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ABSTRACT 

This test program sets a multi-phased development path to support the development of the Lithium 
Hydrotaicite process, in order to raise its Technology Readiness Level from 3 to 6, based on tasks 
ranging from laboratory scale scientific research to integrated pilot facilities. 

KEYWORDS 

Lithium Hydrotaicite (LiHT), Alumina, Precipitation, Lithium Hydroxide, Technology Readiness 
Development Program. 
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EXECUTIVE SUMMARY 

Lithium aluminum layered double hydroxides ("Lithium hydrotaicite", LiHT) have been proposed as 
an option to reduce the amount of aluminum from the liquid waste stream of the feed to the waste 
treatment plant (WTP). Aluminum is a key element in the waste stream; it controls the amount of 
caustic needed to be kept in solution during the low activity waste (LAW) stream in the WTP, thus 
controlling the amount of glass logs produced and the overall mission duration. 

The process consists primarily of the precipitation of aluminum as lithium hydrotaicite (LiHT) using 
lithium hydroxide. The LiHT reaction has been demonstrated with Hanford single-shell tank (SST) 
and double-shell tank (DST) simulants and alumina and alumino silicate gels in one-liter bench-scale 
experiments. The technology readiness level (TRL) of the process is estimated to be TRL-31 as 
defined by the DOE EM Technology Readiness AssessmentlTechnology Maturity Plan Process 
Guide, March 2008. 

A test program is proposed to define a multi-phased development path to raise the TRL from 3 to 6. 
lt is organized into three specific tasks of chemical and engineering research and development and 
process demonstration. The tasks are organized in a graduated basis; from scientific research to 
development of integrated pilot facilities. Specific test plans for each activity will be developed to 
precisely define the purpose, methods, measurements, and precautions to perform the experiments 
safely and to generate the necessary insight into the proposed treatment methods. The plan provides 
sufficient information to researchers and engineers in the form of descriptions, block flow diagrams, 
and mass balances to execute research and develop necessary data to support the design and 
operation of pilot and full-scale facilities. 

1 TRL-3 is defined as "analytical and experimental critical function and/or characteristic proof of concept." This readiness level was achieved 
when analytical results from laboratory simulant experiments validated thennodynamic predictions of product composition, yield, and extent of 
decontamination. Analytical results of these experiments are presented in RPT-3001622-000. 
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1.0 INTRODUCTION 

The proposed Lithium Hydrota1cite2 (LiHT) process theoretically eliminates the large volume of 
additional sodium hydroxide required to leach and maintain alumina solubility through Hanford 
Waste Treatment Plant (WTP) operations. The key reaction is shown below: 

2LiOH(AQ) + 4NaAI(OH)4(AQ) + Na2C03(AQ) + 3H20 --+ LbC03.4AI(OH),.3H20(s)+ 6NaOH(AQ) [1] 

A 10% aqueous solution of lithium hydroxide (LiOH) is reacted with soluble sodium aluminate 
(NaAI(OH)4) and sodium carbonate3 (Na2C03) present in the waste to produce LiHT 
(Li2C03.4AI(OHh3H20) and sodium hydroxide (NaOH). The solid LiHT is separated from 
solution: the aqueous sodium hydroxide is recycled to further leach alumina sludge as follows: 

NaOH + AI(OHJ,rs) --+ NaAI(OH)4(AQ) [2] 

The combination of alumina sludge leaching [2] and LiHT precipitation [I] continuously liberates 
sodium hydroxide that can be recycled to the waste while removing alumina as a filterable solid. The 
overall reaction is: 

2LiOH(AQ) + Na2C03(AQ) + 4AI(OHJ,rs) + 3H20 --+ LbC03.4AI(OH),.3H20(s) + 2NaOH(AQ) [3] 

Theoretically, this method eliminates the huge sodium hydroxide demand to leach alumina sludge 
and reduce two-thirds4 of the total sludge mass to be treated by the WTP. To achieve the benefits of 
the LiHT process, the method must be implemented between the waste tanks and the WTP 
pretreatment plant operations. A flow diagram of the proposed LiHT process is shown in Figure I. 

WASTETANKS 

Figure 1. Flow Diagram of LiHT Process 
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Saltcake brines, low in sodium hydroxide and alumina sludge, bypass the LiHT process and are fed 
directly to the WTP. Sludge and supernatant, high in alumina and sodium hydroxide are heat leached 
using native and recycled sodium hydroxide. Residual sludge, low in alumina, is fed to the WTP. 
Leachate, containing dissolved sodium aluminate, is filtered and reacted with lithium hydroxide. The 
resulting LiHT precipitate, containing the alumina, is precipitated, filtered, washed, and dried and 
transferred immobilization and/or direct disposal. Filtrate from the LiHT process is concentrated by 

2 PCT International Application PCTlUS200S/076589 
3 Aqueous sodium caIDonate (Na~03(AQ0 is abundant in Hanford waste. In the absence of sodium caIDonate, another abundant sodium salt (e.g. 
NaN03(AQV may substitute in the reaction. 
4 L.A Snow, GJ. Lumetta, S. Fiskum, R.A. Peterson, Boehmite Actual Waste Dissolution Studies, Separation Science and Technology, 43: 
2900·2916.2008 
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evaporation to distill and recycle wash water. Concentrated sodium hydroxide is recycled to alumina 
sludge leaching; excess caustic is returned to waste tanks or partially purged to WTP. Excess 
distilled water is exported to the Effluent Treatment Facility (ETF), and crystallized sodium salts are 
transferred to the WTP. 

Details of the proposed LiHT process are included in AREV A Report RPT -3001622-000, Alumina 
Removal and Sodium Hydroxide Regeneration from Hanford Waste by Lithium Hydrotalcite 
Precipitation. The actual amount of sodium hydroxide savings and alumina sludge reduction will 
depend upon the success of the development, the extent of implementation of the technology, and the 
amount of waste treated by the proposed LiHT method. 

The LiHT reaction has been demonstrated with Hanford single-shell tank (SST) and double-shell 
tank (DST) simulants and alumina and alumino silicate gels in one-liter bench-scale experiments. 
The technology readiness level (TRL) of the process is estimated to be TRL-35 as defined by the 
DOE EM Technology Readiness AssessmentlTechnology Maturity Plan Process Guide, March 2008. 
The processes of alumina sludge leaching and fractional distillation have been demonstrated in pre
pilot scale. 

Analytical results of proof-of-principal LiHT experiments concur with literature reports6 and 
thermodynamic models 7 of the method. The hydrotaicite reaction [I] occurs rapidly at 90°C. The 
product forms large (50 flm) particles with narrow size distribution, and is easily" separated and 
decontaminated from simulated waste solution. A non-radioactive cesium decontamination factor e33Cs DF) of >2,000 was obtained by water washing of the filter cake. Product purity was >99.9%. 
Theoretical yield (95%) was obtained in less than one-half hour of reaction time. Sodium hydroxide 
was regenerated by the reaction and used for alumina leaching. 

Because the LiHT process has the potential to dramatically reduce the alumina sludge mass to be 
processed through WTP, the sodium hydroxide demand for leaching and maintaining alumina 
solubility, and the lifecycle cost of Hanford waste treatment, the process development and 
demonstration effort will be accelerated to expedite implementation while meeting the direction of 
the DOE EM Technology Readiness AssessmentlTechnology Maturity Plan Process Guide. 
Development efforts of laboratory validation, chemical research, process development, unit 
operations testing, pilot plant integration, and will be advanced rapidly by using the accomplishments 
of prior research, the consultation with subject-matter experts, and utilization of proven technologies 
for nuclear service. The proposed multi-phased development path will provide a sound basis for 
performing system design for a full-scale process operating in a radioactive environment. 
Supporting engineering analyses and flow sheet development work will clearly define the process 
conditions and interfaces within the overall Hanford site waste treatment facilities. 

The purpose of the LiHT Test Program is to provide sufficient information to researchers and 
engineers in the form of descriptions, block flow diagrams, and mass balances to execute research 
and develop necessary data to support the design and operation of pilot and full-scale facilities. The 
plan is organized into three specific tasks of chemical and engineering research and development and 
process demonstration with the purpose of progressing from the current Technology Readiness Level 

5 TRL-3 is defined as "analytical and experimental critical function and/or characteristic proof of concept." This readiness level was achieved 
when analytical results from laboratory simulant experiments validated thennodynamic predictions of product composition, yield, and extent of 
decontamination. Analytical results of these experiments are presented in RPT-3001622-000. 
6 Layered Double Hydroxides (StlUdure and Bonding), X. Duan, D.G. Evans, ISSN 0081-5993 
7 ESP version 8.1 
8 "Easily" is a relative tenn. Compared to other precipitated alumina fonus (e.g. gibbsite, boehmite, doyleite, bayerite, nordstrandite, and 
amorphous phases), 50 )llll solid LiHT separates easily from the liquid phase. This is a unique and highly beneficial property of the proposed 
LiHT method of alumina removal from Hanford waste. 
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of 3 to achieve a Technology Readiness Level of 6. The tasks are organized in a graduated basis; 
from scientific research to development of integrated pilot facilities. Specific test plans for each 
activity will be developed to precisely define the purpose, methods, measurements, and precautions 
to perform the experiments safely and to generate the necessary insight into the proposed treatment 
methods. 

Task 1: TRL-4 Laboratory One-Liter Scale 

Task 1 of the LiHT development program is designed to achieve a TRL of four (TRL-4) "Component 
and/or system validation in a laboratory environment." Initially, previous LiHT experiments using 
DST and SST simulants9 will be repeated to independently validate prior results of product yield and 
purity. The product will be analyzed by several techniques!O to determine the selectivity of the 
reaction and the expected by-products and contaminant concentrations. After the initial tests, 
parametric tests will be performed on several simulants to test a wide range of waste compositions. 

The initial tests will repeat previous one-liter LiHT laboratory experiments performed at the Georgia 
Institute of Technology (Georgia Tech) during winter 2007 to analytically validate product yield and 
purity results. Mass balances and flow diagrams have been prepared for the tests using SST and DST 
supernatant simulantsll . The tests will be performed to familiarize chemists with the apparatus and 
methods of the experiments in preparation for parametric and hot work experiments. 

The major components in the LiHT process are the reactor, filter, and re-pulp mixer. The reactor 
provides the conditions (temperature, concentrations) and residence time to maximize LiHT yield. 
The filter separates solid LiHT from mother liquor and spent wash water. Re-pulping of the filter 
cake to disperse and decontaminate the product in wash water may be done in the reactor vessel or a 
stirred beaker. After re-pulp washing, the filter is used to separate the product from the spent wash 
water. In the actual application, these three functions may be performed in separate steps by 
dedicated equipment or combined in a single unit. The process development effort will determine 
the optimum equipment confignration to execute these functions. 

In parallel, physicochemical research of lithium compounds will be performed to develop 
fundamental thermodynamic data of the stability of lithium compounds in mUlti-component Hanford 
waste. The data will be regressed into the MSE 12 databank. Results of this research will allow 
computer prediction of product yield and purity under a wide range of conditions and concentrations 
under equilibrium conditions. Parametric computer and laborator~ tests will be performed on a 
variety of simulants with actual and expected waste compositions 3. These tests will be used to 
determine the best methods to harvest alumina from the waste and accelerate waste treatment. 

In addition to thermodynamic research, kinetic studies will be performed to determine the rates of 
dissolution of alumina sludge and precipitation of LiHT as a function of temperature and reagent 
concentration. These studies will determine the size of equipment for pilot- and full-scale 
applications. These experiments will use instrumentation for real-time measurement of chemical and 
physical properties. Raman spectroscopy!4 will be used to analyze chemical concentrations of species 
of interest (esp. OR!, Al(OH)4!) during alumina leaching and hydrotaicite precipitation reactions. 

9 RPP-48089, Rev. 0, Lithium Hydrotalcite Simulant Preliminary Requirements 
10 Analytical methods include ICP-MS, XRD, XLS 
11 RPP-RPT-38985, Rev. 0, Fractional Crystallization Testing with Interim Pretreatment System Feeds, D.L. Herting 
12 The MSE databank is property of OLI Systems of Morristown, NJ. 
13 Excess sodium hydroxide, generated by the LiHT process, is recycled to waste tanks to improve alumina solubility. This recycle alters present 
waste composition by enriching supernatants with sodium hydroxide and aluminate. 
14 WSRC-TR-2001-00129, Laboratory Testing of a Raman-Based Measurement System for the Determination of Important Corrosion Species in 
Alkaline Salt Solutions, D.T. Hobbs 
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Focused Beam Reflectance Measurement (FBRM®!5) and Particle Video Microscopy (pVM®!5) will 
be used to allow real-time in situ observation and measurement of particle morphology, size 
distribution, growth, and dissolution rates during the leaching, LiHT precipitation, and fractional 
crystallization experiments. 

After simulant parametric tests, actual waste tests!6 will be performed on a graduated basis. These 
tests will be performed in a hot cell under controlled conditions. The initial tests will mimic the 
simulant tests using filtered DST and SST supernatants to leach fresh gibbsite and precipitate LiHT 
and use the cold work methods to re-pulp and wash the product. The supernatants will be filtered 
using a 0.1 flm ultrafilter!7 to remove the bulk of the insoluble radionuclides and inert solids. A 
second set of tests will use monosodium titanate (MST) to scavenge actinides from the filtrate prior 
to the lithium strike. The yield and purity of the product from these experiments will be compared to 
simulant test results to reconcile differences between simulated and actual waste samples and 
between thermodynamic calculations and laboratory results. 

Upon successful completion of hot supernatant experiments, HLW sludge will be leached with DST 
and SST supernatants. Leaching experiments will follow the protocol of previous HLW sludge 
leaching experiments and use the specific conditions of the LiHT process to determine alumina yield 
and residual concentrations of HLW contaminants in the product. Unlike prior research, leaching 
waste leaching experiments will attempt to maximize alumina solubility in leachate solutions. To 
minimize HLW waste contaminants in the LiHT product, ultrafiltration, re-pulp washing, and MST 
adsorption will be tested for efficacy for this application. The purpose of these tests is to validate 
prior results and develop efficient techniques to leach alumina sludge and minimize radionuclide 
inclusion in the LiHT product. 

A parallel research effort will be made in waste characterization and immobilization technologies. 
LiHT product from simulant and actual waste experiments will be tested for waste loading and 
regulatory compliance of potential waste forms. For the methods that meet disposal regulatory 
requirements, disposal paths will be researched in parallel to the LiHT process development effort. 

Task 2: TRL-S Pre-Pilot lOO-Liter Scale 

Task 2 of the LiHT development program is desigued to achieve a Technology Readiness Level of 
five (TRL-5) "The basic technical components are integrated so that the system configuration 
matches the final application in all respects." Task 2 testing will be performed on a 100-liter "pre
pilot" scale using prototypical reactor/separator systems and simulant chemistry. The initial tests 
will be performed in glass reaction vessels to observe macroscopic properties during the reaction, 
separation, and decontamination operations, and use instruments to measure microscopic properties 
of crystal growth, morphology, and size distribution. Prototypical process equipment (e.g. pressure 
vessels) will be used when glassware is not acceptable for the service. 

The goal of Task 2 is to determine the equipment type and configuration for the three basic functions 
(reaction, filtration, re-pulp washing) of the LiHT process. In addition, the supplementary processes 
of alumina leaching and fractional crystallization will be performed. Initially, one piece of equipment 
will be used for several functions. For example, a single 100-liter reactor may be used for alumina 
leaching, LiHT reaction, and fractional crystallization, and a single filter system will be used for 
LiHT and fractional crystallization salt separation. Once the fundamental properties of dissolution, 

)5 FBRM® and PVM® are u.s. federal trademarks owned by Mettler-Toledo AutoChem, Inc., Millersviller, MD 
16 Because non-radioactive simulants will not contain all waste species, actual waste tests will be used to detennine the actual extent of 
decontamination for radio nuclides. 
17 Ultrafiltration of the supernatants is prototypical of the planned full-scale process. 
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reaction, crystallization, and filtration rates are determined, the leaching, LiHT precipitation, 
fractional crystallization, and filtration operations will be performed by dedicated units in batch 
operation mode. At the pilot scale, dedicated equipment will be used in a sequential marmer to allow 
continuous operation and recycles of process streams. 

On a IOO-liter scale, sufficient quantities of LiHT will be produced for testing of the primary unit 
operations of continuous elutriation, batch filtration, and fractional crystallization. The extent of 
product decontamination will be studied on a larger scale, and methods of re-pulp washing and 
product drying will be evaluated for efficacy. Filtrate and spent wash from the LiHT process will be 
evaporated and partially crystallized to recycle water, concentrate the sodium hydroxide liquor for 
recycle, and crystallize sodium salts. This method of pre-pilot development reduces the amount of 
waste produced and allows intensive study of the effects of recycle streams on product yield and 
purity. 

It is expected that the LiHT system will interface with other present and proposed waste treatment 
systems that are at a higher level of maturity or are currently under parallel development. For 
example, Continuous Sludge Leaching (CSL) may be used to leach alumina sludge and separate 
leachate from residual waste sludge. Fractional crystallization may be used to recover spent wash 
water, concentrate sodium hydroxide for recycle to CSL, and remove sodium salts for export to 
immobilization. These processes will be used in the integrated pilot plant system since the functions 
of alumina leaching and sodium hydroxide recovery are required for continuous pilot plant operation. 

Since CSL and fractional crystallization are well understood processes, these processes will not be 
extensively studied in Task 2. Process conditions and equipment selection from prior studies will be 
used to specify pilot plant equipment and operation conditions. However, some research tasks will 
be performed on these processes to determine equipment size for the specific applications to the 
LiHT process. For example, CSL and fractional crystallization will be studied for dissolution and 
crystal-growth rates in LiHT applications to determine the optimum residence times for these 
processes. 

Some aspects of the CSL and fractional crystallization processes (esp. solid/liquid separation) will be 
studied for synergies with the LiHT process to simplify and/or improve the integrated pilot plant 
system. For example, the type of solid/liquid separation equipment used for LiHT separation (e.g. 
pressure filter) may be used for fractional crystallization salt separation, and the type of measurement 
(e.g. coriolis flow meters) and control systems used for the LiHT will be used for CSL and fractional 
crystallization systems, if applicable. 

Results from the IOO-liter tests will be used to specify process equipment for the pilot-scale facility. 
It is expected that the pilot-scale LiHT process will mimic the IOO-liter operations of batch reaction, 
separation, and decontamination so that information gathered from the IOO-liter scale will be 
transferable to the pilot system. 

5 
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Task 3: TRL-6 Pilot Scale 

Task 3 of the LiHT development program is designed to achieve a Technology Readiness Level of 
six (TRL-6): "Engineering scale models or prototypes are tested in a relevant environment." The 
purpose of pilot-scale testing is to demonstrate operation of the integrated LiHT process in a system 
that is approximately one-fifth (1/5) of a full-scale system. The size of the pilot system 
(10,000 - 50,000 liters) will depend upon the required capacity for full-scale implementation. 

The required full-scale capacity will be defined by system plarming of tank waste retrieval and the 
anticipated treatment methods. The LiHT process may treat waste prior to or during WTP operations 
and it may also support a separate parallel supplemental treatment facility. In each case, the 
fundamental process steps are the same: alumina leaching, LiHT precipitation, and spent wash 
evaporation and sodium salt crystallization. The integrated pilot plant will contain all three systems 
to allow continuous LiHT production and sodium hydroxide recycle. 

The scale of the pilot unit may also depend upon the minimum allowable size for prototypical 
equipment. For example, a prototypical forced-circulation crystallizer must have a radial-flow elbow 
pump to minimize shear in the pump-around loop. The minimum commercially-available radial-flow 
elbow pump is 6-in. x 6-in. with 1,200 gallons per minute capacity. This parameter determines the 
minimum size of a prototypical fractional crystallization pilot system. 

The integrated pilot system will contain all unit operations and instrumentation expected to be used 
in the actual application. Pilot scale LiHT unit operations (e.g. reactor, filter) will be specified 
during the Task 2 pre-pilot studies. The leaching system will be sized by prior work on CSL 
system!8, and the evaporator/crystallizer will be similar to the fractional crystallization pilot 
crystallizer system. The pilot plant will be constructed with sufficient instrumentation and controls 
to allow fully automatic operation, emergency shutdown, and upset recovery situations. The pilot 
plant will run continuously for several weeks to provide sufficient information on system stability, 
product purity and yield. 

During this period, the system will be studied for the actual radioactive waste application. Process 
shielding requirements will be assessed, and equipment, instruments, and control systems will be 
evaluated for remote operation, reliability, maintenance, and replacement. Methods to clean and 
decontaminate vessels, pipelines, and instruments for maintenance andlor replacement will be 
developed and tested on the pilot scale. 

The continuous production of LiHT will allow continuous product immobilization. Depending upon 
the results of waste characterization and research of immobilization technologies, processes of 
calcination, vitrification, andlor cementation may be used to process the LiHT into an immobilized 
waste form during pilot plant operations. The immobilization process may be integrated with the 
LiHT pilot unit or operate separately depending upon the desired end product. 

Results of the Task 3 activities will be compared to laboratory and pre-pilot results, thermodynamic 
models, and to regulatory requirements for immobilization and final disposal. Information such as 
equipment capacity, system stability, and on-stream availability generated from pilot plant studies 
will be used to develop and design the full-scale modular process systems for actual applications. 

18 PNWD-3991 Rev. 0, Bench-Scale Testing Results of the Continuous Sludge Leaching Process, R.L. Russell, et al. 
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2.0 PROJECT DESCRIPTION 

Task 1 of LiHT development consists of the following activities: 

Task 1: Chemistry - One-Liter Bench Scale 

3.1 Thermochemical Properties of Lithium Hydrotaicites and Phosphates 

3.2 Bench Scale Validation Using One-Liter Simulant Solutions 

3.2.1 DST Lithium Hydrotaicite Validation 

3.2.2 SST Lithium Hydrotaicite Validation 

3.2.3 Fractional Crystallization of DST and SST Filtrates 

3.2.4 Lithium Hydrotaicite Precipitation Using Simple Solutions 

3.3 Bench Scale One-Liter Experiments Using Simulant Solutions 

3.3.1 Alumina! Aluminosilicate Gel Destruction 

3.3.2 Lithium Carbonate Addition 

3.3.3 Hydrotaicite Reaction Kinetics 

3.3.4 Crystal Size Distribution as a Function of Shear Rate 

3.3.5 Particle Settling Rate 

3.3.6 Extent of SolidlLiquid Separation 

3.3.7 Extent of Sodium Hydroxide Regeneration 

3.3.8 Crystal Ripening for Anion Selectivity 

3.3.9 Alumina Sludge Leaching 

3.3.10 Chemical Parametric Testing 

3.4 Bench Scale Testing Using Actual Waste 

3.4.1 Monosodium Titanate Adsorption of Actinides and Strontium 

3.4.2 DST Supernatant Hot Waste Testing 

3.4.3 SST Supernatant Hot Waste Testing 

3.4.4 DST Sludge Hot Waste Testing 

3.4.5 SST Sludge Hot Waste Testing 

3.5 Product Characterization and Immobilization 

3.5.1 Waste Form Characterization 
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3.0 TASK 1: CHEMISTRY - ONE-LITER BENCH SCALE 

3.1 Thermochemical Properties of Lithium Hydrotalcites and Phosphates 

Because of the wide range of properties of Hanford wastes, no single experiment or set of 
experiments can determine the yield and purity of LiHTs for all possible waste compositions. The 
purpose of this activity is to investigate and measure chemical and physical properties of LiHTs and 
related compounds, regress the properties into the MSE model, and use the MSE program to predict 
equilibrium distribution of chemical species in the proposed LiHT process. 

A literature survey will be conducted on all relevant lithium species that may occur during LiHT 
processing. These species include LiHTs, carbonates, phosphates, sulfates, nitrates, nitrites, 
chlorides, fluorides, oxalates, and actinides. The survey will identify which species have been 
investigated for relevant thermophysical data and which species require further research. 

For example, LiHT solubility and product yield are dependent on temperature and reactant 
concentration. Lithium may be scavenged by other anions (esp. phosphates) under certain 
conditions, and the chemical selectivity of these side reactions may affect the lithium dose, product 
yield and purity. It may be desirable to use LiHT to scavenge certain anions (esp. phosphates) to 
prevent downstream processing problems. Some relevant data exists on LiHTs and phosphates!9; 
however, the data does not cover all areas of interest for LiHT processing of Hanford waste. 

In addition, several different anions may substitute for carbonate (e.g. hydroxide, sulfate, nitrate, 
nitrite, chloride, etc.) in the LiHT structure depending upon the relative abundance (concentration) 
and the most stable configuration under specific process conditions. Because many lithium 
compounds have not been extensively studied, thermochemical parameters for many species have not 
been fully quantified. 

To determine the optimum process conditions (i.e. temperature, concentrations) aqueous solubilities, 
thermodynamic parameters, and physical properties will be evaluated for the most probable analogs 
of LiHTs generated from Hanford waste. A list of possible LiHT analogs is shown below: 

• Li2C03o4AI(OHknH20, Lithium Carbonate Hydrotaicite 

• Li2S04o4AI(OHhonH20, Lithium Sulfate Hydrotaicite 

• LiN03o2AI(OHhonH20, Lithium Nitrate Hydrotaicite 
• LiN02o2AI(OHknH20, Lithium Nitrite Hydrotaicite 
• LiOHo2AI(OHhonH20, Lithium Hydroxide Hydrotaicite 
• LiFo2AI(OH)30nH20, Lithium Fluoride Hydrotaicite 
• LiClo2AI(OHhonH20, Lithium Chloride Hydrotaicite 
• Li3P04o6AI(OHknH20, Lithium Phosphate Hydrotaicite 

• Li2C204o4Al(OHknH20, Lithium Oxalate Hydrotaicite 

The extent of anionic substitution is expected to depend upon the relative abundance of each anion 
and the stability of the LiHT form. In addition, where data does not exist, aqueous solubilities for 
lithium salts (Li2C03, Li3P04, Li2HP04, Li2S04, LiN02, LiN03, LiF, Li2C20 4) will be measured as a 

19 W.F. Linke, Solubilities of Inorganic and Metal Organic Compounds, Vol. 2, Fourth Edition, 1965, p. 431. This reference contains Li3P04 

solubility data for 0 and 200C only. 
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function of temperature and concentration. Sodium alumino silicate data20 will be regressed into the 
MSE program for the following compounds. 

• Na8AI6Si6024(OHh, Hydroxysodalite 
• Na8AI6Si6024(OHho2H20, Hydroxysodalite dihydrate 

• Na8A16Si6024C03. Cancrinite 
• Na8A16Si6024C0302H20, Hydrated Cancrinite 
• Na6A16Si6024, Anhydrous Zeolite A 
• Na6A16Si6024012H20, Hydrated Zeolite A 
• Na5AI6Si7025y,oI5'hH20, Sodium Aluminosilicate gel 

The thermodynamic properties to be determined are Gibbs Free Energy of Formation (G), Enthalpy 
of Formation (H), and Entropy of Formation (S). Physical properties include crystalline and bulk 
density (P). Methods used will include calorimetry for determining enthalpy of formation and low 
temperature adiabatic heat-capacity measurements for determining free energy and entropy of 
formation; as well as solution phase solubility measurements as a function of temperature to establish 
phase boundary conditions for the different anion substituted forms. XRD patterns for the LiHT 
analogs will be identified for use in future analyses. 

The thermochemical data will be regressed into MSE21 thermodynamic software to allow chemical 
modeling and process simulations. Currently, MSE software contains thermophysical properties for 
1,800 species in Hanford waste. It will be expanded to include LiHT, lithium salt, and sodium 
alumino silicate chemistries for the ranges of interest to allow prediction of thermodynamic solid
liquid-vapor equilibrium in the LiHT process. 

By this method, product yield and purity may be estimated for waste compositions with known 
chemical concentrations, and waste processing operations may be simulated by computer modeling. 
Computer simulation of LiHT processes will be used to develop flow sheets and optimize process 
conditions to maximize product yield and purity on all scales throughout the development process. 
By this method, laboratory work is focused on demonstrating the expected thermodynamic result22 

rather than practicing "hit-or-miss" laboratory experimentation. 

3.2 Bench Scale Validation using One-Liter Simulant Solutions 

To gain confidence in the LiHT method, previous experiments using DST and SST simulants will be 
repeated by an independent laboratory. Task 1.2 is designed to accomplish "double-blind" results. 
The tests will use the same methods, chemistry, and apparatus as in the previous experiments. 
However the experiments will be performed and analyzed by separate laboratories. Product yield 
and purity will be calculated by several analytical methods23

. By this method, previous results will be 
independently validated. 

20 WSRC-TR-2002-00330, Rev. 0, Thennodynamic Modeling of the SRS Evaporators: Part N. Incorporation of High Caustic Aluminosilicate 
Solubility Data (U), eM. Jantzen, 1M. Pareizs, T.B. Edwards, March 15,2003 
21 MSE (Mixed Solvent Electrolyte) software is property of OLI Systems, Morristown, NJ 
22 The LiHT process was invented by thennodynamic prediction. 
23 These methods may include ICP-MS, XRD, XPS, and gravimetric methods. 
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In addition to validating LiHT reaction chemistry in standard simulants, Task 1.2 will practice 
simulated alumina leaching and fractional crystallization of LiHT filtrate, and develop a method for 
producing LiHT from simple solutions. The proposed laboratory-scale validation program includes 
the following main activities: 

• One-liter laboratory tests will be performed to independently validate previous experiments 
using DST and SST non-radioactive simulants. The validation tests will be performed with 
identical apparatus, chemistry, and conditions as performed and results will be analyzed by 
independent methods. 

• Fractional crystallization of the filtrate from the SST and DST demonstrations will be 
performed to determine one-stage sodium salt and sodium hydroxide yields24 

• A process will be developed to produce LiHT from "simple" solutions of H20, AI(OHh, 
NaOH, Na2C03, and LiOH to reduce the amount of waste chemicals for producing sufficient 
LiHT for equipment testing. This stimulant will be used when full chemical speciation is not 
required. 

The cold work tests will lay the groundwork (laboratory apparatus and procedures) for hot work 
experiments using radioactive waste. By this method, the necessary practices to process waste 
solutions will be understood before hot work tests are initiated. 

3.2.1 DST Lithium Hydrotaicite Validation 

The tests will use a one-liter jacketed reactor system with a motor-driven agitator (Chemglass CG-
950-18 or equivalent). A diagram of the apparatus25 is shown in Figure 2. 

The one-liter vessel may be modified to include baffles for proper fluid circulation and additional 
nozzles for instruments. The apparatus requires an oil circulation system26 for heating and cooling 
the reactor jacket, a vacuum system for evaporation, and a data acquisition and recording system. 

24 Fractional crystallization of the DST & SST simulants has been extensively studied and practiced in lab and pilot scales. The LiHT process 
changes the relative abundance of sodium hydroxide, caIDonate, and aluminate. However, the bulk of the salts (NaN02, NaN03, Na2S04) remain 
the same. So, previous crystallization techniques will be used to validate fractional crystallization for this application. 
25 http://www.chemglass.com/producCview.asp?pnr=CG-1950 lOOOmL Kit 
26 Because the proposed reaction conditions occur near the boiling point of water (lOQ°C), the jacket heating fluid (e.g. mineral oil) must have a 
higher boiling point than lOQoC. 
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Figure 2. One-Liter Laboratory Reactor System 

The tests will use the DST recipe given in Appendix A using one liter of simulant and 
non-radioactive cesium (133 Cs) as a tracer. A block flow diagram of the DST demonstration in 
shown in Appendix B, and material balances for the tests are shown in Appendix C. The mass 
balances quantify the amounts of feed chemicals, the operating temperatures, the thermodynamic 
(theoretical) yield and extent of decontarnination 27 of the product. 

