20 31.2
0:26 31.3
0:30 31.3

0.00 31,4
0.05 31.3
0:10 31.1
&15 31,1
MO 31,1
Ck25 31,3
0.30 31.3

0.0526
0,0371
0,0373
0.0352
o.@344
0.0332
0.0337

0.075
0.0417
0.CU35
0.0343
0,0373
o.@335
OSU32

oa446
0.0312
o.fm4
0.029s
0.0290
0.LV79
0.02s3

0.@329
0.0351
0.026s
0.0290
0.0315
00262
0.0279

.



slurry Filtw Filtrate
Total lime Lwp FIw Outlel Filter Inlet Sample Time of Filtrele

Condtion Elapsed Rate Pressure Pressue Volume
Number Time (Min) (9Pm)

Colletion ~OW Rate
(Psi9) (musec) SIurrv TemD C

Filtrate Ffus
(psicr) [mL) [See) (m31m2.ldav)

6b 19.25” “OOL ”-” “3.6t”’ NM ‘“ ‘“ 20” 9’
6b

‘39.31
1935 010

0.229 - 23.3 “ 3.41i’
3.63 NM 20 9

6b

66.22 0.136
1940

23.5
0:15

2.015
3.67 NM 20 9 6?.25 0.134

6b 1945 0:2U
23.5 1.964

3.64 Nh’! 20 9 66.53 0.135 23.6
6b 1960 0.25

2.IX+3
3.7 NM 20 9

6b
70.9 0.127 24

1955 0:30
1.655

3s5.5 NM 20 9 71.04 0.127 24.3 1.636

RAw

Test
Number

6b
6b
6b
6b
6b
6b

Average Pressure = 20,0 psig
Average Slurry Fl&v = 3.66 gpm -

Slunv Filter
LoapFlmv Outlet

Chiller slurry Rate Pressure
Time Temp C Temp :3,3 (9pm) (psig)

1925 15 3.66 NM
1935 15 23.5 3,63 NM
19,40 16 23.5 3,67 NM ,

1945 15 23,6 3,64 NM
19,60 16 24 3,7 NM
1965 16 24,3 3s35 NM

NM= Not Measured

Average Flaw= 0.148 AverageFlus= 2.164
Filtmle

Fillrale
Permeate FillerInlet Sample FiltrateFlaw
Pressure Pressue Volume &~)Of CObliOn Rate(mffs~)
(psig) (psig) (mL)

o 20 9 49,31 0,163
0 20 9 66.22 0,136
0 20 9 67.25 0,134
0 20 9 66.53 0,135
0 20 9 70.9 0.127
0 20 9 71.04 0.127

Permeabihty
(rn/dayrbsr) Fittrale Flux

(gpm/ff2)
2.476

i

%IK&
1.461
1.439 o:m
1.450 awl
1.346 &J3t@
1.332 .Qw)w

I .*L:
0.033

—.—..—.

_ 0.07

~ 0.06

E 0.05

:0.04

~ 0.03

s! 0.02

g 0.01

L 0.00

C-106SImulant Permeability vs. Time
at 20.0 psig and 6.0 R/s

. . . .-...-..—..-._. .-._____. . .. ._

000 0:07 014 0:21 028 0:36

Time (hr:min)

.. .. ---- --- . .. . .. .. .. . .. .— .

C-106 Simulant Flux vs. Time
at 20.0 psig and 6.0 ft/s

I——.—..
.—-—. —..- _—.-— . . . .

..-.
■ ● 4

m -- ~––.—:_.. . _.*. ~. _ * .
9 D

— —

——-.— —

1 1 1 I

FMrata

0:00 0:07 0:14 0:21 0:28 0:36
TittQ (hEmin)_______

[~t=t 30 minutes ■ Actual Ist 30 minutes]————.—— . . . .- —.- ----
-—-— . ..— .—--- —..-..-—. .

To!el Time slurry Flux FlllrsleFIUXNormalized
John Geating Data Elapsed(Min) TempC (9pWff2) Temparalurs(gpm/ft2)

2rd WI minutas

1s! 30 mlnufes - MO 31.5
0;06 31.3
&lo 31.3
0:16 31.3
020 31,2
026 31.3
0:30 31.3

0<00 31.4
0.05 31.3
OAo 31.1
045 31.1
Uo 31,1
026 31.3
0:30 31.3

0,0536
0,0371
0.0373
0.0352
0.0344
0.0332
0.0337

0,075
0,0417
0.0335
0.0343
0.0373
0.0335
00332

0.0448
0.0312
0.0214
0.0296
0.0260
0.0279
0,0283

0.0629
0.0351
0.0263
0.0290
0.0315
0.0202
0.0279



0.10

0.09

0.08

g 0.04
b=
L 0.03

0.02

0.01

0.00

Condition 7
C-106 Waste and C-106 Simulant

Filtrate Flux vs. Time
at Target Conditions of 12.0 psig and 7.5 ft/s
(1 Hour Tests BackPulsed Once After 30 Min)

. ——. —
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—.

. . $ ... * --”-----”---–0-”–------”- “- ‘- ‘–—”– ‘- ‘-”----—- ‘-” ‘- “----- ‘---

+ 8 0
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— -——.- . ...— .. . . .—_____ —-——. -——.._-— —...— .——..-_ —__ . —_..-
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1 1 ,

0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:min)

1- ‘:::----””-””---”””-::-””---:-:::-”

+ Simulant C-106 Ist 30 Min o Actual C-106 1st 30 Min

O Simulant C-106 2nd 30 Min o Actual C-106 2nd 30 Min—. ..—. . . . ..

.



slurry Filter Fil!rakl
TotalTime Lmp Flmv Oullel FilterInlet Sample %me of Fil!rale

Condition Elapsed Rate Pressure Pressue Volume
Number

Colletiion flew Rate
Xme

7a 1445 ‘Mn) 0.00 ‘mm)483 ‘psi% ‘psi’) ,2., ‘m’) , ‘see),,.87 ‘m% ““wTemp%, %%)

7a 1450 0:05 4.52 NM 125 9
7a

48.12 0.187
1455 0:10

22.7 2.@37
4.55 NM 12.5 9 46.44

7a
0.194

1507 022
23.3 2890

4.52 NM 12.5 9
7a

50.53 0,178
1510 0:25

23.9 2.611
4.54 NM 12.5 9

7a
50,22 0.179 24

1515 030
2.619

4.56 NM 125 9 5288 0.171 . 24 2.496

Average Prassura = 12.5 psig
RAw Average Slurry Flmv= 4s5 gpin

Slurrv Filter. LoopFlow Outlet
Test Chiller Sluny Rale Pressta-e
Number Time Temp C Temp ;2,3 (gpm) (psig)

7a 1445 17 4.63 NM
7a 1450 19 22.7 4.52 NM
7a 1455 19 23.3 4.55 NM
7a 1507 20 23.9 4.52 NM I
7a 1510 19 24 4.54 NM
7a 1515 19 24 4.= NM

NM ❑ NotMeasured

AverageFIw = 0.187 AverageFlux= 2.792
Flllrate

Filtrate
Permeate Filter Inlat Sample
Pressure Pressue Volume

Filkale Flew
~g)Of cOhCtiOn Rate (mUsW)

(psig) (psig) (mL)
o 12.5 9 41.87 0.215
0 12.5 9 48.12 0.167
0 12.5 9 46.44 o.le4
o 12.5 9 50.53 0,176
0 12.5 9 48.22 0,187
0 12.5 9 52.68 0,171

Penneabihty
(mfdaybar)

3526
3.292
3.353
3.029
3.039
2.899

iltrate flux

0.04QS
ww%
iLC@7
0.042$

C-106 Simulant Permeability vs. Time at
12.0 psig and 7.5 ftk

I 5.0 ........ ... ... . ... ........ . ... ..... .... ... .. . .._
~

--”J I 0.0

I
0:00 007 0:14 0:21 0:28 0:36

0.045 Tfme (hnmIn)

._ __________._–.--L=== .-; -– .- .- ——

0.06

0.05

0.04

0.03

0.02

0.01

C-106 Simulant Flux vs. Time
at 12.0 psig and 7.5 ftk

dt

.
● “

.-

● +
●

— -.. -...——— — ._ .-

8 M
8

——-.—.

—— ------ -.. . ____ .._ ._. . . . . ._

0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:min)
~Sirnulant lst30rni~~~~A~;st 30 minutes]——

—-. ——_____ _. .. .__.
Filtrate

Total Time slurry Flux Filtrate FluxNormalized
John Geeting Data Elaps~ (Min) Temp C (gpm/ft2) Tempralum (gpm/f12)

15130 mlnules 0:00 30.8 0.054
0;10 30,6 0.0414
020 31 0.0422
0:30 31 0.0393

2nd 30 minutes 31.6 0,0569
;: 31.7 0,0443
0;20 31.8 0.0446
O:sa 32 0.0434

o.04e41
0.0355
0.0358
ofx333

0.0474
O.wa
0.0370
0.035$



Slurry Filler Filtrate
Total Time Lcmp Flew Outlet Falter Inlet Sample Time of Filtrate

Conddion Elapsed Rate Pressure Pressue Volume
Number Time (Min)

collection FICW Rate Fikrale Flux
~,m (9pm) (psig) (pslg) (mL) (See) (mUseC) Slurry Temp C

7b
(m3/m2/day)

1530 457 NM 125 9 4016
1535

0224
005

247 3211
4,59 NM 12,5 9 43,44

1540
0.207

010
249

4.6 NM
2.952

12,5 9 436 0206
1545 015

24,9 2941
46 NM 12,5 9 45.4 0,198

1555 025
25 2.817

4,59 NM 12.5 9 4635
1600

0.194
030

25 2.759
4S3 NM 12,5 9 47,63 0189 24,7 2708

Permeability
(m/dayrbsr)

C-106 Simulant Permeability vs.
Time at 12.o paig and 7.5 ft/s

3726
3425
3,413
3.268
3201
3.142

?b
?b
7b
7b
?b

RAw

Test
Number

7b
?b
7b
7b
7b
?b

L’]
,,....,>.”<,.

-.. I 3.0

0:00 0:07 014 0:21 0:28 0:38

Time (hr:min)

.,. . ... ,-.

Average Pressure = 12,5 psig
Aversge Slurry Flow= 4,59 gpll

slurry Filter
Loop Flow Outlel

Chiller Sluny Rate Pressure
lime Temp C Tamp ;4,7 (gpm) (psig)

1530 21 4,57 NM
1535 21 24.9 4,59 NM
1540 20 24,9 4.6 NM
1545 21 25 4.8 NM ,
1555 19 25 4.59 NM
1600 19 24,7 4,58 NM

Average Flow = 0.203 Average Flux = 2.698
Filtrate

Filtrete
Permeate Filter Inlet Sample Filtrsle Flow
Pressure Pressue Volume Time of Collection RaIe (MUSW)
(psig) (psig) (mL) (See)

o 12,5 9 40,16 0224
0 12.5 9 43.44 0.207
0 12.5 9 43.6 0,203
0 12.5 9 45,4 0,196
0 12,5 9 46.35 0.194
0 12,5 9 47.63 0.189

0,048

C-106 Simulant Flux vs. Time
at 12.0 psig and 7.5 ftk

0.07

0.06

0.05
1“.—.—---——_______-.

NM= Not Measured

J-... +- .- ....*--- ._
● ● “”.

0.04 –—----- ----
■ R’” ”---”-m

0.03 —... .. —-.. .,_____ . _. ..__ .____ . .

0.02 —- . .. —.- ..-__ ______

0.01 ---— ----- -- --- - -- -- --

0.00

0:00 0:07 0:14 0:21 0:28

Time (hr:min)
0:36

~.s--------—-.—--—.-’——— “.. ._. _____

imulant Ist 30 minutes ISActual Ist 30 minutes
!.—.—. -- -.—-—— -

—-—______ ___________ _ .,_
Filtrate

Total Time shy Flux Filtrste Flux Nmnaliied
John Gaating Data Elapsed(Min) TempC (gpM2) Tempwature(gpm/f12)
1s130 minties - O:(XI

010
020
0S0

30.6
30.6

31
31

0.054
0,0414
0.M22
oJ1393

0.0460
o.@355
0.035s
0.0333

2nd W minutes Oxto
0:10
0:20
(K3O

31.6
31,7
31,8

32

0s669
0.0443
0.0446
0.0434

0,0474
o.03sa
0.CS370
Ocxa

\
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Condition 8
C-106 Waste and C-106 Simulant

Filtrate Flux vs. Time
at Target Conditions of 5 psig and 6 ft/s

(1 Hour Tests Backpuised Once After 30 Min)
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Condition
Number

8a
8a
8a
8a
8a
8a

RAw

Test
Number

8a
8a
8a
8a
8a
8a

Slurry Filter Filtrate
Total Time Lwp Flow Outlat Filter Inlet Sample Time of FNrale

Elapsed Rale collection Flew Rate
Permeability

Pressure Pressue Volume Filtrate Flux

Time (Min)
(m/daykxw) Filkale Flux

~ ~ (9pm) (psig) (psig) (mL) (Sac) (musec) Slurry Temp C (m3/m21day)

1630 367 NM 6 9 37,75 0238 24.5 3.436 8,305 l%k%r$:-
1635 0,05 369 NM 5 9 49.32 0182 245 2.630

1640 010 364 NM 5 9 49.94 0.160 25 2561

1645 oi5 3.69 NM 5 9 50.41 0.179 25.2 2523

1655 0,25 3.71 NM 5 9 49.85 0.181 25.1 2,556

17CKI 030 37 NM 5 9 51,75 0.174 251 2,464

Average Pressure = 5.2 psig

Average Slurry Flow = 368gpm
slurry Filtw
Loep Flew Outlet

Chillar slurry Rate Pressure
Time Tamp C Temp ;4,5 (9Pm) (psig)

1630 20 3,67 NM

1635 20 24,5 3,69 NM

1640 22 25 3,64 NM
1645 22 25.2 3,69 NM
1655 20 25.1 3,71 NM
17,00 21 25.1 3.7 NM

Average Flow = 0.189 Average Flux = 2,695
Fillrate

Filtrate
Permeate Filler Inlet Sample Filfrale Flow
Pressure Pressue Volume ~g)of cOkCtiOll R.gle(rnusec)
(psig) (psig) (mL)

o 8 9 37.75 0.238

0 5 9 49.32 0.182

0 5 9 49.S4 0.180

0 5 9 50.41 0.179

0 5 9 49.85 0.181
0 5 9 51.75 0.174

John Geethr~
1st 30 minutes

7,628 . 0.0448.
7,428 0,M$7
7,318 0<04$0 :
7,421 , 0!04$$’.
7.146 ~ a,042d

L,..>,—...
0.043

C-106 Simulant Permeability va. Time
at6 psigand8.Oft/s

0:00 0:07 0:14 0:21 028 0:36

Time (hr: rein)

,.

~ oos ---

E 0.04 -- -4------- *---- ●-- - -

!-----:---~~
0.03 ---- ----- -—— ---- --- --- - --

():02 .-– —.—..—.— m ■ ii

0.01 ---- ------ ---—--- ---- -- -

0.00 ——

0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:min)

[~~~rnulantlSt~_rn@bs ~Actuallst 3ornini.rtes]
.—. .—— . —

———= ——.,. .. . —.,-.- —..—--...—

W1O 29.9 0.0206 0.0160
Mu 29.4 0.0192 0.0170
03JI 29,1 0.0196 0.0175 0,0175

Oco 29.4 0.0366 0.0S24
&lo 29,2 0.0326 0.0292

29.1 0.0256 0.0228
~:$ 29.1 0.026 0.0232 0.0251

.



. .

Condition
Number

8b
8b
8b
8b
8b
8b

RAw

Filtrate
ywuR::p Filter Outlet Sample Time of Filtrate filtrate Flux pe~eability

Total Tme Pressure FillerInlet Volume Collection Fkw Rate (m3/m2fday (m/day/bar) Fih!e FfUX
Time Elapsed (Min) (gpm) (psig) Pressue (psig) (mL) (See) (mLfs@ Sky Temp C )

12.30 0:00 3.75 NM 5 9 36.5 0.247 24,3 3.574

i

‘JK$&mL
lo.3Sq

1240 010 3.64 NM 5 9 35.53 0.234 24.8 3.336 9.662 fk69
1245 015 3,65 NM 5 9 41 0.220 25 3.119
1251 021 3.65 NM 5 9 40.64 0222 25.2 3.137
12:56 026 3,64 NM 5 9 42.43 0,212 25,1 3.ms
13,00 030 3,6S NM 5 9 39.94 0.225 25.2 3.164

9.048

1.

0,05S2
9.099 $@&
8.718
9.236 0k43

Average Pressure = 5,0 psig

Average S!wry Flow= 3.66 gpm

Test Number lime

8b
8b
8b
8b
8b
8b

NM= NotMeasured

Suluyu:p Filter Outlet
Chiller Temp Pressure
c Sluny Temp C (gPm) (psig)

1230 22 24,3 3.75 NM
1240 22 24.8 3.64 NM
12:45 21 25 ‘ 3.65 NM
1251 22 25.2 3.65 NM
125s 22 25.1 3.64 NM
1300 21 25.2 3,65 NM

Average Flmv =
Filtrale

0.227 Average Flux = 3.226

Filtrate
Permeate Filter Inlet Sample lime of Filkale Flc

Pressure Pressue Volume Collection Rate

(psig) (pslg) (mL) (See) (mL/sac)

o 5 9 36.5 0,247
0,5 9 38.53 0,234
0 5 9 41 0.220
0 5 9 40.54 0.222
0 5 9 42.43 0.212
0 5 9 39.94 0.225

$.w.—”._...

0,054
_— __ .— .._

0.07

0.06

0.01

0.00

GI06 Slmulant Permeablllty vs. Time
at 5 pslg and S.0 ftk

10.6
10.4
10.2

g= 10.0
ZZ 9.8
~ ~ 9,6
E; 9.4
~- 9.2

9.0
6.8
6.6

—...-—— . . . ... . . - _ -..

.. . +

. . t. ●

●

0:00 007 014 021 0:26 036

Tfme (hnmln)

-106 Simulant Flux vs. Time
at 5 psig and 6.0 ftls

——-. -- _.. —.

—..——. .... .— .—— —.

—— . .. . .

— _.—.

I

0:00 0:07 0:14 0:21 0:28 0:36
Time (hrxnin)

~ Simulant 2nd 30 fi;fies ~~ctual 2nd ;O mfi~k]
.— .—

1 .—. —.- —. —-. .————-. .— . I
——— —.——-. — . . .. .. .. ... —..- .—. .

Total Time Sluny Filtrate Flux Filtrate Flux Normalized

John Geatina Data Elapsed(Min) Temp C (9pmffQ Tamperalure (gpmKt2)

I at 30 mlntiea - 000 31.1 0.02

010 29.9 0.0206

020 29,4 0,0192

024) 29.1 0.0193

2nd 30 minutas O;ou 29.4 0.0366

0:10 29.2 0.0326

0;2U 29.1 0.0256

0S0 29.1 0.026

0.0t69
0,0160
0.0170
0,01?5

0.0224
0.0392
0.0226
0.0232



0.1000

0.0900

0.0800

g 0.0500
ii

: 0.0400
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k 0.0300

0.0200

0.0100

0.0000

Condition 9
C-106 Waste and C-106 Simulant

Filtrate Flux vs. Time
at Target Conditions of 27.0 psig and 7.5 ftfs
(1 Hour Tests Backpulsed Once After 30 Min)

. . .
1 .

....-. —.. -..—— .———.—. ._——..._ _. . .

———— .-— —. .-_ ——_—._.._..._ _._. _________——— ——_ —_. —_____—__ .__. -____ -----
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.—— .—. ...—— ——.—-_ ______________ .. ___._ .._ _ _ .

+—. ———_—_--_—_____ --------- :...-0—.-. —–

*–---~–”--””--–-- ”’””-#--”-”--..-.———._—_ ______________________ --- _______ ..

0:00 0:07 0:14 0:21 0:28
Time (hr:min)

r

—.—________ —.——.._.._ ._ -——.-———.—--- ——.- —
+ Simulant C-106 Ist 30 Min .Actual C-106 Ist 30 Min

O Simulant C-1 06 2nd 30 Min oActual C-106 2nd 30 Min---—-——————— -— -—----- ________ ___ . ----

0:36

.
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slurry Fillaf Filtra!e
Total lime Lcop Flow Outel Filter Inld Sampla Time of Filtrate

Condjtion Elapsed Rate Pressure Pressue Volume
Number Time

Collection Flew Rate

,3W (Wn) ,W (mm) ,B(PSi~M [wi~) ,o(mL) ~(Sec)32a ‘m~~ SlwTemp~53 ~~%Y)
9a
9a
9a
9a
9a
9a
9a

RAw

Test
Number

9a
9a
9a
9a
9a
9a
9a

1336 Om 1.62 NM 20 9 93.53 0.093
1340

25.3
0:10

1.314
1.8 NM 21 9 104.64 0066

1s45
25.3

015
1.210

1.62 NM 20 9 119.47 0.075
13:50 0:20

25.3 1.C61
4.82 NM 20 9 123 0,073 25.1

1355
1.037

0.25 1.81 NM 20 9 125.63 0.072 25
14:00 0:30

1.018
1.81 NM 20 5 67.44 0.074 25 1.a53

Average Pressure = 20.1 pslg
Average Sluny Flow= 1.81 gpnr

slurry FiNer
Lwp Fiew Outlet

Chiller Sluny Rale Pressure
Time Temp C TemP C (m) (psig)

13:30 21 25,3 1.8 NM I

1336 20 25.3 1.62 NM
1340 21 25,3 1.6 NM
13:45 21 25.3 f.62 NM
1350 20 25.1 1.62 NM
13:55 20 25 1.81 NM
14W 20 25 1.81 NM

NM. Not Measured

Average Flow = 0.107 Average Flux = 1.513
Filtrate

Filtrate
Permeate Filter Inlet Sample Filtrate Flow
Pressure Pressue Volume &lwe)Of CO]kliOn Rate (mlJs@
[psig) (psig) (mL)

o 20 9 32.53 0.277
0 20 9 S6,53 0.C93
o 21 9 104.64 0.066
0 20 9 119.47 0.075
0 20 9 123 0.073
0 20 9 125.63 0.072
0 20 5 67.44 0.074

Permeability
(mJday/bar)

2.627
0,9s3
0.635
0,770
0.752
0.733
0.764

0.018
I

C-106 Simulant Permeability vs. Time at
20.0 psig and 3.0R/s

3.0 .–——-..—...-...——-— -----

f

—... -.—.-.

2.5 I

0.0 1 I
0:00 0:07 0:14 0:21 028 0:36

Time (hr:min)
. .. .. .. . .. . . . . . . . . . .. . .

C-106 Simulant Flux vs. Time
at 20.0 psig and 3.0 Ws

0.07 ..................................................................... .....- .........................

-0.06 —- -––---– -–-– ---– -- -- ----- - -----
~
~ 0.05 -------------------- .. . .... _ .- _.. __

~ 0.04 —— ——. .—___ ... . .._. . . .. ____ .

