
PNWD-3216 
WTP-RPT-019, Rev 0 

 
 

 

 
 
 
 
Performance of Tubular Porous Metal 
Crossflow Filters 
 
 
 
G. R. Golcar 
 
 
 
 
 
 
 
 
 
November 2002 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Prepared for Bechtel National Inc. 
under Contract No. 24590-101-TSA-W0000-0004  



 

 

 
 
 
 
 
 
 
 

LEGAL NOTICE 
 

This report was prepared by Battelle Memorial Institute (Battelle) as an account of 
sponsored research activities.  Neither Client nor Battelle nor any person acting on 
behalf of either: makes any warranty or representation, express or 
implied, with respect to the accuracy, completeness, or usefulness of the 
information contained in this report, or that the use of any information, apparatus, 
process, or composition disclosed in this report may not infringe privately owned 
rights; or assumes any liabilities with respect to the use of, or for damages 
resulting from the use of, any information, apparatus, process, or composition 
disclosed in this report. 

 
References herein to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise, does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by Battelle.  The views and 
opinions of authors expressed herein do not necessarily state or reflect those of 
Battelle. 
 



PNWD-3216 
WTP-RPT-019, Rev 0 

 
 
 
 
 
 
Performance of Tubular Porous Metal 
Crossflow Filters 
 
 
 
 
 
G. R. Golcar 
 
 
 
 
 
 
 
 
 
November 2002 
 
 
 
Prepared for 
Bechtel National Inc. 
under Contract No. 24590-101-TSA-W0000-0004 
 
 
 
 
 
 
 
 
Battelle, Pacific Northwest Division 
Richland, Washington, 99352 



 

 
 
 

Completeness of Testing 
 
 
This report describes the results of work and testing not specified by a test plan or 
test specification.  The work and any associated testing followed the quality 
assurance requirements of the WTP Support Project.  The descriptions provided 
in this test report are an accurate account of both the conduct of the work and the 
data collected. Also reported are any unusual or anomalous occurrences that are 
different from expected results.  The test results and this report have been 
reviewed and verified. 
 

 
 

Approved: 
 

_____________________________________  _________________ 
Gordon H. Beeman, Manager     Date 
WTP R&T Support Project 

 
 
 
 

 
 
 
 
_____________________________________  _________________ 
G. Todd Wright, Manager     Date 
Research and Technology 
 



 

iii 

Summary 
 

 In the course of developing Envelope D simulants for scaled crossflow filtration testing in support 
of the River Protection Project-Waste Treatment Plant (RPP-WTP) project documented in Golcar et al. 
(2000), simulants were tested in the cell unit filter (CUF) and a large number of crossflow filtration flux 
results were obtained using a 0.1-micron Graver, a 0.1-micron liquid-service, industrial-grade Mott, and 
0.5-micron liquid-service, industrial-grade Mott filter elements.  The goal of conducting parametric CUF 
tests with various filter elements was to replicate the operating and experimental conditions of the actual 
waste trials and to validate simulant filtration performance.  A large amount of filtration data were 
obtained but only those results that provided direct simulant filtration performance data compared with 
actual waste results were reported (Golcar et al. 2000).  
 
 The objective of this report is to document the unpublished crossflow filtration data generated 
from testing the Envelope D HLW filtration simulants during the development phase of these simulants. 
This report is merely a compilation of previous test data and mostly not the work performed 
directly in support of the WTP.  The goal of testing in FY 2000 was not to examine the performance of 
various filters in a comprehensive parametric fashion, but because these data provide valuable insight into 
optimum filter elements for the design of the WTP they are presented in this report. A detailed filtration 
flux data package for each filter element at various test matrix conditions is also provided in this 
document. 
 Filter flux data were measured using the C-106 and AZ-101/102 filtration simulants at various 
slurry solids loadings.  The experiments were conducted in a Battelle-constructed CUF testing apparatus 
with a single-tube filter module similar to the system used for the radioactive waste testing.  The C-106 
simulant was tested in the CUF at two series of “low” and “high” axial velocities (6–9 ft/sec and 9–12 
ft/sec) and transmembrane pressures (12.5–35 psid versus 30–70 psid) at 8 wt% insoluble solids loading.  
The AZ-101/102 simulant was tested only at “high” testing conditions at 5 and 15 wt% insoluble solids.  
In all tests the filtrate was recycled back into the feed tank to maintain a constant solids concentration.  
The baseline 0.1-micron industrial grade, Mott stainless steel filter was compared with a 0.5-micron 
industrial grade, Mott stainless steel filter and a 0.1-micron “Scepter” Graver filter.  A list of filtration 
flux data for each filter type is summarized in Table S.1. 
 

Table S.1.  List of Filtration Flux Data Discussed in This Report 
 

 
 
 

Filter Element 

 
C-106 Simulant at 

8 wt%, “Low” 
Conditions 

 
C-106 Simulant at  

8 wt%, “High” 
Conditions 

AZ-101/102 
Simulant at  

5 wt%, “High” 
Conditions 

AZ101/102  Simulant 
at  

15 wt%, “High” 
Conditions 

0.1-micron Mott 
 

Industrial Grade 

Not Available 9–12 ft/sec;  
30–70 psid 

7.2–13.1 ft/sec;  
30–70 psid 

6–11.5 ft/sec;  
30–70 psid 

0.5-micron Mott 
 

Industrial Grade 

4.5–9 ft/sec; 
 12.5–35 psid 

9–12 ft/sec; 30–70 
psid 

7.2–13.1 ft/sec;  
30–70 psid 

6–11.5 ft/sec;  
30–70 psid 

0.1-micron 
Graver 

4.5–9 ft/sec; 
 12.5–35 psid 

Not Available Not Available Not Available 
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 The filtrate fluxes for the C-106 simulant at “low” testing conditions of 4.5–9 ft/sec axial velocity 
and 12.5–35 psid transmembrane pressure indicate that, overall, the filtrate fluxes were similar when the 
simulant was crossflow-filtered either with the 0.5-micron industrial grade Mott filter or the 0.1-micron 
Graver filter.  A closer examination of the center point (20 psid and 6 ft/sec) flux data show that in the 
course of ~8 hours of CUF operation, the performance of the 0.1-micron Graver filter was less sensitive 
(or almost insensitive) to particle deagglomeration and subsurface pore plugging than the 0.5-micron 
industrial grade Mott filter.   
 
 The results for the C-106 simulant at “high” testing conditions of 9–12 ft/sec axial velocity and 
30–70 psid transmembrane pressure indicate that the fluxes of the 0.1-micron industrial grade Mott filter 
for all run conditions are greater than those achieved with 0.5-micron, liquid-service, industrial-grade 
Mott filter.  Depending on the test matrix conditions, the filtrate flux with the 0.1-micron liquid-service 
Mott filter were 14% to 450% greater than the results with 0.5-micron, liquid-service Mott filter.  
 