The simulant is prepared, heated to a process temperature of 90"C, and the aluminum hydroxide 
(Al(OH)3) is heat leached to create a near-saturated solution. The heating jacket is maintained at 
temperatures lower than 1 CX)°C to prevent scaling of reactor walls. Once the alumina is fully 
dissolved (based on the clarity of the solution), a IOwt% aqueous solution oflithium hydroxide 
(LiOH) is gradually added over a one-hour period to attain a 1:2 mole ratio of lithium to alumina as 
shown in the mass balance. At the reaction conditions, the hydro tal cite reaction was observed to be 
sp:mtaneous and slightly exothennic28 (.6 . .T = SOC). 

Note: The DST simulant contains relatively low concentrations 0/ sodium carbonate and sodium 
sulfate. It has insufficient carbonate to convert all alumina to lithium carbonate hydrotalcite 
(Li2C03.4AI(OH)J.3H20). However, other abundant anions (i.e. OH-I

, NO/) will substitute/or 
carbonate to produce lithium hydroxide or lithium nitrate hydrotalcite (2IiOH.4AI(OHh3H20, 
2LiN03.4AI (OH)J.3H20), as shown in the material balance. Analysis o/the product will determine 
the extent arui types 0/ anionic substitution that occur in nmlti-component systems. 1hennodynamic 
modeling (Task 1.1) will determine the relative stability o/these anionic substitutions. 

n Decontaminat ion refers to the removal of soluble species from the LiHT product. 
23 The heat re leased by the reaction is indicative of the stability of the react ion products . 
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The reaction mixture is held for four hours at process conditions (90°C) to ripen the crystals to final 
composition. During this period, it is expected that more stable anions (i.e.C03·2) substitute for less 
stable anions (N03'!) in the LiHT structure. 

After the ripening period, the reactor is cooled to 60°C for filtration. Slurry is discharged from the 
reactor bottom drain valve and vacuum filtered using a large-volume fine-porosity frit filter funnel 
(Chemglass CG-1406-72 or equivalent). Filtration continues until the filter cakes stops draining free 
liquid. 

Once free liquid is drained from the filter cake, the filter cake is removed from the filter and 
transferred into a two-liter beaker and re-pulped in one liter of deionized (DI) water. The slurry is 
mixed for one-half hour and re-separated by vacuum filtration. The wash/mix/filter procedure is 
repeated four times using a total of four liters ofDI water. The filter cake is sampled after each wash 
for analysis to determine the extent of decontamination after each wash/filtration step. 

The final filter cake is sampled and analyzed by Differential Scarming Calorimetry (DSC) to 
determine the residual content of interstitial water and water of hydration of the product. Based on 
DSC results, the product filter cake is oven dried at a temperature to remove interstitial cake moisture 
without removing molecular water of hydration. The final product is analyzed for elemental 
composition, water content, and density. Yield is calculated from the analysis and compared to the 
theoretical yield given in the thermodynamic mass balance. The extent of water-soluble (ionic) 
decontamination is calculated from Cs/Al ratio in the feed divided by the Cs/Al ratio in the product. 

To simulate the distillation and recycle of spent wash solution, the filtrates ( - 5L) may be collected 
and evaporated to the original liquor volume (-IL 5M Na) to concentrate the sodium hydroxide for 
analysis. However, since water distillation is a well-known science, the spent wash liquor may be 
discarded after hydroxide analysis (i.e. pH titration); the mother liquor from the initial separation is 
saved for fractional crystallization of sodium salts as described Task 1.2.3. 

3.2.2 SST Lithium Hydrotaicite Vaiidation 

In general, SST supernatants contain relatively low concentrations of soluble sodium hydroxide and 
aluminate compared to DST waste. This is due to fractional crystallization by evaporation of waste 
brines to conserve waste tank volume; the low-solubility salts (Na2C204, Na3P04, Na2C03, Na2S04, 
NaN03, NaN02) and minerals (Al(OHh, AlOOH, Fe203) have been deposited as salt cakes in SSTs, 
and the bulk of high-solubility salt liquors (NaOH, NaAl(OH)4) have been removed and transferred 
to DSTs for interim stabilization of SSTs. Thus, retrieved SST salt brines contain relatively low 
concentrations of sodium hydroxide and aluminate and may be processed relatively easily by WTP 
operations29 

Residual sludge minerals that remain in SST tanks require more robust methods for retrieval'° and 
treatment. Methods of causticization, dissolution, and retrieval of residual mineral deposits in SST 
tanks are outside the scope of the current task. However, the methods proposed in the LiHT process 
may be used to recycle concentrated sodium hydroxide for SST mineral heel dissolution. By this 
method, concentrated sodium hydroxide and aluminate liquors may be processed by the LiHT 
process in similar concentrations to typical DST liquors. 

29 However, significant aluminosilicate gels have been observed in SST simulants that resulted in pluggage of equipment occurred in fractional 
crystallization pilot plant operations due to NAS gels. See Section 1.3.1 for NAS treatment. 
30 WRPS-0800062, Gibbsite Dissolution Rate Results, D.L. Herting, November 6, 2008. 
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In this part of the LiHT validation tests, a validation test will be performed using SST supernatant 
simulant. The test will be run quantitatively using a stoichiometic ratio (1:2 mole Li/Al) of IOwt% 
lithium hydroxide added to the reactor. The test will be performed in a similar marmer to the DST 
test described above with the same apparatus, reaction temperature, time, and extent of product 
washing3

!. A block flow diagram of the SST demonstration in shown in Appendix D, and material 
balances for the tests are shown in Appendix E. 

The SST Early Recipe shown in Appendix A is modified in the material balance to adjust the 
quantities to one liter, normalize the final SST formulation to a sodium concentration of 5M N a, and 
add gibbsite (Al(OH)3) instead of sodium aluminate (NaAl02.xH20). Dilution of the simulant to 
5M Na dissolves sodium oxalate (Na2C204) and sodium fluoride sulfate (Na3FS04) salts which are 
oversaturated in the 8.6M Na stock SST formulation. 

Alumina is leached into solution as gibbsite rather than sodium aluminate32 to give better 
quantification of alumina content. For this demonstration, sufficient Al(OH)3 is added to create a 
saturated solution with respect to boehmite33 (AlOOH) at 90°C. Once the Al(OHh is added, the 
solution is refluxed at atmospheric boiling temperature (-104°C) until the solution is clear. Then the 
solution is cooled to 90°C for lithium hydroxide addition. 

The formulation of the one-liter SST simulant, the 10% lithium hydroxide quantity, and wash water 
volumes are detailed in the mass balance and block flow diagram in Appendices D and E. The mass 
balance indicates the theoretical product yield and extent of decontamination. 

Chromium may be omitted from the formulation due to chromium VI (+6) toxicity. Chromium VI at 
the simulant concentration of O.04M does not affect the chemistry of the LiHT reaction34 Literature 
reports35 indicate chromium is has low affinity to LiHT inclusion. However, because chromium VI 
imparts a bright yellow color to the liquid phase, it may be used as a qualitative indication to the 
extent of decontamination of the precipitate during washing. 

Note: The main difference between the DST and SST simulants is the higher free hydroxide 
concentration in the DST simulant (DST = 2.4 M [OHI], SST = 1.2 M [OH1

] @ 5M Na) and the 
higher relative abundance of carbonate in the SST simulant (DST = 0.074 CO/AI, SST = 0.76 
CO/AI). Because of the higher free hydroxide content, the DST simulant leaches more alumina 
(0.88 MAl) into solution than the SST simulant (0.44 M) and precipitates more LiHT. 

31 The reaction time and wash volume may be reduced based on DST test results. 
32 Commercial grade sodium aluminate has variable concentrations of Na20, Ah03, and H20. The quantity of Na20 was adjusted to the DST 
recipe by increasing the NaOH in the mass balance 
33 The theoretical transition temperature of gibbsite to boehmite for this solution is 64'C. 
34 Chromium VI is well below its solubility limit in DST and SST simulants. Previous LiHT and fractional crystallization experiments yielded 
identical results with and without chromium. 
35 Adsorption and thermal desorption of Cr(VI) on LiiAllayered double hydroxide, S.L. Wang, et. al. Colloids and Surlaces A: Physicochem. 
Eng. Aspects 277 (2006) 8-14. 
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As in the DST test, the final filter cake is weighed and dried at 60°C36 to remove interstitial cake 
moisture without removing molecular waters of hydration. The product is weighed during the drying 
process to determine the rate of approach to the final dried mass. The final product is analyzed for 
elemental composition. The initial filtrate is saved for fractional crystallization. The filtrates may be 
collected and evaporated to concentrate the sodium hydroxide for analysis. However, analysis of the 
dilute filtrate by titration will be sufficient to determine the quantity of sodium hydroxide generated 
by the process. 

To determine the extent of decontamination as a function of wash water volume, the reactor contents 
will be filtered and the product filter cake will be water washed in four one-liter increments. The 
filter cake will be re-pulped in wash water and the filter cake sampled after each wash increment. 
The samples will be analyzed, and the extent of cesium decontamination will be calculated from the 
results. The final product will be dried and analyzed in the same manner as the DST experiment. 
Lithium and alumina yields will be calculated and compared to the theoretical yield given in the mass 
balance. Extent of decontamination for each wash step will be plotted on a semi-log graph and 
compared to theoretical DF calculations37 

3.2.3 Fractional Crystallization of DST and SST Filtrates 

Fractional crystallization of sodium salts from DST and SST simulants has been well studied and 
tested. Unlike prior crystallization experiments, the objective of these tests is to separate low
solubility sodium salts (Na2S04, Na2C03, NaN03, NaN02) from high-solubility sodium hydroxide 
(NaOH) and not cesium decontamination. The goal of these experiments is to produce a high yield 
of concentrated sodium hydroxide to recycle for alumina sludge leaching to reduce the mass of waste 
and the volume of the NaOH recycle stream. 

In practice, fractional crystallization may be used to separate the waste into three parts: (I) sodium 
salts for WTP or supplemental treatment, (2) caustic liquor to recycle to sludge leaching, and (3) 
condensate for ETF disposal. Evaporation of water, crystallization of salts, and concentration of the 
filtrate reduces the mass of waste by removing water and concentrating the sodium hydroxide liquor. 

Note: It is expected that cesium removal from sodium salts, if required, is peiformed prior to 
fractional crystallization so that the salts will not require washing. This simplifies the process to a 
one-stage crystallization and separation step without cake washinl8 

36 The drying temperature is determined by DSC. 
37 In fractional crystallization laboratory tests, it was found that actual Cs DF was equal to theoretical Cs DF using in situ (on filter) washing. This 
was not expected since "perlect mixing" is required to achieve theoretical Cs DF. 
38 Salt-crystal cake-washing is complicated by the high solubility of the salts. To prevent dissolution of the salts, a saturated solution is made from 
the product crystals and recycled to wash the crystal cake. This method consumes -Y2 of the yield, thus doubling equipment size. In addition, to 
attain a Cs DF>2,OOO, two-stage crystallization is required. Eliminating salt washing greatly simplifies the fractional crystallization process. 
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In these bench-scale tests, the filtrates from the DST and SST tests described above are evaporated 
under vacuum at a temperature of 60°C to produce a - 30wt% salt slurry of sodium nitrate, nitrite, 
sulfate, and carbonate crystals. The crystallization tests are performed on the 5M N a filtrate streams. 
However, the tests may be performed using fresh solutions with the recipe shown in the mass 
balance. As in the prior tests, chromium VI may be omitted from the simulant. 

A simplified block flow diagram and mass balance of the SST filtrate crystallization is shown below. 
The block flow diagram and mass balances indicate the amount of water evaporated, and the 
quantities and types of salts crystallized in producing a - 30wt% slurry. 

Figure 3. SST Crystallization Block Flow Diagram 

SST FILTRATION 
gm gm gm 

o gmSOLIDS 159.1 gmSOLIDS 159.1 gmSOLIDS 
LOO L 33.0 % SOLIDS 80 % SOLIDS 

60 C 0.29 L 0.10 L 
5.00 gmole Na 60 C 60 C 
0.23 gmole C03 5.00 gmole Na 2.41 gmole Na 
0.08 gmole 504 0.23 gmole C03 0.20 gmole C03 
2.27 gmole N03 0.08 gmole 504 0.08 gmole 504 
1.44 gmole OH 2.27 gmole N03 1.58 gmole N03 

1.44 gmole OH 0.00 0.18 gmole OH 

0.69 
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Table 1. SST Crystallization Mass Balance 
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0.01 

o. 

·7.645E+0 

JOO 
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Solid 

A block flow diagram and mass balance of the DST filtrate crystallization is shown below. 

gm 
o gmSOLIDS 

LOO L 
60 C 

4.99 gmole Na 
gmole C03 

0.01 gmole 504 
0.81 gmole N03 
3.11 gmole OH 

Figure 4. DST Crystallization Block Flow Diagram 

DSTFILTRATION 
gm 

129.3 gmSOLIDS 
30.8 % SOLIDS 
0.25 L 

60 C 
4.99 gmole Na 

gmole C03 
0.01 gmole 504 
0.81 gmole N03 
3.11 gmole OH 0.00 

0.23 

2.77 
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gm 
129.3 gmSOLIDS 

80 % SOLIDS 
0.08 L 

60 C 
2.09 gmole Na 

gmole C03 
0.00 gmole 504 
0.58 gmole N03 
0.35 gmole OH 
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Table 2. DST Crystallization Mass Balance 
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I ~ I 

I 
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The crystallizations are performed in the one-liter reactor system. The process is operated 
isothermally at 60°C by increasing vacuum on the crystallizer as the liquor concentrates and vapor 
pressure decreases. The heating rate is controlled by the circulation system to a point that gentle 
boiling occurs in the vessel and the boiling rate is moderated to attain a five hour residence time. 

To avoid salt accumulation on the inside walls of the evaporator, the crystallizations should be 
performed at constant liquid level. In this method, the crystallizer is initially charged with a volume 
equal to the final volume (as shown in the mass balance), and fresh feed is added to maintain liquid 
level as evaporation proceeds. The extent of evaporation is measured by the volume (or mass) of 
condensate collected in the receiver. 

The crystallizations are complete when the volume of condensate is equal to the amounts shown in 
the mass balances and the slurry density is -30wt%. At this point, the crystallizer is drained and the 
salt crystals are separated from the mother liquor by vacuum filtration. Prior results determined that 
the salt cake contained an average 80wt% solids and 20wt% residual liquor. The residual cake liquor 
is estimated to contain 12% of the sodium hydroxide. Thus, the extent of deliquoring the filter cake 
has an impact on sodium hydroxide yield as well as the amount of residual contamination in the filter 
cake. 

The extent of deliquoring of the filter cake and sodium hydroxide recovery may be improved by 
applying positive air pressure to the top of the filter cake. In full-scale operation, compressed air will 
be applied to drive residual liquor from the cake. However, a laboratory scale, maximum allowable 
air pressure on a glass filter is limited to 15 psig (see Chemglass CG-1405). Thus, the full extent of 
salt cake deliquoriug will not be kuown until pre-pilot testing of engineering-scale filtration 
equipment. 

The de-liquored crystal cakes are dried and analyzed for water content, crystal habit, and particle size 
distribution. Quantitative chemical analyses of the salt cakes are not required for these tests because 
of sufficient prior fractional crystallization analytical work. 
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3.2.4 Lithium Hydrotalcite Precipitation Using Simple Solutions 

For engineering scale tests, large batches (approx. 100 Ibs/test) of product will be required to test unit 
operations (filters, driers, etc.). LiHT is not commercially available in these quantities. To produce 
these larger quantities, LiHT will be produced in 100 liter batches from simple solutions containing 
only H20, AI(OHh, NaOH, Na2C03, and LiOH to reduce to amount of chemical waste. 

To test the validity of this approach, a one-liter batch will be produced from the simple five
component recipe. The LiHT reaction and separation will be done in the same conditions as the DST 
and SST demonstrations. A block flow diagram of the simple solution test is shown in Appendix F. 
A mass balance of the one-liter test is shown in Appendix G. The mass balance indicates quantities 
of chemicals and the theoretical LiHT yield of the reaction. 

The basis of the test is one-liter of slurry after 10% LiOH addition. The solution is formulated by 
adding NaOH and Na2C03 to 750ml of water, and then heat leaching AI(OHh into solution at the 
atmospheric boiling point (105°C) of the solution. Once the solution is clear, a 10% LiOH solution is 
added gradually. After two hours, the solution is cooled to 25°C and held for an additional two hours 
to ripen the crystals. The slurry is vacuum-filtered and washed with one liter of Dr water. 

The product will be analyzed compared to the products from DST and SST demonstrations to ensure 
that the simple recipe LiHT performs identically to the simulant products. The products will be 
analyzed and compared for chemical composition and physical properties such as density, particle 
size, and settling rate. The results of this experiment will be used to prepare 100 liter batches for pre
pilot testing of prototypical process equipment. 

3.3 Bench Scale One-liter Experiments Using Simulant Solutions 

The following tests will be performed on an experimental basis to improve understanding of NAS gel 
destruction, LiHT precipitation, and test the reaction under different conditions and applications than 
in the demonstration runs. The experiments include: 

• Alumina and sodium alumino silicate gel destruction. 

• Kinetic studies of reaction rate as a function of temperature. 

• Effects of shear mixing on particle size. 

• Particle settling rate as a function of size. 

• Extent of cake dewatering as a function of particle size. 

• Extent of LiHT decontamination as a function of wash volume. 

• Extent of sodium hydroxide regeneration. 

• Crystal ripening for anion selectivity. 

• Alumina sludge leaching experiments. 

• LiHT chemical parametric tests. 

The experiments will use Raman spectroscopy, PVM®, and FBRM® or similar techniques to allow 
real-time in situ observation and measurement of chemical concentrations, particle morphology, size 
distribution, and growth rates during the tests. These methods allow for accurate determination of 
the effects of process conditions (i.e. temperature, shear) on physical and chemical properties of the 
product. 
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Results of the experiments will be used to develop process flow sheets and select and size pre-pilot 
process equipment. Additional experiments may be added to the test program to further improve 
understanding of the LiHT reaction, separation, and decontamination processes. 

3.3.1 Alumina and Sodium Aluminosilicate Gel Destruction 

The Savarmah River Site (SRS) has encountered sodium alumino silicate (NAS) gel in evaporator 
operations and during tank closure activities. During fractional crystallization pilot operations at 
SRNL during 2008, it was found that 17 ppm soluble silica in the SST stimulant resulted in 
formation of NAS gel and frequent pluggage of filters, pipelines, and instrument tubing. NAS gel in 
the heels of SRS waste tanks is not pumpable, and special methods are needed to remove NAS from 
the tank bottoms so that tanks may be closed. It is expected that NAS gels will be more troublesome 
in Hanford waste treatment due to higher concentrations of supersaturated silica and the high-shear 
intensity ofWTP solid/liquid separations equipment (e.g. crossflow filters). 

In addition to fouling equipment, NAS gel ripens to a hardened zeolite mineral upon heating. In the 
SRS evaporator, NAS gel precipitates as mineral scale on heat exchanger surfaces. The zeolite traps 
radioactive contaminants in the crystal structure and requires frequent outages for acid cleaning to 
remove the contaminated scale from heat exchanger tubes. 

Aluminosilicate gels and zeolite precipitation are prone to become serious problems during Hanford 
waste processing. Hanford waste typically has higher soluble silica than SRS waste due to the 
presence of decomposed zircalloy (ZrSi04) fuel rod cladding. As a result, Hanford waste is 
supersaturated in silica (50 ppm) with respect to NAS gel. Formation39 of NAS gel at low silica 
concentrations and zeolite minerals at high temperatures can result in plugged pipelines and 
equipment reducing total operating efficiencies. 

Although alumina sludge and amorphous alumina gels may be broken by caustic leaching, NAS gels 
are not. NAS gel formation and zeolite precipitation have been shown to be troublesome in SRS 
waste treatment and the potential for NAS gel and zeolite formation is higher in Hanford waste due 
to the high silica content. Thus, the development of a method to break and/or prevent NAS gel 
formation is high priority to enable waste treatment processes. 

The current method to separate NAS gels in SRS tanks is by using in-tank settling. NAS gels have 
been shown to gravity settle in simulants allowing decanting of a clear supernatant. However, this 
method concentrates NAS gel in the heels of the tanks making sludge retrieval difficult. 

39 Typically supersaturation collapses and gels fonn in high-shear systems such as pumps and filters. 

19 



RPP-43328, Rev. 0 

Qualitative testing of lithium treatment was performed at SRNL in May 2008. A sample of NAS gel 
was collected from fractional crystallization SST simulant and heated to 90°C. Lithium nitrate 
(LiN03) was added to the sample, and the gel dispersed into a hydrotaicite particulate suspension. 
The solids were easily separated from the solution by funnel filtration. XRD analysis of the solids is 
shown below. 
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Figure 5. RD Analysis of Gel Precipitate 
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XRD analysis of the unwashed filter cake identified the presence of sodium salts (NaN03, 
Na3N03S04oH20, Na2C0301H20, Na2C0307H20) from the SST simulant liquor, Lithium 
Hydrotaicite Li2C03o4AI(OHho3H20, and Sodium Aluminum Silicate Hydrate (likely hydroxy 
sodalite - Na8AI6Si6024(OHho2H20). 

The result indicates that the reaction of a lithium salt with the alumina (AI(OH)3) and sodium 
alumino silicate gel (Na5AI6Si7025y,oI5'hH20) broke the gel and produced a suspension of LiHT and 
sodalite particles. As demonstrated by these experiments and reported in open literature4o, alumina 
gels may be broken by hydrotaicite precipitation and not by caustic leaching. Therefore, lithium 
treatment may be required to break NAS gels prior to leachate filtration. 

The purpose of this test run is to repeat the SRNL gel destruction experiment using fixed quantities 
of NAS gel and lithium hydroxide and quantify the yield and purity of the product. Development of 
a simulant AJ(OHh + NAS gel will be done on an experimental basis. A block flow diagram of the 
base case experiment is shown in Appendix H. Mass balances for the experiment are shown in 
Appendix I. 

To create a supersaturated alumina solution, gibbsite (AI(OH)3) will be leached into hot SST 
solution, sodium silicate octahydrate (Na2Si03.8H20) will be added in small increments to the 
simulant until the solution acquires the consistency of a gel. The resulting solution will be cooled 
and partially neutralized with 10% HN03 to supersaturate the remaining alumina and coprecipitate 

40 Formation of Hydrotalcite in Mixtures of Aluminum Hydroxycarbonate and Magnesium Hydroxide Gels, Vanderlaan, R.K. White, J.L., Hem, 
S.L., Journal of Phannaceutical Sciences, Vol. 71, No.7, July 1982, pp. 780-786. 
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alumina gel with the NAS gel. The method to produce AI(OH)3 + NAS gel may be modified 
depending upon experimental results of the formulation. For example, the amounts of sodium 
silicate and nitric acid may be changed to increase or decrease the mass of gel. 

In addition to the base case experiment, a test matrix will be developed for the following matrix of 
alumina-silica-hydroxide concentrations. 

Table 3. Aluminosilicate Test Matrix 

Test # Al Si OH 
I High High High 
2 Low High Low 

3 High Low High 
4 Low Low Low 
5 High None High 

For each test, the simulant will be adjusted to obtain the desired concentrations of alumina, silica, and 
hydroxide. Insoluble solids (e.g. Fe203) will be added to obtain 2wt% solids to simulant precipitated 
solids in waste sludge. The slurry is heated to 90°C overnight, and then allowed to cool and settle. 
The settling rate for the simulant will be measured to determine the effect of NAS on settling rate and 
ultimate settled solids concentration. The clarified solution is sampled and analyzed for alumina and 
silica content to determine the extent of NAS formation. 

Once the gel has formed, the solution is heated to 90°C and 10% LiOH solution is added gradually to 
attain a 1:2 ratio of Li/AI to convert alumina gel to LiHT. Based on prior experiments, NAS gel will 
ripen to a crystalline zeolite such as hydrosodalite (Na8AI6Si6024(OH)z·2H20) by the heating process 
after the alumina gel is broken. The resulting slurry is cooled to -25°C and separated by vacuum 
filtration. The filter cake is washed with one liter of Dr water. The washed product will be analyzed 
by XRD to determine the reaction products and the extent of decontamination. Depending upon the 
extent of decontamination, the filter cake may be further washed with Dr water to remove interstitial 
contamination. 

Results of this experiment will be used in conjunction with studies of waste chemistry and tests of 
actual sludge samples to determine if lithium treatment of sludge is required prior to the filtration, 
whether alumina leaching must occur before sludge filtration, or if passive methods4

! of sludge 
separation are required to prevent NAS pluggage of waste processing equipment. The results of the 
study will determine the sequence of the retrieval, leaching, and sludge filtration operations that 
minimizes equipment failure due to NAS fouling. 

3.3.2 Lithium Carbonate Addition 

Prior experimentation42 using lithium carbonate was unsuccessful at obtaining high LiHT yield and 
cesium decontamination. It is believed that the low yield was due to the low solubility of lithium 
carbonate (I wt% @ 25°C) compared to lithium hydroxide (II wt% @ 25°C) and lithium nitrate 
(45wt% @ 25°C). 

41 Passive methods include settling of leached sludge from supernatant. In-tank leaching and sludge settling is perlonned in SRS tank 51 for 
HL W sludge mass reduction (SMR). This method eliminates sludge and gel filtration. 
42 AREVADOE Contract DE-RP09-05SR22530, Volume 1 Phase 1 Topical Report, Advanced Remediation Technologies, Tank Waste Alumina 
Recovery, January 30, 2007. 
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Undissolved lithium carbonate remained in the reactor vessel after several days of mixing at 90°C, 
and the product slurry filtered very slowly due to residual Li2C03 particles. However, there may be 
some advantages to using lithium carbonate. 

• Lithium carbonate is less expensive than lithium hydroxide and lithium nitrate. 

• In a carbonate depleted system, lithium carbonate donates carbonate to LiHT which is the 
most stable (least soluble) LiHT form. 

• In some cases (e.g. at the end of the campaign), excess sodium hydroxide from lithium 
hydroxide is not required for alumina sludge leaching. 

To create a reactive solution of lithium carbonate, sufficient water is added to solid Li2C03 to make a 
I % aqueous solution. To provide water balance, water is evaporated from the reaction vessel at the 
same rate it is added from the 1% Li2C03 aqueous solution. The evaporation is performed at the 
atmospheric boiling point (-!05°C). 

This method assumes that the hydrotaicite reaction is spontaneous. If the reaction is slower or 
operated at a lower temperature, the evaporation rate should lag behind the addition rate to maintain 
sufficient water for lithium carbonate solubility. 

The DST simulant formulation and product washing steps are identical to the description in Section 
1.2.1 - DST Lithium Hydrotaicite Validation. A block flow diagram of the experiment is shown in 
Appendix J. Mass balances for the experiment are shown in Appendix K. 

The final product will be dried and analyzed for elemental components. Lithium and alumina yields 
will be compared to the theoretical yield as determined from thermodynamic modeling. Excess 
lithium carbonate will be determined by XRD and XPS analysis. Results of this experiment will 
determine if lithium carbonate may be used as the lithium salt. 

3.3.3 Hydrotaicite Reaction Kinetics 

The purpose of these experiments is to determine the rate of the LiHT reaction as a function of 
temperature. The kinetic rate data will be used to determine the optimum reaction temperature and to 
size process equipment. 

In previous laboratory experiments, the LiHT reaction rate was near spontaneous at 90°C43
. Product 

yield was 95% in less than IS minutes of residence time. Because of the rapid reaction rate, it may 
be difficult to measure the progress of the reaction at temperatures near the boiling point of the 
solution. To obtain kinetic reaction rates to size process equipment, laboratory experiments will be 
run at lower temperatures. Reaction rate data will be plotted against time and temperature, and the 
results will be extrapolated to higher temperature for equipment sizing. 

Because the hydrotaicite reaction forms a near-insoluble precipitate, the concentration of the product 
will not affect the forward reaction rate. 

2LiOH(AQ) + 4NaAI(OH)4(AQ) + Na2C03(AQ) + 3H20 --+ LbC03.4AI(OH),.3H20(s) + 6NaOH(AQ) [4] 

43 u.s. Patent 4,348,295 indicates that temperatures above 500C fonn LiHT from amorphous alumina gel, and temperatures above 85°C are 
required to fonn LiHT from crystalline alumina. The patent contains no indication of temperature ranges for fanning LiHT from dissolved 
sodium aluminate. 
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However, the concentration of sodium hydroxide may affect the rate of reaction since it is a reaction 
product. For these experiments, the DST simulant recipe shown in Appendix A will be used because 
it has the highest anticipated sodium hydroxide concentration44 

Thermodynamic studies indicate that reaction yield is maximized at low temperature (25°C). 
However, at this temperature the kinetic rate of reaction is expected to be slow and require a large 
vessel to provide long residence time. This study will determine the optimum reaction temperature 
to achieve a balance between product yield and reaction rate. Below is a graph of hypothetical 
reaction rates as a function of temperature. It is expected that the hydrotaicite reaction will follow 
similar curves with reaction rate increasing with temperature. 
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Figure 6. Hypothetical LiHT Reaction Rate 
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Three sets of experiments will be run at temperatures 25, 50, and 75°C with three sets of carbonate, 
hydroxide, and alumina concentrations. The LiHT reaction rate test matrix is shown below. 

Table 4. Reaction Rate Test Matrix 

Test Temperature C03 OH Al 
I 75 High High High 
2 75 High High High 
3 75 High High High 
4 75 Low High High 
5 75 High Low Low 
6 75 Low Low Low 
7 50 High High High 
8 25 High High High 

Mass balances will be prepared for each experiment. Reaction temperature will be controlled by 
jacket heating and cooling of the reactor vessel by the circulation system. At the start of the 
experiment, the entire charge of 10% lithium hydroxide is added to the reactor. The tests will be 
sampled every 10 minutes for up to one hour. The samples will be immediately filtered and diluted 
in 0.5M HN03 to stabilize the samples. The samples will be analyzed by ICP-AES to determine the 

44 The 2M NaOH DST concentration leaches approximately 1M Al(OH) 3 at 90°C and produces a 2Owt% LiHT slurry. A 2Owt% slurry is the 
maximum slurry density for adequate solid-liquid dispersion. 
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residual alumina concentration in the filtrate. ill addition, samples will be submitted for the initial 
and final concentrations of carbonate and hydroxide in the liquid phase. 

ill addition to sampling and analysis, Raman spectroscopy, PVM®, and/or FBRM® may be used to 
estimate the reaction progress. Sodium hydroxide and aluminate concentrations, LiHT particle count 
and size distributions may be correlated to results from previous DST expermnts to estimate the 
rate of reaction as a function of time and temperature. This method reduces the uncertainty caused 
by time lapse during sampling and filtering of the slurry. 

The data from the kinetic studies are mathematically regressed into an Arrhenius rate equation 
(k = Ae-(ElRD) to detennine the reaction rate as a function of time and temperature. This mathematical 
model will be used to extrapolate product yield and reaction rate to several temperature ranges to 
detennine reactor residence time and operating temperature. 

3.3.4 Crystal Size Distribution as a Function of Shear Rate 

The pllIpose of this experiment is to determine the effects of particle charge and size distribution on 
settling rate. Particle settling may be used as a method of product decontamination and solid-liquid 
separation. 