John Geeting Data
Ist30minulee

2nd 30 minutes

0.03 ‘--– --—--— —------ -------- --- ---- --- ----- -- -- ---

0.02 —–—-–”–—-:–——7 ---- ---~ ----- ;---- ------~
w ■

0.01 —— —- ..—. ..——--- —...-—- ___________ ..

0.00

0:00 0:07 0:14 0:21 0:28

Time (hr:min)

&@ntlSt30_~ju@ . A.tu.l lst30rninutes
-—-—- —.. -.— .—. . ..

—._.. —__ --—- .—. - ....-
Filtrate

Totat Time Filtrate Flux Norsma!ized
Elapsed (Min) %m? C f&Um/ft2) Temperature (gpm/ft2)

0.00 29,6 0.0354 0,0312
0:10 29.3 0.0192 0.0170
O:2U 29.3 0.0171 0.0152
0:20 29.3 0.0186 0.0147 0.0156

000 29.6 0.0607 0.0534
0;10 29.6 0.0197 0.0176
om 29.3 0,0211 0.018?
020 29,3 0.0177 0.0382 0.0246

0:36



slurryFdler Fdtrate
Total Time Lwp Flaw Oullet Filler Inlet Sample

Condihon Elapsed Rate Pressure Preswe Volume
Number ~me (Mm) ~w (9pm) (psig) (psig) (mL)
9b 22:05 1,81 NM 21
9b 2211 Om 18 NM 20
9b 2216 0:11 1.66 NM 21
9b 2220 0.15 163 NM 20
9b 22:25 0;20 1.61 NM 20
9b 22’30 0:25 i,82 NM 20
9b 2235 030 1.6j NM 20

Filtrate

~%~~on Fl~Rale
(musec) Slurry Temp C

Filtrate Flux
(See) (m3/m21day)

9 28,22 0,319 258 4431
9 95,22 0,095 256 1.321
5 56.09 0069 25.3 1,256
5 62.07 0,061 25.3 1.135
5 64.82 0.077 24.7 1.105
5 63,03 0079 24,3 1.150
5 7078 0,071 24.2 1027

Average Pressure= 20.3 psig
RAw Average SIuny Flow= 1,82 Qpill

slum Filk

Test
Number
9b
9b
9b
9b
9b
9b
9b

LocJp”Flaw Outlet
Chiller slurry Rate Pressure

Ttme Temp C Temp ;5,8 (gpm) ,81 (wi9)
22:05 22 NM I
2211 20 25.6 1,8 NM
22:16 20 25.3 1,36 NM

2220 20 25.3 1.63 NM
2225 16 24,7 1,81 NM
2230 16 24.3 1.62 NM
2235 18 24.2 1,61 NM

Average Flmv =
Filtrate

Permeate Filler Inlet
Pressure Preasue
(psig) (psi9)

o 21”9” 28.22 0,319

0116 Average Flux= 1.632

Filtrate
Sample
Voluma

Filtrate Flaw
~we)of collection Rate (mL/se@

(mL)

o 20 9 95.22 0 0s5
o 21 5 56.09 0,039
0 20 5 62,07 0.061
0 ‘ 20 5 64.82 0,077
0 20 5 63.03 0,079
0 20 5 70.76 0,071

NM= Not Measured

Permeabifily
(m/day/bar) Filtrate Flux

3.060
0,956
0607
0,823
0,602
0.634
0.745

C-106 Simulant Permeability vs. Time
at 20.0 psig and 3.0 Ws

. ,. ,,.,, ,,
~
!

0:00 007 0:14 0:21 0:28 0:36

Time (h~min)0,019

C-106 Simulant Flux vs. Time

0<08

0.07

0.01

0.00

at 20.0 psig and 3.0 Ws

Filbale
Total Time slurry Flux Filtrate Flux Normalized

John Gaetlng Data Elapsed (FAn) Temp C (gpm/ft2) Temperature (gpmtl12)

15130 minutes 0:00 29.6 0,0354 0.0312
0:10 29.3 0.0192 040t70
020 29.3 0,0171 0,0152
0:30 29,3 0,0166 0.0147 0,0156

●
●✎�� �� ✎✎✎✎ �✎✎

■
● ✎ ✍� ☛✍✍✍ ✎✍

i
.——. —-.——-.——.. . .. ..-. –-.. . . ..

0:00 0:07 0:14 0:21 0:28 0;36

Time (hr:min)

~~rn~~~!!?t!! I?’I@ItSS’ Actual la 30 rninutei]
——.

.-
----- . .

2nd 30 minutes 0:00 29.6 0.C607
010 29.6 0,0197
0:20 29.3 0.0211
Om 29,3 0.0177

0.0s34
0.0173
0.0187
0.0157 0.0173

.
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Condition 10
C-106 Waste and C-106 Simulant

Filtrate Flux vs. Time
at Target Conditions of 27.0 psig and 7.5 ftk
(1 Hour Tests Backpulsed Once After 30 Min)
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+ Simulant C-106 Ist 30 Min ● Actual C-106 1st 30 Min
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slurry Filler Fillrate
Total Time Leap Flew Outlet Filter Inlet Sample Time of Filtrate

Condition Elapsed Rate Pressure Pressue Volume
Number Time

collection FIDW Rate
(Min) (9pm) (psig) (musec) Shiny Temp C

Filtrate Flux
(pslg) (mL) (See) (m3/m2/day)

Permeability
(m/day/bar)

C-106 Simulant Permeability vs. Time
at 27.0 pslg and 7.5 ft/a

3,0 } -.

iltrate Flux

%k&-

O:qles
O,wo

‘ 0?0425!

.$&!’ ,
.’

.:, , ,/ ~
‘>~.,

,. 4,.,
__

0042

2.554
1591
1.459
1.362
1.290
1233
1.197

1Oa 23’25 Oco 454 NM 275 9 28,6 0,315
1Oa 2330 005 4,53 NM 27 9 46,5 0.194
loa 2335 010 4.54 NM 27 9 49,64 0,181
10a 23:40 015 4,55 NM 27.5 9 51.66 0.174
1Oa 2S’46 0:21 4.57 NM 28 9 53.12 0,169
ma 2350 0,25 4S5 NM 27.5 9 5641 0.160
loa 2355 0:30 456 NM 275 9 57,94 0,155

222 4,642”
22,4 2 S61

23 2,716
23,5 2563
236 2,491
23,9 2.339

24 2270

0.0 I
000 0:07 0:14 0:21 0:28 0:38

RAw
Average Pressure = 27,4 psig

Average Slurry Flaw = 4.55 gpm
shy Filter
bJODFlaw Outlel

Average Flmv ❑ 0.192 Average Flux= 2,666
Filtmla

Time (hcmin)

___ . . . . .,- -..
Filtrate

Permeate Filter Inlet Sampla Fillrata Flaw
Pressure Pressua Volume Time Of Cobdorl Rate(mL/S@
(psig) (psig) (mL) (sac)

o 20 9 28,6 0.315
0 20 9 46.5 0.194
0 21 9 49,64 0.161
0 20 9 5166 0.174
0 20 9 53,12 0,169
0 20 9 56.41 0,160
0 20 9 57s4 0,155

,...,,,,

----

. . .

.

C-106 Simulant Fiux vs. TimeTest
Number

loa
10s
1Oa
10a
1Oa
10s
10s

Chiller Sluny Rate Pressure
Time Temp C Temp :2,2 (9pm) (psig)

2325 15 4.!S4 NM
2330 17 22.4 4S3 NM
2335 17 23 4.54 NM I
2340 17 235 4S5 NM
23:46 17 23,8 4.57 NM
2350 18 23.9 4S5 NM
23:55 16 24 4.56 NM

at 27.0 psig and 7.5 II/s
.... .. .. .. ..................... .. . .................. .... . ...................,. ..,....,

..
NM= Not Measmd —.-. .

0.05

0.04

0.03

0.02

0.01

0.00

-- 6------ -—--——.--.–. —.. — —. --- ____
+

●
●

+- -4

■ ✘ m.. —-— — —___ _________ ._. . . . . . . .

-.——.—. —+-—.-.- . ..—. .-

—.

0:00 0:07 0:14 0:21 0:28
Time (hcmin)

l;s@~a~~!2!30_rn!nu@s ● Actual lst31) minutes
-.— . . . . . . . . . .. . . .

—

0:36

.-
Fikmte

Total Time slurry Flux Filtrate Flux Nonnaf!zed
Elapsed (Min) Temp C (gpm/ft2) Temparatuq (gpm/ft2)John Geeting Data

1st30 minutes O:rxl 31.3
0:10 31.8
0:20 32,7
0.3U 32,3

0.102
0.0393
0,0401
0,0401

0.(!857
0,0326
0.0325
0.0326

00326
0,0754
0.0328
os1317
o.03a3

0,0316

2ml 30 minutes 0:00 32,4
MO 31.9
0:20 31.6
0s0 31.7

0.0924
0,0396
0,U362
0.C$36.4

.
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Shiny Fitter Filtlale
Total Tme Loop Flow Oullet Filler Inlet Sample ~me of Filtrate

Condtlion Elapsed Rate Pressure Pressua Volume
Number Time

Collection FiGW Rate

10b 14:11 ‘“”) O:cs)(wm),.,, ‘p’% ‘Psig) ,, ‘ML) , ‘Sw)zz,, ‘my;) ““wTem’:,., ~$~j
10b 1415 0.04 3.74 NM 20 9
10b

37.1 0.243
1420 009

25.4 3.408
3.7 NM 21 9

la)
49.78 0.181

14:25 014
24.1 2635

3.63 NM 20 9 52.34 0.172
10b 1430 0:19

23.3 2.564
366 NM 20 9

Iois
56s6 0.159

1435 0:24 3.69 NM
23.1 2.366

20 9 66.53 0.131
lots 1440 029

23.5 1.947
3.69 NM 20 9 70.87 0.427 “ 237 1.672

AveragePrassu~e = 20.1 psig
RAw Average Sluny Flew= 3,66 gpl

slum Finer
loop’Flmv Ouuet

Test Cfdller Sluny
Number

Rale “ Pressure
Time Temp C Temp C (gPm) (DS19)

10b 14:11 18 27.2 “-” 3,67 “’ ~M
10b 14:15 14 26.4 3.74 NM
lob 1420 15 24.1
Icb

3.7 NM
1425 16 23.3 3,63 NM,

~Cb 14:30 17 23,4 3,66 NM
10b 1435 16 23,5 3.69 Nfd
10b 1440 19 23.7 3.69 NM

NM= NotMeasured

Average Flow = 0.202 Average Flus = 2.@86
Filtrate

Filtrate
Permeate Filter Inlet Sample
Prasswe Pressue Volume

Filtrate Flew
~w: of Colestion Rate (mL/se~)

(psig) (psig) (mL)
o 20 9 22.25 0.404
0 20 9 37.1
0

0.243
21 9 49.78

0
0.161

20 9 52.34
0

0.172
20 9 66.%

o
0.159

20 9 68.53
0

0.131
20 9 70,67 0.127

Permeabihty
(mfdaylbar)

3.%?0
2.472
1.620
1.659
1.730
1.412
1.356

4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0

C-106Simulant Permeability vs. Time
at 27.0 psig and 7.5 ftls

●

&b b’. -.
4 +

.-

. . .

I
0:00 007 014 021 &213

0.039
036

Time (hcmfn)
——...—— .—...- -.— - —.—,— .- . . . . . -. . . .. .

C-106 Simulant Flux vs. Time
at 27.0 psig and 7.5 ft/s

0.10 .— ——... --—..

0.09 ‘‘-------- ---
0.08, ----------- --- --- - ---- -

$ n ().()7 --—---—- -- --—-–- .-. --. –.. ...-— -
~ ~ 0.06. ._.. –-+._ -.. . . . . - .

8 ~ 0.05 ... .-. -- .. ......- .. . . __ .-
● 6g ~ 004. ___ - –-—-- ..—— . . . . —------- —.—. .

~ ~ 0.03 ——--—— ——.— _-.—m _ —.:___ ...* . . . . .

0.02 ----- --—–--— ----------- -– -——- .——. ..— . .. –_._.

0.01 —--
0.00

0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:min)

— -.. _. —______________.
Filtrate

TotalTime FiltrateFlux Normatiied
John Geeting Data Elapsed(Min) %m~C IYm/ft2) Temperature(gpmKt2)
Ist 30 mlmdas- 0;03 31.3

0:10 31.8
0:2U 32.7
0;30 32,3

2rst30 minutes O:at 32.4
0;10 31.9
0:2U 31.13
0;30 31.7

0.102
0,0393
0s)401
0.0401

0s)924
0s)396
0.0362
0.0364

0.UIS7
0.0326
0.0326
o.032e

0.0764
0.0328
0S)317
0.0303
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Condition 11 .
C-106 Waste and C-106 Simulant

Filtrate Flux vs. Time
at Target Conditions of 20.0 psig and 6.0 ftls
(1 Hour Tests Backtxdsed Once After 30 Min). r
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C-::_ :.:zz%$%;:~.

+ Simulant C-106 Ist 30 Min

O SImulant C-106 2nd 30 Min

.



Condition
Number Time
Ila
118
lla
1la
Ila
Ila
Iia

RAw

Test
Number
Ila
Ila
Ila
fle
Ila
Ila
1la

14:1
14:1
142
14:2

slurryFilter Filtrate
Totallime Lmp Flmv Outlet FilterInlet Sampla Time of Filtrate

Elapsed Rate Prassure Pressue Voluma collection flGW Rate
(Min)

Filtrate Flux
(gPm) (psig) (psig) (mL) (See) (mUsec) Slurry Temp C (m3rm2/day)

O.co 3.72 NM 20 9 43.16 0.209 24 3.048
0.04 366 NM 20 9 50,12 0.180 24
0,09

2.625
3.66 NM 21 9 61.16 0.147

014
24.4 2.127

3.66 NM 20 9 63.6 0.142
1430 0:19

24.4 2.045
3.69 NM 20 9 66.34 0.136 24.6 1.9s0

1435 0:24 3.67 NM 20 9 69.6 0.129
14:40 029

25:1 1.e32
3,7 NM 20 9 70.61 0.127 25,1 1.s01

Avarage Pressure= 20.1 psig Avarsge Flmv. 0.153 Average Flus= 2.2M
Avaraga Sluny Flew. 3.69 gpm Filkale

slurry Filtar Filfrate
LoopFlew Outlet Permeate FillerInlet Sample

Chiller slurry Rate Pressure Pressure Prassua Voluma
FiltrataFlew

Tima TempC
Timaof Colledion Rate (mUSSC)

Temp C (gpm) (psig) (psig) (psig) (mL) (See)
1411 20 24 3.72 NM
1415 19 24 3.66 NM

o 70

1420 21 24.4 3.66 NM, o 21
1425 20 24.4 3.66 NM o 20
1430 20 24.6 3,69 NM o 20
1435 22 25.1 3,67 NM o 20
1440 21 25.1 3.7 NM o 20

9 43.16 0.209
9 56.22 0.160
9 56.56 0,159
9 62.12 0.145
9 61.16 0.147
9 61.6 0.146
9 63.61 0.141

Penmeabihty
(mrdaytsar)

2.210
1.933
1.469
1.463
1.414
1.329
1.306

illrsle flux
Ipmnlz)
-wE.W

Mw
0,Q303
M349
Oma’2
WXW2
QWQT

i

0,033

—... . . . . _____

C-106Simulant Permeability vs. Time
at 20.0 psig and 6 Ws gpm

.___________________________...... _
1

000 0:07 014 021 &28 036

Time (hr:min)

——. -—. . . . . . .... .. . . . _ . . . .

C-106 Simulant Flux vs. Time

0.06 I a.t.XLO-paig.amMMLllk_.-—___

I90.05 --- ------------ --- -

s
a 0.04 ----- *—--------- - ---- ------ --
~ 6

● .

.- .. ..-

g 0.03
.

=—–..– ..=_ –-_– . _? .---*..

ii
9

● ■
●

&) 0.02- — —-..-—-.—— .-. .—. ..-—...— . .._
m

&

z 0.01 — ———— ...-.. —.. —-_ _____ . ..__
u

0.00 I
0:00 0:07 0:14 0:21 0:28 0:36

Time..(hr:min). . . .... --- ._..–-.
~%udant l~t30 rr~nutes_sActual Ist 30 rninutes[

—. —___ . ..— . .. . —,_—- .–.- .
Filtrate

Total Time Sluny Flux Filtrate Flux Normaliiad

John Geeting Data Elapsed(Mln)Temp C (9pm/fi2) Temperature (gpm/f12)

1s130 mlnties moo 35 0.0527 0.0401
O.M 33.6 0.0375 0.0295

2nd 30 minvles

(MO
0:16
020
0:25
020

OLMJ
0.05
050
0:16
om
0:25
030

33.2
33.1

33
32.9
32.9

33,2
33

33.1
32.9
32,6
33.4
33.3

0,0356
0.0327
0.0309
0,0301
0,0317

0.075
0.0393
0.0356
0.0335

0.036
0.0339
0s3344

0.0266
0.0262
0<0240
0,0242
0.0256

0.0259
0.0599
0.0316
0.0266
0.0270
o.029f
0.0269
0<0274



slurry Filler Filtrate
Total Time Loop Flow’ Oullet Filler Inlet Sample Fillrale

Condihon Elapsed Rate Pressure Pressue Volume
Number

~~l~~~on Flow’ Rate
Time (Min) (gPm) (pslg) (mUsec) Slurry TemD C

FWrate Flux
(pslg) (mL) (See) [m31m2/daY)

Ilb 1411 000 368 NM 20 9
llb 141s 0,04

39 0231 272” 3,ti
369 NM 20 9 55.97 0.161

llb 14’20 0,C9
254 2259

374 Nfd 21 9 6829 0132
Ilb 1425 014

241 1921
37 NM 20 9 75,63 0119

lib 1435 024 369 NM
23.3 1,774

20 9
llb

62,25 0,109
1440 029

23,5 1,622
369 NM 20 9 8797 0.102 23,7 1.508

Average Pressure =
RAw

202 psig
Averaga Slurry Flow ❑ 3,70 gpm

slurry Filtef
Lwp Flow Oullet

Test Chiller slurry Rate Pressure
Number Time Temp C Tamp C (gPm) (psig)

1lb 1411 18 27,2
Ilb

3,67 NM
1415 14 25,4 3.74 NM

lib 1420 15 24,1
llb 14:25

3.7 NM
16 23,3 3,63 NM

1 lb 1430 17 23,1
1 lb

3,66 NM
1435 16 23.5 3.69 NM,

llb 1440 19 23,7 3,69 NM

NM= Not Measured

Average Flaw = 0,142 AverageFlux= 2,028
Filkala

Filtrate
Permeate Fillarlnlet Sampla Filka!a Flmv
Pressure Pressue VOluma Time Of COkfiOn RaIe (mL/ae@
(psig) (psig) (mL) (Sac)

o 20 9 19.5 0.4s2
o 20 9 26.1 i:tii
o 21 9 26.37 0,317
0 20 9 31,03 0.290
0 20 9 34.07 0.264
0 20 9 35.63 0.253
0 20 9 35.63 0,253

John Geeting

PenneabMy
(m/dayfbar)

2236
1,636
1327
1,267
1,176
1094

‘illrate Flux

y;!&:

.O:LW
&w&?
0,02?? .

: acw’”
. . .

.’ ,
‘>

A—-t._. .

0,029

0.07

0.06

0.01

C-106 Simulant Permeability vs. Time
at20.O psigand O.94gpm

0:07 0:14 021 0,26 0:..

Time (hcmin)
..”

C-106 Simulant Flux vs. Time
at 20.0 psig and 6.0 fth

--.-..-.--—...._.--.__-___.,._ ----------------------.,..,--,..”_,.”... ,..,,

— —

+ ——

#-- ——–--— -:.”–_.*–..__..w_ *=m ●-8
——.— —— .-- —-.—..— . _

.—...—. .——. . —.. ..-

, —.0.00

0:00 0:07 0:14 0:21 0:28 0:46
Time (hr:rnin)

~-Simulantfst30rniny@ ~Act.allst30rnkh3s
—- —— ______

Total Time Sluny Flux FiltrateFlux Normalized

Data Elapsed (Min) Tamp C (gpmffr2) Temperature (gpmfft2)

1St 30 minutas WKt
CW
alo
(M5
flzf)
G25
0:30

2rd 30 minutes W)
rm5
MO
%15
WO
026
W30

35
33.8

‘ 33.2
33.1

33
32.9
32.9

33.2
33

33.1
32.9
32.8
33.4
333

0,0527
0.0375
0,035s
0,0327
0.0309
0,0301
0,0317

0.075
0,0393
0.0356
0.0335

0,036
0,0339
0.0344

0.0401
0.0295
0.02%3
o q%z
0.024s
0,0242
0.0255

0.0569
o,m16
0.0285
0.0270
o,ozet
0,0269
0.0274

.



