Amber Glass
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Amber Glass Foam Reduction

« Approx. 25% of container glass production
« Chromophore:

0%
« lIron in an oxidized state (Fe3*) 0 pe s
« Sulfurin a reduced oxidation state (S%) s

« Strong UV blocking

» Gases produced during melting = foaming

« Carbon is most common reducing agent

* Test methods:
» Feed expansion tests (FETs) - compare foaming
« UV-Vis spectroscopy = confirm chromophore
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PNNL Glass Vitrification Work

Glass-discharge port

» Focus on slurry feed (waste + owoer () Boling Feed
glass formers) — molten glass Sbitesd &
interactions l il —

B
8 ~700°C

» Cold cap studies: minimizing
foaming & bubbling

254 (iv) Foam

~1150°C

B i T P . . .« « = - e - == m==m======

Molten Glass

» 30+ years modeling & testing
vitrification at Hanford
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Hanford Melter and Foaming

» Hanford wastes (nitrate + organics) — vitrified as oxide glass for isotope immobilization
* Reductants reduce nitrates — control foaming & glass redox

« Carbon-based reductants studied since 1990s: organic acids, sucrose, graphite, etc.123
*Sucrose (Hanford baseline) — high acetonitrile in off-gas*

*Formic acid (DWPF baseline) — flammability risk; replaced by glycolic acid®

*Ceramic reductants for low activity waste (BN, SiC, B,C, B¢Si, VB,)%
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Challenges of Amber Glass at Lab Scale

-50g Amber Batch, 40°C/min

-25 (Pt)

» Lab scale atmospheric furnace conditions
« Small furnaces used with room atmosphere
*  Volume to surface area
« Smaller batch - more oxidized glass
- Ramp Rate

Batch 1
Carbon Redox -25

Batch 3
Carbon Redox -35

» Slow ramp rates - more oxidized glass

4 °C/min Heating Rate

, 1600
10g samples with 40°C ramp rate and high redox value 1400
: 1200
© 1000
800
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400
200

Temp

| Batch 2 L Batch 4 |
Carbon Redox -30 ~ Carbon Redox -40
100g Amber batch, 10°C/min

DE-EE0011193




» U.S. DEPARTMENT OF

)ENERGY GZ7iC

GLASS MANUFACTURING
INDUSTRY COUNCIL

SR

T . 59 batch melted in a N2 gas tube ,i.
Lab Scale Oxidized State Solutions  lumaca & RG]

» Larger batches to reduce surface to volume ratio

» Faster heating rates to reduce time for batch to mtera‘
with the atmosphere

» Inert gas for small batches (N,)
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Previous: Amber Glass Reduced with Carbon

~ ' -
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fp*Q aﬁ" axﬁ 0 ‘a-tﬁ Q'iftﬁ 0 ‘Q&" "N’ ‘

® Silica
© Soda Ash
® | imestone

® Carbon
® Saltcake

Carbon-reduced batches: sensitive to batch size, heating rate, and atmosphere
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Initial Amber Glass Melt

» Industrial raw materials (provided by Gallo Glass)
200 g batch melted in platinum crucible

Room temperature to 1450 °C at 40 °C/min

Dwell at 1450 °C for 4 hours

: UV-Vis of amber glass in Pt Melt vs Literature
SEM EDS Analysis o e SEes T e
. Amber gl
SEM Results Amber Batch Recipe Lizhte;r?]s:f[ﬂ ]
80 + -
Element Oxide Oxide % Component Target (%)
Si Sio, 7217  SiO, 72734 8| |
Ca CaO 10.95 CaO 11.35 8
Mg MgO 0.7 MgO 0.856 £
Al Al,O, 159  AlLO, 15 5 401
Fe FeO 0.37 Fe,0, 0.44 S
Ti Tio, 0.02 TiO, 0.035 1
S SO, 0.05 SO, 0.08
Cl Cl 0 Cl 0.004
Na Na,O 13.7 Na,O 12.673 eSS o T T DU U D T P T

300 400 500 600 700 800 900 1000 1100 1200 1300
K K,0 0.35  K,0 0.327 Woveloncth (o)

[1] Laposa et al. 2023
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Feed Expansion Test (FET)

1 g pressed pellet heated from room temperature at 10 °C/min
« Simple test to observer and measure foaming
» Used to compare different variables effects
* Video recorded of the test

particle size | A19_original
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Feed expansion test (FET) volumetric expansion

« Using pellets allows for easy calculation of volume and porosity
= Assume that feed pellets have rotational symmetry during melting
= Approximate volume as stacked cylinders:

A
Vi = E (alz + aibi + blz)hl

V=243 Z Vi ‘ o = scale factor

Hilliard, Z. and P. Hrma. J. Am. Ceram. Soc. 1-8 (2015).

25°C 500 °C 670 °C 750 °C 800 °C 900 °C
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+ 3-inch diameter quartz tube with N, hose connected from the top
of the furnace.

