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Table 1 Chemical and mineral composition of cement

Chemical composition w/%

Mineral composition w/%

Si0, AlLO; Fe 03 CaO MgO SO;
22.12 4.51 3.45 64.92 3.35 0.40

0.51

Nazoeq f—CaO LOI C3S Czs C3A C4AF

0.95 1.48 56.19 21.06 6.12 10.49

w is mass fraction; LOI is loss on ignition.
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Table 2 Mix design of cement mortars

Sample m(Cement)/g m(Sand)/g  W/C w(DEA)/% w(CO,)/%
REF 450 1350 0.50
D0.1%C0% 450 1350 0.50 0.1
DO0.1%C0.02% 450 1350 0.50 0.1 0.022
D1.0%C0% 450 1350 0.50 1.0
D1.0%C0.22% 450 1350 0.50 1.0 0.22

W/C is the water-to-cement ratio.
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Fig. 5 TG curves of hardened cement pastes at different curing ages
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Fig. 7 Pore size distribution and porosity of hardened cement pastes at 7 d
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Table 3 Porosity and pore size distributions of harden cement pastes at 7 d

Pore size at 7d /(102mL-g ™)

Sample Porostiy/%

<20 nm 20-50 nm 50-200 nm >200 nm
REF 37.95 7.72 3.44 6.45 4.60
D0.1%C0% 38.54 8.25 2.90 991 2.89
D0.1%C0.02% 37.57 8.33 431 7.24 2.73
D1.0%C0% 34.73 6.23 3.78 7.79 1.69
D1.0%C0.22% 35.98 6.09 3.37 10.61 1.96
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Extended Abstract

Introduction Cement production accounts for approximately 12% of China's total CO2 emissions, having a significant challenge to
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achieving the national "dual carbon goals".Carbon capture, utilization, and storage (CCUS) represent a pivotal innovative technology
for mitigating these emissions. However, conventional amine-based CO:z capture requires an energy-intensive high-temperature
desorption, hindering its industrial implementation in cement plants. Also, the limited utilization pathways for captured CO2 pose
another challenge for cement CCUS. Diethanolamine (DEA) offers a promising solution as it functions both as a COz absorber and a
cement additive. This dual capability enables a potential carbonation utilization of CO2 absorbed DEA solutions without requiring the
desorption step within cementitious systems. This study was thus to investigate the effect of COz-absorbed diethanolamine (DEAC) on
the early hydration behavior and strength development of cementitious systems. The findings could propose a novel approach for low-
energy COz capture coupled with efficient in-situ utilization within cement industry.

Methods Cement mortars with a water-to-cement ratio (W/C) of 0.50 were prepared with P-142.5 Portland cement (GB 8076) and
ISO standard sand. The specimens were designated as REF, D0.1%C0%, D0.1%C0.02%, D1.0%C0%, and D1.0%C0.22%,
respectively. DEA and its equivalent CO2 admixture were added as percentages of cement mass. All associated cement paste
mixtures were prepared at a W/C ratio of 0.3. DEAC was prepared by continuously bubbling CO2 gas (299% purity) at a flow rate of
200 mL/min through a 5 mol/L DEA solution maintained at 40 ‘C until saturation was achieved. An eight-channel microcalorimeter
recorded the hydration heat of cement paste specimens at 25 ‘C for 72 h. The phase composition of hardened cement pastes was
determined by X-ray diffraction (XRD). The contents of bound water, CH, and CaCO3 were analyzed by thermogravimetric analysis
(TGA). The cumulative porosity and pore size distribution of hardened paste samples at 7 d were characterized by mercury intrusion
porosimetry (MIP). The compressive strength was measured on mortar specimens at 1, 3 d and 7 d of curing in accordance with the
standard GB/T 17671.

Results and discussion The hydration calorimetry results demonstrate that D0.1%C0.02% and DO0.1%C0% both accelerate the
hydration rate of silicate phases, as evidenced by an increased second exothermic peak rate, while leaving the induction period duration
unaffected. Conversely, D1.0%C0% and D1.0%C0.22% significantly reduce the second exothermic peak rate. D1.0%C0.22% extends
the hydration induction period to 240 min, while D1.0%C0% has a negligible effect on its duration. The XRD patterns and TG analyses
reveal that the impact of DEAC on the cement hydration depends critically on its specific DEA and CO: dosage. At a low dosage (i.e.,
D0.1%C0.02%), a mild carbonation promotes a concurrent hydration of silicate and aluminate phases. However, a high dosage (i.e.,
D1.0%C0.22%) substantially inhibits early hydration of silicates. The MIP results indicate that DEAC and DEA both refine the pore
structure of hardened cement paste. The pores below 20 nm are significantly reduced in D0.1%C0% and D0.1%C0.02% systems,
aligning with their enhanced early hydration kinetics. This refinement also occurres in D1.0%C0% and D1.0%C0.22% systems despite
inhibited silicate hydration. The results of compressive strength tests show that D0.1%C0.02% and D0.1%C0% can enhance mortar
strengths at 1, 3 d, and 7 d, respectley. The strengths of D0.1%C0.02% systems can be increased by 8.4%, 10.2%, and 16.8% at these
ages, respectively, primarily due to the DEA component with the weak carbonation contributing minimal additional enhancement. The
3-day and 7-day strengths of D1.0%C0.22% and D1.0%C0% systems both are increased (more significantly in the carbonated system),
indicating a synergistic hydration-carbonation effect. However, the 1-day strength of D1.0%C0.22% system drastically is reduced by
52.2%, with silicates hydration inhibition by D1.0%C0% identified as a primary factor underpinning early strength reduction. According
to the analysis of bound water content, calcium hydroxide (CH) content, porosity, and compressive strength relationships, a linear
correlation between CH content and mortar strength is proposed. This demonstrates that silicate phase hydration kinetics can be
modulated differently by DEAC and DEA formulations-fundamentally governed compressive strength development.

Conclusions The addition of 0.1%DEA with 0.02% CO2 (D0.1%C0.02%) as DEAC enhanced the flexural and compressive strengths
of cement mortar at 1, 3 d, and 7 d. In contrast, the addition of 1.0% DEA with 0.22% CO2 (D1.0%C0.22%) significantly reduced the
1-day strength. In D0.1%C0.02% system, the CO2 component reacted with dissolved Ca?" released from cement minerals to precipitate
CaCO:s. This reaction promoted cement hydration, refined the pore structure of the hardened paste by reducing the volume of harmful
pores, and facilitated a synergistic enhancement of hydration and carbonation. D1.0%C0.22% addition significantly retarded cement
hydration within the first 24 h, primarily by inhibiting the dissolution of silicate phases and extending the induction period, leading to
the reduced early strength. Although carbonation exacerbated the retardation of silicate phase hydration via DEA interaction, the
hydration process recovered normal kinetics after 7 d.
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