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MINRESCUE aims 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. 
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Upgrade CMWGs 

to a sustainable 

construction 

materials

Money saving and 

environmental 

footprint reduction

Circular economy in coal 

mining areas
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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 
CMWGsõ performance

Technical guidelines to upgrade any type of 
CMWGs
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ADDED VALUES
The specific added value of MINRESCUE can be found 
in the six areas of the proposed research 
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Specialized physical and chemical characterisation of CMWGs

Treatment protocols for CMWGs

Transport (hydro-chemo) properties of treated CMWGs

Mechanical and geotechnical behaviour of treated CMWGs

Upcycling of CMWGs for new products

Advanced constitutive modelling of CMWGs



ÅThe mechanical and chemical 

characterisation of the mining 

waste materials

ÅNumerical modelling to predict 

behaviour of treated CMWGs

ÅAssessment and demonstration of 

the durability of materials and 

(geo)-structures made by CMWGs 

under realistic conditions

ÅProviding guidelines for the design 

of construction materials and (geo)-

structures with the treated

ÅProviding guidelines for the design 

of construction materials and (geo)-

structures with the treated

ÅDeveloping concepts for recovering 

upgraded components

ÅSubstantiation of the reduction of 

environmental impacts through well 

thought-out life cycle assessment 

(LCA)

ÅPaving the way for market uptake of 

CMWGs treatment upgrading and 

upcycling technologies

5

KEY RESEARCH 
ACTIVITIES & 
OBJECTIVES



WORK 
PACKAGES
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Physical and chemical 

characterisation of 

CMWGs and their 

treatment

Mechanical experiments 

and  numerical modelling

Project 

dissemination and 

outreach

Reporting and 

coordination 

Closing the cycle of 

CMWGs application in 

construction
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CMGW-induced pollutions Large areas occupied by CMWG dumps

Large demand for raw geomaterials Waste dump failure

ISSUES 
THAT 
MINRESCUE 
ADDRESSES



MINRSCUE 8

Organizations

12
12 pioneering organizations from 

6 European countries are 
participated in MINRESCUE

Countries

6
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10
LEADER

Task 1.1

65 PM

Task 1.2

44 PM

Task 1.3

19.6 PM

Collection of detailed data-sets on CMWSs, 

experimental integration and data-base creation 
1.1

Physical and chemical characterisation of CMWGs 

Treatment of CMWGs for upcycling them in 

construction industry 

1.2

1.3

WP1
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11
LEADER

TASK 1.1 
COLLECTION OF DETAILED DATASETS AND DATA-BASE CREATION

Create a publicly available database on òitemisedó coal mining waste classification in 

order to pave the way for their rational use as secondary raw materials

Classification of CMWGs 

according to their origin, 

formation, and 

storage/dumping conditions

Performing geotechnical 

campaign on the selected 

spoils and analysing the 

treatments and behaviour

Feed-back and forth information 

with reference to the information 

needed on the CMWGs 

properties for their upcycled use 

as constituents in concrete 

materials and products

Providing access to new and 

existing data from mines in 

Poland and Ukraine
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LEADER

TASK 1.1 
COLLECTION OF DETAILED DATASETS AND DATA-BASE CREATION

GIG, in cooperation with PGG and 

LWB, have collected CMWGs from 6 

underground hard coal mines.

KWK Murcki -Staszic
LW Bogdanka

KWK Piast

KWK Marcel

KWKChwaĠowice

KWK Jankowice

LW Bogdanka Staszic

Piast Marcel

ChwaĠowice Jankowice 
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13
LEADER

