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Identification

Articles
identified in
Science
Direct:
(N=2600)

Articles
identified in
Scopus:
(N=3204)

Articles
identified in
Taylor &
Francis:
(N=571)

Articles
identified in
Springer:
(N= 605)

Screening

Eligibility

Included

%

A

N

!

!

!

{
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Identified articles after duplicates removed (N= 5153)

{

Articles removed due to duplicates
(N=1827)

Records excluded after title and abstract screening

{

Remaining Articles (N= 849)

{

!

!

!

Excluded Articles (N= 4304)

Final articles in
Science
Direct:

(N= 106)

Final articles in
Scopus:
(N=725)

Final articles in
Taylor &
Francis:

(N=8)

Final articles
in Springer:
(N=10)

!

!

{

!

Inclusion: peer-reviewed journal articles; published in English;
2005-2025; within engineering/materials science; conventional
cementitious systems (concrete, mortar, cemented paste
backfill); experimental studies reporting chemical composition of
mine tailings, mix design details, and performance indicators
(e.g., strength, setting, durability); control/reference mix included.

;

Exclusion: reviews, books, reports,
conference proceedings,
dissertations; non-English;
non-hydraulic or alkali-activated
systems (geopolymers, ceramics,
etc.); studies without chemical
composition data, without mix
details, or without control/reference;
structural-scale performance only.

Final Articles in the Taxonomy research (N= 175)

!

Additional inclusion criteria for this study: mineralogical
composition (XRD, Rietveld, phase abundance) reported;
mechanical activation experiments included.

!

Excluded: lacking mineralogical data
/ no mechanical activation,
compound activation (e.g.
mechanothermal, thermochemical)

Final Articles in the Mechanical Activation research (N= 19)

'@
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STEP1:
Initial Screening
and
Classification
Based on
Chemical and
Physical
Properties

STEP 2:
Taxonomy
Group
Assignment

STEP 3:
Mineralogical
Evaluation

STEP 4:
Activation
Strategy
Selection

STEP 5:
Evaluation of
Cementitious

Matrix
Performance
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Environmental and Regulatory Filters:
Toxicity < regulatory limits (CFR/WM3)?
Heavy metals < safe thresholds?
Sulfide content < acceptable levels?

NO

| ves

Structural Phase:
Dominant phase: amorphous or crystalline?

{

Amorphous
Amorphous content 295% (ASTM C1866)

YES | NO

1

Chemical Composition:
ASTM C618 Class N/C/F?

Chemical Composition:
ASTM C618 Class N/C/F?

NO

ves|no

Crystalline

Chemical Composition:
ASTM C618 Class N/C/F?

YES

Silica Content:
SiO2 225%
(BS EN 450-1 compliance)

NO

NO| ves
Silica Content: Silica Content:
SiO2 225% SiO2 225%
(BS EN 450-1 compliance) (BS EN 450-1 compliance)
YES|NO YES | NO

YES

Particle Size:
Particle size <45 pm
(ASTM C618 compliance)

YES | NO
-, LIMITED
LATENT

POZZOLANIC | pOZZOLANIC  (poz70L ANIC
JAlLINGS ERILINCS TAILINGS

TAILINGS

NON-
DIRECTLY
USABLE
TAILINGS

Mineralogical Evaluation for Activation

Decision

Assess Mineralogical Composition
Identify dominant mineral phases, quantify their
relative abundance, and evaluate suitability for

treatment based on intrinsic properties.

T

Mechanical Activation
Response Potential of

Minerals

SILICA
ALUMINA

CONTRIBUTORS

OXIDE

CONTRIBUTORS

UNSUITABLE
MINERALS

Energy-Responsive
Si-Al Minerals

Energy-Intensive
Si—Al Minerals

Carbonates —
Reactivity via
Calcination

Low-Reactive
Oxides

Sulfide-Bearing
Minerals

Structurally
Resistant Minerals

I

l

reactivity

Develops pozzolanic

No pozzolanic
reactivity

Not Suitable for

Activation
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Influence of Hardness and Cleavage on Mechanical Activation Behaviour
Cleavable Crystal Structure Non-Cleavable Crystal Structure
% N Cleavage in one il
oS o, direction (e.g. %Eﬁ\
muscovite) Mohs .
e ? Cleavage in two Hardness Minerals Cleavage ,Ok » ;r‘{‘
& N - directions %
M# - (e.g. feldspar) Softest # ,%4
) [ = ‘)> ] C'leavgge in three 1 Talc Perfect
- ‘> directions (e.g. q 5\ ﬁw 2
m SR hali) , 25 Kaolinite ~ Perfect LR
R oA N | BN
) o cateito 2.5-3 Muscovite Perfect .‘klo ’
(a) (b) 3-4 Stilpnomelane  Perfect b b
 Good. . ©
Low Hardréelisavangod Perfect 455 Wollastonite Perfect High Hardness + No Cleavage
5-5.5 Riebeckite Perfect
Low Energy High Energy
l 5.5-6.5 Hematite ~ Good-Perfect l
Rapid Lattice Breakdown 6-6.5 Pyrite No Fracture-Dominant Breakdown
High Amorphisation Low Amorphisation
Stress 6.5-7 Fayalite No
o BondM—~ Cleavage 7 Quartz No Concodial Fracture
Rupture 38 Plane 7-75 Cordieri N
. ordierite 0o
Stress
Ttttttftt 9 il Corundum No
Facet by Grau Hardest
cleavage of <
the grain | _’Cleavage (d)
A\ A plane
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a) Phyllosilicates (Sheet Structures)
(e.g., Muscovite)

