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Mining value from brines

Call: SC5-09-2018-2019

Timeline: June 2020 — May 2024 (Extension Nov 2024) SeadValue is a H2020 P roject that
TRL3 -5

Budget: 7M€ have desighed and implemented

Partners (Coordinator) : 17 (Eurecat)

disruptive technologies for

recovering minerals and metals
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Circular Supply
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Seawater Desalination
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Minerals & metals
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Mining value from brines

To apply a circularity
approach to convert
Sseawater brines as a
resource of raw
materials recovery

New RM mines
Lower environmental impact
Higher water recovery
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Not only metals and minerals... VALUEZ-

Mining value from brines

Sea4Value

r

Seadvalue Multimineral Brine Process

The project leading to this application has received funding from the European Union’s
5 Horizon 2020 research and innovation programme under grant agreement No 869703



Which metals and minerals? —~PEA4
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Mining value from brines

N
42 9594

Mo

Scandium Molybdenum

Lithium

9 minerals and metals
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Abundance of CRM In seawater brine VALUES:

Mining value from brlnes

Detailed Analysis of the Brine obtain from the Atlantic Ocean.

Element Concentration Element Concentration
in pg/L mg/L
Li 126.65 In 0.03 Generic Characteristics of the Brine
Be 0.63 Sb 0.41 Salinity 50-90 g/L
B 4,058.11 Ba 15.74 Temperature 12-20°C
Sc 3.73 Bi 0.32
V 11.69 Ag 0.37
Ga 1.32 cl 28,841.07 n — -
Abundancy totalin | Reserves minerals Production in Total Presence in
Rb 208.50 Sulfate 4,020.22 the ocean (tons) in land 2017 SWDP brine
tons tons ton/yr
Mo 37.02 Na 15,788.66 1.68x1015 2.20x10° 1.10x10° 8.46x107
7.80x10° 1.00x10° 2.30x102 3.93x1072
Ru 0.19 K >64.08 2.21x1011 1.60x107 4.30x10% 1.11x10*%
Rh 0.61 Mg 1865.54 8.58x10° 7.40x107 2.10x108 4.33x10?
1.05x10% 6.80x10° 2.02x10° 5.31x10°
Pd 30.07 Ca 587.35 1.56x1011 9.00x10* n.a. 7.87x103
2.73x101° 2.90x108 7.70x10° 1.38x10°
C 5.07x108 7.10x10° 1.10x10° 2.56x10?

USGS. National Minerals Information Center. Mineral commodity Summaries

The project leading to this application has received funding from the European Union’s

Horizon 2020 research and innovation programme under grant agreement No 869703
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Mining value from brines

Q@% Because it is developing 9 new

L il oo highly disruptive technological

of 9 metal and minerals f

solutions to integrate them in a
~ &

multimineral and modular process,

Modular and flexible

which will be the first industrially

O

e viable brine mining method

Cost-effective

The project leading to this application has received funding from the European Union’s

Horizon 2020 research and innovation programme under grant agreement No 869703
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Brine Composite Catalogue VALY -

Brine from where? https://seadvalue-db.eu/ A R RO

Spain 50 M Sea Brine/Seawater
Summary: Helgoland
y All AV All v Germany
MNorth Sea '

All

* 131 sam pleS Arabian Gulf pH: 7.80 TDS:  81700mg/t

o 34 countries v Conductivity: 95.60mSkm  DOC: <10mgll
Atlantic Ocean -
Baltic Sea

Brackish Groundwater
rael 6 ' Mediterranean

NORTH
Mine Underground Brines AMERICA
Cyprus3 ~ North Sea
Persian Gulf

Red Sea

Brefia Baja

Spain v
Atlantic Ocean

Development of an online platform to provide information pH: 6.90 TDS:  83900mgl

Saudi Arabia 17

on the composition of brine in desalination plants. Vot BRI ST cernaca Bl
Database enables operators and designers to identify the Mediterrancan
optimal geographic locations to maximize metal and pH: 7.80 TDS:  37900mglt

Conductivity: 52.30mS/cm DOC: <10mg/l

mineral recovery from brine.

