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Table 1 Chemical compositions of raw materials

w/%
Raw materials Loss SiO, AlLO; Fe0;3 CaO MgO SO;
Limestone 4264 061 0.05 019 559 001 042
Bauxite 1502 1799 5444 598 274 032 0.06
Fly ash 0.90 5124 3642 332 138 395 0.27

Phosphogypsum 1545 1.44 1.19 0.62 3393 0.31 47.04
Anhydrite 730 127 0.0 0.06 3857 3.83 48.13
w is mass fraction.
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Table 2 Mineral composition of sulphosilicate clinker
w/%
CiAs$ C.S CsS:$ C,AF C$ f-CaO Rwp/%
36.48 49.43 6.01 2.82 5.20 0.09 10.262

C,As$ is calcium sulphoaluminate. C,S is dicalcium silicate, CsS;$ is
calcium sulphosilicate. C,AF is tetracalcium aluminoferrite. C$ is
anhydrite.
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Table 3 Mixture proportions of sulphosilicate cement with

various M-value w/%
Sample M-value Anhydrite Clinker
Mg 0 0 100.00
Mo, 0.9 4.18 95.82
Mig 1.8 8.36 91.64
Mz 2.7 12.54 87.46
Mz 3.6 16.72 83.28

1.3 EWrH*E

3 30 LU HERA AR B PRI 5], KK LG A0.5,
FIEGBIT 17671—2021 (/K Y8 kb i FE A6 56 7575 )
940 mmx40 mmx160 mmK RSz b, IR
FERIH0E SR . 20 mm x 20 mm x 20 mmPk)if 3¢
W, FAEREE R I F oK bk, T
IIMTIRAE IR 25 K Ve KA F= I I 4FAIE

ALK R MR 225 ICIT 603—2004 (/KB
AR5 H 8 bR . BFE24 hE A,
KFE2 dEMERHMYIIGEKE L. b)E, B



%54 55 5 1

Az A MBS BRI £ /KU PR RE A 2 K KA L .+ 1547 -

BRI TR I 2R e W, A R
(FE#1220.001 mm), ic k. BFERZIK 4G AR X
(7)11’%

EtzlLIJLx1ooqe (7)
250

A ECNIRFEZIKE, %; IoNBEEKE, mm;
ICARBERIUG K, mm; 250 iREEE K

KHTAM Airfd )Gl 285 e R pail e 7 A
IF) ML Tt ek 2 3 7K U 2 AR 1D 7K A TR 6 R0
o LI N20 'C, KK H0.4, KA & HE
227 do KBS E A& 7 A F] )D8 ADVANCE XU £k
1T A (XRD) X A [A] % B (1) 7K A6 K 5 75 20 £ &
(5°~80°)u [l kAT 434, BT AP 50.01 (°)/min,
FAHEIHE A8 (°)/min. K FH4EE NETZSCH STA 449
F3ZY A T AR K ALAE AT A A ZE R i A
43 HT(TG-DSC). HFE I H30~1000 °C, FH#HZ
5910 “C/min, LR NE, HEHE A 20 mL/min.
KH £ EFEIA 7 477 ffiQuanta 250 FEG#Yi7 &k Hf
PR EE 44 T S I (SEM) 7E /i 22 K 0 W 42 Al
KV 2% B S T T R SRR o SR FH 36 B 22 AN 3%
A A P R AutoPore IV 96007 [ 7k 43 #T A% (MIP)
FAERAE I FLIR Y o

