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Source: Binnemans, K., Jones, P. T., Blanpain, B., Van Gerven, T., Yang, Y., Walton, A., & Buchert, M. (2013). Recy cling of rare earths: a critical review. Journal of cleaner production, 51, 1-22 SUPplv riSk

. Kegl, T., KoSak, A., Lobnik, A., Novak, Z., Kralj, A. K., & Ban, I. (2020). Adsorption of rare earth metals from wastewater by nanomaterials: A review. Journal of hazardous materials, 386, 121632..
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Extraction
/Purification of
REE

Strong bondin
High Surface
area

Easy to attach

Liquid-Liquid SupportedLiquid Solid-Liquid
Neutral
J J J
. Liquid 1. lon exchangeresins
Organic solvents membranes 2 (LS Eie
3. Activated carbon
« The larger volume of « Expensive to make * lon exchange resins- Poor selectivity
solvent requirement « Activated Carbon/carbon-based-
 Poor selectivity » Difficult to recycle Physical adsorption- Not effective 4
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CHs(CHalr | IO (CHaCHs
 Family of diglycolamides are known extracting

| |
(CHz)7CHs (CH2)7CHs agents for trivalent lanthanides and actinides
C36H72N,0; « Extractant for actinide-partitioning from

N,N,N’,N’-Tetraoctyl Diglycolamide high-level waste (HLW)

2.2'-Oxvbis r TODGA-Ligand ~ Dissolve in methanol

Media Solid support:
synthesis ligand

Swellable Organosilica (O)
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» Hydrophobic solid support (Osorb®)
» Surface area- 600m?/g
» Average pore size <6nm Media

Solid support
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Vacufuge <«

 Organosilica

Source: Hovey etal., 2021;; Yang et al., 2019
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Adsorption

l

Time: 24 hours aammmmnnl  Preliminary
Dosage: 2.5g/L

pH: 3
Conc: 17*4=68 ppm

Initial assessment and making sure the
removal is not zero for all REE

 ——

If it is not zero, use the 0.5,1,2,4,8,16, 24 and 48,72 hours
same parameters of

kinetics

| Isotherms | 1,2,5,7,10,15mg/L
l Time from above kinetics
. pH e . pH:1,2335

— . 1.5,2.5,3.75,5g/L

7
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 No adsorption at all pH 1-5

 No adsorption at all dosages
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Redesigned at nitrate medium for all conditions

Adsorption

Time: 24 hours l
Dosage: 2.5 g/L ammml  Preliminary  |ummms

Conc: 17*4=68 mg/L
0.01,0.1,1, 2,5, 10, 15.9 M

If it is not zero, use the 0.5,1,2,4,8,16, 24,48 and 72 hours
same parameters of

kinetics

1,2,5,7,10,15mg/L
l Time from above kinetics
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Weight of media used- 50 mg

The volume of nitric acid used- 20
mL

S/L-2.5

Molarities used- 0.01, 0.1, 1, 2, 5,
10, 15.9M
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Sm) at all molarities. High affinity towards heavy REE
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mg of metal sorbed/g of media

Kinetics

@ PSO

PFO

Nitric acid molarity- 5M

* Timeintervals- 0.5,1, 2, 4, 8,
24. 48, and 72 hours

« Dosage added- 0.4 L/g
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Followed PSO with R2=0.990



mg of metal sorbed/g of media

WAYNE STATE

Kinetics- Selectivity >

Pacific

= La Northwest
1.0- | o o Ce 10- = Gd
Light REE kinetics A Pr ' Heavy REE kinetics e Tb
0.8 v gd © 1 b A 3y
¢ Sm = i ¢| v Ho
<« Eu D 08 ¢ Er
0.6 > Sc £ |« Tm
o » Y. » Yb
o 0-6 ; % e Lu
0.4 - ) § ; ¥ %Y
e Th
> . = 04- - .
0.2 » % 0 x *
1 3 ¥ = 1 8 % °
0.0 = 0.2 ® a "
0 200 400 600 800 1000 1200 1400 1600 © 1"
Time (minutes) 1.0 ' I REE at 24 hours g 00e
= 0O 200 400 600 800 1000 1200 1400 1600

Time (minutes)

S © 0 020 0 2 9
N @O A OO O N 0 ©
1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I

mg of metal sorbed/g of media

g
—
1

o
o
I 1

I|I|I I|I|I|I I|I|
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Sc Y Th

RFE



WAYNE STATE

College of Engineering —Hl— La
. Isotherms . Ce
R Pr
2.6 —- [ | - m— Nd
2.4 - Sm
B 22 —=—Eu
8 20 - u Gd
e —=—Tb
o 18-
o . - —=—Dy
o 7 —m—Ho
8 1.4—- — B— Er
e 1.2 S I — — B— Tm
@) 7 |— ‘ —m— YD
0n 1.0- -
= . - —a— Lu
s 0.8 - /-\./. Sc
c 06- :\i\ | EY
- \_'/
%5 0.4+ " s | ™ Th
O 0.2 - ]
= 004 = b -
I ' I ' I ' I ' I ' I ' I I |
0 2 4 6 8 10 12 14 16 18