C-106 Filtration Simulant at 8 wt% Solids. Loading

O.lpm Mott filter element
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slurry Filter Fiitrate
Total Ttme Loop Flow Outlet Filter Met Pressure Sample Time of Filtrate

Condition Elapsed Rate Pressure Pressue Drop Volume Flow Rate

Number Time (Min) ~ ~0 (9Pm) (psig) (psig) (psig) (mL) $~~tion (mUsec)

1 6:55 4.22 48 54 6 30 12.72 2.358

1 700 0:05 4.18 47 52 5 30 23.44 1.280

1 705 010 4.26 46 53 5 30 27 1.111

1 7:10 015 4.15 47 52.5 5.5 30 32.97 0.910

1 715 0:20 4.2 47 52 5 30 37.67 0.792

1 720 0:25 4.2 47 52.5 5.5 30 41.5 0.723

1 725 030 4.16 47 52 5 30 44.94 0.668

1 730 035 4.12 47.5 53 5.5 30 46.66 0.643

1 7:35 0:40 4.26 47 52 5 30 50.16 0.598

1 740 0:45 4.16 47 52.5 5.5 30 50.96 0.589

1 7:45 0:50 4.21 47 53 6 30 52.21 0.575
1 750 055 4.19 47.5 53 5.5 30 54.03 0.555

1 7:55 1:00 4.24 47 52.5 5.5 30 55.5 0.541

Average Pr&sure = 49.92308 Average Flow = 0.872

RAw Average Slurry Flow = 4.20 Filtrate
Skmy Filter Filtrate
Loop Flow Outlet Permeate Filter Inlet Sample

Tes! Chiller Sluny Rate
Time of

Pressure Pressure Pressue Volume Collection
Number Time Temp C Temp C (gpm) (psig) (psig) (psig) (mL) (See)

1
1
1
1
1
1
1
1
1
1
1
1
1

6:55 19 22.9 ‘“ 4,22 ‘“ 46
7:00 19 26.4 4,18 47
7:05 15 27.4 4.26 48
710 12 27 4.15 47
715 9 26 4.2 47
7:20 8 25.1 4.2 47
725 9 24.7 4.16 47
730 8 24.5 4.12 47.5
735 8 24.4 4,26 47
7:40 9 24.3 4.16 47
7:45 10 24.2 4.21 47
750 9 24.3 4,19 47.5
755 9 24.5 4.24 47

. . .. . —.—

C-106 Simulant Flux vs. Time
at 49.9 psig and 12.2 ftls

(Condition 1)

ii’;~~+jlo.000”————.–.-— .—-------- -–-

-“

0:00 0:07 0:14 0:21 0:28 0:36

Time(hr:mln)

54
52
53

52.5
52

52.5
52
53
52

52.5
53
53

52.5

30 12.72
30 23.44

27
: 32.97
30 37.87
30 41.5
30 44.94
30 46.66
30 50.16
30 50.96
30 52.21
30 54.03
30 55.5

Filtrate Flux
SIuny Temp C (m3/m2/day)

22.9 11.856
26.4 5.829
27.4 4.922

27 4.075
26 3.648

25.1 3.414
24.7 3.189
24.5 3.089
24.4 2.861
24.3 2.644
24.2 2.764
24.3 2.682
24.5 2.597

Average Flux = 3.496
With First Point Removed

Filtrate Flow
Rate (mL/see)

2.356
1.280
1.111
0.910
0.792
0.723 “
0.668
0.643
0.598
0.589
0.575
0.555
0.541

C-106 Simulant Permeability vs. Time at
49.9psig and 12,1 ftls
. (Condition 1)

i!!l:it3zzEid
n- -

0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:min)

-—--—. ---

Permeability
(m/day/bar)

3.372
1.708
1.413
1.166
1.069
0.995
0.934
0.891
0.844
0.829
0,607
0.774
0.757



Slurry Filter Filtrate
Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Filtrate

Permeability
Condition Elapsed Rate Pressure Pressue Drop Volume Collection Flow Rate

Number Time (Min)
Filtrate Flux

(9pm) (psig) (psig) (psig) (mL) (See) (mUsec) slur~ Temp C (m3/m2/day)
(m/day/bar)

23.2 6.238 2.9422 8:05 0:00 3.16 28 ‘33.5”- 5.5” 30” ‘23.97 1.252
2 810 005 3.12 26 33 5 30 30.56 0.962
2 8:15 0:10 3.17 28 32 4 30 34.03 0.882
2 8:20 0:15 3.13 28 33 5 30 36.25 0.828
2 8:25 0:20 3.13 28 33 5 30 38.6 0.777
2 8:30 0:25 3.16 28 32 4 30 41.28 0.727
2 a35 030 3.12 26 33 5 30 42.03 0.714
2 8:40 0:35 3.2 28 33 5 30 46.47 0.646
2 8:45 0:40 3.08 28 33 5 30 47.38 0.633
2 8:50 0:45 3.18 28 33 5 30 49.47 0.606
2 8:55 0:50 3.18 28 33 5 30 50.56 0.593
2 9:00 0:55 3.16 28 32.5 4.5 30 53.59 0.560
2 9:05 1:00 3.18 28 33 5 30 53.5 0.561

Average Pr’essure= 30.42308 Average Flow = 0.751
RAW Average Sluny Flow= 3.15 Filtrate

Slurry Filter Filtrate
Loop Flow Outlet Permeate Filter Inlet Sample

Test Chiller
Time of

Slurry Rate Pressure Pressure Pressue Volume
Number Time ‘ Temp C

Collection
Temp C (gpm) (psig) (psig) (psig) (mL) (See)

2 8:05
2 810
2 815
2 8:20
2 8:25
2 830
2 a35
2 840
2 8:45
2 8:50
2 8:55
2 9:00
2 905

10 23.2 3.16
12 22.3 3.12
13 21.8 3.77
16 22.1 3.13
18 23.1 3.13
19 24.1 3.16
18 24.6 3.12
18 24.6 3.2
18 24 3.06
18 22.9 3.18
18 23.2 3.18
19 22.8 3.16
19 21.6 3.18

28
28
28
28
28
28
28
28
28
28
28
28
28

C-106 Simulant Flux vs. Time
at 30.4 pslg and 9.2 ftls

(Condition 2)

*E~-“
0:00 0:07 0:14 0:21 0:28 0:36

Time(hr:min)

-- . ... —.——...—

33.5
33
32
33
33
32
33
33
33
33
33

32,5
33

30
30
30
30
30
30
30
30
30
30
30
30
30

23.97
30.56
34.03
36.25
38.6

41.28
42.03
46.47
47.38
49.47
50.56
53.59
53.5

22.3 5.020
21.8 4.574
22.1 4.257
23,1 3.885
24.1 3.531
24.6 3.419
24.6 3.092

24 3.085
22.9 3.049
23.2 2.957
22.8 2.822
21.6 2.926

Average Flux = 3.551
With First Point Removed

Filtrate Flow
Rate (mL/see)

1.252
0.982
0.882
0.828
0.777
0.727
0.714
0.646
0.633
0.606
0.593
0.560
0.561

C-106 Simulant Permeability vs. Time at
30.4 psig and 3.15 gpm

(Condition 2)

~::~
n.- “

0:00 0:07 0:14 0:21 0:28 036

Time (hcmin)

2.387
2.211
2.024
1.847
1.707
1.626
1.471
1.467
1.450
1.406
1.353
1.391



slurry Filter Filtrate
Total Time Loop Fiow Outlet Filter Inlet Pressure Sample Time of Filtrate

Condition Elapsed Rate Pressure Pressue Drop Volume Collection Flow Rate
Number Time (Min) ~ ~. (9pm)

Filtrate Flux
(psig) (psig) (psig) (mL) (See) (mUsec) Slurry Temp C (m3/m.2ktay)

3 9:20 4.05 67.5 72 4.5 30 15.44 1.943
3 925 0:05 3.96

21
67.5 72.5 5

10.316
30 19.28 1.556

3 930 0:10 3.9 67
21

72.5
8.261

5.5
3

30
9:35

21.06 1.425
015 3.87 67.5

20.7
73 5.5

7.629
30 22.59 1.328

3 9:40 020 3.87
20.7 7.112

68 73 5 30 23.97 1.252
3 .945 0:25 3.89

20.6 6.722
68 73 5 30 26 1.154

3 950 0:30 3.89
20.5

67 72.5
6.215

5.5
3

30
955

26.72 1.123
0:35 3.91 67

20.4
72.5

6.065
5.5 30 27.4 1.095

3 10:00 040 . 3.89 67.5
20.4

72.5 5
5.915

30 27 1.111
3 10:05 045 3.89

20.5 5.985
67 72 5 30 27.32 1.098

3 1010 0:50 3.82
20.5 5.915

67 72 5 30 27.75 1.081
3 10:15 0:55 3.91 67.5

20.8
72 4.5

5.773
30 27.44 1.093

3 10:20 1:00 3.9 67.5
20.9

72.5
5.821

5 30 27.82 1.078 21 5.725

Average Prbssure= 69.92308 Average Flow = 1.257 Average Flux =
RAw

6.428
Average Slurry Flow = 3.90 Filtrate With First Point Removed

Slurry Filter Filtrate
Loop Flow Outlet Permeate Filter Inlet Sample Time of

Test Chiller Slurry Rate
Filtrate Flow

Number
Pressure Pressure Pressue Volume ~h$tiOn Rate (mL/see)

Time Temp C Temp C (gpm) (psig) (psig) (psig) (mL)
3 9:20 9
3 9:25 9
3 9:30 10
3 935 11
3 9:40 12
3 9:45 16
3 9:50 21
3 9:55 24 .
3 10:00 26
3 10:05 29
3 10:10 28
3 10:15 29
3 10:20 29

21 4.05 67.5
21 3.96 67.5

20.7 3.9 67
20.7 3.87 67.5
20.6 3.87 68
20.5 3.89 68
20.4 3.89 67
20.4 3.91 67
20.5 3.89 67.5
20.5 3.89 67
20.8 3.82 67
20.9 3.91 67.5

21 3.9 67.5
.

C-106 Simulant Flux vs. Time
at 69.9 pslg and 11.3 ftls

(Condition 3)

f:~-“
0:00 0:07 0:14 0:21 0:28 0:36

Time (hnmin)

72
72.5
72.5

73
73
73

72.5
72.5
72.5

72
72
72

72.5

30 15.44 1.943
30 19.28 1.556
30 21.06 1.425
30 22.59 1.328
30 23.97 1.252
30 26 1.154
30 26.72 1.123
30 27.4 1.095
30 27 1.111
30 27.32 1.098
30 27.75 1.081
30 27.44 1.093
30 27.82 1.078

-.. -— ——___

C-106 Simulant Permeability vs. Time at
69.9 pslg and 11.3 ft/s

(Condition 3)

bi~

0:00 0:14 0:28 0:43

Time (hr:min)

Permeability
(m/day/bar)

2.145
1.712
1.586
1.468
1.383
1.279
1.261
1.230
1.240
1.234
1.205
1.210
1.186



Slurry Filter Filtrate
Total Time Loop Flow Outlet Filter inlet Pressure Sample Time of Filtrate

Condition Elapsed Rate Pressure Pressue Drop Volume Collection Flow Rate Permeability
Filtrate Flux

Number Time (Min) (9pm) (psig) (psig) (psig) (mL) (See) (mUsec) Slurv Temp C (m3/m2/day)
(m/day/bar)

4 11:35 0:00 3.96 - 27 ””-” 32 ””-” 5’ 30’ ‘30.53 0.983
4 11:40 0:05 3.92 27 32 ~ 30 32.75 0.916
4 11:45 0:10 3.93 28 33 5 30 32.66 0.919
4 11:50 0:15 3.91 27 32.5 5.5 30 33.47 0.896
4 11:55 0:20 3.91 27 32.5 5.5 30 33.87 0.886
4 12:00 0:25 3.89 27 32 5 30 34.65 0.866
4 12:05 0:30 3.9 27.5 32.5 5 30 35 0.857
4 12:10 0:35 3.88 27.5 32.5 5 30 35.16 0.853
4 12:16 0:41 3.95 27.5 33.5 6 30 34.47 0.870
4 12:21 0:46 3.83 27 32 5 30 36.94 0.812
4 12:26 0:51 3.92 27.5 33 5.5 30 35.94 0.835
4 12:30 0:55 3.89 27.5 33 5.5 30 36.59 0.820
4 12:35 1:00 3.9 27.5 32.5 5 30 36.69 0.818

Average Pr&sure = 29.92306 Average Flow =
RAW

0.872
Average Slurry Flow = 3.91 Filtrate

Slurry Filter Filtrate
Loop Flow Outlet Permeate Filter Inlet Sample

Test
Time of

Chiller Slurry Rate Pressure Pressure Pressue Volume Collection
Number Time Temp C Temp C (gpm) (psig) (psig) (psig) (mL) (See)

19.2 5.498
19.4 5.095
19.5 5.094
19.6 4.956
19.7 4.884
19.7 4.774
19.7 4.726
19.9 4.677

20 4.757
20 4.439
20 4.562

20.2 4.455
20.1 4.456

Average Fiux = 4.798
Wth First Point Removed

Filtrate Flow
Rate (mL/see)

4 11:35 22 19.2 3.96 27 32 30 30.53 0.983
4 11;40 23 19.4 3.92 27 32 30 32.75 0.916
4 11:45 24 19.5 3.93 28 33 30 32.66
4 11:50 25

0.919
19.6 3.91 27 32.5 30 33.47 0.896

4 11:55 26 19.7 3.91 27 32.5 30 33.87 0.886
4 12:00 26 19.7 3.89 27 32 30 34.65
4 12:05 27

0.866
19.7 3.9 27.5 32.5 30 35

4 12:10 . 28
0.857

19.9 3.88 27.5 32.5 30 35.16 0.853
4 12:16 28 . 20 3.95 27.5 33.5 30 34.47 0.870
4 12:21 29 20 3.83 27 32 30 36.94 0.812
4 12:26 29 20 3.92 27.5 33 30 35.94 0.835
4 12:30 30 20.2 3.89 27.5 33 30 36.59 0.820
4 12:35 30 20.1 3.9 27.5 32.5 30 36.69 0.818
——. . . .—-— —

C-106 Simulant Flux vs. Time C-106 Simulant Permeability vs. Time at
at 29.9 psig and 11.4 R/s gpm 29.9 psig and 11.4 ft/s

(Condition 4) (Condition 4)

l$i~ I::rel
2.400 --------- ●-–----~ –+–- ~ -----

-“
0:00 0:07 0:14 0:21 0:26 0:36 ‘- “ 0:00 0:07 0:14 0:21 0:28 0:36

2.703
2.505
2.422
2.416
2.381
2.347
2.285
2.261
2.262
2.182
2.187
2.136
2.154

Time (hnmln) II Time (hfimin)

————-———__— ---- ..--. —. . .. . . . . . .. . . .— —

.



slurry Filter Fillrale
Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Filtrate

Condition Elapsed Rate Pressure Pressue Drop Volume Flow Rate
Number Time (Min) (9pm) (psig) (psig) (psig) (mL) ~~$tion (mL/see)

5
5
5
5
5
5
5
5
5
5
5
5
5

13:09
1315
13:20
13:25
1330
1335
1340
13:45
13:50
1355
14:00
1405
14:10

0:00
0:06
011
0:16
0:21
0:26
031
036
0:41
0:46
051
056
1:01

3.14 68 72 4
3.17 68 73 5
3.14 68 72 4
3.11 68 72 4
3.13 68 72.5 4.5
3.13 68 72 4
3.1 68 72 4

3.16 66 72 4
3.13 68 72.5 4.5
3.13 68 72.5 ‘ 4.5
3.19 72.5 4.5
3.15 6?5 73 4.5
3.13 68 72.5 4.5

30
30
30
30
30
30
30
30
30
30
30
30
30

13.32
16.97
19.46
21.13
22.53
24.34
26.78
29.78
32.19

0
39.56
42.47
44.72

2.252
1.768
1.542
1.420
1.332
t .233
1.120
1.007
0.932

#DIV/O!
0.758
0.706
0.671

Average Prbssure= 70.19231 Average Flow = #DIV/01
RAW Average Slurry Flow = 3.14 Filtrate

Slurry Filter Filtrate
Loop Flow Outlet Permeate Filter Inlet Sample Time of

Test Chiller Slurry Rate Pressure Pressure Pressue Volume Collection
Number Time Temp C Temp C (gpm) (psig) (psig) (psig) (mL) (See)

Filtrate Fiux
Slurry Temp C (m3/m2/day)

20.6 12.097
20.7 9.468
20.7 8.256
20.8 7.582
20.8 7.110
20.9 6.563
46.3 3.032
43.5 2.922
40.7 2.901

38 #DIVIOl
35.7 2.686
33.5 2.651
32.3 2.600

Average Flux = #DIV/O!
With First Point Removed

Filtrate Flow
Rate (mL/see)

5 1309 33 20.6 3.14 66 72 30 13.32 2,252
5
5
5
5
5
5
5
5
5
5
5
5

13:15
13:20
1325
13:30
13:35
13:40
13:45
13:50
13:55
14:00
14:05
14:10

35 20.7 3.17 68
35 20.7 3.14 68
36 20.8 3.11 68
37 20.8 3.13 68
37 20.9 3.13 68
33 46.3 3.1 68
25 43.5 3.16 68
21 40.7 3.13 68
18 38 3.13 68
15 35.7 3.19 68
13 33.5 3.15 68.5
12 32.3 3.13 68

C-106 Simulant Flux vs. Time
at 70.1 pslg and 9.1 ftk

(Condition 5)

0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:mln)

73
72
72

72.5
72
72
72

72.5
72.5
72.5

73
72.5

30
30
30
30
30
30
30
30
30

::
30

16.97
19.46
21.13
22.53
24.34
26.78
29.78
32.19

39.56
42.47
44.72

1.768
1.542
1.420
1.332
~.233
1.120
1.007
0.932

#DIV/01
0.758
0.706
0.671

.- .-— . ..— -.——— ...——. .—. .— —_

C-106 Simulant Permeability vs. Time at
70.1 psig and 9.1 ftls

(Condition 5)

li!f:EIz=E=l.000 --—- ----—-- ----- ---— ●

&- “
0:00 0:07 0:14 0:21 0:28 0:36

Time (h~min)
..— —— ..— ——...-

Permeability
(mlday/bar)

2.506
1.948
1.711
1.571
1.468
1.360
0.628
0.605
0.599

#DIV/01
0.554
0.544
0.537



Slurry Filter Filtrate
Total Time Loop Flow Outlet Filter inlet Pressure Sample Time of Filtrate Permeability

Condition Elapsed Rate Pressure Pressue Drop Volume Collection Flow Rate Filtrate Flux
Number Time (Min) (9pm) (psig) (psig) (psig) (mL) (See) (mUsec) Slurv Temp C (m3/m2/day)

(m/day/bar)

6 2:20 0:00 4.24 47 53 6 30 21.56 1.391
6 2:25 0:05 4.22 47 53 6 30 24.53 1,223
6 2:30 0:10 4.17 46.5 53 6.5 30 26.1 1.149
6 2:35 0:15 4.2 47 53 6 30 27.81 1.079
6 2:40 0:20 4.22 47 53 6 30 28,87 1.039
6 2:46 0:26 4.22 47 53 6 30 30.28 0.991
6 2:50 0:30 4.15 46.5 52 5.5 30 31.78 0.944
6 2:56 0:36 4.19 46.5 53 6.5 30 31.81 0.943
6 3:00 0:40 4.17 47 53 6 30 32.72 0.917
6 3:05 0:45 4.18 46.5 52.5 6 30 34.25 0.876
6 3:10 0:50 4.2 47 53 6 30 34.56 0.868
6 3:15 0:55 4.19 47 53 6 30 35.66 0.841
6 3:20 1:00 4.19 47 53 6 30 35.81 0.838

Average Prbssure = 49.86538 Average Flow = 1.008
RAW Average Slurry Flow = 4.20 Filtrate

Slurry Filter Filtrate
LooII Flow Outlet Permeate Filter Inlet Sam~le Time of

29.3 5.849
28.1 5.313
27.1 5.134
26.1 4.954
25.6 4.840

25 4.693
24.7 4.509

25 4.467
25.1 4.331
24.8 4.172
24.8 4.135
24.9 3.996
24.8 3.990

Average Flux = 4.544
VvithFirst Point Removed

Test Chiller Slurry Rate
Filtrate Flow

Pressure Pressure Pressue Voluine cOtkCtiOn Rate (r’flL/s@
Number Time Temp C Temp C (gpm) (psig) (psig) (psig) (mL) (See)

6 2:20 10 29.3 4.24 47 53 30 21.56 1.391
6 2:25
6 2:30
6 2:35
6 2:40
6 2:46
6 2:50
6 2:56
6 3:00
6 3:05
6 310
6 3:15
6 3:20

9 28.1 4.22 47
9 27.1 4.17 46.5
8 26.1 4.2 47
8 25.6 4.22 47
8 25 4.22 47
9 24.7 4.15 46.5

10 25 4.19 46.5
11 25.1 4.17 47
10 24.8 4.18 46.5
10 24.8 4.2 47
11 24.9 4.19 47
10 24.8 4.19 47

..

C-106 Simulant Flux vs. Time
at 49.9 pslg and 12.2 ftls

(Condition 6)

gi~
-“

0:00 0:07 0:14 0:21 0:28 0:36

Time (hcmln)

_——.—_.--— —-

53
53
53
53
53
52
53
53

52.5
53
53
53

30
30
30
30
30
30
30
30
30
30
30
30

24.53
26.1

27.81
28.87
30.28
31.78
31.81
32.72
34.25
34.56
35.66
35.81

1.223
1.149
1.079
1.039
0.991
0.944
0.943
0.917
0.876
0.868
0.841
0.838

...—. -———. ..—. .— .. ..—.

C-106 Simulant Permeability vs. Time at
49.9 psig and 12.2 ftls

(Condition 6)

—“—.” -.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

++**

. . . . . . . _–.

● +

~ ~ OJ-JOO
n-

0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:min)

1.697
1.541
1.497
1.437
1.404
1.361
1.328
1.302
1.256
1.222
1.199
1.159
1.158

.



AZ=lO1/102 Filtration Simulant at 5 wt?XO Solids
Loading CUF Testing

O.lpm Mott filter element



Slurry Filter Filtrate
Total llme Loop Flow Outlet Filler Inlet Pressure Sample Time of Filtrate

Condition Elapsed Rate Pressure Pressue Drop Volume Collection Flow Rate
Number Time (fvlin) ~ ~. (9pm) (psig)

Filtrate Flux
(psig) (psig) (mL) (See) (mUsec) slur~ Temp C (m31m2/day)

1 336 “ 3.23 47 51 4 30 4.19 7.160
1 3:40 0;04 3.22

24.1 34.785
48 52 4 30 10 3.000

1 3:45 0:09 3.2
24.1

48 52
14.575

4 30 12.54 2.392
1 350 014 3.27

24.6
48

11.460
52 4 30

1
14.34 2.092

355 0:19 3.23
24.7 9.993

48 52 4 30 15.78 1.901
1 400 0:24 3.23 48

24.9
52 4

9.030

1
30 17.56

405
1.708

0:29 3,25
24.9 8.115

48 52 4 30 19.31
1 410

1.554
0:34 3.28

24.2 7.527
48 52 4 30 20.97

1 415 039
1.431

0 0
23.9 6.990

0 0 0
1

0
420 0:44 3.22 48 52 4 30 13.88 2.161

1 425 0:49 3.17
21.9 11.181

48 53 5 30 16.87 1.778
1 4:30 0:54 3.23 47.5

22.1
52.5

9.147
5 30 18.4 1.630

1 4:35 0:59 3.26
22.2

48 52.5
8.362

4.5 30 19.06 1.574 22.7 7.958

Permeability
(m/day/bar)

10.296
4.228
3.324
2.899
2.619
2.354
2.183
2.028

3.243
2.627
2.426
2.297

Average P&isure = 46.13462 Average Flow = 2.365 Average Flux =
RAw

9.485
Average Slurry Flow = 2.98 Filtrate

Shiny
With Firat Point Removed

Filter ‘ Filtrate
Loop Flow Oullet Permeate Filter Inlet Sample Time of

Test Chiller Slurry
Filtrate Flow

Rate Pressure Pressure Pressue Volume Collection Rate (mL/see)
Number Time Temp C Temp C (gpm) (psig) (psig) (psig) (mL) (See)

1 336 15 24.1 3.23 47 51 30 4.49 7.160
1 340
1 345
1 3:50
1 3:55
1 400
1 405
1 4:10

“1 415
1 420
1 425
1 4:30
1 4:35

15 24.1 3.22 48
15 24.6 3.2 48
14 24.7 3.27 48
15 24.9 3.23 48
13 24.9 3.23 48
12 24.2 3.25 48
12 23.9 3.28 48

11 21.9 3.22 48
12 22.1 3.17 48
12 22.2 3.23 47.5
13 22.7 3.26 48

.—— —... ..—-. . . .

