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Table 1 Chemical composition of raw materials wi%

Material LOI CaO SiO, AlLOs Fe 03 SO; MgO
Sulphosilicate cement clinker 5235 18.55 19.15 0.68 9.28
Anhydrite 7.30 38.57 1.27 0.10 0.06 48.13 3.83
Slag 1.51 39.59 32.65 15.79 0.55 11.14
Quicklime 94.77 2.28 0.93 0.59 0.78
Bauxite 13.14 0.50 8.93 68.89 2.29 0.31
Fly ash 0.90 3.95 51.24 36.42 3.32 0.80

w is mass fraction. LOI is loss on ignition.
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Rup N 5.663% Fig. 1 Rietveld fitting plot of sulphosilicate cement clinker

R2 REBRECRAE YIER
Table 2 Mineral compositions of sulphosilicate cement clinker w/%
C.S C4A38 CsS:8 CaSOy C4AF Ryp/%
49.23 37.3 5.49 5.92 2.07 5.663

CsS is belite. C4A38$ is yeelimite. CsS,$ is ternesite. C4AF is tetracalcium aluminoferrite. Ry, is weighted graph variance factor.
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Table 3 Composition and specific surface area of
sulphosilicate cement
w(Cement composition)/% .
Sample Specific surface
Sulphosilicate . Lo
No. . Anhydrite Slag Quicklime —area/(m?-kg™)
cement clinker
A-1 92.0 8.0 457
A-2 64.4 56 300 460
A-3 64.4 56 300 1.5 462
A-4 64.4 56 300 3.0 463
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Fig. 3 Strength of different sulphosilicate cements at various ages
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Setting time, soundness and flowability of different sulphosilicate cements

Setting time/min

Sample No. Water requirement of normal consistency Soundness of cement  Flowability/mm
Initial setting time Final setting time
A-1 0.30 20 35 v 178
A2 0.27 32 55 v 195
A3 0.38 17 40 v 170
A4 0.42 11 29 J 165

The "\" symbol indicates that the stability is qualified.
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Fig. 4 Rate of hydration heat rate of different sulphosilicate
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Fig. 5 Cumulative hydration heat of different sulphosilicate
cements

2.4 KUFYIRYIRRE R 3 H
241 firdgarbr Kl 6 NFESL A-1 ERES A-4
KA 3. 7d 5 28 d WEHAR) X SR ATHIE

FEdh A-1 K16 3 d M EZRI= s, &
PR RAPUER 98 1) F B TR . C4AsSFH CaSO4
(R MR 0 B S 55 (] 6a), W — & 7E KAk L ml
B S S Tk JRT, CaoS Fl CsS.$4E
3 d FPRFAE I 3 FE 0 IH B AR Ak, 2R B L LKA %
PEAE, FHIKRNEEAL. KL 7 d B
CsSoS HIRFIE VUG B B AIG, E5 B AT AR A I 0 5 /N s
. & 28 d, CoS FFfFUEIESRIZAL, RKUH I
RAT K4, #Emies TR pH A, 12 T
B R, AR C-S-H BERH AR, PR
FEAS ARREEIE K

FEdh A-2 K46 3 d S BLA RRAE UG I 5 55 T4
an A-1, UEAETUA S ERG, X2 SFERER A2
FHAPUR R EZEF . K7 d i, TS
R AR W B AR A TR AR (B 6b), ESERE S
PRI 2 RIKALH Ky« /KA 28 d B, ZAE&E
AUREEREAR S5, (HAESHLA R IE G I SR 3 1=y
X WA K F ) 3 B LR B A 858 D R B
BEIM[AIO I 5 CsSa$/KA A1 SO A B AL
A7 o BRI CsSa$ A CoS KAk A i Ca(OH),
SRS, XN SRR OIS T A R % AT SR,
BT R KRG R, L B =R o 45 44
(P3G SV FH R e 235 e A N P R 5 B TR 3 7t o

FEdh A-3 K46 3 d IS BL A REE I I SR IR it
A-2 g, JFRASTREUESREEARSS, RIFBAME
AR TR ) IR S . KAk 28 d B, RS



< 2824 - CRERR Th 223400

J Chin Ceram Soc, 2026, 54(8): 2819-2830

2026 4

Intensity

10 20 30 40 50 60
20/(°)
(a) A-1

Intensity

20/(°)
(c) A-3

Intensity

200(°)
(b) A-2

Intensity

10 20 30 40 50 60
200°)
(d) A4

K6 sKALSEE IBRERR 2K A XRD 1%
Fig. 6 XRD patterns of sulphosilicate cements at different hydration ages
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Influences of Slag Powder and Quicklime on Properties of Cement Prepared from

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

Extended Abstract:

Introduction Sulphosilicate clinker is considered as a low-carbon cementitious material due to its high sulfur/silicon contents, low
sintering temperature and low carbon emissions. Despite its promising performance and environmental advantages, the feasibility and
mechanism of incorporating supplementary cementitious materials such as slag powder into sulphosilicate cement remain unclear.
This study was to investigate the effects of slag powder and quicklime into sulphosilicate cement on its hydration behavior and

mechanical performance.