The project leading to this application has received funding from the European Union’s

Horizon 2020 research and innovation programme under grant agreement No 869703




Brine to test and Demo Site BRINE TO TREAT WITH THE MOVING LAB

ppb
Conductivit
Country ms/cm e 12000 1
10000
Atlantic Spain 79 8000 6
6000
Mediterranean Spain 92
| p < 4000
Mediterranean Israel 100 < 2000 m
0
Lithium Boron
; _5 m Tenerife ®mAlmeria ' Israel
ppm \ (J/ o
\‘t / { ppb
2.662 - e
2.44 259 0
2500 250,0 224
2000 200.0
1500
150,0
1000
100,0
500 101 131 141 44
50,0 9 24
ppm ppm ppm ppm 0.0 —
K+ Ca2+ Mg2+ Br- Vanadium Gallium Rubidium Molybdenum
m Tenerife ®mAlmeria © Israel m Tenerife mAlmeria © Israel
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From lab development to evaluation in a —~~SEA4
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relevant environment with real brines
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Mining value from brines

Evaluated with real brines in an integrated treatment
scheme (Moving Lab)

9 technologies developed in research labs with
synthetic brines

t1J\ UNIVERSITAT POLITECNICA
LT3 DE CATALUNYA
[d9) BARCELONATECH

eureca TECHNOLOGY
onic Liqui °
:Extracti?)n ; PARTNERS N\
Polymer ““W° KU LEUVEN
W) universitat Bremen membranes
Distillation ? Extraction
(55 AASEA4
VALUEZ-

Mining value from brines1 o

tl
TECNICAS REUNIDAS

Solvent
Extraction

g

LuUT
University

Precipitation

Crystallization Nanofiltration

Adsorption
Distillation
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Brine Mining Process _~~SEA4
8 VALUES

Mining value from brines

Freshwater
=) Production

Brine mining Process

Sea water

Steps and technologies?

Seawater

Brine

The project leading to this application has received funding from the European Union’s

Horizon 2020 research and innovation programme under grant agreement No 869703




Brine Mining Process

SWDP

» Potable
Water

Desal Process

TREATMENT
AND/OR

Brine

SEPARATION

Improves
efficiency and
selectivity

The project leading to this application has received funding from the European Union’s
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Brine Mining Process —~~SEA4

SWDP

VALUEZ"-

Mining value from brines

Desal Proces: @

ZLD/MLD

CONCENTRATION

Increases Final
Product

Higher water Concentration

production

The project leading to this application has received funding from the European Union’s
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Brine Mining Process —~~SEA4

SWDP

VALUEZ"

Mining value from brines

Desal Proces: @ 9

MINERAL

_ EXTRACTION/
Brine RECOVERY
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Sea4Value Brine Mining Concept VALUE

9 Conce ntration 9 Recovery Mining value from brmes

9 Pre-Treatment

I
|
|
|
I
|
|
Memt?ran.e ! Non-dispersive 5
Crystallization ! solvent extraction Vc
. . ,
Ca Nanofiltration | lonic-Liquid Ga
Precipitation | ; Extraction In
I
R i : Mo
’ |
gl : ! lonic-Liquid
‘ : ! Extraction
! .
i i Solvent Extraction Li
! —p B
; : Electrodialysis Rb
! : Bipolar Membranes
CaCO ' '
3 i M.ult.l-Eﬂ.‘ect | 3D printed
| Distillation ; Adsorption

Adapted from: Figueira, M. (2023). Evaluation of the nanofiltration of brines from seawater desalination plants as pre-treatment in a multimineral brine extraction process,.

The project leading to this application has received funding from the European Union’s

Horizon 2020 research and innovation programme under grant agreement No 869703




Sea4Value Moving Lab

)
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Integration of Brine Mining Process
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INNOVATION
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UNIVERSITA = SWRO AFTER
DELLA CALABRIA =7 BRINE PRECIPITATION
. i ppm . .
CaCO; (Aragonite) K*  ppm 591 568
Ca Mg®* ppm 1916 1831
Precipitation with Cl ppm 29979 29471
Na2CO03 )
Br ppm 101.4 98.9
SO.> ppm 4254 4169

80-90% removal

Calcium extraction
1000

900

CaCO,

400 E——

Molinari et al. 2021 : 0

https://doi.org/10.1016/j.iclepro.2021.129645 TENERIFE o (DR MAR ALBORAN ol (et V2BADERA e ca

The project leading to this application has received funding from the European Union’s

Horizon 2020 research and innovation programme under grant agreement No 869703



https://doi.org/10.1016/j.jclepro.2021.129645

@ Pre-Treatment — Nanofiltration

Synthesis of novel NF PEM coated membranes with

improved properties for selective polyvalent /monovalent

separation
Multivalent-rich
Stream |
S > 80% rejection
NF .~ Ca?, Mg*', SO,*
,// LUT MONOVALENT MULTIVALENT
z University Lit ppm 0.27 0.33
@ UNIVERSITAT POLITECNICA K+ ppm 517 570
BARCELONATECH ca2+ ppm
Monovalent-rich Mg®*  ppm
Stream CI' ppm 25431 30958
Figueira et al. 2023 Br B 92.0 1014

