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(J lonometallurgical process’ development.
» Leaching (TECNALIA- Ainhoa Unzurrunzaga)
» Electrochemical recovery (SINTEF- Ggril Jahrsengene)
» Chemical recovery and residual solid valorisation (LUREDERRA-

Cristina Salazar)

[ Pilot plant advances and overview of the upscaled process
(TECNALIA- Laura Sanchez)
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lonometallurgical process’ development
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Objectives

Investigate and fine tune leachin

separation and purification processes for selective
recovery of CRM (e.g. Pt, Co, Ge, In, Sb or Bi) by an ionometallurgical process.

O Mineralogical characterization of
test and product materials.

L DES leaching: Elucidate chemical
dissolution behaviour and kinetics
of byproduct bearing minerals in

DES.

Solution speciation and effects of
contaminants: Investigate
fundamental controls on
speciation and redox behaviour in
DES solution of target elements,
and the effect of contaminants.

Communication and

Dissemination
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Sustainability assessment
and exploitation
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Recovery of valuable elements: Investigate the recovery of metals from DES by a range of methods

(electrowinning, precipitation, etc) with the aim of selective recovery and purification of target

byproducts.
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Flowsheet of ION4RAW process tecnal:a
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Upstream activities lonometallurgical process Downstream activities
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Outcomes of the ION4ARAW project

d lonometallurgical process’ development.

» Leaching (TECNALIA- Ainhoa Unzurrunzaga)

» Electrochemical recovery (SINTEF- Goril )
» Chemical recovery and residual solid valorisation (LUREDERRA-
Cristina Salazar)

[ Pilot plant advances and overview of the upscaled process (TECNALIA-
Laura Sanchez)
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Deep eutectic solvents (DES)

H DEEP EUTECTIC SOLVENT: Eutectic mixtures of Lewis and Brgnsted acids and bases
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Examples of precursors for “type llI” DES

-

— N‘\'\"\_,,OH

Choline chloride

\

6

Type Precursors
Type | Quaternary ammonium salt + metal chloride
Type Il Quaternary ammonium salt + metal chloride hydrate
Type I Hydrogen bond acceptor + hydrogen bond donor
Type IV Metal chloride hydrate + hydrogen bond donor

\_

Hydrogen bond aceptors (HBA) \

/N\CI_

Trimethylammonium chi

NN _-OH

0 o

\( Choline acetate

__,\,\E:/\\/\\
N NN

Tetrabutylphasphonium bromide

| cl-
+=
‘\""N

| o
Betaine /

~

/ Hydrogen bond donors (HBD)
i ﬁ OH
I A~
c c HO
thl/ \‘NHZ. HaC/ ~N\‘“NHz
Urea Acetamide Ethylene glycol
o OH OH OH
Ho\“)\cm HO OH HO Mo
\ 5 OH OH OH OH
Oxalic acid
— il D-Sorbitol /
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Potential advantages for extractive metallurgy bshwse
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DES and concentrates studied tecnal:a
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DES selected
| ci” C”) cr R—O cr R
\N® C \lll@ \ \lll@ I‘l\l\
~"~"SoH |/ RT TOH ~NSSoH H = ~"~"oH / R "R
Choline chloride + carboxylic Choline chloride + alcohol Choline chloride + amine
acids group
Concentrates U 9 materials from 5 different mines.
& \ L Sulphide concentrates rich in Cu, Pb, Zn, Au and Ag.
SCOTGOLD  CUMBR L Mineralogy and target elements of the most studied concentrate:
[IR[IVM.I.F E Mineralogy Associated target elements
- Galena (PbS) Ag and Bi (both as inclusions)
Hessite (AgTe,) Ag and Te
Wittchinite (CuBiS,) Bi
Tetrahedrite [(CuFe),,Sb,S ;5] Sb and Ag (as inclusion)
Aleksite (PbBi,Te,S,) Biand Te
Pilsinite (Bi,Te;) Biand Te
Bismuthinite (Bi,S;) Bi
Sphalerite (ZnS) Cd and In (both as solid solution)

Bl ION4RAW
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tecnaka

Experimental leaching procedure

{Su'ph'de . } DES screening
concentrates rich in

Cu-Ag-Au

. P <
1 Leaching
i‘ process
|

Ore concentrate

DES leaching assisted
with additive/oxidant

Metal |
bearing DES

Selection of most
promising DES-system

~_ @
- % 5

P

DES DES + concentrate = Metal bearing DES

Optimization of
operating conditions

Choline

chloride
 based DES
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Results e ormmsusescoon