AZ-1 01/102 5vvt% Simulant Flux vs. Time
at 46.1 psig and 9.4 ftls

z:.=--

::20000 -– -— --- -- ------ -----

0:00 007 0:14 0:21 0:28 0:36

Time (hr:mhr)

. ..— .

52
52
52
52
52
52
52

52
53

52.5
52.5

30 10 3:000
30 12.54, 2.392
30 14.34 2.092
30 15.78 1.901
30 17.56 1.708
30 19.31 1.554
30 20.97 1.431

30 13,88 2.161
30 16.67 1.778
30 18.4 1.630
30 19.06 1.574

AZ-101/102 5wt% Simulant Permeability
46.1 psig and 9.4 ft/s gpm

(Condition 1)

ll;~i~
n-

0:00 0:07 0:14 0:21 0:28 0:36

Time (h~min)



Slurry Filter Filtrate
Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Filtrate

Condition Elapsed Rate Pressure Pressue Drop Flow Rate Permeability
Volume Collection Filtrate Flux

(mUsec) Slurry Temp C (m3/m2/day)Number Time (Min) (9pm) (psig) (psig) (psig) (mL) (See)
(m/day/bar)

2
2
2
2
2
2
2
2
2
2
2
2

9:21
9:25
9:30
9:35
9:40
9:45
9:50
9:55

10:00
10:10
10:15
10:20

0:00 2.72 28 32
0:04 2.55 28 32
0:09 2.58 28 32
0:14 2.51 28 32
0:19 2.62 28 32
0:24 2.64 28 32
0:29 2.6 27,5 31
034 2.64 28 32.5
0:39 2.62 28 32
0:49 2.47 28 32
054 2.59 28 32
0:59 2.6 29 33

4
4
4
4
4
4

3.5
4.5

4
4
4
4

30
30
30
30
30
30
30
30
30
30
30
30

11.25
20

22.25
24.03
23.72
23.91
26,06
25.64
27.03
27.47
27.28
27.22

2.667
1.500
1.348
1.248
1.265
1.255
1.151
1.161
1.110
1.092
1.100
1.102

Average Pressure = 30.04167 Average Flow = 1.333
RAW Average Slurry Flow = 2.60 Filtrate

Slurry Filter Filtrate
Loop Flow Outlet Permeate Filter Inlet Sample Time of

Test Chiller Slurry Rate Pressure Pressure Pressue Volume Collection
Number Time Temp C Temp C (gpm) (psig) (psig) (psig) (mL) (See)

2 9:21
2 9:25
2 9:30
2 9:35
2 9:40
2 9:45
2 9:50
2 9:55

.2 10:00
2 10:10
2 10:15
2 10:20

—.

13 22.3 2.72 28
13 21.9 2.55 28
14 21.5 2.58 28
17 21.9 2.51 28
18 22.5 2.62 28
18 22.7 2.64 28
18 23.1 2.6 27.5
17 23.2 2.64 28
17 23.3 2.62 28
17 23.4 2.47 28
17 23.5 2.59 28
18 23.5 2.6 29

.- ... ,-- -

32
32
32
32
32
32
31

32.5
32
32
32
33

- ---

30
30
30
30
30
30
30
30
30
30
30
30

11.25
20

22.25
24.03’
23.72
23.91
26.06
25.64
27.03
27,47
27.28
27.22

-.—. —

22.3 13.638 6.593
21.9 7.760
21.5 7.056
21,9 6.458
22.5 6.431
22.7 6.344
23.1 5.754
23.2 5.787
23.3 5.516
23.4 5.412
23.5 5.435
23.5 5.447

Average Flux = 6.127
With First Point Removed

Filtrate Flow
Rate (mL/see)

2.667
1.500
1.348
1.248
1.265
1.255
1.151
1.161
1.110
1.092
1.100
1.102

-. --

AZ-101/102 5vvt??Simulant Flux vs. Time AZ-101/102 5wt% Simulant Permeability
at 30.0 psig and 7.6 ftls at 30.0 psig and 7.6 ftls gpm

~i;~

~’::~,-;:::;:;-y-]

:310.000 -------- -– -----

0:00 0:07 0:14 0:21 0:28 0:36 n- “
0:00 0:07 0:14 0:21 0:28 0:36

3.752
3.411
3.122
3.109
3.067
2.853
2.774
2.667
2.617
2.627
2.548

Time (hcmln)

II _ Time (hEmin)

_— —. .- ----

.



Slurry Filter Fiitrate
Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Filtrate

Condition Elapsed Rate Pressure Pressue Drop Volume Flow Rate

Number Time (Min) ~ ~. (9pm) (psig) (psig) (psig) (mL) &&tiOn (mL/see)

3 10:25 : 2.6 68 72 4 30 6.56 4.573
3
3
3
3
3
3
3
3
3
3
3
3

1030
10:35
10:40
10:45
10:50
10:55
11:00
11:05
11:10
11:15
11:20
11:25

005 2.5 68 72
010 2.4 68 71.5
015 2.45 68 71.5
0:20 2.48 68 71.5
0:25 2.47 68 72
0:30 2,52 68 72
0:35 2.52 68 71.5
040 2.47 68.5 72 “
0:45 2.42 68 72
050 2.4 68 71
0:55 2.42 68 72
1:00 2.43 68 72

4
3.5
3.5
3.5

4
4

3.5
3.5

4
3
4
4

30
30
30
30
30
30
30
30
30
30
30
30

16.91
20.4

21.64
24

24.31
24.16
25.37
25.69
26.44
27.03
27.47
28.63

1.774
1.471
1.374
1.250
1.234
1.242
1.182
1.168
1.135
1.110
1.092
1.048

Average Pri?ssure = 69.90385 Average Flow = 1.512
RAW Average Slurry Flow = 2.47 Filtrate

Slurry Filter Filtrate
Loop Flow Outlet Permeate Filter Inlet Sample

Test
Time of

Chiller Slurry Rate Pressure Pressure Pressue Volume Collection
Number Time Temp C Temp C (gpm) (psig) (psig) (psig) (mL) (See)

3 10:25 13 24.5 2.6
3 10:30 11 24.3 2.5
3 10:35 12 24.2 2.4
3 10:40 12 24.2 2.45
3 10:45 12 24.3 2.48
3 10:50 12 24.3 2.47
3 10:55 12 24.5 2.52
3 11:00 12 24.7 2,52
3 11:05 13 24.9 2.47
3 11:10 13 25.1 2.42
3 11:15 13 25 2.4
3 11:20 12 24.9 2.42
3 11:25 12 24,9 2.43

—. __ —._ —-——_. ..-— -—. — —.

AZ-101/l 025wt% Simulant Flux vs. Time
at 69.9 DSM and 7.2 ft/s

25.000
(Condition 3)

; ~ 20.000 ~–-—— -- -—-- —--- - _ _._.._
L = 150000 --- ------- . . .. . .. .
~ ~ ,o#oofJ ——-r-; —-:--–- -– “---”
~s
~~

68
68
68
68
68
68
68
68

68.5
68
68
68
68

—.

.—

-1
5.000 -—--= –-w —~---- ● - ● – -- ●--------
0.000

0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:mln)

Filtrate Fiux
Siurry Temp C (m3/m2/day)

24.5 21.968
24.3 8.571
24.2 7.124

.24.2 6.655
24.3 6.039
24.3 5.962
24.5 5.965
24.7 5.648
24.9 5.547
25.1 5.359

25 5.257
24.9 5.187
24.9 4.977

Average Fiux = 6.024
VVth First Point Removed

Filtrate Fiow
Rate (mL/see)

72 30 6.56 4.573
72 30 16.91 1.774

71.5 30 20.4 1.471
71.5 30 21.64 1.374
71.5 30 24 1.250

72 30 24.31 1.234
72 30 24.16 1.242

71.5 30 25.37 1.182
72 30 25.69 1.168
72 30 26.44 1.135
71 30 27.03 1.110
72 30 27.47 1.092
72 30 28.63 1.048

——— —__ -.—.

AZ-1 01/102 5vJt%Simulant Permeability
at 69.9 pslg and 7.2 tlk gpm

. (Condition 3)

g= 6000

,,oooo~

~ e 4:000 ———
~ a 2.000 -–– ●–

n- “
0:00 0:07 0:14 0:21 0:28 0:36

Time (hcmin)

-+——— ..-. . . ..—.—.

Permeability
(m/day/bar) .

4.552
1.776
1.481
1.364
1.256
1.235
1.236
1.175
1.145
1.110
1.097
1.075
1.031



Slunv Filter Filtrate —.
Tolal Time LOOP’FIOWOutlet Filler Inlet Pressure Sample Time of Filtrate

Condition
Permeability

Elapsed Rate Pressure Pressue Drop Volume Collection Flow Rate

Number Time (Min) ~ ~. (9pm)
Filtrate Flux

(psig) (psig) (psig) (mL) (See) (mt-kec) slur~ Temp C (m31m2/day)
(m/day/bar)

4 11:35 2.65 28 31 3 30 16.82 1.764
4 11:42 0:07 2.7 26 32 4 30 22.5 1.333
4 11:45 0:10 2.83 28 32 4 30 22.44 1.337
4 11:50 0:15 2.57 28 32 4 30 24.6 1.220
4 11:57 0:22 2.6 28 33 5 30 24.72 1.214
4 12:00 0:25 2.75 28.5 32 3.5 30 25.31 1.185
4 12:05 0:30 2.68 26 32 4 30 25.53 1.175
4 12:10 035 2.9 28 31 3 30 26.65 1.126
4 12:17 0:42 2.76 27 31 4 30 27,5 1.091
4 12:25 0:50 2.44 28 31 3 30 28 1.071
4 12:30 0:55 2.75 28 32 4 30 29.09 1.031
4 12:35 1:00 2.5 28 32 4 30 28.94 1.037

22.5 9.069
22 6.878

22.3 6.837
22.6 6.183

23 6.083
23 5.942

23.1 5.874
23.1 5.627
23.2 5.437
23.3 5.325
23,2 5.140
23.1 5.182

4.459
3.325
3.305
2.989
2.893
2.849
2.840
2.766
2.719
2.618
2.485
2.505

Average Pr&sure = 29.85417 Average Flow = 1.217

RAW Average Slurry Fiow = 2.69 Filtrate
Siuny Filter Filtrate
Loop Flow Outlet Permeate Fiiter inlet Sample Time of

Test Chiiier Slurry Rate Pressure Pressure Pressue Volume
Number Time

Coiiection
Temp C Temp C (9pm) (psig) (psig) (psig) (mL) (See)

4 11:35
4 11:42
4 11:45
4 11:50
4 11:57
4 12:00
4 12:05
4 12:10
4 12:17
4 12:25
4 12:30
4 12:35

12 22.5 “-
16 22
17 22.3
16 22.6
16 23
17 23
17 23.1
17 23.1
18 23.2
17 23.3
17 23.2
18 23.1

2.65 ““ ‘“
2.7

2.83
2.57
2.8

2.75
2.68
2.9

2.76
2.44
2.75
2.5

28 ‘“
28
28
28
28

28.5
28
28
27
28
28
28

—.

AZ-1 01/102 5wt% Simulant Flux vs. Time
at 29.9 psig and 7.8 ftls

10.000
(Condition 4)

--------–< <--- --
6- ● ● -.-.* - .. .

4.000 –—-—--–- -– -- —
2.000 ------— -– –
0.000

0:00 0:07 0:14 0:21 0:28 0:36

Time (hnmin)

.---— ...-

“-1 1“ –

-.
31” 30”
32 30
32 30
32 30
33 30
32 30
32 30
31 30
31 30
31 30
32 30
32 30

Average Fiux = 5.864

Wth First Point Removed

Fiitrate Flow
Rate (mUsec)

“16,82 1.764
22.5 1.333

22.44 1.337
24.6 1.220

24.72 1.214
25.31 1.185
25.53 1.175
26.65 1.126
27.5 1.091

28 1.071
29.09 1.031
28.94 1.037

AZ-l(Jl/1025wt% Simulant Permeability
at 29.9 psig and 7.8 R/s
“ (Condition 4)

~~ 6000 ........................... ...... .......................... ...... ..._

l!H!!&=E2xl
n= 000 007 014 0:21 0:28 0:36

Time (hnmin)

.— -. —. —

.



Slurry Filter Filtrate
Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Filtrate

Condition Elapsed Rate Pressure Pressue Drop Volume Collection Flow Rate

Number Time (Min) ~ ~. (9pm)
Filtrate Flux

(psig) (psig) (psig) (mL) (See) (mt-k.ec) SIU~ Ternp C (m3/m2/day)

6 12:45 “ 3.08 48 52 4 30 12.66 2.370 24.8 11.287
6 12:50 0:05 2.91 48 52 4 30 18.06 1.661 24.8 7.912
6 12:55 0:10 2.88 48 52 4 30 20.44 1.468 24.2 7.111
6 1300 0:15 3.07 48 52 4 30 21.69 1.383 24.5 6.644
6 1305 0:20 2.89 48 52 4 30 22.19 1.352 25.1 6.386
6 1309 0:24 2.94 48 52 4 30 22.31 1.345 24.9 6.387
6 13:15 0:30 2.92 48 52 4 30 23.75 1.263 24.7 6.034
6 13:20 0:35 2.87 48 52 4 30 24.09 1.245 24.7 5.949
6 13:25 0:40 2.94 48 52 4 30 25.34 1.164 25.1 5.592
6 1330 0:45 . 2.9 47.5 52 4.5 30 25.38 1.182 25.2 5.567
6 13:35 0:50 2.93 48 52 4 30 25.25 1.188 25 5.627
6 1346 1:01 3.03 48 52 4 30 26.87 1.116 25.1 5.273

Average Pd?ssure= 49.97917 Average Flow = 1.396 Average Flux = 6.226
RAW Averaoe Slurrv Flow = 2.95 Filtrate With First Point Removed

.“––.

slurN Filter Filtrate
Loop’Flow Outiet Permeate Filter inlet Sample Time of

Test Chiller
Filtrate Flow

Slurry Rate Pressure Pressure Pressue Volume ~XI~On Rate (rnL/s@
Number Time Temp C Temp C (gpm) (psig) (psig) (psig) (mL)

6
6
6
6
6
6
6
6
6,
6
6
6

12:45
12:50
12:55
13:00
13:05
13:09
13:15
13:20
13:25
13:30
13:35
13:46

18 24.8 ‘“ 3.08 -
13 24.8 2.91
13 24.2 2.88
16 24.5 3.07
16 25.1 2.89
14 24.9 2.94
15 24.7 2.92
15 24.7 2.87
16 . 25.1 2.94
16 25.2 2.9
15 25 2.93
15 25.1 3.03

48
48
48
48
48
48
48
48
48

47.5
48
48

— —--— ..-— ———------ -- —-— ---

AZ-I 01/1025wt% Simulant Flux vs. Time
at 50.0 psig and 8.6 W-s

15.000 ,
(Condition 6)

1

000 0:07 0:14 0:21 0:28 0:36

Time (hcmin)

— —

52
52
52
52
52
52
52
52
52
52
52
52

30
30
30
30
30
30
30
30
30
30
30
30

12.66
18.06
20.44
21.69
22.19
22.31
23.75
24.09
25.34
25.38
25.25
26.87

———.—. . . . . ..-— .... —...

2.370
1.661
1.468
1.383
1.352
1.345
1.263
1.245
1.164
1.182
1.188
1.116

-——. .—-. —___

AZ-101/102 5wt% Simulant Permeability
at 50.0 psig and 8.6 ftk

(Condition 6)

.@: d ~oo

iioooo~re ~zoocl ----+- --+—0- ---*--- ● –- - ---

n.- “
0:00 0:07 0:14 0:21 026 0:36

Time (hcmin)
--

Permeability
(m/day/bar)

3.274
2.295
2.063
1.927
1.852
1.853
1.750
1.726
1.622
1.623
1.632
1.530



Slurry Filter Filtrate
Total Time Loop Flow Ouliet Filter Inlet Pressure Sample Time of Filtrate

Condition Elapsed Rate
Permeability

Pressure Pressue Drop Volume Collection Flow Rate

Number
Filtrate Flux

Time (Min) (9pm) (psig) (psig) (psig) (mL) (See)
(m/day/bar)

(mUsec) slur~ Temp C (m3/m21day)

7 1:55 0:00 4.54
7 2:00 0:05 4.44
7 2:05 0:10 4.47
7 210 015 4.55
7 2:16 021 4.48
7 2:25 0:30 0
7 2:30 0:35 4.46
7 2:35 0:40 4.48
7 2:40 0:45 4.52
7 2:45 0:50 4.52
7 2:50 0:55 4.52
7 2:55 1:00 4.48

26
27
27
28
27
27
27
27
27
27
27
27

32
33
33
34
33
33
33
33
33
33

33.5
33

6
6
6
6
6
6
6
6
6
6

6.5
6

30
40
30
30
30
30
30
30
30
30
30
30

19.75
29.22
22.31
22.47
23.22
24.15
24.62

24
24.28
24.53
24.09
24.9

1.519
1.369
1.345
1,335
1.292
1.242
1.219
1.250
1.236
1.223
1.245
1.205

Average Prbssure= 30.02083 Average Flow = 1.290
RAW Average Slurry Flow = 4.12 Filtrate

Sluny Filter Filtrate
Loop Flow Outlet Permeate Filter Inlet Sample Time of

Test Chiller Slurry Rate Pressure Pressure Pressue Volume
Number

Collection
Time Temp C Temp C (gpm) (psig) (psig) (Psi9) (mL) (See)

7 1:55
7 2:00
7 2:05
7 2:10
7 2:16
7 2:25
7 2:30
7 2:35
7 2:40
7 2:45
7 2:50
7 2:55

14 25 “- 4.54 -
14 25 4.44
14 24.9 4.47
16 25.3 4.55
15 25.5 4.48
14 25.1
14 25 4.46
15 . 25 4.48
14 25 4.52
14 25 4,52
14 25.1 4.52
12 24.8 4.48

26 -
27
27
28
27
27
27
27
27
27
27
27

..—

AZ-101/1025vvt%Simulant Fluxvs. Time
at30.0 psig and 13.1 fth

t;=

0:00 0:07 0:14 0:21 0:28 0:36 0:43

Time (hcmln)

.—..——.—. .. .— ———-.——--

32
33
33
34
33
33
33
33
33
33

33.5
33

30
40
30
30
30
30
30
30
30
30
30
30

“19.75
29.22
22.31
22.47
23.22
24.15
24.62

24
24.28
24.53
24.09

24.9

25 7.195
25 6.484

24.9 6.387
25.3 6.271
25.5 6.034
25.1 5.867

25 5.771
25 5.921
25 5.852
25 5.793

25.1 5.882
24.8 5.739

Average Flux = 6.000
With First Point Removed

Filtrate Flow
Rate (mLLsec)

1.519
1.369
1.345
1.335
1.292
1.242
1.219
1.250
1.236
1.223
1.245
1.205

—. .- . . . ..— . . .

AZ-1 01/1025wt?! Simulant Permeability
at 30.0 psig and 13.1 ftls

(Condition 7)

i::~
n- “

0:00 0:14 0:28 0:43

Time (hr:min)

3.598
3.135
3.088
2.934
2.917
2.837
2.790
2.862
2.829
2.801
2.820
2.774

.



AZ-101/102 Filtration Simulant at 15 wtYo Solids
Loading CUF Testing

O.lpm Motl filter element

.-

.-— -..-,--- — .,—,,.,, .—. - -- .. —-- -,



.-.

Filter Filtrate
Total Time Slurry Outlet Filter Inlet Sample Time of Filtrate

Condition Elapsed Loop Flow Pressure Pressue Pressure Volume collection Flow Rate

Number Time (Min) Rate (gpm) (psig) (psig) Drop (psig) (mL) (See) (mlJsec)

1 9:50 0:00 2.71 48 52 4 30 8.22 3.650
1 9:55 0:05 2.71 48 52.5 4.5 30 21.68 1.384
1 10:00 0:10 2.64 48 52 4 30 25.09 1.196
1 10:05 015 2.71 48 52 4 30 28.57 1.050
1 1010 0:20 2.7 48 52 4 30 30.09 0.997
1 1020 0:30 2.73 48 52 4 30 34.31 0.874
1 1025 0:35 2.73 49 53 4 30 37.09 0.809
1 1030 0:40 2.76 48 52.5 4.5 30 38.75 0.774
1 10:35 0:45 2.67 48 52 4 30 41.07 0.730
1’ 10:40 0:50 2.72 48.5 52 3.5 30 41.06 0.731
1 10:45 0:55 2.67 48 52 4 30 43.75 0.686
1 10:50 1:00 2.67 48 52 4 30 46.16 0.650

Average Pressure = 50.14583 Average Flow = 1.128
RAw Average Slurry Flow = 2.70 Filtrate

Filter Filtrate
Slurry Outlet Permeate Filter Inlet Sample Time of

Test Chiller Slurry Loop Flow Pressure Pressure Pressue Volume Collection
Number Time Temp C Temp C Rate (gpm) (psig) (psig) (psig) (mL) (See)

1 9:50 19 24.6 2,71
1 9:55 17 24.7 2.71
1 10:00 11 24.9 2.64
1 10:05 16 24.9 2.71
1 10:10 15 24.6 2.7
1 10:20 15 24.4 2.73
1 1025 15 24.5 2.73
1 1030 15 24,5 2.76
1 1035 15 24.5 2.67
1 10:40 15 24.5 2.72
1 10:45 15 24.6 2.67
1 10:50 15 24.6 2.67

—.-———————.

AZ 101/102 15wt% Simulant Flux vs. Time

48
48
48
48
48
48
49
48
48

48.5
48
48

at 50.1 psig and 7.8 ftls

20.000 .—
(Condition 1)

t

.. ...... . —..”--.—_.....”._..”.

I#~15.000 ———”--—-— -— —-— -– ----—–

g ~ ‘0’000
.___— —. —————..—. — .——..——

gs
&

5.000 ---- -* –---*--- ● -* --- . .... -* -—_.

0.000
0:00 0:07 0:14 0:21 0:28 0;36 0;43

Time (hr:mln)

-——-———-————-.-—--——--———— —__ ___

Filtrate Flux
Slurry Temp C (m3/m2/day)

24.6 17.482
24.7 6.610
24.9 5.679
24.9 4.988
24.6 4.776
24.4 4.212
24.5 3.885
24.5 3.719
24.5 3.509
24.5 3.510
24.6 3.285
24.6 3.113

Average Flux = 4.299
With First Point Removed

Filtrate Flow Rate
(mUsec)

52 30 8.22 3.650
52.5 30 21.68 1.384

52 30 25.09 1.196
52 30 28,57 1.050
52 30 30.09 0.997
52 30 34.31 0.874
53 30 37.09 0.809

52.5 30 38.75 0.774
52 30 41.07 0.730
52 30 41.06 0.731
52 30 43.75 0.686
52 30 46,16 0.650

_ .—. . . ._.—..

