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Abstract 
 
Bulk vitrification (BV) is a process that heats a feed material that consists of glass-forming solids and 
dried low-activity waste (LAW) in a disposable refractory-lined metal box using electrical power supplied 
through carbon electrodes.  The feed is heated to the point that the LAW decomposes and combines with 
the solids to generate a vitreous waste form.  This study supports the BV design and operations by 
exploring various methods aimed at reducing the quantities of soluble Tc in the castable refractory block 
(CRB) portion of the refractory lining, which limits the effectiveness of the final waste form.  The CRB 
has sufficient open porosity to allow penetration of the low viscosity molten ionic salt (MIS) that forms 
when the LAW waste salts melt.  This penetration of MIS is the primary mechanism that allows Tc in a 
soluble form to migrate into the CRB. 
 
The MIS formed in significant quantities at temperatures above 300°C, remained stable until roughly 
550°C where it began to thermally decompose, and was completely decomposed by 800°C.  The 
estimated volume fraction of MIS in the feed was greater than 40%, and the CRB material contained 11 to 
15% open porosity, a combination allowing a large quantity of MIS to migrate through the feed and 
penetrate the open porosity of the CRB.  If the MIS is decomposed at temperatures below 300°C or can 
be contained in the feed until it fully decomposes by 800°C, MIS migration into the CRB can be avoided.     
 
Laboratory and crucible-scale experiments showed that a variety of methods can decrease MIS 
penetration into the CRB individually or in combination.  Modification of the CRB to block MIS 
penetration was not deemed practical as a method to prevent the large quantities of MIS penetration seen 
in the full-scale (FS)-38C test but may be useful to reduce the impacts of the lower levels of MIS 
penetration.  Modification of the BV feed materials to better contain the MIS proved to be more 
successful.   
 
A series of qualitative and quantitative crucible tests were developed that allowed screening of feed 
modifications that might be used to reduce MIS penetration.  These tests showed that increasing the 
specific surface area of the soil (used as the primary glass-forming solid in the baseline process) by 
grinding stopped MIS penetration nearly entirely for feeds that contained waste simulants with lower 
quantities of nitrate salts.  Grinding soil significantly reduced MIS penetration in feeds with higher nitrate 
quantities, but it was necessary to add carbohydrates (sucrose or cellulose) to destroy a portion of the 
nitrate at low temperatures to reach the same low levels of MIS penetration seen for the lower nitrate 
feeds. 
 
Developing feeds to reduce MIS penetration in FS BV applications resulted in two additional refinements.  
Soil-grinding to the necessary levels proved to be difficult and expensive, so the fine soil was replaced 
with readily available fine-grained glass-forming minerals (GFMs).  Cellulose was shown to have less 
impact on dryer operation and was chosen as the carbohydrate source to use in subsequent engineering- 
and FS tests. 
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Summary 
 
Bulk vitrification (BV) is a process that heats a feed material that consists of glass-forming solids and 
dried low-activity waste (LAW) in a disposable refractory-lined metal box using electrical power supplied 
through carbon electrodes.  The feed is heated to the point that the LAW decomposes and combines with 
the solids to generate a vitreous waste form.  This study supports the BV design and operations by 
exploring various methods aimed at reducing the quantities of soluble Tc in the castable refractory block 
(CRB) portion of the refractory lining, which limits the effectiveness of the final waste form.  The CRB 
has sufficient open porosity to allow penetration of the low-viscosity molten ionic salt (MIS) that forms 
when the LAW waste salts melt.  This penetration of MIS is the primary mechanism that allows Tc in a 
soluble form to migrate into the CRB. 
 
Scoping tests from earlier studies (Hrma 2005a) helped eliminate methods that showed little promise, 
while other tests appeared inconclusive.  However, the understanding of BV mechanisms and melt 
interaction with refractory materials gained from these earlier studies led to several new ideas that merited 
further exploration.  The exploratory study described in this report was based on previous work, ideas that 
emerged during experimental studies, new ideas put forward during early brainstorming sessions, and 
new ideas that emerged during the work itself. 
 