 Similarly, for all run conditions with the AZ-101/102 simulant, the average filtrate fluxes with 
0.1-micron industrial grade Mott filter were greater than the fluxes observed with 0.5-micron, liquid-
service, industrial-grade Mott filter at 5 wt% insoluble solids.  The results support our conclusion that the 
larger pore size of the 0.5-micron Mott filter caused the filter to be more susceptible to internal/subsurface 
fouling. 
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1.1 

1.0 Introduction 

 The baseline flow sheets for the River Protection Project-Waste Treatment Plant (RPP-WTP) 
indicate the use of a crossflow filtration system for solid-liquid separation of low-activity waste (LAW) 
and high-level waste (HLW) streams (DOE-RL 1996).  The RPP-WTP flow sheets also use crossflow 
filtration to separate the leach and wash solutions from the solids between each step.  The work reported 
compares the performance of various tubular porous metal filters examined in the cell unit filter (CUF) 
filtration rig fabricated at Battelle.   
 
 In the course of developing Envelope D- simulants for scaled cross flow filtration testing in 
support of the RPP-WTP project, simulants were tested in the CUF, and a large number of crossflow 
filtration flux results were obtained.  The tests were conducted to examine and verify the filtration 
performance of formulated simulants relative to the available actual waste data at filter media and 
operating conditions similar to those used in the actual waste testing.  The CUF testing conducted in 
FY 2000 was not aimed at examining the performance of various filters in a comprehensive parametric 
fashion.  This report is merely a compilation of previous test data and mostly not the work 
performed directly in support of the WTP. 
 
 
 CUF trials were conducted at various axial velocity and transmembrane pressure conditions using 
a 0.1-micron Graver filter, a 0.1-micron liquid-service, industrial-grade Mott filter, and 0.5-micron 
industrial-grade, Mott filter elements.  The entire set of simulant CUF testing results with various filters 
was not included in the Envelope-D HLW simulant development report prepared in FY 2000 (Golcar et 
al. 2000).  Only the simulant CUF results that provide direct comparison with the available actual waste 
data were reported.  The results of unpublished crossflow filtration tests for 0.1-micron Graver filter and 
0.5-micron liquid-service, industrial-grade Mott filter provide valuable insight in determining the 
performance of alternative filter media against the baseline Mott 0.1-micron liquid-service, industrial-
grade filter.  Thus, the Bechtel filtration design team has requested that Battelle prepare and publish a 
document describing these comparative CUF results. 

 
1.1 Objectives 

 The specific objectives of this report are to: 
 

• Document the unpublished crossflow filtration data produced from testing the Envelope-D HLW 
filtration simulants in support of the RPP-WTP project. 

• Compare the filtrate flux rates of the baseline 0.1-micron Mott filter media with the filtrate flux 
rates of the 0.5-micron Mott filter and 0.1-micron Graver filter at the same axial velocity and 
transmembrane pressure conditions. 

• Describe the HLW filtration simulant slurries used in these CUF trials and their solids loadings. 
• Provide details of the CUF testing matrix and the experimental apparatus.   
• Present the filtrate flux profiles as a function of time for tested filter elements. 
• Provide a detailed crossflow filtration raw data package sustaining tested filters performance 

evaluation. 
 
 
  



 

2.1 

2.0 Experimental 

 The filtration simulant slurries were tested at various slurry solids loadings.  A Battelle-
constructed CUF testing apparatus and single tube filter modules similar to the system for the radioactive 
testing were used.  The specifics of the slurry materials, equipment description, filter element ratings and 
dimensions, and testing conditions are described in the following sections. 
 
2.1 Tested Slurry Materials  

 The AZ-101/102 and C-106 Envelope-D HLW simulants developed by Battelle for the crossflow 
filtration equipment testing were used (Golcar et al. 2000) in evaluating the performance of various filter 
elements.  In this document the filtrate flux data at 8 wt% insoluble solids are presented for the tests with 
the C-106 filtration simulant.  In the case of testing with the AZ-101/102 filtration simulant, the CUF 
results at 5 and 15 wt% insoluble solids are discussed.  
 
 Because the morphology of the AZ-101/102 and C-106 filtration slurry simulants are unique, the 
performance of the filter elements is examined for two different types of slurries (see section 3.2 for 
detail).  The solids morphology and agglomeration/deagglomeration of the AZ-101/102 simulant is driven 
by the high concentration of iron-bearing solids, whereas the C-106 simulant morphology is influenced by 
the high concentration of aluminum-bearing solids.  The difference in the morphology of these two 
simulants induces variation in the declining behavior of the filtrate flux over the course of testing as a 
result of particle deagglomeration, cake enrichment with fine particles over time, and filter plugging.  
 
 The simulant formulations are described in Appendix A.  Detailed characteristics of these simu-
lants, the formulation rationale, and the supporting CUF validation performance against radioactive CUF 
trials are described in Golcar et al. (2000).   
 
2.2 Equipment Description 

 The Battelle-constructed CUF testing apparatus and single-tube filter modules were used for this 
work.  The filtration test target conditions (presented in Tables 2.3 and 2.4) were based on the conditions 
used for the actual C-104 and AZ-102 CUF testing.  In the actual waste CUF testing, these conditions 
were used to determine the optimum waste feed dewatering conditions. 

  
2.2.1 Filter Media Specification 

The baseline 0.1-micron rated Mott liquid-service stainless steel filter was compared with a 0.5-micron 
liquid-service stainless steel Mott filter and a 0.1-micron “Scepter” Graver filter.  The engineering 
properties and dimensions of tested filters are summarized in Table 2.1. 
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Table 2.1.  Properties and Dimensions of Tested Porous Metal Filters 

 

Filter Media 
Micron 
Grade  

Outer Diameter 
(in) 

Inner Diameter 
(in) 

Porous Element 
Length (in) 

Liquid-service, industrial-grade 
Mott 

0.1 0.500 0.375 24 

Liquid-service, industrial-grade 
Mott 

0.5 0.625 0.500 6 

“Scepter” Graver  0.1 -- 0.250 24 
 
 
 The liquid-service Mott filters are seamless tubes fabricated by sintering 316 stainless steel 
pregraded particles.  The pore size is controlled by the size of primary particles and the sintering 
condition.  The pore size distribution is controlled uniformly within the thickness of the filter.  Both Mott 
filters are 0.0625 inches wall thickness.   
 
 The “Scepter” Graver filter is a coated ceramic stainless steel filter that is fabricated by applying 
a thin layer of sintered titanium dioxide coating, 0.1-micron pore size, that is bonded to the porous 
stainless steel substrate tube of 1.0-micron pore size.  The resulting Graver filter has 0.1-micron pores at 
the surface and a more open internal structure to reduce overall filter resistance.   
 
