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What is AGQ Labs?

AGQ Labs is a multinational technology and engineering company:
- specializing in advanced tests and chemical engineering
- offering valuable solutions and services for the different areas

The goal of AGQ M&B is to provide
solutions to the entire mining sector in the
mining-metallurgical value chain.

ANALITICAL 

SERVICES

• Sample prep.

• IR analyser

• ICP-oes

• XRF

ENVIROMENTAL 

GEOCHEMISTRY 
SERVICES

• Static testing

• Kinetics testing

• Field test

• Leaching tests

METALLURGICAL 

SERVICES

• conminution

• froth flotation

• gravity separation

• Leaching processes

RESEARCH AND DEVELOPMENT
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RAWMINA at a glance

Mine waste

Bioleaching Iron removal CRM’s recovery Electrocoagulation

water

Co Sb WFe compounds Metallic 
compounds

CE-SC5-07-2020 – IA

(TRL 4 to 7)

10 857 403,25 € 
(EU Contribution: 9 146 967,26 €)

19 Partners
48 Months

(Today →M46)

Au Ag Ge
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RAWMINA - Consortium

19 partners

➢ 5 RTOs

➢ 3 Universities

➢ 6 SMEs

➢ 5 Large enterprises

9 EU countries

1 Non-EU countries SPAIN
ITALY

CZECH REPUBLIC

GERMANY

FRANCE

FINLAND

CHILE 
– SOUTH AMERICA

IRELAND

GREECE

UNITED KINGDOM
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RAWMINA - Overview

RAWMINA’s main objective is to develop and to demonstrate
the innovative RAWMINA pilot system:

RAW MATERIAL EXTRACTION

MINE 
WASTE

TAILINGS

LANDFILL

CRMs (Sb, Ge, 
Co & W), Fe by-

products & 
Au/Ag recovery

90% WATER (REUSE)

20-30% GHG EMISSIONS

80% ECOLOGICAL IMPACT

NEAR-ZERO WASTE

HEALTH RISKS

RAWMINA PROJECT

Fe BY-PRODUCTS 
FEED INTO 
MARKET

CRMs FEED 
INTO MARKET

Au & Ag 
FEED INTO 
MARKET

“MAIN” METALS 
TO MARKET

LINEAR MINING MODEL – TODAY

CIRCULAR MINING MODEL – RAWMINA

RAWMINA PROJECT

➢ Industrially scalable and flexible for MW valorisation in
continuous operation

➢ 95% recovery rate and selectivity for CRMs (Co, Sb, W
and Ge)

➢ 80-90% recovery rate and 95% selectivity for Au, Ag
and Fe-based high-value products

➢ Treat up to 100-150 kg MW/day on an industrial
demonstration.

➢ Transformation of the Mine Waste int a Resource
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RAWMINA - Concept

WP1

WP3WP2

WP4
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RAWMINA - Value Chain

MW 
PROVIDERS

TECHNOLOGY 
PROVIDERS

ENGINEERING & 
DEMONSTRATION

SUSTAINABILITY 
AND CIRCULARITY

STANDARDIZATION,
MARKET UPTAKE 

& BUSINESS 
UPSCALE

V
A

LU
E

 A
D

D
E

D

VALUE CHAIN

END 
USERS
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RAWMINA - TimeLine

TODAY
Start of the 

project

MW samples 
ready for 

bench-scale

Optimized 
Technologies

M14

Up-scaled 
technologies

M16

Demonstration 
of RAWMINA 
pilot system

M1

Optimisation and up-scaling

Validation & Integration

System engineering & demonstration

MW samples 
collected

Pilot system 
design

M36

Pilot system 
commissioned

End of the 
project

M48

Scientific Coordination and Management

Exploitation, communication and dissemination

Sustainability assessment and social innovation

M12 M48M3 M34

M34

MW samples 
ready for pilot
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RAWMINA - What has been done?