The importance of MIS penetration to the BV process is unique, and standard tests are not available to 
readily measure the amount of MIS penetration.  This exploratory study needed to develop meaningful 
measurement techniques in parallel with screening and down-selecting potential mitigation methods.  
Detailed information on various measurement methods and early down selection are included in the 
appendixes.  The main body of the report describes the CRB and glass-feed compositions in Section 4; 
reviews important MIS, feed, and CRB properties in Section 5; summarizes the less successful CRB 
treatment methods in Section 6; discusses the positive impacts of increasing the specific surface area of 
feed solids in Section 7; describes the positive impacts of carbohydrate addition that were necessary to 
reduce MIS penetration from feeds containing S-109 waste simulant in Section 8; and finishes with a 
summary of the additional feed modifications that were necessary for large-scale applications in 
Section 9.  The overall conclusions from Sections 5 to 9 are given below.   
 
Measurements and calculations of the MIS, CRB, and feed properties were performed to improve the 
understanding of MIS penetration.  The results of these measurements are: 
 
• The volume fraction of MIS in six-tank composite feeds before decomposing was 41.6%.  

Considering that B2O3 can combine with MIS to form a common liquid phase, the volume fraction 
of liquid phase in the feed at temperatures above 450°C could be as high as 46%. 

 
• Although the CRB material (Viborcast 60PC) is dense by refractory standards, it still contains 11 to 

15% open porosity. 
 
• The results of evolved gas analyses, thermal gravimetric analysis, differential thermal analysis, and 

hot-stage microscopy show that the waste ingredients undergo minor reactions with organic carbon 
in the feed temperatures as low as 150°C but remain essentially unchanged to temperatures of about 
300°C.  At temperatures above 300°C, the waste materials begin to form a single molten MIS 
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phase.  This MIS remains stable until roughly 550°C where it begins to thermally decompose with 
the evolution of gas.  By 800°C, the thermal decomposition of the nitrate salts is complete. 

 
Modification of the CRB was not deemed practical as a method to prevent the large quantities of MIS 
penetration seen in FS-38C.  However, these methods may be useful to reduce the impacts of the lower 
levels of MIS penetration.  The conclusions from the methods attempted in this study are given below: 
 
Sacrificial Layer at CRB-Feed Contact Surface 

 
• Crucible tests showed that a sacrificial layer could be made by adding 20 to 50 mass% Na2SiO3 

(NS) to the 60PC material.  Adding 25 mass% NS appeared to give the best results in that the 
material stayed intact to high enough temperatures to be in place during the MIS attack but 
completely dissolved in the glass melt when heated to 1200°C. 

 
• Manufacturability tests indicated that a large composite sample of 60PC with a sacrificial layer 

made from 75% 60PC and 25 mass% NS could be fabricated.  This composite had good structural 
integrity as-prepared and after cooling from a heat-treatment to 1200°C.  This qualitative test 
indicated that this type of composite could be prepared at the larger scales required for BV.  
 

Treating the CRB with a Lyophobic Material (Carbon)   
 
• Of the various carbon sources added to 60PC, the best results were obtained by adding 18 mass% 

of graphite.  This 18% addition of ground-graphite decreased the depth of MIS penetration into a 
CRB sample from 10 mm to less than 6 mm. 
  

• Manufacturability tests indicated that a large composite sample of 60PC with an inner layer of 
60PC containing 17.4 mass% of graphite could be fabricated.  The altered layer formed a porous 
solid with fine cracks running through the material.  It appeared to bond well to the layer, but it 
crumbled under pressure, showing that this type of composite might not be durable enough for 
BV applications.  No attempt was made to measure the impact of carbon addition on the electrical 
conductivity of the modified CRB or determine whether graphite in the CRB can resist the 
environment above the melt line. 
 