2.2.2 Test Apparatus and Operation  

 Crossflow filtration testing of both HLW Envelope-D filtration simulants was conducted on a 
Battelle-modified CUF with the following specifications: 
• single tube filter module, as described in Section 2.2.1 
• recirculation flow such that 5 m/s (15ft/sec) maximum linear crossflow velocity can be achieved 

through the filter tube with water 
• maximum transmembrane pressure 80 psid with water. 

 
 A photograph of the CUF used for this testing is shown in Figure 2.1.  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 transmembrane 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 slurry temperature was maintained at 25 ± 5°C for all filtrate rate testing.  The flux was 
corrected (for both simulant and actual waste) to 25°C using the formula (Equation 2.1) provided by 
Bechtel National Inc. (BNI) to correct for viscosity and surface tension changes: 
 

 
     (2.1) 

      
 

 
where Flux25C is the corrected filtrate flux, and T is the temperature (°C) at the flux measurement (FluxT). 
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 Because the RPP-WTP project has plans to operate the crossflow filtration system at higher axial 
velocity and transmembrane pressure, the C-106 and AZ-101/102 simulants were also tested at these 
higher experimental conditions. The HLW filtration test conditions were based on a 5-point matrix around 
the center-point at 50 psid and 12.2 ft/sec, transmembrane pressures of 30, 50, and 70 psid, and a velocity 
range of 9.1–13.1ft/sec.   
 
 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. The system was back 
pulsed twice between each condition except during the testing at conditions similar to those conducted on 
actual waste samples (see Brooks et al. 2000a,b). The 0.1- and 0.5-micron Mott filters were used for these 
test series. The slurry temperature was maintained at 25 ± 5°C for all filtration testing.  
 

 
 

Figure 2.1.  Photograph of the Cold Crossflow Filtration System 
 
 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 HNO3 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 demineralized 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 and are 
presented in Table 2.2 for the 0.1 micron Graver filter, and the 0.1 and 0.5 micron Liquid-service 
Industrial-grade Mott Filters.  Once the filtration flux exceeded the listed fluxes in Table 2.2 and were 
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maintained constant for 30 minutes, the filter was considered clean and the next set of test were 
performed. 
 
 
Table 2.2.  Clean Water Flux for 0.1 Micron Graver, 0.1 and 0.5 Micron Liquid-Service, Industrial-Grade 

Mott Filters   
 

Flux (gpm/ft2) 
 

Trans-Membrane 
Pressure (psid) 

Graver Filter 
 0.1-micron 

Mott Filter  
0.1-micron 

Mott Filter 
0.5-micron 

10 0.072 1.0 2.8 
20 0.132 2.5 5.0 
30 0.215 2.8 7.4 

 
 
2.3 Experimental Matrix  

 The target axial velocity and transmembrane pressures for the low and high testing condition 
series using C-106 filtration simulant at 8 wt% insoluble solids are presented in Table 2.3.  

 
 The C-106 simulant was tested in the CUF at two distinct series of low and high axial velocities 
and transmembrane experimental conditions.  The solids loading in the C-106 slurry simulant was 8 wt% 
insoluble solids for both the low and high series.  The AZ-101/102 simulant was tested only at high 
testing conditions.(1)  The AZ-101/102 simulant was tested at 5 and 15 wt% insoluble solids.  In all tests 
the filtrate was recycled back into the feed tank to maintain the steady-state solids concentration.  
 

Table 2.3.  The C-106 Filtration Simulant “Low” Testing Condition Series Target conditions 
 

“Low” Testing Condition Series 
0.1 Micron Graver and 0.5 Micron Mott Filters 

“High” Testing Condition Series 
0.1 and 0.5 Micron Mott Filters 

Condition # Target 
Velocity 

(ft/s) 

Target 
Pressure 

(psid) 

Condition # Target 
Velocity 

(ft/s) 

Target  
Pressure 

(psid) 

1 6 20 1 12.2 50 
2 4.5 12.5 2 9.2 30 
3 9 20 3 11.3 70 
4 6 35 4 11.4 30 
5 6 20 5 9.1 70 
6 6 5 6 12.2 50 
7 7.5 27 
8 6 20 

   

 

                                                 
(1)  As discussed in Golcar et al. (2000), at the time of developing the AZ-101/102 filtration simulant, no actual 
waste CUF data were available to examine the performance of the developed simulant.  Efforts were made to create 
a simulant that exhibited a declining flux behavior over time (in terms of the one-hour run time and over the entire 
testing matrix), similar to that seen in the CUF testing of most actual waste samples.  
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 For the low testing condition series the axial velocities of 3–7.5 ft/sec and transmembrane 
pressures of 5–35 psid were targeted.  The C-106 simulant CUF testing in the low testing condition series 
was driven by emulating the same CUF testing condition conducted on the actual C-106 waste (see 
Geeting and Reynolds 1997).  Each condition was tested for 60 minutes with back pulsing 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 back-pulsed twice.  The 0.1-micron Graver and 0.5-
micron Mott filters were used for the low testing condition series.   
 
 Filter back pulsing was conducted by opening a toggle valve and allowing the back-pulse 
chamber to fill with filtrate.  The toggle valve was then closed and the back-pulse chamber was 
pressurized with air at approximate 60 psi through a three-way valve.  Once charged, the toggle valve was 
then opened, allowing the pressurized filtrate to back-pulse the filter element. 
 
 The matrix performed with the AZ-101/102 filtration simulant prepared at 5 and 15 wt% 
insoluble solids at various target transmembrane pressure and axial velocity conditions are listed in Table 
2.4.  These conditions were the same as the planned conditions for the actual AZ-102 sample that was 
later tested by Battelle with the hot CUF ultra filter during January 2000. 
 

Table 2.4.  Test Conditions for the AZ-101/102 Simulant at 5 and 15 wt% Solids Using 0.1- and 0.5-
micron Mott Filters  

 

Condition # 
Velocity at 5 wt% 

(ft/sec) 
Velocity at 15 wt% 

(ft/sec) 
Pressure 

(psid) 
1 9.4 7.8 50 
2 7.6 6.6 30 
3 7.2 5.9 70 
4 7.8 8.5 30 
5 8.6 8.9 50 
6 13.1 11.5 30 

 



 

3.1 

3.0 Results and Discussion 

 The results discussion is divided into three sections.  Section 3.1 describes C-106 simulant filter 
performance results at 8 wt% insoluble solids loading; Section 3.2 discusses AZ-101/102 simulant filter 
performance results at 5 and 15 wt% insoluble solids loading; and section 3.3 compares the particle size 
distribution of the C-106 and AZ-101/102 filtration simulants.  The filtrate flux profiles and raw data at 
each condition are presented and compared in detail in Appendix B.   
 