TASK 1.1 
COLLECTION OF DETAILED DATASETS AND DATA-BASE CREATION

KWK Walbrzych

SUB has collected CMWGs from a 2 

years-old spoil heap that belonged to 

the Santa Bárbara Foundation School 

(FSB) mine in the Ponferrada region,  

Spain

FSB

PTG has also collected CMWGs from 

the WaĠbrzych hard coal mining 

region, Poland.
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LEADER

TASK 1.1 
COLLECTION OF DETAILED DATASETS AND DATA-BASE CREATION

Post-mining waste is being tested in the 

GIG laboratory e.g. different fractal 

diameters D10, D50, D90, specific gravity, 

plasticity indices, initial water content, 

optimum water content, dry and bulk 

densities, petrographic composition, ash 

content, sulfur content, caloric, moisture, 

coal content.
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15
LEADER

TASK 1.1 
COLLECTION OF DETAILED DATASETS AND DATA-BASE CREATION

LW Bogdanka Staszic Piast

Jankowice ChwaĠowice Marcel
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LEADER

TASK 1.1 
COLLECTION OF DETAILED DATASETS AND DATA-BASE CREATION

The grain size distributions of the collected CMGWs

1716
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LEADER

TASK 1.1 
COLLECTION OF DETAILED DATASETS AND DATA-BASE CREATION

0

1
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0.3
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0.2
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Coal content in CMWGs%
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18
LEADER

TASK 1.1 
COLLECTION OF DETAILED DATASETS AND DATA-BASE CREATION

CMWGs MINRE-PIAST-001/3 MINRE-JAN-001/3 MINRE-STASZIC-001/3 MINRE-LWB-001/3 MINRE-LWB-001/3
MINRE-MARCEL-

001/3

Parameter

Determined value Determined value Determined value Determined value Determined value Determined value

as received dry
as 

received
dry as received dry

as 

received
dry

as 

received
dry as received dry

Unit [%m/m] [%m/m] [%m/m] [%m/m] [%m/m] [%m/m]

water 1.69 - 2.01 - 1.07 - 1.49 - 1.03 - 0.85 -

ash 80.58 81.97 83.38 85.09 90.67 91.65 81.27 82.5 84.83 85.71 78.8 79.48

carbon 8.69 8.84 8.17 8.34 2.02 2.04 7.67 7.79 5.89 5.95 12.27 12.38

hydrogen 0.77 0.78 0.53 0.54 0.19 0.19 <0.11 <0.11 0.22 0.23 0.54 0.55

sulphur 1.87 1.9 0.1 0.1 0.16 0.16 1.85 1.88 0.35 0.35 0.29 0.29

organic 

carbon 

TOC

8.69 8.84 8.17 8.34 2.02 2.04 7.67 7.79 5.89 5.95 11.94 12.04

Unit [J/g (kJ/ka)] [J/g (kJ/ka)] [J/g (kJ/ka)] [J/g (kJ/ka)] [J/g (kJ/ka)] [J/g (kJ/ka)]

gross 

calorific
2980 3030 2640 2690 370 370 2810 2850 1400 1410 4050 4080

net 

calorific
2770 2860 2470 2570 290 320 2760 2850 1320 1360 3920 3970

specific 

density

2.46 

[g/cm3]
-

2.46 

[g/cm3]
-

2.64 

[g/cm3]
-

2.48 

[g/cm3]
-

2.64 

[g/cm3]
-

2.38 

[g/cm3]
-
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19
LEADER

TASK 1.2 
PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS 

Determine physical and chemical characterisation of CMWGs for their upcycling in 

construction applications 

Radioactivity analysis 

Granting the accesses to 

representative samples Feed-back and forth information 

with reference to the information 

needed on the CMWGs 

properties for their upcycled use 

as constituents in concrete 

materials and products

Full physical and chemical 

characterisation (not geotechnical; not 

radioactive). Innovative techniques 

(focussing on in situ and 

hydrometallurgy) to recover critical 

metals and upcycle CMWG
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20
LEADER

TASK 1.2 
PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS 

UNEXE has undertaken 

comprehensive physical and 

chemical characterisation of 

the received samples.