Protecting the CRB Surface with alumina-zirconia-silica (AZS) Tiles  
 
• Room-temperature dye-penetration tests and molten-salt dye-penetration tests showed that AZS 

tiles could be effectively bonded to CRB materials and that there was no preferential penetration 
of the dye or molten salt through the AZS-CRB interface. 
 

• The AZS porosity was sufficiently open to allow penetration of molten salt into the tile.  Thus, 
while the interface was well bonded, both molten salt and ink penetrated into AZS tiles as easily 
as in to the CRB, indicating that the tiles would supply insufficient protection against MIS 
penetration.   
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Immobilizing Contaminants in the Upper Portion of the CRB with Higher Temperatures 
 
• Analyses of the CRB from a partially completed full-scale test (FS-38B) showed that 

condensation on the upper portions did not lead to significant Re migration into the CRB.  As a 
result, efforts in this area were reduced to a series of scoping tests. 
 

• Both pH and electrical conductivity of leachates from heat-treated mixtures of CRB and 
simulated condensates decreased as the temperature of the heat-treatment increased, showing a 
progressive incorporation of the condensate into a durable glass phase that the condensate formed 
with the CRB bonding cement. 

 
Immobilizing the MIS in the BV feeds by increasing the surface area of the feed solids proved to be a 
more effective way to reduce MIS penetration.  The conclusions from the early portions of the MIS 
penetration studies are given below.  All the initial studies were performed using six-tank composite 
waste-feed simulant.  
 

• Dissolving B2O3 in aqueous LAW before blending it with other feed materials did not decrease 
MIS mobility.  Preliminary tests showed that B2O3 substantially increased the liquidus 
temperature of MIS.  However, MIS penetration tests showed extensive penetration even when 
B2O3 was added at twice the concentration used in the current baseline glass formulation. 

 
• Silica crucibles were effective model refractories and had several advantages over CRB tests.  

The silica crucibles were more uniform in composition, structure, and porosity; and MIS 
penetration areas had a distinct color and a sharp boundary, allowing unambiguous assessment of 
MIS penetration levels. 

 
• Tests of MIS penetration from feed into silica crucibles showed that significant penetration starts 

as low as 350°C and increases as the temperature increases to 500°C.  At higher temperatures, 
MIS decomposition becomes more extensive.  At 800°C, the MIS is fully decomposed, and little 
additional penetration occurs. 

 
• MIS penetration has no visual effect on the 60PC material at temperatures up to 750°C.  At 

temperatures of 1200°C or higher, the penetrated MIS causes significant swelling of the CRB and 
can lead to crack formation at an interface between an MIS-saturated region and a dry portion of 
the CRB.   

 
• Crucible experiments indicated that the atypical nature of the dry-blended feed used for the 

FS-38C test did not contribute to the extensive MIS penetration.  Dryer-prepared feed would have 
produced similar results. 

 
• A partial replacement of soil with fine-grain materials, including silica powder (<75 μm), kaolin 

clay, bentonite clay, diatomaceous earth, and fly ash, did not significantly reduce MIS migration.  
The best initial candidate was a 10-wt% addition of diatomaceous earth, but increasing the 
quantity of this material from 10 to 15, 20, and 25 wt% led to a progressively worse crucible 
degradation.    
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• CRB and silica crucible tests showed that grinding the Hanford soil reduced MIS penetration 
depths.  The degree of reduction was a function of the extent of grinding and the fraction of 
ground material added.  These results indicated that the reduction in MIS migration was a 
function of the specific surface area of feed solids and that sufficiently high surface areas in the 
feed solids could eliminate MIS penetration. 

    
• Tests with CRB rods showed that the extent of MIS penetration at 550°C continued to increase 

for periods up to 24 hours for feeds prepared with as-received Hanford soil.  Ground soils showed 
no increased MIS penetration for time periods as long as 24 hours, indicating that high-surface-
area materials would prevent MIS penetration in FS melts. 