AZ 101/10215wt% Simulant Permeability
50.1psig and 7.8 ft/s

(Condition 1)

.._._-.___. ____ _
.__.*_ –*_ ..-*_.–--6 ..* ._G

L“ 0:00 0:14 0:28 0:43

Time (hr:min)

—. .-

Permeability
(m/day/bar)

5.071
1.908
1.647
1.447
1.385
1.222
1.105
1.073
1.018
1.013
0.953
0.903



Sluny Filler Filkate
Total Time Loop Flow Oullet Filter Inlet Pressure Sample Filtrate

Condition Elapsed Rate Pressure Pressue Drop Volume
Number Time (Min) ~ ~0 (9pm)

~%%?on ‘low ‘ate
(psig)

Filtrate Flux
(psi9) (psig) (mL) (See) (mUsec) Slurv Temp C (m3/m2/day)

2 11:00 “ 2.15 27 31.5 4.5 30 21.81 1.376 23.6 6.778
2 11:05 0;05 2.29 28 32 4 30 36.32 0.826 22.9 4.152
2 11:10 0:10 2.38 28 32 4 30 37.75 0.795 22.8 4.006
2 11:15 0:15 2.35 28 32 4 30 40.31 0.744 22.7 3.763
2 11:20 0:20 2.47 29 33 4 30 40.38 0.743 22.8 3.745
2 11:25 0:25 2.15 28 32 4 30 43.09 0.696 22.9 3.500
2 11:30 0:30 2.09 28 32 4 30 44.25 0.678 22.9 3.408
2 11:35 0:35 2.27 28 32 4 30 45.22 0.663 23.1 3.316
2 11:40 0:40 2.3 28 32 4 30 47.63 0.630 23.2 3.139
2 11:46 0:46 2.3 28 32 4 30 49.13 0.611 23.2 3.043
2 11:50 0:50 2.24 28 32 4 30 50.31 0.596 23.2 2.972
2 11:55 0:55 2.32 28 32 4 30 52.09 0.576 23.2 2.871
2 12:00 1:00 2.18 28 32 4 30 52.78 0.568 23.1 2.641

Average Prkssure = 30.01923 Average Flow = 0.731 Average Flux = 3.396
RAw Average Slurry Flow = 2.27 Filtrate

Sluny
With first Point Removed

Filter Filtrate
Loop Flow Outlet Permeate Filter Inlet Sample

Test
Time of

Chiller Slurry
Filtrate Flow

Rate Pressure Pressure Pressue Volume cOkCtiOn Rate (mL/s@
Number Time Temp C Temp C (gpm) (psig) (psi9) (psi~) (mL) (See)

2 11:00 15 23.6 ‘“ 2.15 ““ “ 27 ““
2 11:05 16 22.9 2.29 28
2 11:10 16 22.8 2.38 28
2 11:15 16 22.7 2.35 28
2 11:20 18 22.8 2.47 29
2 11:25 18 22.9 2.15 28
2 11:30 17 22.9 2.09 28
2 11:35 18 23.1 2.27 28
2 11:40 18 23.2 2.3 28
2 11:46 18 23,2 2.3 28
2 11:50 18 23.2 2.24 28
2 11:55
2 12:00

___

AZ 101/102 15wt% Simulant Flux vs. Time
at 30.0 psig and 6.6 Ws

?:~g
g: 2.000 ------ --------------------- ---- ---

0:00 0:07 0:14 0:21 0:28 0:36

Time (hnmln)

-. -.
31.5 30 “21.81 1.376

32 30 36.32 0.826
32 30 37.75 0.795
32 30 40.31 0.744
33 30 40.38 0.743
32 30 43.09 0.696
32 30 44.25 0.678
32 30 45.22 0.663
32 30 47.63 0.630
32 30 49.13 0.611
32 30 50,31 0.596
32 30 52.09 0.576
32 30 52.78 0.568

AZ 101/10215wt?ASimulant Permeability
at 30.0 psig and 6.6 gpm

(Condition 2)

gg ~ ~oo

ki::~
n- “ 0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:min)

Permeability
(m/day/bar)

3.361
2.007
1.937
1.819
1.752
1.692
1.648
1.603
1.518
1.471
1.437
1.388
1.374

.



,,

Sluny Filter Filtrate
Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Filtrate

Condition Elapsed Rate Pressure Pressue Drop Volume Collection Flow Rate Filtrate Flux
Number Time (Min) ~ ~. (9pm) (psig) (psig) (psig) (mL) (See) (mt-k.ec) slur~ Temp C (m31m2/day)

3 12:35 2.05 68 72 4 30 15.32 1.958 26.2 8.988
3
3
3
3
3
3
3
3
3
3
3
3

12:40
12:45
12:50
12:55
13:00
1305
1310
1315
13:20
13:25
13:30
13:35

005
0:10
0:15
0:20
0:25
030
035
040
0:45
0:50
0:55
1:00

2.07
2.03
2.02
2.05
1.95
2.06
2.03
2.08
2.07
2.06
2.05

2

68
68

68.5
68.5

68
68
68

68.5
68
68
68
68

72.5
71.5
71.5
71.5
71.5

72
72
72
72
71
72
72

4.5
3.5

3
3

3.5
4
4

3.5
4
3
4
4

30
30
30
30
30
30
30
30
30
30
30
30

35.06
37.22
39.47
42.12
42.72
43.81
46.5

47.22
48.84
50.87
52.37
53.53

0.856
0.806
0.760
0.712
0.702
0.685
0.645
0.635
0.614
0.590
0.573
0.560

25.8
25.2
24.9
24.7
24.6
24.9
25.1
25.1
25.2

25
24.9
24.8

3.963
3.796
3.610
3.402
3.364
3.253
3.047
3.001
2.893
2.793
2.721
2.669

Average Pr@sure = 69.96154 Average Flow = 0.777 Average Flux =
RAw

3.209
Average Slurry Flow = 2.04 Filtrate With First Point Removed

Slurry Filter Filtrate
Loop Flow Outlet Permeate Filter Inlet Sample

Test
Time of

Chiller
Filtrate Flow

Slurry Rate Pressure Pressure Pressue Volume &h$tiOn Rate (mL/see)
Number Time Temp C Temp;6 z (gpm) (psig) (psig) (psig) (mL)

12:35 17 . 2,05 68 72 30 15.32 1.9583
3
3
3
3
3
3
3

“3
3
3
3
3

12:40
12:45
12:50
12:55
13:00
1305
13:10
13:15
13:20
13:25
13:30
13:35
—.—

13 25,8 2.07
13 25,2 2,03
13 24.9 2.02
13 24.7 2.05
13 24.6 1.95
14 24.9 2.06
14 25.1 2.03
14 25.1 2.08
14 25.2 2,07
13 25 2.06
13 24.9 2.05
12 24.8 2

AZ 101/102 15vJt%Simulant Flux vs. Time
at 70.0 pslg and 5.9 ft/s

1’1=

0:00 0:07 0:14 0:21 0:28 0:36

Time (hnmin)

___—.-._ .— --- .—

68
68

68.5
68.5

68
68
68

68.5
68
68
68
68

—.———_———l i .—

72.5 30
71.5 30
71.5 30
71.5 30
71.5 30

72 30
72 30
72 30
72 30
71 30
72 30
72 30

——- ..- —.— —

35.06
37.22
39.47’
42.12
42.72
43.81
46.5

47.22
48.84
50.87
52.37
53.53

——-._—

0.856
0.606
0.760
0.712
0.702
0.685
0.645
0.635
0.614
0.590
0.573
0.560

AZ 101/10215wt% Simulant Permeability
at 70.0 psig and 5.9 ftk

(Condition3)

2$2.000 --.--.-———--.---————-..-”

iiooookQQil

~-s 1 ()()() --- .__..._-–.-.. ______ _.

a- ‘
0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:min)
—. . ...

Permeability
(m/day/bar)

1.858
0.818
0.789
0.748
0.705
0.699
0.674
0.631
0.620
0.599
0.583
0.564
0.553



Filter Filtrate
Total Time Slurry Outlet Filter Inlet Sample Time of Filtrate

Condition Elapsed Loop Flow Pressure Pressue Pressure Volume Collection Flow Rate

Number
Filtrate Flux

Time (Min) Rate (gpm) (psig) (psig) Drop (psig) (mL) (See) (mUsec)

4 1:45 0:00 2.87 27 31 4 30 26.44 1.135
4 1:50 0:05 3.04 28 32 4 30 29.75 1.008
4 2:00 0:15 3 28 32 4 30 31.97 0.938
4 2:05 0:20 3 28 32 4 30 34 0.882
4 2:10 0:25 2.89 28 32 4 30 34.93 0.859
4 2:15 0:30 2.94 28 32 4 30 36.84 0.814
4 2:21 0:36 2.88 28 32 4 30 37.56 0.799
4 2:25 0:40 2.92 28 32.5 4.5 30 38.94 0.770
4 2:30 0:45 2.98 28 32 4 30 40.29 0.745
4 2:35 0:50 2.98 28 32 4 30 41.94 0.715
4 2:40 0:55 2.86 28 32 4 30 42.5 0.706
4 2:45 1:00 2.87 28 32 4 30 43.88 0.684

Average Pressure = 29.9375 Average Flow = 0.838
RAW Average Sluny Flow= 2.94 Filtrate

Filter Filtrate
Slurry Outlet Permeate Filter Inlet Sample Time of

Test Chiller Slurry Loop Flow Pressure Pressure Pressue Volume Collection
Number Time Temp C Temp C Rate (gpm) (psig) (psig) (psi9) (mL) (See)

Slurry Temp C (m3/m2/day)
24.2 5.497
24.2 4.885

24 4.572
23.9 4.311
24.3 4.149
24.3 3.934
24.5 3.837
24.4 3.711
24.5 3.577
24.5 3.436

24 3.439
24 3.331

Average Flux = 3.926
VWh First Point Removed

Filtrate Flow Rate
(mUsec)

4 1:45 15 24.2 2.87 ”-” 27””- ““-” 31’ 30’ 26.44 1.135
4 1:50 17 24.2 3.04 28 32 30 29.75 1.008
4 2:00 17 24 3 28 32 30 31.97 0.938
4 2:05 17 23.9 3 28 32 30 34 0.882
4 2:10 18 24.3 2.89 28 32 30 34.93 0.859
4 2:15 18 24.3 2.94 28 32 30 36.84 0.814
4 2:21 19 24.5 2.88 28 32 30 37.56 0.799
4 2:25 18 24.4 2.92 28 32.5 30 38.94 0.770
4 2:30 18 24.5 2.98 28 32 30 40.29 0.745
4 2:35 18 24.5 2.98 28 32 30 41.94 0.715
4 2:40
4 2:45

AZ 101/102 15wt% Simulant Flux vs. Time AZ 101/10215wt% Simulant Permeability
at 29.9 psig and 8.5 ills gpm

::~’ f; ‘.::i:m,:. :

~ .g 4,000 –-–-. —-– —-. ---•

q 2.000 - ---- ___

000 007 014 021 028 0:36 0:43 n- “
0:00 0:14 0:28 0:43

Time (hfimin) Time (hrvmin)

Permeability
(m/day/bar)

2.749

2.362

2.210

2.084

2.006

1.902

1.855

1.779

1.729

1.661

1.663

1.610

J( .-



Slurry Filter Filtrate
Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Filtrate

Condition Elapsed Rate Pressure Pressue Drop Volume Flow Rate
Number Time (Min) ~ ~. (9pm) (psig) (psig) (psig) (mL) ~~~tion (mlJsec)

6 2:55 : 2.95 49 53 4 30 20.65 1.453
6 3:00 005 3.09 48 52 4 30 26.68 1.124
6 305 010 3.11 48 52.5 4.5 30 27.81
6

1.079
310 015 3.12 48 52 4 30 29.47 1.018

6 315 0:20 3!1 48 52 4 30 31 0.968
6 320 0:25 3.14 48 52 4 30 32.41 0.926
6 325 0:30 3.07 48 52 4 30 33.56 0.894
6 330 0:35 3.12 48 52 4 30 35.41 0.847
6 3:35 040 3.08 48 52 4 30 36.62 0.819

340 045 3.02 48 52 4 30 37.94 0.791
: 3:45 0:50 3.08 48 52 4 30 38.88 0.772
6 350 0:55 3.05 48 52 4 30 39 0.769
6 355 1:00 3,04 48 52 4 30 40.59 0.739

Average Pr&.sure = 50.09615 Average Flow = 0.938
RAw Average Slurry Flow = 3.07 Filtrate

Slurry Filter Filtrate
Loop Flow Outlet Permeate Filter Inlet Sample Time of

Test Chiller SIuny Rate Pressure Pressure Pressue Volume Collection
Number Time Temp C Temp C (gpm) (psig) (psig) (psig) (mL) (See)

6
6
6
6
6
6
6
6
6
6
6
6
6

255
300
305
310
315
320
3:25
3:30
3:35
340
345
350
355

12 23.2 2.95
14 23.8 3.09
17 24.9 3.11
15 25.3 3.12
14 25.3 3.1
14 25.2 3.14
14 25.2 3.07
13 24.8 3.12
13 24.7 3.08
15 24.8 3.02
15 25.1 3.08
15 25.2 3.05
14 25.2 3.04

49
48
48
48
48
48
48
48
48
48
48
48
48

_— ..—..—_—.- —..... . —

AZ 101/10215wt% Simulant Flux vs. Time
at 50.1pslg and 8.9 gpm

*;-

0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:mln)

_—— —

53
52

52.5
52
52
52
52
52
52
52
52
52
52

30
30
30
30
30
30
30
30
30
30
30
30
30

20.65
26.68
27.81
29.47

31
32.41
33.56
35.41
36.62
37.94
38.88

39
40.59

Filtrate Flux
Slurry Temp C (m3/m2/day)

23.2 7.241
23.8 5.510
24.9 5.124

.25.3 4.781
25.3 4.545
25.2 4.360
25.2 4.210
24.8 4.035
24.7 3.913
24.8 3.766
25.1 3.644
25.2 3.623
25.2 3.481

Average Flux = 4.249
With First Point Removed

Filtrate Flow
Rate (mlJsec)

1.453
1.124
1.079
1.018
0.968
0.926
0.894
0.847
0.819
0.791
0.772
0.769
0.739

AZ 101/102 15wt% Simulant Permeability
at50.1psig and 8.9 gpm

. (Condition 6)

[ii~
n- “

0:00 0:07 0:14 0:21 0:28 0:36

Time (hr:min)
-- . —-

Penmeability
(m/day/bar)

2.059
1.598
1.479
1.387
1.318
1.265
1.221
1.171
1.135
1.093
1.057
1.051
1.010



Filter Filtrate
Total Time Slurry Outlet Filter Inlet Sample Time of Filtrate

Condition Elapsed Loop Flow Pressure Pressue Collection FIOW Rate
Permeability

Pressure Volume

Number Time (Min)

Filtrate Flux

Rate (gpm) (psig) (psig) Drop (psig) (mL) (See) (rnl-kec) Slurw Temp C (m3/m2/day)
(m/day/bar)

7 4:05 0:00 4 27.5 33
7 4:15 0:10 3.93 27 33
7 4:20 0:15 3.93 27 33
7 4:25 0:20 3.99 27 32.5
7 4:30 0:25 3.99 27 33
7 4:35 0:30 3.99 27 33
7 4:40 0:35 3.99 27 33
7 4:45 0:40 4.01 27 33
7 4:50 0:45 3.97 27 33
7 4:55 0:50 3.98 27 33
7 5:00 0:55 3.95 27 32
7 5:05 1:00 3.93 27 32.5

5.5
6
6

5.5
6
6
6
6
6
6
5

5.5

30
30
30
30
30
30
30
30
30
30
30
30

26.75
31.36
31.53
33.16
33.63
33.97
34.63
34.97
35.41
36.06
36.37
35.88

1.121
0.957
0.951
0.905
0.892
0.883
0.866
0.858
0.847
0.832
0.825
0.836

Average Pressure = 29.9375 Average Flow =

RAW

0.898

Average Slurry Flow = 3.97 Filtrate
Filter Filtrate

Slurry Outlet Permeate Filter Inlet Sample Time of
Test Chiller Slurry Loop Flow Pressure Pressure Pressue Volume Collection
Number Time Temp C Temp C Rate (gpm) (psig) (psig) (psig) (mL) (See)

7 4:05 19 26.6 4 27.5
7 4:15 15 25.8 3.93
7 4:20 15 25.4 3.93
7 4:25 15 25.1 3.99
7 4:30 15 25 3.99
7 4:35 16 25.5 3.99
7 4:40 16 25.2 3.99
7 4:45 16 25 4.01
7 4:50 15 24.9 3.97
7 4:55 15 24.9 3.98
7 5:00 15 24.9 3.95
7 5:05 15 24.8 3.93

—- ... . . . ... . . .

AZ 101/102 15wt% Simulant Flux vs. Time
at 29.9 Psig and 11.5 Ws

(Con~ition 7)
6.000 ................ .............................Y................................ ..................

!:-

27
27
27
27
27
27
27
27
27
27
27

0:00 0:07 0:14 0:21 0:28 0:36 0:43

Time (hnmin)

——

26.6
25.8
25.4
25,1

25
25.5
25.2

25
24.9
24.9
24.9
24.8

5.079
4.430
4.456
4.273
4.225
4.125
4.080
4.063
4.024
3.952
3.918
3.983

Average Flux = 4.139
With First Point Removed

Filtrate Flow Rate
(mUsec)

33 30 26.75 1.121
33 30 31.36 0.957
33 30 31.53 0.951

32.5 30 33.16 0.905
33 30 33.63 0.892
33 30 33.97 0.883
33 30 34.63 0,866
33 30 34.97 0.858
33 30 35.41 0.847
33 30 36.06 0.832
32 30 36.37 0.825

32.5 30 35.88 0.836
.. _. _.----- .———__ _. .- ——.-. ..——

AZ 101/10215wt0/o Simulant Permeability
at 29.9 psig and 11.5 ft/s gpm

(Condition 7)

lj~:~

0:00 0:14 0:28 0:43

Time (hcmin)

2.435
2.142
2.154
2.083
2.043
1.994
1.973
1.964
1.946
1.910
1.926
1.942

.



Appendix D: Theological Properties Raw Data
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Appendix E: Particle Size Distribution Raw Data
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Particle Size Distribution Plots
For NET Traceable Standards from Duke Scientific Corporation
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Padicle Size Analysis Duke Standard 20um Date: ~ Meas #: NIA
1 mM KCI lime: 13:66 Pres #: NIA

)ukeStandard-20.00urn, lol# 19411 Summary Percentiles Dia Vol% Width
n i mM KCIsolution mv = 20.98 Ir)yo = 16.20 60%= 19.99 19.29 100% 6.403

NJyl&4-Dkkih h-w..
\- /00.>

mn = 19.66 20% = 17.09 70%= 20.77
ma = 20.60 30% = 17.87 80%= 21.70
Cs = 0.293 40% = 18.69 90%= 23.20
sd = 2.702 60%= 19.29 96%= 24.70

. ... . O.’ioo(.

~

;lZE ‘.-%PASS %CHAN
Ko 100.00 0,00
;92,0 100.00 0.00
197.8 100,00 O.QO
118,6 100,00 0,00
162.0 ‘looooo 0.00
!96,0 100.00 “ 0,00
!48,9 100.00 0.00
!09,3 100.00 0.00
!76.0 100.00 0.00
148,0 ‘lOo,oo 0.00
24.6 100.00 0,00
:04,7 100.00 0,00
18,00 100.00 0.00
‘4.00 100.00 0.00
i2,23 100.00 0.00
i2,33 100.00 0.00
14,00 100.00 0.00
17.00 100.00 0.19
1.11 99.81 2,08
!6,16 97.73 14.68
‘2,00 83,06 44.36
8.60 38,69 34.24
P-:6 4,46 4.46

,, 0.OO 0.00
-i .Uo 0.00 0.00

:,
. .

1.000 10:00 100.0

- Size (microns) -
SIZE 0/4PASS YoCI+AN I ~ YoPASS ?40CHAN
Izo 0.00 0.00
7.778 0.00 0.00
6.641 0.00 0.00
6.600 0.00 0.00
4,625 0.00 0.00
3.889 0.00 0s00
3.270 0.00 0.00
2.760 0.00 0.00
2,312 0.00 0.00
1,946 0.00 0.00
1.636 0.00 0.00
1.376 0.00- 0.00
1,166 0,00 0.00
0.972 0.00 0.OO
0.818 0.00 0,00
0.688 0.OO 0.00
0.678 0.00 0.00
0,486 0.00 0.00
0.409 0.00 0.00
0.344 0.00 0,00
0,289 0.00 0.00
0,243 0,00 0.00
0,204 O.OO 0.OO
0,172 0.00 0.OO
0.146 0.00 .0.00

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.O

5.0

0.0
1000

~ ‘APASS %CHAN——

,.. .. . ,,.,.,,... .?,. .. .. . .... .. .. . ,., ,, . . . ,., ...-— ------ .



