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Project Description and Objectives  [N=|wnow
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« AOQOI2: DE-FOA-0001718 Award DE-FE-0031565 (Maria Reidpath)

- Couple a novel application of hydrothermal extraction with the .
advancement of a state-of-the-art organosilica platform by engineering
ligand selectivity

- Supported liquid extraction (SLE) or exiraction chromatography (EXC)

« GOAL: Economical REE separation that minimizes use of solvents and
acids (>2 wi% recovery)

« DRIVING QUESTION: Can we use hydrothermal extraction to reduce
need for acid, while engineering ligands to extract REEs from the
resulting solution?

« Technology benchmarking —nitric acid dissolution and liquid-liquid
extraction (solvent extraction)

« Current Status of project
« <13 months info project — exceeded most milestones so far

» Project goals remain same as originally proposal — fransition from
new concept to bench scale (in prep for pilot-scale)

Industry/input or validation — Just reaching stage to reach out for

feedback with preliminary results
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» ACS Fall National Meeting (Boston, MA)
» SME National Conference (Denver, CO)
» ACS Spring National Meeting (Orlando, FL)
>  Bilal Syed (2" of 74) Design & Innovation Day
» Mohammed Dardona (Best poster award)
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Outline

O Overall Objective
m Economically feasible dissolution, concentration, and recovery (REESs)
m Minimize use of solvents and acids, where possible
m Fly ash (and FGD sludge)

O Project Team KWD oﬁ%Alamos W,

o Sample Collection and Experlmental Setup
m (Obj. 1a) Trenton Channel and Monroe Power Plants near Detroit, M
m (Obj. 1b) Hydrothermal digestion process
m (Obj. 2) Selection and synthesis of ligands
m (Obj. 3) Ligand association to organosilica (media)
m (Obj. 4) REE sorption to ligand-organosilica media (capacity,

selectivity)
O Milestones

O Future Work
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Project Objectives and Partners

O INTERDISCIPLINARY TEAM
m Wayne State U., UCLA, and LANL

1) Hydrothermal extraction of REEs - Los Alamos

AAAAAAAAAAAAAAAA
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Q Similar process for trinitite dissolution (LANL)

2) Select lanthanide-specific ligands to associate sz//
with solid support (organosilica) NV

a Dr. Allen (WSU) - lanthanide coordination chemistry for
MRI and catalysis applications (AAAS Fellow 2018-Chem)

3) Optimize attachment of ligands to the solid Ks—(ﬂ
support to allow for flow-through separations (EXC)

0 Drs. Dittrich and Mohanty
4) Test pH conditions for back-extraction
5) Evaluate resilience of material through cycling
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Leveraging similarities to actinides
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Project Flow-chart
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Ligand-associated Osorb (TBP)

O Osorb® (ABS Materials, Wooster, OH)

o Tri-

Swellable organically modified silica (SOMS) o
Br.idged S.ilane www.absmaterials.com
~600 m?/g surface area

Can accumulate >4x mass in nonpolar ligands (Edmiston and Underwood,
2009) 0
|

butyl phosphate (TBP-associated Osorb) /\/\O/ID\SO/\/\

O Similar behavior to liquid/liquid extraction o~

12

Extraction of Pu(lV) onto a polypropylene
membrane with immobilized TBP
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Nitric Acid Concentration in M
Nimric acid concentration in M
Uranium extraction with Osorb-TBP media

-94% recovery from 1000 ppm U
-Successful strip/cycle
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Detroit, MI
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Trenton Channel and Monroe Power Plants

O Trenton Channel
m 536 MW plant (Unit 9)
m Mostly low sulfur western coal il
O Monroe Power Plant —
m 3,066 MW plant
m FGD process
m Low sulfur/high sulfur blends
m Up to 15% petcoke
O ALL ash and wastewater
sludge disposed in Sibley
Quarry




Sibley Quarry Landfill (Trenton, MI)

O 300’ deep limestone quarry (mid 1800’s)
O 1951 - DTE acquired (Type lll Industrial Waste Landfill)

o 10,000-15,000 yd3/mo of CCR
O 1.5 MGD pumping rate to isolate CCR from groundwater