In WP1: Mining waste conditioning

✓ Samples collected for characterisation & pre-treatment:
✓ CLC Tailings (Spain)
✓ CLC Gossan (Spain)
✓ Tharsis ore  (Spain)
✓ Covas waste (Portugal)
✓ Wastes from mining activities in Chile

✓ Samples preparation for lab testing.

✓ Samples preparation for bench scale testing (CLC tailings & 
Tharsis ore)

✓ Samples preparation for piloting (CLC tailings & Tharsis ore)

Particle 
size 

Distribution Fe Al Cu Pb W 

µm % mass %mass %mass ppm ppm ppm 

>1000 5.7 6.1 2.8 381 17 6612 

500-1000 24.5 5.7 2.4 482 59 5361 

250-500 24.9 5.9 2.7 562 52 3614 

100-250 19.4 65.6 2.7 745 60 1927 

40-100 13.8 76.7 2.9 1494 103 3984 

< 40 11.7 18.3 2.1 2452 579 8343 

Calculated 
(global) 

100.0 7.4 2.6 916 122 4491 

 

Covas
CLC

Tharsis

Spliter

Crusher

SEM

Particle size & assay
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RAWMINA - What has been done?

✓ In WP2: Bioleaching process for metal extraction

✓ Bioleaching testing on RAWMINA samples

✓ Microbial consortium
✓ Optimum process parameters (pH, Tº, agitation, SD, …)
✓ Extraction performance for each sample
✓ Bioleaching continuous testing at lab scale

✓ Bio-oxidation of ferrous iron testing
✓ Alkaline leaching testing
✓ Scaling up parameters determination

Bioleach reactor

Bio-oxidation
 reactor

Alkaline leach
testing
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RAWMINA - What has been done?

✓ In WP3: Iron removal process

✓ Iron precipitation lab studies

✓ Testing with synthetic solutions (preliminary studies on 
process behaviour, including different alkali)

✓ Testing with real PLS from bioleaching 
✓ Production of samples for CRM selective recovery process

✓ Arsenic handling

✓ Magnetite synthesis and separation

✓ Scaling up parameters determination

Magnetic eparator

Iron precipitation

Magnetite 

Legend

material flow number 1 2 3a 3b 4a 4b 5 4b 6a 6b

state l l l s l s l s l s

material flow 0,17 l/h 0,5 l/h 0,5 l/h 2,5 g/h dm 0,6 l/h 11 g/h dm 0,05 l/h 11 g/h dm 0,15 l/h 4,5 g/h dm

material [mg/h]

Al 3,83 3,83 3,63 0,19 0,00 3,63 0,19 3,63 3,63 0,00

As 29,41 29,41 8,82 20,59 0,00 8,82 20,59 8,82 8,82 0,00

Co 3,74 3,74 3,74 0,00 3,55 0,19 0,00 0,19 0,19 0,00

Cu 294,10 294,10 294,10 0,00 279,40 14,71 0,00 14,71 14,71 0,00

Fe 4573,00 4573,00 3658,40 916,60 0,00 3685,40 916,60 3685,40 0,00 3658,40

Sb 4,08 4,08 0,41 3,67 0,00 0,41 3,67 0,41 0,41 0,00

Zn 5,61 5,61 5,61 0,00 5,33 5,00 0,00 5,00 0,28 0,00

SO 4 11356,00 11356,00 10220,40 1135,60 7949,20 2271,20 1135,60 2271,20 2271,20 0,00

Fe separation from PLS Generation of Fe products

H2O
NaOH/MgO/

CaCO3
1 2

3b

3a

H2SO4

5

NaOH/MgO/
CaCO3

4b

4a

Sludge recycling

50%

Dilution
1:1 – 1:2

Branch stream recycling

4b

Magnetite
product

Solution to
disposal

6b

6a

Fe sludge to
magnetite

material flow number

auxiliary material

product

to metal recovery 

(WP4)

Cu, Co solution

to
 m

e
ta

l re
c
o

v
e
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(W
P

4
)

S
b

 s
o

o
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n

NaOH

50%

Reactor
80°C

L/S
separation

L/S
separation

50%

Fe-
Precipitation 

50%

Pre-Precipitation 
(Sb)

50%

Homogenization

50%

Re-Dissolution

Magnetic
separation

Mass balanced flow sheet of iron separation and iron product generation

PLS
30g/l Fe, Cu, Co, Sb

Process flowsheet
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RAWMINA - What has been done?