I Padicle Size Analysis Duke Standard Date:+2KMf+@Meas #: NIA
1 mM KCI Time: 13:34 Pres #: NIA

DukeStandard-50.4urn, iot# 19213 Summary Percentiles Dia Vol% Width
]n 1 mM KCI solution mv = 10?lo = 37.26 60%= 46.78 44,88 100%” 13,99

I mn
I

= 46.06 20%= 39,43 70%= 48.87
ma ❑ 48.69 30% = 41.29 80%= 64.40 I I

i J’-/~O “
Cs = 0.~23 40?4 = 43.07 90%= 66.49 1

Sd = 6.993 60% = 44.88 96%= 69.46

%PASS Y’oci-tAN
100.0

90.0

80.0

70.0

60.0

50.0

40.0

30.0

20.0

dq,o

0.0

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

do.o

5.0

0.0
0.100 4.000 to:oo 700.0

- Size (microns) -
OhPASSilZE YoCHAN ~ !40PASS ?40CHAN ~ ‘APASS %CHAN

To 100.OO 0.00 9,260 0.00
92,0 100.00
97.8 100,00
18.6 100,00
62.0 100.00
96.0 100.00
48,9 100,00
09,3 100.00
76.0 100,00
48.0 100.00
24,6 100,00
04.7 100400
8,00 99.96
4.00 99.69
2.23 97.02
2,33 83.29
4.00 46.23
7.00 8.92
1.11 0.00
S.16 0.00
2.00 0.00
3.60 0,00

-$ 0.00
0.00

1.0; 0,00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.06
0.36
2.67
13.73
38.06
36.31
8,92
0.00
0.00
0.00
0.00
0.00
0.00
0.00

7.778 0.00
6,641 0.00
6.600 0.00
4.626 0.00
3.889 0.00
3,270 0,00
2.760 0.00
2,312 0,00
1.946 0,00
1,636 0.00
1.376 0.00 -
‘1.166 0,00
0.972 0.00
0,818 0.00
0,688 0,00
0.678 0.00
0,486 0.00
0.409 0.00
0.344 0.OO
0.289 0.00
0,243 0.00
0.204 0.00
0,172 0.00
0,146 0,00

0,00
0.00
0.00
0,00
0.00
0.00
0,00
0,00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.OO
0.00
0.00

Iot)o

~ %PASS ?40CHAN

, I



mn = 278.1 20% = 244.6 70%= 292.8
ma = 289.0 30% = 266.3 80%= 306.8
Cs = 0.021 40% = 264.4 90% ❑ 328.6
d = 37.46 60% = 273.2 96%= 346.0

100.0

90.0

80.0

i 70.0

; 60.0

l,_...___
50.0

30.0

( 20.0

.- -, I I I 1111111 Ill 1111

0.100

gwJ “ ?LoPASS
704.0 100.00
692,0 100,00
497,8 100.00
418.6 99.77
362,0 ‘96,40
296,0- 72.98
248.9 23.30
209.3 1.82
176.0 0.00
148,0 0.00
124.6 0.00
104.7 0.00
88.00 0.00
74,00 0,00
62,23 0.00
62,33 0,00
44.00 0.00
37,00 0,00
31,11 0,00
26,16 0.00
22,00 0.00
18,60 0,00
, .--q

0,00
0.00

1 do 0.00

9’oCHAN
0.00
0.00
0,23
3.37
23,42
49.68
21.48
1,82
0.00
0.00
0.00
0,00
0.00
0.00
0,00
0.00
0.OO
0.00
0.00
0.00
0.00
0,00
0,00
0,00
0.00

1.000 10:00 100.0

- Size (microns) -
~ ?lo~ASS ?40CHAN ~ YoPASS YoCHAN
9.260 0.00
7.778 0.00
6.641 0.00
6.600 0.00
4.626 0.00
3.889 0.00
3.270. 0.00
2:760 0,00
2.312 0.00
1.946 0.00
1.636 0.00
1.376 0.00 -
1.166 0.OO
0.972 0.OO
0.818 0.00
0.688 0.00
0.678 0.OO
0,486 0.00
0.409 0.OO
0.344 0.00
0.289 0.00.
0.243 0.00
0.204 0.00
0.172 0.00
0.146 0,00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0.00
0.OO
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0,00
0,00
0,00
0.00
0.OO

1000

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

~ ‘APASS YoCHAN



),

Patiicle Size Ana/ysis 896 nm Duke Standard Date;& Mess # 60029
!09 # i 6924 Time: 14:17 Pres #: 01

95nm Duke Standard . Summary Percentiles Dia Vol% Width
lg #15924 10’%= .6162 60%= ,8497 .8080 100% .3183... . .----

mn = .8229 20% = .6786 70%= .8949
ma = .8860 30% = .7262 80%= .9491
Cs = 6.772 40% = .7670 90%= 1.030 I
sd = .169260% = .8080 96%= 1.100

1 1 I

% PASS YoCHAN..—

:0.uolo 0.0100 o.iooo I 1.000

- Size (r
sIZE J . ‘?40PASS YoCHAN ~ OhPASS ?40CHAN

iiml , 100.00 0.00 0.0869 0.00 0.OO
L600. 100.00 0.OO
L626
L889
L270
!.760
!,313
[,946
1.636
1.376
1:166’
1,9723
).8176
L6876
L6781
1.4861
1,4088
1.3437
1.2891
1.2431
1.2044

100.00
100.OO
100.00
100.OO
100.00
‘lOo.oo
100.00
99.83
97,46
83,72
62,36
21.66
6.72
0.00
0,00
0.00
0.00
0.00
0.00

L1719 O.OO
‘ ‘ 446 0.00

6 0.OO
k ,L122 0.00

0.00
0.00
0.00
0.00
0,00
0,00
0.17
2,38
13,73
31,36
30.70
16.94
“6,72
0,00
0,00
0,00
0.00
0.OO
0.00
0.OO
0,00
0.OO
0.00

0,0723 0.00
0.0608 0.00
0.0611 0.00
0.0430 0.00
0.0361 0.00
0.0304 0.00
0.0266 0.00
0.0216 0.00
0,0181 0.00
0,0162 0.00
0,0128 0.OO _
0.0107 0.00
0.0090 0.OO
0,0076 0.00
0,0064 0.00
0,0064 0.OO
0.0046 0.00
0,0038 0.00

0.00
0,00
0.00
0.OO
0.OO
0.00
0.00
0.00
0.OO
0.00
0,00
0.00
0.00
0.00
0,00
0.00
0.OO
0.00

I

crons) - :
~ YoPASS YoCHAN

0

I

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
10:00

yzJ ‘?40PASS O~CHAN



/ 1 )t \

Particle Size Analysis
96 nm Duke Standard Date:”a-Me& #~dO028
log # 16339 Time: 44:06 Pres # 01

96 nm DukeStandard &!!!UwY Percentiles Dia Vol% Width
og#16339 mv = .1003 40% = ,0766 60%= .1004 .0963 100% .0423
JPA mn ❑ .0894 20% = .0818 70’%= .1069
J Oseconds , . t I . ma = .0960 30% = .0863 89% ❑ .1168!

,(Jy@-.> ;5k,bhhm Cs = 62.47 40% = .0907 90%= .1326
sd = “.0212 60% = .0963 96%= .1466

%CHAN%PASS

,0.0010 0.0100 O.(

- Size (n
SIZE‘ ; %PASS Ij$CHAN ~ %PASS ?loCHAN
iii% ! 100,00 ‘0.00 0.0869 29.00 26.14

3.866,600 :100,00
4.626 ‘ :100,00
3.889 100.00
3.270 :100.00
2.760 ‘ .100.00
2,343 ! 100,00
1.946 100.00
1,636 100.00
1.376 100.00
1.166 100,00
0.9723 100.00
0,8176 100.00
0.6876. 100.00
0,6781 100.00
0,4861 100.00
0,4088 ! 100.00
0.3437 ‘ 100.00
0,2891 100.00
0.2431 100.00
0,2044 100.00
0,1719 “ : 99.33
-4.445 :.. 94,44

“16 83,62
G;;d22” ‘ 63.33

‘0.00
0.00
0.00
0.00
‘0.00
!0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.OO
,O.OO
0.00
0.00
0.00
0.67
4.89
10.82
20.29
34,33

0.0723
0.0608
0.0641
0.0430
0.0361
0.0304
0.0266
o.02i6
0.0181
0.0162
0,0128
0.0107
0.0090
0.0076
0,0064
0.0064
0.0046
0.0038

3.86
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00-
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.OO
0.00
0.00
0,00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0,00
0.00
0.00
0,00
0,00

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
00 8 1.000
cfons) - ,
~ ?40PASS ?40CHAN

I

10:00

qz& ?40PASS %CHAN

-. .—.-. ,, . . . . . . . .. .... .,, .,x.- .Tr. v...



AZIO1/102 Filtration Simulant
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Particle Size Analysis
AZIO1/102 Simulant

—.
Date: 02./07/89 Meas ##:00037

Sample S2-1/20 Time: 16:13 Pres #: 01

iZIO1/102Simulant;SampleS2-1/20 Summary Percentiles Dia Vol% Width

n1,0M NaOH/1,0M NaN03solution mv = 7.962 10% = 0.240 60%= 6.986 13.96 62% 17.64
0 mllsec mn ❑ 0.186 20% = 0.602 70%= 12.16 0.978 30% 0.914

ma = 0.808 30% = 0.886 80%= 16.68 0.240 16% 0.166
Cs = 7.423 40% = 1.304 90’%= 21.77 0.136 2% 0.012
sd = 9.068 60% = 3.011 95°%❑ 26.02

90.0 ‘

80.0

70.0

60.0

.-. -—.
50.0

--- ...-—,

40.0
.1 ,&

30.0:<

20.0 ‘

10.0,:’
r..

.0 “a
... ;0.’

. .-

/
-. .. . . . . . -----

10.00 100.0
-r

Ic

%CHAN
‘ 10.0

‘ 9.0

‘ 8.0

‘ 7.0

- 6.0

‘ 5.0

‘ 4.0

‘ 3.0

‘ 2.0

1.0

0.0
0

692,0 100.00
497.8 100.00
418.6 100.00
362.0 100.00
296.0 100.00
248.9 100.00
209.3 \ 100.00
176.0 ; 100.00
148,0 j 100.00
124.6 ~ :100.00
104.7 I 100,00

88.00 ~100.00
74.00 ‘ 100,00
62,23 100.00
62,33 100.00
44,00 100.00
37.00 , 99.36
31.11 : 97.94
26.16 ; 96.13
22,00 90.37
18.60 84,01
16.66 :“ 77.43
““”18 71.92

;0 67.73
1-

0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0.00
0.00
0,64
1.42
2.81
4,76
6,36
6.68
6.61
4,19
3.28

- Size (m ;rons) -

SIZE ; %PAss YoCHAN ~ ?40PASS ?toCHAN 3ZE 9’oPASS ?AoCHAN #zJ VOPASS YoCHAN

KO 100.00 0.00 9.260 64.46
7.778

1
I,:

6.641
6,600
4,626
3.889
3.270
2.760
2,312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0,243
0.204
0.172
0.146

61.63
69.04
66.64
64.46
62.61
60.77
49.19
47.68
46.06
44.02
41.13
37.13
32.46,
28.07
24.66
21.86
19.61
17.66
16.41
12.96
10.19
7.43
4.89
2.46

2.82
2.69
2.40
2.18
1.96
1.74
1.68
1.61
1.62
2.04
2,89
4.00
4.68
4.38
3.61
2.71
2,24
2.06
2.14
2.46
2.77
2,76
‘2.64
2.43
2,46

-...— ..—.—-



Particle Size Ana/ysis
UIOIH02 Simulant; SampleS1-1/24
n0.8M NaOtU1.OM NaN03solution
iOmlkec

%PASS

AZIO1/102SimulantDUP Date: 02/08189 Meas #: 00008
Sample S1-1/24 Time: 09:31 Pres g: 01
Summary Percentiles Dia Vol% Width

mv = 9.777 10% = 0.128 60%= 0.164 0.162 100% 0.091
mn = 0.182 20% = 0.133 70%= 0.180
ma = 0.877 30% = 0:137 80%= 0.206
Cs = 6.838 40% = 0.144 90%= 0.267
sd ❑ 0.046 60% ❑ 0.162 96%= 0.320

%CHAN

0.100 ‘ “ 1.000 10:00 100.0
- Size (r

g ?foPASS YoCHAN ~ OhPASS YoCHAN
704.0 100,00 0.OO 9.260 100.00 0.00
592.0 100.00
!97.8 100.00
!18,6 100.00
162.0 100.00
~96.o “ i 100.00
248,9 ; 100.00
~09.3 I 100.00
176.0 :100,00.
148,0 ‘ 100.00
124.6I ““l 100.00 ‘
y. I 100.00

:100.00.
,4:00 f “ 100.00
;2.23 100.00
;2.33 100.00
14.00 ‘ 100.00
17.00 100.00
11.11 100,00
!6.16 100.00
!2.00 100.00
18.60 100.00 “
6.66 100.00
3.08 100.00
11.00 100.00

0.00
0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

7.778
6.641
6.600
4.626
3.889
3.270
2.760
2,312
1.946
1.636
1.376
4.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0,243
0.204
0.172
0.146

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
99.99
99.98 a
99.96:
99.89;
99.77 ~
99,67
99.28
98.89
98.33,
97.46
96.96
93.18 ‘
88.03 I
79.36
66,23
41.62.

0,00
0,00
0.00
0.00
0.OO
0,00
0.00
0.01
0.01
0.03
0.06
0.12
0.20
0.29
0.39
0.66
0,88
1,49
2.78
6.16
8,68
14,12
23.61
41.62

crons) -
~ OhPASS YoCHAN

I

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
1000

~ ‘?40PASS O/’oCHAN

t
,..
i

i.
!
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Patficle Size Analysis AZI01/102-Simulant Date: 0207/89 Meas #: 00041
Sample S2-1/20 Time: 16:28 Pres #: 01

AZIO1/102Simulant; SampleS2-1/20 ~ Summary Percentiles Dia Vol% Width
m 1,0MNaOH/f.OM NaN03solution mv = 7.284 10% = 0.212 60%= 6.822 13.31 61% ‘17.16
Sonlcatedat 40W for 90see; 60 mlkec mn = 0.186 20°h= 0.349 70’70❑ 10.96 0.820 26% 0.791

L I ma =
I I

0.673 30% = 0.600 80%= 16.72 0.232 23% 0.184
Cs = 8.910 40%= 0.982 90%= 20.70. . . .

i Sci = 8.6f9 160%= 2.094 96%= 24.74 f
I I I

‘%PASS %CHAt
100.0

90.0

80.0

70.0

60.0

.50;o_.” -.A-.

40.0

30.0,,.

20.0

io.o
,, ..1,.
,0.. ,

.

—

;.. ,O.ioo
,

SIZE ; YoPASS ?40CHAN
Eo 100.00 0.00
692,0 .100.00 0.00
497.8 :100.00 0.00
418.6 100.00 0,00
362.0 :400.00 0.00
296.0 ‘ 100.00 0.00
248.9 100.00 0.OO
209.3 100.00 0.00
176.0 ‘lOo,oo 0.00
148,0 100.00 0.00
124,6 ‘ 100.00 0.00
104.7 100.00 0,00
88.00 ; 100.00 0.00
74,00 100.00 0.00
62.23 .100.00 0.00
62.33 100.00 0.00
44.00 100.00 0.46
37,00 99.64 1.08
31.11, “; 98,46 2.31
26.16 ‘ 96.16 4.19
22.00 ~ 91.96 6,93
18.60 ‘; 86.03 6.38
16.66 79.66 6.43
da.

!
74.22 4.13

: 70.09 3.20
!..“
11

i.

,,
,

10.O

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

4.0

0.0
1.000 10.00 100.0

- Size (r
~ YoPASS YoCHAN
9.260 66.89 2.74
7.778 64.16 2,63
6.641 61.62 2,38
6.600 69.24 2.18
4.626 67.06 1.93
3.889 66.13 1.67
3.270 63.46 1.44
2.760 62.02 1.29
2.312 60.73 1.29
1.946 49.44 1.60
1.636 47.94 2.00
1.376 46.94 2.74
1.166 43.20 3.40
0.972 39.80 3.66
0.818 36.16 3.62
0.688 32.63 3,32
0,678 29.31 3.19
0.486 26.12 3.16
0.409 22,96 3.24
0.344 19.72 3.43
0,289 16.29 3.60
0.243 12.69 3.42
0.204 9.27 3.16
0.172 6.11 3.06
0.146 3.06 3.06

crons) -
~ YoPASS YoCHAN

1000

qz& ?40PASS O/oCHAN

.7 .—.

. . . . . . . . . . . . .

——. . . . .



Particle Size Analysis AZIO1/102SimulantDUP
——

Date: 02/08/89 Meas #: 00012
Sample S1-1/24 Time: 09:41 Pres #: 01

ZI011102Simulant; SampleS1-1/24 Summary Percentiles Dia Vol% Width
10.8M NaOtf/1.OM NaN03solution mv = 8.881 10% = 0.128 60%= 0.164 0.162 100% 0.092
onicated at 40W for 90see; 60 ml/see mn = 0.181 20%= 0.133 70%= 0.180

ma = 0.762 30%= 0.137 80%= 0.207
Cs ❑ 7.983 40%= 0.144 90%= 0.269

I sd 60% ❑ 0.162 96%= 0,321

%PASS YoCHAN
100.0

90.0

80.0

70.0

60.0

F
5KO”’”’--“--’
—.

40.0

30.0

20.0

10.0

0.0.[
0.100

;IZE . %PASS ‘?40CHAN
‘04.0 :100.00
;92.0 I 100.00
197.8 100.00
118,6 ; 100.00
162.0 100.00
!96.0 100.00
:48.9 ; 100.00
;09.3 100,00
76.0 :100400
48.0 ‘ 100,00
24.6 100.00
04.7 :100.00
8.00 :100.00
4.00 “ 100.00
2.23 100.00
2.33 100.00
4.00 100.00
7.00 100.00
1.11 100.00
6.16 100.00
2.00 100.00
8.60 100.00
6.66 ‘ 100.00
3.08 100,00
1.00 100,00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0.00
0.00
0.OO
0.00
0,00
0.00
0.00
0.00
0.00
0.00

1.000 10:00 100.0

SIZE
m
7.778
6.641
6.600
4.626
3,889
3.270
2.760
2.312
1,946
4.636
4.376
1.166
0.972
0.818
0.688
0.678
0.486
,0.409
0.344
0.289
0.243
0.204
0.172
0.146

- Size (microns) -
~ !40PASS YoCHANYoPASS YoCHAN

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
99.99
99.97 ‘
99.93;
99.86 ;
99.71 ~
99.48
99.12
98,64
97.69
96.96
93.03
87.80
79.20
66.11
41.36

0,00
0.00
0.OO
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.04
0,08
0.14
0.23
0.36
0.68
0.96
1.63
2.93
6.23
8,60
14.09
23.76
41.36

– 50.0

-45.0

-40.0

-35.0

-30.0

-25.0

-20.0

-15.0

-10.0

5.0

0.0
1000

~“ ‘APASS ?loCHAN

.

.;
. . .



Particle Size Analysis AZIO1/102Simulant Date: 02/08/89 Meas # 00020
Sample S6-1/24 Time: 10:10 Pres #: 01

AZIO1/102Simuiant; SampieS5-1/24 Summary Percentiles Dia Voi% Width
m 0,8M NaOH/1.OM NaN03soiution mv = 10’%= 0.224 60% ❑ 6.181 10.68 60% 13.33

r.Omilsec

I?~:8.360140%:d.0f5890%~16.691

= 0.186 20%= 0.406 70%= 8.957 0.884 30% 0.780
0.719 30% -0.721 80% -12.39 0.228 20% 0.180

j sd = 6.782 160%= 1.929 96%= 20.10 I

100.0

90.0

80:0

70.0

60.0

mm’”
——

40.0

30.0...*

20.0

,...
10.0,

0
.0

!0,

-

-.. —

—

—

10

~

~, ,1OkPASS OACHAN
704.0 100.00 0.00
692,0. ! 100,00
497.8 “ i 100.00
418,6 100.00
362,0 :100.00
296,0 “ 100.00
248,9 , 100.OO
209.3 100.00
176,0 100.00
148.0 ~100.OO
124.6
104,7

- j 100.00
; 100.00

B8.00 100.00
74.00 100.00
Z2,23 ‘ 100,00
62,33 j 100.00
44.00 :100.00
37.00 , 100,00
31.11 99.60
26.16 98.64
22.00 : 96,64
18.60 93,10
16.66 “ 87.96
‘A ~8 81,92

I
‘o 76,97

%.

0.00
0.00
,0.00
0.00
0.00
0.00
0.00
0.00
0.00
:0.00
0.OO
0,00
0.00
0,00
0.00
0.00
0.40
0.96
2,00
3.64
6,16
6.03
6.96
6.13

i 7(.
!..I

o

1.000 10:00 100.0
- Size (n

qZJ %PASS YoCHAN
9.260 70.84
7.778
6.641
6.600
4.626
3,889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0,204
0.172
0.146

66.71
63.46
60.81
68.67
66.67
64.74
63.09
61.68
60.08 ‘
48.30:
46.81,
42,232
37.70
33.03
28.96
26.69
22.74
20.12
17.48
14.60
11,46
8.39
6.62
2.76

4.13
3.26
2.64
2.24
2.00
1.83
1,66
1.61
1.60
1,78
2,49
3.68
4.63
4.67
4.08
3.36
2.86
2.62
2.64
2,88
3.14
3.07
2.87
2.77
2.76

crons) -
~ ?loPASS ‘hCHAN

,

10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0
1000

~ ‘APASS OACHAN

.-. . ...-— ~-.,. ,., . .. ... . . .. r - .-.- .72-.-, r..-. -.---m -,., .Z —- ---.-— - . .. .



Particle Size Anaiysis
Z101HO2Simulant; SampleS5-1/24
10.8 M NaOH/1.OM NaN03solution
Omllsec

AZl 01/102Simulant
—-–-

Date: 02/08/89 Mess #: 00020
Sample S6-1/24 Time: 10:10 Pres # 01
Summary : Percentiles Dia Vol% Width

mv = 6.016 10% = 0.128 60%= 0.168 0.166 100% 0.098
mn

I

= 0.186 20%= 0.134 70’%= 0.186
ma = 0.719 30%= 0.138 80’3’0= 0.212
Cs = 8.360 40%= 0.146 90%= 0.266

I sd 60%= 0.16696%= 0.333

%PASS %CHAN
100.0

90.0

80;0

70.0

60.0

-50;0’”

40.0...
>.

30.0.::

20.0

10.0
4 . .Q

;:0
O.fl-oo 1.000 10:00 100.0

- Size (n
yZJ ‘APASS O/oCHAN ~ ‘APASS ?40CHAN

9.260 100.00704.0
692.0
497.8
418.6
362.0
296.0
248,9
209.3
176.0
148.0
124.5
104.7
38.00
74.00
S2.23
52.33
$4.00
17,00
31.11
&q6
~z.()()
18.60
16.66
13.08
11.00

.100.00
100.00

“ 100.00
, 100.00

100.00
100.00

.100.00
100.00
100.00

‘ 100.00
; 100.00

~%;:
i 100.OO
‘ 100.00

100,00
100.00
100.00

, 100.00
~100.00

100.00
100.00
100.00
100.00
100.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.OO
0.00
‘0.00
0.00
:0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00

7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1,376
1,166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0,289
0.243
0.204
0.172
0.146

100,00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
99.99
99.98 “
99,96:
99.9ct:
99.77 i
99.66
99.23
98.78
98.14
97.16
96.47
92,38
86.72
77.44
62.73
39.19

0.00
0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0.01
0.01
0,02
0,06
0.13
0.22
0.32
0.46
0.64
0.99
1.68
3.09
6,66
9.28
14,71
23.64
39.19

crons) -
~ OkPASS O/oCHAN

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
1000

~ ‘APASS ?40CHAN

/

t



Particle Size Analysis
AZIO1/102SimulantDUP Date 02107/89 Meas ??:00065
Sample S6-1/20 Time: 16:47 Pres #: 01

AZIO1/102Simulan~SampieS5-1/20 Summary Percentiles Dia Vol% Width
3uplicate mv = 6.408 10%= 0.206 60%= 3.666 10.29 46% 13.33
m0,8MNaOiU1.OMNaN03soiution mn ❑ 0.186 20% = 0.329 70%= 7.411 0.821 30% 0.773
60mlhec ma = 0.624 30% = 0.641 80%= 11.31 0.247 21% 0.172

Cs = 9.619 40?4 = 0.837 90%= 16.78 0.136 4% 0.012. . .
I sd = 6.319 160%= 1.307 96%= 19.64 I

100.0

90.0

80.0

70.0

60.0

-5Ko-
. . ...—.

40.0
.. .

30.0
~,:

20.0

10.0:.
,,

/.0

I

.0
i

,...

,.