100
Effect of DES chemistry 90 R
80
% The compounds conforming the 0 nEsY
DES influence its ability to £ ko wPES 3
dissolve different metals. g lso
§ 40
s Some DES allow higher recoveries ol
of the different elements, but can -
be less selective to target by- 10 I
products. 0 Hme = Ha= Il L. Ill Il I B II
] ) Fe Cu Zn Pb Ag Cd Sh Te Bi
+* Despite the recovery, the final
concentration of the different 140
.. EDES1
elements is important (based on 190 e
the initial concentration of the o0 - DES 3
elements in the concentrate). B
ol 8
'% 60
g 40
dbl (A |
0 .. . —_ Il- -l I.
Fe Cu Zn Pb Ag Cd Sb Te Bi
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Effect of DES chemistry 122
80
70
60
50
40
30
20

mDES1
DES 2
DES 3

Recovery (%)

Effect of additive/oxidant addition 100

¢ Higher recoveries for almost all the m DES 2
target metals. -5 W DES 3

90 WDES1
¢ Less selective extraction. &0

50
Possibility of adjusting the amount of 40
oxidant and additive to find an equilibrium 30
between increasing the extraction of the 20
target elements as much as possible but = i M || I I

Fe Cu Zn Pb Ag Cd Sb Te

having a process as selective as possible?

Recovery (%)
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Role of DES
RECOVERY (%)
Leaching system < Ph Ag Ccd In Sh Te Bi
H20 + add + oxi 19 | 33 | 54
DES + add + oxi | 18 | 24 | 31 81 | 36 | 28 | 34 | 84 | 97 |

/

** The presence of the DES increase the recovery of the different elements, especially for the target
metals.

12 Ainhoa Unzurrunzaga: ainhoa.unzurrunzaga@tecnalia.com
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Results e oot sescaocn

Effect of solid/DES ratio 100 . ——
90 | 1:50
s Higher recoveries of target and 80 = 1:20
main metals for lower solid/DES _ ZZ g = e
ratios. : &6 \
. 5 40 \ \4 \
** However, the decrease in target 30 \
metals’ recovery for higher ratios is 20 | \4
not so significant. 12 II I II I I_
Fe Cu Zn Pb Ag Ccd In Sh Te Bi
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m1:0,5

Effect of solid/oxidant ratio 0
¢ Higher recoveries of target for j w il
. . . 12
lower solid/oxidant ratios. 6 B
. . 5
¢ But higher recoveries of main 5
metals as well =2 Less selectivity. 3 |
2
1
I -II I I I I
Cu Zn Pb Ag cd In Sh Te Bi

Fe

Recovery (%)
O O O 0O O O © O

o
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Conclusions peneen s v esaoc

O Studied parameters interconnected - Extensive optimization by Design
Of Experiments (DoE) method.

100

E Target elements ! Major metals m Ag
90
Parameter studied 80 m Bi
DES/S 70 Sb
Oxidant/S < 60 Te
Additive/S g 50 In
. . S 40
Leaching time : . m e
Temperature & mCu
Stirring 20
10 Zn
1 Pb

0
Cond. 1 Cond. 2 Cond. 3

d Selection of DES-system and operating conditions based on best
compromise between:

v' Highest recovery and highest concentration of target metals.
v' Low amount of main metals.
v’ Suitability of DES for subsequent electrowinning process.
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Conclusions
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(d Recovery results for the operating conditions with the best compromise.

El Target elements z Major metals

Recoveries (%)

HAg
M Bi
Sb
Te

HFe
H Cu
Zn
Pb

Bi Ag Te
97% 81% 84%
In
28%

[ These conditions were considered as starting point for up-scaling to

medium-scale.
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Outcomes of the ION4RAW project

d lonometallurgical process’ development.