« 19 pellet
*  On an alumina disc

* Alumina disk sits on insulation with quartz tube resting on
insulation around the alumina disk

*  Ramp rate: 10 °C/min, room temperature to 1400 °C

« Tested various reducing agents:
« Standard amber (C),
* High amber (C3),
« Boron Nitride (BN),
» Silica Carbide (SiC)
« Vanadium Diboride (VB,)

DE-EE0011193
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FET Results

3 T « Expansion volume (V) is divided by initial (V,)

* Foam reduction of 43 % with Silicon Carbide (0.45)
replacing carbon as a reductant

O -
= 2.4
LU o s N
20- —— Amber standard
— SiC0.35
> 181 —— SiC045
N Avg.V/Vo=1.6 ‘ 1C 0.
- - —— $iC0.60
AVg.V/Vo AVg.V/VQ : — SiC0.65
500 700 900 1100 1300 1.4 212 I
Temperature (°C) ,l 2 _::::::::::::::::__
—SiC35—BN0.29 —AmberStd —SiC0.45 —BN0.39 10 Pyt ?;5“‘7 - . . 4
600 700 800 900 1000 1100 1200 1300 1400

Temperature °C
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FET Test Videos

Carbon-reduced Amber Batch SiC (0.45) Reduced Amber Batch

1000°C
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Silicon Carbide

Silicon Carbide (SiC)

«  “Refractory” compound (~2700 °C melting point)

- Protective oxidation starting at 600 °C?;
« 2SiC +30,~> SiO,+2CO

« 2 micron powder used in tests

Std
| SiC .25 | SiC .35 | SiC .45 | SiC .55 | SiC .60 | SiC .65 | Amber
Sl Silica 69.71 | 69.56 | 69.41 | 69.41 | 69.41 | 69.41 | 70.09

Limestone| 22.39 22.39 22.39 22.39 2239 | 2239 | 22.39
Soda Ash | 20.57 20.57 20.57 20.57 20.57 | 20.57 | 20.57
Nepheline| 4.88 4.88 4.88 4.88 4.88 4.88 4.88

Saltcake 0.41 0.41 0.41 0.41 0.41 0.41 0.41
Iron Scale| 0.37 0.37 0.37 0.37 0.37 0.37 0.37
SiC 0.25 0.35 0.45 0.55 0.60 0.65 0.00
Carbon 0.00 0.00 0.00 0.00 0.00 0.00 0.21
Total 118.58 | 118.53 | 118.48 | 118.58 | 118.63 | 118.68 | 118.92

9. Roy, et al. Rev.Adv. Mater. Sci. 38 (2014) 29-39
DE-EE0011193
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UV-Vis of Silicon Carbide Glasses

e I S L « 200 g samples, melted in air
—— Amber glass
—— Light Amber [1]| A . . .
—Scos «  SiC0.25 is the only glass that was lighter
40 sicods | ] than typical amber glass’
SiC 0.60 i
2\?/30 — SICOB0DARK + Strong reduction potential of the SiC powder
=301
(@]
c
S
£ N s -
2207 SiC (wt)
=

O L5 O S 1o

I . : . S 1 ! — | i.";ﬁmtﬁf‘r RN iR %s. 5.-¢, o : ‘.‘('-‘ . -
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Wavelength (nm)

[1] Laposa et al. 2023
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Reduce Iron and Sulfur to Correcting UV Absorbance

» 200 g samples melted under air
» Reduction of Fe,O5 and Na,SO, to dilute amber chromophore

» 50% Iron sample in range of industry spec (18-24% transmission at 550 nm)

Normalized Data (3 mm)

SiC
—SiC - 50% Fe
—SiC - 50% Fe + 50% S
—SiC - 25% Fe + 50% S
—SiC-15% Fe+45% S

§50
<
o
8 40
£
w
c
[
= 30
507 F
Olle 20
So7
.
10
0
320 420 520 620 720 820 920

Wavelength (nm)
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SiC0.45 with Reduced Iron and Sulfur

» Reduced iron and sulfur does not appear to further reduce foaming but still has a 33.3%
reduction compared to standard amber

» Change in foaming onset temperature, which can be beneficial

FET Results

2.4 1

224 ___ Moo

204 —— Amber standard

' —— Sic
$ 1.8 .
§ — SiC 50%Fe 100%S

1.6 1 —— SiC 50%Fe 50%S
1 4—=======:===.=====- : s ; SiC 25%Fe 50%S

600 700 800 900 1000 1100 1200 1300 1400
Temperature °C
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Future Tests

+ Continuation “refractory reducing agents”:
« Testing in CT-HTMOS

« Solid-state NMR spectroscopy to understand chemical reaction of SiC
« Affects of particle size, balance of amber coloring agents

+ Alternative pathways to amber without foaming:
« Evaluate redox state starting raw materials (pyrite, slag, etc.)

 QOxidized amber chemistries

DE-EE0011193
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In conclusion

- Carbon’s reducing power is subject to process
conditions

« Silicon Carbide (SiC) has shown to reduce
foaming in amber glass by feed expansion test
(FET) by up to 43%.

» Suspect due to a different reaction temperature
for SiC vs. C with early glass melt

- Reached amber color spec with SiC and less
iron and sulfur.
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