Scalllling electron micrograph (SEM) images of the product particles from prior experiments 
revealed that the particles were made up of 5 11m hydrotakite crystallites assembled into 50 11m 
spheroidal aggregates. These particles were formed by reaction in a relatively low-shear aqueous 
suspension. It is expected that the aggregates will disintegrate to 5 11m crystallites upon high shear, 
and then reassemble into large particles at lower shear rates. 

Figure 7. SEM Image ofLiHT Particle 

Particle size is important for operations of settling and separation. In prior laboratory tests the 50 11m 
particles settled, separated, and decontaminated rapidly due to the unifonn particle size and narrow 
size distribution. However, in a high shear system a lower particle size and/or wider size distribution 
can reduce separation efficiency. 

Shear is a function of impeller tip speed. To achieve similar results on lab and full-scale, impeller 
speed in the lab mixer must be greatly increased. 
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So, to match the shear rate of a 6" pump impeller rotating at 3,600 rpm, a 2'h" lab impeller must 
rotate at: 

To test the effects of shear on particle size, hydrotalcite product from previous test runs is dispersed 
in water and subjected to high shear mixing. A high shear mixing apparatus using a 2.S-in. 
dispersion impeller with a rotation speed of 20,000 rpm is required (Cole-Parmer K-0420 1-03 or 
equivalent). On-line analysis of particle size distribution is measured using PVM®, FBRM®45 or a 
similar method. Real-time in situ measurement of particle size is required to avoid particle 
aggregation and/or disintegration outside of the mixing environment. Shear rate may be cycled to 
determine if disintegration and aggregation are reversible phenomenon. 

The sheared particles are tested for filter flux rate through the Buchner funnel. Hydraulic 
conductivity is calculated by Darcy's Law: 

Or: 

Where: 

Q = K A (!ihIL) [8] 

K = Q/A (L/ !ih) [9] 

K = Hydraulic conductivity (cm/min) 

Q = Filtrate volumetric discharge rate (mllmin) 

A = Cross-sectional area of the filter cake (cm2
) 

!ih = Hydraulic head applied to filter cake (cm) (or !iP converted to cm H20) 

L = Thickness of filter cake (cm) 

Results of the experiment will determine the effects of shear rate on particle size distribution and the 
effects of particle size distribution on filtration rate. These results will determine if high shear may 
be used to disintegrate particles for re-pulp decontamination and low shear may be used to increase 
aggregate size for filtration, and whether extreme shear equipment, such as centrifugal pumps, will 
irreversibly destroy particle size and can not be used for this application. 

45 PNNL-13358, Qualification of Three On-Line Slurry Monitoring Devices for Application During Waste Retrieval Operations at DOE Sites, JR 
Bontha, ill Hylton, TH May. 
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3.3.5 Particle Settling Rate 

In conjunction with shear rate experiments, particle settling rates will be performed to determine if 
continuous settling methods may be used for LiHT product decontamination and separation. 

Particle settling rate depends upon particle charge and liquid pH due to electrostatic interaction 
between particles. Particles with like surface charges repel and disperse, and conversely, particles 
with unlike charge attract and agglomerate. The point of zero charge (pzc) (or isoelectric point) is 
the condition that particles have no net charge, exhibit maximum solubility, and minimum stability. 
At this pH, particles coagulate and produce high viscosity slurries. At pHs above the pzc, particles 
have a negative surface charge and disperse in solution. 

Previous particle settling rate tests indicted that the 50 flm hydrotaicite particles settled in water and 
caustic solutions at a rate of approximately two inches per minute. This indicates that for the 
conditions of interest (pH> 7) the solutions are above the pzc of LiHT allowing a stable dispersion. 
To prevent unwanted flocculation of particles, the pzc of LiHT must be determined by analysis. The 
pzc of LiHT will be determined by measuring electrophoreic potential during pH titration of a 
suspension in water. This measurement will determine the lower pH limit of wash solutions. 

Because of the observed rapid settling rate in water and caustic solutions, hydrotaicite may be 
classified for size and decontaminated by using counter-current elutriation. 

Settling rate may be estimated by Stokes settling velocity: 

A hypothetical settling velocity curve where ps = 1.25 is shown below. 
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Figure 8. Hypothetical Particle Settling Velocity Curve 
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As indicated by the graph, settling velocity varies greatly with particle size. Settling rates for <5 flm 
particles are negligible, and settling rate increases with the square of particle size. As a result, 
elutriation works effectively for particle size classification. However, the Stokes settling velocity is 

26 



RPP-43328, Rev. 0 

only valid for "hard-sphere" particles. Actual settling rates for acicular particles, such as LiHT, must 
be determined by experimentation. 

Particle settling may be beneficially used to separate and decontaminate LiHT. Elutriation is a 
continuous process in which product slurry is introduced into a vertical column and counter-currently 
contacted with upwelling fresh water. The water upwelling rate (l-in.lmin) is less than the particle 
free-settling rate (2-in.lmin) so that the net settling rate for coarse particles is approximately one inch 
per minute. Fine particles and entrained liquor are displaced from the top of the column and returned 
to the reaction vessel. Washed slurry is removed from the bottom of the column and fed forward to 
filtration. 

Elutriation is commonly used in industrial crystallizers to classify particle size. An elutriation 
column may be coupled directly to the reaction vessel so that product can be continuously withdrawn 
at a rate equal to the reaction rate. A Draft Tube Baffle (DTB) reactor with an elutriation column is 
depicted in the figure below. 

Figure 9. DTB Reactor with Continuous Elutriation Column 
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By this method, coarse LiHT is continuously classified and withdrawn from the reactor and fresh 
water is used to displace contaminated liquor. Thus, elutriation may be used to displace cesium 
contaminated liquor from the settling product while simultaneously classifying particle size. The 
extent of cesium decontamination must be proven by engineering scale testing. 

The objective of this experiment is to determine the settling rates of several size fractions of 
hydrotaicite particles. Dried product from previous runs will be used. The size fractions are divided 
using a Ro_tap®46 vibratory screener or equivalent. The settling rate of the individual size ranges are 
tested in a vertical one-liter graduated cylinder filled with water. Particle settling rates are timed to 
estimate the terminal settling rate of each size fraction. 

In addition to the settling rate, the maximum sedimentation density will also be estimated. The 
sedimentation density is the mass of solids per unit of volume of liquid (gm,wlidJcm'uqUid). The 
maximum sedimentation density is highest mass of solid that undergoes free (un-agglomerated) 
settling in a fixed volume of liquid. Higher solids density causes particles to collide, agglomerate, 

46 Ro-tap® is a U.S. federal trademark owned ofW.S.Tyler Company, Gastonia, NC 
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and sink rapidly thereby reducing elutriation efficiency. Results of pzc and particle settling tests will 
determine the efficacy of using elutriation to classify particle size and/or decontaminate the LiHT. 

3.3.6 Extent of Filter SolidILiquid Separation 

The extent of solid/liquid separation will determine the volume of wash water required to 
decontaminate dissolved species from the LiHT filter cake. The test plan will specify contaminants 
of concern possibly using strontium and actinide surrogates in addition to cesium. Initially, the filter 
cake is deliquored to remove free liquids. The remaining cake interstitial liquor contains 
contaminates at the same concentration as the mother liquor. Washing and re-filtering the filter cake 
dilutes and displaces interstitial contamination from the filter cake. 

The purpose of this task is to determine the optimum combination of de-liquoring, wash volume, and 
wash frequency to meet the required extent of decontamination of water soluble species. The 
experiments will test in situ (on filter) and re-pulp (off filter) washing to determine the approach to 
perfect mixing for the two methods. 
In perfectly mixed slurrl7

, the extent of decontamination can be calculated as 

Where: 
D = 1 - (1/(1 + W/L))" [11] 

D = Extent of Decontamination 
W = Wash Water Mass 
L = Residual Cake Interstitial Liquor Mass 
n = Number of Wash Stages 
DF = (CsiniAlin)/(CsouIAlou,) = 1/(1- D) 

For example, for a two-stage wash with a wash to interstitial liquor ratio of 10, the theoretical extent 
of decontamination is: 

D = 1 - (1/(1 + JO)i = 99.2% [12] 

DF = 1/(1 - 0.992) = 121 [13] 

47 In fractional crystallization experiments, in-situ washing of the filter cake resulted in a perlecUy mixed slurry. However, channeling may occur 
on the filter cake which will reduce the extent of decontamination. Thus, in the demonstration runs, the filter cake is fe-pulped in water and re
filtered to obtain perlect mixing. 
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The extent of decontamination for a perfectly-mixed system is represented graphically in the fignre 
below. 

Fignre 10. Interstitial Decontamination Cnrves 
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From the calculation, increasing wash volume, decreasing interstitial liquor, and/or increasing the 
number of wash increments increases the extent of decontamination of the filter cake for perfectly 
mixed slurry. Each of these factors will be discussed in turn. 

1. Wash Volume 

In prior experiments, it was found that the extent of cesium decontamination was 
directly proportional to the water wash volume. This indicates that cesium is not 
included in the hydrotalcite crystal lattice, and decontamination of soluble species in 
interstitial liquor occurs by dilution and displacement of contaminated liquor by fresh 
water. 

In the tests, the cesium-133 concentration was reduced below the detection limit of 
the analysis. However, sodium or other soluble ions may be used as surrogates for 
cesium because water-soluble ions are washed from the cake in the same proportion 
as cesIUm. 

U sing large wash volumes (4L H20/lL Simulant) is a workable solution to obtain the 
required Cs DF. However, a large wash volume increases equipment size, and an 
optimum combination of wash volume, residual liquor , and number of wash 
increments may be found to reduce equipment size and/or processing time. 

2. Cake Liquor 

In prior testing using vacuum filtration, the washed filter cake retained approximately 
50% water. In centrifuge testing, the cake retained approximately 45% moisture. 
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Thus, it appears that the extent of dewatering was not directly dependent upon the 
amount of force applied to the filter cake. 

The extent of dewatering the filter cake may be improved by applying positive air 
pressure to the top of the filter cake (in addition to vacuum under the cake) to drive 
residual moisture from the cake. This method may improve dewatering by displacing 
interstitial liquor with air. 

To test air pressure displacement liquid from the filter cake, a bench scale pressure 
filter will be used. The filter cake is drained of free liquid, and then compressed dry 
air is applied to the top surface of the cake. The cake is measured for residual liquid 
to determine the extent of air displacement. 

3. Number of Washes 

Ideally, wash is applied continuously to the cake at a rate equal to the free-draining 
rate so that the contamination is displaced by plug flow from the solids. However, 
obtaining perfect plug flow in a filter cake is not always possible because of uneven 
hydraulic conductivity. Wash liquid takes the line of least resistance through the 
open pores and leaves contaminants trapped in closed pores. 

To determine the approach to plug flow, wash volume is divided into even 
increments and applied to the top surface of the cake. When the top surface of the 
cake has drained of free liquid, the next wash increment is added. The overall extent 
of decontamination is measured after the last wash increment is added and results 
from the run are compared to the theoretical extent of decontamination give by the 
equation above. Samples will be collected so that incremental wash efficiency can be 
calculated. 

Washing tests will be performed on LiHT filter cakes to test the effects of these factors on the extent 
of decontamination. The experiments will use in situ and re-pulp washing to determine the approach 
to perfect mixing for these two cases. 

The tests will determine the compressibility of the filter cake. A cake will be formed by vacuum 
filtration. Three samples of this cake will be obtained and the water content will be determined. The 
slurry will then be washed. Finally the slurry will be re-suspended and reformed to determine if 
washing impacts the compressibility of the cake. This process will be repeated using an increased 
pressure on the cake side of the filter at least two additional pressure levels. The residual water will 
be re-measured, the cake washed, the slurry re-suspended and reformed at the end of washing to 
determine if washing impacts the cake compressibility. These tests will also use material from 
Task 1.3.4. The results will be compared to prior results of simulants and real waste experiments. 

From the results of the washing tests, an optimum combination of wash volume, cake deliquoring, 
and number of washes will be determined to minimize spent wash volume and maintaining product 
purity. The washing tests will determine if in situ washing of the filter cake will result in effective 
mixing, or if re-pulp washing of the filter cake is necessary to obtain adequate mixing. The results 
will be used in pre-pilot testing of prototypical equipment to determine the expected extent of soluble 
ion decontamination in full-scale equipment. 
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3.3.7 Extent of Sodium Hydroxide Recycle 

The purpose of this study is to estimate the sodium hydroxide balance for the LiHT process. The 
study will determine sodium hydroxide balances from laboratory experiments and compare the 
results to mass balance calculations of Hanford waste inventory. The results of this task will be used 
to determine the most efficient conditions for the LiHT reaction, the required extent of deliquoring in 
the sludge and salt separation processes. 

A flow diagram of the LiHT sodium hydroxide balance is shown below: 

Figure 11. Overall Sodium Hydroxide Balance 
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An estimated 8,742 MT of sodium hydroxide exists in the waste tank inventory. Lithium hydroxide, 
used in precipitating LiHT, adds 5,775 MT equivalents NaOH. An estimated 2,640 MT NaOH liquor 
is entrained and lost with fractional crystallization sodium salts, and 325 MT NaOH is entrained and 
lost with residual sludge. A total of 11,520 MT NaOH is in excess. Not shown is an internal recycle 
of 11,520 MT NaOH for leaching alumina sludge. 

Thus, to maintain sodium hydroxide balance in the LiHT process, the sodium hydroxide loss in the 
salt and sludge streams must be less than the excess (11,520 MT) sodium hydroxide. The salt stream 
contains an estimated 20wt% liquor: the sludge stream contains an estimated 50 wt% liquor. The 
actual sodium hydroxide losses will depend upon the mass of the residual sludge, the amount of 
entrained liquor, and the concentration of NaOH in the liquor. To estimate the actual losses, salt 
cake and residual sludge liquor from laboratory experiments will be analyzed for sodium hydroxide 
content, and NaOH mass balances will be generated for each experiment. 

In addition to sodium hydroxide losses in sludge and salt streams from the LiHT process, the sodium 
hydroxide balance depends upon the conservation of the internal NaOH recycle and LiHT reaction 
conditions. The LiHT reaction hydroxide balance is partitioned between free hydroxide, sodium 
aluminate, and lithium hydroxide. 

Based upon thermodynamic mass balances, at lOOoe, on average one-third of the sodium hydroxide 
reacts with alumina to form the soluble sodium aluminate during the leaching operation: 

NaOH + AI(OHhs --> NaAI(OH)4AQ [15] 
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Two-thirds of the sodium hydroxide (as "free hydroxide") is in excess of the aluminate reaction and 
is required to maintain solubility according to the solubility product: 

K = [NaAI(OH)4]/[NaOH] = 0.5 @ lOO°C [16] 

During the LiHT precipitation, the aluminate hydroxide is released and some additional hydroxide is 
added by lithium hydroxide. 

Including the free hydroxide in the reaction: 

2LiOH(AQ) + 4NaAI(OH)4(AQ) + Na2C03(AQ) + 3H20 + 8NaOH(fr"OH)--> 

The overall sodium hydroxide balance is: 

Source 

NaAI(OH)4AQ 

Free Hydroxide 

LiOH 

Moles 

4 

8 

2 

Li2C03.4AI(OHh-3H20(s) + 14NaOH(AQ) [18] 

Percent 

28.6% 

57.1% 

14.3% 

Thus, for alumina leaching and LiHT precipitation at 100°C, the bulk of the sodium hydroxide 
(57.1 %) does not take part in the reaction but must be present to maintain alumina solubility during 
the leaching process. 

At lower leaching temperatures, a larger excess of sodium hydroxide is required to maintain alumina 
solubility. For example at 60°C: 

K = [NaAI(OH)4]/[NaOH] = 0.25 @ 60°C [19] 

In this case, the overall LiHT precipitation reaction is: 

2LiOH(AQ) + 4NaAI(OH)4(AQ) + Na2C03(AQ) + 3H20 + 16NaOH(fr"oH)--> 

The overall sodium hydroxide balance is: 

Source 

NaAI(OH)4AQ 

Free Hydroxide 

LiOH 

Moles 

4 

16 

2 

Li2C03.4AI(OHh-3H20(s) + 22NaOH(AQ) [20] 

Percent 

18.2% 

72.7% 

9.1% 

Thus, at lower leaching temperatures, more free hydroxide is required to maintain alumina solubility, 
and the internal recycle of sodium hydroxide is higher at 60°C than at lOO°C. 
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In addition, in a carbonate depleted system, some of the lithium hydroxide may be consumed by the 
LiHT reaction: 

2LiOH(AQ) + 4NaAl(OH)4(AQ) + 3H20 --> 2LiOHAAl(OHh-3H20(s) [21] 

Thus, the sodium hydroxide balance in the LiHT reaction depends on the reaction conditions and 
component concentrations. 

To determine the extent of sodium hydroxide recovery, filtrate, sludge, and saltcake liquor from the 
previous experiments and crystallizations is titrated to measure the sodium hydroxide concentration. 
A titration procedure is shown in Appendix L. The results are compared to the mass balance to 
determine the theoretical and actual sodium hydroxide recovery for the reaction and separation 
processes. Results from this study will be used to determine the efficiency sodium hydroxide 
recovery from each of the leaching, reaction, and crystallization processes, and will be used to 
determine the most efficient conditions for the LiHT reaction, the required extent of deliquoring in 
the sludge and salt separation processes. 

3.3.8 Crystal Ripening for Anion Selectivity 

During the precipitation of LiHT, negatively charged anions are included in the LiHT structure to 
charge balance the positive charge of the lithium-alumina layers. While carbonate (C03·

2
) is the 

most stable anion due to its high charge density, other anions may substitute (i.e. N03'!, N02'!, OR!) 
depending upon their relative abundance in the waste and the extent of ageing of the product. 

Elemental analysis from a prior DST simulant experiment is shown in the figure below. 

Figure 12. XPS Analysis of DST LiHT Precipitate 
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The analysis indicates a high-purity product with an approximate molecular composition of 
Li2C03 AAl(OHh containing trace impurities of sodium and phosphorous48 

Other anions may substitute for carbonate depending upon their relative abundance in the simulant. 
The pertechnetate ion (TcO.!) is the least desirable anion substitution in LiHT. However, it is not 

48 Phosphorus is in higher concentration in the product relative to sodium in the feed (PlNaprod»P/Nafw). This indicates possible co-precipitation 
of P04 with LiHT. 
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favored in the hydrotaicite structure due to high molecular volume and low charge density. 
Hydrotaicites have been studied49 for technetium adsorption and it was determined that pertechnetate 
does not successfully compete with carbonate or other waste-abundant ions for anion vacancies. 
However, actual waste tests will be performed to confirm the results of previous studies. 

As described in Section 1.1, thermodynamic parameters of probable LiHT 
analogs (e.g. Li2C03AAl(OHh.nH20, Li2S04AAl(OH)3.nH20, 2LiN03AAl(OHh-nH20, 
2LiN02AAl(OH)3.nH20, 2LiOHAAl(OHh-nH20 etc.) will be developed from literature 
and experimental sources. Using these parameters, the relative stability of LiHT analogs will be 
studied as a function of temperature and concentration to estimate the most stable compounds under 
different conditions. 

For example, it may be beneficial to trap sulfate in LiHT to increase glass loading. Removal of 
phosphate by co-precipitation with LiHT may reduce sodium phosphate pluggage potential in WTP 
processing. Conditions may be found (e.g. pH<S.S) where sulfate can replace carbonate in the 
hydrotaicite structure. Other conditions may exist (e.g. [OR!]>3M) where lithium hydroxide 
hydrotaicite (2LiOHAAl(OHh.nH20) is favored over lithium carbonate hydrotaicite 
(Li2C03AAl(OHh-nH20). This condition is not desirable because it reduces the total sodium 
hydroxide recovery. 

In the demonstration runs in Task 1.2, the products will be analyzed for elemental composition. 
Because the DST simulant is deficient in carbonate, it is expected that secondary anions (N03'!, N02' 
!, OR!, SO.2, PO.3) will substitute in the LiHT structure. The order of anion substitution may be 
deduced from the analyses of these products. 

To improve the anion selectivity of LiHT, tests will be performed that will ripen (age) the product in 
conditions that prefer carbonate, sulfate, phosphate, and/or nitrate over hydroxide or pertechnetate 
substitution. For these tests, flow sheets will be generated for experimental testing once the 
thermodynamic properties of the hydrotaicite analogs has been determined and modeled by computer 
simulation (Task 1.1). 

Conditions favoring desirable and undesirable anionic substitutions will be tested, analyzed, and 
compared to previous test results if anion removal by hydrotaicite is determined to be feasible and 
desirable. The results will be used to optimize process conditions that favor carbonate, phosphate, 
sulfate, nitrate, and/or nitrite substitution and hinder hydroxide and technetium substitution in LiHT. 

3.3.9 Alumina Sludge Leaching Experiments 

Considerable work has been accomplished on modeling of alumina sludge leaching (see Section lA). 
Previous studies50 have used actual waste sludge to determine the rate of gibbsite and boehmite 
leaching in undersaturated (hydroxide-rich) solutions. 

To improve the efficiency of the LiHT process, the leachate should be saturated or near-saturated in 
alumina. By this method, the maximum amount of alumina is leached and precipitated per gallon of 
solution. However, leaching rate decreases asymptotically as saturation is reached, and the required 
residence time to reach full saturation increases exponentially. Thus, a practical limit to the approach 
to alumina saturation will be determined by this study. 

49 SAND2000-1267C Technetium Getters in the Near Suiface Environment, J.L. Kramhansl, et al. 
50 R.A. Peterson, GJ. Lumetta, B.M. Rapko, A.P. Polaski, Modeling of Boehmite Leaching from ActuaZ Hanford High-Level Waste Samples, 
Separation Science and Technology, 42: 1719-1730,2007. 
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This study will determine the rate of alumina dissolution in the presence of excess solid alumina 
rather than excess hydroxide. By this method, leaching rate is not limited by particle size (D) as in 
the "shrinking sphere" dissolution model, and the approach to saturation (C - Cm,) will be the driving 
force for and the limit to the alumina leaching rate. 

The concentration of the leaching stream will be a nominal 5M sodium solution5
! with varying 

concentrations of sodium hydroxide, nitrate, nitrite, carbonate, sulfate, and other abundant salts in 
Hanford waste. For this study a solution of sodium hydroxide and sodium nitrate will be used as the 
leaching stream52 A graph of temperature versus alumina solubility in 5M NaOH + NaN03 is shown 
below. 

Figure 13. Gibbsite and Boehmite Solubility in SM NaOH + NaN03 Solutions 
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Gibbsite (AI(OH)3) solubility is shown by the solid lines; boehmite (AIOOH) solubility is shown by 
the dotted lines. As indicated by the diagram, alumina solubility increases with temperature and 
NaOH concentration. Boehmite is the thermodynamically stable phase above 60°C. However, the 
transition of gibbsite to boehmite may be kinetically hindered at lower temperatures. 

This set of experiments will validate alumina solubility in 5M N a solutions at 60 and 90°C for 
gibbsite and boehmite and estimate the rate of alumina dissolution in the presence of excess solids. 
Stock solutions will be made with the following concentrations; 

51 Higher sodium concentrations may be possible after fractional crystallization by removal of sodium carbonate and sulfate; however for the 
current study, a nominal5M Na concentration is assumed for the leaching stream. 
52 Slightly higher alumina solubility is gained by the substitution of sodium caIDonate for sodium nitrate due to added ionic strength. However 
this effect is minor and not germane to this study. 
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Table 5. 5M Na Stock Solutions for Alumina Leaching 

NaN03 NaOH 
M M 

0 5 
I 4 
2 3 
3 2 
4 I 

Three sets of five experiments will be performed. In the first set, Gibbsite (Almatis C_33353
) will be 

leached into the solutions. In the second set, boehmite (Apyral AOH180E54
) will be used as the 

alumina source. In third set, a combination of gibbsite and boehmite will be used. In each set of 
experiments, 300 grams55 of solid alumina are added to one-liter of solution; the 30wt% slurry is 
agitated and heated to leaching temperature. Mass balances will be prepared for each experiment to 
estimate theoretical yield for each set of conditions. 

Dissolution progress is measured by Raman spectroscopy. The rates of hydroxide consumption and 
aluminate production are recorded as a function of time and temperature. FBRM'" and/or PVM® may 
be used to measure particle count and size distribution during alumina dissolution. 

At four -hour intervals56
, the slurry is drained from the reactor and filtered57

. A sample of the filter 
cake is taken, washed, and dried to test for filter cake solid & liquid content. The filter cake and 
filtrate are returned to the reactor vessel, heated, and mixed. The filtration and sampling are 
continued until the weight of the residual solids remains constant. 

Alumina solubility is determined by calculating the solid loss and the volume of solution58 The 
results will determine maximum alumina solubility in 5M N a solutions in the presence of gibbsite 
and boehmite59

, and the approximate leaching time to reach alumina saturation at 60°C and 90°C. 

Results of temperature leaching studies will be regressed into an Arrhenius rate equation 

(k = Ae·(EIRT) to determine the dissolution rate as a function of time and temperature and compared to 
previous models60 This model will be used to interpolate gibbsite and boehmite leaching rates 
between the tested temperature ranges 

3.3.10 LiHT Chemical Parametric Tests 

The one-liter SST and DST experiments were designed to cover a wide range of the chemical species 
and alumina phases expected to be present in Hanford waste processing. Additional tests will be 

53 WTP-RPT-176, Rev. 0 PNNL-18013, Development and Characteri:piion of Gibbsite ComponentSimulant, Russell RL, et. al. 
54 WTP-RPT-184, Rev. 0 PNNL-18076, Development and Characterization o/Boehmite Component Simulant, Russell RL, et. al. 
55 The actual amount of the alumina charge will be developed by trial and error to create the maximum slurry density before gelling. 
56 By measuring weight loss in increments, dissolution kinetics may be estimated. Time intervals between measurements may be adjusted for 
convenience. 
57 Based on experience, gravimetric measurement is the most accurate method for this analysis. Liquid sampling and analysis can produce non
reproducible results due to cooling and/or dilution which changes the [Al(OHkl]/[OH"l] ratio. Gravimetric results will be compared to on-line 
Raman measurements. 
58 The volume of solution increases as alumina dissolves. 
59 Additional fonns of alumina may be present in Hanford waste; these fonns are not considered gennane to this specific study. 
60 WSRC-STI-2007-00168, Aluminum and Chromium Leaching Workshop Whitepaper, April 25, 2007, D.J. McCabe, et al. 
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performed to encompass a wider range of feed chemistry compositions once thermodynamic data for 
LiHT systems is developed (Task 1.1). 

The tests may include higher and lower concentrations of primary species (NaOH, NaN03, NaN02, 
Na2C03, Na2S04, Na3P04, NaF, NaCl, KOH, etc.), minor species (CaC03, Na2Si03, etc.), organics61 

(NaCOOH, Na(C2H30 2), Na2C204, Na3(C6H807), EDTA, HEDTA, HHEDTA, IDA, etc.) and/or 
radionuclide surrogates (CsOH, SrC03, Nal, NaRe04 etc.). In addition, tests will be performed to 
determine if RCRA constituents co-precipitate with LiHT. 

A matrix of compositions of chemical species and material balance flow sheets will be prepared for 
these experiments during test plan development. Mass balances will be developed from 
thermodynamic properties developed in Task 1.1. Results of the experiments will be compared to 
thermodynamic models to determine accuracy of thermodynamic simulations of these systems. 

3.4 Bench Scale Testing using Actual Waste 

Because of the radioactive nature of the feed material and the regulatory requirements for 
immobilization and disposal, an extensive series of hot work tests are planned for LiHT 
development. The tests are designed to fill the gap between chemical simulants and thermodynamic 
predictions of actual waste. The tests will use the expected processing steps (heat leaching of sludge, 
ultrafiltration removal of strontium and TRU, water washing of LiHT to remove soluble 
radionuclides) that were developed in simulant testing. The purpose of these tests is to generate 
LiHT from actual waste using prototypical processing steps. The product will be used for 
immobilization and disposal testing, and the results will be compared to simulant results. 

The products of hot work experiments will be extensively tested for compliance with waste disposal 
requirements. Depending upon the selected disposal path(s) experimental methods (e.g. ultrafiltration, 
re-pulp washing, MST treatment) may be modified to improve the extent of decontamination of 
targeted compounds. 

Feed materials for the tests will be generated from individual waste samples or composites of several 
samples. Mass balances and block flow diagrams of the experiments will be prepared based on 
analysis of the feed materials. If the samples differ significantly from previous SST and DST test 
runs, a new simulant will be developed and tested prior to the hot work experiments to ensure 
reproducibility of results for hot and cold tests. 

Product samples from hot work testing will be representative for full-scale operation since the LiHT 
reaction chemistry is independent of batch size, and tests will be conducted to assure that process 
conditions and operating parameters are directly transferred from small to large scale. By this 
method, the simulant chemistry for process studies may be targeted for specific compounds of 
concern (e.g. Cs+1) rather than the entire suite of waste chemistry to reduce toxicity (esp. Cr+6) and 
chemical waste volume. 

The experiments will be targeted to remove low-solubility strontium and actinides by ultrafiltration62, 
and remove cesium and soluble contaminants by product washing. Ultrafiltration removal of TRU 

61 Organic polyols (gluconate, tartarate, succinate) such as found in Hanford tanks AN-102 and AN-107 will not be part of the present study. 
These compounds complex metals (esp. TRU) in alkaline conditions, and additional pre-processing (i.e. oxidation) is required prior to LiHT 
precipitation. 
62 ''Ultrafiltration'' may be done by crossflow, rotary mico-filtration, or other methods. 
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components has been well studied and demonstrated63 with actual waste sludges. Results of 
ultrafiltration of actual C-l 04 sludge are shown in Table 664 

Results indicate that gross alpha radiation was reduced by approximately four orders of magnitude by 
ultrafiltration separation of TRU solids. Soluble isotopes of cesium technetium, and ruthenium were 
not removed by ultrafiltration. Typically, cesium exhibits 99+% of the gamma radioactivity of waste 
supernatants. It is expected that other ionic trace contaminants (I.I, TC04·1, Pu(OHk2) will achieve 
the same decontamination factor as cesium during the washing process and be reduced to acceptable 
levels. 

Strontium 90, a beta emitter, is sparsely soluble, and the bulk of strontium is expected to be removed 
as strontium carbonate (SrC03) by ultrafiltration. The filtrate is expected to be saturated in trace 
amounts of strontium. The solubility of strontium is expected to increase durin? the LiHT process 
due to the removal of carbonate by the lithium carbonate hydrotaicite reaction6 

, and the residual 
strontium is expected to be removed from the product at the same extent of decontamination as 
soluble species. 

