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AIM OF THE RESEARCH

 Investigation of mechanical and durability properties of AAMs produced from 
brick waste and metallurgical slag as raw materials 

 Co-valorization of wastes, that are produced in large quantities and may cause 
environmental problems if not properly managed
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CDW

 The term “Construction and Demolition Waste” (CDW) refers to any material or 
object deriving from construction and demolition activities that is considered as 
waste in accordance with the relevant legislation.

 CDW comprise the largest waste fraction in industrialized countries and mainly 
contain mineral waste, asphalt, wood, metals and other materials in smaller 
quantities. Approximately 54% of CDW comprise ceramic materials (i.e., bricks, 
tiles and other forms), while 12% is concrete.

 For their disposal, large landfill areas are required causing severe impacts to the 
environment.
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METALLURGICAL SLAG

 Slags are produced worldwide as by-products of steel and non-ferrous metal 
production.

 Part of the produced slag finds limited use in the cement industry, while the 
remaining quantities are disposed of in surface disposal sites or under the sea.

 Slag is considered to be a major source of environmental pollution.
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The best way to manage CDW and slags is by recycling and safely transforming 
them into new products.



ALKALI ACTIVATED MATERIALS (AAMs)

 AAMs are inorganic polymeric materials synthesized by using alkali solutions 
and raw materials rich in silica and alumina.

 Alkaline solutions are based on sodium or potassium hydroxide or silicate 
solutions and act as activators to trigger polymerization of raw materials.

6



CHARACTERIZATION OF RAW MATERIALS

Raw materials used in the study:

 Brick waste (B) collected from various demolished buildings (Crete)

 Ferronickel slag (S) derived from ‘‘LARCO S.A.” ferronickel plant (Central Greece)

Raw materials were pulverized, homogenized and characterized for their particle size 
distribution and chemical composition.
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Particle size distribution of raw materials

 Bricks Slag
d90 (μm) 94.3 45.6
d50 (μm) 16.7 8.9



CHARACTERIZATION OF RAW MATERIALS
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 Bricks Slag
SiO2 59.06 32.74
CaO 17.75 3.73
Al2O3 10.15 8.32
MgO 1.90 2.76
K2O 1.94 -
Fe2O3 7.36 43.83
Cr2O3 - 3.07
TiO2 1.00 -
MnO 0.07 0.41
SO3 0.45 0.18
Total 99.68 95.04

Chemical analysis (%wt) of raw materials



AAMs PRODUCTION
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 Activating solution consisted of NaOH solution and sodium silicate solution 
(Na O=7.5-8.5 %wt., SiO =25.5-28.5 %wt).₂ ₂

 Raw materials were mixed with the activating solution under continuous stirring for 
about 15 min. 

 Paste was cast in cubic steel moulds 5x5x5cm³ and then remained at room 
temperature for 6 hours (brick-based specimens) or 24 hours (brick-slag specimens) 
until it hardened.

 Specimens were then demoulded, sealed in plastic bags and heated at varying 
temperatures for 24h.



AAMs PRODUCTION
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Typical composition of the AAMs included:

 75% raw materials

 11% NaOH (8M) 

 14% Na2SiO3

Liquid to Solid ratio ranged from 0.23 - 0.4



AAMs TESTING
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 The effect of different molarities of NaOH (6, 8 and 10M), curing temperature (60 
to 90°C for 24h), ageing period (7 to 28 days) and varying mixing proportions of 
raw materials on the compressive strength of AAMs was investigated.

 Compressive strength, water absorption and density of the produced AAMs were 
determined.

 AAMs were immersed in distilled water and acidic solutions (1M HCl, 1M H₂SO₄) 
for 7 and 30 days. Compressive strength and weight loss were measured.



RESULTS
Effect of NaOH molarity and curing temperature on compressive strength
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The highest compressive strength (43.4MPa) was 
obtained for the specimens synthesized with 8M 
NaOH, cured at 90°C.
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 Lower NaOH molarity (6M) and temperature leads to 
less Si and Al dissolution from the raw materials 
which is not sufficient for the formation of strong 
bonds.