The project leading to this application has received funding from the European Union’s

Horizon 2020 research and innovation programme under grant agreement No 869703



https://doi.org/10.1016/j.seppur.2023.124232

@ Concentration — Membrane ###

1 - FEED EFFLUENT
Crystallization - Lt
K* ppm 570 1227
Membrane Bl oo 157 9
Crystallization N
Y Mg* ppm | 2588 38
Cr ppm 30958 63661
Br ppm 101.4 213.5
S0,* ppm 6040 12463
UNIVERSITA =
DELLA CALABRIA ==r
>98% Purity
MgOH, MgOH,
x3.5
Concentration
Factor
98% recovery of Mg

The project leading to this application has received funding from the European Union’s
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@ Concentration — Multi-Effect ###
Distillation

SEALcAU

* Very high corrosion resistance
* High strength, hardness and stiffness to min. 80 °C

®* Operation under vacuum conditions with low heat

(65-702C)
* Low creep tendency x3.7
* Low water absorption .
* High chemical resistance (hot saline solution, hot Concentratlon FEED EFFLUENT
Weteh SIpArT, Ceeing sqens Factor W ppm [ 027 108
®* Good processability K* ppm 517 1780
* Resilient ar.ld durable Mg2+ opm 110 293
* Cost-effective )
* Drinking water compliance Multi-Effect CI_ ppm 2o SIS
Distillation Brz_ ppmM sz Zade
Imholze et al. 2024 SO, ppm 23 28
https://doi.org/10.3390/inventions9050111 @ Universitat Bremen

The project leading to this application has received funding from the European Union’s

Horizon 2020 research and innovation programme under grant agreement No 869703
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Mining value from brines

€ Recovery — Multivalent Stream

<= 3D Adsorption

TECNICAS REUNIDAS

v Non-dispersive \'
University .
solvent extraction =
In In
Mo

= Development of 3D-adsorption modules

and application for In, V. and Mo recovery. = Development of a process for the recovery

of Ga with ionic liquids (98% recovery).

___-___-___-___-é__-___-___-___-
o

Validated at lab scale with synthetic brines

The project leading to this application has received funding from the European Union’s

Horizon 2020 research and innovation programme under grant agreement No 869703
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3D Adsorption Modules

LUT
University

VALUEZ"-

Mining value from brines

Operation Eluant Concentrations Adsorption rate
. Brine flow Eluent Initial Final
Brine rate flow rate E.C. E.C. v Mo In v Mo In
(mL/min)  (mL/min) (mS/cm) (mS/cm) (ppb) (ppb) (ppb) (%) (%) (%)
Tenerife 2.5 0.9 225.4 194.7 1028 8878 <0.010 70.8 75.1

« Adsorption efficiencies of > 70% were obtained for
vanadium and molybdenum.

Arifur et al. 2021
https://urn.fi/URN:NBN:fi-fe2021110554033

The project leading to this application has received funding from the European Union’s

Horizon 2020 research and innovation programme under grant agreement No 869703
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Recovery — Multivalent Stream _~~SEA4
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Non-dispersive solvent extraction & |

Solvent pump

Solventout

In recovery process diagram

Feed out i

Metal-rich brine
concentrate

Adsorbents

Sclvent pump

Agueous solution

Strlpplng Solvent

stage 1
91% of the

initial indium

is recovered

e eyl |nputscenary 1 Extraction
stage

(WP4)

[in] 100

Mo recovery process diagram

Metal-rich brine For
concentrate molybden u m
Adsorbents

tests, 98% was [Inl M [Mol [Na] [K] [Mg] [Cal (g
Input scenary 1 p [CI]
recovered with H (epm)  (ppm)  (ppm)  (g/L)  (g/L)  (ppm)  (ppm) @/L)
| respect to the 12 103 10 2 84 21 2 7 111

initial one 11 1 19 52 88 22 2 20 59

The project leading to this application has received funding from the European Union’s
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Stream - lonic liquids VALUE:

Mining value from brlnes

Ga(lll) extraction process from brine

Saturation of IL"y 1
g 4 mLNaCl (3.7M) ®

1 i '
E () 20mLorganic phue<: m;::q:usse E |
1 i
i i
(I )

R

]
TRt e e 1
—— (N

Centre Tecnologic de Catalunya

3500 rpm, 15 min

= Development of a process for the recovery of Ga with g | , e

| E: l i.

liquid-liquid (98% recovery) tested at lab scale with H— ‘ ¥ 7 - | ‘ii“
o ; = | i " -»

synthetic brines @"U" = !