b) Inosilicates (Single Chains)
(e.g., Diopside)
Ca Mg

Si Me 3
K+
® (interlayer)
T
o
T ¢
l?" SiO.
(interlayer) tetrahedra

2 forming
° isolated single
chains

e) Cyclosilicates (Ring Structures)
(e.g., Tourmaline)

f) Nesosilicates (Isolated Tetrahedra)
(e.g., Olivine)
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¢) Inosilicates (Double Chains)
(e.g., Tremolite)

d) Sorosilicates (Double Tetrahedra)
(e.g., Zoisite)

« Paired SiO4

) 00 o tetrahedra
e————a——eap  forming
3 ° -+ double chains

g) Tectosilicates (3D frameworks)
(e.g., Quartz)

o Sio,

e
>
Mn
..
o T N
& 7 Siostctrahedra ®
ring
Prone to milling-induced Resistant to milling-induced
amorphisation amorphisation
1 1 | | |
: - . I 0 . .
! Mechanical'Activation!Susce
| 1 | 1 1
Phyllosilicates Inosilicates  Inosilicates Sorosilicates Cyclosilicates Nesosilicates Tectosilicates
(Layered (Single Chains) (Double Chains) (Double (Ring Structures) (Isolated Tetrahedra)(3D frameworks)
Structures) Tetrahedra)
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MECHANICAL ACTIVATION
RESPONSE POTENTIAL

UNSUITABLE
MINERALS

SILICA-ALUMINA
CONTRIBUTORS

OXIDE
CONTRIBUTORS

Carbonates -
Reactivity via
Calcination

Sulfide-Bearing
Minerals

Structurally Resistant
Minerals

Energy-Responsive
Si-Al Minerals

Energy-Intensive
Si-Al Minerals

Low-Reactive Oxides

« Sulfide breakdown
under MA - sulfate release
+ heavy metal ions.

« Causes acid generation, set
retardation, and sulfate
attack in cementitious
systems.

« High amorphisation
potential with low energy
« Weak interlayer forces (van
der Waals, H-bonds,
exchangeable cations);
low-charge layers

« True oxide formation
(Ca0, MgO, FeO) requires

calcination (thermal
decomposition).

« Extremely strong
frameworks (dense SiOz, Al203,
TiOz2) with negligible
amorphisation potential.

« Amorphisation potential
with high energy
» Chain and framework
silicates

« Close-packed oxide lattices
(Fe-0, Ti-0) with very strong
bonds.

" Contribution to " Contribution to " Contribution to . Contribution to . Contribution to . Contribution to
Mineral Cement System Mineral Cement System Mineral Cement System Mineral Cement System Mineral Cement System Mineral Cement System
Talc SiOz + Mgo Wollastonite SiOz + CaO Dolomite CaO + MgO‘ Tlmenite Fe203 + TiO2 Galena PbO + SOx (risk: heavy: Anatase TiO2
- precursor (requires metal)
Montmorillonite SiOz + Al203 Diopside SiO2 + CaO + Goethite Fe203 Epidot SiOz2 + Al20s + Fe203
P MgO/FeO . MgO precursor Sphalerit ZnO + SO (risk: heavy| pidote +Ca0
Kaolinite SOz + AOs SO FeoreD (requires calcination) Hematite Fez0s phaterite metal)
. . i02 + FeO/Fe20s + " .
i [Si0z + AlzO> + Mgo +| | Riebeckite Na:0 ideri FeO precursor Magnetite FesOu/ Fe203 - Fex03 (+ SO (risk: Andradite | Si02 + CaO + Fe203
Chlorite Siderite " . Pyrite h
FeO S0, 7 ALO F (requires sulfate expansion)
2 + Al203
Gibbsite Alz03 Edenite MgO/FeO + CaO + Calcite CaO precursor Corundum Al203
Naz0 (requires calcination)
Boehmite Al203 .
SiO2 + Al20s +
Diaspore Al203 Hornblende MgO/FeO + CaO +
Stilpnomelane |51 * Al203 + FeO + (Naz0/Kz0)
pnomefane MgO Albite S0z + ALOs + Naz0
Nlite SiOz + Al20s + K20 + Cancrinite SiO2 + Al20s + Na20
Fe20s + MgO +Ca0o
. SiO2 + Al20s + FeO + Microcline SiOz + Al20s + K20
Biotite MgO + K20 -
O SiOz + Al20s + K20
Muscovite SiOz + Al203 + K20
Plagioclase SiO2 + Al20s + Na20
9 +Ca0
Cordierite SiO2 + Al20s + MgO
Cristobalite Si02
Quartz SiO2
Fayalite SiO2 + FeO/Fe203
# 1 / !
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