Table 6. C-I04 Ultrafiltration Results 
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Sb <O.OS <0.003 <0.003 <0.002 < 0.0003 <0.04 <O.OOOS <0.002 <0.00055 <0.04 

-Eu <0.2 <0.004 <0.006 <0.002 <O.OOOS 0.OS6 <0.004 <0.003 <0.003 <0.3 
'>lEu 1.8 <0.0004 <0.00035 <0.00014 <0.00015 2. 1 <0.0004 <0.0003 <0.0003 3.9 

E" 1.1 <0.005 <0.007 <0.002 <0.002 1.2 <0.005 <Xl.OO4 <0.004 2.3 

Am 5.3 IW "" "" '''' 6.4 lI a "" "" \3 

IC P/ l\IS rr :,:/g ngfmL rrg/rnL ng/mL rr :,:fmL ngf:,: rrglmL rr :,:/mL rr glmL tr W:,: 
'T, 2.7 87 120 38 22 2.5 2 1 52 28 2.5 

R" 25 195 249 72 36 '3 25 \3 12 '4 
S" 25± 1 "' "' "' "' 3± 1 "' "' "" 3± 1 

'NI 3.7+0. S "" "" "" "" 1.65±3 "" "" "" <0.4 

• Np 8.9 "" "" "" "' 15.5+ 1 "" "" "" 14+3 

Hot work testing will determine the extent of removal of strontium and TRU solids by ultrafiltration 
and the extent of soluble and partially soluble species by water washing of the LiHT filter cake. The 
tests will be performed on a graduated basis. The initial supernatant tests will mimic the simulant 
tests using DST and SST filtrate to leach fresh gibbsite and precipitate LiHT and use the results of 
the previous studies to decontaminate the product. On completion of supernatant tests, actual HL W 
waste sludge will be caustic leached into the SST and DST supernatants. The leachate will be 

63 PN\VD-3000, BNFL-RPT-002, Rev. 0, Ultrafiltration and Chnracteriwtion of AW-10l Supernatant and Entrained Solids, K.P. Brooks, et aI. 
64 PN\VD-3024, BNFL-RPT-030 Rev. 0, Chnracterization, Washing, Leaching, and Filtration ofC-l04 Sludge, K.P. Brooks, et al. 
65 The strontiwn carbonate solubility product is K = [Sr+2] [C03 .2]. By reducing carbonate concentration, strontiwn solubility increases. 
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filtered by ultrafiltration66
, liHT precipitated, and decontaminated by water washing by methods 

developed in prior experiments. 

In these tests, the amount of alumina leached into solution is of key importance to detennine the 
lithium hydroxide dose. High lithium dose may cause co-precipitation of lithium salts (Li2C03, 

Li3P04, LiN03, etc.) and reduce filter cake penneability. Low lithium dose reduces product yield. 
Leachate will be analyzed to detennine the correct lithium dose for each leachate sample. 

Substantial work67 has been done on caustic leaching of HLW sludge. Results indicate high alumina 
leaching efficiency and, with the exception of cesium, low dissolution of HLW components as in the 
table below68

. 

Table 7. Previous Alumina Sludge Leaching Results 

Water \Va sh 

Etlic ic llcy Can stic Leach C an stic Wa sh No. I Caustic Wash No. 2 Residu(' 

A llaly te (%.lbl Efficie ncy (%) Etlici(, llcy CVu) Efficiency (%) (%) 
oS , 0.003 0.00 0 0.001 99 .99 
39.240 Pn 0.008 0.01 0 0.002 99 .98 

3~ Pn 0.11 0.01 0.03 0.033 99.8 1 

41A m (AEA) 0.001 0 0.0002 0.001 99.99 
43. 244Cm 0.69 0 0.27 0.20 98. 

°Co <0.2 <0.1 <0.2 <0.2 >99.4 

I06 Ru Rh <20 < II < II <7 >49. 
I2SSb <4 <2 <2 <2 >90.1 

1J4Cs 65.2 30. 1 3.8 0.81 C 
1J7Cs 61.2 29.6 3.0 0.17 6.1 
I5-I Eu <0.1 <0.04 <0.06 <0.06 >99. 
15; Eu <0.8 <0. <0.5 <0.3 >97.9 

41 Am (C EA ) <0.5 <0.3 <0.3 <0. 2 >98.0 

a) Accounts for carry-over of interstitial liquid. 
b) Accounts for material removed in the initial dewatering steps. 

Based on these results, leaching fresh alumina is expected to chemically simulate leaching HLW 
sludge. To test this theory, DST and SST supernatant samples will be analyzed before and after 
HL W sludge leaching to detennine the extent of alumina and radionuclide dissolution. 

Residual radionuclides in the product may prevent certain methods of disposal (i.e. containerized 
land disposal) from being used. However, considerable work69 has been perfonned on adsorption of 
actinides and strontium with monosodium titanate (MST) and Modified Monosodium Titanate 
(mMST) media in radioactive waste solutions 70. Results of MST testing are shown in Table 8?1 

<'6 The pore size of the filtration media will be determined by rewlts of lTevicus teoting. 
67 PNWD-30 13, C-]06 High-Level Waste Solids: Solubility Versus Tnrp eratllre and Washing!Leaching Studies, 
PNWO-3045, Characterization, Washing, Leaching, and Filtration o/AZ-]O] 
PNWO-3172, Chemical and Physical Properties Testing 0/24] -AN-] 02 Tank Waste Blended with 24] -C-]04 Wash!Leachate Solutions, 
G. Lumetta. 
6!l !'lorn PNWO-3013, Table 3.7. 
6} WSRC-STI-2007 -00720, StrontiUm and Actinide Separation from High Level Nuclear Waste USing Monoscxiium Titano.te]. Simuklnt Testing, 
O.T. Hoo bs, et al. 
'"" Omently MST is used in combination with filtration to remove residual otrontium and actinides from LAW at the SRS. 
71 !'lorn WSRC-STI-2007-007 20, Table 2. 
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Table 8. Previous MST Adsorption Results 

SorbaH Illiliai COli ... . DF % RelDowd Loading on ~IST 
()..I.M) ()..Ilnoil'lg) 

5, 10 100 99 " 
p" 15 93 2.3 

Np 2 5 80 4.0 

U 40 2.5 60 60 

The results indicate decreasing MST affinity for strontium and actinides at elevated temperatures and 
ionic strength. Ideally, for the LiHT rxocess, strontium and actinide removal is performed on filtered 
leachate at high temperature, ionic strength, and sodium aluminate concentration. Acklitional test 
work will be done to test the efficacy ofMST for removing actinides and strontium in hot leachate 
conditions. 

Depending on the outcome of the initial experiments, not all of the planned experiments may be 
necessary. Depending on the outcome of the ultrafiltration tests, a second set of tests is planned to 
use MST or mMST to scavenge actinides and strontium from the filtrate rxior to the lithium strike. 
Depending upon the residual contamination, the rxoduct may be ripened in a hot soda ash (Na2C~) 
solution to displace residual contaminants from the LiHf crystal lattice. The extent of water washing 
will be determined by simulant decontamination studies described in Section 1.3.6. 

On completion ofDST & SST supernatant experiments using fresh Al(OH)3, actual tank sludge will 
be heat leached into the filtered supernatant and recycle caustic streams. These experiments will use 
ultrafiltration and MST (if necessary) to remove the bulk ofTRU isotopes from the leachate. Mter 
LiHf rxecipitation, the rxoduct will re-pulped and washed to the extent determined by the rxevious 
experiments. Samples from the leaching, filtration, MST treatment, and LiHf precipitation steps will 
be analyzed to track the fate of contaminants though each rxocessing step. The yield and purity of 
the rxoduct from these experiments will be compared to previous simulant test results. Acklitional 
work may be required to imrxove radionuclide separations. 

3.4.1 Monosodium Titanate Adsorption of Actinides and Strontium from Leachate 

The SRS uses monosodium titanate adsorption and filtration to remove trace actinides and strontium 
from waste supernatants. This method maybe used to reduce radionuclide contamination in tre feed 
to the LiHf rxocess. This method will be tested if strontium and actini~s have been shmVI1 to 
contaminate the LiHT solids beyond desirable levels. 

Research ofMST adsotption indicates high selectivity for strontium and actinides in caustic 
supernatants. Compositions of the simulants are shown in Table 9.72 

"Rccm WSRC-8TI·1OO7·00710, T.ble 3. 
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Table 9. Compositions of MST Simulants used in Prior Tests 

Com pOlleUf COll(' f llfl'lltion 

i'i" aNO l :-iaOH Na :"O~ ::-IaAI(OH).j !\"a ~COl :\" a ~ S O.j 50' p" ::-I ll U 
T ria l (:\ 1) P I) em 1M} (M ) Qll !J!J:!!l !I:!.J:&l li!J:ihl !J!J:!!l 

1.000 3.000 0.500 0.100 0.020 0.490 621 231 241 7,050 
2 1.000 3.000 0.100 0.100 0.200 O.4H 656 102 244 8,080 
3 3.000 1.070 0.100 0 .100 0.020 0.600 302 42.8 242 5,960 
4 3.000 1.630 0.500 0.100 0.200 0.100 541 140 249 7.120 
5 1.730 1.000 0.500 0.500 0.200 0.600 537 121 249 4,490 
6 2.170 3.000 0.100 0 .500 0.020 0.100 828 119 190 5.490 
7 1.959 2.122 0.292 0 .299 0.106 0.379 617 208 218 6,620 
8 1.959 2.122 0.292 0.299 0.106 0.379 649 203 220 6.980 
9 1.907 2.066 0.284 0.291 0.104 0.369 742 242 307 10.400 
10 1.959 2.122 0.292 0.299 0.106 0.379 628 203 225 6,950 
11 2.600 1.330 0.134 0 .429 0.026 0.521 568 65.7 215 4,320 

Composition ofDST leachate stream (from Appendix A) @ 9Cl"C 
NaNO, 1.01 M 
NaOH 3.79M 
NaN02 1.05 M 
NaAl(OH)4 0.80M 
Na2CO, O.06M 
Na2S04 0.01 M 
Na,P04 0.01 M 
KGH 0.18M 

The expected DST leachate stream has higher temperature, soclium hydroxide, sooium aluminate, and 
potassium hydroxide concentrations than previously tested simulants. To determine the effects of 
these differences, a battery of tests will be planned to determine the efficacy ofMST adsorption of 
strontium and actinide by MST and mMST under expected LiHf feed conditions. 

Results from these experiments will be compared to ultrafiltration results to determine if MST can 
improve the efficiency of ultrafiltration separation of strontium and actinides from the LiHf process. 

The initial plan is to test four radioactive samples as described in the following sections. RCRA 
testing of the LiHf solids will be included to determine possible disposal options. 

3.4.2 DST Supernatant Hot Waste Testing 

Methods and equipment used for DST simulant testing will be used for actual DST waste hot testing 
(see Section 1.2.1). Thermodynamic mass balances for the experiment will be developed from 
analysis of the actual DST sample to adjust for the actual concentrations of sodium hydroxide and 
aluminate in the sample. 

As in the simulant tests, the sample will be adjusted to a 5M Na solution, heated to 900C, and fresh 
gibbsite (AI(OH)3) will be ackled to achieve near-saturation with respect to boehmite (AIOOH) at 
900C by the method developed in Section 1.3.9. The 1000 LiOH strike will be calculated to JXoouce a 
1:2 lithium/alumina ration. As described in the DST simulant studies, DST waste may not contain 

"Th~ .lumin. co,..,~ntutictl m.yb~ de\tfmin~d by ctl ·lin~ Riilllm spootrosccpy of off·lin~ m.lysis. 
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sufficient sodium carbonate (Na2C03) to produce stoichiometic Li2C03.4Al(OH)3.3H20(s) Thus, 
some anionic substitution may occur. The extent of substitution will be predicted by thermodynamic 
modeling using the relative abundance of the anionic species. 

At the completion of the reaction, as determined from kinetic studies, slurry is drained from the 
reactor and the product is deliquored using a Bucher funnel in a similar manner as the cold simulant 
tests. After the slurry is deliquored, the filter cake is re-pulped in one-liter ofDI water to dilute and 
displace residual contaminants from the solids and re-filtered. The washlre-pulp/filter step is 
repeated four times, or as determined from DST simulant testing to achieve the required cesium 
decontamination factor. 

The final product is dried at 60°C, or a temperature determined by DSC, and analyzed for elemental 
and radionuclide composition, particle size distribution, and product density. The extent of anionic 
substitution is measured, and if unacceptably high, further product washing and/or product ripening 
may be performed. A hot soda ash solution (N a2C03) may be used to displace residual contaminants 
from the product. 

Analytical results will be compared to DST simulant tests to determine how the simulant test results 
are reproduced in actual waste experiments. The simulant recipe may be modified to include 
additional species of interest to trace the fate of specific contaminants during pre-pilot and pilot 
processmg. 

Additional DST supernatant tests may be run if actual waste compositions are expected to differ 
significantly from the initial test. For example, some DST wastes may have significantly higher 
concentrations of phosphate, carbonate, and/or sulfate than the concentrations in the initial test. For 
these conditions, thermodynamic mass balances will be prepared and tests will be run to determine 
the differences in product yield and purity. 

3.4.3 SST Supernatant Hot Waste Testing 

In a similar marmer, methods and equipment used for SST simulant testing will be used for actual 
SST waste hot testing (see Section 1.2.2). SST waste, derived from saltcake dissolution, typically 
has lower concentrations of sodium hydroxide and aluminate than DST waste. Thus, in its present 
form, SST waste has lower capacity to leach alumina and precipitate LiHT than DST waste74 

Thermodynamic mass balances for the SST hot waste experiments will be developed for the actual 
waste sample to adjust for concentrations of sodium hydroxide and aluminate in the sample. If the 
analysis of the SST hot waste differs significantly for previous cold work tests, a new SST simulant 
will be developed and tested prior to the hot work experiments. 

As in the DST hot work experiment, the sample will be adjusted to a 5M N a solution, heated to 90°C, 
and fresh gibbsite (Al(OHh) will be added to achieve near-saturation with respect to boehmite 
(AlOOH) at 90°C. The 10% LiOH strike will be adjusted to achieve a I :2lithiumlalumina ratio to 
produce stoichiometic Li2C03.4Al(OHh.3H20(s) 

At the completion of the reaction, slurry is drained from the reactor and separated using a Bucher 
funnel in a similar manner as the DST hot work tests. After the slurry is deliquored, the filter cake is 
re-pulped in one-liter of DI water to dilute and displace soluble contaminants from the solids. The 

74 It is expected that the concentration of NaOH in SST waste will be fortified with concentrated NaOH from LiHT caustic recycle. This will 
improve the per-pass leaching efficiency of alumina sludge. 
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washlre-pulp/filter step is repeated four times, or as determined from DST hot waste testing to 
achieve the required cesium decontamination factor. 

The product is dried and analyzed for elemental and radionuclide concentration and other physical 
properties. The results are compared to SST cold test results. The extent of anionic substitution is 
measured, and if unacceptably high, the product will be ripened in a hot salt solution to displace 
residual contaminants. 

Analytical results will be compared to SST simulant tests to determine how the simulant test results 
are reproduced in actual waste experiments. The SST simulant recipe may be modified to include 
additional species of interest to trace the fate of specific contaminants during pre-pilot and pilot 
processmg. 

Additional SST supernatant tests may be run if actual waste compositions are expected to differ 
significantly from the initial test. For example, during processing of Hanford waste, sodium 
hydroxide will be recycled in dilute (1M OR!) and concentrated (4M OR!) strengths75 The NaOH 
recycle fortifies the native hydroxide, increases alumina leaching and LiHT precipitation yields, and 
increases the SST hydroxide concentration to a value similar to DST supernatants (from 1.2 to 2.4 M 
OR!). Additional SST tests may be run if the resulting concentrations are significantly different than 
DST and SST actual waste experiments. 

3.4.4 DST Sludge Hot Waste Testing 

As previously stated, significant work has been completed on HLW sludge leaching. The purpose of 
this task is to demonstrate HL W alumina leaching with LiHT precipitation using actual waste sludge, 
which has not been performed. Analysis of the supernatant before and after HL W sludge leaching 
and filtration will determine the selectivity of caustic leaching to alumina and other compounds. 

In addition, the extent of alumina sludge leaching will be studied. In previous work, 50wt% NaOH 
(19 M) was used as the leaching agent. In these tests, alumina sludge will be leached into 5M 
sodium solutions. It is expected that leaching time for these solutions will be longer than previous 
experiments due to the lower sodium hydroxide concentration. 

The hot supernatants will be contacted with HL W sludge until the solution becomes near -saturated 
with alumina. These tests will determine maximum alumina solubility for a given hydroxide 
concentration and ionic strength. The results of the leaching experiment will be compared to results 
from alumina sludge leaching experiments in Section 1.3.9. 

Mass balances and flow sheets of the experiment will be developed after DST supernatant and HLW 
sludge are analyzed. In this experiment, approximately 800 ml of filtered DST supernatant is 
contacted with - 200 grams of HL W sludge, and the slurry is mixed and heated to 90°C to leach 
alumina from the sludge. The duration of the leaching process will be determined from the results of 
simulant leaching in Section 1.3.9. 

The slurry is filtered by ultrafiltration and the filtrate is analyzed for element and radionuclide 
concentrations. The amount of alumina in the filtrate must be known to determine the correct LiOH 

75 The sodium hydroxide recycle is dilute if the filtrate is evaporated to 5M; it is concentrated if the filtrate is fractionally crystallized to remove 
non-beneficial sodium salts (esp. NaN02, NaN03). 
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dose. Depending upon the concentration of TRU76 in the filtrate, the filtrate may be treated with 
MST to remove residual strontium and actinides. 

After analysis and/or MST treatment, the filtrate is reacted with a 10% LiOH solution in 1:2 ratio of 
Li/AI at 90°C to produce LiHT. The LiHT slurry is filtered and decontaminated by re-pulping and 
water washing in the same manner as performed in the hot DST supernatant test. The product is 
dried and analyzed for elemental and radionuclide composition. Based on the analysis, the product 
may be ripened in a sodium salt solution to displace residual contaminants. 

The results of the DST sludge leaching tests will be used to determine the extent of decontamination 
for actual DST waste, the waste classification for LiHT, and the possible disposal paths. The DST 
simulant recipe may be modified to track additional components through the LiHT process. 

3.4.5 SST Sludge Hot Waste Testing 

As previously noted, SST supernatant, in its present form, typically contains lower concentrations of 
sodium hydroxide and aluminate than DST supernatant. Thus, the outcome of SST HLW sludge 
leaching is expected produce lower alumina leaching and LiHT yields. SST supernatants that are low 
in sodium hydroxide and aluminate will bypass the LiHT process and be fed directly to the PTF. 

In practice, SST supernatant will be fortified with NaOH recycled from the LiHT process. By this 
method, SST supernatants can be used as working fluids to leach alumina sludge heels from tanks. 
By fortifying SST supernatants with sodium hydroxide, the results of SST sludge leaching should be 
similar to DST results. 

The experiment will use the same apparatus, methods, and analysis as outlined above for the DST 
sludge leaching experiments. SST leachate will be analyzed after filtration to determine the lithium 
hydroxide dose. MST may be used to scavenge residual strontium and radionuclides. The LiHT 
product will be analyzed to determine waste classification and possible disposal paths. 

3.5 Lithium Hydrotaicite Disposal 

Under the current WTP flow sheet, the bulk of alumina is expected to be leached in sodium 
hydroxide, filtered by ultrafiltration, and be immobilized and disposed of as !LAW glass. Some 
fraction of alumina will be not leach in sodium hydroxide. It is estimated that 11 % of alumina exists 
as alumino silicate solids that will not leach in sodium hydroxide. 

76 Residual TRU in the product must be less than Class C concentrations. See Section 1.5.1 
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It is desirable to minimize the amount of alumina to HLW for the following reasons: 

• Alumina sludge is difficult to filter by ultrafiltration, requiring high filter surface area, 
frequent backwashing and acid cleaning. 

• Alumina reduces IHL W glass melting rate, and increases liquidus temperature, viscosity, thus 
reducing IHL W production rate. 

• Alumina may form spinel crystals in IHL W thereby reducing glass durability. 

• The disposal cost of IHL W is high relative to ILA W glass. 

Thus, it is desirable to remove or reduce the amount of alumina in HLW glass to improve the PTF 
ultrafiltration performance, IHL W melter production rate, glass durability, and reduce IHL W 
volume. However, as previously reportedn , the volume of sodium hydroxide to leach and maintain 
alumina solubility through WTP operations approximately doubles ILA W volume. 

To maintain the same disposal path as the WTP flow sheet, LiHT may be immobilized and disposed 
of in ILA W glass. Lithium (as Li2C03) is planned to be used as a glass former in ILA Wand IHLW 
waste because of the beneficial properties it imparts to glass processing. Lithium reduces glass 
liquidus temperature, viscosity, and increases electrical conductivity and sulfate solubility in glass. 
The amount of lithium plarmed to be used as a glass former is two times greater than the amount used 
for removing alumina as LiHT. 

However, the lifecycle of the WTP mission may be shortened by immobilizing and disposing LiHT 
by a separate path. Reducing the sodium hydroxide needed to leach alumina for tank waste will 
greatly reduce the excess LAW treatment capacity requirements. In addition, direct disposal of LiHT 
can simplify the ILA W vitrification process and likely speed processing. The removal of alumina 
from tank waste may occur while WTP is not operating. 

For these reasons, immobilization and disposal of LiHT in alternative waste forms will be 
researched. The following disposal paths will be studied: 

• LiHT as LAW vitrification raw material. 

• Direct disposal onsite (Class AlBIC - IDF or US Ecology). 

• Direct disposal offsite (Class A - CLIVE). 

• Direct Disposal WIPP (TRU). 

• Cement and dispose onsite (e.g. tank backfill). 

The allowable method(s) of disposal will dependent upon the waste form classification and approval 
of the regulatory authorities. This study will evaluate generic disposal methods, conduct workshops 
with stake holders to recommend a preferred disposal option, and develop a LiHT waste disposal 
roadmap. 

77 AREVA RPT-3001622-00 Alumina Removal and Sodium Hydroxide Regeneration from Hanford Waste by Lithium Hydrotalcite Precipitation, 
D. Geniesse. 
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3.5.1 Waste Form Characterization 

Appendix M contains the Code of Federal Regulations (CFR) Rule 10 CPR 61.55 for waste 
classification of radioactive materials. These rules will be used to determine the waste classification 
for LiHT decontaminated by different processing methods (i.e. re-pulp washing, MST treatment) and 
combinations of treatment methods. This study will determine the value of the extent of 
decontamination on the cost of disposal by several immobilization methods. 

To meet Class A waste specifications, concentrations of radio nuclides must be less than 10% of the 
values shown in Table 10. 

Table 10. Class A Waste lOX Radionuc1ide Concentrations 

Radionuclide Concentration curies per cubic meter 

C-14 8 

C-14 in activated metal 80 

Ni-59 io activated metal 220 

Nb-94 in activated metal 0.2 

Tc-99 3 

1-129 0.08 

Alpha emitting transuranic nuclides with half-life greater than 5 years 1100 

Pu-241 13 ,500 

Cm-242 120,000 

" Umts are nanocunes per gram. 

Class A waste must also have radionuclide concentrations less than the values shown in colunm 1 of 
Table 11. 

Table 11. Class A, B, & C Waste Radionuc1ide Concentrations 

Radionuclide 
Concentration, curies per cubic meter 

Col. 1 Col. 2 Col. 3 

Total of all nuclides with less than 5 year half-life 700 cr) cr) 
H-3 40 cr) cr) 
Co-60 700 (1) (1) 

Ni-63 3.5 70 700 

Ni-63 io activated metal 35 700 7000 

Sr-90 0.04 150 7000 

Cs-137 1 44 4600 

Class B waste must have concentrations less than the values in Colunm 2, and Class C must have 
concentrations less than shown the values in Colunm 3. All of the listed radionuclides listed in the 
tables are present in Hanford waste. Cesium has the highest concentration and radioactivity. 
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To estimate the required extent of cesium decontamination to meet waste classification criteria, the 
initial contaminant concentration is multiplied by the LiHT solid density"8 For example79, a waste 
slurry containing 6,900 flCi/g LiHT (15,200 Ci/m3 LiHT), an overall DF of 15,200/4,600 = 3.3 is 
required for Class C disposal, 15,200/44 = 345 for Class B, and 15,200/1 = 15,200 for Class A. 

The theoretical extent of decontamination for soluble isotopes e37Cs, 99Tc, 1291) may be calculated 
using DF equations given above. However, the actual extent of decontamination can only be proven 
by hot work testing of the LiHT process (see Section 1.4). The hot work tests will be used to 
determine the required extent of decontamination to meet each of the three waste classifications. 

This study will analyze products of simulant and hot work testing and determine waste classification 
for the potential disposal paths. 

Task 2 of LiHT development consists of the following activities: 

Task 2 Chemical Engineering Research - Pre-Pilot Scale 

4.1 100-Liter Scale Pre-Pilot Testing 

4.1.1 Elutriation Column Testing 

4.2 Pre-Pilot Pressure Filtration Testing 

4.2.1 Nutsche Filter 

4.2.2 Pneumapress®80 Filter 

4.3 100-Liter Scale Fractional Crystallization Testing 

4.0 TASK 2: CHEMICAL ENGINEERING RESEARCH - PRE-PILOT SCALE 

Pre-pilot testing of unit operations fills the gap between bench scale and pilot scale development. 
Whereas laboratory testing uses simple glassware to perform the chemical reaction and separation, 
pre-pilot scale tests use prototypical process equipment. 

In pre-pilot testing, one piece of equipment may be used for several functions. For example, the 
100-liter reactor may be used for alumina leaching, LiHT reaction, and fractional crystallization: the 
same filter system may be used for LiHT and fractional crystallization salt separation. From the pre
pilot studies, dedicated equipment will be used at the pilot scale to allow continuous operation and 
back-to-front recycles of process streams. From pre-pilot tests, an understanding of equipment 
capability, reliability, and process control methods will be developed for transfer to the pilot-and full
scale system. 

4.1 100-Liter Scale Pre-Pilot Testing 

To optimize process conditions for pilot plant operations, 100-liter scale batches will be produced 
using a glass reactor vessel. Using results from one-liter tests and experimental data developed in 
reaction kinetics, shear sensitivity, and settling rate, processing methods will be tested to maximize 
product yield and purity. 

78 The actual bulk density should be used for this calculation; the solid density gives a conservatively high result. 
79 This example is based on the DST simulant chemistry with a 137Cs/133CS = 0.3. 

80 Pneumapress® is a U.S. federal trademark of DBA Pneumapress Company, Richmond, CA 
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Using glass reaction vessels, macroscopic properties such as slurry mixing, particle de-entrainment, 
and sedimentation rates can be directly observed during the reaction, settling, filtration, and washing 
steps. Sufficient quantities of product can be produced in IOO-liter batches for testing of the primary 
unit operations ofLiHT reaction, separation, and decontamination. The IOO-liter equipment will also 
be used for testing the supporting processes of alumina leaching and LiHT filtrate crystallization. 

At the pre-pilot scale, filtrate and spent wash from the LiHT separation process will be evaporated to 
recycle water and concentrate the liquor for recycle. For some batches, the liquor will be crystallized 
to demonstrate fractional crystallization of low-solubility sodium salts from caustic liquor. The 
caustic liquor will be recycled to leach alumina, test recycle NaOH leaching, conserve simulant 
chemicals, and reduce waste output. This method increases alumina solubility by concentrating 
sodium hydroxide. 

The IOO-liter system will require an oil circulation system for heating and cooling the reactor jacket, 
and a cooling water system for the condenser. Temperature and agitation speed will be controlled 
and recorded by a PLC controller to produce uniform results. Raman, FBRM®, and PVM® 
instruments will be used in lOO-liter tests to measure real-time chemical composition, particle size 
distribution, crystal morphology, and reaction progress. 

For the IOO-liter system, a Chemglass process reactor CG-1968-675 (or equivalent) will be used. 
The reactor may be customized to add additional nozzles for instrumentation and to install a 
removable filter assembly for in-situ filtration and cake washing. A diagram of the lOO-liter reactor 
system is shown in Figure 14. 

Figure 14. One-Hundred Liter Reactor System 

Initially, IOO-liter LiHT batches will be produced using SST and DST simulants in the same method 
as detailed in the one-liter flowsheets and mass balances. The tests will be conducted to evaluate the 
similarities and differences of increasing scale. Particle size, product yield and purity will be 
analyzed and compared to previous one-liter test results. 

For separations testing, the "simple" simulant recipe may be used to reduce the amount of waste 
produced during filtration testing. In these tests, large volumes of material are needed, and bulk 
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physical properties (particle size, slurry density) of the product are more important than the need for 
trace chemical species. 

The hydrotaicite reaction cycle will use the same processing steps developed and demonstrated on 
the one-liter scale. Water, sodium hydroxide, and other chemicals are charged into the reactor and 
alumina (in the form of gibbsite) is heat leached into solution. A 10% solution of lithium hydroxide 
is added. At the completion of the reaction, the reactor is cooled down for transfer. At the end of the 
batch cycle, the slurry is drained from the reactor into a 100-liter (25-gallon) receiver for separation. 

Product separation and decontamination may be performed by several methods. In the simplest 
form, the slurry is allowed to gravity settle in the receiver until clear supernatant forms in the upper 
half of the container. The supernatant is decanted from the solids and stored for the next reaction 
batch. Fresh water (e.g. condensate or DI water) is added to solids, mixed, and settled to dilute and 
displace interstitial contamination. The spent wash is decanted and evaporated to concentrate the 
chemicals. The washlmix/settle/decantl evaporate steps are repeated twice to recover caustic from 
the interstitial liquor. 

Another method is to use a custom reactor-filter combination system (page 377 Chemglass 506 
catalog). The 100-liter reactor is custom-fitted with a bottom flange to which a filter assembly can 
be attached. This arrangement allows reaction, filtration, product washing, and re-pulping to occur in 
the same vessel. At the end of the washing cycle, low-pressure air (<15 psig) may be added to 
displace residual cake liquid. This reactor-filter system is prototypical of a Nutsche filter which will 
be described in detail below. By using a single custom vessel for all steps of the 
reaction/filtration/decontamination cycle, transferring of the slurry is eliminated and the LiHT 
process is greatly simplified. 

By demonstrating the process steps using larger scale glassware, macroscopic properties of settling, 
filtering, washing, repulping, and drying operations can be directly observed and measured in the 
vessel. By using Raman spectroscopy, PVM®, and FBRM®, chemical composition, particle size, and 
morphology can be measured during the reaction cycle. With these techniques, cycle times of the 
processing steps can be optimized to reduce batch time and increase product throughput. 

4.1.1 Elutriation Column Testing 

To improve the efficiency of the washing process, a prototypical elutriation column will be fabricated 
from clear acrylic pipe. The elutriation column allows continuous counter-current washing to 
displace liquid contamination. The clear column allows observation of the net particle settling rate 
against upwelling wash water. Results from particle settling and maximum sedimentation density 
tests will be used to size the equipment and estimate the optimum solid and liquid rates in the 
column. 

Initially, the column is filled from the bottom with fresh water and overflows by gravity from the top 
of the column to a receiver tanle Ideally, the top of the column is fed slurry by gravity from the 
reactor to avoid pump-shearing of the slurry. In the full-scale system, the column is directly 
connected to the bottom of the reactor. Wash water is drawn off or evaporated from the reactor to 
balance water inventory. 

In addition to cesium decontamination, the elutriation column classifies particle size. Fine particles 
float to the top of the column and return to the reactor for agglomeration. Coarse particles sink to the 
bottom of the column and feed forward to the filtration system. By removing fine particles from the 
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bottom slurry, filtration and decontamination of the filter cake is improved by higher cake porosity 
and liquid hydraulic conductivity. 

In the 100-liter system, slurry feed is moderated by throttling the reactor drain valve. Water fed to 
the bottom of the column is controlled by rotameter. The slurry and water flows are balanced so that 
the net particle settling rate is -I inch per minute. The sedimentation density is adjusted to the 
maximum rate that allows dispersed (non-agglomerated) settling. 

