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Alkali Metal Doping Influence on Hydration Properties of Ternesite
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Abstract: Alkali metal ions as some impurity ions in cement raw materials can affect the structure and properties of clinker minerals.
The effect of alkali metal ions on the hydration activity and mechanical properties of ternesite was investigated with alkali-doped
ternesite synthesized as analytical reagents by isothermal calorimetry, comprehensive thermal analysis, scanning electron microscopy
and 2Si solid state nuclear magnetic resonance. The results show that the solid solution of alkali metal ions in the crystal structure of
ternesite reduces the crystallinity of formed crystals, forms the crystal defects, effectively improves the early hydration activity of
ternesite, and promotes the rapid development of its early mechanical properties. Meanwhile, the addition of alkali metal can change
the microstructure and structure of calcium silicate hydrates (C—S—H). Among them, Li,O addition stabilizes the flocculent C—S—H,
while Na,O and K,O addition can induce the fibrous growth of C—S—H. The degree of polymerization and mean silicon chain length
of C—S—H increase due to the addition of alkali metal.
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Table 1 Proportion compositionof ternesite samples /g
Samples CaC03 Si02 CaSO4'2H20 Li2C03 N32C03 K2C03

T control 83.34  25.00 35.83

TOILi 83.34  25.00 35.83 0.25

TOSLi 83.34  25.00 35.83 1.25

TI1O0Li 83.34  25.00 35.83 2.50

TOINa 83.34  25.00 35.83 0.17

TO5Na 83.34  25.00 35.83 0.85

T10Na 83.34  25.00 35.83 1.70

TOIK 83.34  25.00 35.83 0.15
TOSK 83.34  25.00 35.83 0.75
TI0K 83.34  25.00 35.83 1.50

Note: Calculated by 100 g ternesite clinker. m is mass. Nomenclature given

in the table: T10K represents the obtained ternesite clinker with 1.0% of K,O.
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Table 2 Phase compositions and chemical compositions of ternesite samples W/%
Phase composition Chemical composition

Samples No. X -

CsS28 B-C.S CaO Si0, SO3 Li,O Na,O K,O
T_control 98.82 1.18 58.48 24.86 16.65
TO1Li 99.17 0.83 58.37 24.95 16.67
TOS5Li 98.36 1.64 58.30 24.93 16.62 0.11
T10Li 98.12 1.88 58.19 24.89 16.50 0.32
TO1Na 99.39 0.61 58.35 24.82 16.69
TO5Na 98.93 1.07 58.30 24.86 16.71 0.23
T10Na 98.12 1.88 58.13 24.72 16.60 0.51
TO1K 99.63 0.37 58.42 24.81 16.69
TOSK 99.18 0.82 58.33 24.79 16.53 0.26
T10K 98.30 1.70 58.06 24.75 16.63 0.55

W—Mass fraction.
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Fig. 1 SEM micrographs and EDS analyses of ternesite samples
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Table 3 Mean values of n(Ca)/n(Si) and n(Si)/n(S) ratios
for ternesite

Mole ratio of Ca/Si Mole ratio of Si/S
Samples N

Mean S.D. Mean S.D.
T_control 42 2.48 0.05 2.02 0.04
T10Li 43 2.36 0.06 2.01 0.05
T10Na 43 2.30 0.03 2.00 0.03
T10K 40 2.33 0.03 2.01 0.05

N represents the number of independent measurement points; S.D. represents

standard deviation and is derived from all independent measurements.
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Fig. 2 XRD patterns of ternesite samples
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Table 4 Changes in d-spacing and cell volume of ternesite

samples
Samples No. d(230)/A d(033)/A Cell volume/A®
T_control 2.847 27 2.829 50 1076.382 7
T10Li 2.847 18 2.829 38 1076.377 8
T10Na 2.847 25 2.829 49 1076.382 3
T10K 2.847 33 2.829 57 1076.384 5

I3 BRAEERRESFE A ) *°Si NMR i
Fig.3 %’Si NMR spectra of ternesite samples

£5 FEBRITHMAA SiNMR SN S 4R
Table 5 Deconvoluted results of *Si NMR spectra for
ternesite samples

Relative ) . Full width at half
Samples No. | . Chemical shift (9) .
intensity (1) maximum (FWHM)
T control 1.000 -72.56 0.791
T10Li 0.628 —72.53 0.998
T10Na 0.736 —72.50 1.056
T10K 0.825 —72.50 0.955

I, 0 and FWHM were received from deconvolutions of the Si MAS NMR
spectra, as shown in Fig. 2. | represents the relative intensity with respect to

the sample T control.
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Fig. 4 Heat evolution curves of Li,O doped ternesite samples
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(a) Rate of heat evolution

(b) Cumulative heat
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Fig. 5 Heat evolution curves of Na,O doped ternesite samples
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Fig. 6 Heat evolution curves of K,0O doped ternesite samples
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Fig. 7 TG-DTG curves of alkali doped ternesite pastes cured
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Fig. 8 Chemically combined water content of ternesite pastes
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9 BRERREGFE MK 3 d ) SEM JE )T
Fig. 9 SEM micrographs of ternesite pastes cured for 3 d

10 BREERRESFE Sl /K AL 28 d I F SEM JIE A
Fig. 10 SEM micrographs of ternesite pastes cured for 28 d
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Fig. 11 %’Si NMR spectra of ternesite pastes cured for 28 d
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Table 6 Deconvoluted results of *’Si NMR spectra

. . . n .
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Q° Q Q Q Q Q of Si-Si, L .
T_control -72.56 -78.61 -84.34 82.03 13.77 4.20 17.97 2.61 19
T10Li -72.53 -79.09 —84.25 73.90 12.93 13.17 26.10 4.03 35
T10Na -72.50 -78.73 —85.21 70.12 17.25 12.63 29.88 3.46 37
T10K -72.50 —78.81 -84.99 80.60 9.01 10.39 19.40 431 30
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Fig. 12 Compressive strengths of ternesite pastes cured for different ages
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