2 HXR53®

2.1 M {EXTRERERKERERE S

Bl 1 AR A & R AR Eh /K VR AR
3. 7. 14d 1 28d MR, HE 1AW, Kik
3 d B Myg HilFEHT RS i 5, 7k 43.9 MPa.
Vi IE M2 S B RR b KR A B SRR
IKVE ISR, (H4k S8 Nt A H 2 FEUKTRH I
BRLH EgD, BRI NS K, KIE 3 d Pk
SRIE R BEE AKILIIRFSEHEAT, Moy Mas A HRE
R LKV MIPT R SR BE I KB, 14 d B Mae ZHH1IE
S ATIA ) 56.7 MPa. AR T Sl B &2
T AR KRS, HKIERARSE e,
{HFRY 2 28 d I, Mag 4L 5 FE HH IR 1 B 2 (504,
NPT 4.3 MPa. #/2, Mog ZHFE N 14~28 d $i K5
FERINE S, % 7 12.3 MPa. ] REE T 7E A
EEHEIRE, CS 5 CsS$at s KLk, Ay
C-(A)-S-H BRI KN T ARt FTH8 2 2% [A) 45 1) (R 52 5,
BN T KPR EE A B, PR T YU SR .
A B S EINE, — TR R+ CoS 5 CsSo$ 5
B, A CS 5 CsS$Hzk btk
SN T S BASE R

70

Em=0 [ m=09[_|M=18[_M=27[1M=3.6
Ea
E3 "I‘-I-
| By

Comprehensive strength/MPa
[\ (9% P ()] D
[ (e o (=) (=)
o
=
|_|_|
B
o

—_—
[
T

(=]

3 7 14 28
Age/d
BI1 MR B ek R 7 e 470 s 48 52 1 S
Effect of M-value on the compressive strength of
sulphosilicate cement

Fig. 1

2.2 M EXTRERRER KR AR R 00

Kl 2 AR MAEBREERE Eh7K e 3. 7. 14 d Al
28d MIZMK. HIE 2 /T, 2 MAE/NT TR, K
163 d BIFE S I I T SR . e JE R T e L
247, —R TR T RPH HKER,
TR L BAMFLFHIK,  BAHFLH ] RS 8 T %) i
AT A7 R R BT RIS A s BEAE, BT CaAs$iK
s K E B KBNS GK, KIERIR K AN
Wi, —RETHAEEESL, FHKIWL“MaE
5 AFm, AFt AIESELEE(AHS). BT AFm. AHs
A AN, BRAET ARt &2/, H ARt
T I 7 AR 1R S 7 A J2 DARH 7K e T 4 AL 22 W i
SRR Sy, fFKIETE 3 d BRI S . FE
R PBIHEAT, BAE T CsSo$rh i) SOz ¥ HHFEIIN,
it 7 ARt BITE R AH7KIRAE 7 d JERIUNIZAK .

—a— M=0—0—M=0.9 M=1.8 M=27—9—M=3.6

0.10 +

0.08

0.06 +

0.04 +

Expansion rate/%

0.02 +

0.00

K2 MR BRAERR Hh /K YR K 2 (5
Fig. 2 Effect of M-value on expansion rate of sulphosilicate
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M-value Effect on Properties of Sulphosilicate Cement and Its Hydration Mechanism

CAO Lixue, REN Xuehong, YE Jiayuan, WU Yanze, DONG Dong, CHEN Shaoliang, ZHANG Wensheng
(China Building Materials Academy, Beijing 100024, China)

Extended Abstract

Introduction The sulfate source in calcium sulfoaluminate (CSA) cement is an important factor that determines its hydration
characteristics, and the properties of CSA cement can be controlled via adjusting the molar ratio of calcium sulfate to ye’elimite
(generally referred to as the “M-value”). Sulphosilicate cement is a novel cementitious material developed via incorporating ternesite
(CsS2$) and free-calcium sulfate (f-C$) into the mineral composition of CSA cement. The calculation of the M-value must
comprehensively account for their contents in the clinker due to the presence of SOz in CsS2$ and f-C$. This study optimized the
conventional calculation formula for the M-value and systematically investigated its influence on the compressive strength and
expansion behavior of sulphosilicate cement. In addition, the mechanism underlying the effect of anhydrite dosage on cement
hydration was also elucidated through the evolution of hydration products.