The purpose of the elutriation column testing is to determine the size of the column to achieve the 
required cesium decontamination factor. Height of the column may be adjusted by adding additional 
pipe sections. Although column width will be fixed, the pre-pilot column will be used to determine 
required column width for pilot scale testing. 

The extent of decontamination is a function of the wash water rate, particle settling velocity, the 
sedimentation density, the diffusion rate of the liquid phase, and the column height. These variables 
will be manipulated to optimize the performance of the column and generate sufficient data for full
scale equipment design. Results of these tests will be used to evaluate the performance of elutriation 
for particle size classification and cesium decontamination. 

4.2 Pre-Pilot Pressure Filtration Testing 

In laboratory testing, vacuum filtration was used to de-water the hydrotaicite filter cake using a 
Buchner funnel. Because of the rapid filtration rates observed in the lab, the separation may be done 
in a similar marmer in pilot- and full-scale operation. However, filter type and filter medium 
selection carmot be determined from bench-scale tests. At the one-hundred liter scale, batch size is 
large enough to use industrial pressure filters for the solid-liquid separation testing. 

Pre-pilot testing of larger batches with non-radioactive simulants can test different types of pressure 
filters and filter mediums efficiently by using small-scale (0.2 m2

) factory-reconditioned used 
equipment. By reconditioning used equipment, long-lead delivery times are avoided, and the 
equipment may be factory-modified for the actual application. The equipment works in a similar 
marmer to full-scale equipment and may be used to effectively evaluate and scale up equipment for 
the actual application. 
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Figure 15. Pre-Pilot Scale (0.2 m2
) Nutsche Filter System 

Pressure filters typically used in industry (filter press, horizontal plate, vacuum drum, disk or belt 
filters) are not amenable to radioactive duty because of poor containment and high maintenance 
requirements. However, two types of pressure filters (e.g. Nutsche, Pneumapress®) have been 
identified that may provide adequate containment and require relatively low maintenance. Further 
evaluation of these and other teclmologies with regard to suitability and contamination control will 
be performed as testing progresses. The Nutsche filter has the advantage that the hydrotalcite 
reaction and re-pulping may be done in the same unit, thus simplifying the overall process. Both 
units provide air drying of the filter cake. The Pneumapress® filter has the advantage of relative 
simplicity of operation. 

Figure 16. Pre-Pilot Scale Pneumapress® Filter System 

To determine the efficiency and reliability of these filter systems, they will be tested in tandem with 
the 100 liter reactor system81 By this method, LiHT slurry can be "made to order" in quantities 

S1 Although the Nutsche filter may perform the reaction step, a loo-liter reactor is needed for alumina leaching. 
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required for filter testing. Filter product can be re-slurried with the filtrate and recycled to the filter 
system to conserve material. 

Filter testing will determine applicability of candidate filter systems for the LiHT application. Filter 
cake will be analyzed for residual moisture, extent of decontamination82

, and product yield. The 
testing will determine batch cycle time and filtrate flux rate (lblhr.ft2

) for sizing pilot-and full-scale 
equipment. 

4.2.1 Nutsche Filter 

The Nutsche filter is the industrial version of the Buchner funnel with the exception that it is 
contained in a pressure vessel and is designed to operate at vacuum or pressure. By enclosing the 
filter in a vessel, containment of the solid/liquid separation operation is greatly improved over 
common industrial filter operations. Nutsche filters are constructed to perform a variety of tasks 
including reaction, filtration, cake re-pulping, and thermal drying on a single unit. They are available 
in almost any size with the larger industrial machines producing cake volumes of greater than 
10 yd3 !batch. 

Nutsche filters are typically operated in batch mode. In commercial applications, several units may 
be used in parallel to increase throughput or provide back-up capacity as "installed spare" equipment. 
A cross-section of a Nutsche filter is shown in Figure 17. 

Figure 17. Cross-Section of Nutsche Filter System 

Feed enters through top nozzles, filtrate exits through bottom nozzles, and solids are discharged 
through the bottom center outlet. The filter contains rotating internal paddles and/or mixing blades 
for agitation, re-pulping, cake smoothing and discharge. The paddle system consists of two rake 
arms with slanted blades that rotate in one direction to re-slurry the cake during washing and 
discharge it at the end of the cycle. The paddle arms rotate in the opposite direction for cake 
smoothing to seal cracks prior to cake drying. A hydraulic system raises and lowers the paddles. 

Mixing blades (not shown in the diagram) are used to break up and rewash the filter cake. Ideally, 
the agitation rate is sufficient to suspend all particles off the bottom of the vessel and provide 
adequate solid-liquid dispersion for the LiHT reaction and washing operations. 

82 In feed batches produced from simple solutions, soluble surrogate species (e.g. Na+ 1
) may be used to estimate the extent of decontamination of 

other soluble ions (i.e. Cs+1, rl) as demonstrated by previous results. 
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Several filter mediums (cloth, woven wire, sintered metal) are available for Nutsche filters. 
However, based on previous tests with cross-flow, ultrafilters, and SpinTek83 rotary filters, stainless 
steel sintered-metal media is expected to be the best candidate for Hanford waste service. The filter 
media is supported in the housing by a densely perforated screen that is bolted to the body flanges. 
The body flange may be opened to replace the filter media when required. 

The sequence of Nutsche filter operation is described below84 

1. Hydrotaicite Reaction 

The Nutsche filter vessel may be used for the LiHT reaction if the mixing blades can 
provide sufficient shear to produce adequately sized aggregates as detailed in particle 
size testing described in Section 1.3.5. If higher shear is required, a separate reactor 
vessel will be required. 

At the beginning of the reaction step, hot (-90°C) filtered leachate is charged into the 
vessel and mixed with the agitator blades. A 10% solution of lithium hydroxide is 
added to the vessel. The hydrotaicite reaction is run adiabatically with the heat of 
reaction absorbed by the 10% LiOH solution. Heat may also be removed by vacuum 
evaporation or jacket cooling. 

2. Filtration 

At the end of the reaction step, air pressure is applied to the vessel to push filtrate out 
and precipitate cake on the filter media. To prevent segregation of coarse and fine 
particles, the rotating paddles maintain particle suspension during filtration to assist 
in forming a homogeneous cake. By this method, layers of fine (low-permeability) 
particles do not form in the cake. 

3. Cake Washing 

In the washing stage, a spray ring at the top of the vessel introduces wash water over 
the cake to displace mother liquor from the cake pores. Washing efficiency is 
improved by smoothing the cake surface by the paddles to form an even cake 
thickness. 

In a multi-step washing cycle, washing efficiency may be further improved if gases 
are not allowed to enter the cake so wash water displaces liquor in a piston like 
marmer. This is achieved by a level sensor that detects when the cake surface is 
exposed and initiates the next washing stage. 

4. Cake Re-Pulping 

Washing the cake by re-pulping yields the highest product purity per unit of wash 
water because the LiHT particles are re-dispersed in water, and interstitial 
contamination is not trapped in closed pores. Repulping is done by raking the cake 
and agitation mixing. During re-suspension the rotating arms move slowly 

83 WSRC-TR-2004-00213 Pilot Scale Testing ofa SpinTekRotary Filter with Welded Disks and Simulated Savannah River Site High Level 
Waste, M. Poirer. 
84 Excerpts fonn Handbook of Water and Wastewater Technology, 2002, N.P. Cheremisinoff. 
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downwards. The paddles shave the filter cake gradually layer-by-layer until the 
entire cake is re-slurried. The slurry is agitated to disperse the solids and extract 
residual contaminants into the wash water. The slurry re-filtered and re-pulped until 
the cake meets the required extent of decontamination. 

5. Pressure Drying 

In the drying stage, compressed air is charged into the vessel to displace residual 
moisture from the cake. The air may be heated to accelerate the drying rate. During 
the drying cycle, cake surface is smoothened by reversing the rotation of the paddle 
arms and exerting controlled pressure on the cake surface with the hydraulic system. 
This seals cracks in the cake to prevent air bypass. 

6. Vacuum Drying 

Further drying of the filter cake may be achieved by vacuum drying with concomitant 
cake mixing to de-lump and expose residual moisture. The vessel jacket, filter floor, 
and internal paddles may be steam heated to increase the drying rate. 

7. Cake Discharge 

Once all the stages are complete, the center discharge valve opens and the paddle 
arms are rotated and lowered to plow the cake towards the discharge chute. From the 
chute, the dry solids are discharged by gravity to a receiving bin. After the discharge 
step, the filter screen may be backwashed with water to dislodge and remove filter 
residue. When required, the filter may be cleaned with an acid solution (i.e. 1M 
HN03) to remove scale from the vessel walls and filter media. 

The next batch cycle is initiated once the remaining solids are discharged from the filter. The total 
cycle time depends upon the solids loading, cake permeability, the number ofre-pulping steps, and 
the desired extent of drying. By re-pulping solids in the fresh water, the washing step can achieve 
near-perfect mixing and the extent of decontamination can be estimated by the equation (D = J -
J( J + WILJ)" as described in Section 1.3.6. 

The results of Nutsche filter testing will determine batch cycle time and filter capacity (lblhr.ft2
). 

From these calculations, the vessel volume and filter surface can be estimated for pilot- and full-scale 
systems. The wash efficiency will be compared to in situ washing to determine the value of re
pulping the filter cake. 

The Nutsche filter system is more mechanically complex than other pressure filter systems because 
of the hydraulic agitator and paddle drive systems. However, this complexity is partially offset by 
the filter's ability to perform multiple functions, and potentially simplify the process operations. 
Results of the testing will be used to evaluate the relative advantages and disadvantages of the 
Nutsche system compared to other processing methods. 
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4.2.2 Pneumapress® Filter 

The Pneumapress® filter is a belt pressure filter. Filter media may be woven cloth or disposable 
media. A photograph of a full-scale Pneumapress® filter is shown in Figure 18. 

Figure 18. Industrial Scale Pneumapress<1l Filter 

A chamber is formed by lowering the upper plate onto the filter belt and lower plate. Slurry is then 
pumped into the filter chamber. Solids are collected on the belt as the filtrate permeates the filter belt 
and out the lower plate. The filter cake may be washed in situ to displace interstitial liquids. 

Compressed air enters the top of the chamber and displaces residual liquid from the filter cake. The 
air dries the solids and exits through the lower plate. After the drying step, the upper plate opens and 
the belt conveys the cake into a tote box or conveyor belt. The filter belt is automatically washed 
after each cake discharge. 

Pneumapress filters have several advantages over conventional industrial filters. The filters more 
reliable than industrial pressure leaf, horizontal plate, vacuum drum, disk or belt filters because this 
filter has fewer parts and consumable items. However, reliability of this equipment in nuclear 
service requires further study. 

Relative comparison of Nutsche to Pneumapress filters: 

Processing Functions 
Operational Sequence 
Cake Washing 
Filter Media 
Cake Discharge Method 

Nutsche Filter 

Multiple 
Complex 
Re-pulping 
Sintered Metal 
Plow 

Pneumapress Filter 

Single 
Simple 
In situ 
Cloth 
Belt Conveyor 

Pre-pilot testing of these filter types will evaluate the relative advantages and disadvantages of the 
identified filter systems for liHT applications. Other filter systems may be identified and evaluated. 
It is expected that standard commercial equipment must be adapted for Hanford nuclear waste 
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service, and the relative advantages for each system must be weighed accordingly. Results of the 
pre-pilot tests will be used to specify equipment capacity and operating conditions of pilot and full
scale filtration equipment. 

4.3 lOO-Liter Scale Fractional Crystallization Testing 

Evaporation and/or crystallization of Hanford waste and sodium salts is best performed in a forced
circulation Draft-Tube Evaporative (DTE) crystallizer85 to maintain high fluid velocity in the reboiler 
to prevent heat exchanger scaling. However, because the DTE geometry cannot be adequately scaled 
down86 to IOO-liter systems, evaporation of spent wash solution and/or crystallization of filtrate salts 
must be performed in a non-prototypic system. 

Fractional crystallization of sodium salts in DST and SST wastes has been well studied and tested87 

However, previous work focused on sodium yield and extent of cesium decontamination instead of 
sodium salt removal from caustic liquor. I n addition, practical full-scale solid/liquid separation 
equipment88 for nuclear environments was not identified during the fractional crystallization project. 
Also, the required residence time for adequate crystal growth in a continuous system was not 
determined89

. 

The purpose of fractional crystallization of LiHT filtrate is fivefold: 

• To evaporate, purify, and recycle spent wash water for the filtration system to conserve waste 
water. 

• To purify excess water (water derived from tank waste) by distillation for treatment at the 
ETF and disposal at the State Approved Land Disposal Site (SALDS). 

• To concentrate sodium hydroxide liquor for alumina leaching. 

• To crystallize and remove non-beneficial low-solubility salts (i.e. NaN02, NaN03, Na2S04, 
Na2C03, Na2C204, Na3P04) from the sodium hydroxide recycle stream. 

• To accelerate removal of waste from tanks by crystalling low-solubility salts and removing 
concomitant water. 

All of these functions have been performed by the Hanford evaporators with the exception of filter 
separation of the crystallized salts. The Hanford evaporators have been used to reduce waste volume 
by evaporating water, crystallizing salts, and separating salts from caustic liquor by salt-well 
pumping of interstitial liquor from tank-cast salt cakes. 

85 The existing Hanford 242-A evaporator is a forced-circulation evaporator with tangential fe-entry. This configuration is not ideal for salt crystal 
growth and solidlliquid separation. 
86 A prototypical DTE system requires a radial-flow elbow pump for low-shear high-velocity pumping through the reboiler. The minimum 
available size for an elbow pump is 6x6" which is too large for pre-pilot testing. 
87 RPT-3000755 Rev. 0, Hanford MediumILow Curie Waste Pretreatment Alternatives Project - Fractional Crystallization Pilot Scale Testing 
Final Report, EA Nelson, DJ Geniesse, JJ Zimmer, August 2008. 
88 For fractional crystallization pilot testing, a peeler centrifuge was used for solidlliquid separation. This equipment required frequent operator 
attention and maintenance to sustain operation and is unsuitable for nuclear applications. 
89 Nominal fractional crystallization pilot plant crystallizer residence time was designed for 8 hours based on semi-batch I-liter testing. 
Unfortunately, the fractional crystallization pilot did not achieve steady-state, and the resulting slurry had poor crystal morphology that separated 
and decontaminated poorly. See RPT-3000755 for further details. 
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Thus, fractional crystallization of Hanford waste is not new technology; however, filter separation of 
low-solubility salts from caustic liquor is a new technology to Hanford waste processing. This new 
technology will be developed on the pre-pilot scale to evaluate filter performance for this application. 

In the full-scale application, fractional crystallization of LiHT filtrate will be performed in a 
continuous one-stage evaporator (similar to 242-A) with a sodium salt yield of 30-40%. Sodium salt 
yield and sodium hydroxide liquor concentration may be increased by recycling a fraction of salt 
filtrate to allow greater boil-down90 Cesium decontamination (if required) may be done by a 
separate operation (i.e. Cs IX) to simplify the fractional crystallization process. By this method, 
difficult salt decontamination processes are avoided9

!. 

In pilot- and full-scale operations, the salts are continuously removed from the slurry by filtration. 
Pressure filtration is better suited for nuclear applications than centrifugation or other mechanically
intensive methods. Buchner funnel filtration was used in one-liter laboratory experiments with 
acceptable results; it is expected that pressure filtration as described in Section 2.2 will be adequate 
for the full-scale application. Therefore, filter separation of sodium salts will be tested at the 100-
liter scale to evaluate prototypical equipment for this application. 

Crystallization of sodium salts may be done in the 100-liter batch reactor using DST, SST, or 
"simple" simulant formulations. Flowsheets and mass balances for pre-pilot fractional crystallization 
will be prorated from one-liter fractional crystallization flowsheets. At the 100-liter scale, 
crystallization will be performed on the LiHT filtrate only. Spent wash solutions, containing low 
concentrations of salts may be recovered and recycled by simple ("boiling pot") evaporation. 

During controlled crystallization, heating fluid is applied to the vessel jacket from the oil circulation 
system, and the vessel is operated under vacuum to lower the boiling point of the solution to 60°C. 
Vacuum on the reactor is controlled to maintain a boiling temperature of 60°C as vapor pressure 
decreases during the evaporation. Heat is applied at a rate to produce evaporation and product slurry 
at the pre-determined rate92 FBRM® and/or PVM® may be used to observe crystal morphology, 
particle size distribution, and crystal nucleation and growth rates. 

At the 100-liter scale, the evaporation is performed in semi-batch mode; the reactor is initially 
charged with the final volume of spent wash and/or filtrate solution as indicated on the mass balance. 
As evaporation occurs, fresh solution is added to maintain constant liquid level. This method reduces 
salt accumulation on the reactor walls. Final slurry density will be -30wt%, and filtrate will not be 
recycled to the crystallizer to increase sodium yield. 

At the completion of the evaporation, slurry is discharged from the bottom drain valve and separated 
by pressure filter as detailed in Section 2.2. The filtration is performed isothermally in a heated filter 
at 60°C to prevent cooling crystallization ("salt freezing"). Filtrate, containing concentrated sodium 
hydroxide, is stored to reuse for alumina leaching. 

Previous one-liter scale laboratory experiments indicated that the fractional crystallization salt cake 
retained 20wt% liquor using vacuum filtration. This corresponds to 8.5% caustic liquor loss with the 

90 Typically, crystal slurry density is limited to -3Owt% solids. By recycling filtrate liquor, the liquor mass in the crystallizer increased, thus the 
solid mass (and sodium yield) may be increased to while maintaining 3Owt% solids. 
91 To decontaminate sodium salts, a salt-saturated solution is required to wash the crystals. Producing a salt-saturated and recycling spent wash 
solution consumes -112 of the capacity of the crystallizer and adds considerable complexity to the system. 
92 Evaporation of excess water may be done rapidly in semi-batch mode; once salt saturation occurs, the boiling rate must be slowed to allow for 
steady crystal nucleation and growth. 
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filter cake. Deliquoring of the filter cake may be improved on pre-pilot scale by using air pressure to 
displace and/or dry residual liquor. 

Results of IOO-liter fractional crystallization will be compared to one-liter results and thermodynamic 
models of the process. The results will determine sodium yield, extent of salt cake deliquoring, and 
concentration of sodium hydroxide in the salt cake filtrate. FBRM® and PVM® results will be used 
to estimate crystal nucleation and growth rates. This information will be used to size pilot- and full
scale equipment and determine the efficacy of using pressure filtration for salt cake deliquoring. 

Task 3 of LiHT development consists of the following activities: 

Task 3: Development - Pilot Scale 

5.1 Pilot-Plant Unit Operations Development 

5.1.1 Alumina Leaching System 

5.1.2 LiHT Reactor/Separator System 

5.1.3 Fractional Crystallization System 

5.1.4 Recycle Mixing System 

5.2 Pilot-Plant Instrument and Control System Development 

5.2.1 Instrument Development 

5.0 TASK 3: DEVELOPMENT - PILOT SCALE 

5.1 Pilot-Plant Unit Operations Development 

The purpose of pilot-scale testing is to demonstrate operation of the integrated LiHT process in a 
-115 full-scale system. The integrated system will contain all unit operations and instrumentation 
expected for the actual application. However it will use non-radioactive simulants and equipment 
configuration may not be in its final form. It is expected that the definition of process systems and 
control methods will evolve during pilot plant studies to improve efficiency of LiHT production, 
minimize waste, and ensure safe, controlled operation of all processing steps. 

The duration of pilot plant operation will be sufficient to fully demonstrate steady-state operation of 
the system for a long period of time (>four weeks) with a minimum of interruptions. The pilot plant 
will be constructed with sufficient instrumentation and controls to allow fully automatic operation, 
emergency shutdown, and process upset recovery control methods. A block flow diagram of plarmed 
pilot-scale process systems is shown in Figure 19. 
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Figure 19. Block Flow Diagram of Pilot Scale Systems 
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The pilot system consists of an alumina leaching system with sludge filtration, LiHT 
reactor/separator system, fractional crystallization with salt separation, and a recycle mixing system 
to dissolve salts in condensate and blend the resulting brine with caustic liquor. 

After the initial charge of chemicals, solid alumina is leached into the liquor and residual solid are 
filtered out of the leachate. Lithium hydroxide is added in the LiHT reactor system, and solid LiHT 
is separated and decontaminated by washing with recycled water. The evaporator/crystallizer system 
may be used to evaporativly recover water from the LiHT washing operation or crystallize sodium 
salts to product a concentrated caustic stream. Salts, caustic liquor, and excess condensate are 
combined in the recycle mixing tank for back-to-front recycle of caustic leaching liquor. The 
product LiHT will be collected for additional research of waste immobilization forms, glass frit 
compatibility, and disposal methods. 

5.1.1 Alumina Leaching System 

Lithium hydrotaicite precipitation consumes alumina and carbonate or other anions. To replace 
alumina, fresh gibbsite is leached to the recycled caustic liquor. The leaching operation will mimic 
alumina dissolution experiments done in one- and one-hundred liter scale experiments. The caustic 
recycle stream is heated to -90°C and fine-grained (<I flm) gibbsite (Almatis C-333 or equivalent) is 
leached into the stream to create a near-saturated solution. The leaching may be done by semi-batch 
or continuous sludge leaching (CSL) operations; however sufficient residence time must be allowed 
to completely dissolve gibbsite prior to LiHT precipitation. Raman spectroscopy will be used to 
determine sodium hydroxide and aluminate concentrations to determine leaching yield and lithium 
dose. A polishing filter using nanometer-sized media will be used to prevent residual solids from 
entering the LiHT system. It is expected that a crossflow, dynamic crossflow93

, or SpinTek filter will 
be used for this application as investigated in previous studies94 

93 Dynamic Cross flow Filtration with Ceramic Filter Membranes, KMPT Process Technology. 
94 WSRC-TR-2003-00030, Testing ojSpinTek Rotary Microfilter using Actual Waste, February 2003, D.T. Hennan. 
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5.1.2 LiHT Reactor/Separator System 

The pilot scale LiHT equipment will be specified and sized during the pre-pilot studies. The system 
may consist of reactor, elutriation, and filter components; or it may be integrated into a single 
reactor/filter system (i.e. Nutsche pressure filter). The system may operate continuously or in batch 
mode depending upon the requirements of the system. 

The rate of reaction, as determined by kinetic studies, will determine operating temperature and 
reactor volume. If the rate of reaction is instantaneous, as observed in early tests at 90°C, batch time 
may be negligible and the reaction step may be combined with elutriation and de-entrainment as in a 
DTB reactor. If lower operating temperatures and/or longer batch times are required, a Continuous 
Stirred Tank Reactor (CSTR) may be used. 

5.1.3 Fractional Crystallization System 

The evaporator/crystallizer system will be a DTE. This method uses an external forced-circulation 
heater to reduce scaling on hot surfaces by providing adequate velocity in the external heat exchanger 
loop. In addition, the internal draft tube discharge creates supersaturation in the bulk of the slurry 
rather than at the vapor-liquid interface as in tangential-entry evaporators (i.e. 242-A). This method 
reduces fine crystal nucleation and improves coarse crystal growth to increase average crystal size 
and improve filter cake deliquoring. 

The evaporator will initially be used to recover spent wash water for LiHT decontamination by 
simple evaporation, and then it will be used to crystallize sodium salts from caustic liquor. FBRM® 
and PVM® will be used to study crystal growth rates and particle size distribution in a continuous 
system to determine residence time in a full-scale process. The crystallization operation will be used 
to test the filter system for the extent of deliquoring and to determine practical recovered volumes of 
condensate, sodium salt, and caustic liquor. Caustic liquor may be recycled within the crystallizer 
system to increase the extent of sodium salt yield and the concentration of the caustic recycle stream. 

5.1.4 Recycle Mixing System 

The recycle mixing system consists of a mixing tank, a heat exchanger, and it may include a filtration 
system. The mixing tank provides sufficient residence time for sodium salt dissolution. The heat 
exchanger provides heat to maintain isothermal dissolution95 temperature. A filter may be included 
in the recycle mixing system to remove low-solubility salts (esp. Na6(S04hC03) from higher 
solubility salts (NaN02, NaN03) to demonstrate sodium sulfate removal from the brine. 

The recycle mixing system will not be used in the actual application; it is provided for pilot plant 
operation to recycle process streams and reduce waste. In the actual application excess water, 
sodium salts, and caustic recycle will be routed to different destinations. For example, excess 
condensate will be routed to ETF, sodium salts will be routed to WTP or supplemental treatment, and 
caustic liquor will be routed to in situ or ex situ alumina sludge leaching. Thus, the implementation 
of the recycle mixing system will be limited to pilot plant testing. 

The overall pilot plant system will be developed to test the individual components and the LiHT 
system in combination with the supporting operations of alumina leaching and fractional 
crystallization. The units will be tested for capacity, performance, and adaptability to nuclear 

95 Dissolution of NaN02 and NaN03 is endothennic. Heat is required to maintain temperature and salt solubility. 
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service. Results of the testing will be used to develop and design a modular skid-mounted LiHT 
system for deployment in nuclear and non-nuclear [e.g. WTP Process Engineering Platform (PEP)] 
applications. 

5.2 Pilot-Plant Instrument and Control System Development 

During development of pre-pilot and pilot operations, a parallel effort will be made to identify and 
test instruments and control systems for LiHT applications. The instruments will allow continuous 
measurements of process variables; the automatic control system will allow continuous monitoring of 
variables and logical methods to control the systems. The control systems will include a hard-wired 
shutdown system to automatically transfer the operating systems into a fail-safe idle state to prevent 
process upsets. Operating methods will be developed to safely re-start the system from a shutdown 
state. 

5.2.1 Instrument Development 

In general, proven methods of process measurement in nuclear environments (e.g. bubblers for level 
control, thermocouples, etc.) will be used. In addition, modern methods of measurement (e.g. load 
cells, capacitance meters, coriolis flow meters) will be developed for this application to measure 
essential variables of mass, level, and liquid flow rates. 

On-line analysis of chemical composition and particle size distribution and will be adapted from 
Raman and FBRM® methods developed in laboratory experiments and pre-pilot operations. Raman 
spectroscopy will be applied to the alumina leaching process to determine sodium hydroxide and 
aluminate concentrations to determine alumina leaching efficiency and lithium dose. FBRM® will be 
used to measure particle size distribution to optimize solid/liquid separation operations. PVM® will 
be used to observe particle morphology during precipitation and crystallization operations. 
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Appendix A. Double Shell Tank Simulated Waste Solution 

December 10, 2004 

Mr. E. A. Nelson, Director 
COGEMA Engineering Corporation 
Engineering & Technology 
2425 Stevens Center 
Richland, Washington 99354 

Dear Mr. Nelson: 

CH2M-0403873 

PREPARATION OF SIMULATED WASTE SAMPLES FOR EM-21 PROJECT 

Introduction 

This "white paper" describes the procedure used to prepare three simulated waste solutions to 
support the Hanford Medium/Low Curie Waste Pretreatement Alternatives Project: 

I . Early Feed, representing the dissolved salt solution pumped from a single-shell saltcake 
tank during the early stages of retrieval. 

2. Late Feed, representing the dissolved salt solution pumped from a single-shell saltcake 
tank during the late stages of retrieval. 

3. Double-Shell Tank Supernate, representing the supernatant liquid retrieved from a 
double-shell tank and adjusted to 7 M sodium. 

All of the simulants were prepared in 6-L batches. The vendor is welcome to use this procedure 
to prepare additional simulated waste. Strict adherence to the procedure is not required, as long 
as the same endpoint is reached. Alteration of the concentrations of specific components 
designed to evaluate or demonstrate specific process features may be permitted afier approval by 
the CH2M HILL Hanford Group, Inc. (CH2M HILL) technical point-of-contact. 

Some of the "target" (i.e., calculated) concentrations reported in Table 4 differ slightly from the 
values given in the Statement of Work. The val ues shown here reflect the actual weights of 
chemicals used to prepare the simulated waste samples that are being shipped to the vendor. 
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Mr. E. A. Nelson 
Page 2 

CH2M·0403873 

December 10, 2004 

Reagents 

All reagents used in preparation of the simulant were American Chemical Society (ACS) reagent 
grade, except [or sodium aluminate, which was technical grade. The following list shows the 
chemical names, Cannulas, and sources. 

• Sodium aluminate, NaAI02'xH 20 (technical grade), Sigma-Aldrich Laborchernikalien 
GmbH' 

• Sodium hydroxide, NaOH, EMD Chemicals, Inc. 

• Sodium carbonate, anhydrous, Na2C03, EMD Chemicals, Jne. 

• Sodium oxalate, Na2C20 4• EM Science, a division of EM Industries, Inc. 

• Potassium nitrate, KNO). EMD Chemicals, Inc. 

• Sodium nitrate, NaNO" EMD Chemicals, Inc. 

• Sodium nitrite, NaNO" Aldrich Chemical Company 

• Sodium sulfate, anhydrous, Na2S04. EMD Chemicals , Inc. 

• Sodium phosphate dodecahydrate, Na,P04 '12H,O, Sigma-Aldrich, Inc. 

• Sodium chloride, NaCI, EMD Chemicals, Inc. 

• Sodium acetate trihydrate. NaC2H)02'3H20, ChemWest 

• Sodium nuoride, NaF, Aldrich Chemical Company 

• Sodium dichromate, Dihydrate, Na2Cr20r2H20, EM Science, a division of EM 
Industries, Inc. 

• Cesium nitrate, CsNO), D. F. Goldsmith Chemical & Metal Corp,t 

-The actual composition of the technical grade NaA 10z'xHzO may be determined by dissolving some or lhe reagent 
in NaOH solution and analyzing for Na, AI, and free hydroxide. In our case, 5.88 g Icc/mical grade NaAI02'xH20 
and 5.98 g NaOH were dissolved in hot water, filtered, cooled to ambient temperature, and diluted to 50.0 mL total 
volume. The liquid was analyzed for Na and AI by inductively coupled plasma spectroscopy and for free hydroxide 
by tibation. The results were within analytical uncertainty for matching the theoretical formula NaAl(OH)4 for the 
techn ical grade sodium aluminate, which is equivaleni to NaAI02·2H 20. so that the formula and its corresponding 
formula weight were used in preparing the samples. The calculations for the following comparison are based on the 
tcclmical grade sodium aluminate containing 100% NaAI02 ·2H 20: 

Calcu lated: 
Found: 

N, - 3.99 M 
Na-4.0IM 

Ai - l.OOM 
Ai-l.09M 

OH-2.99M 
Off - 2.97 M. 

No adjustment was madc 10 account for the high Al value because the found value was within 10% of the calculated 
va lue. The resulting Al concentrations in the simulated waste samples were all correspondingly high (see Table 4). 

tCesium nitrate stock solution was prepared by dissolving 0.21 g CsNO) in 250 mL of water. Assuming 
approximately half of the Cs in tank waste is l37es, the concentration ofCs in the stock solution corresponds 10 
about 24.8 ClL of meso 

Appendix I·CH2M-040J 873 1012212005 7:0) AM 
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CH2M·0403873 

Sca le of operatioll: The preparation scale used for this solution preparation is relati vely large for 
laboratory operations, requiring the use of unusually large volumes of hot caustic solutions. 
Extra caution is required during operations such as transferring solution from the beaker La the 
filter apparatus. The 8-L beaker containing 6 L of simulant weighs approximately 10 kg (22 Ib). 
Additional personal protecti ve equipment such as full face shield and rubber apron should be 
considered. Preparation of multiple, smaller batches may be considered to ameliorate the danger 
posed by the scale of operation. 

