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Abstract: Carbonatable binder is a developed type of cementitious materia that reacts with CO, and is capable of binding other
ingredients to form a monolith with mechanical strength. Manufacturing carbonatable binder-based carbonated products is an
important route for the utilization of CO, as a research hotspot. This review elucidated the definition of carbonatable binder and its
mineral composition, analyzed the carbonation reaction mechanism, microstructure evolution and the mechanical performance along
with the multi-species transport mechanism, and introduced the three main categories of carbonatable binders and their applications.
In addition, the future research areas and the application prospects were aso given.
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Tablel Conversion rate of typical natural calcium (magnesium)-based minerals under different carbonation conditions
Minerals Temperature/ 'C Pressure/MPa Particle size/um Reaction time/h Conversion rate/% Reference
Forsterite 185 15.0 <38 1.00 495 [24]
Forsterite 80 9.7 20.00 8.0 [25]
Serpentine 155 12.6 <37 1.00 60.0 [26]
Serpentine 325 0.1 ~50 26.00 26.0 [27]
Wollastonite 200 2.0 <38 0.25 75.0 [28]
Wollastonite 80 3.0 1.00 90.0 [29]
e S, i R A S AR .

(a) Carbonation degree and compressive strength!*”

(b) Microstructure
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Table2 Compressive strength of minerals comprising carbonatable bindersunder different preparation and curing conditions

Minera ) . . Compressive
Moulding method Samplesize Pressure/MPa Time Reference

phase strength/M Pa
v-C.S Pressure compaction at 30 MPa, 0.15 w/s @20 mmx20 mm 0.40 24 h 60 [18]
Mixing and pouring, y-C,S:water:sand=4:1:10 40 mmx40 mmx160 mm 0.30 24 h 61.2 [56]
Pressure compaction at 30 MPa, 0.15 w/s @20 mmx20 mm 0.30 24 h 105 [57]
Pressure compaction at 4 MPa, 0.10 w/s 20 mmx20 mmx20 mm 0.30 8h 90 [58]
Pressure compaction at 8 MPa, 0.15 w/s 20 mmx20 mmx100 mm 0.20 2h 304 [59]
CsS, Mixing and pouring, 0.5 w/s, sand/binder=3 40 mmx40 mmx160 mm 0.50 12h 22 [60]
Pressure compaction at 30 MPa, 0.15 w/s @20 mmx20 mm 0.40 24 h 73 [18]
Pressure compaction at 12.5 MPa, 0.125 w/s 36 mmx36 mmx36 mm 1.50 24 h 104 [61]
Pressure compaction at 5 MPa, 0.10 w/s 20 mmx20 mmx20 mm 0.30 24 h 64 [62]
Pressure compaction at 4 MPa, 0.10 w/s 20 mmx0 mmx20 mm 0.45 24 h 74.8 [63]
Cs Pressure compaction at 5 MPa, 0.15 w/s 20 mmx20 mmx20 mm 0.30 24 h 92 [64]
Pressure compaction at 4 MPa, 0.10 w/s 20 mmx20 mmx20 mm 0.30 24 h 12 [65]
Pressure compaction at 30 MPa, 0.15 w/s @20 mmx20 mm 0.40 24 h 20 [18]
Mixing and pouring, 0.42 w/s 25 mmx25 mmx25 mm 0.10 300h (12.5d) 22 [54]

. . 9% h Paste: 35
Mixing and pouring, 0.35 w/s 50 mmx50 mmx50 mm 0.10 [66]
(4d) Mortar: 48

w/s is water—sand mass raito.
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Fig. 12 Plots representing the actua (dots) and modd-predicted
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Ashraf 25T S50 AR T 1 [ Bk i A
W AHAEAN ()il S AN [E] SR 4P 0 A R B AL AR B2, IR
i 2 FEATBHNYT, S DL BB R M i
GESURY AN i Y Je , AERRAL SR AR AR EIL H
1) n 85I EA A RIFEE )W . Ashraf S8 58
T K EG(0.40) ) #+ 9R AR RAEAR CO, W (15%) F11
ANERFE(35 'C. 45 “CHI 60 C)I N B 112, fEH
AT RIZE 1 BB, n EETHEISE 1, 78
0.58~0.83 [f]; FEUAY HE=HIME 2B, nfl

Wi AE 1.7~3.3 2] X EEHFR T y-C,S7E 21d
KA B TRy I R S BB %, AR M B
n{H7E 5.88, i T 2 MERRE . 1X AT A /2 KA Jander
PRI B SRR A R AR = A 7R, (EAC it A SR T
TE A 2% 5 A 0 S Atk b (R p S 9 S 1T oK) o DRt
Jander J7 AR{IE F T S SR BE AR, 5 5256 f 7 1
K, JCHS T2 SR ety B S o R A Ui AR 22 ]
RES B R, X — DRI H 2 SRy O FE S N R
A o X BT SRR 5T 4 2 A SR L DA R
Yoz STk LU AN R R R e ds, #a7n H y-CoS 2 4
WAL S R RILAE], AN 3 Fs:

3 y-C,S SMER MRt & RiH IR
Table3 Multi-step carbonation reaction mechanism of y-C,S°Y

