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Waste aggregates

• Classification and characterization of 5 different refractory waste materials (RWM) and 
waste from cutting stone (SW).

• Use of RWM as aggregates for high- strength lime based mortars

• Use of waste material from stone cutting
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REFAL3

REFAL2

REFAL1

Waste from bricks of anode furnace of 
aluminum factory (Mytilinaios)

REFPL4

Fragments of porcelain sanitary ware

REFΒL5

Waste of refractory bricks of laterite 
rotary kiln of mining factory (LARKO)

SW

Waste from cutting stone

European Regional Development Fund of the European Union and Greek national funds (Greek Secretariat for Research and Innovation–GSRI) through the 

Operational Program Competitiveness, Entrepreneurship, and Innovation, (EPAnEK 2014–2020) under the call RESEARCH—CREATE—INNOVATE. Project: 
“Recycling of used refractories from various industries to produce alumino-silicate refractories, ceramics, and masses”(project code: T1EDK05442).



Why reuse refractory/stone cutting waste 
materials?

• Refractory materials cover a wide spectrum of applications 
in the industrial sector 

• In Greece, the availability of such raw materials is limited

• The energy consumption corresponding to this sector is high

• The non-hazardous industrial waste constitute 24% of all 
waste in Greece
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• Management of refractory waste 
materials

• Reuse and recycle of such materials in 
the same sector or different materials

Use of RWM in mortars

Why?
• The use of waste materials in mortars is a common 

practice

• For example construction and demolition waste, 

glass, high impact polystyrene, plastic wastes have 

been used

• Their use improves the properties of mortars and 

leads to the limitation of waste landfill

How?
• Replacement of sand with refractory materials 

• The aggregates are the frame of a mortar, so the 

replacement of sand with RWM results to mortars 

with higher mechanical properties
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Characterization of RWM: 
Macroscopic and microscopic inspection  
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• REFAL 1, 2, 3: Cohesive, rough aggregates with 
absence of porous and sharp edges, of various 
colours.

• REFPL 4: Cohesive fraction with smooth 
surfaces

• REFBL 5: Dark cohesive, rough aggregates with 
absence of porous and sharp edges.
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Waste material from stone cutting



Waste material from stone cutting
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Characterization of RWM: 
Grain size distribution of RWM

8

➢ All samples are coarser than 

standard sand in all sieve sizes 

from 0.063 mm to 4 mm.

➢ The samples also contained a 

large quantity of silt. 
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Characterization of RWM: 
Elemental XRF analysis
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The XRF, FTIR and XRD analyses were performed on 

the finest fractions of the samples with diameter lower 

than 0.125 mm

XRF: 
• The main elements were Aluminum and Silicon. 
• The REFAL1,2,3 samples have as main element 

the Aluminum, whereas REFPL4 and REFBL5 have 
Silicon as main element.

• Additionally, iron, titanium, potassium, calcium, 
sodium, magnesium and zirconium were 
detected at remarkable percentages with some 
variations in concentrations

No hazardous materials were found
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Characterization of RWM: 
FTIR spectra
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• Predominant peaks in the region of 950-1250 cm-1

• Large absorption bands before 650 cm-1,

• Peak at 790 cm-1 is mainly observed in the spectra of

REFAL3, REPL4 and REFBL5.

• The absorption bands around 1000 cm-1 and at 790 cm-1

were attributted to the stretching and bending vibrations

of the four coordinated Si-O bonds, respectively

• The bands in 400-500 cm-1 belong to the Si-O and Al-O

bending vibrations

• The shift of the Si-O band at 1100 cm-1 can be explained

by the incorporation of Al3+ in Si-O-Si bonds . 



Characterization of RWM: 
Mineralogical XRD analysis
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• The aluminum waste (REFAL 1,2 and 3 samples)
and REFBL5 have similar minerals identified,
among which the predominant mineral is mullite
(Al6Si2O13), following quartz (SiO2) and cristobalite
(SiO2).