Hazardous chemicals: In addition to the normal hazards associated with routine chemicals, two 
chemicals are especially hazardous. Sodium dichromate is a carcinogen, and sodium nuoride is 
highly toxic. Caustic fumes liberated during solution preparation may be irritating to mucous 
membranes, so preparation in or in front of a laboratory fume hood is highly recommended. 

Exothermic reactions: Di ssolution of sodium hydroxide is very exothennic. With the amount of 
NaOH pellets to be added during preparation of the simulants, care must be taken to avoid 
localized heating that could cause bumping and splattering of the solution. This is accompli shed 
by continuously monitoring the solution temperature and by adding the NaOH pellets slowly. 

Appendix I -CH2M..(}40387310/22/20057:0J AM 
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December 10, 2004 

Preparation of Earlv Feed 

I . Add approximately 3000 mL water to the 8-L beaker. 

2. Place the beaker on a hotp late and stir with a mechanical overhead stirrer. 

3. Insert a thermocouple into the beaker to monitor the temperature of the liquid. 

4. Tum on the heater and adj ust the temperature of the water to approximately 80 °C 
(± IO "C). 

5. (a) Add 340 g aAIOz·xHzO. 

(b) Stir until solution is j ust about to clear. 

(c) Tum off heat. 

(d) Weigh out the NaOH pellcts for step 6. 

(c) Proceed quickly to step 6. 

Caution: Step 6 will cause the temperature to risc; adding the NaOH too quickly could 
cause the solution to spatter due to localized boiling. 

6. Add (slowly and carefully) 397 g NaOH pellets while kceping the temperature below 
90 "C. (Solution should become almost completely c\ear.) Cool the solution to 
approximately 50--60 °C and hold it there fo r the remainder of the chemical add itions. 

7. Add remaining chemicals in Table I . Note that the NazCO, tcnds to cake badly if added 
too quickly or not stirred sufficientl y. Note that addition of NaND) is st rongly 
endothennic. req ui ring significant healing to maintain the temperature in the desired 
range. 

8. Adjust the total solution vo lume to approximately 5.5 L by adding water. 

9. Adjust solution temperature to 50-60 °C. 

10. Filter the solut ion by vacuum through a medium glass [rit filter. 

11. Rinse the beaker with approximate ly 100 mL of water and add to filter. Some of the 
filtered solids should disso lve in the rinse water. 

12. Rinse the filter with approximately 100 mL of water, dissolving the remainder of the 
water-soluble solids. A trace of water-i nsoluble solids should remain in the filter, 
stemming from impurities in the reagents, especially the sodium aluminate reagent. 

13 . Transfer the final filtrate and rinse solutions to a 6-L volumetric flask. 

14. Rinse the filter flask with water and add to the volumetric flask. 

15. Allow the solution to cool to room temperature (may take several hours), and then adjust 
final volume to 6.00 L by adding water to the mark. 

Appendix I-Ct-l2M·040)S7) 10122/20057:0) AM 
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Table \. Early Feed Chemical Additions for 6-L Batch. 

Intended Weight or 
Chemical MW Molarity Volume 

NaAIO,'2H,O 11 8.0 0.48 340 g 

NaOH 40.0 1.65 397 g 

Na,CO, 106.0 0.58 367 g 

Na,C,O, 134.0 0.0 1 8.0 g 

KNO, 101.1 0.03 18.2 g 

NaNO, 85 .0 3.87 1974 g 

NaNO, 69 .0 0 .82 339 g 

Na,SO, 142.0 0 .14 11 9 g 

Na, P04 ' I 2H,O·0.25NaOH 390.1 0.04 93.6 g 

NaCI 58.4 0.08 28. 1 g 

NaF' 42.0 0.015 3.7 g 

Na,Cr,O"2H,Ob 298.0 0.04 71.5 g 

CsNO) solutionC NA NA 25 mL 

"NaF IS highly toXIC. Usc appropnate precaut ions. 
b NaZCrZ0 7 is carcinogenic. Usc appropriate precautions. 
c CsN03 solution is prepared by d issolving 0.21 g reagent CsNOJ sai l in 250 mL walcr. 

Some nalrophosphate crystals [Na,F(P04),-19H,O) are likely to form in the flask when the 
solution cools. In the CH2M HILL laboratory, these crystals were removed by a second 
filtration before the simulant was shipped to the vendor. 

CH2M HILL reserves the right to request that the vendor add the mi ssing salt to the simulant 
before beginning tests, though it will remain dissolved only as long as the solution stays wann 
(approximately 50 "C). 

Note: See mass balance in Appendix D for adjusted 5M Na, lL SST 
recipe using Al(OH)3 instead of NaAI02.2H20. 

Appendix l-CH2M-D403&7j 10/2212005 7:03 AM 
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Repeat the procedure for preparation of the Early Feed simulant using the target weights and 
volume shown in Table 2. 

Table 2. Late Feed Chemical Additions ror 6-L Batch. 

Intended Weight or 
Chemical MW Molarity Volume 

NaAIO,'2H,O 11 8.0 0.04 28.3 g 

NaOH 40.0 0.01 2.4 g 

Na,CO, 106.0 0.24 153 g 

NaZCZ04 134.0 0.01 8.0 g 

KNO, IOI.l 0.01 6.1 g 

NaNO, 85.0 1.59 8 11 g 

NaNO, 69.0 0.07 29.0 g 

Na,SO, 142.0 0.17 145 g 

Na,PO,·12H,O·0.25NaOH 390.1 0.05 117 g 

NaCI 58.4 0.01 3.5 g 

NaF 42.0 0.10 25.2 g 

Na,Cr,O,'2H,O 298.0 0.009 16.1 g 

CsNO, solution NA NA 2.5 mL 

Append ix J-CH2M...()40J&73 10122120057:03 AM 
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Repeat the procedure for preparation of the Early Feed simulant using the target weights and 
vo lume shown in Table 3. Note that the list of chemicals includes one additi()nal chemical, 
sodium acetate trihydrate, NaCzHJOz'3H20. 

Table 3. Double-Shell Tank Feed Chemical Additions for 6-L Batch. 

Intended Weight or 
Chemical MW Molarity Volume 

)\"aAIO,'2H,O 11 8.0 0.80 566 g 

)\"aOH 40.0 2.80 672 g 

)\"a,CO) 106.0 0.09 57.2 g 

Na,C,O, 134.0 0.004 3.2 g 

KNO) 101.1 0.27 164 g 

NaNO) 85.0 1.27 648 g 

NaNO, 69.0 1.60 662 g 

Na,SO, 142.0 0.01 8.5 g 

Na)PO,·12H,O·0.25NaOH 390. 1 0.01 23.4 g 

NaC I 58.4 0. 16 56.1 g 

NaC,H,o,'3H,O 136. 1 0.056 45.7 g 

NaF 42.0 0.015 3.8 g 

Na,Cr,07'2H,O 298.0 0.002 3.6 g 

CsNO) solution NA NA 120 mL 

Note: See mass balance in Appendix C for adjusted 5M Na, lL DST 
recipe using Al(OH)3 instead of NaAI02.2H20. 

Appendi x I-CH2M·040381J 10/2212005 7:03 AM 
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Table 4 shows a comparison of the intended analytc concentrations vs. the concentrations 
dctcnnined by analysis at CH2M HfLL's 222-S Laboratory. Each sample was analyzed in 
duplicate, with the average result displayed in the "Found" columns in the table. 

Table 4. Analyte Concentrations in Molarity (except as noted). 

Early Feed Late Feed Double-Shell Tank Feed 

Analyle Calculated Found Calculated Found Calculated Found 

Wt% H2O NA 56.2 NA 81.4 NA 63.2 

Density NA 1.42 NA 1. 15 NA 1J5 

Of! 1.66 1.67 0.023 0.02 1 2.80 2.63 

TOC 0.02 <0.03 0.02 <0.03 0.12 0.13 

TIC 0.58 0.61 0.24 0.24 0.09 0.11 

AI 0.48 0.52 0.040 0.044 0.80 0.84 

Cr 0.080 0.079 0.01 8 0.01 8 0.0040 0.0033 

Fe 0.0000 0.0001 0.0000 <0.00002 0.0000 0.0002 

K 0.030 0.026 0.010 0.009 0.27 0.25 

Na 8.53 7.87 2.84 2.62 6.95 6.39 

P 0.Q25' 0.Q25 0.050 0.052 0.0 10 0.010 

S 0.14 0.13 0.1 7 0.17 0.0 10 0.010 

Si 0.0000 0.0005 0.0000 <0.0002 0.0000 0.0009 

F 0.007' <0.016 0.100 0.098 0.0 15 0.015 

Acetate NA NA NA NA 0.056 0.057 

CI 0.08 0.08 0.010 0.009 0.16 0.15 

N02 0.82 0.86 0.070 0.073 1.60 1.57 

N03 3.90 3.98 1.60 1.59 1.54 1.50 

P04 0.Q25' 0.025 0.050 0.055 0.010 0.011 

S04 0.14 0.1 4 0.1 7 0. 17 0.010 0.011 

Oxalate 0.010 <0.03 1 0.010 0.0 11 0.004 <0.008 

Cs (~glmL) 2.4 2.3 0.24 0.23 11.5 II 

Mass balance 100.0 97.8 100.0 99.3 100.0 95.4 

Charge balance 1.00 0.90 1.00 0.92 1.00 0.94 

a Values adjusted to account for prec ipitation o f Na,F( PO~h ' 1 9H 20 crystals (Early Feed o nly) . 

TIC = tOiai inorganic carbon 
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The OH-Caleulated values include contributions from both NaOH and Na,PO,·12H,O·0.25NaOH, 
explaining why the numbers do not match the "Intended Molarity" for NaOH in Tables 1-3. The 
total organic carbon (TOC)-Calculalcd values include contributions from Na2C204 and 
NaC,HJ0 2'3H,O for the Double-Shell Tank Feed. 

The Calcu lated/Found ag reement is good (less than 10% difference) in most cases. The finding 
that AI-Found is consistent ly 10% higher than AI-Calculated is related to the composition of the 
technical grade reagent, as djscusscd earlier. The finding that Na-Cakulated is consistently 8% 
higher than Na-Found is ti ed to the low charge balance results, which average 0.92 instead of the 
theoretical 1.00. Tfthe assumption were made that all of the Na results include a systematic error 
causing the concentrations to be under-reported by 8%, all of the Mass balance results would be 
closer to 100% and the Charge balance would range from 0.97 (Early Feed) to 
1.02 (Double-Shell Tank Feed). Such a systematic analytical error appears likely based on these 
numbers. Further analytical work (e.g. serial dilutions) could be perform cd to elucidate the 
problem, but it is not being pursued due to funding constraints. 

Should you have any questions regarding this matter, please contact me at 373-2532. 

Very truly yours, 

D. L. Herting, Principal Scientist 
Analytical Process Development 

ami 
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Appendix B. DST Supernatant LiHT Block Flow Diagram 
DST LITIllUM HYDROTALCITE PRECIPITATION 
BASIS: 1 LITER DST @ 5M Na NaOH 

103.66 g TOTAL 
103.66 g SOLIDS 

0.05 L 

CsN03 CHEl\flCALS H2O AI(OH)3 
lL_DST_Lixls 
lL_DST_L.bin 14.40 g SOLIDS 0 g SOLIDS 

0.01 L 0.089 L 
~ e 25C 25C 

2.59 gmole Na 6.201E-05 gmole Cs 2.41 gmole Na 

526.54 g TOTAL 
o g SOLIDS 

0.53 L 

2' e 

68.80 g TOTAL 
68.80 g SOLIDS 

0.03 L 
~ e 

0.88 gmole Al 

14AOlg TOTAL 201.05 g TOTAL 

_____ -:~~~~~~;_--+[~~'=~::~~~~'=~~-----C~Ft~~~~;_--.{~:''=~:"":':~~::O~.O:6~~O:I:e~e~O~3~~~~~~--->.c:~~~~~~~~~'=~}----:C2<~~~~~~--->~~~:'~=:~~~'=~~}_---:cr~~~~~~---;. 359 H2O ADD NaOHto H2O H20+NaOH ADD CHEl\flCALS & CsN03 UNDILUTED ADD MAKE-UP H2O lL DST LEACH Al(OHh LEACHATE r;;:-, 
359.98 g TOTAL 463.64 g TOTAL 679.09 g TOTAL 1,205.63 g TOTAL 1,274.27 g TOTAL \..V 

o g SOLIDS 0 g SOLIDS 1.09 g SOLIDS 1.00 g SOLIDS 0 g SOLIDS 
0.36 L 0.38 L 0.50 L 1.00 L 1.10 L 

~e we ~e ~e =e 

10% LiOH 
105.61 g TOTAL 

o g SOLIDS 
0.09 L 
~ e 

0.44 gmole Li 

2.59 gmole Na 5.00 gmole Na 5.00 gmole Na 5.00 gmole Na 
0.06 gmole C03 0.06 grrDle C03 0.88 grrDle Al 

6.201E-05 gmole Cs 6.201E-05 gmole Cs 0.06 gmole C03 

ST :AM 
2,997.12 gTOTAL 

60 e 
0.15 atm 

6.201E-05 gmole Cs 

~L ____ IC~L~",~~e~"'~TE~~;-__ .[~~~~A~D:D~L~i0C:H'=~~~I __ --~~~S~L~U~,""~y~~;-__ +[~~=,e=O~O~L~T~O~2=5~e==~~=r----~e:O~O~L~E~D~S~L~U~,""~Y~ __ ;{~~~::~FI~L:T~""~::~~~}_---:cr~F~IL~T]R~A!T~E~~---.~~e~o~,,":"~INE~~FI~L~T~"'~TE:'S~&,=]----:~e~O~NrefE~N;T~R~A~T~Et---;. ~ 1,274.27 gTOTAL 1,380.05 gTOTAL 1,380.05 gTOTAL 1,l73.93 gTOTAL EVAPORATE 1,l76.36 gTOTAL 
o g SOUDS 103.06 g SOLIDS 103.06 g SOLIDS 0 g SOUDS 0 g SOLIDS FILTE CAKE 

1.10 L 1.18 L 1.13 L 1.07 L 1.00 L 206.11 gTOTAL =e we ~e ~e we 103.06 g SOLIDS 
5.00 gmole Na 5.00 gmole Na 5.00 gmole Na 4.60 gmole Na 5.00 gmole Na 0.07 L 
0.88 gmole Al 0.88 gmole Al 0.88 gmole Al 2.863E-02 gmole Al 0.03 gmole Al OAO gmoleNa 
0.06 gmole C03 0.06 gmole C03 0.06 gmole C03 0.00 gmole C03 0.00 gmole C03 0.85 gmoleAI 

6.201E-05 gmole Cs OA4 gmole Li 0.44 gmole Li 1.432E-02 gmole Li 0.02 gmole Li 0.06 gmole C03 
6.201E-05 gmole Cs 6.201E-05 gmole Cs 5.700E-05 gmole Cs 6.197E-05 gmole Cs OA3 gmole Li 

WASHl 
1,000 g TOTAL 

g SOLIDS 
1.00 L 
~ e 

WASH 2 
1,000 g TOTAL 

o g SOLIDS 
1.00 L 
~ e 

WASH 3 
1,000 g TOTAL 

o g SOLIDS 
1.00 L 
~ e 

WASH 4 
1,000 g TOTAL 

o g SOLIDS 
1.00 L 
~ e 

5.004E-0 mole Cs 
WASHl 

FILTER CAKE 2 
206.11 g TOTAL 
103.06 g SOLIDS 

0.07 L 
3.771E-02 gmole Na 

0.85 gmole Al 
0.06 gmole C03 
OA3 gmole Li 

4.676E-0'l' mole Cs 
WASH 2 

FIL'I'~ CAKE3 
206.11 g TOTAL 
103.06 g SOLIDS 

0.07 L 
3.523E-03 gmole Na 

0.85 gmole Al 
0.06 gmole C03 
OA3 gmole Li 

4.369E-0 mole Cs 
WASH 3 

FILTEF CAKE 4 
206.11 g TOTAL 
103.06 g SOLIDS 

0.07 L 
3.292E-04 gmole Na 

0.85 gmole Al 
0.06 gmole C03 
OA3 gmole Li 

4.083E-0<; mole Cs 
WASH 4 

FILTEF CAKE 5 
206.11 g TOTAL 
103.06 g SOLIDS 
103.11 L 

SPENT WASH 1 
999.85 g TOTAL 

o gSOUDS 
0.99 L 
~ e 

0.37 gmole Na 
2.279E-03 gmole Al 
7353E-08 gmole C03 
1.139E-03 gmole Li 
4.537E-06 gmole Cs 

SPENT WASH 2 
999.85 g TOTAL 

o gSOUDS 
1.00 L 
~ e 

3.418E-02 gmole Na 
2.129E-04 gmole Al 
6.871E-09 gmole C03 
1.065E-04 gmole Li 
4.239E-07 gmole Cs 

SPENT WASH 3 
999.85 g TOTAL 

o gSOUDS 
1.00 L 
~ e 

3.194E-03 gmole Na 
1.990E-05 gmole Al 
9.949E-06 gmole C03 
9.949E-06 gmole Li 
3.961E-08 gmole Cs 

SPENT WASH 4 
999.85 g TOTAL 

o gSOUDS 
1.00 L 

RPP-43328, Rev. 0 

3.076E-05 gmole Na 
0.85 gmole Al 
0.06 gmole C03 
OA3 gmole Li 

~ e 
2.984E-04 gmole Na 
1.859E-06 gmole Al 
5.999E-ll gmole C03 
9.296E-07 gmole Li 
3.701E-09 gmole Cs THEORETICAL YIELDS 

3.815E-1O gmole Cs 

71 

AI Li "'DF 
96.5% 
96.5% 

156,801 



RPP-43328, Rev. 0 

Appendix C. DST Supernatant LiHT Mass Balances 

STREAM # 
STREAM 3S9 g H2O NaOH H20+NaOH CsN03 CHEMICALS UNDILUTED UNDILUTED H2O 1LDST AI(OH)3 LEACHATE 10% LiOH 

PHASE Aqueous Solid Aqueous Aqueous Solid Aqueous Solid Aqueous Aqueous Solid Aqueous Aqueous 
TEMPERATURE, C 2S.00 2S.00 60.00 2S.00 2S.00 SO.OO SO.OO 2S.00 2S.00 2S.00 10S.S9 2S.00 

PRESSURE, atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

pH 7.00 · 14.20 7.00 · 14.87 · 7.00 14.73 · 12.34 14.19 

COMPONENT FORMULA gm/gmol gm gm gm gm gm gm gm gm gm gm gm gm 

Water H2O 18.02 359.98 · 359.98 14.39 · 378.18 · 526.54 904.72 · 904.72 95.05 

Aluminum Hydroxide A1(OH)3 78.00 · · · · · · · · · 68.80 68.64 · 

Potassium Hydroxide KOH 56.11 · · · · · 10.92 · · 10.92 · 10.92 · 

Potassium Nitrate KN03 101.10 · · · · 19.68 · · · · · · · 

Sodium Hydroxide NaOH 40.00 · 103.66 103.66 · · 95.83 · · 95.83 · 95.83 · 

Sodium Nitrite NaN02 69.00 · · · · 79.44 79.44 · · 79.44 · 79.44 · 

Sodium Nitrate NaN03 84.99 · · · · 77.76 94.31 · · 94.31 · 94.31 · 

Sodium Carbonate Na2C03 105.99 · · · · 6.86 6.86 · · 6.86 · 6.86 · 

Sodium Sulfate Na2S04 142.Q4 · · · · 1.02 0.44 · · 1.02 · 1.02 · 

Sodium Chloride NaCI 58.44 · · · · 6.73 6.73 · · 6.73 · 6.73 · 

Sodium Fluoride NaF 41.99 · · · · 0.46 0.29 · · 0.46 · 0.46 · 

Sodium Orthophosphate Na3P04 163.94 · · · · · 1.18 · · 1.18 · 1.18 · 

Sodium Bichromate Dihydrate Na2Cr207.2H20 298.00 · · · · 0.43 · · · · · · · 

Sodium Chromate Na2Cr04 161.97 · · · · · 0.47 · · 0.47 · 0.47 · 

Lithium Carbonate Hydrotalcite Li2C03.4 AI( 0 H)3.3 H2O 439.95 · · · · · · · · · · · · 

Lithium Nitrate Hydrotalcite 2LiN03.4AI(OH)3.3H20 503.98 · · · · · · · · · · · · 

Trisodium Fluoride Sulfate Na3FS04 184.03 · · · · · · 0.75 · · · · · 

Sodium Orthophosphate Hydroxide Dodecahydrate Na3P04.0.25NaOH.12H2 390.13 · · · · 2.81 · · · · · · · 

Sodium Acetate Na(C2H302) 82.03 · · · · · 3.31 · · 3.31 · 3.31 · 

Sodium Acetate Trihydrate Na(C2H302).3H20 136.08 · · · · 5.48 · · · · · · · 

Sodium Oxalate Na2C204 134.00 · · · · 0.38 0.04 0.34 · 0.38 · 0.38 · 

Cesium Hydroxide CsOH 149.91 · · · 9.296E·03 · 9.296E·03 · · 9.296E·03 · 9.296E·03 · 

Lithium Hydroxide LiOH 23.95 · · · · · · · · · · · 10.56 

Total, gm 359.98 103.66 463.64 14.40 201.05 678.00 1.09 526.54 1,205.63 68.80 1,274.27 105.61 

Volume, L 0.36 0.05 0.38 0.01 0.09 0.50 0.00 0.53 1.00 0.03 1.10 0.09 

Enthalpy, cal ·1.365E+06 ·2.638E+05 ·1.636E+06 ·5.457E+04 ·2.800E+05 ·1.959E+06 ·2.708E+03 ·1.997E+06 ·3.975E+06 ·2.727E+05 -4.146E+06 -4.138E+05 

Density, gIL 996.85 2,129.78 1,205.64 997.47 2,267.05 1,364.24 2,568.59 996.85 1,205.63 2,440.66 1,159.58 1,120.16 
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Appendix C. DST Supernatant LiHT Mass Balances (cont.) 

STREAM # 

STREAM SLURRY SLURRY COOLED SLURRY COOLED SLURRY FILTRATE FILTER CAKE FILTER CAKE WASH 1 SPENT WASH 1 FILTER CAKE 2 FILTER CAKE 2 WASH 2 SPENT WASH 2 

PHASE Aqueous Solid Aqueous Solid Aqueous Aqueous Solid Aqueous Aqueous Aqueous Solid Aqueous Aqueous 
TEMPERATURE,C 90.00 90.00 25.00 25.00 25.00 25.00 25.00 25.00 25.24 25.24 25.24 25.00 25.02 

PRESSURE, atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

pH 12.71 14.63 14.63 14.63 7.00 12.89 12.89 7.00 11.66 

COMPONENT FORMULA gmlgmol gm gm gm gm gm gm gm gm gm gm gm gm gm 

Water H2O 18.02 988.28 988.28 908.52 79.76 999.85 978.73 100.88 999.85 997.88 
Aluminum Hydroxide AI(OH)3 78.00 2.43 2.43 2.23 0.20 0.18 0.02 0.02 

Potassium Hydroxide KOH 56.11 10.92 10.92 10.04 0.88 0.80 0.08 0.07 

Potassium Nitrate KN03 101.10 
Sodium Hydroxide NaOH 40.00 ll2.84 ll2.84 103.74 9.11 8.26 0.85 0.77 

Sodium Nitrite NoN02 69.00 79.44 79.44 73.03 6.41 5.81 0.60 0.54 

Sodium Nitrate NaN03 84.99 69.15 69.15 63.57 5.58 5.06 0.52 0.47 

Sodium Carbonate Na2CQ3 105.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sodium Sulfate Na2S04 142.04 1.02 1.02 0.94 0.08 0.07 0.01 0.01 

Sodium Chloride NaCI 58.44 6.73 6.73 6.19 0.54 0.49 0.05 0.05 

Sodium Fluoride NoF 41.99 0.46 0.46 0.42 0.04 0.03 0.00 0.00 

Sodium Orthophosphate Na3P04 163.94 1.18 1.18 1.08 0.10 0.09 0.01 0.01 

Sodium Bichromate Dihydrate Na2Cr207.2H20 298.00 

Sodium Chromate Na2Cr04 161.97 0.47 0.47 0.43 0.04 0.03 0.00 0.00 

Lithium Carbonate Hydrotalcite Li2C03.4Al(OH)3.3H20 439.95 28.49 28.49 28.49 28.49 

Lithium Nitrate Hydrotalcite 2LiN03.4Al(OH)3.3H20 503.98 74.57 74.57 74.57 74.57 

Trisodium Fluoride Sulfate Na3FS04 184.03 

Sodium Orthophosphate Hydroxide Dodecahydrate Na3P04.0.25NaOH.12H2 390.13 

Sodium Acetate N,(C2H302) 82.03 3.31 3.31 3.04 0.27 0.24 0.02 0.02 

Sodium Acetate Trihvdrate Na(C2H302).3H20 136.08 

Sodium Oxalate Na2C204 134.00 0.38 0.38 0.35 0.03 0.03 0.00 0.00 

Cesium Hydroxide CsOH 149.91 9.296E-03 9.296E-03 8.545E-03 7.502E·04 6.801E·04 7.0IOE.Q5 0.00 

Lithium Hydroxide LiOH 23.95 0.37 0.37 0.34 0.03 0.03 0.00 0.00 

Total, gm 1.276.99 103.06 1.276.99 103.06 1,173.93 103.06 103.06 999.85 999.85 103.06 103.06 999.85 999.85 

Volume, L 1.17 0.01 1.11 0.02 1.07 0.04 0.02 1.00 0.99 0.05 0.02 1.00 1.00 

Enthalpy, cal ·4.476EtD6 -U29E+05 ·4.457EtD6 -2.038E+05 ·4.285EtD6 -1.720E+05 -2.038E+05 -3.79IE+06 -3.766E+06 ·1.950EtD5 -2.057E+05 -3.79IE+06 -3.790Et-06 

Density, gIL 1.158.15 2.199.76 1.197.86 2,300.65 1.197.86 1.197.86 2,300.65 996.85 1.006.17 1.006.17 2,301.82 996.85 997.31 
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Appendix C. DST Supernatant LiHT Mass Balances (cont.) 
STREAM # 

STREAM FILTER CAKE 3 FILTER CAKE 3 WASH 3 SPENT WASH 3 FILTER CAKE 4 FIL TER CAKE 4 WASH 4 SPENT WASH 4 FILTER CAKE 5 FILTER CAKE 5 FILTRATES STEAM CONCENTRATE 
PHASE Aqueous Solid Aqueous Aqueous Aqueous Solid Aqueous Aqueous Aqueous Solid Aqueous Vapor Aqueous 

TEMPERATURE, C 25.02 25.02 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.97 60.00 60.00 

PRESSURE, atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.15 0.15 
pH 11.66 7.00 10.39 10.39 7.00 9.39 939 13.59 13.61 

COMPONENT FORMULA gm/gmol gm gm gm gm gm gm gm gm gm gm gm gm gm 

Water H2O 18.02 102.85 999.85 999.67 103.04 999.85 999.83 103.05 3,884.96 2,997.12 887.84 

Aluminum Hydroxide Al(OH)3 78.00 0.00 0.00 0.00 0.00 0.00 2.43 2.43 

Potassium Hydroxide KOH 56.11 0.01 0.01 0.00 0.00 0.00 10.91 10.91 

Potassium Nitrate KN03 101.10 

Sodium Hydroxide NaOH 40.00 0.08 0.07 0.01 0.01 0.00 112.77 112.77 

Sodium Nitrite NaN02 69.00 0.06 0.05 0.01 0.00 0.00 79.38 79.38 

Sodium Nitrate NaN03 84.99 0.05 0.04 0.00 0.00 0.00 69.11 69.11 

Sodium Carbonate Na2C03 105.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sodium Sulfate Na2S04 142.04 0.00 0.00 0.00 0.00 0.00 1.02 1.02 

Sodium Chloride NaCI 58.44 0.00 0.00 0.00 0.00 0.00 6.73 6.73 

Sodium Fluoride N,p 41.99 0.00 0.00 0.00 0.00 0.00 0.46 0.46 

Sodium Orthophosphate Na3P04 163.94 0.00 0.00 0.00 0.00 0.00 1.18 1.18 

Sodium Bichromate Dihydrate Na2Cr207.2H20 298.00 

Sodium Chromate Na2Cr04 161.97 0.00 0.00 0.00 0.00 0.00 0.47 0.47 

Lithium Carbonate Hydrotaicite Li2C03.4Al(OH)3.3H20 439.95 28.49 28.49 28.49 

Lithium Nitrate Hych:otalcite 2LiN03.4Al(OH)3.3H20 503.98 74.57 74.57 74.57 

Trisodium Fluoride Sulfate Na3FS04 184.03 

Sodium Orthophosphate Hydroxide Dodecahydrate Na3P04.0.25NaOH.12H2 390.13 

Sodium Acetate Na(C2H302) 82.03 0.00 0.00 0.00 0.00 0.00 3.30 3.30 

Sodium Acetate Trihych:ate Na(C2H302).3H20 136.08 

Sodium Oxalate Na2C204 134.00 0.00 0.00 0.00 0.00 0.00 0.38 0.38 

Cesium Hydroxide CsOH 149.91 6.550E 06 5.938E 06 6.120E-07 5.549E-07 5.719E 08 9.290E 03 9.290E 03 

Lithium Hydroxide LiOH 23.95 0.00 0.00 0.00 0.00 0.00 0.37 0.37 

Total, gm 103.06 103.06 999.85 999.85 103.06 103.06 999.85 999.85 103.06 103.06 4,173.49 2,997.12 1,176.36 

Volume,L 0.05 0.02 1.00 1.00 0.05 0.02 1.00 1.00 0.05 0.02 5.04 40,497.80 1.00 
Enthalpy, cal -1.96IE-t05 -2.057E+05 -3.79IE+06 -3.79IE-t06 -1.962E-t05 -2.057E-t05 -3.79IE-t06 -3.79IE-t06 -L96IE-t05 -2.056E-t05 -L939E-t07 -1.302E-t07 -3.930E-t06 

Density, gIL 997.31 2,301.83 996.85 996.87 996.87 2,301.83 996.85 996.85 996.85 2,301.86 1,043.99 0.10 1,198.49 
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Appendix D. SST Supernatant LiHT Block Flow Diagram 
SST LITHIUM HYDROTALCITE PRECIPITATION 
BASIS: 1 LITER SST@ 5M Na NaOH CHEMICALS 

293.41 g TOTAL 

293.41 g SOLIDS 

CsN03 H20 AI(OH)3 
34.43 g TOTAL 

34.43 g SOLIDS 
0.01 L 

1L_SST_LLxls 

1L_SST_Lbin 
49.73 g TOTAL 

49.73 g SOLIDS 
0.02 L 

" C 
1.24 gmoleNa 

0.13 L 

" C 

2.43 g TOTAL 

o g SOLIDS 
0.002 L 

" C 
3.76 gmole Na L046E-05 gmole Cs 

586.77 g TOTAL 

o g SOLIDS 
0.59 L 

" C " C 
0.44 gmoleAI 

_
______ ~~~~~~-----1=====':"':~:'~~====~------~~~~~?";_~O~;:'~'L:m~o~<~c~o~;~:"~~~~:c"==t------~~~~~~----~====~~~~~~~'===~------iX~~~~?";_--->======~~~~~~======t_----1C~~~~~~----> 291 H20 ADD NaOH to H20 H20+NaOH ADD CHEMICALS & CsN03 UNDILUTED ADD MAKE_UP H20 1L SST LEACH AI(OH)3 LEACHATE tJ:"; 