Methods The sulphosilicate clinker primarily comprised Belite (C2S), Yeelimite (Cs4A3$) and Ternesite (CsS2$), with minor
amounts of calcium sulfate and ferrite phases. Four types of cement were prepared, i.e., the reference (i.e., sample A-1), 30% slag
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powder (i.e., sample A-2), 30% slag powder with 1.5% quicklime (i.e., sample A-3) and 30% slag powder with 3% quicklime (i.e.,
sample A-4). The cement paste was analyzed for pH value, setting time, strength and hydration production at different ages of 3, 7 d
and 28 d. The hydration products, microstructure evolution and thermodynamic behavior were determined by X-ray diffraction
(XRD), thermogravimetric and differential thermal analysis (TG-DTG), scanning electron microscopy (SEM) and isothermal
calorimetry, respectively.

Result and discussion The results indicate that the addition of 30% slag powder (sample A-2) extends the initial setting time by 12
min and improves workability (9.5% increase in flow), but significantly reduces early compressive strength due to the dilution effect
thus diminishing active mineral content and delaying hydration product formation. The sample A-2 exhibits a 40% and 38% reduction
in compressive strength at 3 d and 28 d, respectively, compared to the reference. The incorporation of quicklime significantly
changes pH value in early hydration stages and promotes a pozzolanic reactivity of the slag. Compared to the sample A-2, the sample
A-3 achieves a 35% increase in 28 d compressive strength  (i.e., 46.3 MPa) meets the 42.5-grade requirement. However, the sample
A-4 exhibits less compact microstructure and diminishes strength development, compared to the sample A-3, indicating that excessive
quicklime can hinder mineral reactivity and hydration kinetics.

The analysis of isothermal calorimetry shows distinct hydration profiles among the cement systems. The samples A-1 and A-2
display two distinct peaks (initial wetting and CsAs$ hydration), while the samples A-3 and A-4 show only one sharp early peak due
to the exothermic quicklime hydration, with later stages subdued due to an inhibited mineral reactivity. The XRD patterns reveal that
the ettringite content in the sample A-3 increases from 32% at 3 d to 51% at 28 d, which is substantially higher than that of the sample
A-2 (i.e., from 26% to 42%). In contrast, the sample A-4 plateaues 33% ettringite at 28 d. The TG-DTG analysis and bound water
quantification reinforce these findings, showing that the sample A-3 has the maximum cumulative increase in hydration products over
time among the blended systems. The SEM images confirm that the early formation of ettringite is suppressed, and the resulting
ettringite transforms from dense columnar crystals in the sample A-1 to finer needle-like structures in the sample A-2, indicating a
weaker skeletal framework and less compact microstructure. The sample A-3 develops a denser network of interlocked hydration
products, while the sample A-4 shows persistent voids and unreacted particles, illustrating a delicate balance required for optimal
alkaline activation.

Conclusions This study demonstrated that the combination of slag powder and quicklime content could synergistically improve the
mechanical performance and sustainability of sulphosilicate cement. At a 30% replacement level, slag powder significantly extended
the initial setting time. However, the dilution effect led to a reduction in active mineral content, causing the amount of ettringite at 3 d
and 28 d to decrease by 23% and 17%, respectively. This corresponded to a decline in compressive strength by 40% at 3 d and 38% at
28 d. The microstructural analysis revealed that the addition of slag powder could cause the morphology of ettringite to transform
from columnar to needle-like/rod-like (with an aspect ratio > 10), and a higher residue of unhydrated slag particles led to a more
porous microstructure. An appropriate amount of quicklime enhanced the alkalinity and properties of sulphosilicate cement. At a
dosage of 1.5%, quicklime promoted slag hydration and increased the strength of the samples. The ettringite content in these samples
was increased by 6% at 3 d and 10% at 28 d, while the chemically bound water content was increased by 6.1% and 4.5%, respectively.
Consequently, the 28-d compressive strength was increased by 35%. In addition, distinct etching marks appeared on the slag surfaces
along with the formation of a small amount of needle-like ettringite in 7 d samples with 1.5% quicklime, enhancing the density of the
composite system. Conversely, a 3% quicklime dosage significantly inhibited the hydration of C4A3$ and CsS2$. The resulting
excessive Ca(OH): delayed the second hydration heat release peak to 40 h and reduced the total cumulative heat to 116.76 J/g.

The combined use of slag powder and quicklime profoundly could affect sulphosilicate cement performance. Incorporating 1.5%
quicklime, 30% slag powder and an appropriate amount of anhydrite into the sulphosilicate clinker could allow for the preparation of
cement that meeted the 42.5 strength grade. However, when slag was used alone, its activity was difficult to be activated due to the
insufficient alkalinity of the cement liquid phase. Thus, it was not recommended as a standalone mineral admixture for this type of
cement. Quicklime could significantly improve alkalinity, the performance of the cement was highly sensitive to its dosage. The
optimal quicklime content could be determined based on the specific mineral composition of the clinker or the final cement blend.

Keywords sulphosilicate clinker; slag powder; quicklime; performance; hydration mechanism



