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Mechanism Analysis of a Sulfate Complex Salt Improving Early Tensile
Strength of Concrete
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Abstract : The effect of a sulfate complex salt (SN) was studied by axial tensile test of concrete in the present
investigation. The phase composition and morphological structure of hardened paste were characterized by X-ray
diffraction (XRD), thermogravimetric-derivative thermogravimetric (TG-DTG) analysis and scanning electron
microscope (SEM). Combined with the hydration heat release of cementitious system, the working mechanism of SN
was discussed. The results show that the early tensile strength of concrete can be significantly improved by using SN.
Specifically, compared to the control, the tensile strength at the age of 1, 3, 5d is increased by 18.7%, 23.6 % and
16.2%, respectively, while 2.0% SN is dosed into concrete, no obvious adverse effect occurs on the tensile strength
at later ages. The incorporation of SN can speed up the early hydration process of cementitious system and promote the
formation of hydration products such as ettringite (AFt), calcium hydroxide (CH) and calcium silicate hydrate (C-S-H)
in the cementitious system. Further, the C-S-H is filled in the micro lap-structure formed by needle-shaped AFt, which
1s beneficial to the uniform distribution of tensile strength and effectively improve the early tensile strength of concrete.
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Table 1 Main physical property parameters of cement

Density/ Specific Water Setting time/min Compressive strength/MPa  Flexural strength/MPa
( ) 7}’3) surface area/  requirement Stability
grem (m*kg ) (by mass)/% Initial Final 3d 28d 3d 28d
3.10 347 25.4 Qualified 176 226 37.9 57.8 8.0 11.3
*
+ —Na,Ca(S0,), ®2 SNHIRUWAK
Table 2 Oxide composition of SN
w/%
SO, Ca0 Na,0 SiO, ALO, MgO Fe,0, K,0 SrO TiO,
46.52 17.35 18.79 8.14 2.82 2.71 1.91 0.85 0.48 0.19
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Fig.1 XRD pattern of SN
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Table 3 Mixing proportion of reference concrete

kg/m’

Cement Fly ash Water

Coarse aggregate

Fine aggregate Superplasticizer

435.000 0 71.000 0 157.000 0

1072.000 0 715.000 0 0.9108
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Table 4 Admixture dosage and slump in each group of concrete

x5 BHKERERNESILRR3E
Table 5 Mix proportion and fluidity in each group of paste

Concrete No. w(SN)/ % w(PC)/ % Slump/mm Paste No. w(SN)/ % w(PC)/ % Fluidity/mm
C-SN-0 0 0.18 190 P-SN-0 0 0.18 230
C-SN-1.0 1.00 0.19 185 P-SN-1.0 1.00 0.19 223
C-SN-2.0 2.00 0.21 181 P-SN-2.0 2.00 0.21 219
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Fig.2 Schematic diagram of concrete tensile strength
specimen (size:mm)
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Fig. 3 Effect of SN on the compressive strength and tensile strength of concrete
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Fig.4 Effect of SN on tension-compression ratio of concrete
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Fig. 5 Effect of SN on heat flow and cumulative heat release of hydration reaction of paste
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Fig. 9 SEM images of P-SN-0 hardened paste at 1,3 d
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