291.26 g TOTAL 340.99 g TOTAL 636.83 g TOTAL 1,223.60 g TOTAL 1,258.03 g TOTAL \.V 
o g SOLIDS 0 g SOLIDS 26.22 g SOLIDS LOO g SOLIDS 0 g SOLIDS 

0.29 L 0.30 L 0.44 L 1.00 L L08 L 

" C 

10% LiOH 
52.70 g TOTAL 

o g SOLIDS 
0.05 L 

" C 
0.22 gmole Li 

6C C 
L24 gmole Na 5.00 gmole Na 

0.34 gmole C03 
L046E-05 gmole Cs 

" C 
5.00 gmole Na 
0.34 gmole C03 

L046E-05 gmole Cs 

ST AM 
4,01 L26 g TOTAL 

6C C 
0.16 atm 

105 C 
5.00 gmole Na 
0.44 gmole Al 

0.34 gmole C03 
1.046E-05 gmole Cs 

~). ____ ~~L~E~A~C~HA~T~E~~ __ -;,[=======,A=D~D~L~i=O~H'=======J------c~~SL~U~R~R~Y~2; ____ >[======~C~O~O~L~T~O~25==C=======r----~C~O~O~L~E~DLS~L~U~R~R~Y ____ ~=======:~FI~L~T~E~R~:=====~------iX~F~IL~T~R~A~T~E~2; ____ +[==~C~O:M~B~IN~E~FI~L~T~RA~T~E=S~&'===t-----~C~O~N~C~E~N~T::R~A¥T~ES-----> \.V 1,258.03 g TOTAL 1,310.73 g TOTAL 1,310.73 g TOTAL 1,214.75 g TOTAL EVAPORATE 1,202.93 g TOTAL 

o g SOLIDS 43.65 g SOLIDS 47.99 g SOLIDS FILTE CAKE 0 g SOLIDS 0 g SOLIDS 
L08 L 1.10 L L06 L 95.99 g TOTAL LOO L 1.00 L 
105 C 

5.00 gmoleNa 
0.44 gmoleAI 

0.34 gmole C03 
L046E-05 gmole Cs 

90 C 
5.00 gmole Na 
0.44 gmole Al 

0.34 gmole C03 
0.22 gmole Li 

L046E-05 gmole Cs 

" C 
5.00 gmole Na 
0.44 gmole Al 

0.34 gmole C03 
0.22 gmole Li 

L046E-05 gmole Cs 

WASH 1 
1,000 g TOTAL 

g SOLIDS 
LOO L 

" C 

WASH 2 
1,000 g TOTAL 

o g SOLIDS 
LOO L 

" C 

WASH 3 
1,000 g TOTAL 

o g SOLIDS 
LOO L 

" C 

WASH 4 
1,000 g TOTAL 

o g SOLIDS 
LOO L 

" C 

75 

47.99 g SOLIDS 
0.06 L 
0.19 gmoleNa 

0.44 gmole Al 
0.12 gmoleC03 
0.22 gmole Li 

3.977E-0I mole Cs 
WASH 1 

FILTE CAKE2 
95.96 g TOTAL 
47.98 g SOLIDS 

0.07 L 
8.700E-03 gmoleNa 

0.44 gmole Al 
0.11 gmole C03 
0.22 gmole Li 

1.821E-0 moleCs 

WASH 2 

FILTE CAKE 3 
95.95 g TOTAL 
47.98 g SOLIDS 

0.07 L 
3.983E-04 gmoleNa 

0.44 gmole Al 
0.11 gmole C03 
0.22 gmole Li 

8.337E-1 mole Cs 

WASH 3 

FILTE CAKE 4 
95.95 g TOTAL 
47.97 g SOLIDS 

0.07 L 
L824E-05 gmoleNa 

0.44 gmole Al 

0.11 gmole C03 
0.22 gmole Li 

3.817E-1 mole Cs 

WASH 4 

FILTE CAKES 
95.94 g TOTAL 
47.97 g SOLIDS 
48.02 L 

8.350E-07 gmoleNa 

0.44 gmole Al 

0.11 gmole C03 
0.22 gmole Li 

L748E-12 gmole Cs 

" C 
4.81 gmole Na 

4.861E-03 gmoleAI 

0.22 gmole C03 
2.431E-03 gmole Li 
L007E-05 gmole Cs 

SPENT WASH 1 
999.88 g TOTAL 

o gSOLIDS 
0.99 L 

" C 
0.18 gmole Na 

3.003E-04 gmole Al 

8.250E-03 gmole C03 
L502E-04 gmole Li 

3.795E-07 gmole Cs 

SPENT WASH 2 
999.86 g TOTAL 

o gSOLIDS 
LOO L 

" C 
8.302E-03 gmole Na 
4.732E-05 gmole Al 

3.605E-04 gmole C03 
2.366E-05 gmole Li 
L738E-08 gmole Cs 

SPENT WASH 3 
999.85 g TOTAL 

o gSOLIDS 
LOO L 

" C 
3.801E-04 gmoleNa 
7.011E-06 gmoleAI 
L334E-05 gmole C03 

L334E-05 gmole Li 

7.956E-10 gmole Cs 

SPENT WASH 4 
999.86 g TOTAL 

o gSOLIDS 
LOO L 

" C 
L740E-05 gmole Na 
1.144E-06 gmoleAI 
L388E-06 gmole C03 

3.187E-05 gmole Li 
3.642E-11 gmole Cs 

60 C 
5.00 gmole Na 

5.217E-03 gmoleAI 

0.23 gmole C03 
2.650E-03 gmole Li 
1.046E-05 gmole Cs 

THEORETICAL YIELDS AI Li 
CsDF 
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98.8% 

5,916,697 



PHASE 

~RE"tm 
pH 

Scdium Chlorid, 

H"" Capacity, aol/"nlC 
Ab, Vioc, ,p 

,molM 

NoN02 
NoN03 
N,2C03 
N,2S04 

N,3FS04 

69.00 
84.99 

105.99 
14204 
5844 

184.03 
390.13 
390.08 
134.00 
149.9l 

Appendix E. SST Supernatant LiHT Mass Balances 

291 g H2C 
Aqu,"u, 

25.00 
1.00 
7.00 

-

-

-

-

-

-

199 
189 
100 
-

N,OH 

Solid 
25.00 

1.00 

-

-

-

-

-

-

-

-

-

Aqurou, 

60.00 
1.00 

13. 

0.84 
1.06 
4. 
4.10 

Solid 

76 

25.00 
1.00 
. 

329l 
191.65 
35.63 

273 

9.09 
-

178 
-

-

-

-

C"'03 
Aqu,"u, 

25.00 
1.00 
7.00 

-

-

-

-

-

.569E-O' 

0.99 
0.89 
0.00 

-

UNOILUTEC 
Aqu,"u, 

50.00 
1.00 

14.47 

3291 
193.14 
23.27 
002 
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-

om 
1.569E-03 

.~ 
'58 

3.79 
1654 
10.62 

UNOILUTED 
Solid 

50.00 
1.00 
. 

-

-

-

0.94 

14.83 
0.69 

-

'25 
-

-

-

H2O 
Aqu,"u, 

25.00 
1.00 
7.00 

~. 
0.99 
0.89 

0.' 

, SST 
AqU,"lli 

25.00 
1.00 

14.21 

329l 
193.14 
35.63 

273 

-

178 
. .569E'() 

'.74 
223 
5.90 
5.00 

AI(0H)3 

Solid 
25.00 

1.00 
. 

-

-

-

-

-

-

-

-

-
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Aqu,"u, 

104.61 
1.00 

12.09 

329l 
193.14 
35.60 

273 

-

178 
.569E-O 

~. 
'.79 
17l 
565 

4.6: 

10% LiOH 
Aqu,"u, 

25.00 
1.00 

14.19 

-

-

-

-

3.13 
3.03 

-
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Appendix E. SST Supernatant LiHT Mass Balance (cont.) 
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Appendix E. SST Supernatant LiHT Mass Balance (cont.) 

II 
1 

1 

1 1 
1 

~ 
1 1 

1 

1 
1 , 1 1 

1 ~ 1 

I 1 
1 1 1 1 1 

1 

fit 
1 

1 
1. 
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1 1 1 
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Appendix F. LiHT From Simple Solutions Block Flow Diagram 
LITHIUM HYDROTALCITE FROM SIMPLE SOLUTIONS 
BASIS: 1 LllHT Slurry 
SIMPLELlHTXLS 
SIMPLEbm 

NaOH+ NalC03 AL H3 1!~~ r;~OTAL 1852 gm TOTAL 10496 gm TOTAL 
1852 gm80LIDS 10496 gmSOLIDS o gmSOLIOO 

" C " C 
014 L 

'" gmoleNa no gmoleAJ 2500 C 

'" gmoleCm '" gmoleu 

HW H20 + NaOH + NalC03 H20+NaOH+NalC03 LEACH LEACHATE LITHIUM HYDROTALCITE LIHT COOL T02SC COOLED FILTER FILTRATE 
7476 gm TOTAL 93272 gm TOTAL 1,Q3768 gm TOTAL PRECIPITATION l'i~U gm TOTAL l'i~~:8 gm TOTAL 9096 gmTOTAL 
075 L 079 L gm80LIDS gm80LIDS gmSOLIOO FILTE CAKE gmSOLIDS 

" C 
5890 C 088 L 1.00 L 097 L 2892 gm TOTAL on C 
W gmoleNa 105 C 90 C " C 1446 gm80LIDS " C 

'" gmoleC03 441 gmoleNa 441 gmoleNa W gmoleNa 019 L ; e, gmoleNa 
034 gmole em 034 gmole em '" gmole em 2500 C 00; gmoleC03 

THEORETICAL YIELDS 135 gmoleAJ 135 gmoleAJ no gmoleAJ '" gmoleNa 00; gmoleAJ 
M 98% 067 gmole II '" gmole II ,,; gmole cm 00; gmoleL! 
U 98% m gmoleAJ 
em 98% OM gmolell 

WM>H WASH SPENT WASH 
1,00000 gm TOTAL 99983 gm TOTAL 

'00 C WASHED CAKE o gmSOLlDS 
2500 C 2894 gm TOTAL 098 L 

1447 gm80LlDS 260 C 
021 L 00; gmoleNa 

2597 C 00008 gmoleCm 
o oe gmoleNa 00030 gmoleAJ 
,,; gmole cm 00015 gmoleL! 
m gmoleAJ 
OM ,g",olell 
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Appendix G. LiHT From Simple Solutions Mass Balance 
1# 

Iii 
H20 NaOH+Na2C03 H2~ ALOH3 10% LiOH LilIT LilIT COOi&[ COOLEI F -;;;;:TER :AKE -;;;;:TERCAKE WASH SPEN1'WAN'~ffi[)C~=A~lIKE~~~@:~A'KKm~ 

Aqueous Solid AQueous Soli Aqueous Aqueous AQueous Solid Aqueous Solid AQueo, ...!:.!!: Aqueous ...!:.!!: Solid AQue> AQueous~ ~eous Solid 

'L..~,C~ ____ +-__________ +-__ ~ __ ~~7;··~'00 ______ ~~~; .. 0~0 ________ ~~ __ ~0~0 __ ~1074 .. :~ __ ~~~.+-_~90)~ .. 00~~970l..~00 __ ~~7;··~00 __ ~~7;·.~'00 __ ~~t-__ ~~~ ____ ~~;~ .. 00t-~~ ____ ~~~·+-_____ ~~·~ ____ ~~7;··~91 
. mm 1.00 1.00 00 I. 1.00 1.00 1.00 1.00 1.00 I. 1.00 

7.00 . 13.:· 12.43 14.1 13.05 . 15.00 . " I. . 13. 13. . 

Water 
Alummum 
S.rl;um 

ISod;um )onate 
Lith;um' 
Lith;um 

Total. gm 
Total. kJ! 
Volume, L 
Enthalpy, cal 
Dens:ty, gIL 
Ion;c Strength 
Aqueous Sod;um, molar 
Total Sod;um, molar 
Free I " molar 
Soluble Alum;n, molar 
Total Alumma, molar 

IH20 
IAI(OH)3 

gmlgmol gm gm gm gm gm gm gm gm gm gm gm gm gm gm gm gm 

18.02 

78.00 

10.1 

4 . 

747.56 
· 

· 

· 

· 

747.56 

.75 
0.75 

996.85 

0.00 
· 

· 

0.00 
· 

· 

· 

· 

149.50 

35.66 
· 

185.16 

0.19 

0.08 

2,197.16 
· 

· 

· 

· 

· 

· 

747.56 
· 

149.50 

35.66 
· 

· 

104.96 
· 

· 

· 

932. 104.96 

>'93 UO 
0.79 0.Q4 

1·4.160E+05 

1,181.38 2,440.66 
5.89 . 

5.59 . 

5.59 . 

4.73 . 
· . 

· . 

747.56 145.02 877.49 · 

· 104.96 . 17.83 

149.51 . 171.84 · 

· 35.65 . 6.06 
. . . 22.86 

.037.68 

.04 

0.88 

·3.673E+06 

1,178.36 

5.59 

5.01 

5.01 

16.11.74 

161.1' U75.95 22.86 

0.16 .08 .12 

0.14 0.94 0.06 

1,120.16 1,139.61 2,199.76 

3.02 5.01 . 
· 4.67 . 
· 4.41 . 

3.05 · 

· · 

· · 

80 

874.81 

2.40 

175.80 

0.8: 
. 

0.31 

· 

· 

· 

· 

144.61 

1.054.20 144.61 

1.05 .14 

0.91 om 
·5.764E+05 

1,164.35 2,199.76 
5.06 . 

4.87 . 
4.54 . 

· 

· 

· 

754.81 

2.07 

151.68 
1.70 
. 

909.59 

.91 
0.78 

1,164.35 

5.06 

4.87 

4.87 

120.00 

0.33 

24.12 

O. 
. 

0.05 

144.61 

0.14 

0.12 

1,164.35 

5.06 

4.87 

3. 

· 

· 

· 

· 

144.61 

144.61 

0.14 

1.000.00 
· 

· 

· 

· 

1.00 .00 
.00 

1.00 

2,199.76 996.85 
· 0.00 
· . 

· . 

· .00 
· . 

· . 

978.40 

0.23 

21.08 

.08 
. 

.04 

999.83 

.00 
0.98 

·3. 

1,018.49 

0.54 

0.54 

0.54 

141.60 

0.03 

3.05 

0.01 
. 

0.01 

144.70 

U4 
0.14 

1,018.49 

0.54 

0.54 

0.37 

gm 

· 

· 

· 

· 

144.70 

144.70 

14 

om 
·5.767E+05 

2,199.76 
· 

· 

· 

· 

· 

· 



SST SUPERNATANT ALUMINA GEL DESTRUTION 
BASIS: 1 L UHT SLURRY 
SST_GEL.xls 

GEL.bin 

H2O 
170.1 gm TOTAL 

0.17 L 
25 C 

0 LEACHATE 
734.5 gm TOTAL 

0.64 L 
105 C 

2.92 gmole Na 
0.26 gmole Al 

0.20 gmole cm 
6.110E-06 gmoles Cs 

NOH 
29.0 gm TOTAL 

25 C 
0.73 gmoles Na 

ADD NaOH to H2O 

N02 i03 
15.5 gmTOTAL 

25 C 

0.12 gmoleNa 

0.06 gmole Si 

ADD Na2Si03 

Appendix H. SST Supernatant Alumina Gel Destruction Block Flow Diagram 

CsN03 
14 gmTOTAL 

1.42 mL 
25 C 

6.110E-06 gmoles Cs 

H20+NaOH ADD CHEMICALS 
199.1 gmTOTAL 

0.18 L 
60 C 

0.73 gmolesNa 

10% HN03 
350.3 gm TOTAL 

0.33 L 
25 C 

SLURRY ADD 10% HN03 
750.0 gmTOTAL 

29.6 gmSOUDS 

0.75 L 
25 C 

3.Q4 gmoleNa 

0.26 gmoleAI 

0.20 gmole C03 

0.06 gmole Si 

6.110E-06 gmoles Cs 

CHEMICALS 
171.3 gmTOTAL 

25 C 

2.19 gmoleNa 
0.20 gmole C03 

UNDILUTED 
371.8 gmTOTAL 

15.3 gm SOLIDS 

0.26 L 
50 C 

2.92 gmoleNa 
0.20 gmole C03 

6.110E-06 gmoles Cs 

GEL 
1,100.3 gmTOTAL 

23.8 gmSOUDS 

0.94 L 
34 C 

3.Q4 gmoleNa 

0.26 gmoleAI 

0.20 gmole C03 

0.06 gmole Si 

6.110E-06 gmoles Cs 

81 

H20B 
342.5 gm TOTAL 

25 C 
0.34 

ADD H2O 

10% UOH 
25.0 gm TOTAL 

o gm SOUDS 

0.02 L 

25 C 

0.10 gmole Li 

ADD10% UOH 

SST 
714.4 gm TOTAL 

0.58 L 
25 C 

2.92 gmole Na 
0.20 gmole C03 

6.110E-06 gmolesCs 

UHT 
1, 125.3 gm TOTAL 

28.8 gm SOUDS 

1.01 L 
90 C 

3.Q4 gmole Na 

0.26 gmole Al 

0.20 gmole C03 

0.10 gmole Li 

0.06 gmole Si 

6.110E-06 gmolesCs 

WASH 
1,000.0 gm TOTAL 

LOO L 
25 C 

Al(OH)3 
20.1 gm TOTAL 

25 C 

0.26 gmoleAl 

ADD Al(OH)3 

FILTRATION 

C KE 
69.1 gmTOTAL 

34.6 gm SOUDS 
0.Q4 L 

25 C 
0.16 gmoleNa 

0.24 gmoleAI 

0.06 gmole C03 

0.10 gmoleLi 

0.06 gmole Si 

L935E-07 gmoles Cs 

WASH 

WASH CAKE 
59.78 gmTOTAL 

29.9 gmSOUDS 
0.Q4 L 

25 C 

0.04 gmoleNa 

0.24 gmoleAI 

0.05 gmole C03 

0.10 gmoleLi 

0.05 gmole Si 

5.567E-09 gmoles Cs 
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LEACHATE 
734.5 gm TOTAL 

0.64 L 
105 C 

2.92 gmole Na 
0.26 gmole Al 
0.20 gmole C03 

6.110E-06 gmoles Cs 

FILTRATE 
1,056.2 gm TOTAL 

o gm SOUDS 

0.92 L 

25 C 
2.87 gmole Na 

0.02 gmole Al 

0.14 gmole C03 

0.00 gmole Li 

0.00 gmole Si 

5.916E-06 gmoles Cs 

SPENT WASH 
1,009.3 gm TOTAL 

o gm SOUDS 

LOI L 
25 C 

0.12 gmole Na 

0.00 gmole Al 

0.01 gmole C03 

0.01 gmole Li 

0.01 gmole Si 

L880E-07 gmoles Cs 

0 
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Appendix I. SST Supernatant Alumina Gel Destruction Mass Balances 

STREAM # 
STREAM H2O NaOH H20+NaOH CsN03 CHEMICALS UNDILUTED UNDILUTED H20B SST AI(OH)3 LEACHATE Na2Si03 SLURRY SLURRY 
PHASE Aqueous Solid Aqueous Aqueous Solid Aqueous Solid Aqueous Aqueous Solid Aqueous Solid Aqueous Solid 
TEMPERATURE C 25.00 25.00 60.00 25.00 25.00 50.00 50.00 25.00 25.00 25.00 104.62 25.00 25.00 25.00 
PRESSURE, atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
IpH 7.00 . 13.72 7.00 . 14.47 . 7.00 14.27 . 12.07 . 14.22 . 

COMPONENT FORMULA I gm/gmol gm gm gm gm gm gm gm gm gm gm gm gm gm gm 

Water H2O 18.02 170.06 170.06 1.42 174.33 342.53 517.68 517.68 517.74 

Nitric Acid HN03 63.01 0.00 0.00 0.00 0.00 0.00 

Alwninum Hydroxide AI(OH)3 78.00 20.10 20.10 5.97 14.14 

Hydroxysodalite Dihydrate Na8Al6Si6024(OH)2'2H2C 968.35 

Sodium Alurninosilicate Gel N a5A.l6Si7025Y2·15Y2H20 1.160.66 
Potassiwn Hydroxide KOH 56.11 0.57 0.57 0.57 0.57 

Potassiwn Nitrate KN03 IOUO 1.03 

Sodium Hydroxide NaOH 40.00 29.04 29.04 27.68 27.68 27.68 27.71 

Sodium Nitrite NaN02 69.00 19.22 19.22 19.22 19.22 19.22 

Sodium Nitrate NaN03 84.99 111.90 112.77 112.77 112.77 112.77 

Sodium Carbonate Na2C03 105.99 20.80 13.58 20.80 20.79 20.80 

Sodium Sulfate Na2S04 142.04 6.75 0.01 6.75 6.75 6.75 

Sodium Chloride NaCl 58A4 1.59 1.59 1.59 1.59 1.59 

Sodium Fluoride NaP 41.99 0.21 0.08 0.21 0.21 0.21 

Sodium Orthophosphate Na3P04 163.94 2.23 2.23 2.23 2.23 

Sodium Bicarbonate NaHC03 84.01 0.00 0.00 0.01 0.00 

Sodium Bichromate Dihydrate Na2Cr207.2H20 298.00 4.05 

Sodium Chromate Na2Cr04 161.97 4AI 4AI 4AI 4AI 
Silicon Oxide Si02 60.08 0.03 

Lithium Carbonate Hydrotalcite Li2C03AAI(OH)3.3H20 439.95 

Sodium Carbonate Monohydrate Na2C03.IH20 124.00 5.69 

Trisodium Fluoride Sulfate Na3FS04 184.03 0.55 

Sodium Orthophosphate Hydroxide Dodecahydrate Na3P04.0.25NaOH.12H20 390.13 5.31 

Burkeite Na6(S04)2C03 390.08 8.66 

Disodiwn Silicon Trioxide Octahydrate Na2Si03.8H20 266.19 15.54 15A3 
Sodium Oxalate Na2C204 134.00 OA5 0.05 OAO OA5 OA5 OA5 
Cesiwn Hydroxide CsOH 149.91 0.00 0.00 0.00 0.00 0.00 

Lithium Hydroxide LiOH 23.95 

Total, gm 170.06 29.04 199.10 1.42 171.32 356.53 15.31 342.53 714.36 20.10 734A7 15.54 720A4 29.57 
Total, kg 0.17 0.03 0.20 0.00 0.17 0.36 0.02 0.34 0.71 0.02 0.73 0.02 0.72 0.03 

Volume, L 0.17 0.01 0.18 0.00 0.07 0.25 0.01 0.34 0.58 0.01 0.64 0.59 0.01 

Enthalpy, cal -6A49E+05 ######### -7. I 92E+05 -5.376E+03 -2.687E+05 -9.506E+05 -3.862E+04 ######### ######### ######### -2.327E+06 -5A68E+04 -2.319E+06 ######### 

Density, gIL 996.85 2.129.78 1.124.78 997A7 2.316.35 1.413.39 2.438.63 996.85 1.223.62 2.440.66 1.148A8 1.224.83 5.104.00 

Heat Capacity, call grnIC 0.99 0.84 0.99 0.58 0.25 0.99 0.74 0.85 0.74 0.38 

Abs Vise, cP 0.89 1.06 0.89 3.79 0.89 2.23 0.66 2.30 

Ionic Strength 0.00 4.27 0.00 16.54 0.00 5.90 5.52 5.89 

Aqueous Sodium, molar 4.10 10.62 5.00 4.56 4.96 

Total Sodium, molar 4.10 11.29 5.00 4.56 5.11 

Free Hydroxide, molar 0.00 4.10 0.00 2.78 0.00 1.20 0.70 1.06 

Soluble Alumina, molar OAO 0.13 

Total Alwnina, molar OAO OA3 
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Appendix I. SST Supernatant Alumina Gel Destruction Mass Balances (cont.) 

ISTJ<FAM# 10% HN03 GEL GEL 10% LiOH LiHT LiHT FILTRATE CAKE CAKE WASH SPENT WASH WASHFDCAKE WASHED CAKE 
Aqueo", Solid Aqueo", Solid Solid Solid 

IPHASE 25.00 34.40 34.40 25.00 90.00 90.00 25.00 25.00 25.00 25.00 24.76 24.76 24.76 

tEo C 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

, atm (0.11 13.03 . 14.19 11.92 . 13.48 13.48 . 7.00 12.41 12.41 . 

IpH gm gm gm gm gm gm gm gm gm gm gm gm gm 

COMP' 

315.30 849.77 - 22.46 871.75 - 839.48 27.46 - 1.000.53 29.63 -

IWate, IH20 18.02 35.03 0.00 - - 0.00 - 0.00 0.00 - - 0.00 0.00 -

INitric Acid IHN03 63.01 - 1.98 14.27 - 1.50 - 1.40 0.05 - - 0.00 0.00 -

IA IAl(OH)3 78.00 - - - - - 8.00 - - - - - - -

IN, 968.35 - - 9.55 - - - - - 5.96 - - - 8.17 

, Gel INa5Al '15Y,H20 1.160.66 - 0.57 - - 0.57 - 0.55 0.02 - - 0.02 0.00 -

IKOH 56.11 - - - - - - - - - - - - -

, Nitrare IKN03 101.10 - 8.47 - - 11.25 - 11.18 0.37 - - 1.43 0.04 -

INaOH 40.00 - 19.22 - - 19.22 - 18.61 0.61 - - 0.59 0.02 -

, Nitrire INaN02 69.00 - 160.02 - - 160.02 - 154.96 5.07 - - 4.92 0.15 -

, Nitrare 1 NaN03 84.99 - 20.80 - - 15.77 - 14.80 0.48 - - 0.75 0.02 -

105.99 - 6.75 - - 6.75 - 6.53 0.21 - - 0.21 0.01 -

, Sulfare INa2S04 142.04 - 1.59 - - 1.59 - 1.54 0.05 - - 0.05 0.00 -

INaCl 58.44 - 0.21 - - 0.21 - 0.20 0.01 - - 0.01 0.00 -

, Fluoride INaP 41.99 - 2.23 - - 2.23 - 2.16 om - - om 0.00 -

INa3P04 163.94 - 0.00 - - 0.02 - 0.00 0.00 - - 0.00 0.00 -

,Ri, 
1 NaHC03 84.01 - - - - - - - - - - - - -

,Ri, INa2CJ207.2H20 298.00 - 4.41 - - 4.41 - 4.27 0.14 - - 0.14 0.00 -

1 Na2CJ04 161.97 - 0.05 - - 0.53 - om 0.00 - - 0.47 0.01 -

ISilicon Oxide ISi02 60.08 - - - - - 20.78 - - 22.92 - - - 21.72 

.ithinm H oite Li2C03.4Al(OH)3.3H20 439.95 - - - - - - - - - - - - -

,e INa2C03.1H20 124.00 - - - - - - - - - - - - -

ITri,"dinm Flnmid. Sulfate INa3PS04 184.03 - - - - - - - - - - - - -

INa3P( 12H20 390.13 

INa6(S04)2C03 390.08 5.68 

, Silicon INa2Si03.8H20 266.19 0.45 0.45 0.44 0.01 0.01 0.00 

,Oxalare I Na2C204 134.00 0.00 0.00 0.00 0.00 0.00 0.00 

'.,inm CeOH 149.91 2.50 0.23 0.00 0.00 0.13 0.00 

LiOH 23.95 

350.33 1.076.52 23.82 24.95 1.096.51 28.78 1.056.19 34.55 34.55 29.89 29.89 

I Total. gm 0.35 1.08 0.02 0.02 1.10 0.03 1.06 0.03 0.03 1.00 1.01 0.03 0.Q3 

I Total. kg 0.33 0.93 0.01 0.02 1.00 0.01 0.92 0.03 0.01 1.00 1.01 0.03 0.01 

Volume.l -1.223E+06 -3. -9. 157E+04 1 -1. -3.511E+06 1 -1. -1.332E+05 -3.792E+06 -3.811E+06 -1.129E+05 -1.1, 

• cal 1.051.93 1.151.55 4.072.80 1.120.16 1.097.37 3.047.15 1.153.14 1.153.14 3.316.20 996.85 1.003.83 1.003.83 3.026.71 

Deneity. gIL 0.89 0.82 0.35 0.92 0.86 0.32 0.82 0.82 - 0.99 0.98 0.98 -

Heat' . cal/gmlC 0.95 1.17 - 3.12 0.49 - 1.38 1.38 - 0.89 0.91 0.91 -

Abe Viec. cP 1.76 3.60 - 3.02 3.25 - 3.49 3.49 - 0.00 0.13 0.13 -

Ionic Strength - 3.20 - - 2.97 - 3.14 3.14 - - 0.12 0.12 -

, Sodium, molar - 3.23 - - 3.01 - 3.14 4.02 - - 0.12 0.98 -

1 Total Sodium, molrnc 0.00 0.21 - 3.05 0.27 - 0.29 0.29 - 0.00 0.03 0.03 -

1 P,ee • molar - 0.03 - - 0.02 - 0.02 0.02 - - 0.00 0.00 -

l'n1Hb A • molar - 0.27 - - 0.26 - 0.02 5.94 - - 0.00 6.05 -
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Appendix K. Mass Balance DST Lithium Carbonate Addition 

STREAM # 

STREAM 359 g H2O NaOH H2OtNaOH CsN03 CHEMICALS UNDILUTED UNDILUTED H2O lLDST AI(OH)3 LEACHATE 1 % Li2C03 REACTOR STEAM 

PHASE Aqueous Solid Aqueous Aqueous Solid Aqueous Solid Aqueous Aqueous Solid Aqueous Aqueous Vapor 

TEMPERATURE, C 25.00 25.00 60.00 25.00 25.00 50.00 50.00 25.00 25.00 25.00 105.55 25.00 105.96 

PRESSURE, atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

pH 7.00 14.20 7.00 14.87 7.00 14.73 12.31 11.29 

COMPONENT FORMULA gm/gmol gm gm gm gm gm gm gm gm gm gm gm gm gm 

Water H2O 18.02 359.98 359.98 14.39 378.18 526.54 904.72 904.72 1,400.00 1,400.00 

Hydrogen Fluoride HF 20.01 0.00 0.00 0.00 0.00 

Aluminum Hydroxide Al(OH)3 78.00 68.80 68.80 

Potassium Hydroxide KOH 56.11 10.92 10.92 10.92 

Potassium Nitrate KN03 101.10 19.68 

Sodium Hydroxide NaOH 40.00 103.66 103.66 95.83 95.83 95.83 

Sodium Nitrite NoN02 69.00 79.44 79.44 79.44 79.44 

Sodium Nitrate NoN03 84.99 77.76 94.31 94.31 94.30 

Sodium Caillonate Na2C03 105.99 6.86 6.86 6.86 6.86 

Sodium Sulfate Na2S04 142.04 1.02 0.44 1.02 1.02 

Sodium Chloride NaCl 58.44 6.73 6.73 6.73 6.73 

Sodium Fluoride No!' 41.99 0.46 0.29 0.46 0.46 

Sodium Orthophosphate Na3P04 163.94 1.18 1.18 1.18 

Sodium Bicarbonate NaHC03 84.01 0.00 0.00 0.00 

Sodium Bichromate Dihydrate Na2Cr207.2H20 298.00 0.43 

Sodium Chromate Na2Cr04 161.97 0.47 0.47 0.47 

Lithium Caillonate Hydrotalcite Li2C03.4Al(OH)3.3H20 439.95 

Trisodium Fluoride Sulfate Na3FS04 184.Q3 0.75 

Sodium Orthophosphate Hydroxide Dodecahydrate Na3P04.0.25NaOH.12H20 390.13 2.81 

Sodium Acetate Na(C2H302) 82.03 3.31 3.31 3.31 

Sodium Acetate Trihydrate Na(C2H302).3H20 136.08 5.48 

Sodium Oxalate Na2C204 134.00 0.38 0.04 0.34 0.38 0.38 

Cesium Hydroxide CsOH 149.91 0.01 0.01 0.01 0.01 

Lithium Hydroxide LiOH 23.95 

Lithhium Caillonate Li1C03 73.89 16.26 

Total, gm 359.98 103.66 463.64 14.40 201.05 678.00 1.09 526.54 1,205.63 68.80 1,274.43 1,416.26 1,400.00 

Total, kg 0.36 0.10 0.46 0.01 0.20 0.68 0.00 0.53 1.21 0.Q7 1.27 1.42 1.40 

Volume, L 0.36 0.05 0.38 0.01 0.09 0.50 0.00 0.53 1.00 0.03 1.13 1.40 2,398.18 

Enthalpy, cal -1.365E+06 -2.63SE+05 -1.636E+06 -5.457E+04 -2.S00E+05 -1.959E+06 -2.70SE+03 -1.997E+06 -3.975E+06 -2.727E+05 -4.15SE+06 -5.373E+06 -4.442E+06 

Density, gIL 996.85 2,129.78 1,205.64 997.47 2,267.05 1,364.24 2,568.59 996.85 1,205.63 2,440.66 1,130.02 1,008.64 0.58 

Heat Capacity, calJgm/C 0.99 0.76 0.99 0.64 0.23 0.99 0.76 0.93 0.98 

Abs Vise, cP 0.89 1.74 0.89 3.84 0.89 2.54 0.76 0.98 

Ionic Strength 0.00 7.20 0.00 13.84 0.00 5.78 5.48 0.47 

Aqueous Sodium, molar 6.74 10.03 5.00 4.43 

Total Sodium, molar 6.74 10.05 5.00 4.43 

Free Hydroxide, molar 0.00 6.74 0.00 5.21 0.00 2.59 1.52 0.00 

Soluble Alumina, molar 0.78 

Total Alumina, molar 0.78 

Cs Activity*, Ci/L 14.79 0.43 0.21 0.19 

Cs Activity*, CiJ5M Na 0.21 0.21 0.21 
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Appendix K. Mass Balance DST Lithium Carbonate Addition (cont.) 