3.1 C-106 Simulant Filter Performance Results 

 The unpublished data for the C-106 simulant at 8 wt% insoluble solids consisted of two sets of 
testing matrixes:  
 

• 0.1-micron Graver and 0.5-micron liquid-service, industrial-grade Mott filters at low axial 
velocities of 6–9 ft/sec and 12.5–35 psid transmembrane pressures conditions   

• 0.5-micron liquid-service, industrial-grade Mott filter and the project baseline 0.1-micron liquid-
service, industrial-grade Mott Filter at high axial velocities of 9–12 ft/sec and 30–70 psid 
transmembrane pressure conditions. 

 
A fresh batch of simulant was used for each testing matrix to account for solids de-agglomeration 

as the flux results for each filter type are compared. The solid particles are expected to de-agglomerate in 
the crossflow filtration loop as a result of the shearing that occurs during the course of the CUF testing.  
The low axial velocity and transmembrane pressure set consisted of eight conditions.  In this matrix 
incremental increases in the condition number also represent an increase in the total time of CUF 
operation.  For instance, the condition #1 represent the first hour of the slurry re-circulation in the CUF 
flow loop and the condition #6 represents six hours of slurry re-circulation in the CUF.  
 

As described in section 2.2.2 each condition was run for 60 min with back pulsing once after 30 
minutes of operation.  The average filtrate fluxes for the 0.1-micron Graver and 0.5-micron liquid-service, 
industrial-grade Mott filters for these conditions are shown in Table 3.1.  The actual velocities and 
pressures for both sets are within 5% of the target values for both testing matrices.  For comparison of test 
conditions, the flux rate is averaged over the 30 minutes of continuous operation, except the first 5 
minutes of operation after the system was back pulsed.  All the flux data have been corrected to 25°C 
using the formula (Equation 2.1, see section 2.2.2) to correct for viscosity and surface tension changes.   
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Table 3.1.  The C-106 Filtration Simulant Average Filtrate Flux at Low Axial Velocity and 
Transmembrane Pressure Conditions Using 0.1 micron Graver & 0.5 micron Liquid-Service Mott Filters 

 

Average Filtrate Flux (gpm/ft2)  
0.1 Micron Graver Filter 0.5 Micron Mott Filter 

Condition 
# 

Average 
Velocity 

(ft/s) 

Average 
Pressure 

(psid) (1st 30 min) (2nd 30 min) (1st 30 min) (2nd 30 min) 
% Difference (a) 

(1st /2nd ) 
1 6.0 20.1 0.038 0.038 0.048 0.040 -23%/-5% 
2 4.5 12.6 0.024 0.025 0.028 0.029 -15%/-15% 
3 9.1 20.0 0.102 0.022 0.063 0.062 47%/51% 
4 6.0 35.0 0.034 0.033 0.032 0.036 6%/-9% 
5 6.0 20.0 0.039 0.037 0.035 0.033 11%/11% 
6 6.0 5.2 0.025 0.021 0.043 0.054 -53%/-88% 
7 7.4 27.4 0.032 0.035 0.044 0.042 -32%/-18% 
8 6.0 20.1 0.038 0.036 0.035 0.029 14%/22% 

(a) Relative Percentage Difference =( 2(V0.1g-V0.5m)/(V0.1g+V0.5m) ) x 100 
      where: V0.1g = Average 0.1 micron Graver filtrate flux ≥5 min 
  V0.5m = Average 0.5 micron Mott filtrate flux ≥5 min  
 
 The first 5 minutes of CUF operation was excluded from averaging the fluxes because fluxes 
collected at this stage are a direct result of the variation in the system back pulsing operation.  The flux 
profiles in all cases (see Appendix B) show that the high initial flux rates drop within a few minutes to a 
lower, more consistent flux rate that slowly decreases over time.  An example of this rapid decline in the 
filtration flux in the initial minutes of testing is illustrated in Figure 3.1.  
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Figure 3.1.  An Illustration of the Rapid Decline in the Filtration Flux in the Initial Minutes of Testing 
 
 The average filtrate flux as a function of run condition is graphed in Figure 3.2. The results 
shown in Figure 3.2 and Table 3.1 indicate that, overall, the filtrate fluxes were similar when the simulant 
was crossflow filtered with the 0.5 micron liquid-service industrial grade Mott filter or the 0.1 micron 
Graver filter except for condition #3 and condition #6.  At higher axial velocity of 9 ft/s for condition #3, 
the average flux was 50% higher for the 0.1 micron Graver filter, whereas the average flux of the 0.1 
micron Graver filter was approximately 50-80% lower as the transmembrane pressure was decreased to 5 
psi for condition #6. 
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C-106 Simulant at 8 Wt% Insoluble Solids
0.1 Micron Graver Filter and 0.5 micron Mott Filter 
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Figure 3.2.  C-106 Filtration Simulant Average Filtrate Flux at Low Axial Velocity and Transmembrane 

Pressure Conditions Using 0.1 micron Graver & 0.5 micron Liquid-Service Mott Filters 
 
   A closer examination of the test matrix center point (conditions 1, 5 and 8) filtrate flux profiles at 
20 psid transmembrane pressure and 6 ft/s axial velocity shown in Figure 3.3 and Figure 3.4 for the 1st 
and 2nd 30 minutes of testing reveal additional insight to the performance of these two filters.  As seen in 
condition #1, the 0.5 micron Mott filter fluxes are initially higher when compared to the results with the 
0.1 micron Graver filter.  However, the 0.5 micron Mott filter fluxes gradually decline below the 0.1 
micron Graver filter filtration fluxes during the 8 hours of CUF operation at similar axial velocity and 
transmembrane pressure of the conditions #5 and #8.  These center point (20 psid and 6 ft/s) fluxes show 
that in the course of ~ 8 hours of CUF operation, the 0.1 micron Graver filter is less sensitive (or almost 
insensitive) to the flux decline and filter fouling as compared to the 0.5 micron liquid-service Mott filter.  
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C-106 Simulant at 8 Wt % Insoluble solids 
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Figure 3.3.  C-106 Simulant Center Point 1st 30 Minutes Filtrate Flux Profile at Low Axial Velocity and 
Transmembrane Pressure Conditions Using 0.1 micron Graver & 0.5 micron Liquid-Service Mott Filters 
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Figure 3.4.  C-106 Simulant Center Point 2nd 30 Minutes Filtrate Flux Profile at Low Axial Velocity and 
Transmembrane Pressure Conditions Using 0.1 micron Graver & 0.5 micron Liquid-Service Mott Filters  
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 One explanation could be that since the 0.1 micron Graver is fabricated by sintering a thin coating 
of 0.1 micron porous TiO2 layer on the perforated filter substrate (see section 2.2.1), the decline in the 
filtrate flux may be primarily influenced by the formation of cake layer and cake enrichment with fine 
particles on the filter surface which induce surface fouling rather than internal pore blockage.  
Considerations for surface fouling can be further substantiated by the lack of significant change in the 
flux behavior of the center point condition and the higher average flux of condition #3 that was observed 
for the 0.1 micron Graver as a result of cake layer removal and the sweeping action of the increased axial 
velocity (9 ft/s) as opposed to the 0.5 micron Mott results.  On the other hand, the larger pores of the 0.5 
micron porous liquid-service Mott filter that are distributed within the filter thickness seem to facilitate 
the penetration of the fine particles inside the pores, which promote the internal pore fouling observed in 
the center point behavior.  This hypothesis may be further supported by the improved performance of the 
0.5 micron Mott filter at low transmembrane pressure of condition #6 and the examination of center point 
data presented in Figures 3.3 and 3.4.  
 