 
The early FS work was conducted with feeds prepared with the six-tank composite simulant to tie back to 
the earlier Tc-spiked ES tests that also used six-tank composite feeds.  However, because the 
Demonstration Bulk Vitrification System would be treating waste from S-109, a decision was made to 
shift to the S-109 simulant for the FS-38C test.  Since six-tank simulant was used in all work described in 
previous sections of this report, additional tests were designed to obtain data on the impact of soil 
grinding on S-109 feed.  The MIS migration behavior was different for the S-109 simulant.  The 
conclusions from the S-109 MIS migration studies are given below. 
 

• The S-109 simulant showed significantly higher MIS penetration levels than the six-tank 
composite.  The main difference in the compositions is that S-109 has a higher content of nitrates 
(281 versus 158 g/kg NaNO3) and a lower content of organic components (0.8 versus 8.7 g/kg 
CH3COONa).  The S-109 simulant also contains a significantly lower concentration of Na2CO3 

and NaOH (0 versus 41 g/kg Na2CO3 and 6 versus 41 g/kg NaOH).  All these differences are 
expected to play a role in the different MIS penetration behavior, but the degree of impact for the 
various factors were not investigated in this study. 
 

• The soil grinding operations showed little impact on MIS migration when grinding times were 
increased from 2 to 5 minutes.  This indicated that soil grinding as the sole MIS migration 
mitigation might have practical limits. 

 
• The MIS penetration behavior for the S-109 simulant was similar to that seen for the six-tank 

composite.  Little penetration occurred at a temperature of 300°C, but significant penetration 
occurred at temperatures of 400 and 500°C.  

  
• The ground soil reduced MIS penetration for the S-109 simulant by 75% but did not reduce 

penetration to the low levels seen for the six-tank composite feed.  This indicated that soil 
grinding alone would not be enough to reduce MIS penetration to the desired levels. 

 
• Adding diatomaceous earth and high-surface-area bentonite clay to ground soil did not 

significantly reduce the MIS penetration levels. 
 

• Adding organic carbon in the form of sucrose significantly reduced the level of MIS penetration.  
Mass-loss calculations confirmed that this was the result of nitrate destruction at low enough 
temperatures to prevent MIS migration.  Sugar additions were effective in both as-received soil 
and in ground soil.   
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• Combining the effects of increased surface area in the feed solids and the effects of sucrose 

additions indicated that a family of solutions where MIS penetration could be essentially 
eliminated existed.  However, practical limits for soil grinding and sugar-addition levels narrowed 
the range of possible solutions.     

 
The early laboratory work established that MIS migration could be controlled through combinations of 
high-surface-area solid materials and the addition of carbon supplied as sucrose.  The next phase of the 
study used this laboratory result to explore its practical implementation for FS operations.  The 
conclusions from the application phase of this study are given below. 
 

• Problems associated with drying the bulk vitrification feed with sucrose additions required 
investigation of alternate forms of carbon.  Alpha cellulose, which performed better in dryer tests, 
was shown to be as effective as sucrose in the reduction of MIS migration.  Sucrose, cellulose, or 
combinations of the two produced essentially the same results.  The reduction in MIS penetration 
was a linear function of the amount of carbon added to the feed. 

 
• Small silica crucible tests showed that MIS penetration in feeds with as-received Hanford soil 

could be reduced to low levels with carbon additions corresponding to an approximately 1.2 
carbon-to-nitrogen (C:N) ratio.  Feeds with ground soils only required a carbon addition of 0.75 
C:N ratio to achieve low MIS penetration levels.  The C:N ratio expresses the number of moles of 
C from carbohydrates (sucrose, cellulose) added per one mole of N in nitrates and nitrites in MIS. 

 
• Studies conducted by Praxair under the direction of Pacific Northwest National Laboratory 

indicated that grinding Hanford soil to levels equivalent to that obtained in the laboratory 
grinding operations would be an expensive operation that would reduce the benefits of using 
Hanford soil as an inexpensive feedstock for bulk vitrification melting operations. 

