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MINRESCUEims to address one of the
major challenges of coal mining industry
in Europe:

Developing innovative concepts for
managing, recycling and upcycling waste
geomaterials generated by coal mining
activities across Europe.




CORE
OBJECTIVES

Money saving and
environmental
footprint reduction

Circular economy in coal
mining areas

Upgrade CMWGs
to a sustainable
construction
materials




INNOVATIONS

Explore the effects of site location, climatic
conditions, treatment strategy, and material
properties on the performance of upgraded

and/or treated CMWGs.

Durability of the upgraded and/or treated
CMWGs 0 perfor mance

Technical guidelines to upgrade any type of
CMWGs




ADDED VALUES

The specific added value of MINRESCUEEan be found
in the sixareasof the proposed research

@ Specialized physical and chemical characterisation of CMWG
@& Treatmentprotocols for CMWGs

@® Transport (hydro-chemo) properties of treated CMWGSs

@® Mechanical and geotechnical behaviour of treated CMWGS
@ Advanced constitutive modelling of CMWGSs

@ Upcyclingof CMWGsfor new products




A The mechanical and chemical
characterisation of the mining
waste materials

A Numerical modelling to predict
behaviour of treated CMWGs

A Assessment and demonstration of
the durability of materials and
(geo)-structures made by CMWGs
under realistic conditions

A Providing guidelines for the design
of construction materials and (geo)
structures with the treated

KEY RESEARCH
ACTIVITIES &

OBJECTIVES

A Providing guidelines for the design
of construction materials and (geo)
structures with the treated

A Developing concepts for recovering
upgraded components

A Substantiation of the reduction of
environmental impacts through well
thought-out life cycle assessment
(LCA)

A Paving the way for market uptake of
CMWSGs treatment upgrading and
upcycling technologies




WORK
PACKAGES

Mechanical experiments

and numerical modelling Physical and chemical
. characterisation of
CMWGs and their
treatment
Closing the cycle of >

CMWGs application in ) Project

construction dissemination and
outreach

Reporting and
coordination




ISSUES
THAT e
M I N RESCU E f GV\/—' d : Large areas occupied by CMWG dumps
ADDRESSES | induced pollutions y

Large demand for raw geomaterials Waste dump failure
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Organizations

12 &-

12 pioneering organizations from w

6 European countries are
participated in MINRESCUE

MINRSCUE
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11 Collection of detailed datasets on CMWSs,

Task 1.1 experimental integration and database creation
65 PM

Task 1.3
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Physical and chemical characterisation of CMWG

Task 1.2
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TASK 1.1

COLLECTION OF DETAILED DATASETS AND DATBASE CREATION

Create a publicly avail able database on 0I
order to pave the way for their rational use as secondary raw materials

o i Performing geotechnical
II N campaign on the selected
spoils and‘analysing the

treatments and behawour

CMWGs
r origin,
nd

Classifi
accordi
for

CHEMICAL CHARACTERISATION OF
CMWGS AND THEIR TREATMENT

storage/d onditions
‘ WARWICI(
Providing 0 new and
2 | 1Y mines in Feedback and forth information

WORK PACKAGE 1

ADVANCED PHYSICAL AND

el with reference to-the information

needed onthe CMWGs
properties for theirupcycled use
as constituents in concrete
materials and products
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TASK 1.1

COLLECTION OF DETAILED DATASETS AND DATBASE CREATION

GIG, in cooperation with PGG and
LWB, have collected CMWGs from 6
underground hard coal mines.
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WORK PACKAGE 1
CHEMICAL CHARACTERISATION OF
CMWGS AND THEIR TREATMENT

ADVANCED PHYSICAL AND
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TASK 1.1

COLLECTION OF DETAILED DATASETS AND DATBASE CREATION

\ SUB has collected CMWGs from a 2
yearsold spoil heap that belonged to
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TASK 1.1 .

COLLECTION OF DETAILED DATASETS AND DATBASE CREATION
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— CZ) E Post mining waste is being tested in the
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WORK PACKAGE 1
CHEMICAL CHARACTERISATION OF
CMWGS AND THEIR TREATMENT

ADVANCED PHYSICAL AND

EXETER
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TASK 1.1
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TASK 1.1 .

COLLECTION OF DETAILED DATASETS AND DATBASE CREATION
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WORK PACKAGE 1
CHEMICAL CHARACTERISATION OF
CMWGS AND THEIR TREATMENT

ADVANCED PHYSICAL AND

UNIVERSITY OF
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TASK 1.1

COLLECTION OF DETAILED DATASETS AND DATBASE CREATION

MINREMARCEL
CMWGs MINREPIAST001/3 MINREJAN-001/3 | MINRESTASZI001/3| MINRELWB-001/3 MINRELWB001/3 S
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carbon
TOC
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TASK 1.2

PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS

Determine physical and chemical characterisation of CMWGs for their upcycling in
construction applications

Full physical and chemical
characterisation (not geotechnical; not
radioactive). Innovative techniques

(focussingon in situ and F
hydrometallurgy)-to'recover critical Radl nalysis
metals and upcycle CMWG
EXETER "

@
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TASK 1.2

PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS
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TASK 1.2 EXETER

PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS
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XRD patterns for the 2 samples§ h w a G camdiMareel) indicating their primary
UNIVERSITY OF . mineralogy. Both XRD patterns confirm the presence of quartz and muscovite, and
WER various clay minerals (kaolinite irC h w a G gnadrite andlizardite in Marcel).
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WORK PACKAGE 1

ADVANCED PHYSICAL AND

EXETER I

LEADER

TASK 1.2

UNIVERSITY OF

EXETER

PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS
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XRD patterns for the 2 samples§taszicand Bogdankag indicating their primary

mineralogy. Both XRD patterns confirm the presence of quartz and muscovite and
kaolinite, plus accessories such as phengitélite, and (at very low concentrations)

pyrite.