SEM/
EDX

ICP-
MS

TOC

BETXPS

XRF

XRD



22

W
O

R
K

 P
A

C
K

A
G

E
 1

A
D

V
A

N
C

E
D

 P
H

Y
S

IC
A

L
 A

N
D

 
C

H
E

M
IC

A
L

 C
H

A
R

A
C

T
E

R
IS

A
T

IO
N

 O
F

 
C

M
W

G
S

 A
N

D
 T

H
E

IR
 T

R
E

A
T

M
E

N
T

21
LEADER

TASK 1.2 
PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS 

CHWA

01-080-0886 (C) - Kaolinite 1A - Al2(Si2O5)(OH)4 - Y: 35.89 % - d x by: 1. - WL: 1.5406 - Triclinic - a 5.15770 - b 8.94170 - c 7.39670 - alpha 91.672 - beta 104.860 - gamma 89.898 - Primitive - P1 (1) - 2 - 329.571 - I/

01-083-1764 (C) - Siderite - Fe(CO3) - Y: 27.22 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 4.69160 - b 4.69160 - c 15.37960 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3c (167) - 6 - 293.169 - 

00-007-0042 (I) - Muscovite-3T - (K,Na)(Al,Mg,Fe)2(Si3.1Al0.9)O10(OH)2 - Y: 29.15 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 5.20300 - b 5.20300 - c 29.98800 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primit

00-046-1045 (*) - Quartz, syn - SiO2 - Y: 47.11 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91344 - b 4.91344 - c 5.40524 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P3221 (154) - 3 - 113.010 - I/Ic P

CHWA - File: CHWA.raw - Type: 2Th/Th locked - Start: 2.000 ° - End: 80.000 ° - Step: 0.020 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 16 s - 2-Theta: 2.000 ° - Theta: 1.000 ° - Chi: 0.00 ° - Phi: 0.00 ° - 
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MARCEL

01-079-2092 (C) - Lizardite-1T - Mg3Si2O5(OH)4 - Y: 13.74 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 5

01-083-1604 (C) - Microcline intermediate - KAlSi3O8 - Y: 22.73 % - d x by: 1. - WL: 1.5406 - Triclinic - a 

01-071-1169 (C) - Anatase - TiO2 - Y: 14.75 % - d x by: 1. - WL: 1.5406 - Tetragonal - a 3.80400 - b 3.80

00-029-1488 (N) - Nacrite-1Md - Al2Si2O5(OH)4 - Y: 13.90 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 5.

00-007-0042 (I) - Muscovite-3T - (K,Na)(Al,Mg,Fe)2(Si3.1Al0.9)O10(OH)2 - Y: 19.58 % - d x by: 1. - WL: 

01-084-2066 (C) - Ankerite - Ca1.01Mg0.45Fe0.54(CO3)2 - Y: 24.19 % - d x by: 1. - WL: 1.5406 - Rhomb

01-073-2361 (C) - Dolomite - CaMg(CO3)2 - Y: 23.09 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 4.

00-046-1045 (*) - Quartz, syn - SiO2 - Y: 88.37 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91344 - b 4.

MARCEL - File: MARCEL.raw - Type: 2Th/Th locked - Start: 2.000 ° - End: 80.000 ° - Step: 0.020 ° - Step
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300
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XRD pattern

XRD patterns for the 2 samples (ChwaĠowice and Marcel) indicating their primary 

mineralogy.  Both XRD patterns confirm the presence of quartz and muscovite, and 

various clay minerals (kaolinite in ChwaĠowice, nacrite and lizardite in Marcel). 
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22
LEADER

TASK 1.2 
PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS 

XRD pattern

XRD patterns for the 2 samples (Staszic and Bogdanka) indicating their primary 

mineralogy.  Both XRD patterns confirm the presence of quartz and muscovite and 

kaolinite, plus accessories such as phengite, illite, and (at very low concentrations) 

pyrite. 

