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Impact Mechanism of Aluminum Sulfate and Sodium Aluminate on
Strength Development of Cement Mortars
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(1. Department of Civil Engineering, Tsinghua University, Beijing 100084, China; 2. Advanced Building Functional

Materials Innovation Center, Hebei-Tsinghua Development Research Institute, Langfang 056306, China; 3. Shanxi
Jiawei New Material Co., Ltd., Yuncheng 044200, China)

Abstract: Multiple techniques including calorimetry, thermogravimetric analysis, X-ray diffractometer, mercury
intrusion porosimeter, inductively coupled plasma optical emission spectrometer and scanning electronic microscope
were employed to establish quantitative relationships between hydration products and mechanical properties of cement
mortars. The impact mechanisms of aluminum sulfate(AS) and sodium aluminate(NA) on the strength development
of cement mortars was revealed. The results indicate that at the same dosage, AS and NA perform different
mechanisms in affecting the early strength growth of cement mortars. AS does not significantly affect the sulfate
equilibrium of the cement paste, whereas NA turns the cement paste into an under-sulfated system. NA significantly
alters the dissolution-precipitation equilibrium of the cement paste. It is found that the compressive strength of cement
mortars 1s affected by the hydration degree of silicate phase and the process of structure build-up. The early-age
strength of mortar is not only derived from the amorphous hydration products, but also from the crystalline products
such as ettringite (AFt)and monosulfoaluminate( AFm). Moreover, the formation of AFt in early stage other than
AFm is more conducive to the establishment of a good early-stage solid network structure of cement paste, thus
promoting the development of its later strength.
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Table 1 Chemical composition(by mass) of cement

Unit: %
CaO Si0,  ALO, Fe,O, SO, NaO K,O MgO
59.74 19.16 4.61 4.06 3.97 1.14 0.85 3.18

*F2 KEMTWAHAK

Table 2 Mineralogical composition(by mass) of cement

Unit: %
C,S C,S C,A C,AF Preiclase Anhydrite
52.33 15.45 5.33 12.35 3.18 6.73
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Table 3 Characteristics of AS and NA solutions

Index AS NA
Solid content(by mass)/ % 40.12 53.09
pH value'(25 C) 2.0 12.17
c(AD/(mmol-L™") 46.8 138.4
n(A1,0,)/n(SO,) in solution 0.30™"

Note: * —Measured by sevencompact™ conductivity/pH meter
(METTLER-TOLEDO, Zurich, Switzerland) ; ** —Measured by
using 0.53% diluted solution; *** —Measured by 5110 SVDV
ICP-OES (Agilent, California, US).

R4 BANIMFEKEREAGE (SO,)/n(ALO,) RIERKE
Table 4 Initial n (SO,)/n (A1,0,) and state of cement pastes
with addition of admixtures

Initial 7(SO,)/

Specimen 2(ALO,) State of cement paste!”
Blank 1.10 Proper sulfated

C+AS 1.17 Proper sulfated

C+NA 0.59 Under sulfated
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T 56 T R R R I 1 R R K e D A
FEA AR S 5 R K e e P B A He L 26 5,
KK LR 0.5, 85 IR HE R 3.0.
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TR B - A8 790 ) v R R 1 45 A T R 1Y) 32 A D
AT A T R SE R 40 mm X 40 mm X 40 mm P
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Table 5 Mix proportions of mortars

Unit: g
Specimen Cement  Water Sand AS NA
Blank 450.00  225.00 1 350.00 0 0
CH+AS 450.00 204.81 1350.00 33.65 0
C+NA 450.00  213.05 1350.00 0 25.43
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Table 6 Setting time of cement pastes

Setting time
Specimen
Initial Final
Blank 8 h 45 min 9 h 55 min
C+AS 42 min 30 s 1h 31 min30s
C+NA 8 min 30 s 13 min 30 s
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Table 7 Contents of CBW and CH in cement pastes at different ages

Unit: g
CBW CH
Specimen
6h 1d 3d 28d 1d 3d 28d
Blank 5.56 14.04 19. 84 21.13 14.42 19.15 24.40
C+AS 7.84 14.07 20.41 22.17 9.14 15.22 19.62
C+NA 5.61 13.67 16.07 19.65 16.27 15.20 22.58
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Table 8 pH value and ion concentration in pore solutions of cement pastes at 5 min and 6 h
Blank C+AS C+NA
Index
5 min 6 h 5 min 6 h 5 min 6 h
pH value 13.12 13.28 12.89 13. 21 13.33 13. 60
c(Ca)/(mmol-L ") 17.38 23.88 13.91 19.03 0.31 0.52
c(AD/(mmol-L ") 0.10 0.09 0.14 0.10 446.52 8.92
(Si)/(mmol-L ") 1.14 0.79 6.06 1.17 13.04 44.51
«(S)/(mmol-L ") 145.43 171.91 189.92 200. 52 201.95 299. 46
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