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Table 1 Carbon sequestration of calcium silicates and structure of CaCO; products® 10720
Carbon sequestration capacity
Conditions CaCOj; products ~ (CaCOj; content after carbon  Ref.
Mi sequestration )
inerals
Sample Temperature/ Humidness/ Liquid-soli Reaction CO, .
status Reactor C RH d ratio time condition Crystal form Size
Non-pressurized:
Non-pressurized 44%.
CS Compact pressurized, 2542 65% 05 48h 0.1 MPa, 4 Calcne_, aragonite, Pressurized: 8]
. MPa  aragonite 42%.
high-pressure . .
High-pressure:
26%.
Powder:10 Calcite, e o
Powder/Co  Hyperbaric s-168 h. chondroaragonite, . S . o
mpact chamber 20 0.25 Compact: 10 0.2 MPa aragonite, ggrztlgezs(;;?.e 2h:38.3% [12]
min-168 h monohydrocalcite nm ' '
Simulated onrzalinmselizsvith 0: Highest.
Paste underground 60 Humid 0,0.3,0.6 28d 4.5 MPa Calcite N ., 0.3,0.6: close [13]
) high liquid-solid
environment > effect
ratio is larger.
Grain size:
p-C,S Compact  Autoclave Room 012 30s72h 02Mpa CACHe aragonite, 50.1-98.3 nm. [14]
temperature aragonite Particle size:
63-1 065 nm.
Grain size
increases sharply
. . at first, then
0.2 MPa Calcne_, aragonite, decreases
Powder Autoclave 2045 0.12 30s-168h ' aragonite, PCC, 2 h: 27.9% [15]
99.9% gradually, and
ACC. :
the final average
particle size is
1.8 um.
The higher the
concentration of
Carbonation 0 0.3 MPa, . .. additive urea, the
y-C,S  Compact box 20 98% 0.15 24 h 99.99% Calcite, aragonite. larger the [10]
particle size of
CaCO3
. Compact: 10
(l:jgnv:dzrc/t Carbg’(;‘f“o” 2042 95% 015 minsoh O MPA cacite [11]
P Powder: 1-6 h o7
B-CaS Compact: 2 Grain size of
22 powder/Co Carbonation Room pact: . 0.2 MPa, Calcite, aragonite, calcite decreases B-C,S: 22.4%,
and 0.15 h. Powder: o ; . . ; o, [16]
CoS mpact box temperature 24h 99.9% aragonite. with the increase y-C,S: 41.6%
Y2 of y-C,S content
B-CaS B-C.S: Calcite.
Carbonation Room 0.2 MPa, y-C,S: Contains B-C,S:18.1%,
:_agds Compact box temperature 0.15 2h 99.9% trace amounts of v-C,S:45% (171
V2 aragonite.
CsS.
B-CoS  ompacy  Carbonation 0.13 148h 20y CACHe aragonite, ooy Gio 1 um 18]
and box aragonite.
‘/-Czs
CsS and Carbonation o 0 Calcite, aragonite, C3S: 60%,
1-CoS Compact box 57+3 94% 0.4 145 h 15% aragonite. 1-CaS: 76% [19]
B-C,S: Aragonite
dominated.
[i(—:(BZS:S Carbonation 0.4 Mpa, CS:Calcite CaS:
ané Compact box 20 98% 0.13 24 h 99,9y, dominated. Highest, [20]
97 v-C,S:Aragonite C,S: Lowest
y-C2S .
and calcite
dominated.

*Due to the differences in calculation methods of carbon sequestration rate among different references, the calcium carbonate yield given in the references is

selected as the comparison object of carbon sequestration ability.

b PCC, less crystalline calcium carbonate.
¢ ACC, amorphous calcium carbonate.
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Extended Abstract

Introduction  Mineral carbon sequestration is a crucial area of research in both environmental protection and industry. While much
of the existing research has focused on the direct carbon sequestration of minerals to enhance cementation properties, there is a gap in
understanding the interface micro-structure evolution of mineral powder particles during the carbonization process for the use of
supplementary cementing materials. This study delves into the investigation of three calcium silicate minerals found in steel slag,
examining the single-particle carbonization reaction rate and the micro-evolution process of the reaction interface at a micron scale.
The goal is to uncover the differences and mechanisms behind the carbon fixation reaction rates of these three calcium silicate
minerals.