UrreRonos ] | ||




Fly ash and sludge collection- Detroit, MI




- 10pm 3/15/2019

15.0kV SET M WD 8.0mm
Total REE
Sc45 Ce140 Dyl164 FEr166 FEul53 Ho165 La139 Lul75 Nd142 Pr14l  Sm152 Gd158 Tbh159 Tm169 Yb174 Th232
minus Y (ppm)
Sample ID (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm) (ppm) (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm) (ppm)
—
Trenton Channel, Detroit NA 10021 =~ 7.16 450 249 148  51.04 0.59  46.09 11.90 = 10.08 9.18 126 061 377 250.36 NA
DI water blank 0.022 | 0.0008 0.0006 00004 7E-04 00006 00004  0.00068 0.0005 = 0.00128 0.0006 0.00084 0.0008 0.0006 0.0006 0.03 0.00069
WSU-1A (Monroe 75/25) 61.65 | 12140 940 549 267 194  57.13 0.77 55.42 1276 1116 1135 166 078  4.97 358.56 22.01
WSU-2A (Monroe 75/25) 61.10 | 12426  9.65 564 266 189  57.60 0.71 56.03 13.01 1111 1171 164 081  4.84 362.67 21.54
WSU-3A (Monroe 75/25) 57.91 § 117.81 951 516 257 181 5539 0.71 54.01 1233 1076 1119 155 075  4.86 346.31 21.63
WSU-4A (Monroe 75/25) 5733 | 12312 959 579 268 186  57.93 0.74 58.53 13.04 = 11.02 11.84 158 077  4.96 360.79 21.30
WSU-1B (Monroe 70/15/15) | 52.15 || 94.01 742 419 200 145  44.83 0.59 43.83 9.91 8.28 8.40 116 058  3.69 282.49 18.91
WSU-2B (Monroe 70/15/15) | 49.18 || 94.01 707 403 216 141 4481 0.55 43.58 9.83 8.34 858 123 058  3.63 279.00 18.31
WSU-3B (Monroe 70/15/15) | 50.58 | 93.72 6.68 404 214 136 4517 0.55 41.86 9.72 8.14 858 115 055  3.69 277.92 19.46
WSU-4B (Monroe 70/15/15) § 50.53 98.79 745 425 216 148  47.79 0.59 46.04 1041 = 889 8.91 122 062  3.90 293.03 20.16
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Hydrothermal Extraction

O Artas Migdissov and
Hakim Boukhalfa
( LAN L) Optional:

o Optimize variables b b
m T (150-350°C) i
o Isothermal/variable
m Ligand system
o Cl, SO,2, CO,2
m Leaching conditions
o pH, time
m Quenching conditions »
o Cooling cycle, pH adj. ‘ {1 ,
O Compare to HF T —
digestion
m DTE ash and NIST SRM
1633C

30 mm
e—




% recovery

% Recovered

Nitric acid only

Hydrothermal + Nitric acid
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SEM verification of alteration

- 10pm  3/15/2019

15.0kV SET LM

det HV WD |spot mag O 100 uym det HV WD |spot|mag O —" O L1}

L]
% 4,300 15. DRV ZET ETD|7.00kV 88 mm| 30 | 769 x ETD|7.00kV /9.8 mm/| 3.0 | 1984 x

Unaltered Ash Hydrothermally Hydrothermally

Altered Ash Altered Ash after acid
leached
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Neodymium sorption

040 mL 300 ppm Nd (pH ~2)
O Rotate 24 h (0.2 g media)

O Measure Nd concentration via ICP-MS
m Agilent 7700 (He and H, collision gas)




Nd sorption to DIPEX-Osorb

0 300 ppm Nd in pH 2 HNO,
040 mL per 0.2 g media
o No competing ions (e.g., Fe3*, Al3Y)

mg Nd/g
DIPEX/Osorb dry media

o 4.3 59.712
’ 1.1 50.58
60% 0.5 25.056
0.05 6.798
40%
Reversibility of Nd sorption
20% 300
. e 250
0.05 S

2 200
S 150
o
© 100
DIPEX to Osorb ratio (g/g) 2 50 '
0

B Nd Sorbed to the Osorb M Reco

100%

(0]
o
N

Nd sorbed (% of 300 ppm)

o
N




Nd sorption as function of HNO; conc (M)

0300 ppm Nd (40 mL for 0.2 ¢ media)

90%

80%
c
2 70%
0 -
S 60%
)
%5 50%
a0 40%
)
§ 30% .
5 20%
~ 10%

0
o, M & i
No Dipex 1.085 0.545 0.055

g Dipex / g Osorb

M No Acid added m1M 5M E10M




100
90 y = 20.594In(x) - 41.255 !