Equilibrium concentration (mg/L)

Pacific
Northwest

Molarity used- 5M
nitric
Dosage- 0.4 L/g

Initial
concentrations
tested- 0.85, 1.7, 4,
8.5, 12.5, 17 ppm of
individual
concentrations
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48h
jirir//Freundlich

_9

isotherms (User
Model
NewFunction (U Equation ge=kf*(ce™N)
Model
sen Reduced 0.15345
Equati ge=(ce*(qm*ka) Chi-Sqr
quation )(1+(karce)) Adj. R-Square 0.97395
Reduced 0.02909 Value Standard Error
Chi-Sar B kf 3.97954 0.34904
Adj. R-Sq 0.99506 B 0.09999 0.0196
Value Standard Error
B ka 0.44131 0.04106
B aqm 6.62 0

Without Thorium

50 100 150 200 250

Equlibrium concentration (ce)( mg/L)
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Thorium adsorptionis linearly increasing indicating different adsorption mechanisms compared with REE
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Strechi —— TODGA (media)
112 - Si-0 C-N C-H C-0 rg_% "o — Media- Dy

— 108 : « 1680 cm - Amidic carbonyl

N ¥ transmission band (>N-C(-O)shifted

o NNy T to 1610 cm-! - Dy (NO,)-TODGA

CD i

;'(2 104 - « 1247 cm- C-N formation in media

g 5 due to attachment of TODGA

(&) -

S 100 - 5 . This indicates that the bonding

= W/ between the Dy(NO,); and TODGA is

% = strong as compared to the weak

= bonding of TODGA and

= 961 ; HNO; ((TODGA),,+++(HNO,),)

10:35 1%47 14:50 Ei]680 2870;2930

500 1000 1500 2000 2500 3000 3500 4000

Wavenumber (1/cm)
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Fly ash was leached with 4M HCI and 5M HNO5 with L/S- 6 for 24 hours

SM Nitric Acid
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Organosilica- TODGA mediashowed overall good selectivity for light REE (La-Sm)under nitrate

medium

XPS, BET, and SEM results indicatethe strong attachment of TODGA onto organosilica

Capacity of Media towards adsorption of REE increases with an increasein the concentration

of nitric acid

Pseudo—second order kinetics and Langmuir isotherm models describe the better fitting for

REE adsorption onto TODGA mediaindicating chemisorption.

Thedecreasein the dehydration energy of REE ions in water at higher acidic concentrations

tends to form a complex with TODGA
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Dosage studies

Initial concentration- 4ppm*17-68 ppm
Dosage added- 1.5. 2.5, 3.75, 5 g/L
Amount of volume added- 20 ml,

Molarity used-10 M

' T ' T ' T ' T ' T ' T ' T ' T ' 70
1054 ] -0-Capacity (mg/g)
| » -m-Removal (%) + L 60
__10.0-
2 - L 50
=
—~ 9.5
2 40
&)
S
S 90- / \ |30
- _
8.5- ? ® 120

1.0 15 20 25 3.0 35 40 45 50 55
Dosage (g/L)
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Average Removal (%)
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Capacity (mg/qg)

1.8
1.61
1.41
1.2-
1.0
0.8
0.6
0.4
0.2
0.0-

0.2

Bz 1.5 g/L
W2 2.5 g/L
FZZ 3.75 g/L
25 g/l

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Sc Y Th

REE

B 1.5 qg/L
. W 2.5 g/L
1004 |EZA3.759/L
B2 5o/l
80 -
S 60
IS
S 40
S i
()
x
20 -
O_

o

Pacific
N?rthvge§t

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Sc Y Th

REE



C/CO

50 -

40 -

30 -

20 -

10 -

0 100 200 300 400 500 600

Cummulative pore volumes

Pacific
Northwest



C/CO

1.6
1.4—-
1.2-
1.0-
0.8—-
0.6—-
0.4-
0.2-

0.0 frsssssossom ._....zz;ﬁ:;;;;:ﬁ;;;ifi'éz-;fz:---:-:::::iﬁﬁ_ - " e ”

100 200 300 400

Cummulative pore volume

o

Pacific
Ngrthvge§t



400

200

Pacific

Northwest

LABORATORY

NATIONAL

- Dy

—— Er

0.84| = Ho

0.56

0.28 |

0.00
051|——Tb
0.00

400

200
Cummulative pore volumes



C/CO

50 -

40 -

30 -

20 -

10

Stripping

420 440 460 480 500 520 540 560 580

Cummulative pore volumes

Pacific
Northwe§t



= = N
o o1 o
| | |

Total mass retained (mQg)
o1

Total mass loading

100

Cummulative pore volumes

200 300 400 500

600

~7

Pacific
Northwest



2.5 -

O = = N
ol o ol o
I I I I

Mass retained (mgq)

O
o
I

Mass retained

100 200 300 400 500

Cummulative pore volumes

—e— SC

600



o

Pacific
Northwe§t




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

