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Development on Hydration Activity, Properties of Low-Calcium Minerals and Its Clinkers

ZHANG Wensheng, CAO Lixue, ZHI Xiao, LIU Lei, REN Xuehong, YE Jiayuan
(State Key Laboratory of Green Building Materials, China Building Materials Academy, Beijing 100024)

Abstract: Low-calcium clinker minerals (i.e., ye'elimite, belite and ternesite) have lower calcium content, reduced firing
temperature, and decreased CO, emission, compared to alite. The development of clinkers primarily composed of these
low-calcium minerals represents a significant direction for the sustainable, low-carbon evolution of cementitious materials.
This review represented the hydration and performance development of ye’elimite, belite and ternesite, the hydration and
performance development of calcium sulfoaluminate cement and belite—ye’elimite—ferrite cement, as well as the preparation,
hydration and performance optimization of belite—ye’elimite—ternesite, respectively, with both low-calcium minerals as major
minerals. Meanwhile, the effect of gypsum on the low-calcium cement was discussed due to its crucial influence in the
hydration of cement clinker. This review could provide a reference for the synthesis of low-calcium clinkers primarily using
ye'elimite, belite and ternesite.
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Table 1 Formation temperature, CaO content and CO, emission of some clinker minerals®

Mineral Formation temperature/’C  CaO content/% CO, of fuel emission /(kg't") CO, of raw material emission /(kg't") Total CO, emission/(kg-t")

(N 1350-1450 73.7 282
(O 1000-1200 65.1 204
C4As8 1100-1350 36.8 122
CsS,$ 1100-1200 58.3 154

578 861
511 715
217 339
351 505
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Fig. 1 Hydration heat release curve of C;A3$ for different
polymorphs "
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Fig. 2 Phase evolution, ion concentration and corresponding hydration stages of early hydration of CsA;$1
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(a) *’Si MAS NMR spectra for 28 d B-C,S pastes
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Fig. 3 Effect of carbonate solutions on the structure and compressive strength of C,S hydration products
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Table 2 Products and cumulative exothermic heat in 7 d
pastes hydration (25 °C) 1454

7 d cumulative exothermic

Sample Hydration products heat/(J-¢")
CsSy$ C-S-H, C$, C,S, CH 43
CsS,8+ CA AFm, C;ASH;s, C,S 1076
CsS28+ CG3A AFm, C3AHg, CH, C,S 885
CsSo8+ CioA4 AFm, C;ASH;s, C,S 1043
CsS,8+ C4As$ AFm, C,S 630
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Fig. 6 Effect of retarders on pH and Al concentration in pore

solution and hydration degree of CSAI>*"!
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Fig. 7 Effect of NaCl on the expansion of PC and CSA
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Table 3 Chemical reactions of C,S in BYF cement!3%33-%

Number Chemical reaction equation
1 2C,S +4H = C3S,H; + CH
2 C,S + AH; + 5SH—C,ASH;
3 C,ASHg+C,S+2.2H —C3AS, 3H3 4+1.7C; ;SH,
4 C,ASHgt+CH—C;ASH,
5 6C,S+ 2AH;3+10H+ C3A-3CS$-H3,—6CSH, + 3C3A-C$-Hj»

(a) Cement fineness

(b) w/c
9 JKVBHHEE. KIKHAT BYF /KYEH C,S /KAL I (385092

Fig. 9 Effect of cement fineness, water to cement ratio on the
hydration of C,S in BYF cement!***%
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Fig. 10 Effect of temperature and SO, partial pressure on the
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