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Abstract

The use of artificial aggregates manufactured from waste and by-product materials, as an alternative to natural
aggregate, has attracted considerable research interest. Extensive research has been conducted to pre-process
or pre-treat different source of wastes to be used as raw materials for artificial aggregates (AAs) production.
In this experimental work artificial aggregates have been manufactured by means of cold-bonding granulation.
Cold-bonding pelletization is carried out through a rotating plate device allowing the formation of pelletized
aggregates from waste materials through gravitational and centrifugal forces. In addition to traditional single step
cold bonding granulation, a double pelletization was carried out to obtain AAs with improved properties. In the
one-step pelletization process the waste is incorporated within the binding matrix, while the two-step procedure
involves a second encapsulation to obtain AAs embedded within an outer shell, likely able to improve their physical
properties.

Several concrete mixtures were designed by alternatively adding either single-bond or double-bond AAs
at different dosages (0% - 10% - 20% and 30% replacement by weight of aggregate). Then, several Artificial
Aggregate Concretes (AACs) specimens were manufactured and characterized in terms of fresh and hardened
concrete properties. In detail, in addition to fresh consistency tests, density evaluations were carried out at fresh
and hardened state; compression, indirect tensile and bending tests were performed at both early age and long
term. All AACs, including those prepared with 30% double-bond pelletization aggregates, achieved adequate
mechanical performances to be used in structural concretes.

Keywords: Artificial Aggregate Concrete; By-product Reuse; Green Concrete; Recycling; Sustainability; Waste Pelletization;
Waste Valorization.

Introduction

The international scientific community has long shown interest
in exploring methods for recovering materials from waste and

on the production of a stabilized waste for environmentally
safe disposal, it is now being used as a technology to allow the

the use of waste and by-product materials to manufacture
artificial aggregates, as an alternative to natural aggregate, it is
attracting considerable research interest. This approach offers
several environmental benefits, including the preservation of
natural resources, reduced energy consumption in quarrying
processes as well as the conversion of waste into added-value
products (Ren et al., 2020; Wang et al., 2020). To this end,
cement-based materials have been developed and successfully
applied to different types of wastes, most commonly inorganic.
These processes have also proven to be effective in the presence
of heavy metals.

In particular, stabilization/solidification (S/S) has been widely
used in the last few decades on many types of waste materials
as a remediation strategy, enabling pollutant containment and
preventing the leaching of hazardous compounds (Senneca et
al., 2020). While the initial applications of S/S were focused

possible use of stabilized waste products as artificial aggregates
(AAs) in the construction industry (Narattha & Chaipanich,
2018; Velis et al., 2014; Ayati et al., 2018).

AAs can be produced through pelletization, which is an
agglomeration phenomenon occurring in presence of a binder.
In practice, this involves the agglomeration of waste fines
with cementitious property, either by themselves and/or by
mixing them with mineral additives (Baykal & Doven, 2000).
The resulting pelletized AA can then be processed either by
sintering, heating the aggregates after pelletization, or by
cold-bonding, which allows AA pellets to harden at room
temperature (Ayati et al., 2019; Bui et al., 2012).

The cold pelletization process is preferable to high temperature
treatment due to its lower environmental impact. The cold-
bond process employs a rotating plate, which induces pellet
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formation in moist materials through the combined effects of rotation, centrifugal forces, and gravity. This process leads to
the development of granular structures with enhanced bonding strength (Arslan & Baykal, 2006). The pelletization process is
characterized by three stages: the pendular state (water on the grains contact point), the funicular state (water filling some pores),
and the capillary state (water filling all intergranular spaces), which represents the best pelletization condition. The first step of
the pelletization process is represented by water addition to wet the mixture (Figure 1).
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Figure 1: Schematic representation of the pelletization process.

The obtained artificial aggregates can be employed as partial
or total substitutes of natural aggregates in cement-based
concretes.