Methods Three types of calcium silicate minerals, namely y-C,S, B-C,S, and C3S, were prepared using the sintering method. A time
gradient experiment was conducted on these minerals, and the evolution of multi-scale products was observed and analyzed through
various microscopic techniques. Quantitative analysis using XRD and TG-DTG was employed to compare the carbon sequestration
rates of the three minerals, and reaction equations were constructed through fitting analysis. The morphology, crystal structure, and
growth characteristics of calcium carbonate products during the carbon sequestration reactions of the three minerals were analyzed
using SEM, TEM, and crystal size calculations. The correlation between the differences in carbon sequestration rates among the three
minerals and the evolution of micro-structure was elucidated.

Results and discussion y-C,S had the highest carbon sequestration rate, which was 47.40% after 2880 min of carbon sequestration,
reaching 92.65% of the theoretical carbon sequestration, and still had an exposed reaction surface at the later stage of the reaction.
During the carbon sequestration process of -C,S, the carbon sequestration rate increases and the particle size, grain size and structure
distribution of the product calcium carbonate aggregate are relatively stable. C3sS has the highest carbon sequestration rate. Due to its
high reactivity, C3S stagnates rapidly after 5 min, and then the carbon sequestration rate increases slowly, but the crystal shape of
surface calcium carbonate products changes with time.

The carbon sequestration reaction processes of y-C,S and B-C,S conform to BoxLucasl model. The first 60 min is the rapid
carbon sequestration stage of y-C,S and B-C,S, and the inflection point of reaction rate reduction occurs in 180 min and 360 min
respectively, and the reaction plateau begins at 360 min. The carbon sequestration reaction of CsS is consistent with the nuclear
shrinkage reaction model, and almost stops after 5 min. The calcite produced by the three minerals tend to grow on the (104)
rhomboid plane, and the growth of calcite is controlled by the competition between grain growth and grain size reduction.

v-C,S and B-C,S carbon fixation product calcium carbonate is mainly calcite, C3S carbon fixation product calcium carbonate also
contains relatively more aragonite. The growth of calcium carbonate products on the surface of y-C,S particles shows a transition
from epitaxial growth to mantle growth. The epitaxial growth in the early stage leads to more reaction surfaces and increases the grain
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size of calcite. The growth of calcium carbonate products on the surface of B-C,S particles is from mantle growth to epitaxial growth.
The mantle growth in the early stage leads to denser nucleation, and the reaction ability is poor in the later stage, but the grain size
development is more stable. On the surface of C3S, calcite and aragonite are mixed, and the composite structure of acicular aragonite
and brick calcite hinders the gas-solid contact reaction.

Conclusions The development rules of carbon sequestration rate of y-C,S and -C,S are similar, and both conform to BoxLucasl
model; The calcium carbonate crystals on the surface of the two C,S particles are dominated by calcite, and tend to grow more
preferentially on the (104) thermo-dynamically stable surface. The calcium carbonate on the surface of y-C,S particles grows from
mantle to epitaxial. The epitaxial growth in the early stage leads to a larger reaction contact surface, and it still has reactive activity in
the late stage, and the calcite grain size is larger. However, p-C,S epitaxial growth to mantle growth, the early mantle growth led to
denser nucleation, the late reaction ability is poor, the grain size development is more stable. Due to its high calcium content, C3S has
the fastest carbon sequestration reaction at the initial stage, and quickly stops after 5 minutes of reaction, which conforms to the
nuclear shrinkage reaction model. C5S presents different product evolution rules: In the early stage of carbon sequestration reaction,
acicular aragonite and cubic calcite on the surface of C3;S are mixed, and its dense structure causes premature stagnation of carbon
sequestration reaction. As the reaction proceeds, aragonite is transformed into calcite.

Keywords dicalcium silicate; tricalcium silicate; carbon sequestration; calcium carbonate; crystal growth