STAZIC

00-046-1045 (*) - Quartz, syn - SiO2 - Y: 129.48 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91344 - b 4.91344 - c 5.40524 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P3221 (154) - 3 - 113.010 - I/Ic 

01-080-0886 (C) - Kaolinite 1A - Al2(Si2O5)(OH)4 - Y: 21.16 % - d x by: 1. - WL: 1.5406 - Triclinic - a 5.15770 - b 8.94170 - c 7.39670 - alpha 91.672 - beta 104.860 - gamma 89.898 - Primitive - P1 (1) - 2 - 329.571 - I/

00-007-0042 (I) - Muscovite-3T - (K,Na)(Al,Mg,Fe)2(Si3.1Al0.9)O10(OH)2 - Y: 18.06 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 5.20300 - b 5.20300 - c 29.98800 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primit

01-070-3754 (C) - Illite - K(Al4Si2O9(OH)3) - Y: 18.76 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 5.22300 - b 9.01800 - c 20.14300 - alpha 90.000 - beta 95.700 - gamma 90.000 - Base-centered - C2/c (15) - 4 - 944.0

01-089-7536 (C) - Phengite 2M1, Fe-rich - K(Al,Fe)2AlSi3O10(OH)2 - Y: 21.87 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 5.21397 - b 9.05210 - c 19.99680 - alpha 90.000 - beta 95.736 - gamma 90.000 - Base-center

STAZIC - File: STAZIC.raw - Type: 2Th/Th locked - Start: 2.000 ° - End: 80.000 ° - Step: 0.020 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 34 s - 2-Theta: 2.000 ° - Theta: 1.000 ° - Chi: 0.00 ° - Phi: 0.00 ° 
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BOGDANKA

03-065-1211 (D) - Pyrite - FeS2 - Y: 19.15 % - d x by: 1. - WL: 1.5406 - Triclinic - a 5.41700 - b 5.41700 - c 5.41700 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - P1 (1) - 4 - 158.956 - I/Ic PDF 0.9 - F30=1

00-007-0042 (I) - Muscovite-3T - (K,Na)(Al,Mg,Fe)2(Si3.1Al0.9)O10(OH)2 - Y: 30.66 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 5.20300 - b 5.20300 - c 29.98800 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primit

01-080-0886 (C) - Kaolinite 1A - Al2(Si2O5)(OH)4 - Y: 50.27 % - d x by: 1. - WL: 1.5406 - Triclinic - a 5.15770 - b 8.94170 - c 7.39670 - alpha 91.672 - beta 104.860 - gamma 89.898 - Primitive - P1 (1) - 2 - 329.571 - I/

00-046-1045 (*) - Quartz, syn - SiO2 - Y: 53.58 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91344 - b 4.91344 - c 5.40524 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P3221 (154) - 3 - 113.010 - I/Ic P

BOGDANKA - File: BOGDANKA.raw - Type: 2Th/Th locked - Start: 2.000 ° - End: 80.000 ° - Step: 0.020 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 17 s - 2-Theta: 2.000 ° - Theta: 1.000 ° - Chi: 0.00 ° - P
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23
LEADER

TASK 1.2 
PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS 

ICP-MS

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

ICP-MS of powdered, acid-digested samples.
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LEADER

TASK 1.2 
PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS 

QEMSCAN map

QEMSCAN maps of a powdered split from sample Bogdanka. The predominance of 

lilac and olive indicate the predominance of aluminosilicates, some potassium-rich.  

These are overwhelmingly clays, micas and feldspars.
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LEADER

TASK 1.2 
PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS 

The activity concentration of the following 

radionuclides 226Ra, 228Ra, 228Th, 210Pb and 
40K was determined using a gamma-ray 

spectrometry equipped with a hyper pure 

germanium detector with relative efficiency 

of 35%, cooled by liquid nitrogen. 
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Fast, reliable, non-destructive method of 

radionuclides concentration determination. 