In WP4: Novel materials and processes for selective 
recovery

✓ Synthesis and characterization of adsorbents

✓ Laboratory testing on adsorption

✓ Laboratory testing on thermal desorption

✓ NCMs selectivity studies and development

✓ Impurities removal testing with membrane techniques

✓ Impurities removal testing using chemical precipitation

✓ Electrowinning for CRMs recovery

✓ Electrocoagulation and electrowinning testing. 

Adsorption testing

Electrocoagulation Membrane

NCMs: SEM
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RAWMINA - What has been done?

In WP5: Bench-scale validation, process simulation 
and pilot design

✓ Definition of the requirements for bench scale validation

✓ Bench scale of Bioleaching 

✓ Bench scale testing of Iron Removal

✓ Bench scale for selective CRMs recovery

✓ Integrated process modelling

✓ Design of the Pilot System

USE bench scale 
bioleaching

BRGM bench scale 
bioleaching

GEOS bench scale 
Iron removal

LEITAT bench scale 
CRM’s recovery

Modelling

3D Pilot system
 design
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RAWMINA - What has been done?

In WP6: System engineering & demonstration

✓ Construction of RAWMINA pilot system

✓ Intelligent Management System implementation

➢ Pilot system commissioning and demonstration of continuous 
integrated process
➢ Bacteria culture adaptation
➢ Hot commissioning
➢ Start up and ramp up

CLC bioleaching
 reactors

CLC bioleaching
 filtration

Technalia EW 
pilot system

ElentecBio 
Electrocoagulation
pilot system

Integrated Management system
Piloting activities ongoing
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RAWMINA - What has been achieved?

Pilot plant operation

• Construction of RAWMINA pilot system with Intelligent 
Management System implementation

• Bioleaching process is an efficient technology able to extract 
~90 % Fe, ~95 % Co and  ~60 % Sb of the waste materials.  

• Iron removal of bioleaching pregnant solutions is able to 
remove > 99 % Fe & As from the solution

Working on pilot plant operation and 
characterization of samples
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RAWMINA – Up to date results

• Bioleaching process promising results according to previous lab and bench scale 

testing. It is an efficient technology able to extract ~90 % Fe, ~95 % Co and  ~60 % 

Sb of the waste materials  

• Alkaline leaching applied after bioleaching is able to extract more than 90% of W. 

• The final solid cyanidation testing  showed ~83% Au extraction  

• Iron precipitation process showed high efficiency on iron and arsenic removal, 

confirmed results from lab and bench scale testing > 99 % Fe & As removed from 

the solution

• Nanofibrous Composite Materials → NCMs developed for the 4 metals (Co, Sb, W 

and  Ge). Good results for W and Ge.

• Electrowinning → 99% Co, 65% W y 77%Sb.

• Electrocoagulation of other metals→ 95-100 % depending on the metal

Integrated Management system

Bioleaching cake Iron cake
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Individual technologies 
were up-scaled to bench-
scale and validated to 
establish the 
specifications for the 
RAWMINA process and to 
strengthen the integration  

01 03 0402

Pilot system engineering 
and efficient construction 
of the RAWMINA Pilot 
System including control 
system and integrated 
management system

Both sustainability and 
risk assessment have 
been carried out bench-
scale to evaluate the 
exposure scenarios.

Preliminary work with 
RAWMINA pilot system has 
been carried out using CLC 
and Tharsis waste streams

05

20 exploitable results have 
been identified with the 
goal  to file 3 patents.

RAWMINA – General conclusions



Thanks for your attention

Find us:

www.rawmina.eu

@rawminaEU

Crowdhelix: raw-minerals

Carmen Estepa 
cestepa@agqlabs.com

http://www.rawmina.eu/
https://crowdhelix.com/helixes/raw-minerals
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