.1.00

‘hPASS

7
t

yzJ .OhPASS !/oCHAN
704,0 100.00
692,0 .100.00
497.8: 100.00
418,6 100.00
362,0, 100.00
296.0 , 100.00
248.9 , 100.00
209.3: 100.OO
176,0 , 100.OO
148.0 .: 100.00
124,6 .100.00
104.7 :100.00
38,00 ,i 100.00
74.00 :100.00
;2,23 :100,00
52,33 100.00
!4.00 100.00
37.00 99.86
11.11 99.39
26,16 98.61
~z,oo 96.84
i8,60 93,94
16,66 89.62
“+08 84,41

00 “ 79.19

!
1’

0.00
0.00
0.00
0.00
0.00
0.00
,0.00
0.00
0.00
0.00
‘0.00
0.00
0.00
0.00
0.00
0.00
0.14
0.47
0.88
1.67
2.90
4.32
6.21
6.22
4.66

,..

10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0
1.000 10.00 100.0.

9.260
7.778
6,641
6.600
4.626
3.889
3.270
2,760
2.312
1.946
1.636
1.376
1.166
).972
1.818
).688
).678
).486
).409
1.344
1.289
).243
1.204
).172
1.146

- Size (r
g ?40PASS YoCHAN

3.7374.64
70.91
67.86
66.28
63.02
60.98
69.14
67.62
66.07
64.66
63.03
60.82
47.7T
43.74
39.42
36.26-
31.42
27.84
24.39
20.92
17.27
13.46
9.84
6.61
3.28

3.06
2.68
2.26
2.04
1.84
1.62
1.46
1.41
1,63
2,21
3.11
3.97
4.32
4.16
3.84
3.68
3.46
3.47
3.66
3.81
3.62
3.33
3.23
3.28

icrons) -
~ ?JoPASS ?LoCHAN

1000

~ YoPASS YoCHAN

. —— -.. — ..-—...,. ,



Particle Size Analysis
AZ101M02SimulantDUP

—-— ---
Date: 02107189 Meas #: 00066

Sample S6-1/20 Time: 16:47 Pres * 01
G!lOi/102 Simulan~Sample S5:1/20 ~ Summary Percentiles Dia Vol% Width
)uplicate mv = 10% = 0.128 60%= 0.168 0.165 100% 0.100
n0.8M NaO1-Ul.OM NaN03solution
Omllseo

mn = 0.186 20% = 0.133 70% ❑ 0.186
ma ❑ 0.624 30% = 0.138 80%= 0.214
Cs = 9.619 40% = 0.146 90%= 0.270
sd = 0.050 60%= 0.166 95% = 0.337

I I u

%PASS %CHAN

,0.100

yzJ# ““- ‘APASS
704.0 100.OO
592.0 100.00
197,8 ‘ ~100.00
!18.6 \ 100.00
162,0 100.00
~96.o .100.00
~4~e9 ‘ 100.00
~09.3 100,00
[76.0 100.00
148.0 100.00
124,6 100.00
104.7 100.00
18.00 . ! 100.00
r4.oo 100.00
;2,23 100.00
;2.33 100.00
14.oo 100.00
17.00 :100.00
)1.11 ‘ 100.00
!6.16 100.00
!2.00 100,00
18.60 100.00
16,66 100.00
13.08 100.OO
11.00 100.00

OACHAN
0.00
0,00
“0.00
“Oooo
!0.00
0.00
0.00
0.00
0,00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00

1.000 10:00 100.0

gzJ
9.260
7.778
6,641
6,600
4.626
3.889
3.270
2,760
2.312
1.946
1,636
4.376
‘1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0,243
0.204
0.172
0.146

‘APASS
400.00
400.00
‘lOo.oo
‘l Oo.oo
~oo.oo
400.00
100.00
‘lOo.oo
100.00
‘lOo.oo
99.99
99.97
99.93.
99.84
99.67
99,39
98.96
98.28
97.18
96.32
92.02
86,23
77.00
62.60
39.44

Ls&(!2
9’oCHAN
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0,00
0.01
0.02
0.04
0.09
0.17
0.28
0,43
0.68
1.10
1.86
3.30
6,79
9.23
14.40
23.16
39.44

crons) -
~ YoPASS YoCHAN

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0 “
1000

gzJ %PASS YoCHAN

. . .



Patticle Size Analysis ~ AZIO1/102SimulantDUP Date: 02/07/89 Meas#: 00069
Sample S6-1/20 Time: 16:68 Pres * 01

AZIO1/102Simulant; Sample S54/20 Summary Percentiles Dia Voi% Width
3uplicate mv = 6.206 10% = 0.191 60%= 3.380 10.19 46% 12.98
n 0,8M NaOH/1.OM NaN03solution mn = 0.183 20’%0= 0.292 70’%0= 7.169 0.479 48% 0.813
sonicateat 40Wfor 90see; 60 mkec ma = 0.671 30% = 0.448 80%= 11.11 0.147 7% 0.030

Cs = 10.60 40% = 0.721 90%= 16.46. . .
I sd = 6.223 160%= 1.212 96%= 18.93 I
I I I

‘APASS %CHAN
100.0-r
90.0

80.0-

70.0

60.0

“50.0
E

., ...

.—. ,.-.

40.0
,,

t
30.0 f,..

20.0 “

10.0’-’.,

i

“,:!

20 -
. 0.100

11

Ell.-
SiZE ‘hPASS YoCHAN.—
EO 100.00 .0.00
692,0 100.00
497.8 ‘ ~100.OO
418.6 ~IfJr)ooo
362,0 100.00
296.0 100.00
248.9 100.00
209.3 100.00
176.0 100.00
148.0 100,00
124.6 100.00
104.7 100.00
88.00 100.00
74.00 100,00
62,23 100,00
62.33 100.00
44,00 100.OO
37.00 100.00
31.11. 99.66
26.16 98.93
22.00 97.39
18.60 “’; 94,66
16.66 ‘ “ -90.21
‘- ,98 84.94

Jo 79.72

0.OO
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.34
0.73
1.64
2.84
4,34
6.27
6.22
4.62

1.000 10.00
- Size (r

SiZE !loPASS ?40CHAN
GO 76.20 3.70
7.778 71.60 3.04
6.641
6.600
4.626
3.889
3.270
2,760
2.312
1.946
1.636
1,376
1.166
0.972
0,818
0,688 “
0.678
0.486
0.409
0,344
0.289
0,243
0.204
0.172
0.146

68.46 2.68
66.88 2.28
63.60 2.07
61.63 1.87
69.66 1.64
68.02 1.44
66.68 1.36
66.22 1.60
63.72 1.92
61.80 2.66
49.24” 3.18
46.06 3.49
42.67 3.64
39.03 . 3.66
36.47 3.67
31.80 3.84
27.96 4.02
23.94 4.20
19.74 4.27
16.47 4,01
11.46 3.77
7.69 3.79
3.90 3.90

.

.

100.0
crons) -
~ ?40PASS ?40CHAN

(! ..../
,C.f,,

. .,,.. .

—

—

—

—

—

—

—

—

—

—

—

—

—

—

— flo.o

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

T- - - 0.0
1000

~ YoPASS YoCHAN

-.-., —.. .--=. ..V,- ,, .,, ,,, ,, . . .
.—— . . . . I
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Particle Size Analysis
ZIOIII02 Simulant; Sample S5-1120
Iuplicate
10,8M NaOtU1.OM NaN03solution
onicate at 40W for 90 sw 60 mkec

%PASS
100.0

r
90.0

t
80.0

70.0

60.0

,.... . . .. . ._
50.0

.. ...

40.0
ji
,.

30.0;, - —.. .
,.,

20.0 c‘- -

10.0, - —
:

0.0
.,0.100

AZIO1/102SimulantDUP Date: 02/07/89 Meas#: 00069 I
Sample S6-1/20 Time: 16:68 Pres #: 01
Summary Percentiles Dia Vol% Width

mv = 6.206 10% = 0.128 60?/0= 0.166 0.163 100% 0.097
mn = 0.183 20%= 0.133 70%= 0.183
ma = 0.671 30% = 0.138 80%= 0.211
Cs = 10.60 40% = 0.146 90%= 0.266
sd 60%= 0.163 96%= 0.329

%CHAN

ilZE .. ‘[ YoPASS OACHAN
FzO ! 100.00 ‘ 0.00
92.0 ; 100.00 0.OO
97.8: ‘ 100.00 0.00
18.6 100.00 0.OO
62,0 100.00 0.00
96.0 i 00.00 0.00
48.9 100.00 0.00
09.3 100.00 0.00
76.0 100.00 0.00
48.0 100.OO 0.OO
24.6 / 100.00 0.00
04.7 :100.00 0.00
8.00 !. 100.00 0.00
4.00 “ ~100.00 0.00
2.23 \ 100.00 ‘0.00
i2,33 -/-100.00 0.00
4.00 t 100.00 0.00
‘7.00 100.00 0.00
‘1.11 ‘ -100.00 0.00
:6.16 100.00 0.00
2.00 , 100,00 0.00
8.60 ; 100.OO 0.00
6.66 :. , 100.00 0.00
3,08 100,00 0.00
1,00 “ 100,00 0.00

1.000 10:00 100.0
- Size (microns) -

~ ‘APASS ?XOCHANp&E ?40PASS OACHAN
9.260 100.00 0.00
7.778 100.00 0.00
6.641 100.OO 0.00
6.600 100.00 0.00
4,626 100.00 0.00
3.889 100.00 0.00
3.270 100.00 0.00
2.760 100.00 0.00
2.312 100.00 0.00
1.946 100.00 0,01
1,636 99.99 0.01
1.376 99.98 0.03
1.166 99.9s 0.07
0,972 99.88 0.12
0.818 99.76 0.20
0.688 99.66 0.36
0.678 99.21 0.60
0.486 98.61 1.06
0.409 97.66 1.86
0.344 96.69 3.28
0.289 92,41 6,60
0,243 86.81 8.83
0.204 77.98 14.07
0.172 63.91 23.46
0.146 40.46 40,46

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
1000

~ ?40PASS 9’oCHAN

/

I
1



C-106 Filtration Simulant



Particle Size Analysis CI06 Simulant Date: 02/04/ O Meas #: N/A
AR-31-1117 Time: 16:03 Pres # NIA

CI06 Simulant-Sample:ARsl-lH7 Summary Percentiles Dia Vol% Width
in 1.0M NaOH/1.OM NaN03solution
40mllsec

mv = 12.31 10%= 0.306 60%= 13.63 17.62 69% 20.27
mn = 0.183 20% = 0.886 7o”J4= 17.37 1:187 28% 1.296
ma = 1.090 30% = 1.376 80% ❑ 21.46 0.233 11% 0.169
Cs ❑ 6.606 40% = 2.966 90%= 28.22 0.136 2% 0.012

I sd ❑ 11.46] 60%= 8.366 96%= 36.67 I
, I I 1

“-10.0
~o~AoSS

.

90.0

F
80.0 t

70.0

60.0

. . .

E

50.0-– ‘-
-... ... ...

40.0 ,.
,}IJ!

30.0:, ““ “

20.0

10.0,

-. o’
o.ioo 1.000 10.00

- Size (r
SIZE I %PASS YoCHAN SIZE ?+oPASS ?40CHAN
Ko. ~100.00 0.00 Eo 61.47
692.0 ,.100.00
4~7,8 :100.00
418.6 ‘ 100.00
362.0 --1-100.00
296,0 “ 100.00
248,9 100.00
209.3 “- 100.00
176.0 100.00
148.0 100.00
124.6 “ 100.00 ‘
104.7 100.00
88.00 99.68
74.00 99.14
62,23 98.61
62,33 97.89
44.00 96.82
37.00 96.12
31.11 92,31
26.16 87.79
22,00 81.14
18,60 72,99
l.+; -’ 66.11

68.94
A-J ‘O---~ 64.69

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.42
0.44
0.63
0.72
1.07
1.70
2,81
4.62
6.66
8.16
7.88
6.17
4.36
3.12

7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

49.04
47.01
46.24
43.67
42,22
40.81
39.36
37.76
36.84
33.34
29.99.
26.92
21.88
18.66
16.39
14.78
13.60
12.31
11.03
9.48
7.60
6.62
3.72
1.87

2.43
2,03
1.77
1.67
1.46
1.41
1.46
1.60
1.92
2.60
3.36
4.07
4.04
3.22
2.27
1.61
1,28
1.19
1.28
1.66
1.88
1.98
1.90
1.86
1.87

crons).

a--

JJl
100.0

.
~ ‘-!40PASS ‘?40CHAN

—

—

—

—

—

—

—

-

—

—

.

.

O/oCHAN

‘ 9.0

~ 8.0

‘ 7.0

~ 6.0

‘ 5.0

‘ 4.0

‘ 3.0

2.0

1.0

0.0
D

qzJ ‘~PASS YoCHAN

. !W

I <t
J.

, ,
,., -.

,.
L

. . . . --__— — --— ... .. .... ..-...:-. ~—
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Particle Size Analysis CI06 Simulant Date: 02/04/ O Meas #: NIA
AR-SI-1117 Time: 16:23 Pres #: NIA

106 Simulant- Sample:AR-Sl-lH7 Summary Percentiles Dia Vol% Width
11.0 M NaOH/1.OM NaN03solution mv = 10% = 0.292 60%= 13.24 16.92 6070 18.09
0mllsec

I !.:6.870140%~i68990%~2i701 I

= 0.188 20%= 0.729 70% ❑ 16.90 1.006 27% 0.988
1.022 30% 1164 80% -2047 0.226 13% 0.174

1 sd = 10.82 160%= 8.081 96% ❑ 31.26 I

%PASS

‘OO”OllTTl
90.0

80.0

70.0

60.0

+

..5.03 -..

-.. ,

40.0

30.0:

i.? \1 . ...1.

0.0 L

I I 1111
1

0.100

;IZE ‘hPASS
‘04.0 100.00
;92.0 100.00
197,8 100.00
118.6 100.00
162,0 100.00
!96.0 100.00
!48.9 100.00
!09.3 100.OO
76.0 100,00
48.0 100.00
24.6 100.00
04.7 100.00
18.00 100.00
‘4.00 100.00
2.23 99,67
~2.33 99.22
4,00 “ 98.61
7.00 97.26
1,11. ‘f 94.92
6,16 ; 90.63
2.00 ‘ 83.63
8.60 74.67
5.56 : 66.06
3.08 69.61
1,00- 66.21

OACHAN
O.OO
0.00
0.OO
0.00
0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0.00
0.00
0.33
0,46
0.71
1.26
2.34
4.29
7.00
8.96
8.61
6.46
4.40
3.17

1.000 10:00
- Size (n

qZJ ?40PASS OACHAN
9,260 62.04 2.67
7.778 49.47 2.22
6.641 47.26 1.91
6.600 46.34 1.61
4.626 43.73 1.34
3.889 42.39 1.17
3.270 41.22 1.08
2.760 40.14 1.10
2.312 39.04 1.27
1.946 37.77 1,71
1.636 36.06 2.61
1,376 33.66 3.61
1.166 30.04- 4.10
0.972 26.94 3.83
0.818 22.11 3.06
0.688 19,06 2.31
0.678 16.76 1.82
0.486 14.93 1.60
0.409 13.33 1.61
0.344 11.72 1.83
0,289 9.89 2,12
0.243 7.77 2.16
0.204 &62 1.98
0.172 3.64 1.84
0.146 1.80 1,80

crons}.
100.0

.
G“ ‘APASS O/oCHAN

O/oCHAN
10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0
1000

~ %?ASS ?40CHAN
/

1
:,’;

I
#



Parficle Size Analysis CI06 Simulant Date: 02/04/ O Meas A N/A
AR-SI-1117 Time: 16:23 Pres #: NIA

CI06 Slmulant- Sample:AR-Sl-lH7 Summary Percentiles Dia Vol% Width
in 1,0MNaOHll,O M NaN03solution
?0mllsec

mv = 11.08 10% = 0.128 60% ❑ 0.169 0.166 100% 0.098
mn = 0.188 20% = 0.134 70%= 0.186
ma = 1.022 30% = 0.139 80%= 0.213

1- ..
I

Cs
I

= 6.870 40%= 0.146 90%= 0.264-.,
sd ❑ 0.049 60%= 0.166 96%= 0.330 I

‘?PASS
I I ,

YoCHAN
100.0

90.0

80:0

70.0

60.0

-’50:0= =
-- ...

40.0
fir..

30.o:~’~—

20.0

10.0:- —
r.,L

98.
.. “;0.100

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
1.000 10:00 100.0

- Size (n
~ OhPASS YoCHAN SIZE YoPASS OACHAN

E704.0 100.00
692.0 100.00
497.8 100.00
418.6 100,00
362.0 100.00
296,0 100.00
248,9 100.00
209.3 100.00
176.0 100,00
148.0 100.00
124.6 100.00
104,7 100.00
88.00 100.00
74.00‘ “ 100.00
62,23 ~100.00
6?.33J ; 100.00
44.00 100.OO
37.00 100.00
31.113 100.00
26,16 100.00
22.00 100.00
18.50 100.00
j566 100.00

)8 100.00
_.Jo ‘ 100:00
,.

.-

0.00
0.00
0.00
0.00
0s00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.01
99.99 0.02
99.97 0.04
99.93. 0.09
99.84 0.17
99.67 0.27
99.40 0.36
99.04 0.46
98.68 0.61
97.97 0.91
97.06 1.63
96.63 2.94
92.69 6.72
86.87 9.74
77.13 16,22
61.91 23.44
38.47 38.47

crons) -
gzJ ‘APASS ?40CHAN

1000

~ OhPASS YoCHAN

.. . . ... .,,,. . . .. .. ... .,,c .’ . ...4.. . . . . . . . . . . . . . - ; . .: ,>,, >,> ,. . . . . . . . . . . . . . . .



Padicle Size Analysis CI06 Simulant Date: 0204/ O Meas #: NIA
AR-31-1117 Time: 16:36 Pres #: NIA

106Simulant-Sample:AR-Sl-lH7 Summary Percentiles Dia Vol% Width
11.0M NaOH/1.OM NaN03solution mv ❑ 10.05 10% = 0.247 60%= 11.60 16.22 67% 18.12
onicate at 40W,90see;60mkec mn = 0.191 20% = 0.460 70%= 16.66 0.860 26% 0.880

ma = 0.826 30% = 0.812 80% ❑ 19.29 0.239 ’18% 0.182
Cs = 7.272 40% = 1.498 90% ❑ 24.46

I sd 60%= 6.717 96%= 29.91

%PASS

;0.100

;IZE > -, YoPASS O/oCHAN
Ko ‘ 100.OO 0.00
i92.O - 100.00 0.00
197.8= 100.00 0.00
118.6 100,00 0.00
162.0 100.00 0.00
!96.o 100.00 0.00
!48.9 100.00 0.00
!09.3 100.00 0.00
17&() 100.00 0.00
48.0 100.00 0.00
24.6 100.00 0.00
04.7 100.00 0.00
8.00 100.00 0.00
4.00 100.00 0.32
2.23 99.68 0,42
2.33 , 99.26 0.63
4.00 98.63 1.06
7.00 i 97.67 1.93
1,11.: “j 96,64 3.66
6.16 ; 92.08 6.01
2.00 -a 86.07 8.12
8.60 77.96 8.19
6.66 :. “. 69.76 6.37
3.08 63.39 4.34
1.00 ---- 69,06 3.06

O/’oCHAN
10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0
1.000 10.00 100.0

qzJ
9.260
7.778
6.641
6,600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0,409
0.344
0.289
0.243
0.204
0.172
0.146

- Size (1
?JoPASS ?40CHAN
66.99 2.41
63,68 2,10
61,48 1.88
49.60 1.66
47.96 1,41
46.64 1.22
46.32 1.08
44.24 1.01
43.23 1.07
42,16 1.32
40.84 1.82
39.02 _ 2.61
36.61 3.09
33.42 3.29
30.13 3.16
26.97 2.96
24.02 2.79
21.23 2.72
18.61 2.76
16,76 2,93
12.82 3.07
9.76 2,87
6.88 2.61
4.37 2.26
2.12 2.12

crons) -
qZJ 0!4PASS ‘ACHAN

1000

~ YoPASS YoCHAN

,

I



Particle Size Analysis
CI06 Simulant Date: 02/04/ O Meas #: N/A
AR-SI-1117 Time: 16:36 Pres k NIA

CI06Simrrlant-SampleM-Sl-l/17 s~ Percentiles Dia Vol% Width
In1,0MNaOW1.OMNaN03solution mv = 10.06 10% = 0.129 60%= 0.174 0.169 100% 0.109
Sonlcate at 40W, 90 see; 60 mlk+ec mn = 0.191 20% = 0.134 70%= 0.194

ma = 0.826 30% = 0.140 80%= 0.224
Cs = 7.272 40% = 0.148 90%= 0.280. -- ..—.—. . . .

1 sd = 0.064 160%= 0.169 96% ❑ 0.349 I

~OIA;S
I I m

%CHAN
5001-.

90.0

80.0

+

—.— ...

40.0 .
-,, ;.[j-r.,

~o;ot!
, 4. C?:l.

20.0
r

O.1’oo

t--l+li

1.000 10;00 100.0

SIZE ‘APASS ?40CHAN
KO 100.00
692,0 100.00
497.8 100.00
418.6 i 100.00
362.0 ..! 100.00
2~600 :100.00
248,9 100.00
209,3 ‘ ! 100.00
176.0 100,00
148.0 .1OO.OO
124.6 100.00
104.7 . 100.OO
88.00 .- 100.00
74.00‘ 100.00
62.23 100.00
62,33~ - 100.00
44.00 100.00
37.00 100.00
31.11 100.00
26,16 100.00
22.00 100.00
18,60 100,00
j.6.0MJ- 100.00

100.00
..~o 100,00

-0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

SIZE
=0
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2,312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

- Size (n
?loPASS OACHAN
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 i 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.01
99.99 0.02
99.97. 0.06
99.92 0.10
99.82 0.19
99.63 0.30
99.33 0,47
98.86 0,76
98.11 1.22
96.89 2.09
94.80 3,74
91.06 6,69
84.47 10.34
74.13 16.33
68.80 22.79
36.01 36.01

crons) -
~ YoPASS YoCHA”N

,U

45.0

40.0

35.0

30.0

25.0

---
20.0

15.0

10.0

5.0

0.0
1000

yzJ ?/oPASS YoCHAN

.—,..T , -.-,. —.-.
—.—.



.

