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Research Progress on Carbonation Technologies For Valorising Waste Concrete: A Review

JIANG Yi, MA Zihan, SHEN Peiliang, POON Chi Sun
(Department of Civil and Environmental Engineering, The Hong Kong Polytechnic University, Research Centre for Resources
Engineering towards Carbon Neutrality, The Hong Kong Polytechnic University, Hong Kong 999077, China)

Abstract: The massive generation of concrete wastes occupies land resources and causes environmental pollutions. Recycling concrete
wastes back to the construction industry can relieve pressures caused by shortages of natural resources, and solve some environmental
problems. This review represented the research progress on the key technologies of re-utilizing recycled coarse aggregates (RCAs),
recycled concrete fines (RCFs), and recycled concrete powders (RCPs), mainly including the strengthening and modification of RCAs
and RCFs through accelerated carbonation, the direct re-activation of RCPs, and its value-added applications. The mechanisms and
practical application both were discussed, and the results indicated that the full utilization of concrete wastes could reduce the
consumption of river sand, natural gravels, limestone and clay and sequestrate CO,, thus promoting the carbon neutrality.
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Fig. 1 (a) Evolution of phase assemblage and total solid volume
upon the carbonation of hydrated cement paste!'®! and
(b) illustration for the microstructure changes before
and after carbonation'”)
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Fig. 2 (a) Gas and liquid co-exist in the pore network during
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relative humidity may block the diffusion pathway of
gaseous CO,, while (b) the pore network is saturated
with liquid during wet carbonation which is favorable
for the diffusion of CO;* after CO, dissolves in the
bulk liquid environment
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Fig. 5 Modified surface structure of carbonated recycled concrete fines calcium carbonate whiskers and magnesium calcite
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M1 represents the mortar with 100% river sand, M2 represents the mortar with 50% recycled concrete fines, and M3 represents the mortar with 100% recycled

concrete fines;NFA represents natural fine aggregate, RFA represents the recycled concrete fines, and CRFA represents the carbonated recycled concrete fines.
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Fig. 6 (a) Using the recycled concrete fines improved the static yield stress of the 3D printing mixture™®, and (b) Using the
carbonated recycled concrete fines improved the interlayer bonding strengthl*”
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(a) Backscattered electron image

(b) Mapping image
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Fig. 7 Backscattered electron image and mapping image of
the carbonated recycled concrete powders!®?
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UC20 represents the blended cement paste with 20wt% uncarbonated
recycled concrete powders, while C20 represents that with carbonated
recycled concrete powders and PC represents the reference group with
pure cement;PC represents the plain cement paste, while C10, C20 and
C30 represent the cement pastes blended with 10%, 20% and 30%
carbonated recycled concrete powders.
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Fig. 8 (a) Cmulative porosity of hardened cement paste with

recycled concrete powders, and (b) the compressive

strength of cement paste with different amount of

carbonated recycled concrete powders™
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(a) Needle-like aragonite

(b) Spheroidal vaterite
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Fig. 9 SEM images of needle-like aragonite!®”!
[67]

and spheroidal

vaterite" "' prepared from the carbonation of RCPs
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