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Research Progress on Low-Calcium Silicate Cementitious Materials
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Abstract: Under the background of “carbon peak and carbon neutrality”, reducing carbon emissions in the cement
industry and achieving large-scale CO, sequestration have become an urgent issue. Low-calcium silicate cementitious
material, as a new type of CO, sequestrating material, possesses advantages such as energy saving, high carbonation
reactivity, and stable products, and is considered an effective pathway for the low-carbon transformation of the cement
industry. This paper starts with different low-calcium silicate cementitious material systems, systematically
summarizes the research progress of the mix proportion, firing system, mineral composition, carbonation and
hardening properties of low-calcium silicate minerals. The future research directions of low-calcium silicate
cementitious materials were discussed, in order to provide reference for the development of low-calcium silicate
cementitious materials.
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Table 1 CO, uptake(by mass) of low-calcium silicate minerals under different forming-curing conditions

Firing system Forming condition

Curing condition

Mineral : Forming . Carbonation CO,uptake/ Ref
Temperature/ Holding . Water-solid Temperature/ . Age/ % '
. . > Cooling regime  pressure/ . o w(CO,)/%  pressure/
C time /min ratio C
MPa MPa
Cooling with the _
1400 180 30 0.15 20 99.99 0.4 24 25.5 [28]
furnace
v-C,S
Cooling with the -
1400 240 0 0.40 60 15 0.1 145 19.7 [29]
furnace
1400 240 Rapid cooling 30 0.15 20 99.99 0.4 24 17.5 [28]
B-C.S
1450 180 Rapid cooling 8 0.15 99.9 0.2 2 9.6 [30]
. Cooling with the .
1350 180 30 0.15 20 99.99 0.4 24 18.7 [28]
furnace
CsS,
Cooling with the
1440 120 5 0.15 120 99.9 0.15 72 8. 11 [31]
furnace
Cooling with the B
1420 120 30 0.15 20 99.99 0.4 24 14.5 [28]
CS furnace
0 0.40 55 99.9 0.1 82 19.2 [32]
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Fig.1 Phase diagram position of low-calcium cementitious
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materials-* "
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(a) Quaternary phase diagram of CaO-SiO,-Al,0s-Fe,0;

(b) Sub-triangle of C,S-C,AF-C,A;

K2 CS-CAF-CLA KR [ CaO-Si0,-ALO,-Fe,0, MICHH I HI C,8-C,AF-C LA, 8l = i B
Fig.2 Quaternary phase diagram of CaO-SiO,-AlL,O,-Fe,O, for C,S-C,AF-C,A, system and sub-triangle of C,S-C,AF-C A"’
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S AR B E T CLS-C.S,-CLAS K R ) 41 1,
W w(C,S) R 59%~95% ,w(C,S,) 0% ~30%,
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(c) Mineral composition and compressive strength

K3 C,S-C,S,-C,ASHK Z 1Y CaO-SiO,-ALO, = JCAT K] bg i IR B 3 1T 35 32 1 i £F 41 Ry Rl

Fig. 3 CaO-SiO,-Al,0, ternary phase diagram, calcination temperature, compressive strength and optimal composition

range of C,S-C,S,-C,AS system'™

w(Ca0)— 1.10w(ALO,)

o L 87(w(Si10,)— 059w (ALOY)) (5)
w(C,S)+ 0.896w(C,S,)
w(C,8)+ 1.194w(C,S,)
- w(Si0,) -
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0.349w(C,S)+ 0.417w(C;S,)+ 0.219w(C,AS)
0.372w(C,AS)

(6)

454 C,S-C.S,-C,AS 1R R 0 ¥y 41 1l 24 ¥ [,
it FLRAEVE B R :0.887<C(C,=<0.985,5.512<<S <<
19.510. 7% j& Tk J5okh b 40 & R & 1 24 o i 1, A
B-C,S 2y == 1K i 8 44 kL C,S-C.S,-C,AS 1k & 75
1275 C MR 2 hJ5 R AR v 4 7 LRI AT 145 3%
2 B S BT T & Sy 2E v fie Ak 24 h LR
o8 B I [ B 4 A E] T 112.3 MPaf116.2% . T
C,S 7 HA b 5 4 = S Hu 7, A RHAEBR AL TR 57 5 AT
HA— @ KATE il 1 h 5 4k 82k 1k 28 d, i &