Particie Size Analysis
CI06 Simulant Date: 02/07/ O Meas #: N/A
Sample S2-1M7 Time: 12:28 Pres #: NIA

106Simulant; SampleS2-1117 Summary Percentiles Dia Vol% Width
11.0M NaOtU1.OM NaN03solution mv ❑ 7.638 10% = 0.219 60%= 8.798 12,86 66% 13.93
onicate at 40W for 90see; 60 mlkec mn = 0.186 20%= 0.377 70%= 12.16 0.806 23% 0.787

ma = 0.727 30% = 0.680 80%= 16.17 0.231 22% 0.183
. Cs ❑ 8.263 40%= 1.213 90%= 19.13

:+ I sd 60% = 4.168 96%= 22.81

%PASS %CHAN

;0.1,00

ilzJ. - YoPASS ?loCHAN
04.0 100.OO
92.0, :100.00
97.8 ;
18.6
62.0
96.0
48.9
09.3
76.0
48.0
24.6
04.7
8,00
4.00
2.23
2.33-
4.00”
7.00
1.11
S.16
2,00
3,60
5,66 “
3.08
1.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100,00
100.00
100.OO
100.00
100.00
100.00
100.00
99.62
98.86
97,30
94,19
88.78
81.21
73,’10
66,24

0.00
0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.38
0,76
1.66
3.11
6.41
7.67
8.11
6.86
6.07

1.000 10.-00 100.0 1000
- Size (microns) -

~ ?40PASS YoCHAN
9.260 61.17
7.778 67.66
6.641 64,87
6.600 62,76
4.626 60.96
3.889 49.40
3.270 48.02
2.760 46.81
2,312 46.71
1.946 . 44,61
1,636 43.33
1.376 4d.62
1.166 39.29-
0.972 36.41
0.818 33,29
0.688 30.20
0.678 27.22
0.486 24,30
0.409 21.38
0.344 18.39
0.289 16,23
0,243 11.91
0.204 8.71
0.172 6.72
0.146 2.83

3,62
2.68
2.12
1.79
1.66
1.38
1.21
1.10
1.10
1.28
1,71
2.33
2.88
3,12
3,09
2,98
2.92
2.92
2.99
3,16
3.32
3.20
2.99
2.89
2.83

yzJ YoPASS YoCHAN

10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

,

I



Particle Size Ana/ysis ~ CI06 Simulant Date: 02/07/ O Meas #: N/A
Sample S2-1/17 Time: 12:28 Pres # N/A

106SlmulanGSampleS2-1/17 Summary Percentiles Dia Vol% Width
m 1,0M NaOtU1.OMNaN03solution mv = 7.638 10% = 0.128 60%= 0.168 0.166 100% 0.099
Sonlcateat 40W for 90seq 60 mkec mn = 0.186 20% = 0.134 70%= 0.186

ma ❑ 0.727 30% = 0.139 80%= 0.213
)-

1
Cs

I
= 8.263 40%= 0.146 90%= 0.267

sd ❑ 0.049 60%= 0.166 96%= 0.331 I

%PASS
I 1 I

%CHAN
100.0

90.0

80.0

70.0

60.0

“50xr-– “

40.0

30.0

20.0

10.0
.. .

,0
t ;.o.ioo

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
1.000 10:00 100.0

- Size (m
g.1 _ —: YoPASS ~oCHAN SIZE ‘?40PASS YoCHAN
704,0 ~100.00
692,0. 100.00
497.8 “ 100.00
418.6 100.00
362.0 100.00
296.0 100.00
248.9 100.00
209.3 100.00
176,0 100.00
148,0 100.00
124.6 100.00
104.7 100.00
88.00 100.OO
74.00 100.00
62,23 100,00
62.33 100,00
44.00 100.00
37.00 ‘ 100.00
31.11 ‘ - ‘ 100.00
26.16 I; 100.00
22.00 i 100.00
18.60 “? 100.00
16.66 :.;.’; 100.00
‘-” 98 100.00

b ~. 100.00

.0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0.00

I,,

9.260
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2,312
1.946
1.636
1,376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

crons) -
qZ&. ?LoPASS ?40CHAN

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
99.99
99.97
99.93
99.86
99.71
99.47
99.09
98.46
97.40
96.67
92.31
86.66
77.24
62.48
38.83

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.04
0.08
0.14
0,24
0.38
0.63
1.06
1.83
3.26
6.76
9.31
14.76
23.66
38.83

1000

~ 9’oPASS YoCHAN——

,..-. ~ , : -,.,,,-:j, y,, .,,. . ..., .,<..,.,,. ,,.-.+. .. .,...x,, ,<.,-,..>. .. .:-,, !. . . ..> .. -,- ..- .-, :.: .,,,



Particle Size Analysis CI06 Simulant Date: 02/07/ O Meas #: NIA
Sample S2-1117 Time:. 12:06 Pres #: N/A

:106Simulan~SampleS2-1/17 Summary Percentiles Dia Vol% Width
11.0 M NaOH/1.OMNaN03solution
Omllseo

mv ❑ 7.624 10%= 0.230 60%= 8.762 13.12 64% 13.48
mn = 0.186 20% ❑ 0.424 70%= 12.16 0.806 30% 0.868

I
ma =

I I
0.761 30% = 0.746 80%= 16.20 0.212 16% 0.143

Cs ❑ 7.883 40?-4= 1.200 90%= 19.16

%PASS
1“sd 60%= 3.963 96°A = 22.81

!

%CHAN
100.0

90.0

80.0

70.0

60.0

.50.0 . .

40.0
.’ .1

30.0
. l... ,.

20.0

10.0

0.0 “k
L .0.100

yzJ %PASS OACHAN
?040. 100.00 0.00
592.0 100.00 0.00
197.8 100.00 0.OO
118.6 100.00 0,00
162.0 100.00 0.00
!96.o 100.OO 0.00
!48.9 100.00 0.00
!09.3 100.00 0.00
176.0 100.00 0,00
148.0 100.00 0.00
124.6 :100.00 0.00
104.7 ! 100.00 0.00
18.00, ; 100.00 0.00
‘4.00 :100.00 0.OO
;2.23 :100.00 0.00
i2.33 , / 100.00 0.00
14,00 100.00 0.37
17.00 99.63 0,76
11.11 ~ 98,88 1.66
!6.16 97.32 3,14
!2.00 94.18 6.47
8,60 88.71 7.69
6.66 81.12 8.06
3,08 73.07 6.79
1.00 66.28 6.01

1.000 10:00
- Size (r

SIZE YoPASS YoCHAN
Fiziib 61.27 3.67
7.778 67.70 2.63
6,641 66.07 2,06
6,600 63.01 1.70
4.626 61.31 1,46
3.889 49.86 1.28
3.270 48.67 1.12
2,760 47.46 1.03
2.312 46.42 1,08
1.946 46.34 1,34
1.636 44.00 1.91
1.376 42.09 2.76
1.166 39.33 3.64
0.972 36.79 3.83
0.818 31.96 3.64
0,688 “ 28.32 3.26
0.678 26,06 2.91
0.486 22.16 2.69
0.409 19.46 2.66
0.344 16.81 2.81
0.289 14,00 3.01
0.243 10.99 2.96
0.204 8.04 2.76
0.172 6.28 2.66
0.146 2.63 2.63

100.0
crons) -
~ ‘APASS ?40CHAN

10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

OA
1000

yzJ OYoPASS 9’oCHAN

●



Parficle Size Analysis CI06 Simulant Date: 02/07/ O Meas #: N/A
Sample S2-1/17 Time: 12:06 Pres??: NIA

CI06 Simulant;SampleS2-1/17 Summary Percentiles Dia Vol% Width
m1,0MNaOtU1.OM NaN03solution mv 10% = 0.128 60%= 0.168 0.166 100% 0.099rOmllsec

.“”

mn

I

❑ 0.186 20%= 0.134 70%= 0.186
ma = 0.761 30%= 0.138 80%= 0.213
Cs = 7.883 40%= 0.146 90%= 0.267 I. . .

I sd ❑ 0.049 I 60%= 0.166 96%= 0.336 [

%PASS YoCHAN
100.0 T
90.0

t
80.0

,70.0

60.0

‘50;0 ‘“
.-..

40.0

30.0,

20.0

10;0””

‘o “
‘0 0.100 1.000 10:00 100.0

- Size (r
~ ; ?40PASS ?40CHAN
704.0 :100.00
692,0, , 100.00 ‘
497.81 1100.00
418.6
362,0, j%%
296.0 : 100.00
248.9 ~100.00
209.3 “100.00
176,0 :100.00
148.0 { 100.00
124,6~ ~100.00
104,7 100.00
B8,00
74,00‘ - f :;;:::
;2,23 100.00
62,33: 100.00
44.00 100.00
37.00 100.00
31.11 100.00
26.16 100.00
22,00 100.00
18.60 100.00
[6.66 100.00

98 100.00

1’ ‘0 “ 100.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00

; y’
...’

.——— .-.-— .-x

SIZE
GO
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0,289
0.243
0.204
0.172
0.146

?40PASS 6!CHAN
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
99.99
99.97
99.92
99.82
99.63
99.33
98.87
98.19
97.13
96.37
92.23
86.68
77.29
62,64
39.07

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.06
0.10
0.19
0.30
0.46
0.68
1.06
1.76
3.14
6.66
9.29
14.75
23.47
39.07

- . .

crons) -
qZJ ?40PASS OACHAN

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
1000

~ YoPASS YoCHAN



Particle Size Anaiysis
CI06 Simulant Date: 02/07/ O Meas#: NIA

T Sample S4-1/17 Time: 14:11 Pres #: NIA

10JJSimulanCSample- Summary Percentiles Dia Vol% Width
11.0M NaOH/1.O M NaN03 solution mv =
) mllsec

4.149 10% = 0.218 60%= 3.196 8.646 42% 7.690
mn = 0.184 20%= 0.408 70’%= 6.403 0.939 41% 1.184

I I I
= 0.688 30%= 0.693 80%= 8.838 0.206 17% 0.143

:Sa ❑ 8.717 40%= 1.017 9070= 11.31 I
I id = 4720 I ii%= 1.642 96%= 13.13 I

%PASS
100.0

90.0

80.0

70.0

60.0

50.0--

40.0

30.0

20.0

f,o.o
t.:,’.
0.0

.0.100
!

‘%oPASS~ ?loCHAN
‘04.0 100.00 0.00
;92.0 100.00
197.8‘ 100.00
118.6 100.00
)62,0 100.00
!96.0 100.00
!48.9 100.00
!09.3 100.00
176.0 100.00
148.O 100.00
24.6 100.00
04.7 100.00
18.00 100,00
‘4.00 100,00
;2.23 100.00
i2.33 .* 100.00
14.00 ! 100.00
17.00 ; 100.00
11.11
!6.16

-~ 100.00
:100.00

!2.00 100,00
8,60 I 99.66
6,66 98.34
3.08 94.90
1,00 - 88.94

0.00
0.00
0.OO
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.36
1.31
3.44
6.96
7,13

1.000 10.00

FM

- Size (n
~ ‘APASS ?JoCHAN
9.260 81.81
7,778 76.38
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0,678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0,146

70.49
66.98
64.37
62.22
60,26
68.31
66.24
63.90
61.10
47.63.
43.44
38.77
34.10
29.84
26,13
22.92
20.06
17.34
14.61
11.77
8.91
6.02
3.01

6.43
4.89
3.61
2.61
2,16
1.96
1.96
2.07
2.34
2.80
3.47
4.19
4.67
4.67
4.26
3.71
3.21
2.87
2.71
2.73
2.84
2.86
2,89
3.01
3,01

100.0
crons) -
~ ‘hPASS 9’oCHAN

Ic

‘ 10.O

‘ 9.0

~ 8.0

‘ 7.0

~ 6.0

‘ 5.0

4.0

3.0

2.0

1.0

0.0
0

~ ?40PASS YoCHAN

1-
;.
I



Padicle Size Analysis CI06 Simulant Date: 02/07/ O Meas #: NIA
Sample S4-1/17 Time: 14:11 Pres # N/A

CI06 Simulant;SampleS4-1/17 Summary Percentiles Dia Vol% Width
m1.0MNaOH/1.OM NaN03solution
40 mlk.ec ;,

mv = 4.149 10% =-0 = 0.164 0.162 100% 0.091
mn = 0.184 20%= 0.133 70%= 0.180

.,. ma = 0.688 30% = 0.138 80%= 0.206
,.J

I Cs I❑ 8.717 40%= 0.444 90%= 0.261
sd = 0.046 50%= 0.162 96%= 0.334 I

‘%;AfS
.

90.0

80.0

70.0

60.0

‘50.0-
. .

40.0

30.0 ‘.:

20.0

10.0

J.o
0.100

%

1.000 10.00 100.0
! - Size (n

SIZE i %PASS OACHAN SIZE ?40PASS ‘?40CHAN
TiJrAo 100.00 0.00 mio 100.00 0.00

7.778 100.00 0.00692,0 100.00
497.8 100,00
418,6 100.00
362,0 ~ 100.00
296,0 100.00
248.9 100.00
209.3
176.0 ‘ ::::::
148.0 100.00
124.6: \ 100.00
104,7 i 100.00
08,00, i 100.00
74,00 ; 100.00
62.23 , 100.00
62,33 ! 100.00
44.00- 100.00
37.00 , 100.00
31.11 100.OO
26.16 100.00
22.00 ~100.00
18.60 :100.00
16,66 L 100.00

98 100.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00.
0.00
0.00
0,00
0.00
0.OO
0.00
0.00

,....’4- 100.00, 0.00

II
i
. .
!

.:

..

I
:

6.641
6.600
4,626
3.889
3,270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0,486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.00
100.00 0.01
99.99 0.02
99.97 0.03
99.94 0,07
99.87 0.13
99.74 0.21
99.63 0.32
99.21 0.47
98.74 0.69
98.06 1.03
97.02 1.64
96.38 2.79
92.69 4.88
87.71 8.26
79.46 14.13
66.33 24.40
40.93 40.93

crons) -
YoPASS YoCHANqzJ _. —

,CHAh
50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
1000 ‘

* %PASS YoCHAN

,,.... .



Patiicle Size Analysis
:106SimulanUSampleS4-1117
11.0 M NaOH/1.OM NaN03solution
Omlkec

CI06 Simulant Date: 02/07/ O Meas #: NIA
Sample S4-1/17 Time: 14:20 Pres#: N/A
Summary Percentiles Dia Vol% Width

mv ❑ 4.203 ~0% = 0.128 60% ❑ 0.166 0.163 100% 0.094
mn ❑ 0.186 20’% = 0.133 70%= 0.181
ma ❑ 0.662 30% = 0.138 80%= 0.208
Cs = 9.069 40% = 0.146 90% ❑ 0.266
sd ❑ 0.047 60% ❑ 0.163 96%= 0.341

%PASS
100.0

90.0

80.0

70.0

60.0

-5-():0“-2-
.-. .—

40.0

‘30.0”‘ - —...

20.0

10.0

0.0
0.100

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
1.000 10.00 100.0

- Size (n
yZJ. OYiPASS OACHAN _SIZE ‘hPASS ‘hCHAN
704.0 .100.00
592.0 ~100.00
!97.8 ! 100.00
!18.6 :100.00
162.0
~96,02

; 100.00
} 100.00

~48a9 ~100.00
~09m3- -f 100,00

176,0 4100.00
148.0
124.6 : ;:::::
104.7 ‘ 100.00
18.00 100.00
T4.0() 100.00
;2.23 100.OO
i2.33 ‘ 100,00
14.00 f 100.00
17,00 100.00
11.11 ‘ 100.00
!6m16 100.00
!2+-J0 100.00
18.60 100.00
16.66 100.00
13.08 100,00
[1.00 100coo

0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0,00
0,00
0.00
0.OO
0.OO
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.OO
0.00
0.OO

9.260
7.778
6.641
6,600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1,166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
99.99
99.98
99.96.
99.90
99.80
99.61
99.30
98.81
98,06
96.91,
96,12
92.17
87.17
78.86
64.67
40.37

0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.01
0.O1
0.03
0.06
0.10
0.19
0.31
0.49
0.76
1.16
1,79
2.96
6.00
8.31
14.19
24.30
40.37

crons) -
qzJ OhPASS OACHAN

1000

~ ?LoPASS YoCHAN

1.
1:
t. . .

,. I
,., .

i ~~



Parficle Size Analysis CI06 Simulant Date: 02/07/O Meas #: NIA
Sample S4-1/17 Time: 14:20 Pres #: N/A

C106Simulant;SampleS4-1/17 Summary Percentiles Dia Vol% Width
m1.0MNaOH/1,0 M NaN03 solution mv = 4.203 10%= 0.212 60%= 3.486 8.744 42% 7.384
60mllsec mn = 0.18S 20%= 0.377 70%= 6.711 0.806 42% 1.134

ma = 0.662 30% ❑ 0.618 80%= 9.003 0.243 6% 0,068
/ --+ Cs ❑ 9.069 40% = 0.926 90%= 11.38 0.160 10% 00062

I sd ❑ 4.791 160%= 1.477 96%= 13.14 I,.

%CHAN
100.0

90.0

80;0

70.0

60.0

‘%0:0--” ‘“
. .

40.0
,?.

30.0’”- —,. s

20.0

.“,,.
qo.o,t:. —
4 . . .

‘o ‘-—
.;”’)().q()()

i

T
-.

1.000 10:00
- Size (microns) -

) I 1 I I I I If

100.0

-j %PASS ?40CHAN ~ YoPASS O/oCHAN ~ YoPASS YoCHAN
704.0 400.00 9.260
692,0 ‘ 100.00
497.8’ I 100.00
418.6 f 100.00
362.0 100.00
296,0 ‘ 100.00
248.9 100.00
209.3 100.00
176,0 100.00
148,0 100.00
124.6 “ 100.00
104.7 100.00
B8000 100.00
74,00 100.OO
62,23 100.00
62,33,: .100.00
44.00 ~100.00
37.00

-1
100.00

31.11 I !“100.00
26,16 { 100,00
22.00 -, 100.00
li.60 99.67
j6,66 l{. : 98.38

98 94,88
~ ,JO“- 88,66

.,’

I ,..,...1 .“.

,-. .J

f; !: “
,..’

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.OO
0.00
0.OO
0.33
1.29
3.60
6.23
7.61

Ii:;

—-. . . . . . . .— .-.

7.778
6.641
6.600
4.626
3.889
3,270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0,172
0.146

81.14
74.40
69.36
66.81
63,23
61.17
69.36
67.61
66.83
63.88
61.69
48.76-
46.28
41.21
36.86
32,63
28.48
24.80
21.47
18.38
16.36
12.31
9,29
6.26
3.11

6.74
6.06
3.64
2.68
2.06
1.82
1.74
1.78
1.96
2.29
2.83
3,48
4.07
4.36
4.32
4,06
3.68
3.33
3.09
3.02
3.06
3.02
3.04
3.14
3.11

,-. -, ....-=

‘ 10.0

‘ 9.0

B 8.0

‘ 7.0

‘ 6.0

‘ 5.0

‘ 4.0

3.0

2.0

1.0

0.0
D

-.-..—-. =— --—-- ---- -- .- .—.. - ,—.

~ %PASS !40CHAN

- --. ..——--- -F-.—- - ---



.—

Patiicle Size Analysis
C106 Simulant Date: 02/071 O Meas #: NIA
Sample S4-1/17 Time: 14:32 Pres #: N/A

106 Simulanti SampleS4-1/17 Summary Percentiles Dia Vol% Width
11.0 MNaOti/1.O MNaN03 solution mv = 4.237 10% =-0 = 3.763 8.684 46% 7.707
onicated at 40 W for 90 seq 60 mlkec mn = 0.182 20°h= 0.328 70%= 6.884 0.720 38% 1.001

I ma ❑

I I
0.618 30% = 0.638 80%= 9.094 0.243 7% 0.068

Cs = 9.717 40%= 0.863 90%= 11.41 0.160 10% 0.059
I sd = 4,841 160%= 1.479 96%= 13.16 I
I u t

%PASS %CHAN
100.0

90.0

80.0

70.0

60.0

I
~o:o.-. . .

4

‘3. .

2

1
t

o
:0.ioo

i

. .

;IZE ?40PASS O/oCHAN—
‘04.0
92.0
97.8
18.6
62.0 ;
96,0
48.9
09.3 i
76.0
48.0
24.6
04.7
8.00
4.00 “
2.23
;2,33
14.oo
17.00
11,11>
!6.16
!2.00
8.60
6,66
3,08
1.00

100.00
0100.00

100.00
100.00

:100.00
100,00

i 100.00

I100.00
; 100.00
‘ 100.00
, 100.00
, 100.00

J 100.OO
j 100,00
“ 100.00

.. 100.00
100.OO
100.00

, 100.00
100.00
100.00
99.68
98,41
94.87
88.48

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0,00
0,00
0.32
1.27
3.64
6,39
7.74

1.000 10:00
- Size (n

SIZE YoPASS YoCHAN
Fziil 80.74 6.93
7.778
6.641
6.600
4,626
3.889
3.270
2,760
2.312
1.946
1.636
1.376
1.166
0.972
0,818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

73.81
68.66
66.04
62.43
60,36
68.66
66.86
66.16
63.36
61.34
48.94
46.06
42,73
39.09
36.32
31.66
27.89
24.34
20.90
17.48
14.01
10.69
7.14
3.66

6.16
3.61
2.61
2.07
1,81
1.70
1.70
1,79
2.02
2.40
2.88
3.33
3.64
3,77
3.76
3.67
3.66
3.44
3.42
3.47
3.42
3.46
3.69
3.6$

—

—

—

—

—

—

—

—

—

100.0
crons) -
yzJ ?40PASS OhCHAN

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

I(I

‘ 10.0

‘ 9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

O.G
D

SIZE ?loPASS YoCHAN

. .

i ‘:



Particle Size Analysis
CI06 Simulant Date: 02/07/ O Meas #: NIA
Sample S4-1/17 Time: 14:32 Pres #: NIA

CI06 Simulant; Sample S4-1/17 Summary Percentiles Dia Vol% Width
m1,0MNaOH/1,0 M NaN03 solution mv = 10% = 0.128 60%= 0.166 0.163 100% 0.092ronicatedat 40W for 90see; 60 ml/see mn

I

= 0.182 20%= 0.133 70%= 0.180
ma S= 0.618 30%= 0.138 80%= 0.207
Cs = 9.717 40%= 0.146 90% ❑ 0.261 I

I sd = 0.046 160%= 0.163 96%= 0.330 I

:OIA:S
.

90.0

80.0

70.0

60.0

-5tro-[

II
—.....

40.0,...,,

‘30.0::,“,,

20.0

10.0;?
I,

I

““0;0.100

~. ?40PASS YoCHAN

704.0 100.00
692.0 ,, 100.00
497.8:
418.6 I ~~~$~
;:;.: J j :;:.:; -

248:9 ~100:00”

209.31 ‘+ 100.00

;fi:: ! ;:::::

124.6 ‘ -1 qOO00
104,7 ! 100:00
B8,00 .j.400.00
74.00 ! 100.00
62,23 ! 100.00
62.33, ~y 100.00
44,00 ! 100.00
37.00 :100.00
31.11 :100.00
26.16 100.00
22.00 100.00
18.60 100.00
16,66 “ 100.00
“ q8 100.00

t
Jo 100.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

I

~..

,,: ;“
.:

.(

,.

1.000 10:00 100.0.
- Size (r

~ ?40PASS YoCHAN
9.260
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0,204
0.172
0.146

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
99.99
99.98
99.96
99.92
99.84
99.70
99.46
99.06
98.40
97.32
96.66
92.62
87.60
79.30
66.10
40.61

0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0,00
0.01
0.01
0.02
0.04
0.08
0.14
0.24
0.40
0.66
1.08
1.76
2.94
6.02
8,30
14.20
24,49
40.61

crons) -
~ VOPASS OACHAN

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
‘lOoo

~ OhPASS ?LoCHAN
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