= Recovery of Rb from monovalent ion stream with liquid- EL Saturation of I Metal extraction; | Stripping |

20 mL brine

4.4mLNaCl (3.7M) :
(doped § ppm)

5mlL 18-crown-6 (1 g/L)

]
500 mg dibenzo-21-crown-7 |

| ThermoMixer* Room Centrifuge
: 25°C,400rpm, 10min  temperature

liquid extraction (86% recovery) tested at lab scale with § ~»‘ 2omtrni e — T p— |
synthetic brines Lo, o | §
R -»U-» ] '

3500 rpm, 15 min

The project leading to this application has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant agreement No 869703
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Efficient Extraction of Target
Metals

€ Recovery — Multivalent Stream

*= Production of boric acid using ED +
EDBP with 80% current efficiency and
2,5 concentration factor.

UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

= Development of a process for lithium recovery based
on solvent extraction technology. Li extraction
reached 98% after 3 stages. Obtention of Li,CO,
(97,2% purity)

Solvent Extraction =)

L3 L3 Li
Bq— Electrodialysis
Bipolar Membranes
TEAA
Figueira et al. 2023 Raigue| et al. 2023
https://www.sciencetalks-journal.com/article/S2772- https://doi.org/10.1080/07366299.2023.2206440

5693(23)00096-8/fulltext

The project leading to this application has received funding from the European Union’s
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Final steps VALUEZ-

Mining value from brines

Development of models and the PSP

= Development of most of the mathematical models to simulate and predict the performance of each technology

Moving lab in operation until November 2024 to test the remaining technologies for selective ion

concentration

Sustainability, exploitation and future market uptake assessment

= Life Cycle Assessment for each technology
= Market analysis. Market framework for each M&M has been set
= Compiling the information about the Sea4Value products for quality, quantity, and impurities

= Transfer from Innovation to Practice: Standardisation needs has been formulated for brine mining

The project leading to this application has received funding from the European Union’s

Horizon 2020 research and innovation programme under grant agreement No 869703
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Conclusions

New local source of minerals
and metals + lowering
dependence on imports

New technological solutions for
SWDPs and other processes
e.g., mining effluents. More
research is needed to bring
them to he market

Map of brines compaosition for
EU Raw Material Information
System

VALUEZ

Mining value from brlnes
I ~lbaadierr

i

The project leading to this application has received funding from the European Union’s e
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Mining value from brmes

Sandra Casas

Sandra.casas@eurecat.org

https://seadvalue.eu/

LinkedIn m
https.//www.linkedin.com/company/seadvalue/about/

Twitter ,

@Seadvalue



https://sea4value.eu/

	Basic slides
	Diapositiva 1
	Diapositiva 3: What is Sea4Value? 
	Diapositiva 4: Circular Supply 
	Diapositiva 5
	Diapositiva 6: Which metals and minerals?  
	Diapositiva 7
	Diapositiva 9: Why is this approach different? 
	Diapositiva 11: Brine Composite Catalogue
	Diapositiva 12: Brine to test and Demo Site
	Diapositiva 13: From lab development to evaluation in a relevant environment with real brines
	Diapositiva 14: Brine Mining Process
	Diapositiva 15: Brine Mining Process
	Diapositiva 16: Brine Mining Process
	Diapositiva 17: Brine Mining Process
	Diapositiva 18: Sea4Value Brine Mining Concept
	Diapositiva 19: Sea4Value Moving Lab
	Diapositiva 26: Pre-Treatment – Calcium Precipitation
	Diapositiva 27: Pre-Treatment – Nanofiltration
	Diapositiva 28: Concentration – Membrane Crystallization
	Diapositiva 29: Concentration – Multi-Effect Distillation
	Diapositiva 30: Recovery – Multivalent Stream
	Diapositiva 31: Recovery – Multivalent Stream 3D Adsorption Modules 
	Diapositiva 32: Recovery – Multivalent Stream Non-dispersive solvent extraction 
	Diapositiva 33: Recovery – Multivalent and monovalent Stream - Ionic liquids 
	Diapositiva 34: Recovery – Multivalent Stream
	Diapositiva 38: Final steps
	Diapositiva 39: Conclusions
	Diapositiva 40


