
ICT Technical Note No. 2025/3 

 

Development of a Fast and Cost-Effective 

Laboratory Method to Produce 

Carbonated Recycling Powders for 

Concrete Mixing: Outline of a Laboratory Test Programme 
 
 

J. M. Berger1
∗∗∗∗ 

K.-Ch. Thienel1 

M. Köberl 

S. Scherb 

J. Parlato 

 

 
ICT Technical Notes are succinct summaries of current research or technical development in concrete 

technology. They are the original contributions of the individual authors, in their personal capacity, rather 

than reflecting the collective view of the Institute of concrete Technology, but they are peer reviewed by the 

Publishing Committee and deemed suitable for publication under the ICT imprint. 

 

Received: December 2025; Accepted: December 2025; Published: December 2025  
 

 

 

 

TECHNICAL NOTE 

The development of cementitious binder systems that are not only low in CO2 emissions but also save primary 

resources can be achieved in various ways. New production methods like the oxyfuel process, CCU-

approaches and alternative fuels can lower the CO2-emissions significantly 1. Lowering the clinker factor using 

supplementary cementitious materials, fillers and or a more careful approach to the mixing design will also 

play an important role in the development of the future 2. 

Supplementary cementitious materials (SCMs) in the form of secondary materials such as e. g. fly ash or blast 

furnace slag provide an additional benefit through lesser consumption of primary resources. The currently 

most used filler material is finely ground limestone that not only provides granulometric benefits but also 

positive interaction in the combination with calcined clays as shown in the works about limestone calcined 

clay cement (LC3)3. However, limestone, while in many countries available in abundance, is also a primary 

resource. To address this issue research is conducted in the use of fine aggregate from the recycling of cement 

and concrete as filler materials as well as SCM4. Giving not only the possibility to make use of a current waste 

material but also because of the potential to act as a CO2-sink by forced carbonation of the cementitious 

portion of the material. Furthermore, the carbonation of the material can turn the material reactive by the 

formation of amorphous silica gels, further enhancing the material’s benefit4. 
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While the general mechanisms of forced carbonation in dry and aqueous environments have already been 

investigated by a lot of projects, most of the laboratory work was done on small quantities5, with complicated 

and or expensive lab equipment6 or under high pressure7. These studies provide an invaluable insight into 

the fine details of carbonation under various conditions. However, it is difficult to adapt these methods in 

large test cycles for concrete or in smaller, less well-resourced laboratories. This outline of a laboratory test 

programme aims at a fast and cost-effective laboratory method to produce carbonated recycling powders 

for concrete mixing that can be applied easily to existing laboratory equipment with minimal additional cost. 

The aim is a workflow that maximizes throughput (kg/h) to yield satisfying quantities (30-60 kg) of recycled 

material at cement fineness (d50 < 20 μm) while achieving a sufficient degree of carbonation (> 85 %)-while 

balancing reaction efficiency and practical productivity.  

The material used is a fine material (< 5 mm) from the recycling of infra lightweight concrete (ILC) coming 

from a German construction site. It was tested in two configurations. First the material as it is obtained from 

the recycling process, named Recycling-Infra-Lightweight-Concrete-Powder (RILCP) with grain sizes smaller 

than 5 mm and second a derivate of the same material ground to cement fineness (d50 < 20 μm) called RILCP-

fine.  

Carbonation experiments are conducted in a 20 L bucket-mixer with a fixed paddle assembly and a rotating 

vessel shown in Figure 1.  The setup was equipped with a sealed lid and two CO₂ nozzles made from simple 

brass tubes positioned in the turbulent zone near the vessel bottom, directly behind the mixing paddles 

detailed in Figure 2. 

                  
 

Figure 1: Laboratory concrete mixer with 20 l bucket, 

fixed mixing paddles, added lid and CO2 supply tubes. 

          
 

Figure 2: Fixed paddle assembly in bucket mixer with 

bottom paddle/scraper (1), wall scraper (2) and brass 

tubes (3) for the CO2-flow. 

The CO₂ flow rate was set to 5 L min⁻¹, supplied from a gas cylinder. This value was selected based on 

comparable flow regimes reported for laboratory carbonation of recycled concrete fines8–10, providing 

effective gas dispersion while avoiding excessive bubble coalescence. 

Each batch contained 10 L of deionized water and 1 – 5 kg of solid recycling material, resulting in liquid-to-

solid ratios (L/S) between 10:1 and 2:1. These ratios are consistent with or slightly lower than those used in 

prior studies employing aqueous suspension systems (typ. L/S = 2–100 L kg⁻¹)5,9–11. The lower L/S ratio 

improves reactor throughput and better represents the semi-saturated conditions expected in industrial-



scale carbonation. The effective CO₂ supply intensity was thus 1.0 – 5.0 L CO₂ min⁻¹ kg⁻¹ solid, providing a 

clear basis for evaluating gas-solid interaction relative to material load. 

The mixer speed was fixed at 60 rpm, producing strong suspension motion and homogeneous gas dispersion.  

Each experiment is carried out for 300 min with samples taken at 15, 60, 120, 180, 240 and 300 min. 

Samples of the liquid and solid phase were collected at each interval for analysis. The analytical programme 

included: 

     • pH monitoring 

     • dissolved CO₂ in water via carbonate precipitation in saturated Ca(OH)2-solution 

     • Ca²⁺ concentraRon via RtraRon 

     • coupled thermogravimetric spectroscopic and infrared analysis (TGA & IR) determining bound CO₂ 

     • X-ray diffraction (XRD) to identify CaCO₃ polymorphs (calcite, aragonite, vaterite) 

     • laser diffraction for particle size distribution. 

Workflow Optimization and Discussion 

The presented workflow focuses on identifying the optimal balance between carbonation degree and process 

throughput. As reported in multiple kinetic studies5,12,13, aqueous carbonation exhibits an asymptotic 

reaction profile: the initial phase (first 2–3 h) yields most of the CO₂ uptake, while further reaction slows 

down markedly due to product-layer diffusion resistance. Extending the duration to achieve 90 % to 95 % 

carbonation can require up to twice the process time, with limited benefit for subsequent concrete 

application. 

Therefore, process optimization in this study aims to define a practical endpoint for powder carbonation—

balancing the desired CO₂ uptake with batch productivity (kg h⁻¹).  The 20 L mixer configuration allows scaling 

by parallel batch operation and preparation to generate 1-5 kg of carbonated powder per production cycle 

thus providing sufficient material for extensive concrete testing in a matter of days. 

Outlook and Relevance 

The presented method provides a framework to develop a laboratory workflow for producing carbonated 

recycled powders in quantities relevant to mortar and concrete tests. It bridges the scale gap between gram-

scale kinetic studies and pilot-scale industrial trials. Beyond enabling follow-up performance testing, the 

method supports quantitative assessment of CO₂ binding potential in circular binder systems. 

The follow up of this publication will provide the results obtained via this experiment schedule regarding 

carbonation kinetics, CO₂ uptake across the two material types (RILCP and RILCP-fine) and L/S-ratios, evaluate 

the influence of gas flow scaling, and establish a simplified CO₂ balance model (kg CO₂ per kg powder). The 

method will subsequently be integrated into concrete mixing experiments to assess both technical 

performance and sustainability potential in a life-cycle context. 
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