 Higher NaOH molarity (10M) even though it results 
in improvement of the compressive strength as 
temperature increases, may lead to partial loss of 
strength due to unreacted solution in the paste 
which may hinder solidification.

 Higher curing temperature contributes to the 
dissolution of a greater amount of raw materials and 
the formation of strong bonds.



RESULTS
Effect of ageing time on compressive strength

13

7 28
0

10

20

30

40

50

60

70

80

90
Brick-based and brick-slag AAMs, 90°CB S

B75_S25 B50_S50

Ageing time (days)

C
o

m
p

re
ss

iv
e 

st
re

n
g

th
 (

M
P

a)

 The increase in ageing time from 7 to 
28 days has no significant effect on 
the compressive strength of the 
produced AAMs.

 Regarding brick-slag specimens, 
AAMs  produced with 50%wt. brick 
replacement by slag (B50_S50) 
obtained the highest compressive 
strength (66.7 MPa).



RESULTS
Physical properties of selected specimens 
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 Physical properties of brick-based, slag-based and brick-slag AAMs cured at 90°C

Slag addition decreased the porosity and water absorption and increased the density 
of the AAM specimens.

Specimens produced with 50%wt. brick replacement by slag cured at 90°C were tested for their 
structural integrity.

Compressive 
Strength (MPa)

Water 
absorption (%)

Porosity 
(%)

Density 
(kg/m³)

B 43.4 22.2 26.5 2020
S 80.1 4.21 10.87 2580
B50_S5
0

66.7 11.3 16.7 2100



RESULTS
Structural integrity – durability performance of selected AAMs
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 AAMs immersed in distilled water and acidic solutions (1M HCl, 1M H₂SO₄) for 7 and 30 days 
were tested for their capability to withstand corrosive environments. 

 The greater compressive strength loss 
(40.6%) is seen for the AAMs immersed in 
1M HCl for 30 days.

 The specimens immersed in 1M H₂SO₄ 
solution for 30 days show also noticeable 
compressive strength loss (28.6%).

 The specimens immersed in distilled water 
for 30 days had the lower compressive 
strength loss (21.6%). 

The reduction in strength is attributed to the disintegration of alumina-silicate bonds.
Despite the loss in strength the final values are considered high and show that the AAMs produced maintain their 
strength after long immersion in aggressive solutions.  
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RESULTS
Structural integrity – durability performance of selected AAMs
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The structural integrity of the selected AAMs was also investigated by means of weight 
loss measurements.

 Weight loss values ranged from 0.5 to 3.5%.

 AAMs immersed in HCl solution had the highest weight loss (3.5%).

 AAMs immersed in distilled water had the lowest weight loss (0.5%).



RESULTS
Structural integrity – durability performance of selected AAMs
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 Specimens immersed in acidic solutions for 30 days 
showed change in appearance, softening of their outer 
surface and the formation of a “gel-like” phase 
(amorphous silica).

 AAMs retained a very good strength, varying between 
37.4 MPa and 45 MPa, even after immersion in acidic 
solutions for a period of 30 days, and a high stability 
with a mass loss less than 5% in comparison to 30-
60% for conventional concrete specimens exposed in 
acidic environments.

“Gel-like” phase on the outer 
surface of specimen immersed in 

1M H SO  ₂ ₄ for 30 days.



CONCLUSIONS
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 The optimum synthesis conditions for the production of AAMs using brick waste and 
metallurgical slag were 8M NaOH, curing temperature 90°C and ageing period 7 days. 

 Specimens produced with 50%wt. brick replacement by slag obtained the highest 
compressive strength (66.7 MPa).

 The most noticeable effect of acidic attack was obtained after immersion of specimens in 1M 
HCl solution for 30 days, as the compressive strength was reduced by 40.6% to 37.4 MPa. 
However, this value is higher than the compressive strength of most concretes.

 Brick waste and slag can be successfully alkali activated for the production of AAMs with high 
mechanical strength and good durability performance.
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Thank you! 

Any questions?
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