 The high axial velocity and transmembrane pressure matrix consisted of six conditions.  The 
average filtrate fluxes for the 0.1-micron and 0.5-micron liquid-service Mott filters for these conditions 
are listed in Table 3.2.  As described in section 2.2.2 in this test series each condition was run for 60 
minutes and was backpulsed twice in between each condition.  Again, the flux rates were averaged over 
the duration of each condition run, in this case 1-hour of run operation, and the first 5 minutes of 
operation was excluded from the average  The fluxes have been corrected to 25°C using the formula 
(Equation 2.1, see section 2.2.2) to correct for viscosity and surface tension changes.  

   
Table 3.2.  The C-106 Filtration Simulant Average Filtrate Flux at High Axial Velocity and 

Transmembrane Pressure Conditions Using 0.1 micron and 0.5 micron Liquid-Service Industrial Grade 
Mott Filters 

 
High Axial Velocity and Transmembrane Conditions 

Condition # 

Target 
Velocity 

(ft/s) 

Target 
Pressure 

(psid) 

Average Filtrate Flux 
(gpm/ft2) 

0.1 Micron Mott Filter 
(60 min) 

Average Filtrate Flux 
(gpm/ft2) 

0.5 Micron Mott Filter 
(60 min) 

1 12.2 50 0.090 0.073 
2 9.2 30 0.064 0.032 
3 11.3 70 0.115 0.021 
4 11.4 30 0.082 0.053 
5 9.1 70 0.098 0.086 
6 12.2 50 0.079 0.050 

 
 
 The average filtrate fluxes listed in Table 3.2 imply that the filtrate fluxes of the 0.1-micron 
liquid-service Mott filter for all run conditions are greater than the fluxes achieved with 0.5-micron 
liquid-service Mott filter using the C-106 slurry simulant at 8 wt% insoluble solids.  The results indicate 
that the filtrate fluxes in tests with the 0.1-micron liquid-service Mott filter for conditions #1, 4, 5, 6 are, 
respectively, 23%, 55%, 14%, and 58% higher than those with 0.5-micron liquid-service Mott filter.  
Furthermore, the performance of the 0.1-micron Mott filter is 2 times higher for condition #2 and 450% 
times higher for condition #3.  A plausible explanation for the significantly better performance of the 0.1 
micron Mott filter for condition # 3 can be described in term of filter pore sizes.  It is speculated that as 
the transmembrane pressure was increased in the condition #3 additional solid particles were penetrated 
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inside the larger pores of the 0.5 micron filter as opposed to the smaller pores of the 0.1 micron Mott 
filter, which increased the subsurface pore plugging of the 0.5 micron Mott filter.  
  
 The illustration of the filtrate fluxes in Figure 3.5 over approximately 6-hours of CUF operation 
further imply that the extent of fouling becomes more significant for the 0.5 micron Mott.  The additional 
fouling of the 0.5-micron filter is evidenced by the widening difference in the average filtrate flux of 
center point (conditions 1 and 6) filtrate fluxes at 50 psid transmembrane pressure and 12.2 ft/s axial 
velocity. The observed fluxes (shown in Table 3. 2 and Figure 3.5) seem to indicate that in crossflow 
filtration more open media (i.e. 0.5 micron pores) usually yield-after a certain initial time- a lower filtrate 
flux owing to a high degree of internal clogging. 
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Figure 3.5.  The C-106 Filtration Simulant Average Filtrate Flux at High Axial Velocity and 
Transmembrane Pressure Conditions Using 0.1 micron and 0.5 micron Industrial Grade Mott Filters 

  
3.2 AZ-101/102 Simulant Filter Performance Results  

 The AZ-101/102 filtration simulant was tested with both 0.1- and 0.5-micron liquid-service Mott 
filters.  The same crossflow filtration matrices (see Section 2.3) were conducted at 5 and 15 wt% 
insoluble solids.  
 
 The morphology of the AZ-101/102 filtration simulant is different than that of the C-106 filtration 
simulant.  It is speculated that the solids morphology and agglomeration/deagglomeration of the AZ-
101/102 simulant is driven by the high concentration of iron-bearing solids, whereas the C-106 simulant 
morphology is influenced by the high concentration of aluminum-bearing solids.  The examination 
conducted during the development phase of these two Envelope-D filtration simulants indicated that the 
agglomerates formed in the AZ-101/102 simulant demonstrated a broader range of agglomerate 
compaction than the C-106 simulant.  The broader range of agglomerate compaction in the AZ-101/102 
filtration simulant induce a dynamic solids attrition behavior during the ~6-hours of CUF operation. 
 



 

3.7 

The difference in the solids attrition/de-agglomeration characteristics of the AZ-101/102 and the 
C-106 filtration simulants can be further explained by examining the viscosities of the AZ-101/102 and 
C-106 simulants as a function of shear rate shown in Figures 3.6 and 3.7.  In these figures, both 
measurements were conducted at 25oC.  The viscosity profiles of the AZ-101/102 simulant at 10, 30 and 
40 Wt% solids loading show several fluctuation points.  As the shear rate is increased and the 
solids/agglomerates structure break down, the AZ-101/102 slurry viscosity changes from shear thinning 
to dilatant and back to shear-thinning again several times.  This behavior in the AZ-101/102 simulant 
indicates that the solid particles or the agglomerates of various compactions are present that are not de-
agglomerating or breaking down uniformly as the slurry is sheared.  On the other hand, these fluctuation 
points are absent from the C-106 viscosity profiles.  Lack of the fluctuation points suggest that the C-106 
solids/agglomerates break down uniformly as the shear rate is increased as opposed to the AZ-101/102 
solids.   