» Leaching (TECNALIA- Ainhoa Unzurrunzaga)

» Electrochemical recovery (SINTEF- Ggril Jahrsengene)

» Chemical recovery and residual solid valorisation (LUREDERRA-
Cristina Salazar)

[ Pilot plant advances and overview of the upscaled process (TECNALIA-
Laura Sanchez)
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Flowsheet of ION4RAW process SINTEF

Upstream activities lonometallurgical process Downstream activities
{ 7a A\ ! 1'/‘ 72 N \“. . l',‘ \ .\]
ores i || Comminution | | ores ! | . concentrate ! and treatment ||’ Treated
i and g || teenaka |y o
.-_>: beneficiation || ! i S ! ! € urederrs :.-> solia
& \ : ! p—p | \\ ) ! | :..,L.‘ol e.:?[‘;lg |
SCOTGOLD  CUMBR : ! . i l : & / I
DROVALLE E N owargel - | ; g .
! \L i : : | DES : i //Recovery of other |) !
RO o I ; eac ate ; : metals by :
: ! : ! chemical ]
: : i : techniques :
(f I_: !
! Electrorecovery || :, > \ rederrs ) .
: SINTEF : Leachate with | :
I " i remaining L !
i g : metals ! ~ A !
I : i : DES cleaning ||
. ! : ‘|| andrecycling ||! , Recycled
L | ¢ w |[i7 DEs
| ' Target by-products d kb Bead | |
SN " ! :
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Electrowinning — what is possible? SINTEF

 Input: DES with dissolved metals
 a) Directly after leaching of ore concentrate
* b) After chemical methods to remove certain metals

 Many metals may be in the DES: Ag, Bi, Sb, Te, In, Cu, Fe, Zn, Pb (++)

* Need to identify the stable electroactive species and redox behaviour to identify
what may happen during electrowinning

» Systematic testing with chlorides

ERE e

* Possibilities: Targets Te, Ag, Sb, Bi, and In deposits within limit of the DES, as does
base metals Cu, Pb and Au

* Limitation: Sb, Fe and Cu have a higher stable oxidation state = losses depending on oxidation
state in DES

 Limitation: Presence of many metals (targets and base) with possible large difference in
concentrations

e Limitation: Anode reaction

Bl IONZRAW
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Characterizing DES electrolytes

* Small scale cell, investigate ~25 mL =
DES at 60 °C by cyclic voltammetry 0
(CV) and chronoamperometry (CA)

* Ag and Bi present in highest

Alloy

dissolution

Fe(l)=>Fe(lll)
Cu(l)=>Cu()

rrent density (mA/cm?)

concentrations of targets—> are
able to identify electrochemical °
signals relating to these metals

* Te and Sb also present, but in smaller Cos o
concentration, so not always visible in

N AR N—

Sh<-Sh(ll
Eiﬁl‘:ﬂlu}l —— (_= Te<-Te(IV) cu(l)&Cu(ll)

Fe(ll)&-Fe(lll)

0 0.25 0.5 0.75 1

Potential vs Ag/AgCl (V)

CV p—

e This example have high presence
of Fe(lll) and Cu(ll)
e High CD is needed, with low CE

e Signals relating to Cu appear when
potential is more cathodic

Current density (mA/cm?)
i i ‘
w o u

)
(S
)

-0.6

20 @Goril Jahrsengene: goril.jahrsengene@sintef.no

r==="

-0.4

100

----- 80

——————— - 60

40

Current efficiency (%)

20
+ 0

-0.2 0 0.2 0.4 0.6 0.8
Potential vs Ag/AgCl (V)
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Optimizing and upscaling SINTEF

e Goal: Produce alloy of Ag-Sb-Bi-Te with
* As small contribution of Cu and Pb as possible in alloy
* As high current efficiency as possible

e Optimization during upscaling: change in
IeachinOF Barameters — similar amounts of metals
leached, but less in high oxidation state = lower
CD, but higher CE - more effective EW

* Also more effective with respect to anode/cathode 15
area requirement 06 03 0

15

10

-10

Current density (mA/cm)

03 06 09 1.2

* 1.5-2h eIectroIYsis experiments at -0.3 V vs Potential vs Ae/Agcl (V)
Ag/AgCl in small scale EW cell showed Potential vs Ag/AgCl (V)

e CE improved from 30-40 % to 50-55 % (ICP 06 03 0 0.3 0.6
rEnV?/asurements) / 55 % to 75 % (EC evaluations before

* Less current (30 %) for same amount of metal
depletion.

* Metal depletion (= recovery) was similar: Ag 30-35 %,
Bi and Sb 20-30 %, and Te 10-15 %. Cu was also
depleted 10-15 %.

e SEM results of metal deposits showed alloy with ~ 50- N
60 % Bi, 20 % Ag, 5 % Sb, 3 % Te, 5-20 % Cu. Small
amounts (2 %) of Pb was also measured.

