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‘Rare’ because they mix diffusely with other minerals
underground therefore difficult and costly to extract
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EU overview LEHIGH

0 EU is almost entirely dependent upon imports from China R

0 The 2011 REE-price crisis pointed to the need to reduce the dependence on China’s

imports 1
O Substitution Index**: 0.96 (HREE) & 0.90 (LREE)
0 End of life recycling rate: 8% (HREE) & 3% (LREE) REE Production
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Final List of 35 Minerals deemed critical to U.S. National
Security and Economy

UNITED STATES

OF AMERICA 2018 May (Dep. of Interior)
Criticality matrix (2015

-

List of Critical Raw Materials for the EU - ‘
27 CRMs
2017 September (European Commission)

B

European Union

(SY)

Q 2011 Critical Materials Strategy - by the U.S.
Department of Energy - includes criticality
assessments:

N
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Importance to Clean Energy

* Supply challenges for 5 REE may affect clean
energy technology deployment in the years

1 2 3 4
ahead. Supply Risk

v

(Based on the US Dept. of
Enerav. 2011)
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. Recovery of REEs from a secondary resource (e.g. coal by-product) through
electro-based technologies

N\ Efficient & environmentally-friendly separation and processing technology

In progress:
 Assessment and analysis of the feasibility of electrodialytic recover of REEs

from anthracite ash
« Proof of concept

DC
Electrodialytic Process
Recover of REEs from fine anthracite g
coal ash under the influence of an - c—
applied low level direct current -
S H*— S
©
7
Anode (eq.) gc Cathode (eq.)
2H,0 - 4e° > 0, + 4H* _ 2H,0 + 2e" > H, + 20H
CEM

Matrix compartment: anode



Anthracite origin
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Relative REE content in anthracite ash ' LEHIGH
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Particle morphology of anthracite ash LEHIGH
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* Disperse
 Angular

 Sizerange: 1to 10 um

10 um

Signai A =RBSD WD= 99mm EHT = 15.00 kV Mag= 168KX |—|

SEM microphotograph of anthracite ash



Characterization C ke,

UNIVERSIDADE NOVA DE LISBOA

Particle morphology of anthraciteash = MLEHIGH
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Spectrum 1

Trace elements
Carbon
Oxygen
Aluminum
Silicone
Phosphorus
Titanium
lron

Spectrum

REEs

e Lanthanum
* Neodymium
« Cerium

SEM microphotographs and respective EDS spectra of a) REE particle; b) agglutination of minerals




PH desorption from anthracite ash

FACULDADE DE
F t cumcms E TEENOLOEIA

%
12C

10C
8(
6(
4(
2(

Sm Eu
YbJ Lu

oSc oY ola oCe oPr -Nd
*-Gd [&Tb Dy ®Ho ®Er &Tm

—_—— B o

10 12 13

O 1 2 3 4 5 6 7 8 9

14

™ LEHIGH

UNIV ERSIETYX

| LREE
(] HREE

— Outlier




ED experiments FOL B

LEHIGH

UIN. IV ERSIT.Y

e 2C-ED cell
e L/S=15
* CEM = cation exchange membrane DC

e MMO coated titanium bar

 Time: 3 days

RN

* Current intensity: 1@ mA ot
: A™ ¢ % %
e pH: no adjustment .
S e H*— S
.
Anode (eq.) g(: Cathode (eq.)
2H,0-4e" > 0, +4H" _ 2H,0 + 2e" > H, + 20H
CEM

Ferrejra et al. 2019, Water Air & Soil Pollution, 230(4): 78-88.
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REEs criticality analysis of relative content after ED ' LEHIGH
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ED process is a promising extraction technique for rare earth elements
recover from coal ash

J» REE desorption improved with the ED process

2 LREE show higher desorption rates

JY HREE show promising capabilities of passing

through the CEM
Relative % of REEs
desorped by ED

Tb 14.4
Eu 13.5
Nd 12.0
Dy 5.4

Y 4.9
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LREE
- Stable complexes are the first to
REE desorption at acidic pH desorp |
- Higher desorption rates compared
\ to HREE
l o)
,\9
g > Tendency

- Desorption starts from lower to
higher atomic number

(i.e. inversely related with ionic

\_ radius)

Desorption (%)
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'REE distribution within the cell LEHIGH
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REE in the catholyte after ED LEHIGH
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Future Work
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Experiment
duration

v' Higher desorption rates
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pPH adjustment
In the catholyte (pH ~2)

v" Prevention of ion element

precipitation

v" Prevention of the formation of

aggregated elements around the
electrodes and the membrane

v Prevent membrane obstruction

Increase current
inténsity

v" Higher desorption rate

v Higher migration speed of the
REE from the anolyte to the

P I P P
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