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Quality Enhancement of Recycled Concrete Aggregates for Backfill Materials
by CO; Carbonation: Development of a 5-kg-scale Prototype Reactor
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Abstract

In this study, recycled concrete aggregates (RCA) were treated in a 5-kg-scale prototype reactor with carbon dioxide
(CO») to enhance their material quality and geotechnical performance. The aggregate crushing value (ACV) and California
bearing ratio (CBR) were measured on untreated RCAs and CO»-treated RCAs. After CO, treatment, the ACV decreased
from 35.6% to 33.2%, and the CBR increased from 97.5% to 102.4%. The CO; treatment caused a reduction of fine
particle generation and an increase in bearing capacity through carbonation. When CO, treatment was performed with
mechanical agitation, which provided additional enhancement in mechanical quality, the ACV was reduced further to
30.3%, and the CBR increased to 137.7%. If upscaled effectively, the proposed CO; treatment technique would be an

effective method to reduce carbon emissions in construction industries.
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Fig. 1. (a) A photo of the RCA used in this study and (b) its measured grain size distribution

Table 1. Physical properties of the RCA
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Fig. 2. (a) A schematic illustration of the designed prototype reactor and (b) photo of the prototype reactor i
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Fig. 3. (a) Impellers and (b) a basket used for agitation of RCA
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Fig. 4. Recorded CO; pressure (Pcop), temperature near the constant
temperature bath (Tvan), temperature inside the reactor (Tcog),
and agitation speed (Ragt) during a 24—hour operation
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Fig. 5. The developed CO> treatment protocol: (a) prepared RCA wet by water, (b) silica gel packs to control relative humidity, (c) RCA
and silica gel packs mounted in the basket, (d) treatment condition input and control, (e) fine generated from agitation, and (f)

weighing after oven—dry
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Table 2, Prepared test specimens: untreated, treated without agitation, and treated with agitation

Test type Size CO; treatment Total amount of input RCA [kg] | Total amount of treated RCA [kg]
Untreated 6.7 -
ACV 9.5-125 mm Treated (no agitation) 78 79
Treated (agitation) 9.3 8.0
Untreated 8.1 -
CBR 475-125 mm Treated (no agitation) 7.8 6.1
Treated (agitation) 15.2 13.5
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