Methods In this experiment, sulphosilicate clinker was synthesized with limestone, fly ash, phosphogypsum, and bauxite as raw
materials. The raw materials were calcined at 1250 ‘C for 1 h, followed by rapid air quenching to obtain the clinker. Five groups of
sulphosilicate cement with M-values of 0, 0.9, 1.8, 2.7, and 3.6 were designed. Mortar specimens were prepared to evaluate
compressive strength and expansion rate, while paste specimens were prepared for analyzing hydration product characteristics at
specific ages. The hydration heat release was measured by an isothermal calorimeter. The phase compositions and microstructure of
the hydration products were analyzed by X-ray diffractometer, thermal behavior analyzer and field-emission environmental scanning
electron microscope. The pore structure was performed by a mercury intrusion porosimeter.

Results and discussion Among the various sulphoaluminate cement groups, the Mis specimen demonstrates the maximum
compressive strength of 43.9 MPa after 3-d hydration. As hydration progresses, the compressive strength of the M2.7 and Mz groups
shows a significant growth, with the Mss group reaching 56.7 MPa at 14 d. However, the Msg specimen exhibits a notable strength
retrogression, which, is decreased by 4.3 MPa, after 28-d hydration. In contrast, the compressive strength of the Mo.g group increases
markedly from 14 d to 28 d, with an improvement of 12.3 MPa.

For specimens with the M-value below 1, the early hydration products at 3 d are dominated by AFm phases with insufficient AFt
content, resulting in an initial shrinkage. As hydration progresses, the dissolution of SOs from anhydrite and CsS2$ promotes AFt
formation, leading to a measurable expansion after 7 d. At low M-values, AFt contributes to pore refinement, while the reaction of
CsS2$ and C:S in later stages generates C-(A)-S-H gel and stratlingite (C2ASHSs), refining the microstructure of hydration products
and enhancing long-term strength. In contrast, specimens with higher M-values (i.e., 1.8, 2.7, and 3.6) exhibit expansion as early as 3
d. Increased anhydrite content and prolonged hydration amplify the crystallographic stress exerted by AFt crystals on the surrounding
matrix, causing coarsening of pores, and elevated total porosity, and resulting in strength retrogression during 14-28 d of curing.

Conclusions This study was to propose a formula for calculating the gypsum coefficient M-value in sulphosilicate cement, i.e., Cc=
0.13 x M x (Y — Ax2.24 — Tx1.27)/Sy, establishing the relationship between gypsum dosage and cement performance, while
elucidating the influence of M-values on the mechanical properties and hydration mechanisms. The experimental results demonstrated
that within the optimal M-range of 0.9-1.8, cement could achieve continuous strength development for all curing ages. Higher
M-values (2.7-3.6) enhanced mid-term strength but induced strength regression at 28 d. Increasing M-values effectively suppressed
early-age shrinkage and induced progressive expansion, and expansion rates were positively correlated to M-values at all hydration
stages. Hydration products primarily consisted of AFt, AHs, and C-(A)-S-H gel. At Mo and Mos, AFm phases formed during early
hydration, followed by C2ASHs in later stages. Conversely, M-values of =1.8 accelerated Cs4As$ hydration but inhibited both
CsS2$ dissolution and C2ASHs formation. Microstructurally, Mo.e specimens exhibited pore refinement and reduced porosity through
gel-phase densification, enhancing strength development, whereas Mss samples suffered from coarse pore proliferation due to
excessive anhydrite content promoting oversized AFt crystals, ultimately degrading 28-d strength. At the M-value of 0.9-1.8, the
system achieved balanced high strength and minimal volumetric deformation, making it suitable for general engineering applications.
Elevating the M-value to 1.8-2.7 induced a controlled expansion behavior, enabling targeted use in shrinkage compensation scenarios.
However, at the M value of 3.6, delayed strength retrogression and microstructural deterioration could occur, thus establishing 3.6 as a
critical upper limit for M-values.

Keywords M-value; sulphosilicate cement; anhydrite; properties; hydration mechanism



