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Incentive

• Iron phosphate glasses retain high concentrations of some waste 
components that are difficult to dissolve into borosilicate melts
– Sulfates, phosphates, heavy metals (Cr, Bi, Mo) and halides (F, Cl)

• Translates into significant increases in waste loading (WL) or reduced 
canister counts for specific waste streams

• Key questions:
– Which Hanford HLW/LAW or INL waste streams would benefit from increased 

waste loadings offered by FeP glass systems? 
• Example: SO3 limited wastes

– Borosilicate glasses  1 – 1.5 wt% range
– FeP glasses  4 – 5 wt% range

– What is the waste throughput (melt rate / WL) for FeP based glass systems? 
– What are the impacts of implementing the FeP glass system into WTP?
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Conceptual Example: 
Potential WL / Can Count Impact

200,000 lbs.
SO3 limited LAW 
waste (17 wt%)

1170 lbs. waste

11,830 lbs. GFCs

Borosilicate
1.5 wt% SO3 (in glass)

3120 lbs. waste

9880 lbs. GFCs
Iron Phosphate

4.0 wt% SO3 (in glass)

13,000 13,000 
lbs. glass lbs. glass 

per per 
canistercanister

171 canisters

64 canisters

24% WL

9% WL
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Programmatic Objectives

• Develop phosphate glass systems at high waste loadings for 
Hanford LAW and other DOE HLWs (Hanford and INL)

• Develop and demonstrate a process flowsheet for implementation 
of phosphate based glasses in melters (JHM or AJHM) similar to 
those currently employed at Hanford
– Determine if an alternative melter (e.g., CCIM) could be used

• Determine potential benefits and costs for implementation of iron 
phosphate glasses into WTP

• Begin the effort to qualify LAW-based iron phosphate glasses for 
disposal on site at Hanford

FY10 activities primarily focused on developing iron 
phosphate glasses for Hanford LAW immobilization
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FY10 Program Overview

• Hanford LAW simulant 
selection

• Glass formulation and testing
– Process and product performance 

properties
– Key thermal properties
– Retention of SO3, Re (Tc-99 

surrogate) and Cs

• Simulant characterization
– Na+ molarity, suspension 

characteristics

• Glass forming chemicals (raw 
material) selection

• Melter feed characterization
– Rheological, suspension and 

aging tests
– Redox

• JHM and CCIM preparation
– Test plans, simulant and melter 

feed procurement

• Source term data report
• Systems analysis 
• Impacts to WTP flowsheet
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Simulant Selection: AZ-102

Key components:
– High SO3 concentration 
(16.77 wt%)

• Higher SO3 retention expected 
in the FeP glass system compared 
to borosilicate glasses

– Translate into an increase 
in waste loading

– High total alkali content
• Na2O  76.96 wt%
• K2O  3.01 wt%

Oxide wt%
Al2O3 0.27
B2O3 0.10

Cl 0.14

Cr2O3 0.81
Cs2O 0.50

F 0.59

I 0.10

K2O 3.01

Na2O 76.96

P2O5 0.22

Re2O7 0.10

SiO2 0.43

SO3 16.77

Total 100.00
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Baseline Glass Composition

– Selection based on approximately 35 trial melts 
• Targets 26% waste loading of AZ-102 LAW simulant

– 20 wt% Na2O and 4.3 wt% SO3

• Density: 2.8 g/cm3

• Melts at 1000 – 1050°C
– Lower temperatures than conventional borosilicate LAW glass melts

– Retention of key components:
• Primary focus of up-coming JHM and CCIM melter tests

– SO3: > 80%
– Cs: > 80%
– Re (Tc-99 surrogate): ~70%

– Processing and product performance properties are acceptable
• Durability, viscosity, electrical conductivity, materials of construction, etc. 

Based on laboratory melts

Candidate glass: MS26AZ102F-2
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Glass Formulation: Simulant, GFC, Target 
Composition, and Raw Material Selection

• Raw material selection
– Based on approved 

WTP GFC list (when 
possible)