Sorption isotherms E
100 y = 20.594In(x) - 41.255
R*=0.992 .o N * 1 ml Dipex /
...... o 1 g Osorb
80
e g
o y = 18.716In(x) - 75.176 0.5 ml Dipex
8 60 R?2=0.8332 / 1 g Osorb
00 3 T o
S~ é ®
S 40 0.05 ml Dipex
Q0 /1 g Osorb
&
20 - oy

y = 10.4In(x) - 52.946
0 R2=0.8855

0 2000 400 600 800 1000 1200
Equilibrium Conc. (ppm)




16 REEs; 2.5 ppm each (pH 2 HNO,)

35
3
2.5
°
kS
e 2
0o
~
w
& 15
Qo
1S
1
0.5
OI —a R 77_.__I-_-.---_7.--.---—---7--.-_I
Sc Y La Ce Pr Nd Sm Eu Gd Dy Ho Er Tm Yb Lu

Percentage removal

100
90
80
70
60
50
40
30
20
10
0 I I i
Sc Y La Ce Pr N

B 0.05g DTPA media M 0.0151g Dipex media 1 0.015g DTPA media M 0.0019g Dipex media
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Breakthrough column

00.2 ml/h
00.075 g media
O Nd, Eu, and Sc (100 ppm each)

6.00
5.00
4.00
o
£ 300
(]
L]
2.00 N, _Se A o8

1.00

0.00 M—\._.-"\._.-"\._.-h\.ﬁ"\._f\._.-‘_\._.- RECRIRD \._.-

0 5 10 15 20 25 30 35 40

Time (hrs)

—8—Sc —8—Nd Eu
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Project Timeline

|
|
Task 6 months 12 months I 18 months
l |
2 Hydrothermal extraction I
3 Ligand selection I
4 Ligand attachment to OSORB I
5 Evaluate REE sorption
6 Evaluate REE Recovery fron solid phase
7 Model ligand-OSORB-REE system components




Milestone logs and measurements

Milestone Quantitative Planned Investigator
Measurement Completion Date
Obj. 1. Establish > 300 ppm T-REEs in 8/15/2018 Boukhalfa &
feasibility of hydrothermal extraction Migdissov
hydrothermal extraction | liquid
Ob;. 2. Two commercial ligands are | 8/15/2018 Allen
Select/characterize two | >99% pure to identity
commercial ligands
Obj. 3. Load ligands to | Achieve surface coatings of | 12/1/2018 Dittrich
Osorb platform ~50% by wt with first 2
ligands
Obj. 4. Successful test Achieve >95% sorption of | 4/1/2019 Mohanty
of ligand-Osorb system | REEs from extraction liquid
with 2 commercial (by mass)
ligands
Obj. 5. Successful pH- | Recover minimum of 2wt% | 8/1/2019 Dittrich
optimized strip with 2 T-REE concentrate
commercial ligands
Obj. 6. Successful List of modeled/calculated | 9/1/2019 McEImurry

modeling of the ligand-
Osorb-REE system

system
parameters/coefficients




Future Work - Associate ligands to Osorb

1) Need to verify REE extraction
efficiency from hydrothermal
solutions

2) Test REE recovery from
hydrothermal solutions

3) Column experiments for ligand
SOMS media prep

4) Stripping and precipitation to
metal oxides




Conclusions

O Successfully loaded ligands on organosilica
by >400% (wt)
O Novel ligand derivatives have been

synthesized, successfully loaded to Osorb,
and have recovered Nd at pH 6 and 2

O More complex solution chemistry (and Fe
competition) must be tested
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