 
As explained in the previous paragraphs since the solids attrition/de-agglomeration characteristics 

behavior of the  AZ-101/102 simulant slurries differs from the C-106 simulant slurry the performance of 
the 0.1 micron and 0.5 micron filters were tested using the AZ-101/102 simulant.   
 
3.2.1 5 Wt% Insoluble Solids Loading 

 In this set of experiments, six conditions were tested. The average filtrate fluxes for the 
0.1-micron and 0.5-micron liquid-service Mott filters at 5-wt% insoluble solids in the AZ-101/102 
simulant are listed in Table 3.3. For comparison of test conditions, the flux rate was averaged over the 
1-hour run time, excluding for the initial 5 minutes of operation and the flux data have been corrected to 
25°C.   
 

Table 3.3.  The AZ-101/102 Filtration Simulant Average Filtrate Flux at 5 wt% Insoluble Solids Using 
0.1-micron and 0.5-micron Liquid-Service Mott Filters 

 

Condition 
Target Velocity 

(ft/sec) 
Target Pressure

(psid) 

Average Filtrate Flux 
(gpm/ft2) 

0.1-micron Mott Filter 
(60 min) 

Average Filtrate Flux (gpm/ft2)
0.5-micron Mott Filter 

(60 min) 
1 9.4 50 0.198 0.172 
2 7.6 30 0.115 0.058 
3 7.2 70 0.124 0.021 
4 7.8 30 0.104 0.073 
5 8.6 50 0.115 0.032 
6 13.1 30 0.104 0.068 
 
 Once again, the average filtrate fluxes listed in Table 3.3 indicate that, at 5 wt% insoluble solids, 
the 0.1-micron liquid-service Mott filter filtrate fluxes for all run conditions are greater than the fluxes 
achieved with 0.5-micron liquid-service Mott filter.  These results support the observation discussed in a 
previous section indicating that the larger pore size of the 0.5-micron Mott filter causes the filter to be 
more susceptible to internal/subsurface fouling.   
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Figure 3.6.  Viscosity as a Function of Shear Rate at 25oC for the AZ-101/102 Filtration Simulant 

Figure 3.7.  Viscosity as a Function of Shear Rate at 25oC for the C-106 Filtration Simulant 
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Table 3.3 and Figure 3.8 show that the flux rates from the 0.1 µm Mott filter are greater than that of the 
0.5 µm filter, despite the fact that the hydraulic resistance of the former is less (when new).  The 
difference in flux is most likely due to the 0.5 µm filter being more susceptible to in-depth fouling, 
causing the hydraulic resistance during the run to be greater than the smaller pore size filter, resulting in 
the lower filtration rates.  While no clean water flux measurements were made to confirm this hypothesis, 
these results are consistent with those of Geeting (1997) who reported less in-depth fouling and better 
filtration results with a 0.1 µm Graver filter compared with a 0.5 µm Mott on Hanford tank wastes.    
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Figure 3.8.  The AZ-101/102 Filtration Simulant Average Filtrate Flux at 5wt% Insoluble Solids Using 
0.1 micron and 0.5 micron Liquid-Service Mott Filters 

 
3.2.2 15 Wt% Insoluble Solids Loading  

 The average filtrate fluxes for 0.1- and 0.5-micron liquid-service Mott filters at 15 wt% insoluble 
solids in the AZ-101/102 simulant are listed in Table 3.4.  For comparing test conditions, the flux rate was 
averaged over the 1-hour run time except for the initial 5 minutes of operation, and flux data have been 
corrected to 25°C.  
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Table 3.4.  AZ-101/102 Filtration Simulant Average Filtrate Flux at 15 wt% Insoluble Solids Using 

0.1- and 0.5-micron Liquid-Service Mott Filters  
 

Condition 

 Target 
Velocity 
(ft/sec) 

Target 
Pressure 

(psid) 

Average Filtrate Flux (gpm/ft2) 
0.1-micron Mott Filter 

(60 min) 

Average Filtrate Flux (gpm/ft2)
0.5-micron Mott Filter 

(60 min) 
1 7.8 50 0.092 0.086 
2 6.6 30 0.062 0.053 
3 5.9 70 0.062 0.021 
4 8.5 30 0.069 0.058 
5 8.9 50 0.077 0.050 
6 11.5 30 0.072 0.036 
  

At 15 wt% solids the filtrate flux differences for conditions #1 and #2 are less significant than 
those in the 5 wt% solids loading.  However, during the testing with the 0.5-micron Mott filter, repeated 
back pulsing was required to re-establish the filtrate flux.  The need for back pulsing increased 
significantly between conditions #3 and #4 in tests with the 0.5-micron filter.  It is speculated that in the 
case of the 0.5-micron filter, in addition to the compaction of the cake layer deposited on the surface, the 
increased transmembrane pressure contributed substantially to the subsurface fouling of the filter. The 
average filtrate fluxes are also shown in Figure 3.9. 
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Figure 3.9.  The AZ-101/102 Filtration Simulant Average Filtrate Flux at 5wt% Insoluble Solids Using 
0.1 micron and 0.5 micron Liquid-Service Mott Filters 
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3.3 Particle Size Distribution Comparison of Tested Simulants 

 The Particle size distribution of the C-106 simulant feed that was used in CUF testing is shown in 
Figure 3.10 on a volume-weighted distribution before and after sonication.  As described before, a fresh 
batch of simulant was prepared and used for each CUF testing series for each test matrix to account for 
changes in the particles/agglomerates size distribution induced by vigorous mixing and attrition of 
particles in the CUF re-circulation as a function of CUF operation time. The major particle size peak 
modes along with the relative volume and number-weighted percentage that each peak represents are 
summarized in Table 3.5 before and after sonication.  To emulate deagglomeration of solids in the 
CUF recirculation the solids were sonicated in conducting the particle size distribution 
measurements. 

 

 
Figure 3.10.  Volume-Weighted Distribution for C-106 Filtration Simulant Before and After Sonication 

  

The particle size distribution of the C-106 simulant feed for the CUF testing on a 
volume-weighted distribution is approximated by three Gaussian peak distributions populated around 
22.0, 6.5 and 0.6 µm with respectively 59%, 12% and 29% for each peak.  When particles were sonicated 
in the particle size analyzer circulation loop the solids de-agglomerated and smaller size particles were 
produced.  On a volume-weighted distribution the sonicated particle size peak distributions were 
populated around 16.0, 0.8 and 0.2 µm with respectively 57%, 24% and 19% for each peak.  These results 
indicate that 35% of the particles in the sonicated simulant sample were smaller than 0.8 µm for the 
C-106 simulant.   
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Table 3.5.  Particle Size Distribution of C-106 Filtration Simulant 
 

 
 Volume–Weighted Distribution  Number–Weighted Distribution 

 
Sample 

Mode 
Diameter (µm) 

 
Vol% 

 
Width 

Mode 
Diameter (µm) 

 
Num% 

 
Width 

22.0 59 % 16.0 0.3 100 % 0.1 

6.5  12% 0.7    C-106 Filtration 
Simulant  

0.6 29 % 1.7    

16.14 57 % 18.4 0.2 100 0.1 

0.8 24 % 0.8    
C-106 Filtration 

Simulant,  
Sonicated 0.2 19 % 0.2    

 
 

The Particle size distribution of the AZ-101/102 simulant feed is shown in Figure 3.11 on a 
volume-weighted distribution before and after sonication. The major particle size peak modes along with 
the relative volume and number-weighted percentage that each peak represents are summarized in Table 
3.6 before and after sonication. 