– Impacts of rheology 
and settling provided 
guidance

– Potential impacts on 
melting 

Oxide AZ-102 (wt%) GFC (wt%) Target Glass 
(wt%) Raw Material

Al2O3 0.27 17.76 13.21 Al(PO3)3 / Al(OH)3

B2O3 0.10 0.00 0.03 Waste
Cl 0.14 0.00 0.04 Waste

Cr2O3 0.81 3.36 2.70 Waste / Cr2O3

Cs2O 0.50 0.00 0.13 Waste
F 0.59 0.00 0.16 Waste
I 0.10 0.00 0.026 Waste

K2O 3.01 0.00 0.78 Waste
Na2O 76.96 0.00 20.01 Waste

P2O5 0.22 51.35 38.06 Other GFCs

Re2O7 0.10 0.00 0.03 Waste
SiO2 0.43 7.39 5.58 SiO2

SO3 16.77 0.00 4.36 Waste
Bi2O3 0.00 2.39 1.77 Bi(OH)3

CaO 0.00 1.43 1.06 CaHPO4

Fe2O3 0.00 9.59 7.10 Fe2O3

La2O3 0.00 0.96 0.71 La2O3

ZnO 0.00 4.80 3.55 ZnO
ZrO2 0.00 0.96 0.71 ZrO2

Total 100.00 100.00 100.00
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Crucible, Starter and Slurry Melts:
Target vs Measured Compositions

• Test Melts: 300 g crucible melts at 
1050°C for 4 hrs; average of six melts

• Starter Glass: 80 kg melt, up to 45 
hours at 1050°C

• Slurry Melt: 4 kg test melt, up to ten 
days at 1030°C

Observations:
• Target oxide concentrations are met for 

all melting conditions
• ~50% of the batched sulfate is 

retained in test slurry melt after 
long (10 days) melting time;          
> 80% of sulfate retained in typical 
melt experiments

• Cs2O is retained in the test slurry 
melt after extended melting times 
(5 to 10 days)

• Retention of Cs, Re, halides and SO3
are key data for JHM and CCIM melter 
tests

Oxide
Target Glass 

(wt%)
Test Melts 

(wt%)
Starter 

Glass (wt%)
Slurry Melt 

(wt%)

Al2O3 13.21 13.18 13.00 13.55

B2O3 0.03 below detect below detect below detect

Cl 0.04 <0.05 nm nm

Cr2O3 2.70 2.57 2.47 0.40
Cs2O 0.13 0.14 0.12 0.12

F 0.16 <0.50 nm nm
K2O 0.78 0.98 1.04 0.99

Na2O 20.03 19.65 19.30 20.15

P2O5 38.06 38.73 39.15 40.40

Re2O7 0.03 0.02 0.02 0.01

SiO2 5.58 5.76 6.07 6.94
SO3 4.37 3.74 2.85 2.11

Bi2O3 1.77 1.90 1.74 1.82
CaO 1.06 1.22 1.18 1.15

Fe2O3 7.10 7.07 7.29 6.65

La2O3 0.71 0.68 0.63 0.66

ZnO 3.55 3.63 3.56 3.73
ZrO2 0.71 0.62 0.61 0.63

Total 100.00 99.89 99.03 99.31
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Product Consistency Test (PCT) Results forProduct Consistency Test (PCT) Results for
Iron Phosphate GlassesIron Phosphate Glasses
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Vapor Hydration Test (VHT) Results forVapor Hydration Test (VHT) Results for
Iron Phosphate GlassesIron Phosphate Glasses
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High Temperature Density:
MS26AZ102F-2
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Thermal Conductivity:
MS26AZ102F-2
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Viscosity:
MS26AZ102F-2

• Glass will be 
processed between 
1000 – 1050°C
– ~60 – 80 Poise

• Viscosity is suitable 
for JHM and CCIM 
processing
– Lower processing 

temperatures for a 
fixed viscosity as 
compared to typical 
borosilicate glasses
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Electrical Conductivity:
MS26AZ102F-2

850 900 950 1000 1050 1100 1150
0

10

20

30

40

50

60

70

80

90

100

110

Data provided by VSL

WTP recommended electrical conductivity range
for processing

El
ec

tri
ca

l C
on

du
ct

iv
ity

 (S
/m

)

Temperature (oC)

High Temperature Electrical Conductivity

 

 

 MS26AZ102F-2

• Glass will be 
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1000 – 1050°C

• Conductivity within 
WTP recommended 
range
– 60 – 70 S/m
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Close Up

After 10 days in MS26AZ102F-2 melt
at 1000-1050°C and 66 hours*
with Voltage: 10-13 V

Current: 50-60 A
Current Density: ~1.5 A/cm2

* Voltage applied only at normal business hours

Inconel 693 paddle
(76.2 mm x 76.2 mm x 8.5 mm)

Voltage

Inconel 693 paddle
(76.2 mm x 76.2 mm x 8.5 mm)

Voltage

Inconel 693 rod
(34 mm x 278 mm x 8.5 mm)

No Voltage

Glass Level
but No Necking
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Microstructural Evaluation of I690 and I693
(MS26AZ102F-2)