27

W
O

R
K

 P
A

C
K

A
G

E
 1

A
D

V
A

N
C

E
D

 P
H

Y
S

IC
A

L
 A

N
D

 
C

H
E

M
IC

A
L

 C
H

A
R

A
C

T
E

R
IS

A
T

IO
N

 O
F

 
C

M
W

G
S

 A
N

D
 T

H
E

IR
 T

R
E

A
T

M
E

N
T

26
LEADER

TASK 1.2 
PHYSICAL AND CHEMICAL CHARACTERISATION OF CMWGS 

The maximum concentration of radium 226Ra, 

thorium 232Th and potassium 40K is determined 

by the following formula:

ὅ

σππ ὄήɇὯὫ

ὅ

ςππ ὄήɇὯὫ

ὅ

σπππ ὄήɇὯὫ
ρ

where ὅ , ὅ  and ὅ  mean the activity 

concentration of 226Ra, 232Th and 40K, 

respectively (expressed in Bq·kg-1).

The results of conducted measurements are as 

following:
226Ra 41.4 ð 170 Bq·kg-1

228Ra 35.1 ð 130 Bq·kg-1

232Th 38.7 ð 84.8 Bq·kg-1

210Pb 38.7 ð 166 Bq·kg-1

40K 383 ð 914 Bq·kg-1

Calculated activity concentration indices of 

25 tested samples compared to limit
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LEADER

TASK 1.3 
TREATMENT OF CMWGS FOR UPCYCLING THEM IN CONSTRUCTION INDUSTRY 

Providing the practical treatment 

protocols to enhance the quality 

and characteristics of mining 

waste in terms of elevated natural 

radioactivity, which can obstruct 

rational waste management.

Conducting bioavailability 

experiments using simulated lung and 

intestinal fluids in order to determine 

the impact of òas-receivedó and 

òtreatedó CMWGs on human health.

Develop novel methods to remediate CMWGs in order to make them suitable for large 

scale upcycling applications in construction industry.
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Task 2.1

41 PM

Task 2.2

25 PM

Task 2.3

32 PM

Geotechnical and mechanical characterisation of 

CMWGs
2.1

Transport properties of treated CMWGs

Constitutive and numerical modelling
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TASK 2.1 
GEOTECHNICAL AND MECHANICAL CHARACTERISATION OF CMWGS

Conducting standard 

element-level and creep-

based tests

Testing uniaxial compressive 

and shear strengths of 

CMWGs at different 

weathering states

Working on characterisation 

of the cyclic response of 

treated CMWGs and their 

crushability

Collection of data to be fed-

forth to life cycle assessment 

task in WP3 (Task 3.4)

Providing access to the required 

testing materials with their basic in situ 

characteristics information that will be 

used for the subsequent thorough 

geotechnical identification of samples 

from proposed mines

Feed-back and forth information

Extension of the work 

undertaken as part of this 

task and Tasks 1.2 and Task 

1.3 by developing a 

complementary laboratory 

testing plan

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

geotechnical characteristics of CMWGs

Conducting a thorough 

probabilistic analysis of the 

existing as well as newly 

obtained geotechnical dataLEADER
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TASK 2.1 
GEOTECHNICAL AND MECHANICAL CHARACTERISATION OF CMWGS

LEADER

Task 2.1

CMWGs

Critical state 
characterisation

Chemical treatment 
of CMWGsõ impact 

on behaviours

Cemented 
aggregates

Mix designõs impact 
on mechanical 

behaviours

Grain/pore sizesõ 
impact on 
mechanical 
behaviours

Foam concretes

Stress and volume 
change during 

hydration process

Stress and volume 
change during 

drying and wetting 
cycles

30
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TASK 2.1 
GEOTECHNICAL AND MECHANICAL CHARACTERISATION OF CMWGS

LEADER

A critical state characterisation was 

carried out in consolidated drained 

triaxial compression and isotropic 

consolidation tests. LW Bogdanka

31