Current density (mA/cni)
N

Bl IONZRAW
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Opportunities SINTEF

* ION4ARAW EW-process using this specific concentrate should be able to
produce metal alloys with >80 % of target elements Ag, Sb, Bi and Te
(remainder mainly Cu) using batch electrolysis

e Thisis a large “improvement” when compared to the start-concentrations of

target metals in the ore materials = up-concentration technique producing a
metal alloy that can be further refined

* In some instances, reducing the CD (and as such CE) different metal alloys could
be produced, e.g., containing more Ag compared to Bi

 Different ores may result in different combinations of metals and
concentrations in DES after leaching, but the knowledge of the

electrochemical reactions for the relevant metals can be transferred to these
systems

 Different systems (i.e., for recycling of simpler components), more selective
leaching, and/or combining with a pre-step chemical recovery may give:
* Less variation in metals in the DES to interfere with each other electrochemically
* More effective EW-process producing single metal or simpler alloys

e Should be able to recover something valuable also on the anode, possibly working
in flow cell configuration

22
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Outcomes of the ION4RAW project

d lonometallurgical process’ development.
» Leaching (TECNALIA- Ainhoa Unzurrunzaga)

» Electrochemical recovery (SINTEF- Ggril Jahrsengene)

» Chemical recovery and residual solid valorisation (LUREDERRA¢
Cristina Salazar)

M Pilot plant advances and overview of the upscaled process (TECNALIA-
Laura Sanchez)

Bl ION4ZRAW
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Flowsheet of IONARAW process @ urederra

centro tecnologico

Upstream activities lonometallurgical process Downstream activities
Cu-Ag-Au ! f 3 ' ! @ . ) | Residual : i;“d cleanini\ !
! .|| iPre-treated ! || DES leaching || ; : & ||
ores ! Comminution || ; ores ! : concentrate ! and treatment 5 Treated
) and 5 . || tecnal:a  —— = e
) || beneficiation || ! i R ! i Qi ; solid
WY \ : ! —) | \_ | . :":l;lol rEiﬂ?[ﬂlg !
SCOTGOLD  CUMBREX ! I I ; \ ) : | k ) :
OROVALLE E | oyardell | Lo | ~ \i
A\S ) : - +  DES i fRecovery of othe}\
n / | : leachate : metals by
. : : chemical
7 ) | (—| || techniaves
/|| Electrorecovery || !, > & € urederre /)
E SINTEF : LeaCha'I.:e'Wlth : :
: L ) i remaining :
; . metals : — . =\ :
: : : DE: cleanll.ng ' Recycled
i i : and recycling i DIIES

Target by-products | !ﬂ’fﬁ%fﬁ

& Homaicy -
\ . \ {"'l get /
N, 4 ‘. .
-
L L] L] n L] n
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Introduction . cderra

centro tecnologico

LUREDERRA has contributed with its
experience related to advanced chemical
processing for the development of
 suitable separation routes.

Main concepts:

MATERIALS FROM
THE MINES

DES (Leaching)

SOLIDS

TARGET METALS

A4

| Bi, Te, Ge, In, Co, Pt and Sb I

Bl ION4RAW
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Chemical recovery of metals of interest — 7

urederra

SCOthId mine centro tecnolégico

The material from each mine implies a different combination of elements in different proportions, so
each sample required an adapted separation route.

Before selecting the final materials, LUREDERRA worked with other samples. For instance:
SCOTGOLD materials --> focusing the separation on Tellurium.

Te, Fe, Co, Cu, Zn, Ge, As, Mo, Sb, Pb, Bi

Heat until HCI
removal and add KI

Na,S,0; and filtrate

I Fe, Co, Cu, Zn, Ge, As, Mo, Sb, Pb, B|

Bl ION4RAW
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Chemical recovery of metals of interest — ¢

urederra

centro tecnologico

El Porvenir mine

For the finally selected mine, a chemical route was designed to obtain some of the target metals of
interest. It has been divided into different stages to gradually separate those metals.