  
Figure 3.11.  Volume-Weighted Distribution for AZ-101/102 Filtration Simulant Before and After 

Sonication  
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Table 3.6.  Particle Size Distribution of AZ-101/102 Samples   
 

 
 Volume–Weighted Distribution  

 
Number–Weighted Distribution 

 
Sample 

Mode 
Diameter (µm) 

 
Vol% Width 

Mode 
Diameter (µm) 

 
Num% 

 
Width 

17.9 31 % 17.8 0.4 100 % 0.6 
6.4 40 % 5.2    AZ-101/102 

Filtration Simulant  
1.4 25 % 1.4    

14.5 55 % 18.4 0.16 100 % 0.1 
0.9 20 % 0.8    
0.3 18 % 0.2    

AZ-101/102 
Filtration Simulant 

Sonicated 
0.1 7 % 0.03    

 
The particle size distribution of the AZ-101/102 simulant feed for the CUF testing on a volume-

weighted distribution is approximated by three Gaussian peak distributions populated around 18, 6.4 and 
1.4 µm with  respectively 31%, 40% and 25% for each peak.  When particles were sonicated in the 
particle size analyzer circulation loop smaller size particles were produced.  On a volume-weighted 
distribution the sonicated particle size peak distributions were populated around 14.0, 0.9, 0.3 and 0.1 µm 
with respectively 55%, 20%, 18% and 7% for each peak.  These results indicate that 25% of the particles 
in the sonicated simulant sample were smaller than 0.3 µm for the AZ-101/102 simulant.   
 

Although sonication does not represent the shear fields that are encountered in crossflow filtration 
CUF flow loop, the data still provide some information regarding the breakup of the agglomerates.  The 
results support that sonication of the C-106 and AZ-101/102 simulant slurries could produce a large 
number of sub-micron particles that can penetrate the pores and promote filter fouling. In addition, these 
fine particles can also decrease the permeability of the formed filter cake on the membrane surface.  This 
outcome results in a net increase in the membrane and filter cake resistance and declining filter flux at a 
given transmembrane pressure and axial velocity.  However, for the case of a 0.5-micron Mott filter 
element more fine particles can deposit within the pores as compared to a 0.1-micron filter element; 
resulting in larger membrane resistance and lower filter fluxes than the 0.1-micron filter elements.   

 
Furthermore, the clean water described in section 2.2.2 and presented once again in Table 3.7 

below show that the clean water flux for the 0.5 micron Mott filter is respectively higher than clean water 
fluxes for 01.micron Mott and 0.1 micron Graver filters.  The higher clean water flux of the 0.5 micron 
Mott with a pore size of 0.5 micron is expected since the resistance due to the pore size is the least 
compared to the 0.1 micron Mott and Graver filters.  However,  as described above the presences of sub-
micron particles below 0.5 micron in the AZ-101/102 and C-106 simulant slurry will adversely affect the 
performance of the 0.5 micron Mott filter  by promoting particles inside the pores and the internal filter 
clogging.  
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Table 3.7.  Clean Water Flux for 0.1 Micron Graver, 0.1 and 0.5 Micron Liquid-Service, Industrial-Grade 
Mott Filters   

 

Flux (gpm/ft2) 
Trans-Membrane 

Pressure (psid) 
Graver Filter 
 0.1-micron 

Mott Filter  
0.1-micron 

Mott Filter 
0.5-micron 

10 0.072 1.0 2.8 
20 0.132 2.5 5.0 
30 0.215 2.8 7.4 
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4.0 Conclusions  

Based on the testing and analysis performed on the HLW C-106 and AZ-101/102 crossflow filtration 
simulants, the following conclusions and recommendations were obtained.   
 

• The filtrate fluxes for the C-106 simulant at “low” testing conditions indicate that overall the 
filtrate fluxes are similar when the simulant was crossflow filtered either with the 0.5-micron 
liquid-service Mott filter or the 0.1-micron Graver Filter.   

 
• An examination of the test matrix center point (conditions 1, 5 and 8) filtrate flux profiles at 20 

psid transmembrane pressure and 6 ft/s axial velocity for the tests conducted with C-106 simulant 
at “low” testing conditions reveal additional insight into the performance of these two filters.  For 
condition #1, the 0.5 micron Mott filter fluxes are initially higher when compared to the results 
with the 0.1 micron Graver filter.  However, the 0.5 micron Mott filter fluxes gradually decline 
below the 0.1 micron Graver filter filtration fluxes during the 8 hours of CUF operation at similar 
axial velocity and transmembrane pressure of the conditions #5 and #8.  These center point (20 
psid and 6 ft/s) fluxes show that in the course of ~ 8 hours of CUF operation, the 0.1 micron 
Graver filter is less sensitive (or almost insensitive) to the flux decline and filter fouling as 
compared to the 0.5 micron liquid-service Mott filter.  

 
• Because the 0.1-micron Graver is fabricated by sintering a thin coating of 0.1-micron porous TiO2 

on the perforated filter substrate (see Section 2.2.1), it is plausible that the decline in the filtrate 
flux may be primarily influenced by the formation of cake layer and cake enrichment with fine 
particles on the filter surface. 

 
• In general the Graver filter has a lower permeability compared to the micron Mott filters 

that results in lower overall filtration flux throughput. 
 

• Over the course of CUF operation the extent of fouling became more significant for the 0.5-
micron Mott as compared to the 0.1-micron Mott for the C-106 simulant at “high” testing 
conditions.  The additional fouling of the 0.5-micron filter is evidence by the widening difference 
in the average filtrate flux of center point (conditions 1 and 6) filtrate fluxes at 50 psid 
transmembrane pressure and 12.2 ft/sec axial velocity. The observed fluxes  seem to indicate that 
in crossflow filtration more open media (i.e. 0.5 micron pores) usually yield-after a certain initial 
time- a lower filtrate flux owing to a high degree of internal pore fouling. 

