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SYNTHESIS of SODALITE

Synthesis of
LIK.SODALITE
through Pressureless
Consolidation process
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PC Processat ANL

Chloride Removal . . .
Salt waste from the ER Crushing Classification
Mixing
at amb. temp.

Zeolite _ Drying

Process flow diagram for Pressureless Consolidation process at ANL
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Pressureless Consolidation Can Assembly (left)
and Production-scale CWF furnace (right)
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Kaolinite
+ NaOH

Synthesis of nepheline  ;4gc
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Mixing and grinding of nephelinewith LiCI-KCI
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Eutectic : LiCl - KCI

90 %

ALCO (AL = Rb, Cs)
1,5 %

Reference composition of chloride salt wastes
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Composition of glass frit

Component Wit%
ALO; 2.0
CaO 11.5
Fe,0; 0.23
K,O 2.0
MgO 2.0
Na,O 13.0
SiO, 71.3
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Aluminacrucible

| nter nal vessal

Components used for labo. scale Pressureless Consolidation experiments
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Assembly
of the components
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Final consolidation
product
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Sodalite pellet after a Pressureless Consolidation experiment
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Experimentswith a
common glassfrit

Density of the final product:

2.122 g/cc
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AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SYILUPPO ECONOMICO SOSTENIBILE
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FTIR spectraat increasing time of reaction
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AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SYILUPPO ECONOMICO SOSTENIBILE

PC and HIP
“  Processes
PC
HIP

Comparison of FTIR spectra
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AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA

ELO SVILUP PO ECONOMICO SOSTENIBILE

LIK.SOD.HIP

Comparison of
XRD gpectra
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AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
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TGA of SODALITE from PC process
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Stereomicroscopy picturesof the product brocken into
two pieces, showing homogeneous matrix and poreson
both top and side surface
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Experiments with
a borosilicate glass
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Composition of borosilicate glass

Component Wt%
ALO; T
B,0; 19.3
CaO 1.3

K,O 0.4
Li,O 0.0
Na,O 6.5
SiO, 63.1
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Components used for labo. scale Pressureless Consolidation experiments
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d?0C = 2,122 g/cc d?0C = 2.430 g/cc

Comparison of samples obtained from glassfrit (left)
and borosilicate glass (right)
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Thermal analysisof LIK.SOD.BG
and LIK.SOD.GF
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Pictures at the stereomicroscopy of a SOD.BG sample
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AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA

E LO SYILUPPO ECONOMICO SOSTENIBILE
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AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
ELO SVILUP PO ECONOMICO SOSTENIBILE
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LiIK.SOD.BG: peaksof sodalite and alite
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SEM pictureof aLiK.SOD.BG sample



SYNTHESIS of SODALITE

Studies with
Cs, Sr, and Nd



SYNTHESIS of SODALITE

FTLITETT oyt Frret P T

Lin (Counts)

AL WL Il]h 11 LA lt1"".'11 L] ]

" 1[Ii| | RAALS GLARS RALAS BT L ‘Yl
30 K 32 K kL % % 37 ) 39

2-Treta - Scae

XRD spectra of the samples 100Cs.SOD (green line),
50Cs.SOD (blueline) and 25Cs.SOD (red line)
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Comparison among the XRD spectra of the samples 100Cs.SOD (green
line), 50Cs.SOD (blueline) and 25Cs.SOD (red line) and the sodalite (black
vertical line) and pollucite (yellow vertical line) phases present
In the spectral library
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G (Counts)

2-Theta -Scak

XRD gspectra of the samples 100Sr.SOD (blueline),
50Sr.S0OD (red line) and 255r.SOD (green line)
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Presence of nepheline (pink vertical line) in the samples 100Sr.SOD
(blueline), 50Sr.SOD (red line) and 25Sr.SOD (green line)
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Lin (Counts)

2-Theta - Scale

XRD gspectra of the samples 100Nd.SOD (green line),
50Nd.SOD (blueline) and 25Nd.SOD (red line)
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Comparison among the XRD spectra of the samples 100Nd.SOD
(green line), 50Nd.SOD (blueline) and 25Nd.SOD (red line) and the
main peak of sodalite (black vertical line) at 20 = 24.54
present in the spectral library
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Comparison among the XRD spectra of the samples 100Nd.SOD
(green line), 50Nd.SOD (blueline) and 25Nd.SOD (red line) and the
main peak of calcium neodymium oxide silicate
(yellow vertical line) at 20 = 31.36 present in the spectral library
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Static leach tests according to
ASTM C1285-02
(reapproved 2008)



