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INTRODUCTION

The quantity of construction and demolition (C&D) wastes has been growing rapidly in China,
accounting for a large proportion of solid wastes. These waste materials lead to serious
environmental impacts such as global warming, climate change, and desertification. To address
this problem, reusing C&D wastes is promising since it can reduce waste pollution and
simultaneously conserve resources. For instance, the copper tailings and discarded tire rubber
have been successfully applied in concrete, illustrating the feasibility of waste recycling in the
construction industry (Thomas et al., 2013; Thomas et al., 2015).

Aggregate is an essential component in concrete, occupying 60-70% of the concrete by
volume. Nevertheless, the application of natural aggregate (NA) is restricted due to the finite
resources and long regeneration period. Recycled concrete aggregate (RCA), as common C&D
waste, has received widespread attention for its usage to replace NA. The RCA has an enormous
market potential because of its low recycling cost and universal availability. It can effectively
reduce NA usage and concurrently decrease waste land disposal. However, the durability and
mechanical properties of concrete containing RCA are usually worse than the traditional NA
concrete. Poon et al. (2002) found that the compressive strength of concrete decreased
significantly provided the replacement proportion of NA by RCA was over 50%. Compared
to the NA, the adhered cement mortar is attached to the RCA, forming the original interface
transition zone (ITZ) between the aggregates and binder. This adhered mortar is more porous
than N, resulting in RCA’s higher porosity and consequently higher water absorption than NA.
The water absorption of RA remarkably increased from 1-5% to 3-12% compared to that of NA
(Gomez-Soberon, 2002). The adhered mortar content and water-to-cement ratio (W/C) of the
original concrete considerably affect the water absorption, density, and strength of RCA. The
amount of adhered mortar is related to the RCA crushing process and the particle granularity.
The pozzolans and superplasticizers are usually added to RCA concrete to overcome the high
water absorption effect and simultaneously improve the concrete fresh and hardened
characteristics (Kou et al., 2011).

Generally, the cracking appears in the ITZ prior to other concrete regions mainly due to the
higher porosity and more fissures than those in aggregates or hardened cement binder. For RCA
concrete, the original ITZs (between original aggregates and adhered mortar) exist apart from the
new ITZs (between RCA and cement paste). Therefore, the number of ITZs in RCA concrete is
more than that in NA concrete, resulting in reduced mechanical strength. Otsuki et al. (2003)
illustrated the significance of the adhered mortar quality to the original ITZ properties through the
Vickers microhardness test. In addition, the porosity of the ITZ is essential to the RCA concrete
performance, which depends on the W/C value. Specifically, the new ITZs would be more porous
and critical than the original ITZs when the W/C ratio in RCA concrete was higher than that in

Frontiers in Built Environment | www.frontiersin.org 1

July 2021 | Volume 7 | Article 739148


http://crossmark.crossref.org/dialog/?doi=10.3389/fbuil.2021.739148&domain=pdf&date_stamp=2021-07-22
https://www.frontiersin.org/articles/10.3389/fbuil.2021.739148/full
https://www.frontiersin.org/articles/10.3389/fbuil.2021.739148/full
http://creativecommons.org/licenses/by/4.0/
mailto:wangyf0113_suz@163.com
https://doi.org/10.3389/fbuil.2021.739148
https://www.frontiersin.org/journals/built-environment
www.frontiersin.org
https://www.frontiersin.org/journals/built-environment#articles
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org/journals/built-environment#editorial-board
https://doi.org/10.3389/fbuil.2021.739148

Chen et al.

original concrete, and vice versa (Ryu, 2002). In conclusion,
reducing the RCA water absorption and porosity are crucial to
improving the mechanical performance of RCA concrete.

ENHANCEMENT TREATMENT

To improve the performance of RCA, removing the adhered
mortar is verified as a useful approach including pre-soaking
in acid and mechanical grinding. However, the pre-soaking
method increases the production cost and the grinding
method easily forms micro-cracks which damages the RCA
structure. Accordingly, enhancing the adhered mortar
performance receives extensive attention comprising the
following practical solutions. The polymer emulsions (e.g.
polyvinyl alcohol and silane-base polymers) are usually
implemented to coat the RCA surface, reducing the RCA
water absorption. Besides, RCA can be treated in
pozzolanic solutions prior to its application as concrete
aggregates. The pozzolans such as fly ash and silica fume
can fill the RCA voids, participating in the pozzolanic reaction
to form calcium silicate hydrates (C-S-H) gels. This treatment
can reduce the porosity of RCA and simultaneously improve
the strength of ITZs. The sodium silicate solution is also
feasible to treat RCA for the reason of its reaction with
calcium hydroxide to generate C-S-H gels. In addition, the
adhered mortar mainly consists of calcium hydroxide and
C-S-H gels. Therefore, carbon dioxide can react with these
composites, which has been verified to reduce the water
absorption and porosity of RCA.

DISCUSSION

The polymer emulsion method can effectively improve the RCA
quality, together with the durability and workability of the
recycled concrete. However, the mechanical performance
enhancement is limited which is probably attributed to the
silane hydrolysis which blocks the cement hydration.
Meanwhile, the membrane in the RCA surface is water
repellent, which diminishes the bond strength between the
cement paste and the aggregates.

Regarding pozzolanic solution treatment, the pozzolanic
materials attached to the RCA surface react with calcium
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hydroxide to generate C-S-H gels, effectively strengthening
the ITZs’ performance and increasing the RCA density.
Therefore, the mechanical properties and durability of RCA
concrete are improved. Nevertheless, the efficacy depends on
the granularity and reactivity of the pozzolanic materials, and
the calcium hydroxide content in the adhered mortar. The
nano-silica is efficient owing to its high reactivity and fine
granularity, whereas the application cost is expansive (Singh
et al., 2013).

The concentration of sodium silicate solution and the RCA
soaking time considerably influence the treated RCA
performance. The optimal concentration and time were 5%
and 1 h, respectively (Chen et al., 2006). However, excessive
sodium silicate and soaking time will lead to the reduced
mechanical properties of the RCA and RCA concrete.
Furthermore, the usage of sodium silicate can increase the
risk of excessive expansion caused by the alkali-silica
reaction.

Carbonation of calcium hydroxide and C-S-H gels can
generate solid calcium carbonate to fill the pores and voids of
the adhered mortar. This leads to the increase of the solid
volume and consequently reduced porosity. Zhang et al.
(2015b) declared that carbonation significantly increased
the density and decreased the water absorption of the
RCA. This method is also eco-friendly due to the
consumption of carbon dioxide. Thereby, carbonation
treatment is feasible and optimal for RCA improvement
among four pretreatment approaches.
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