14 days/1050°C/FeP Melts

Above 
Melt 
Line 

Halfway 
Below Melt 

Line         

I690 Coupon I693 Coupon
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EDS Analysis

14 days/1050°C/FeP (MS26AZ102F-2)
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K3 Refractory Corrosion Test

View of K-3 refractory coupon after 7 days
in MS26AZ102F-2 FeP melt at 1050ºC

View of K-3 refractory coupon before 
corrosion test

No necking
at the melt line

corrosion

• K3 refractory coupons provided by VSL, VSL protocols used
• No dimensional changes, no melt-line necking after 7 days at 1050°C and 1150°C

 Consistent with experience with other refractory oxides
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Summary of MS26AZ102F-2
(AZ-102 Baseline Glass)

• Important features of the MS26AZ102F-2 iron phosphate 
glass
– Contains 26 wt% of the Hanford AZ-102 LAW

• Targets high sulfate (4.3 wt%) and high Na2O (20 wt%) 
• Approximately 3x greater waste loading than typical borosilicate glass

– Recommended processing temperature of 1000 - 1050°C
• Lower temperatures should reduce volatility of Cs, Re, and SO3

– High retention of Cs, Re, and SO3 in laboratory melts
• Retention of key components a focal point in JHM and CCIM melter tests 

– Meets PCT and VHT durability requirements for Hanford 
LAW disposal (regardless of thermal history)

– Melt viscosity and electrical conductivity within acceptable 
ranges for JHM and CCIM processing

– Compatible with Inconel 693/690 and K-3 refractory
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Simulant and Melter Feed 
Characterization

• Assessed physical 
properties of simulant as a 
function of Na+ molarity

– Target 7M Na+ 
• Addition of GFC to 7M 

AZ-102 simulant:
– pH drops from 13 to 10.5 

with addition of GFCs
– Newtonian fluid
– Good suspension 

characteristics
– Viscosity of melter feed 

is 20 – 25 cP
– Very little residue 

remaining after 
resuspension tests

• Resuspension after 5 
days of settling 

Molarity Density Wt% 
TS

Wt% 
UDS

Viscosity 
(cP)

5M 1.230 25.36 0.61 2.9
6M 1.279 29.86 0.64 3.7
7M 1.320 33.85 1.56 4.7
8M 1.361 37.45 3.32 6.3
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JHM and CCIM Testing

• JHM and CCIM melter tests planned for late November / early 
December 2010
– Development of test plans

• Finalization of operational conditions
• Development and review of sampling plans

– Melter feed, glass, and off-gas samples
– Procurement of simulant (7M Na+) 
– Procurement of GFCs 

• Post Melter Tests Analysis
– Samples analysis

• Primary focal points:
– Partitioning / retention of Cs, Re, SO3, I, and halides (F and Cl)

» mass balance
– Glass performance (durability)
– Processing rates

– Issue JHM and CCIM reports
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Future Work

• Glass Formulation (Glass Composition Envelope 
Testing)
– Demonstrate applicability of FeP glass system to other DOE waste streams

• Hanford LAW and HLW
• INL waste streams

– Additional JHM and/or CCIM testing

• Systems Analysis
– Complete calculations based on new “baseline” feed vector from ORP
– Combine glass mass results with systems analysis performed by CEES
– Systems analysis for other waste streams

• Define streams and system configuration constraints
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Future Work (continued)

• Assess impacts of FeP flowsheet on WTP
– Impact on storage and transport of wastes and melter 

feed within the WTP vitrification facility
• Flow properties, erosion, materials compatibility, 

rheological, settling, mixing and transfer 
(pumping) properties, etc. 

– Review of off-gas partitioning or split factors
– Impacts on canister finishing line with respect to 

thermal or mass limitations

• Issue Performance Strategy Report 
– Technical strategy to evaluate the suitability of 

phosphate-based glasses as an alternative option for 
LAW disposal at Hanford

– Defines testing program to generate source term 
data and models
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Summary

• Iron phosphate glasses have been shown to retain high 
concentrations of some waste components that are difficult to 
dissolve into borosilicate melts
– Sulfates, phosphates, heavy metals (Cr, Bi, Mo) and halides (F, Cl)

• FeP glasses may offer significant increases in waste loading 
(reduced canister counts) for specific waste streams

• EM-31 FeP Team has developed an integrated program to assess 
the impact of implementing the FeP glass system on Hanford 
LAW/HLW vitrification facilities
– Glass formulation and optimization  high WLs for various waste streams

• Hanford AZ-102 LAW primary focus of FY10
– Systems analysis  glass volumes or mass 
– WTP flowsheet impacts  storage and transport issues
– Long-term performance  support PA
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