   
• GFMs similar to those used by the Waste Treatment Plant did not significantly reduce MIS 

migration until the -200 mesh silica material was replaced with silica that had a particle size of 
<5μ.   

 
• The use of GFMs would allow for higher waste loading by replacing the sodium and potassium 

flux materials in the soil with waste sodium.  A rough-cost estimate showed that the increased 
waste loading would essentially balance the cost of purchasing and shipping the GFMs. 

 
• The BET-measured surface area of the GFMs with the fine silica (<5μ) was only half the value of 

the as-received Hanford soil.  If confirmed, this result indicates that reducing the surface area in a 
specific type of feed solid will tend to reduce MIS penetration but that it is not possible to predict 
MIS penetration reduction only from measurements of the surface areas of feed solids.  The 
reasons for the difference in the performance of the GFMs versus the Hanford soil were not 
investigated further in this study. 

 
• Feeds without carbohydrate additions resulted in a homogeneous coloration of the crucible 

internal surface.  Carbohydrate-containing feeds left a spotted crucible surface.  The spotting 







 

 5.3

 
 

Figure 5.1.  Evolved Gases from and Relative Volume of BV Feed [Hrma 2005a] 
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Figure 5.2.  DTA-TGA of B2O3 Predissolved in LAW Simulant Solution 

 



 

 5.4

Hot-stage microscopy was used to further investigate the nature of early feed melting reactions.  
Figure 5.3 displays, in a side-by-side comparison, the response of simulated LAW and the baseline six-
tank composite feed to heating.  The feed was prepared by mixing solid feed additives with liquid LAW 
simulant and drying.  The simulated LAW is not a dried-liquid LAW simulant, but a mixture of solid 
chemicals.  The main component is NaNO3 in the form of spherical particles.  The red crystal is Na2CrO4, 
which is yellow at room temperature but turns orange and then red on heating to 325°C.  The dry mix 
contains all the chemicals listed in Table 4.3 except Al(NO3)3·9H2O and NaOH.   
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Figure 5.3. Hot Stage Microscopy Images of LAW (six tank composite sans Al(NO3)3·9H2O and 
NaOH) and the Six-Tank Composite Baseline Feed; Numbers Under the Images 
Indicate Temperature in °C (the rate of heating was 5°C/min, and the crucible diameter 
was 6 mm) 
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Figure 5.3 (Contd) 
 
The most striking feature of the test was that the feed did not exhibit visible changes while the LAW 
undergoes melting at 350°C and vigorous bubbling at 750°C.  The only visible change in the feed was the 
sintering that occurred at 750°C and the melting that began at 1000°C.   
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6.0 CRB Treatment 

This study focused on two approaches with respect to the prevention of MIS penetration (hence, 
ultimately, Tc penetration) into the CRB.  The first consisted of various modifications of the CRB itself, 
and the second attempted to immobilize the MIS inside the feed.  The CRB was modified by 1) creating a 
sacrificial layer at the CRB-feed contact surface, 2) treating the CRB with a lyophobic material (carbon), 
3) protecting the CRB surface with AZS tiles, and 4) immobilizing vapors from feed and molten glass in 
the upper portion of the CRB with higher temperatures at the end of the BV process.  Immobilization of 
MIS in the feed was attempted by increasing the MIS viscosity and by increasing the surface area of those 
feed components that remained solid in the temperature interval where MIS exists.  This section reviews 
the results of experiments with various CRB treatments.  Only a brief description is provided for the CRB 
treatments because none of the methods developed is deemed practicable at present, though some of the 
ideas tested and results obtained may become useful in the future.  Further details for the CRB treatments 
are reported in Appendices A through C.  All testing was done with pre-prepared engineering-scale feed 
(ESF) containing six-tank composite LAW simulant.  This feed was prepared by mixing solids into liquid 
simulant and pan drying in a manner that simulates dryer operations.  The ESF composition was the same 
as that listed in Table 4.2.  The results of studies of MIS immobilization in the feed are described in 
Sections 7 and 8.   