SYNTHESIS of SODALITE

Test vessel

PFA TFE-fluorocarbon vessel rated to > 0.5 MPa

Test duration

1-7-15-30-90-150 days * 2%

Leachant Ultrapure water
Condition Static

rl\;l;r;;mum sample >1g

Particle size 63 to 125 um
Leachant volume |20 cm?3/g
Temperature 23 +2° C,90 = 2°
Atmosphere Air
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The glass waste form was crushed and sieved to 63 -
125 um;

1 g of sized and cleaned material is placed in the
appropriate vessel with 20 mL of ultrapure water;

The vessel is sealed and kept at a constant temperature
for the chosen test duration;

The vessel is cooled to ambient temperature;

The pH is measured on an aliquot of the leachate
together with its temperature;

The leachate is filtered and analysed by ICP-MS.
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C.
Normalized Release Nl_I — |
Normalized Release Rate NRl — G

Percentage of release (2 al / aO) y 100
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AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SYILUPPO ECONOMICO SOSTENIBILE

NL, =—

normalized release, g - m2;

concentration of element “i” intheleachate, g/ L;

fraction of element “1” in the unleached waste matrix sample, unitless;
surface area of the waste matrix sampledivided by the leachate
volume, m2/ L
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AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SYILUPPO ECONOMICO SOSTENIBILE

NR

O

SAN

C.

T f - (SA/V)

NR

= normalized releaserate, g - m~2 - day?;

= concentration of element “i” in theleachate, g/ L;

= fraction of element “i” in the unleached waste matrix
sample, unitless;

= surface area of the waste matrix sampledivided
by the leachate volume, m?/ L;

=timeduration of test in days.
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(2'a/a,) -100

Percentage of release

a, = weight in kilograms of each constituent leached during
each leaching interval
a, = weight in kilograms of theith constituent

initially present in the sample.
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AGENZIA NAZIONALE
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AGENZIA NAZIONALE
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Percentage of release -23+2°C
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al AGENZIA NAZIONALE

PER LE NUOVE TECNOLOGIE, LENERGIA
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WD= &mm EHT

Signal A= S
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90 days of leaching at 23° C
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i AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SYILUPPO ECONOMICO SOSTENIBILE
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90 days of leaching at 90° C
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Nor malized release after 7 day leaching at 90° C
Comparisons among leach tests

. -2
Normalized Release, g - m

Element ANL This study, | This study,
LiK.SOD.GF|LiK.SOD.BG
Al 0.06 0.09 0.06
Si 0.05 0.09 0.10
Li 0.66 0.61 2.23
Na 0.75 1.94
K 0.89 0.40
B 0.25 —- 0.49
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XRD spectra after leaching
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AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SYILUPPO ECONOMICO SOSTENIBILE
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Synthesis
of LI.SODALITE
through PC process
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AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
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AGEN

SYNTHESIS of

SODALITE

Li1.SOD.BG

2000

Lin (Counts)

1000
|
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2-Theta - Scale

Phase 37-746 Sodalite Li, g.Na,;
phase 46-800, Lithium Sodium Aluminium Chlorate Silicate,

Li, ,Na, ;AlSi 0,,(CIO,),;
phase 80-625, Sodalite Li, g.Na, ,(AlISIO,)CL,.
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Nor malized release after 7 day leaching at 90° C
Comparisons among leach tests

. 2
Normalized Release, g - m

Element ANL This study, | This study, | This study,
LiK.SOD.GF|LiK.SOD.BG| Li.SOD.BG
Al 0.06 0.09 0.06 0.09
Si 0.05 0.09 0.10 0.06
Li 0.66 0.61 2.2 1.94
Na 0.75 1.94 1.44
K 0.89 0.40 —-
B 0.25 -—- 0.49 0.22
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Conclusions

Experimental work by ENEA and PoliMi demonstrate the
feasibility of SODALITE synthesis through the
Pressureless Consolidation process, developed by Argonne
National Laboratory

Both XRD and FTIR gspectra of the product prepared by
heating mixed fine powders of chloride salt wastes (8.7%),
nepheline (66.3%) and glass frit (25.0%) at 925° C for 7
hoursin a little furnace inside an argon atmosphere glove-
box correspond to the one of sodalite from the spectral
library.

The results of the leach tests depend on the type of glass
powder used.



