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What was the driving force of the recovery project ?

Critic and strategic (2023)Both critics (2021, 2023) and Bi strategic (20203)
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Recovery of CRMs (Bi, Sb) in metallurgical process streams (Recopps-EIT-RM-up-scaling)

-RECOPPS 
Fast-Track (2018) TRL5

Upscaling(EIT RM PN‐19119)
TRL 7-8
Budget: 2.7 M€



Efforts centered in the stream of the polishing stage
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AC Smelter (Huelva) Flowsheet
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Sb and Bi Removal Plant: Characterization of eluate and cakes

Where are the main process streams for Sb and Bi recovery ?
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What are the Sb and Bi recovery principles: processing schemes

Main scientific challenges (eluate chemistry) 
i) Sb/As speciation control, 
ii) Limited thermodynamic data base for Sb/Bi in 3-6 M was limiting the use Chemical Process 

Modelling Tools to describe and optimize processes involved  

Target objectives/technological & Scientific challenges
• Sb and Bi recovery as pure as possible (KPI on purity) / No presence of As (<0.1 %? TBD after 

market analysis)
• As removal  and stabilization from the stream (minimizing dilution factor)
• Potential recovery of HCl (3-5 MHCl):  OPEX reduction / on-site process re-use



Bi and Sb recovery project
[RECOPP]

ELECTROREF. UNIT
200-250 g/L H2SO4

H3AsO3/H3AsO4/ Sb(III)/Sb(V)/ Bi(III)

IX PRE-POLISHING
Cu(s)

IX STAGE
[BiIII, SbIII]

STRIPPING SOLUTION
6 M HCl

Objective:
Fe(III) → Fe(II) to extend IX life
What happened to As(V)/As(III) 
redox par?

Un-expected co-extraction
of H3AsO3/H3AsO4/H2SO4

ELUATE
3 – 4 M HCl excess, H2SO4
BiCl4-, SbCl4

- H3AsO3/H3AsO4
Ca, Cu

Bi, As and Sb speciation issues

Prior IX installation :As(III): 0.51,  As(V):  8.60 g/L 
After installation IX: As(III) 0.46  As(VI)  8.71 g/L

As(V): 94%
As(III): 6% 

SPECIATION ON THE ELECTROREFINING REACTOR

Electrolyte:
57 Sb(III)
43% Sb(V)



Potential separation / Recovery processes 
• Solvent Extraction (SX) route taking benefit of extractant selectivity

What are the Sb and Bi recovery principles: processing schemes
ELUATE
HCl (3-6 M), 
H2SO4(0.1-0.3M)
Bi(III): BiCl4

-

Sb(III): SbCl4
-

Sb(V): SbCl6
-

As(III): H3AsO3
As(V): H3AsO4
M(II): Ca(II), Cu(II), Zn(II), Fe(II)…

Acidic organophosphorous
extractants (BASF)
Solvating organophosphorous
extractants (Solvay)

(0.02-0.09 M)

(0.02-0.07 M)

(0.01-0.04 M)

(0.001-0.01 M)



ELUATE
3 – 4 M HCl excess, H2SO4
BiCl4-, SbCl4

- H3AsO3/H3AsO4
Ca, Cu

Bi and Sb recovery project
[RECOPP]

ELECTROREF. UNIT
200-250 g/L H2SO4

H3AsO3/H3AsO4/ Sb(III)/Sb(V)/ Bi(III)

IX PRE-POLISHING
Cu(s)

IX STAGE
[BiIII, SbIII]

STRIPPING SOLUTION
6 M HCl

Objective:
Fe(III) → Fe(II) to extend IX life
What happened to As(V)/As(III) 
redox par?

Un-expected co-extraction
of H3AsO3/H3AsO4/H2SO4

Bi, As and Sb speciation issues (industrial site)

Electrolyte:
57 Sb(III)
43% Sb(V)

82% Sb(III)
18% Sb(V)

IX stage
100% extraction Sb(III)
57% extraction Sb(V)

Electrolyte:
67 Sb(III)
33% Sb(V)



RECOPP recovery schemes:  Selective Separation route using Solvent extraction

Proposed treatment stage
Aqueous Raffinate

HCl, H2SO4
H3AsO3/H3AsO4

Ca, Cu

Sulphuric stripping

Regenerated Organic phase

HCl, H2SO4
BiCl4-, SbCl4-

H3AsO3/H3AsO4
Ca, Cu

Extraction
Cyanex 923 in kerosene

FeAsO4(s)
Scorodite

Loaded Organic Phase
S·BiCl4H / S·SbCl4H

S·H3AsO4

Scrubbing
H2O/HCl

Scrubbing Raffinate
HCl

H3AsO3/H3AsO4

AC WWTP

Loaded Organic Phase
S·BiCl4H / S·SbCl4H

Alkali
CaO/NaOH

Nitric stripping
2 M HNO3 Bi3+/HNO3

Alkali
CaO/NaOH

BiOCl(s)/Bi2O3(s)Loaded Organic Phase
S·SbCl4H

Sb2O3(s)