6.1 Creating a Sacrificial Inner Layer on CRB  

Under certain circumstances, the depth of MIS penetration into the CRB does not exceed several 
millimeters.  These circumstances have not been precisely identified, but are probably associated with 
feeds containing low fractions of free-moving MIS and limited contact times of the feed with CRB.  
Feeds with a low content of nitrates and a high content of organics charged at a slow rate into the BV 
melter produced a significant but limited migration of MIS into the CRB.  If the MIS-affected layer of the 
CRB can be removed and returned to the glass melt, soluble Tc would be eliminated from the refractory 
lining.  This can be done by making the inner layer of the CRB less refractory so the layer can withstand 
the attack by molten salt at temperatures below 750°C, but not the attack by molten glass at temperatures 
above 1000°C.  Such a sacrificial layer can be produced by adding fluxes to the CRB.   
 
Tests were performed with additions of 20 to 50 mass% of sodium metasilicate, Na2SiO3 (NS), to 
Vibrocast 60PC.  Mixtures were compacted into alumina crucibles, covered with six-tank composite feed, 
and ramp-heated at 5°C/min to 1200°C with a 1-hour hold.  The optimum fraction was 25 mass% of NS 
(see Appendix A, Section A.1).  Figure 6.1 shows a section through the crucible in which an ∼6-mm layer 
of containing 25% of NS was rammed on an ∼20-mm-thick layer of pure Vibrocast 60PC and covered 
with feed.  The assembly was held for 4 hours at 1200°C.  As Figure 6.1 demonstrates, the NS-containing 
layer was gone, leaving only undissolved large grains of the 60PC material that floated to the top of the 
glass melt where they remained with segregated yellow sulfate.   
 
To check manufacturability, a larger area (100×90-mm) composite sample that had a 15- to 20-mm-thick 
layer of Vibrocast 60PC material bonded to a 10- to 15-mm-thick layer of vibrocast material with 25 
mass% NS was prepared and heated at 5°C/min to 1200°C.  After cooling, the composite showed no 
tendency to crack or separate at the interface between vibrocast and viborcast-NS composite even when 
struck with a hammer.   
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Figure 6.1. Crucible Section Showing the Destruction of the NS-Containing Layer and Partly 

Corroded Vibrocast Compact and Specimen (the assembly was heat-treated for 4 hours 
at 1200°C) 

 
This qualitative test indicated that this type of composite could be prepared at the larger scales required 
for BV. 
 

6.2 Creating an Inner CRB Layer that is less Susceptible to MIS Penetration 

Because carbon is not readily wetted by oxy-ionic salts, experiments were conducted to see if filling the 
porosity of the inner layer of CRB material with carbonaceous material could make the CRB more 
lyophobic with respect to molten salts.  After unsuccessful experiments with saturating the CRB with 
molten sugar and molten wax (because of the difficulty of impregnating CRB with these melts under 
vacuum, see Appendix A, Section A.2), tests were performed with vibrocast 60PC mixed with various 
carbonaceous materials (see Appendix A, Section A.2).   
 
Samples were compacted into alumina crucibles, covered with six-tank composite feed, and heat-treated 
at 1200°C for 1 hour.  The best results were obtained with the addition of 18 mass% of graphite.  A 
scanning electron microscopy-energy dispersive spectroscopy (SEM-EDS) scan, shown in Figure 6.2, 
through the middle of the sample from the top to the bottom shows that an 18% addition of ground-
graphite decreased the amount of MIS that penetrated into the CRB.  MIS penetration was not totally 
prevented, but it was reduced to 6 mm compared to full penetration throughout a CRB sample with no 
carbon addition.   
 