STREAM # 

STREAM CONDENSATE SLURRY SLURRY COOLED SLURRY COOLED SLURRY FILTRATE FILTER CAKE FILTER CAKE WASH 1 SPENT WASH 1 FILTER CAKE 2 FILTER CAKE 2 WASH 2 

PHASE Aqueous Aqueous Solid Aqueous Solid Aqueous Aqueous Solid Aqueous Aqueous Aqueous Solid Aqueous 

TEMPERATURE, C 100.07 105.96 105.96 25.00 25.00 25.00 25.00 25.00 25.00 25.39 25.39 25.39 25.00 

PRESSURE, atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

pH 6.12 12.42 14.74 14.74 14.74 7.00 13.13 13.13 7.00 

COMPONENT FORMULA gmlgmol gm gm gm gm gm gm gm gm gm gm gm gm gm 

Water H2O 18.02 1.400.00 895.33 892.98 821.60 71.39 999.85 977.80 93.44 999.85 

Hydrogen Fluoride HF 20.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Aluminum Hydroxide A1(OH)3 78.00 14.59 1.04 0.96 0.08 0.08 0.01 

Potassium Hydroxide KOH 56.11 10.92 10.92 10.05 0.87 0.80 0.08 

Potassium Nitrate KN03 101.10 

Sodium Hydroxide NaOH 40.00 92.13 95.60 87.96 7.64 6.98 0.67 

Sodium Nitrite NoN02 69.00 0.00 79.44 79.44 73.09 6.35 5.80 0.55 

Sodium Nitrate NaN03 84.99 94.31 94.30 86.77 7.54 6.88 0.66 

Sodium Catbonate Na2C03 105.99 0.00 11.77 7.16 6.59 0.57 0.52 0.05 

Sodium Sulfate N02S04 142.04 1.02 1.02 0.94 0.08 0.07 0.01 

Sodium Chloride NaCI 58.44 6.73 6.73 6.19 0.54 0.49 0.05 

Sodium Fluoride NoF 41.99 0.00 0.46 0.46 0.42 0.04 0.03 0.00 

Sodium Orthophosphate Na3P04 163.94 1.18 1.18 1.09 0.09 0.09 0.01 

Sodium Bicatbonate NaHC03 84.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sodium Bichromate Dihydrate N 02Cr207.2H20 298.00 

Sodium Chromate N02CRl4 161.97 0.47 0.47 0.43 0.04 0.03 0.00 

lithium Catbonate Hydrotalcite Li2C03 .4Al(OH)3 .3H20 439.95 76.43 95.54 95.54 95.54 

Trisodium Fluoride Sulfate Na3FS04 184.03 

Sodium Orthophosphate Hydroxide Dodecahydrate Na3P04.0.25NaOH.12H20 390.13 

Sodium Acetate N,(C2H302) 82.03 0.00 3.31 3.31 3.04 0.26 0.24 0.02 

Sodium Acetate Trihydrate N,(C2H302).3H20 136.08 

Sodium Oxalate N02C204 134.00 0.38 0.38 0.35 0.03 0.03 0.00 

Cesium Hydroxide CsOH 149.91 0.01 0.01 0.01 0.00 0.00 0.00 

lithium Hydroxide LiOH 23.95 2.22 0.14 0.12 0.01 0.01 0.00 

lithhium Catbonate Li1C03 73.89 

Total, gm 1.400.00 1.214.26 76.43 1.195.14 95.54 1.099.60 95.54 95.54 999.85 999.85 95.54 95.54 999.85 

Total, kg 1.40 1.21 0.08 1.20 0.10 1.10 0.10 0.10 1.00 1.00 0.10 0.10 1.00 

Volume, L 1.46 1.06 0.03 0.99 0.04 0.91 0.08 0.04 1.00 0.99 0.09 0.04 1.00 

Enthalpy, cal -5.204E+06 -3.930E+06 -3.024E+05 -3.935E+06 -3.808E+05 -3.620E+06 -3.l46E+05 -3.808E+05 -3.79IE+06 -3.748E+06 -3.58IE+05 -3.808E+05 -3.79IE+06 

Density, gIL 958.48 1.150.78 2.199.76 1.208.21 2.199.76 1.208.21 1.208.21 2.199.76 996.85 1.014.45 1.014.45 2.199.76 996.85 

Heat Capacity, calfgmlC 1.01 0.85 0.76 0.36 0.76 0.76 0.99 0.97 0.97 0.99 

Abs Vise, cP 0.28 0.71 2.59 2.59 2.59 0.89 0.93 0.93 0.89 

Ionic Strength 0.00 5.73 5.86 5.86 5.86 0.00 0.39 0.39 0.00 

Aqueous Sodium, molar 4.74 5.05 5.05 5.05 0.37 0.37 

Total Sodium, molar 4.59 4.84 5.05 3.26 0.37 0.25 

Free Hydroxide, molar 0.00 2.23 2.60 2.60 2.60 0.00 0.19 0.19 0.00 

Soluble Alumina, molar 0.18 0.01 0.01 0.01 0.00 0.00 

Total Alumina, molar 0.81 0.85 0.01 7.10 0.00 6.31 

Cs Activity*, CilL 0.20 0.22 0.22 0.22 0.02 0.02 

Cs Activity*, Ci/5M Na 0.21 0.21 0.21 0.21 0.21 0.21 
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Appendix K. Mass Balance DST Lithium Carbonate Addition (cont.) 

STREAM # 

STREAM SPENT WASH 2 FILTER CAKE 3 FILTER CAKE 3 WASH 3 SPENT WASH 3 FILTER CAKE 4 FILTER CAKE 4 WASH 4 SPENT WASH 4 FILTER CAKE 5 FILTER CAKE 5 FILTRATES STEAM CONCENTRATE 
PHASE Aqueous Aqueous Solid Aqueous Aqueous Aqueous Solid Aqueous Aqueous Aqueous Solid Aqueous Vapor Aqueous 

TEMPERATURE, C 25.05 25.05 25.05 25.00 25.01 25.01 25.01 25.00 25.00 25.00 25.00 2591 60.00 60.00 

PRESSURE, atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.16 0.16 

pH 12.13 12.13 7.00 11.11 11.11 7.00 10.09 10.09 13.58 13.59 

COMPONENT FORMULA gmlgmol gm gm gm gm gm gm gm gm gm gm gm gm gm gm 

Water H2O 18.02 997.94 95.35 999.85 999.69 95.51 999.85 999.84 95.52 4,796.84 3,912.50 884.37 

Hydrogen Fluoride HF 20.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Aluminum Hydroxide Al(OH)3 78.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.88 1.05 

Potassium Hydroxide KOH 56.11 0.07 0.01 0.01 0.00 0.00 0.00 10.92 10.92 

Potassium Nitrate KN03 101.10 

Sodium Hydroxide NaOH 40.00 0.61 0.06 0.05 0.01 0.00 0.00 95.64 95.60 

Sodium Nitrite NaN02 69.00 0.51 0.05 0.04 0.00 0.00 0.00 79.44 79.44 

Sodium Nitrate NaN03 84.99 0.60 0.06 0.05 0.01 0.00 0.00 94.30 94.30 

Sodium Carbonate Na2C03 105.99 0.05 0.00 0.00 0.00 0.00 0.00 7.11 7.17 

Sodium Sulfate Na2S04 142.04 0.01 0.00 0.00 0.00 0.00 0.00 1.02 1.02 

Sodium Chloride NaCI 58.44 0.04 0.00 0.00 0.00 0.00 0.00 6.73 6.73 

Sodium Fluoride N,P 41.99 0.00 0.00 0.00 0.00 0.00 0.00 0.46 0.46 

Sodium Orthophosphate Na3P04 163.94 0.01 0.00 0.00 0.00 0.00 0.00 1.18 1.18 

Sodium Bicarbonate NaHC03 84.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sodium Bichromate Dihydrate Na2Cr207.2H20 298.00 

Sodium Ctn:omate Na2Cr04 161.97 0.00 0.00 0.00 0.00 0.00 0.00 0.47 0.47 

Lithium Carbonate Hydrotaicite Li2C03.4 AI (0 H)3 .3H20 439.95 95.53 95.53 95.52 

Trisodium Fluoride Sulfate Na3FS04 184.03 

Sodium Orthophosphate Hydroxide Dodecahydrate N a3 P04.0 .25N a OH.12H20 390.13 

Sodium Acetate Na(C2H302) 82.03 0.02 0.00 0.00 0.00 0.00 0.00 3.31 3.31 

Sodium Acetate Trihydrate Na(C2H302).3H20 136.08 

Sodium Oxalate Na2C204 134.00 0.00 0.00 0.00 0.00 0.00 0.00 0.38 0.38 

Cesium Hydroxide Q;OH 149.91 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 

Lithium Hydroxide LiOH 23.95 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.14 

Lithhium Carbonate Li2C03 73.89 

Total, gm 999.88 95.53 95.53 999.85 999.86 95.53 95.53 999.85 999.85 95.53 95.53 5,098.79 3,912.50 1,186.54-

Total, kg 1.00 0.10 0.10 1.00 1.00 0.10 0.10 1.00 1.00 0.10 0.10 5.10 3.91 1.19 

Volume,L 1.00 0.10 0.04 1.00 1.00 0.10 0.04 1.00 1.00 0.10 0.04 4.89 38,179.40 1.00 

Enthalpy, cal -3.788E-t06 -3.619E-t05 -3.808E-t05 -3.79IE-t06 -3.79IE-t06 -3.622E-t05 -3.807E-t05 -3.79IE-t06 -3.79IE-t06 -3.622E-t05 -3.807E-t05 -1.874E-t07 -1.249E-t07 -3.870E-t06 

Density, gIL 998.43 998.43 2,199.76 996.85 996.99 996.99 2,199.76 996.85 996.86 996.86 2,199.76 1,04352 0.10 1,186.53 

Heat Capacity, callgmlC 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.93 0.79 

Abs Vise, cP 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 1.02 1.21 

Ionic Strength 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1.09 5.88 

Aqueous Sodium, molar 0.03 0.03 0.00 0.00 0.00 0.00 1.02 5.00 

Total Sodium, molar 0.03 0.02 0.00 0.00 0.00 0.00 1.02 5.00 

Free Hydroxide, molar 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 053 2.57 

Soluble Alumina, molar 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 

Total Alumina, molar 0.00 6.24 0.00 6.24 0.00 6.24 0.00 0.01 

Cs Activity*, CiIL 0.00 0.00 0.00 0.00 0.00 0.00 0.0437 0.21 

Cs Activity*, Cil5M Na 0.21 0.21 0.21 0.21 0.21 0.21 0.2136 0.21 
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Appendix L. Analysis of Hydroxide, Carbonate and Alumina in Alumina in Bayer Liquors 

. . . ALMA TIS AD Labor'ltory A.nalytic ·ll Method 

APPROVALS FOR 
Document Number AIIAO.LAB.059 - Liquor Hnnd Titration 

Gluconate Fluoride 

Title Signature Date 

Document W ritetlReviser 

Laboratory Operations Chemist 

Sr. Laboratory Chemist 

COPY NO. ELECTRONIC yia INTRAi'\'ET 

"'Completion Required For Controlled Paper Copies ONLY 

PRODUCT APPLICABILITY: Bayer and ' Vhite Process Liquors 

1. Scone: 

1.1 111is method provides for the detenninatioll of hydroxide. carbonate and alumina in the 
concellU"atiolls found in illost Bayer and White Process liquors. 

2. Summary of:Method: 

2.1 A suitable aliquot of sample is pipetted into a 600 Illi beaker containing about 350 Ill! of DI 
water and 50 Ill! of sodiulll gluconate solution which complexes the alumina and releases 
equivalent hydroxide. The sample is titrated to a pH of 8. 1 with 0.5 N HCI to detenuine the 
hydroxide and half of the carbonate. An excess amount of 0.5 N HCI is added to neutralize 
the remaining half of the carbonate, which is then gassed with lutrogen to remove the CO2 

and the excess acid is neutralized with 0.5 N NaOH. Potassium Fluoride solution is added to 
release the hydroxide which is equivalent to the alumina content. This hydroxide is then 
tiu·ated to pH 8.1 to detemune rhe alumina content. 

3. Appantlls : 

3.1 pH Meter, Fisher Accumet. Model 10, or equivalent with pH eleen-ode 
3.2 Men·olnu Dosimats. Model 655 . or later model. 2 required. one for 0.5 N Hel and one for 0.5 

N NaOH 

NOTE: Tile D osimats III11s1 bi' set to deli\'ef 15.00 1111 ill mode 4. Refer to tile 655 
Dosilllaf l\fwllIal for (Iirecliolls all setting file dispel/se voillme. 

3.3 Gralab Timer. Model 17 1. or equivalent 
3.4 Magneric Stiner with magnets 
3.5 Beaker. Nalgene, 6oo ml 
3.6 Piper, 50 nl.! 
3.7 Piper. 2511l.! 
3.8 Volumen"ic Flask. 500 ml 
3.9 Brinkmann Dispensette Bottle-Top dispensers. 10 to 50 nl.! adjustable volume 

Version: 03 Effective Dare: 2oo4 JlUle 1 Page I of5 
COl/frollnl Copies rml Be Electrol/ic \'ia II/trallef Or 01/ BL UE Paper 
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ALMATIS AD LabomtOlY A.nalytical Method 

Doc. No. AIlAO.LAB.059 Liquor Hand Tin"arion - Gluconate Fluoride 

4. Reauents: 

4.1 HydrochlOlic Acid. 0.5 N. available from Aqua Solutions. Deer Park. TX 
4.2 Sodiulll Hydroxide. 0.5 N. available from Aqua Solutions. Deer Park. TX 
4.3 Sodiulll Gluconale. 15%. available from Aqua Solutions. Deer Park. IX 
4.4 Potassium FluOlide, 50010. pH adjusted to 8.1 . available from Aqu.1 Solutions. Deer Park. TX 
4.5 DI Water. 1 Megohlllillinimulll resistiviry when produced. Si02 Free 

NOTE: SiD! tilrates ill till' Alumilla titratioll alld will be reported along witll tile gil Al}Ol 
restllting ill errors ill tile allalysis. All sOl/rces o[SiO] shollid be elimillated, i1lc/mli1lg th e 
DI wafer. 

5. Procedure: 

5.1 pH MeteI' Calibration 

5.1.1 TIle pH meter is 10 be calibrated using 7.0 and 9.0 buffers per the instl1lction 
manual 

5.2 Sample Preparation 

N OTE: Aliqllot to be titrated sllOultl be slich that 110 more thall 0.25 g oJa/llmilla is to be 
titrated. A 2.5111/ aliqllot oJ Green Liquor is typical(v takell. Till' Jollowillg procedllre i s 
preJerred, wllicll gil'l's the eqfliWl/elit oJ a 2.5 1111 sall/ph>. 

5.2. 1 Pipet 50.00 nll of concentrated liquor into a 500 ml volumeuic flask. 

5.2.2 Dilute iO volume with DI Water and mix 

5.3 Blank Dett'!"minatioll 

Version: 03 

N OTE: A blallk IIIllst be determined at the begilllli1lg oJ till' shift prior to tloi1lg lIIalllla/ 
titr atiolls or whellewr the glucollate or KF reagellts are ehal/ged 

5.3. 1 Add approximately 350 ml ofDI watt'!" to a 600 nll Nalgene beaker. 

5.3.2 Add 50 ml of the sodium gluronate solution. 

5.3.3 Place the beaker on the magnetic stitTer. add a stir bar and lower the titration head 
with elecn-ode into the solution. TUlll on the stiner and adjust the stir speed to 
maximum speed that does not splash sample out of beaker. 

5.3.4 Set the Hel Dosimat to mode 1 (Titration) and speed control to lowest setting 

5.3.5 Titrate to pH 8.1 with 0.5 N He l and record the value as BLKI 

5.3.6 Set the He l Dosimat to mode 4 (dispense) and press dispens e button to deliver 
25.00 ml of O.S N Hel 

Effective Date: 2004 JUlie 1 Page 2 of 5 
If this copy is not on BLUE PAPER it is not a controlled copy. 
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ALMATIS AD LaboratOlY Analytical Method 

Doc. No. AIlAO.LAB.059 Liquor Hand Tin'arion - Gluconate Fluoride 
NOTE: TIle D osimat sllOliltl be calibrafn/ to deliver 25 1111 il/ Illode 4. 

5.3.7 Gas with Nitrogen gas fol' 3 minufes minimum. Adjust the gas flow to provide 
vigorous nitrogen gassing. 

5.3.8 At the end of 3 minutes. reduce the gas flow to a minimuill level to prevent 
solution from backing up into the gas fut 

5.3.9 Set the NaOH Dosimat to mode .4 (dispense) and press dispense button to 
drlivt'l' 25.00 ml of 0.5 N NaOH 

5.3.10 

5.3.11 

5.3.12 

5.3 .13 

N OTE: Tile Dosimat sllOl/ltl bi' calibrated to deliver 25 1111 ill lIIode 4. 

Set the H e l Dosimat to modt' 1 and the speed dial to minimum setting. Titrate 
to pH 8.1 with 0.5 N He!. Record this volume as BLlG , 

Add 50.0 Illi of KF solution 

With BOTH Dosimats srt to mode 1 and speed dials at slowest setting. titrate 
to pH ? 7.0 with 0.5 N HCl Dosimat. 

Bark titrate with 0.5 N NaOH to pH of 8.1 with 0.5 N NaOH DosimaT. 
Record the NET HCL VOLU'VIE as BLIG. 

NOTE: NET H CL J/V L UME = 1111 H CI Usnl -1II1 N aOH IIsnl 

5,4 Sample Anal)'sis 

Version: 03 

5.4 .1 Add approximately 350 IIll ofD! water TO a 600 nl.! Nalgene beaker. 

5.4.2 Add 50 ml of sodium gluronate solution. 

5.4.3 Pipet 25.00 IIll of the diluted sample (see section 5.2) into the 600 ml Nalgene 
beaker. 

5.4.4 Place the beaker on the magneric stiner, add a stir bar and lower the titration head 
with electrode into the solution. TUlll on the stiner and adjust the stir speed to 
maximum speed that does not splash sample our of the beaker. 

5.4.4 Set HCl Dosimat to Mode 1 (Titration) and speed dial TO about 4. 

5.4.5 Titrate to a pH of 8.1 with 0.5 N He!. As the endpoint nears. reduce the speed 
dial to the mlltimum level to avoid overshootlllg the endpoint. Record the 
endpoiIlI volume as "tUrn a". 

5.4 .6 Set rhe HCL Dosimat to mode -4 (dispense) and press dispense button to deliver 
25.00 mo of 0.5 N HC). 

NOTE: TIle D os;mal sllOliltl be coUbrafed 10 deNver 25 1111 ;'1 mode 4. 

Effective Dare: 2004 June 1 Page 3 of5 
If this copy is nor on BLUE PAPER it is not a controlled copy. 
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ALMATIS AD Laboratory Analytical Method 

Doc. No. AI/AO.LAB.059 Liquor Hand Tin'arion - Giuconate Fluoride 

5.4.7 Gas witb Nitrogell gas for 3 minutes minimum. AdjusT the gas flow so as to 
provide vigorous nitrogen gassing. 

5.4.8 At the end of 3 minutes. reduce the gas flow \0 a minimum level so as TO prevent 
solution from backing up into the gas fut. 

5.4 .9 Set the NaOH Dosimat to mode 4 (dispense) and press dispense burton to 
delivel' 25.00 ml of 0.5 N NaOH. 

5.4.10 

5.4.11 

5.4. 12 

5.4.13 

5.4. 14 

Set the He ) Dosimat to mode 1 and the speed dial to minimum setting. Titrate 
to pH 8.1 with 0.5 N He!. Record this volume as "firm b'o 

Add 50 IllI of KF solution. 

Set the He l Dosimate to mode 1 and the speed dial to about 4. Titrate to a pH 
of approximately 7.0 with 0.5 N He!. 

Set the NaOH Dosimat to modt' 1 and the speed dial 10 minimum setting 
Titrate to pH = 8.1 with 0.5 N NaOH. 

Calculate the NET HCI Volume as " titm c" as fo llows: 

" titmc" = NET HCl Volume = Total HCL (5.4.12) - NaOH Volume (5.4.13) 

6. Clliculatiom: 

6.1 Significant Figures and Decimals 

6.1. 1 Record the results as follows: 

gIL TC. gIL TA and gIL Al20 3 to 2 decimals 

AlC Ratio and TerrA Ratio to 3 decimals 

6.2 Calculation of Resuits 

Version: 03 

A = (tUrn a - BLK1) x 10.6 B = (tirm b - BLK-2) x 10.6 

gIL Total Caustic A-B 

gIL Total Alkali = A + B 

gIL Alumina (titm c - BLK-3) x 3.4 

AlC Ratio oiL Alumina 
gil Total Caustic 

TcrrA Ratio 0/1 Total Caustic 
gIL Total Alkali 

Effective Date: 2004 June 1 
If this copy is nor on BLUE PAPER it is not a controlled copy. 
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ALMATIS AD Labora tOlY Analytical Method 

Doc . No. AIlAO.LAB.059 Liquor Hand Titration - Gluconate Fluoride 

7. Qualitv Control Procedures and Resnonse: 

7.1 1l1ere are no QC Standards or Procedures for this method. 

8. Instrument Operation and Trouble-Shooting: 

8.1 Refer to instmcrion manual for Accumet pH meter for all operating and trouble-shooting 
procedures 

9. References: 

9.1 Ahunillum Co. of AmeIica . Alcoa Technical Center. Method 15l.8. Detennination of 
Hydroxide, Carbonate. and Alumina (Gluconare Fluoride Procedure) 

9.2 Operating Manual. Fisher Accumer pH meter 

9.3 Operating Manual. Metrolnll 655 Dosimat 

10. What is ChallIJed in This Procedure 

Version 03 2004 June 01 
Changed header and footer to reflect new company name. 

Version 02 1998 September 01 
Headers. Footers. and Date changed to reflect electronic copies 
10.1 Con·ection of calculations to include blank subtraction in Section 6.2. 

Version: 03 Effective Dare: 2004 June 1 Page 5 of5 
If this copy is not on BLUE PAPER it is not a controlled copy. 
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Appendix M. 10 CFR 61.55 Waste Classifications 

§ 61.55 Waste classification. 

(a) Classification of waste for near surface disposal. (I) Considerations. Determination of the 
classification of radioactive waste involves two considerations. First, consideration must be given to 
the concentration of long-lived radionuclides (and their shorter-lived precursors) whose potential 
hazard will persist long after such precautions as institutional controls, improved waste form, and 
deeper disposal have ceased to be effective. These precautions delay the time when long-lived 
radionuclides could cause exposures. In addition, the magnitude of the potential dose is limited by 
the concentration and availability of the radionuclide at the time of exposure. Second, consideration 
must be given to the concentration of shorter-lived radionuclides for which requirements on 
institutional controls, waste form, and disposal methods are effective. 

(2) Classes of waste. (i) Class A waste is waste that is usually segregated from other waste classes at 
the disposal site. The physical form and characteristics of Class A waste must meet the minimum 
requirements set forth in § 61.56(a). If Class A waste also meets the stability requirements set forth 
in § 61.56(b), it is not necessary to segregate the waste for disposal. 

(ii) Class B waste is waste that must meet more rigorous requirements on waste form to ensure 
stability after disposal. The physical form and characteristics of Class B waste must meet both the 
minimum and stability requirements set forth in § 61.56. 

(iii) Class C waste is waste that not only must meet more rigorous requirements on waste form to 
ensure stability but also requires additional measures at the disposal facility to protect against 
inadvertent intrusion. The physical form and characteristics of Class C waste must meet both the 
minimum and stability requirements set forth in § 61.56. 

(iv) Waste that is not generally acceptable for near-surface disposal is waste for which form and 
disposal methods must be different, and in general more stringent, than those specified for Class C 
waste. In the absence of specific requirements in this part, such waste must be disposed of in a 
geologic repository as defined in part 60 or 63 of this chapter unless proposals for disposal of such 
waste in a disposal site licensed pursuant to this part are approved by the Commission. 

(3) Classification determined by long-lived radionuclides. If radioactive waste contains only 
radionuclides listed in Table I, classification shall be determined as follows: 

(i) If the concentration does not exceed 0.1 times the value in Table I, the waste is Class A. 

(ii) If the concentration exceeds 0.1 times the value in Table I but does not exceed the value in Table 
I, the waste is Class C. 

(iii) If the concentration exceeds the value in Table I, the waste is not generally acceptable for near
surface disposal. 

(iv) For wastes containing mixtures of radionuclides listed in Table I, the total concentration shall be 
determined by the sum of fractions rule described in paragraph (a)(7) of this section. 
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Table 1 

Radionuclide 
Concentration curies per cubic 

meter 

C-14 8 

C-14 in activated metal 80 

Ni-59 in activated metal 220 

Nb-94 in activated metal 0.2 

Tc-99 3 

1-129 0.08 

Alpha emitting transuranic nuclides with half-life greater than '100 
5 years 

Pu-241 '3,500 

Cm-242 '20,000 

1Unlts are nanocunes per gram. 

(4) Classification determined by short-lived radionuclides. If radioactive waste does not contain any 
of the radionuclides listed in Table 1, classification shall be determined based on the concentrations 
shown in Table 2. However, as specified in paragraph (a)(6) of this section, if radioactive waste does 
not contain any nuclides listed in either Table 1 or 2, it is Class A. 

(i) If the concentration does not exceed the value in Column 1, the waste is Class A. 

(ii) If the concentration exceeds the value in Column 1, but does not exceed the value in Column 2, 
the waste is Class B. 

(iii) If the concentration exceeds the value in Column 2, but does not exceed the value in Column 3, 
the waste is Class C. 

(iv) If the concentration exceeds the value in Column 3, the waste is not generally acceptable for 
near-surface disposal. 

(v) For wastes containing mixtures of the nuclides listed in Table 2, the total concentration shall be 
determined by the sum of fractions rule 

94 



RPP-43328, Rev. 0 

Table 2 

Radionuclide 
Concentration, curies per cubic meter 

Col. 1 Col. 2 Col. 3 

Total of all nuclides with less than 5 year half-life 700 ( ') (') 

H-3 40 ( ') (') 

Co-60 700 ( ') (') 

Ni-63 3.5 70 700 

Ni-63 in activated metal 35 700 7000 

Sr-90 0.04 150 7000 

Cs-137 1 44 4600 

1 There are no hrrnts establIshed for these raclionuchdes III Qass Bore wastes. Practical consIderations such as the effects of 
external radiation and internal heat generation on transIX)ftation, handling, and disJXlsal will limit the concentrations for these 
wastes. These wastes shall be Class B unless the concentrations of other nuclides in Table 2 determine the waste to the Qass C 
independent of these nuclides. 

(5) Classification determined by both long- and short-lived radionuclides. If radioactive waste 
contains a mixture of radionuclides, some of which are listed in Table 1, and some of which are listed 
in Table 2, classification shall be determined as follows: 

(i) If the concentration of a nuclide listed in Table 1 does not exceed 0.1 times the value listed in 
Table 1, the class shall be that determined by the concentration of nuclides listed in Table 2. 

(ii) If the concentration of a nuclide listed in Table 1 exceeds 0.1 times the value listed in Table 1 but 
does not exceed the value in Table 1, the waste shall be Class C, provided the concentration of 
nuclides listed in Table 2 does not exceed the value shown in Column 3 of Table 2. 

(6) Classification of wastes with radionuclides other than those listed in Tables 1 and 2. If 
radioactive waste does not contain any nuclides listed in either Table 1 or 2, it is Class A. 

(7) The sum of the fractions rule for mixtures of radionuclides. For determining classification for 
waste that contains a mixture of radionuclides, it is necessary to determine the sum of fractions by 
dividing each nuclide's concentration by the appropriate limit and adding the resulting values. The 
appropriate limits must all be taken from the same column of the same table. The sum of the 
fractions for the column must be less than 1.0 if the waste class is to be determined by that column. 
Example: A waste contains Sr-90 in a concentration of 50 Ci/m3

, and Cs-137 in a concentration of 22 
Ci/m3 Since the concentrations both exceed the values in Column 1, Table 2, they must be compared 
to Column 2 values. For Sr-90 fraction 50/150=0.33; for Cs-137 fraction, 22/44=0.5; the sum of the 
fractions=0.83. Since the sum is less than 1.0, the waste is Class B. 

(8) Determination of concentrations in wastes. The concentration of a radionuclide may be 
determined by indirect methods such as use of scaling factors which relate the inferred concentration 
of one radionuclide to another that is measured, or radionuclide material accountability, if there is 
reasonable assurance that the indirect methods can be correlated with actual measurements. The 
concentration of a radionuclide may be averaged over the volume of the waste, or weight of the 
waste if the units are expressed as nanocuries per gram. [47 FR 57463, Dec. 27, 1982, as amended at 
54 FR 22583, May 25, 1989; 66 FR 55792, Nov. 2, 2001]. 
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