Alkali
CaO/NaOH

Sb3+/ H2SO48 M H2SO4

Patented, 2020 



Routes to recover Sb and Bi avoiding the precipitation of As

Eluate composition shown mixed redox  states : As(III),As(V) (94%)/Sb(III) (82%), 
Sd(V): 
Not redox control is applied: Formation of SbAsO4(s), SbSbO4(s) and BiAsO4(s) in 
Cu-electro-refining cells has been widely described, but also described for 
As(III)(6%)/Sb(V) (18%): AsSbO4(s), BiSbO4(s)

Option 1.
Redox control  is applied to have As(V)/Sb(V) to precipitate Sb2O5(s)  
but what about the interferences of Bi(III) to form BiAsO4(s) and BiSbO4(s)?

Option 2.
Redox control is applied to  As(III)/Sb(III) to form  oxychlorides (e.g. SbOCl(s), 
Sb4Cl2O4(s)) but it has been described the formation of solid solutions 
(As,Sb)2O3(s) however non equilibrium data of this mineral phases are available

WORKING HYPOTHESIS: REDOX CONTROL OF MAIN COMPONENTS As and Sb 
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ELUATE SOLUTION CHEMISTRY: review of the Sb and Bi geochemical data bases for 
minerals identified on the electrolyte circuits (modelling predictions)
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Reduction of As(V) to As(III) and 
Sb(V) to Sb(III)

Precipitation of Sb (pH=1)

Precipitation of Bi 
(pH=2.5)

Precipitation and 
stabilization of As

Sb4O5Cl2(s) 
transformation Drying

BiOCl(s) 
transformation Drying

IX Eluate
HCl, H2SO4
BiCl4-, SbCl4-, SbCl6-

H3AsO3/H3AsO4
HCl, H2SO4
BiCl4-, SbCl4-

H3AsO3

HCl, H2SO4
BiCl4-

H3AsO3

HCl, H2SO4
H3AsO3

Strong reducing agent
(NaHSO3(s) or SO2(g)

Alkali

Alkali

Fe(II)/FeSO4

Brine (Cl-, Na+, SO4
2-)

Sb4O5Cl2(s)/H20

T=50-80°C
NaOH/Na2CO3

Sb2O3(s)/H2O

T=50-80°C
NaOH/Na2CO3

BiOCl(s)/H2O Bi2O3 (s)/H2O

Sb2O3(s)

Bi2O3(s)

AC WWTP

WASTE

H2O(v)

H2O(v)

FeAsO4(s) Scorodite

Drying

H2O(v)

Drying

H2O(v)

Route 1b

Route 2b

BiOCl(s)

Route 2a

NaOH/Na2CO3

NaOH/Na2CO3

Patented recovery process 
TRL progress: 

5-7  Sb/Bi  recovery

Sb and Bi recovery protocol to oxychloride forms (routes 1a and 2a)

Sb4O5Cl2(s)Route 1a



Sb and Bi recovery protocol to oxychloride forms (routes 1a and 2a)

Sb and Bi oxychlorides
applications for new K,Cl-
batteries, optoelectronics, 

photocatalys…



Reduction of As(V) to 
As(III)

Precipitation of Sb (pH=1)

Precipitation of Bi 
(pH=2.5)

Precipitation and 
stabilization of As

Sb4O5Cl2(s) 
transformation Drying

BiOCl(s) 
transformation Drying

IX Eluate
HCl, H2SO4
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T=50-80°C
NaOH/Na2CO3
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Patented recovery process 
TRL progress: 

3-5 Sb/Bi  recovery

Impurities: As,Bi, Ca

Sb and Bi recovery protocol to oxyde forms (routes 1b and 2b)
(reducing the levels of impurities As)



Recopps piloting at IMN (2023) TRL progress: 
5-7 Sb/Bi  recovery



Outlook
- Potential recovery scheme to recover oxychloride by-products or oxides forms depending 

on the quality requirements and expected quality parameters. 
- Products quality is depending on the molar ratios of the three elements (Sb, Bi and As).
- Finalizing the quality assessment of end-users or final refiners to achieve market 

requirements
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