The manufacturability of the CRB with an inner layer of vibrocast containing 17.4 mass% of graphite was 
tested by making a composite slab.  The size of the slab, the layer thickness, and the procedure followed 
were similar as in the test performed with the NS-vibrocast mixture.  The altered layer formed a porous 
solid with fine cracks running through the material.  It appeared to bond well to the vibrocast layer, but it 
crumbled under pressure, showing that this type of composite might not be durable enough for BV 
applications.  No attempt was made to measure the impact of carbon addition on the electrical 
conductivity of the modified CRB or determine whether graphite in the CRB can resist the environment 
above the melt line.  If the graphite addition to CRB is considered in the future, these effects will need to 
be addressed.  
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Figure 6.2.  Concentration Profile by EDS of Compacted  

Vibrocast Mixed with 18 mass% of Graphite 
 

6.3 Protecting CRB with AZS Tiles 

The AZS tiles were tested for their tendency to delaminate and allow low-viscosity MIS to penetrate 
behind the tile through the AZS/CRB interface.  Dye penetration tests were performed to determine 
whether micro-fractures along the CRB-AZS interface form during a temperature increase to 800°C.  A 
molten-salt dye penetration test with Na2SO4 containing 1% Na2CrO4 did not show any penetration 
through an AZS-CRB interface during a 2-hour hold at 900°C (Appendix B).  However, AZS porosity 
was sufficiently open to allow penetration of molten salt into the tile.  A room temperature test with ink 
showed that ink penetrated into both the CRB and the AZS tile, but no excessive ink penetration occurred 
along the interface.  Thus, while the interface was well bonded, both molten salt and ink penetrated into 
AZS tiles as easily as in the CRB, which casts doubt on the protective ability of the tiles.   

6.4 Converting Tc/Re into Insoluble Form in the Upper CRB 

At sufficiently high temperatures, a salt condensate will react with the CRB cement to produce a glass 
phase that could encapsulate Tc salts.  If condensate in the upper portion of the CRB was a significant 
contributor to the soluble Tc in the waste package, heating the upper portion of the CRB to higher 
temperatures by extending the melt duration and using an insulated lid might have reduced soluble Tc 
levels in the box.  However, analyses of the CRB from a partially completed FS-38B test showed that 
condensation on the upper portions did not lead to significant Re migration into the CRB.  As a result, 
efforts in this area were reduced to a series of scoping tests. 
 
To produce simulated CRB samples that had known quantities of condensate with well characterized 
compositions, the salt condensate simulate was prepared and directly introduced into the CRB in the form 
of an aqueous solution. The composition of the condensate simulant was formulated based on the analysis 
of vapors condensed on a cold rod placed above a crucible of melted feed and SEM-EDS data from the 
upper walls of the FS-38B test (see Appendix C).  The condensate simulant contained NaNO3 and B2O3.  
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It was mixed with vibrocast 60PC to obtain the sodium levels seen in the upper portions of the CRB 
(0.6 at%).  Three levels of B2O3 were tested, corresponding to the atomic fractions Na/(Na + B) = 0.50, 
0.75, and 1.00.  The mixtures were heat-treated for 2 hours at 800°C, 1050°C, and 1300°C.  Samples were 
then ground and leached in DI water at 60°C for 20 hours.  The pH and electrical conductivity of the 
leachate was used as a measure for determining the chemical durability of the glass phase formed as a 
result of heat-treatment. 
 
Both pH and electrical conductivity of leachates decreased as the temperature of the heat-treatment 
increased (Figure 6.3), showing a progressive incorporation of the condensate into a durable glass phase.  
As discussed in Appendix C, the cement portion of the CRB turns into a glass phase on heating and 
absorbs oxides from the decomposing MIS.  At the two higher test temperatures, the B2O3 content in the 
condensate had a positive impact on the durability of the glass. 
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Figure 6.3.  Effects of Temperature (top) and Condensate  

Composition (bottom) on the Leachate pH 

 