RERSHRTY 25.71 %0 WF 98 J BRI e b B o I 45 fe v
AR BEAT % B 552 ) < 20 04 7 T o B S b L
R BRI T e AT 5 L b 5 JS D L ) B AR 3 AR e A /KK
Pl K S A 7K A 5 R 0528 W T v 5 B T L )58 i U
N, B AL SR PR B S s YRR e 1 1R
1: 3, S Ab s YRS & FEAIK T 10.73 MPa.
42 v CSHEHC,SC,S,C,ASKZE

FIH C.S HBHERRE AT DAFERC L 58 A 57
7155 2 A Wy BEak B B m gs HE (1 B T LY RIS
FUH 76 1 240 “CF £ R 60 min J5 , R A SR % E1A]
FIFFLLy-C,S A F Y C.S-C.S,-C,AS K F 1Y H B LA
55 JE R R o S R R IR BT ] RV ) B X i Ak
R A, Y y-C,S Sk # 67.3% B, ki
Ik H) 93.0% , BURL 8 BURL B 437 14 21 50% .90%
BF X R 19 R 42 Dy B Doy 43 5114 8.2.69.3 pm.y-C,S
HEM C,S-C,S,-CAS 1R bR L - 38 #E 72 5 7K 8
Lo 2 1 U K, 4 666.4 m®/ kg, TG 7 A9 B B AT 4 4l
R RN BORE RSE B B R Ak S BOUBURE 2% 1w B
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1 2 40 ) A B 82.2 MPa fl 12.92 % . A X F LA B-C,S
N EEH WK C,S-C,S,-C,AS K R %K 2 5 1 AR
W ELAT — 5 WK AT L B S K AR X i B 4 T 143
A BR L Z AR 5 B ) A i D SR RE R G S L Bk
16 24 h BT Hs o B R A g & o3 0l ik 2] 39.7 MPa #l
6.08 %0 AL b il 5 09 B S B Ak 24 h S ST 2o P X
ITZ 5 AL 15 pm (WL 4) , 1TZ N 1) CaCO4 AH X
T H A B R 5 1D S O AR T TZ AR AT BE
S BD I R A A 22 51 R B A

120

ITZ !
100 r] o

80 -
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40

Manufactured |
20 sand

15 mm,

Average elastic modulus/GPa

O—20 6 26 4‘0 66 8‘0 100
Distance/um
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Fig. 4 Average elastic modulus of ITZ of self-pulverized

low-calcium cementitious material mortars ™

43 CS,8EHC,S-CS,CASEZR

Sk E — A ARG A R 1 G % B AR AT A A
TLLCS, N ER C,S-C,S,-C,AS & F ik 45 i %t #1
B Hou % F] F CaO-Si0,-ALO, = Jo A 1K (1L
& 5) X5 0 M) M i I 2k A 2 A AR % e AT R AT 4y
BIwo% | 5 5 7% 1 45 7 1 PR 250 2 i 1R &R I e A Ak
22 R 53% ~55% ) CaO . 38% ~41% K SiO,,
49%6~9% B ALO,; XF N i 5 B 41 A 64 % ~88 % 1

New.
rankinite
clinker

Alkaline
slag

Portland
cement

CaO AlLO,

CGA CpA; CA CA, CA

F5 C,8-C,S,-C,ASIRZT W 1,
Fig.5 Mineral compositions of C,S-C,S,-C,AS system'*"

C,S,.0%~24% 1y C,S . 11%~21% 1) C,AS. WF 58 &
PIZAK Z7E 1 260~1 320 “C43R 90 min B a] 4551 ; tp
G B IZ R R A 8HE 1 250~1 350 'CF &
158 21 min BPA] 045 A6 R4 T B st ] B S
Ak AR FR T CS, E i B 2 UL fE 1L g K e 2k
PR E R TR R R L CS, o B C,S-C,S,-CLAS
A ZR ARG i 58 A1 L S B T AT 2 Ak R LA A S A
PR RN 7 4 P BE v A RE B Ak 24 h (%) [ B = o
) 16.31 % , §T He 5 B 7] 8 3 65 MPa; ib 3 FE fic fk
7 dJE PR REAS 1A ) 57.4 MPa'®.