TASK 1.2 EXETER

PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS
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WORK PACKAGE 1
CHEMICAL CHARACTERISATION OF
I CMWGS AND THEIR TREATMENT

ADVANCED PHYSICAL AND

Elements (ordered by atomic number)

Whole-sample metal concentrations for trace (and some major) metals, determined by

UNIVERSITY OF ICRMS of powdered, aciddigested samples.
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TASK 1.2 EXETER

PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS

QEMSCAN map

Mineral Name

[] Background

Il Fe Metal/Ox

- Mn phases

[ Zn Suphide/Sulphate
[] cu Suphide/Sulphate
[ sn phases

[ Ti-Al silicates

[ Ti-Ca-Al-silicate

[ pyrite

M Barite

D Quartz

[ Al silicates

[ Al K silicates

[ Fe Al K silicates

- Mg Al K silicates
[Jca silicates

[Ica Al silicates

M ca Mg (Fe Al) silicates
|:| Ca Al K (Fe) silicates
[ ca Fe (Al) silicates
[ calcium Langbeinite (K-Ca-S0)
[ zircon

[Jca alox

[ calcite/Ca Ox

[ Ca-Mg/Ca-Mg-P

[C] Ankerite/Ca-Fe-Ox
[ ca Phosphates

[ Ca S phases
[Cothers

CHEMICAL CHARACTERISATION OF
CMWGS AND THEIR TREATMENT

WORK PACKAGE 1

ADVANCED PHYSICAL AND

QEMSCAN maps of a powdered split from sampl&ogdanka The predominance of
UNIVERSITY OF lilac and olive indicate the predominance of aluminosilicates, some potassiuirich.
EXETER These are overwhelmingly clays, micas and feldspars.
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TASK 1.2 .

PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS

The activity concentration of the following
radionuclides??°Ra,??®Ra,??®Th,?'%b and
40K was determined using a gammaray
spectrometry equipped with a hyper pure
germanium detector with relative efficiency
of 35%, cooled by liquid nitrogen.

Fast, reliable, nordestructive method of
radionuclides concentration determination.
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CHEMICAL CHARACTERISATION OF
CMWGS AND THEIR TREATMENT
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TASK 1.2 .

PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS

EURATOM 2013/59 Directive

The maximum concentration of radium??®Ra,
thorium 232Th and potassium*’K is determined
by the following formula:
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concentration of 226Ra,232Th and “°K,
respectively (expressed in Bg-k§.
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The results of conducted measurements are as
fOI l OWi ng : 0 5 10 15 20 25 30
226Ra  41.46 170 Bqg-kd sample code
CvERsiTy oF 228Ra 35.10 130 Bqg-kdt
E \ FTER 232Th ~ 38.70 84.8 Bg-kgt Calculated activity concentration indices of
21pp  38.70 166 Bg-kdt 25 tested samples compared to limit
LEADER 40K 3838914 Bq-kdg
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EXETER

LEADER

TASK 1.3

TREATMENT OF CMWGS FOR UPCYCLING THEM IN CONSTRUCTION INDUSTRY

Develop novel methods to remediate CMWGs in order to make them suitable for large
scale upcycling applications in construction industry.

Providing the practical treatment
protocols t the quality
and char of mining
waste in ter ated natural
radioactivity® an obstruct

() rational waste management.

Ve
Ve
Ve

Conducting bioavailability &
experiments using simulated lung and
intestinal fluids in-order to determine
t he | mparcec eifvedds and
otreatedd CMWGs on human healt h.
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CMWGs

Task 2.1
41PM

2.1

WP2

Transport properties of treated CMWGs

o commemammenanns

Participation in WP2
RE RT2. 2001285

16 1S 15 4 5 4 2 2 1 1
PM PM PM PM PM PM PM PM PM PM
uow PTG SUB GIG LWB PoliMi PGG NTS DTEK BRGM
VY B subtera GIG 2 @
WARWICK 1l BV? POLITECNICO Y

MILANO 1863

aom@



ADVANCED MODELLING OF THE
SHORT- AND LONG-TERM
BEHAVIOUR OF TREATED CMWGS

WORK PACKAGE 2
MECHANICAL EXPERIMENTS AND

v Vv
WARWICK

THE UNIVERSITY OF WARMWICK

LEADER

TASK 2.1

GEOTECHNICAL AND MECHANICAL CHARACTERISATION OF CMWGS

To achieve a better understanding of how influencing factors affect the behaviour and
geotechnical characteristics of CMWGs

[~ \A%
Providing access to the required Cond ndard
d creep

testing materials-with their basic in situ  elemen
characteristics information that will be S
used for the subsequent thorough

geotechnical identification of sample

from proposed mines _

Collection of data to be fed
ELiTEEh of the work /- forth to life cycle assessment@
$=> task in WP3 (Task 3.4)
—

POLITECNICO
MILANO 1863

Feedback and forth information

9

9

undert art of this
task an .2 and Task Working on characterisation
I péng a & of the cyclic response of
comp e Ia oratory ¥ treated CMWGSs and their
testing plan crushability
Conducting a thorough Testing ug mpressive
% probabilistic analysis of the and s gths of %
existing as well as newly CM erent
obtained geotechnical data weal tates
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Stress and volume
change during
hydration process

v V Stress and volume
WARWICK change during
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TASK 2.1

GEOTECHNICAL AND MECHANICAL CHARACTERISATION OF CMWGS

A critical state characterisation was
carried out in consolidated drained
triaxial compression and isotropic
consolidation tests.
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