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Design and Preparation of Ultra-High Strength CO, Solidified Carbonate Materials

ZHAO Sixue'?, LIU Zhichao'*, WANG Fazhou'
(1. State Key Laboratory of Silicate Materials for Architectures, Wuhan 430070, China; 2. School of Materials Science and
Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: CO, solidified carbonate material is defined as a calcium carbonate-based composite material with a rapid strength obtained
via the carbonation reaction of carbonatable binders with CO, under normal conditions. In this paper, the mechanical properties and
product composition of the CO, solidified carbonate materials with Fe doping, chitosan inducing and curing regime designing were
investigated as y-C,S was used as a carbonatable binder. The results show that the enhancing strategies have a conflicting connection
with one another. The Fe—y-C,S group with chitosan inducing (i.e., 200 MPa after 24 h curing) and the chitosan induced y-C,S group
with long curing time (i.e., 230 MPa after 7 d curing) have a high strength. The crystalline form of calcium carbonate in y-C,S group
is mainly aragonite, while the calcium carbonate in Fe—y-C,S group is calcite. The product composition of the CO, solidified
carbonate material is another crucial factor influencing the strength. The CO, solidified carbonate material with an ultra-high strength
has a structural feature, i.e., chitosan connects two phases (silica gel and calcium carbonate), and calcite exists inside in the calcium
carbonate layer and aragonite outside. The presence of calcite can provide the strength at early curing stage, while aragonite occupies
the main pore space on the outside, providing a diffusion channel for CO, at the later curing stage.

Keywords: carbon dioxide solidified carbonate material; carbonation; ultra-high strength; calcium carbonate; carbonatable binder
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Table 1 Raw materials and curing regime

Material Liquid Curing condition

Al(pure) B1(water)
A2(Fe doped) B2(Chitosan solution)

C1(24 h, constant pressure)
C2(72 h, constant pressure)

C3(72 h, continuous pressurization)

*k2 ZWAEANSHES

Table 2 Experimental groups and the related numbers

Groups Methods
Al1BIC1 v-C,S+water+constant 24 h
Al1B1C2 v-C,S+water+constant 72 h
AlIBIC3 v-C,S+water+pressurized 72 h
A1B2C1 v-C,S+chitosantconstant 24 h
A1B2C2 v-C,S+chitosantconstant 72 h
A1B2C3 v-C,S+chitosant+pressurized 72 h
A2BI1C1 Fe—y-C,S+water+constant 24 h
A2B1C2 Fe—y-C,S+water+constant 72 h
A2BIC3 Fe—y-C,S+water+pressurized 72 h
A2B2C1 Fe—y-C,S+chitosan+constant 24 h
A2B2C2 Fe—y-C,S+chitosan+constant 72 h
A2B2C3 Fe—y-C,S+chitosan+pressurized 72 h
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(a) XRD patterns of carbonated compacts

(b) Quantitative analysis results
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Fig. 4 Phase assemblage of CO, solidified carbonate materials
(Fe and chitosan) cured for 24 h
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(a) XRD patterns of carbonated compacts

(b) Quantitative analysis results
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Fig. 6 Phase assemblage of CO, solidified carbonate materials
(Fe and chitosan) cured for 1 dand 7 d

(a) SEM of the carbonated Fe—y-C,S

(b) SEM of the carbonated y-C,S with chitosan
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Fig. 7 SEM images of CO, solidified carbonate materials (Fe
and chitosan) cured for 7 d

(a) Temperature evolution of the carbonated compacts

(b) Cumulative temperature increase by integration of temperature
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Fig. 8 Temperature evolution of the carbonated y-C,S compacts
before and after Fe doping
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Fig. 9 *Si-NMR patterns of carbonated y-C,S compacts with
different curing time
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Fig. 10 Backscattered electron images of polished carbonated
compacts with different curing time
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(a) Facture of the carbonated y-C,S compacts with chitosan

(b) Facture of the carbonated Fe—y-C,S compacts with chitosan
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Fig. 11  Fracture surface of CO, solidified carbonate materials
under pressurized curing
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Fig. 14 Ideal structure of ultra-high strength CO, solidified
carbonate materials
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Fig. 15 TEM images of the carbonation products layer of
ultra-high strength CO, solidified carbonate materials
with different curing time
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