XF T R A C.S-C.S,-CLAS 1 2K 45 fif iR £h i
BEA R A S bERE SR LR 2. R 20T L - A
XF T 8 AR Eh K &R, C,S-C.S,-CLAS IR £ B2 iR
O SRR A, BRSO 2R kR ik
FH T AKALT Y& m R H AR EREZ B T
— s BRI

5 C.S,-CS-C,ASHEZH

CSHE R CaO-Si0, —JT ik Z 45 & i fie Ik 19 £
W2 4504, il 2% 1 B b I HE Y CO, i e ik 7E
CaO-SiO,-ALO, = JTAH Kl h C,S,.CS . C.AS RE % I
TE A R AR HE B R T R BE . BT AR T = A
JT 0 1 K B 22 T W) 2 RE 65 A AT B R R IR
H 30w 9y X5 3 E 9 53 ik F R «-CS>C,S,>
C,AS. 255 BB R ) fh X 12k fig B CLAS
Fm(WE6) , M #E T C.S,-CS-C,AS 1k & iL 55
JiE 8 B B4 AR : w (CS) 2l 38%~T78%, w(C.S,)
0% ~49% ,w(C,AS)H 8% ~27% . B H iR /K
ZORHELRHT B 2 T C,S,-CS-CLAS 1A £ By i fHit
CNIRiRY

w(Ca0)— 1.10w(AlLO;)

CM: -
1.40(w(Si0,)— 0.59w(ALO;))
w(Si0,)
y (8)

~ w(ALO,)+ w(Fe,0,)

R4 C.S,-CS-C,AS & Z 19 7 ¥ 41 1 29 3R i
Fil, Cy Sy FOEUE G LA £ 0.670<<(C=<0.798, 3.870
<Sy=14.417. F ] Tl J5oBHE 1 300 ‘CF /i 2 h
Ja P A A E L« CS N EE Y
C,S,-CS-C,AS 1K £ . Qian %' % 3 24 L) A7 K A7 Fl
AR N EORH , 7E 1300 ‘C R A3 4 h )G A R ¥
IR Al AR R R X E 4 RS [ A i AR S e
OB 29 T B Be B BT W A R T Lk B, BR
C,S-C;S-C,A-CAF IR R 40, Ay 34K R E 55 &



1096 BV A I - I $274
R2 CS-CS,-CASERMHESFIP
Table 2 Preparation and curing of C,S-C,S,-C,AS system
Firing system Forming condition Curing condition
Mi | CO, uptake
mer'a‘ Raw material T ture/ Holding Cooli Forming Water- Carbonation (by mass)/ Ref.
emperature oolin
composition PcC time / Hng pressure/  solid w(CO,) /% pressure/  Age/h %
egime
min reet MPa ratio MPa
B-C.S, . .
Limestone, Rapid
v, mestone 1275 120 o 4 0.100 99.99 0.3 24 6.2 [54]
sandstone cooling
C,S,,C,AS
v-C.S, .
. Limestone, Natural
B-C,S, 1240 60 . 4 0. 100 99.99 0.2 24 12.9 [58]
. sandstone cooling
C,S,,C,AS
Waste
v-C,S,  concrete fine .
Rapid
B-C,S, powder, 1300 120 . 4 0. 100 99.9 0.3 72 12.5 [66]
. . cooling
C,AS calcium
carbide slag
C.S,, Limestone, Cooling
-GS, sandstone, 1 260—1 320 90 with the 0.125 99.99 0.3 72 18.9 [63]
C,AS clay, allite furnace
Compressive
Temperature/C: strength/MPa:

0
0 25 50 75 100
w(C,AS)/% w(C,AS)/%
(a) Mineral composition and calcination temperature (b) Mineral composition and compressive strength

