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Hydration of High-volume GGBFS Cement with Anhydrite and
Sodium Sulfate
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ABSTRACT In order to use the high-volume slag cement as a construction materials, a proper activator which can improve the

latent hydraulic reactivity is required. The dissolved aluminum silicon ions from ground granulated blast furnace slag (GGBFS) react

with sulfate ions to form ettringite. The proper formation of ettringite can increase the early-age strength of high-volume GGBFS (80%)

cement. The aim of this study is to investigate the hydration properties with sulfate activators (sodium sulfate, anhydrite). In this paper,

the effects of Na,SO4 and CaSO, on setting, compressive strength, hydration, micro-structure were investigated in high-volume GGBFS

cement and compared with those of without activator. Test results indicate that equivalent SO; content of 3~5% improve the early-age

hydration properties such as compressive strength, heat evolution rate, micro-pore structure in high-volume GGBFS cement.
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Fig. 1 Particle size distribution of OPC and GGBFS
Table 1 Chemical compositions of binders
Chemical Compositions (%)
Cement GGBFS Anhydrite
SiO, 20.5 34.0 0.77
ALOs 4.97 16.4 0.08
Fe,0; 3.02 0.5 0.16
CaO 61.8 37.2 39.7
MgO 2.71 6.29 0.04
K,0 0.72 0.45 0.06
Na,O 0.33 1.33 0.25
SOs 2.35 2.71 56.9
LOI 2.36 0.8 1.6
Sum 98.92 99.68 99.56
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Table 2 Mix proportions of high-volume slag cement mortars

Binder (wt %) SO;

Cement| GGBFS| Anhydrite | Na;SO4 CO(I;;SMS
SC20 20 80 - - 2.64
SC19A1 19 80 1 - 3.18
SC17A3 17 80 3 - 4.27
SCI15AS 15 80 5 - 5.37
SC13A7 13 80 7 - 6.46
SCI9N1 19 80 - 1 3.18
SC17N3 17 80 - 3 4.26
SCI15N5 15 80 - 5 5.34
SC13N7 13 80 - 7 6.42
SC17A2N1 17 80 2 1 4.27
SCI7A1IN2 17 80 2 4.26

Water/Binder: 0.5, Binder : Sand = 1 : 3
Binder: 450g, Water: 225g, Sand: 1,350g
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Table 3 Setting time and Compressive strength

Setting time (min)| Compressive strength (MPa)

Initial | Final |3 days| 7 days |28 days
SC20 385 489 7.5 27.9 36.1

SC19A1 326 451 11.2 28.8 36.5

SC17A3 315 442 243 31.8 37.7

SCI15A5 283 425 19.8 272 34.6

SCI13A7 282 403 16.3 243 31.5

SCI9N1 315 442 9.2 27.1 352

SC17N3 245 345 224 28.9 35.8

SC15N5 246 330 16.9 245 325

SC13N7 245 315 14.2 214 28.8

SC17A2N1| 299 427 234 30.7 36.3

SC17AIN2| 247 379 22.8 29.9 36.2
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Fig. 2 Compressive strength of high-volume slag cement
mortars with/without activator
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Fig. 5 The rate of heat evolution of GGBFS cement hydration
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S 1.91 1.33 32.06

Ca 27.84 15.45 40.078

Fig. 11 SEM image and EDS analysis at 28days of hydration
(Sample SC19A1)

Element | Weight% | Atomic% Atomic mass
S 12.65 7.05 32.06
Ca 14.65 6.54 40.078

Fig. 12 SEM image and EDS analysis at 28days of hydration
(Sample SC13A7)

Table 4 Porosity and average pore diameter

Porosity Average pore diameter
3days 28days 3days 28days
SC20 21.1% 14.7% 51.0nm 22.9nm
SC17A3 18.1% 14.8% 36.6nm 27.7nm
SC13A7 19.3% 15.4% 49.5nm 33.6nm
SCI9N3 18.9% 13.9% 38.9nm 28.4nm
SC13N7 20.6% 16.1% 47.2nm 31.3nm
SC17A2N1 | 17.6% 16.5% 35.7nm 26.0nm
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