Fe, Cu, Zn, Pb, Se, Mo, Ag, Cd, In, Sb, Te, Bi, Co, As, Mg, Ti, Mn I

Leachate J

N325203 TR

\. Precipitate 1 J DES phase I

Fe, Cu, Zn, Pb, Se, Cd, In, Sb, Te, Bi, Co, As, Mg, Ti, Mn I

DES rich in silver and
clean from most metals

27

l

I Next step I

Bl ION4RAW
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Chemical recovery of metals of interest — ¢

urederra

centro tecnologico

El Porvenir mine

I Fe, Cu, Zn, Pb, Se, Cd, In, Sb, Te, Bi, Co, As, Mg, Ti, Mn I

L Precipitate 1 J

HNO,, A
" Precipitate 2 ‘ Solution 2
/
I Fe, Cu, Zn, Se, Cd, In, Sb, Te, Bi, Co, Mg, Ti, Mn | With this step it is
‘ possible to eliminate
- one of the principal

metals: Pb.

I Next step I

Bl ION4RAW
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Chemical recovery of metals of interest — ]

urederra

centro tecnologico

El Porvenir mine

I Fe, Cu, Zn, Se, Cd, In, Sb, Te, Bi, Co, Mg, Ti, Mn I

Solution 2
NaOH
Y (until pH = 6)
Na,S,0; l

Solution 3

4 : In this stage we use two steps. In the first
Fe, Zn, In, Co, Mg, Ti, Mn .
I Cu, Se, Cd, Sh, Te, Bi I one, we adjust the pH to more neutral and,

then , we precipitate with thiosulfate.

' Precipitate 3 J

l Thus, we achieved the separation of many of
the metals present in the solution.

I Next step I

Bl ION4RAW
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Chemical recovery of metals of interest — ¢

El Porvenir mine

I Cu, Se, Cd, Sb, Te, Bi I

{ Precipitate 3 !

(NH,)Cl + Na,5,05

Precipitate 4
HNO,
A 4

Solution 5 L

& -/
NHy,
Y

| Precipitate 6 ' Solution 6

Cristina Salazar: cristina.salazar@|urederra.es

I —

Solution 4

I Se, Sb, Te l

urederra

centro tecnologico

These final stages of the separation route
manage to obtain, in a quite selective
manner, two of the metals of interest

present in the project's leachate: Tellurium

and Bismuth.

With this complementary route, we have the
capacity to recover Ag, Te and Bi. This route
may be used before and/or after the
electrochemical process to maximize the
elements recovered.

Bl ION4RAW



centro tecnologico

Flowsheet of ION4ARAW process L urederra

Upstream activities lonometallurgical process Downstream activities
7 oY [ 7 NG (7
Cu-Ag-Au | o : Pre-treated ' DES Ieaching : Residual Solid cleaning
ores | || Comminution || ; ! . concentrate
! ' ores : i and treatment Treated
H : and : ! tecnal:a ' a Q .
. . || beneficiation || ! i RS ! Qi solid
\fq,‘; \ - I —> I \\; j I & tl‘lLlo tecnolég :C; )
ScOTGoLD  CUMBREX ! ! I ; : J
1 | . ‘ ! .
DROVALLE E M yargel | ; ; ! ,
! 1 . . 1 - ~ !
A\S i - DES : i fRecovery of other\ !
v / | : leachate : i metals by !
: : : : chemical i
VS ) | (mm— || fechMiaues ),
. i|| Electrorecovery || |, > : € urederra :
I : SINTEF : LeaChat-e.Wlth : L |
- i i remaining :
I N 4 : metals 1 = 2
: : i : DES cleaning ||: Recycled
- ! : || and recycling || DES
| i ; i ¢ o || |
. Target by-products ki Bewd | :
I. N i 3 B )l I

Bl ION4RAW
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Revalorization of residual solids-

. . lureder‘ra
Undissolved fraction

LUREDERRA also worked in the reutilization of the residuals solids after filtration process of the
ION4ARAW project.

il

! [ Filtered DES
| recovery

The aim is to reuse the residual solids to reduce the waste generated in the project.
The application field has been construction sector, incorporating the solids in concrete as filler.

Bl ION4RAW
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Revalorization of residual solids-

. . Lurederjra
Undissolved fraction

First the particle size distribution was studied before and after leaching.