0, 100
a-CS

0 25 50 75 100 0
w(C,AS)/%
(c) C5S,-0-CS-C,AS system
K6 C.S,-CS-CASIAZR MBI TR LA C.Syma-CS-C,AS Bl = M T8 Al i 20 1S il
Fig. 6 Calcination temperature, compressive strength of C,S,-CS-C,AS system, sub-triangle and optimal
range of C,S,-a-CS-C,AS!™

composition
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I REAR, fE 2B T X 5 R A A R A e
BB FE A B BT A A7 B AT O

AT EH 81 C.S,-CS-C,AS K & 1y fig IE A
AR, HE 8 RSP 2 A AN 26 3 s 36 3 BT 8 24 1)
A IR SR, Sk [ 6811145 19 C.S,-CS-CLAS &
FREAL G 0 E W) Bk A AR SRR, B
Ak 72 h 5 B 5 B RN A A 43 0 35 3] 102.7 MPa i
10.2 % ; SCHRL6 9 il #5118 C.S,-C S-C, A STR R MR IL P24
TS B AASRERE 7 d BRI EAUN 5.5 MPa.
ik gr B 3 b il A 5 IR P AR, AT LA
C,S,-CS-C,AS R Z M RER E K2 Rl figse i TR IR
BF ) Ve 5y MR i B S 2 Ry, Horh

A TRe R SR HMEEE T RN EERE T B
H TR AN ) 25 5 30 0 22 S 0 B, Dk A AT BE S A
W o-CS A, 1 3 AR H R LU B-CS A £, o CS
WAL 1% M B = F B-CS™.C,S,-CS-CLAS & &R b3
(9 1T Z 55 oAt A4 2 AR5 e B8 4R AH DL, 340 3R 0 i e
(9 1T Z DA B AR i S v A 0 1T Z S 2 st A A
AR I 1 72 %7 Zhu B9 K LYK S10, BE6E
R 2 A ZR B Ak B NE SR AT o S A AR, AR HE B
SER AR T . SR AH b T A AR B S BB A RMA R L iR
FAFTERE R N B A R0 TG R 25 Rk fk B L 7 R
B B TR A il 26 ) L, i 384 e FL T AT 0k —
L HFATIRGE

R3 CS,-CS-CASERMHESFHIP
Table 3 Preparation and curing of C,S,-CS-C,AS system

Firing system

Forming condition

Curing condition

. CO,uptake
Mineral Raw Formin Carbonation Eb Ref
composition  material ~ Temperature/ Holding Cooling & Water-solid . - ) g v et
- . ’ , pressure/ : w(CO,) /% pressure/ mass)/ %
C time /min  regime ratio h
MPa MPa
-CS,C,S,, Limestone, Rapid
O hadey LAMESIONE 1300 120 Pt 4 0.1 99. 99 0.3 72 0.2 [54]
C,AS sandstone cooling
CS,(C,S,, Limestone, Natural
T . 1300 240 . 0.4 99.99 0.1 24 [58]
ferrosilite quartzite cooling

6 ZitS5RE

(DA C,S.C.S, K CS 2y F= A AR5 Jie e 44 4 ] L
S K Y AT M R B L HE 1 B Y, HLL 3 B S i
G B8 B IR A [ 5 B Ty 24 Pk B S A5

(2) H A 0 I A5 R 55 4 A A 2R 1) 40 i i B 3%
iK1 350 °C, HL3E i 42 v 2058 e Bt SC B R
B4k, DT i — 2 AR RERE . G405 I B b 24 B A S
BIBRALTE T, H A5 A B-C,S BRAS B A A R HA —
FE W R KA RE Ty At ) 2 R — 2D T

(3) 07 24 2% 8 Ml S pek v 24 o 20 43 0 TR 45 e 5
A RHGE B 1 5 B Ak R BE RS R, R R L T AR ST 4
FALR A I BE A ke 8 ) 8 55 itk A 1k B A T 9k

(4) 75 JoEL 5 A5 2 O A BHR 2 v S [ 4 40 1
) 5 4 G 2, I UK 46 Mg 6 s Ak &% J 193 /K £k T
H BN EL Y HLEE

(5) i Xt F CO,ZE M A ML BB L 3
I R A AIF ST, W OB A Rl e 4 ) R A i 88 T %) i A AL
A HE AR AT SR S PERB IR AL SE &

SE Wk
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