 
• The average filtrate fluxes in testing with AZ-101/102 simulant once again indicate that the 

filtrate fluxes of the 0.1-micron liquid-service Mott filter for all run conditions were greater than 
those achieved with the 0.5-micron liquid-service Mott filter at 5 wt% insoluble solids.  These 
results support previous observations that the larger pore size of the 0.5-micron Mott filter causes 
the filter to be more susceptible to internal/subsurface fouling. 

 
• The filter flux rates obtained for the 0.1 micron Mott Liquid-service, Industrial –grade Mott filter 

ranged from 15% to 3.5 times higher than fluxes with 0.5-micron Liquid-service, Industrial –
grade Mott filter using the AZ-101/102 simulant at 5 wt% insoluble solids
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Appendix A 
 

Envelope-D High-Level Waste Filtration 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 testing crossflow filtration 
systems.  The applicability of these simulants for filtration studies using washed and leached 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.  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 slurry for the high-heat tank waste from Hanford Tank C-106 
 

 The actual C-106 waste has recently been transferred to Hanford Tank AY-102.  The C-106 waste 
simulant replicates the Tank C-106 waste and does not replicate the AY-102/C-106 mixed waste. 

 
A-1.  AZ-101/102 Slurry Simulant 

 
 Table A-1 lists the solid and supernatant components of the inactive AZ-101/102 waste filtration 
simulant.  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 rheological and filtration characteristics. 
   
A-2.  C-106 Slurry Simulant 

 
Table A-2 lists the solid and supernatant components of the inactive C-106 waste filtration 

simulant.  Similar to the inactive AZ-101/102 simulant, 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 particle size distribution (PSD) ranges were used to 
produce the required rheological and filtration characteristics.  The product descriptions for each mineral, 
including density and particle size; the material safety data sheets for listed source chemicals are provided 
in Golcar et al. (2000).   
 
A-3.  Preparation Procedure 

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



 

A.3 

• Determine the wt% insoluble solids and the total mass of simulant desired.  This simulant should 
mimic actual waste over the range of 3 to 40 wt% solids loading.  At lower than 3 wt% solids loading, 
the supernatant composition becomes more significant than the particle characteristics.  Further 
development of the supernatant 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 simulant 
mass, and 2) wt% solids desired.  The order of addition to the mixture is not important. 

• Prepare sufficient simulated supernatant for the total mass of slurry at desired solids loading with the 
molarity specified in either Table A.1 or A.2. 

• Add this simulated supernatant 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 A.1.  Inactive AZ-101/102 Filtration Simulant Composition 
 

Solids Components 
Compounds 

Bearing wt% 
Mineral 
Phase Powder Grade 

Mean Volume PSD 
(distribution) wt% 

Iron Oxide No: 07-5001 22 µm 17.400 
Red Iron Oxide No: 07-3752 2–3 µm 29.000 Iron 58 Hematite 
Synthetic Red Iron Oxide  
No: 07-2568 

0.6 µm 11.600 

Boehmite HiQ-10 Alumina 0.0028–0.004 µm 7.200 
C-231 Ground White Hydrate 14 µm (broad) 8.400 
SpaceRite S-23 Alumina 7.5 µm (broad) 5.040 Gibbsite 
SpaceRite S-11 Alumina 0.25 µm (narrow) 3.360 

Aluminum 24 

Gibbsite/Boehmite Ratio: 2.33 

Zirconium 13 Zirconium 
Hydroxide 

Zirconium Hydroxide; Product Code: 
FZO922/01 

15 µm 13.000 

Silicon 5 Nepheline Spectrum A 400 Nepheline Syenite 10 µm 5.000 
Supernatant Components 

Component Concentration (M) Concentration (g/L) 
NaOH 0.8 32 
NaNO3 1.0 85 
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Table A.2.  Inactive C-106 Filtration Simulant Composition 

 

Solids Components 
Compounds 

Bearing wt% 
Mineral 
Phase Powder Grade 

Mean Volume PSD 
(distribution) wt% 

Red Iron Oxide No: 07-3752 2-3 µm 18.750 
Iron 31.25 Hematite Synthetic Red Iron Oxide No: 07-

2568 
0.6 µm 12.50 

Boehmite HiQ-10 Alumina 0.0028–0.004 µm 18.230 
SpaceRite S-23 Alumina 7.5 µm (broad) 10.938 

SpaceRite S-11 Alumina 0.25 µm (narrow) 3.646 Gibbsite 

SpaceRite S-3 Alumina 1 µm (narrow) 3.646 
Aluminum 36.46 

Gibbsite /Boehmite Ratio: 2.33 

Zirconium 28.12 Zirconium 
Hydroxide 

Zirconium Hydroxide; Product Code: 
FZO922/01 

15 µm 28.125 

Silicon 4.17 Nepheline Spectrum A 400 Nepheline Syenite 10 µm 4.166 

Supernatant Components 
Component Concentration (M) Concentration (g/L) 

NaOH 1.07 42.8 
NaNO3 1.00 85.0 
 
 
A-4.  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 simulant components are used.  The brand names of each 
simulant component are given in Table A-3. 
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Table A.3.  Inactive AZ-101/102 and C-106 Filtration Simulant Material Suppliers 
 

Manufacturer Simulant Material Powder Grade 

Iron Oxide, Hematite Iron Oxide No: 07-5001 

Iron Oxide, Hematite Red Iron Oxide No: 07-3752 The Prince Manufacturing Company 
http://www.princemfg.com/ 

Iron Oxide, Hematite Synthetic Red Iron Oxide  
No: 07-2568 

Alcoa - Port Allen , LA 
http://www.alcoa.com/ 
1-800-860-3290 

Beohmite,  AlOOH HiQ-10 Alumina 

C-231Ground White Hydrate 

SpaceRite S-23 Alumina 

SpaceRite S-11 Alumina 

Alcoa- Bauxite, AR 
http://www.alcoa.com/ 
1-225-382-3338 

Gibbsite, Al(OH)3 

SpaceRite S-3 Alumina 
Magnesium Electron INC. (MEI) 
http://www.zrchem.com/ 
1-800-366-9596 

Zirconium Hydroxide Product Code: FZO922/01 from 
FZO 922 series. 

Hammill & Gillespie 
http://www.hamgil.com/ 
973-994-3847 

Nepheline, 
 (Na, K)AlSiO4 

Spectrum A 400 Nepheline 
Syenite 

 
Detailed simulant characterization and crossflow filtration performance 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 described in Appendix A of 
Golcar et al. (2000) report need to be matched as closely as possible if another commercial source is used.  
 
Reference 
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Waste Envelope D Simulants for Scaled Crossflow Filtration Testing.  BNFL-RPT-033 Rev. 0, PNWD-
3042, Battelle Pacific Northwest Division, Richland, Washington. 
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Appendix B 
 

Filtrate Flux Raw Data Package at Each Operating Condition  
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