{400- | r2000- | [2000- .
[<m2? 2°m7]5 75;]50 zéésom] Aéf]mm 1000 | 2000 | 4000 [4;30:} El Porvenir
m m m p bl | el |l |
0,0

20,5 [ISEEN 108 97 [100 43
05 - 3,9 83 104 | 118 46
o0 B ss 0,0 1,4 5ol 55 sl s
CERRO 27 M 83 o6 14 51 64 48 52
LINDO o2 DEEENIEEE o5 o9 27 64 80 96
EL o NI 67 o0 o2 16 31 37 54
LLOELCITT Y - B s o2 14 44 56 56 60

E AN = ) B
o o O O

percentage (%
~N w
o o

Non leached
10 el YT
A R S S s—
0 Leached 2
N S ~ N N N N N DN
& & & & S & &
& & o & e s 5 & S
N Q & P & & & &
MR

The results show that the biggest particle sizes disappear after leaching.

5o Bl ION4RAW
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Revalorization of residual solids- O coiorrs

centro tecnologico

Undissolved fraction

Mixing of the formulation and preparation of the test tubes

Scotgold not leached solid '
Scotgold leached solid , l
El Porvenir not leached solid ! l

El Porvenir leached solid

Test battery

The incorporation of the residual solids as filler does not affect to the mixing/curing process
Various proportions of solids were added, checking also not leached solids to validate all particle ranges

Bl ION4RAW
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Revalorization of residual solids- O iorm

Undissolved fraction

Density Flexural strength at
maximum load (MPa)

Scotgold not leached solid 1.217 74 2.289
Scotgold leachate solid 1.200 78 0.980

El Porvenir not leached solid 1.276 86 2.547
El Porvenir leachate solid 1.336 82 1.823

The results validate the incorporation of the residual solids as fillers for concrete, showing suitable
mechanical properties.
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Flowsheet of IODN4ARAW process
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Recovery of the DES € urederra

centro tecnologico

With the aim of achieving a cleaner DES (and with lower water quantity), several steps from the
chemical route were revised.

[ Solution ][ Solid ]

The use of solution instead of the solid reagent is more efficient due to enhanced interaction

The use of saturated solution (highest molarity) is more efficient for metal removal and also reducing
the amount of water in the DES.
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Main conclusions € rederra

centro tecnologico

Valuable elements such as Bismuth or
Tellurium can be recovered from mine

secondary sources by chemical routes \

The undissolved solids can be valorized ‘Sustainable
as fillers for concrete formulations m—) mining
showing good mechanical properties solutions

The separation of leached metals in
initial stages of chemical process
promotes the re-use of the DES.
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Outcomes of the ION4RAW project

J lonometallurgical process’ development.
» Leaching (TECNALIA- Ainhoa Unzurrunzaga)
» Electrochemical recovery (SINTEF- Ggril Jahrsengene)

» Chemical recovery and residual solid valorisation (LUREDERRA-
Cristina Salazar)

] Pilot plant advances and overview of the upscaled process (TECNALIA-
Laura Sanchez)
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Pilot plant advances and overview of the upscaled

process

Objectives

Upscaling of the
process developed
at lab scale and its

demonstration

To fine-tune and further optimize

To test the quality of recovered by-
products

Partners
tecnal:a !

GAK
OF BASQUE RESEARCH
& TECHNOLOGY ALLIANCE
Pepe®”

€ urederra (O ldener Rl:H

%  TECHNISCHE UNIVERSITAT s I N'I E F
5 BERGAKADEMIE FREIRERG

. . " "o SCIENTIFIC COMPUTING
centro tecnoldgico
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Pilot plant advances and overview of the upscaled ecnal:a

RESEARCH

process R

Stages of the ION4RAW process development

Lab scale investigation (TRL3)

Medium scale optimization (TRL4)

v istri : " .
Eqist::faelr:'smes and Pilot plant optimization &
i
v Effect of parameters and v Optimization of process ‘demo (TRL5)
additives conditions for Iea_chlng v" Design and construction
v" Selection of DES/material and electroche$lca| of pilot plant
v' Lab scale optimization of recovery at medium . imizati
leaching and chemical and scale (<10L) Opjclml.zatlon and :
. validation of leaching and
electrochemical recovery electrochemical recovery
process at pilot scale (30-
100 L)
e Characterization of
products
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Pilot plant advances and overview of the upscaled

process

Design of ION4RAW process pilot plant

Pilot plant outline

DES =
Oxidant — A Feed
Additive

0

One main reactor

Leachate filtration after
leaching and before
electrowinning

: TARGET

Leachate R ¥ METALS
— Leaching/

electrowinning

Residual
solid

Pb  Filter press
precipitate

Buffer tank

Bag filter
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Pilot plant advances and overview of the upscaled ecnal:a

process A

Construction of the prototype: main equipment and components

» Glass-lined steel leaching/electrowining reactor (35L) adapted with complements for the
ION4ARAW process: adapted cover, cooling system, dosing pump, probe for parameter
monitorization, etc.