In this paper, alongside traditional single-step pelletization, a
second pelletization step is introduced to obtain final products
with enhanced properties. In the single-step process, waste is
directly incorporated within the binding matrix. In contrast, the
two-step process involves an additional stage in which binder
and waste are applied to encapsulate the aggregates produced
in the first step within an outer shell. This encapsulation is
designed to improve both the technological performance and
the leaching resistance of the aggregates.

The ambitious goal of this experimental work is firstly the
production and optimization of structural concretes containing
artificial aggregates derived from either single- or double-step
pelletization, while using different types of industrial wastes.
Then, the optimized concretes will be tested and compared
in terms of fresh and hardened concrete properties such as
workability, density and compression, indirect tensile and
bending strength at both early and long curing age.

However, most of the solid wastes or industrial by-products
could not be directly used to manufacture artificial aggregates
as they may have a significant negative impact on construction
material properties and environment. Municipal solid waste
incineration (MSWI) ash, for example, since they contains
heavy metals, chlorides and sulphates potentially harmful to
cementitious materials and human health, necessitates pre-
treatment before being safely landfilled or recycled within
the construction industry (Colangelo et al., 2012; Cioffi et al.,
2011).

In this work, three types of industrial waste were employed for
the production of artificial aggregates: municipal solid waste
incineration fly ash (MSWI-FA), ground-granulated blast-
furnace slag (GGBFS), and marble sludge (MS).

*  MSWI-FA originates from an incineration plant located in
Acerra, Naples (Italy). According to the European Waste
Catalogue, it is classified as hazardous.

e GGBFS s a by-product of the cast iron production process
and was provided by RILEM.

*  MSisclassified as inert waste under the current legislative
framework. It is generated during the processing of
ornamental stone and was supplied by a plant in Potenza

(Italy).

Materials and Methods

Six different concrete mixtures were prepared: one reference
mixture (REF); two mixtures containing single-bond (SB)
artificial aggregates (AAs) at dosages of 10% and 20% by
weight of natural aggregates; three mixtures containing double-
bond (DB) artificial aggregates at dosages of 10%, 20% and
30% by weight of natural aggregates.

The SB aggregates shown in Figure 2 were obtained by one-
step pelletization of a mixture consisting of 65% municipal
solid waste incineration fly ash, 25% marble sludge and 10%
of Portland cement.

The double-bond artificial aggregates were obtained by
encapsulating the one-step pelletized aggregates within an
outer shell composed by 65% ground-granulated blast-furnace
slag, 25% marble sludge and 10% of Portland cement.
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Figure 2: Single-bond artificial aggregates (left) and double-bond artificial aggregate (right).

All mixtures were prepared with a constant water-to-cement ratio of 0.40, and an aggregate-to-cement ratio of 4.5. A water-
reducing admixture was added at a dosage of 1% by weight of cement in all cases. The type of cement used in every mixture was

Portland cement type CEM I 52.5 R, according to EN-197/1.

The six concrete mixture proportions are reported in detail in Table 1.

Table 1: Concrete mixture proportions expressed in kg/m? of concrete.

REF | SB10% | SB20% | DB10% | DB20% | DB30%

Cement 400 | 400 400 400 400 400
Water 160 | 160 160 160 160 160
Superplasticizer 4 4 4 4 4 4

Sand (0-3) 660 | 594 572 660 660 594
Fine gravel (4-8) 440 414 453 370 453 537
Medium gravel (7-15) | 220 | 330 198 220 110 66
Coarse gravel (15-25) 484 | 286 220 374 220 66
Single bond AA / 180 360 / / /
Double bond AA / / / 180 360 540

These mixtures were used to produce several concrete
specimens for the characterization of their mechanical
behaviour. For each mixture, fifteen cubic specimens (100
mm side) were prepared for compression test, according to EN
12390-3. Tests were carried out on three specimens after 3, 7,
28,90, and 180 days of wet curing at 20°C.