Reaction stage Rate-limiting step Description
. Less affected by CO, diffusion or its partial pressure. A higher ion concentration or the
First stage Phase-boundary controlled, o . . .
presence of seeding is conducive for the progression of reaction
dst CO, diffusion through the product A product layer is formed and will be densified by a high partial pressure. Thus gradual
Secon e
& layer increase in partial pressureis beneficial for a more uniform reaction profile
o ) . Matrix is gradually densified. CO, diffusion is restricted and Ca?* is deficient, leading to the
. CO, diffusion and the dissolution of . . . o .
Third stage preferentia formation of aragonite. The addition of polar groups can accelerate ion

caciumions

dissolution and more generation of calcite

4 BB BB KL E R K 5 R

B 2H R B s A L) 3 A R EEAH, K
AT LLA A y-CoS 1R &R C3S fR & AT CS Ak
R, R ANCTERARE 3 FllE B B R R 1)
W AH2H R 55 ) 8 B SR AR 32 o y-CoS AR R LA y-CoS
NELN WM, FEREEDER CASH CS,, 1

3 A A P R R, DR A B HE ORI [
BRI R, SRETRHEBOCZ) 0N 483 kglt. v-C)S
RABTHEZ M y-CoS A FE 2L Ak
RN, AR THE . CsS AR LN CS NEEY
Y, B0 IZAR R A [ B ERERARL LA y-CoS ik
AR, AR 3 AR R T B IR Ek E AL T A KT
A E R v-CoS I CoSy P A [ B A K R4 fiE

®4 EMEEMEIET AR SRR
Table4 Mineral composition and CO, footprint of different carbonatable binders

Type y-C;Stype CsS type CStype
Reference [58] [71] [69] [72]
CalSi ratio 24 19 15 12
v-C.S 57.9 85.1 128
CsS, 9.5 50.0 131
CS 3.0 51.0
B-C.S 213 11 21 27
) " CAS 2.8 24.7
Mineral composition
CsA 42
C.,AF 145 0.6
Amorphous 15 24.4
f-CaO <0.5 <0.5 <10 0.4
SO, 10 19
Sintering heat consumption per ton of clinker/kJ 2694 2499 2281 2024
Carbon emission per ton of carbonatable binder during production/kg 773 725 679 522
Carbon sequestration per ton of carbonatable binder during application (based on 50%)/kg 202 242 223 134
Actual carbon emission per ton of carbonatable binder/kg 571 483 456 388
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TEA R B SR R, (HAHR T y-CoS 14
ZIL BB SE PR AR SE R, AR IA 7 kAT
—EMR B . T CoSy it il e s A Re il £ i —
P, BT LLZAR R AE Tl Ak i) % i 2 32 24 i e
F RN, AR A RERRE ) A I E R B L. CS
R ZALL a-CS NFENHH, DL CiS NIKENH, 1E
3 P & A H R [ A B 1K (134 kgft), RIS AR =i
FE FF IS J5T SR LV AR N B RGBT 5 AP R
K2, GEBHRAE 388 kg/t. 1HiZAA 2 ) [ R I it
PR TR AR BT, FER L AR e — Ty
TR TC 2 AR 5 [ 3k N RERR S AE R & T8 8 TEAH 5
RS e B RATE T, — 7 e R Ot FR R
(10 P 38 Bl 2 A SOR VA T B0 Y BSR4
P 55 ) R

y-CoS A4 Z [ 5 LAY e B T K 2445 24 7% 1 BA
ATEPOE TR F RN AR . B TR
BB Ak SERR T 2T A 1 B Rk y-CoS [El B R
BRI AR, b y-CoS I & 7E 80%LL I,
[F B E T ol JFORLBT & = 2k BRon R gIANM
A B CoAS Fil CAAF B AH, 24 h 47T o R ik
150 MPa. HHT, ZEAFBAHAEI A& H [ ik N\ &
bt TEBRAAEAR [N <R e 1 5 R 4 [ e A
M, FEsER. Fhik T 2B i S AR B BT
KL CS; AEER M. &/b&E y-C,S A CSIH
A Bk, R ik CS A &R [ B B A kL 1 55
[ — 5 A\ R, 58 U TH 5 000 t g Tk kA 7=,
F= B A T AR S .

5 Z#h5REZ

I B R B fE — R LA y-CoS. C3S, Al CS 45 F
PR PR R 5 O E B AR AL R B R ke kL, R
AARES A IEE S e R SR A, TR R
GEPUAE 2 M T2 5 A5 2] S R4, gkiifE T
MR R CO HIRRALTR I DRI B DA B4 A
TRy T B SR SR S5 1, B 28 A3 B NGRS
IR B AR A i, SEBL LA R CO, 1
R RCEMAEAI T, R HESD P E XU HARSEBL
HEFARBRL -

BB BRI 704 v-CoS R &R CsSp 1k
A CSRZR 3. HAT 3 Mk REI AR,
i BBk, (BT BCA KHUSAE ™ R . i
7 T F AR A DB bR [l sk R e A e HAE o ] s A
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MR ER KU, & — DR AN BN 2 AL R R,
SX AR G B B R R SR A AL R I 7 i 18
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