* Filter press for the solid/liquid separation after leaching

* Auxiliary tank to store the filtered leachate

* Electrodes and potentiostat/ current rectifier for electrowinning
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Pilot plant advances and overview of the upscaled

process

Progress on pilot scale leaching tests

v v

7 batches processing a Satisfactory e /
total of 24 kg of temperature control ~ TTEE Ore concentrate
2 : R R T
con?entl:gte in 130 L of achieved L. ' i
eaching media (Room T-45°C) Final optimization and <o
production of 100 L
/ leachate at the optimum " DES leachate
Amount of oxidant conditions » .
SatiSfaCtory filtration Signiﬁcantly reduced F P
achieved with respect lab and
(15-20 min) medium scale with
good efficiencies

Residual solid
Target elements

_ Ag Sb Te Bi Mn Fe Cu Zn Pb

Recovery (%) 70 24 62 77 80 6 5 14 5
Conc. (ppm)* 267 100 58 809 1738 1164 400 884 3230*

Leaching recoveries and conc. obtained with optimum composition at RT - 45°C during 2.5 hours

* Before filtration
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Pilot plant advances and overview of the upscaled ecnal:a

RESEARCH

process R

Progress in pilot scale electrowinning tests

N

Electrowinning from
100 L leachate a
optimum conditions

5

/ Electrochemical \ .--: \

characterization of pilot el elec(:jtrowmnl.n_g
plant leachates using pilot | tes;c; 'sA:car'Eei: .i.f%%oi:'ﬂon |
plant cell to identify ' A8, Bl 1€, 50, ‘
electrodeposition achieved replicating lab
potentials and current .sc.ale.results. . ‘
K densities. / Optimization on-going

Ry 30
ond hnrd.
i \ \ 5
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1 ; : Sl
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% a3
o e
anl L
a2 bt
-
o

1

L o PP P P o e P e

S R o woow @ om0
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Cyclic voltammetries obtained
with pilot plant leachates

Deposits obtained in initial
electrowinning tests
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Pilot plant advances and overview of the upscaled

process

Summary

v’ lon4raw pilot plant designed and constructed at Tecnalia

v’ Pilot plant leaching and electrowinning tests in progress.
Finalizing optimization.

v’ Production of 100 L leachate and electrowinning of target
metals at the optimum conditions will be carried out
during December.
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ecnai:a

OF BASQUE RESEARCH
TECHNDLOGYNJ.IANCE

Pilot plant advances and overview of the upscaled

process

Overview of the ION4RAW process: Advantages & challenges

v Low temperature,
atmospheric pressure
process for extraction

critical metals from
sulphides

|

(/ Milder leaching
medium than
conventional

leaching solutions for
sulphide ores

0 Acceptable viscosity\

Filtration comparable to
agueous media
(equipment, time, losses).

. J

Standard
hydrometallurgical

/()xidant and additives used\
but greatly reduced after
optimization.
Environmentally benign
alternatives to traditional
oxidants tested

k equipment used /

ION4ARAW
process

4 )

Partial selectivity.
Leaching of target

Ksatisfactorily at lab scale/

Laura Sanchez: laura.sanchez@tec

elements with moderated
dissolution of main
elements. Related to

\ nature of raw material j

nalia.com

f Commercial and \

acce55|ble chemicals
Preliminary estimates
DES ~ 15% of total cost
(could improve with
more detailed cost

estimation)

DES recyclability and )
chemical stability studies
on-going.
Evidences of degradation can
be minimized at the
\_ optimum conditions _/
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Thank you. Get in touch for more

information!

Follow the progress of the project on the ION4ARAW
website.

Project coordinator: Maria Tripiana, IDENER
Contact us: contact@ion4raw.eu

Visit our website: www.ion4raw.eu

Follow us on Twitter!
@ION4RAW EU

Follow us on LinkedIn!
ION4ARAW H2020
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