• The main mineral of REFPL4 sample is quartz,
whereas feldspars, as well as albite (NaAlSi3O8)
are identified, a fact that could explain the
increased percentage of sodium in the XRF
analysis.
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Mix Design of Mortars
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Code

BINDER %wt AGGREGATES %wt
B/

A
W/B

Flow

 (mm)L NHL M
REFA

L1

REFA

L2

REFA

L3

REFP

L4

REFB

L5

S 

SAND

MLAL1 60 40 100 1 0,80 138,00

MLAL2 60 40 100 1 0,75 126,50

MLAL3 60 40 100 1 0,78 137,50

MLPL4 60 40 100 1 0,70 127,50

MLBL5 60 40 100 1 0,77 131,50

NHLAL1 100 100 1 0,58 127,50

NHLAL2 100 100 1 0,62 137,00

NHLAL3 100 100 1 0,61 133,50

NHLPL4 100 100 1 0,65 135,50

NHLBL5 100 100 1 0,68 131,00

MLS-ref 60 40 100 1 1,20 137,00

NHLS-ref 100 40 100 1 0,70 135,50

• Two groups of mortars were 

designed: hydrated lime (L)-

metakaolin (M) based and 

natural hydraulic lime (NHL)

based. 

• The binder to aggregates 

ratio was 1

• For comparison purposes, 

another 2 sets of mortars 

were synthesized using 

standard carbonaceous sand.



Mortars with increased strength 

13

The increase in mechanical strength is 
remarkable compared to corresponding 
compositions with crushed (NHS-ref) or 
sand collector (MLS-ref).

Other physical properties such as open 
porosity and density were not 
significantly affected.

Sample Fc (MPa) E (GPa) max e (%) Fb (MPa)

ML AL1 17.29 ± 0.187 0.81 ± 0.062 3.36 ± 0.378%

ML AL2 18.28 ± 1.117 0.76 ± 0.026 3.73 ± 0.638%

MLAL3 16.27 ± 0.859 0.77 ± 0.067 3.53 ± 0.113%

MLPL 14.67 ± 0.203 0.59 ± 0.061 3.91 ± 0.480%

MLBL 19.78 ± 0.150 0.84 ± 0.005 2.68 ± 0.024%

MLS-ref 15.03 ± 0.362 0.67 ±0. 160 2.59 ± 0.298%

NHLAL1 11.85 ± 1.008 0.77 ± 0.144 3.27 ± 0.523% 2.88 ± 0.162

NHLAL2 10.54 ± 1.281 0.62 ± 0.163 4.05 ± 0.643% 2.72 ± 0.276

NHLAL3 6.34 ± 0.385 0.54 ± 0.059 3.06 ± 0.297% 1.34 ± 0.099

NHLPL 6.97 ± 0.463 0.61 ± 0.050 3.08 ± 0.147% 1.23 ± 0.122

NHLBL 8.21 ± 0.830 0.59 ± 0.120 3.68 ± 0.457% 1.54 ± 0.122

NHLS-ref 5.23 ± 0.107 0.15 ± 0.120 3.24 ± 1.200% 1.75 ± 0.100
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Sample

BINDER %Wt AGGREGATES %Wt

SW W/BLIME CEM REFAL1 REFAL2 REFAL3 SAND REF5

CLAlb 6.52 6.52 4.35 4.35 6.52 21.74 6.52 43.48 0.67

CLPAl1b 3.57 8.02 12.48 24.96 12.48 37.43 0.62

CLAl1t 3.37 6.74 13.481 26.97 13.48 35.96 0.67

Mortars and tiles
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Sample
BINDER 
%Wt

AGGREGATES 
%Wt SW W/B

LIME CEM REFAL1 REFAL2 REFAL3 SAND REF5

Fc 
(MPa)

Fb 
(MPa)

CLAlb 6.52 6.52 4.35 4.35 6.52 21.74 6.52 43.48 0.67 6.97± 0.463 1.23± 0.122

CLPAl1b 3.57 8.02 12.48 24.96 12.48 37.43 0.62 8.21± 0.830 1.54± 0.122

CLAl1t 3.37 6.74 13.481 26.97 13.48 35.96 0.67 5.05± 0.107 1.75± 0.100

Water absorption (%) 7.72 ±0.747
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Design of tiles
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Sustainable lime paints



Conclusions
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The friendly materials combined with the high strength make them 
suitable for interventions in monuments, especially when high 
mechanical strengths such as foundations, floors are required.

The mortars designed can be considered 
environmentally friendly due to the use of 
greener hydraulic binder and no crushed 

aggregates.

The wastes studied can be 
integrated into building 

materials, offering products 
with many applications

The global tile industry has already put in its design and 
production such products by recycling industrial non-
hazardous waste.

The tiles produced showed a friendly energy 
footprint due to the use of recycled materials.

✓ Sustainable management of natural resources by reducing the use of new materials

✓ Reducing the amount of waste

✓ Creating efficient and competitive products

✓ Reduction of production costs due to reuse of industry by-products
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Thank you for your attention
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