Additional five cubic specimens (100 mm side) were prepared
for indirect tensile tests, according to EN 12390-6, after 28

days of wet curing at 20°C temperature.

Finally, three prismatic specimens (100 by 100 by 500 mm)

were prepared to perform bending tests, in accordance with EN
12390-5, after 28 days of wet curing at 20°C.

Results and Discussion

Concrete behaviour at the fresh state

The results of the Abram’s cone slump test, carried out 10
minutes after mixing, are reported in Table 2. The substitution
of natural gravel with single-bond aggregates significantly
reduced the concrete’s workability, but this reduction was less
pronounced when double-bond AAs were used. This effect is
due to the higher water absorption of aggregates produced by
the single-step pelletization process (8.5% compared to 5.5%).

Table 2: Concrete flowability (cm) and densities expressed in kg/m?.

REF | SB10% | SB20% | DB10% | DB20% | DB30%
Slump (cm) 21 16 2 21 16 3
Fresh concrete density (kg/m?) 2411 | 2367 2366 2376 2368 2257
Hardened concrete density (kg/m?) 2315 | 2272 2271 2281 2273 2167

As shown in Table 2, the addition of AAs doesn’t significantly affect the concrete weight. The only case where the weight is
reduced by more than 5% occurs when the AAs were added at a dosage of 30%.
Adv Earth & Env Sci; 2025
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Concrete Behaviour at the Hardened State

Results obtained from compression test are shown in Figure
3. With respect to the reference mixture, the addition of AAs
led to a strength reduction ranging from 12% to 28% after
180 days of wet curing, mainly depending on the AA dosage.
Nevertheless, results obtained confirmed the feasibility of
producing structural concrete with up to 30% AAs. In fact, after
28 days of wet curing, a minimum compressive strength of 33
MPa was obtained even in the most critical case, represented
by the mixture DB30%. After 180 days, a compressive strength
of at least 50 MPa was achieved by using the double-bond AAs
up to a dosage of 20%.
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Figure 3: Concrete compressive strengths vs. curing time.

Results obtained from bending test are shown in Figure 4. On
the basis of the obtained results it seems that the addition of
double-bond AAs is able to improve the interfacial quality
between cement paste and aggregate particles, even enhancing
the 28-days flexural strength by 14% when the aggregate is
used at a dosage of 10%. This positive effect becomes less
evident at higher AAs dosages. The reduced flowability of
fresh mixtures with higher AAs content may have led to the
formation of small voids due to the more difficult compaction
of overly stiff concretes. This hypothesis is further supported
by the lower density values observed in the less flowable
mixtures (see Table 2).
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Figure 4: Concrete bending strengths after 28 days of curing
time.

The results of the indirect tensile test are shown in Figure 5. In
this case, the addition of double-bond AAs led to a measurable
improvement of the indirect tensile strength, although less
pronounced than in the bending tests.

In both bending and tensile tests, the addition of AAs produced
by single-bond pelletization was responsible of a slight strength
loss, which becomes more evident at higher dosages.
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Figure 5: Concrete indirect tensile strengths after 28 days of
curing time.

Conclusion

The production of AAs through pelletization proved to be a
promising approach. Besides to the improved sustainability of
concrete prepared by recycling wastes coming from several
sources, the mechanical properties of the related concrete
mixtures showed to be more than adequate to ensure their
suitability for structural applications.

Indeed, even if the addition of AAs led to a compressive
strength reduction ranging from 12% to 28% after 180 days
of wet curing, mainly depending on the AA dosage, all tested
concretes containing artificial aggregate, including those with
the highest natural aggregate replacement of 30%, achieved
adequate mechanical performances for structural use in
construction.

In particular, the use of double-bond artificial aggregates
appears very promising since, probably due to an improved
interfacial quality between cement paste and aggregate
particles, they even slightly enhance 28-days flexural and
tensile strength with respect to the same concrete with 100%
natural aggregates as reference, and mitigate the negative
impact on long-term compressive strength development.
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