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The influence and kinetic analysis of limestone powder dosage
and fineness on cement hydration process
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Abstract: This study aims to investigate the effects of varying dosages and fineness of limestone powder on the
hydration behavior of cement paste, providing a theoretical basis for optimizing the application of limestone
powder in cement-based materials. In this study, a microcalorimeter was used to analyze the hydration heat of
cement pastes with different contents and fineness of limestone powder. Based on the Krstulovi¢-Dabi¢ model,
the actual hydration reaction rate curve and the theoretical hydration reaction rate curve of each stage were

obtained. The reaction kinetics related parameters including degree of reaction, reaction order, and reaction rate
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constants for the NG, I, and D stages were calculated to analyze the influence of limestone powder content and

fineness on cement hydration. Experimental results demonstrate that within the limestone powder dosage range

of 0%-35% and specific surface area of 465~665 m*/kg, the correlated increase in both parameters enhances

cement hydration kinetics, resulting in both elevated hydration heat peaks and accelerated peak occurrence.

When the limestone powder content is 35%, the peak increases by 26.2% and occurs 3.17 hours earlier.

Additionally, the reaction degree of the NG process (crystallization nucleation and crystal growth process) of

cement hydration increases. The addition of limestone powder and the increased fineness enhance the early

hydration reaction rate, while leading to a limited hydration degree in the later-stage.

Keywords: limestone powder; content; fineness; cement hydration process; heat flow of hydration; hydration
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Table 1 Main chemical composition of cement

CaO MgO Fe,0, ALO, Si0, S0,
62.3 3.73 3.66 4.16 21.18 1.81
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Table 2 The main mineral phase composition of cement

%

C.S C,S C,A C,AF
59.33 18.76 6.37 10.03
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Table 3 The mortar mechanical strength of cement

PR /MPa PR3 B /MPa
3d 7d 28d 3d 7d 28d
5.5 7.0 8.8 27.4 36.6 51.2
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FRZS W], % 8 2,68 g/m*, 75 /K & o 101% , MB
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3
A/d=2_6m $XC,8 251 AR/ % KR/ % K
Base-0 0 100 0.4
A-5, B-5, C-5, D-5 5 95 0.4
A-15, B-15, C-15, D-15 15 85 0.4
d=2.19A
e A 1764 A-25, B-25, C-25, D-25 25 75 0.4
A-35, B-35, C-35, D-35 35 65 0.4
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Fig.1 X-ray diffraction patterns of cement
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Table 4 The main chemical composition of limestone

powder
%
CaCOy Fe,O, ALO, SiO, Na,O
92.34 0.49 1.22 4.05 0.12
A
d=3.024
N
ACaCOyq
d=2.49A d=2.06A
" \A‘\ A/ AN
A LA
10 20 30 40 50 60 70
20/(°)
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Fig.2 X-ray diffraction patterns of limestone powder
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Fig.3 [Effect of limestone powder content on the hydration rate of cement per unit mass
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Fig. 4 Effect of limestone powder content on the hydration rate of cement containing limestone per unit mass
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Fig. 5 Effect of limestone powder content on the cumulative heat release of cement per unit mass
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Fig. 6 Effect of limestone powder on the (a) peak hydration rate and (b) occurrence time of peak hydration rate
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Fig.7 Reaction rate curves of different stages of cement hydration
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Table 6 Parameters related to kinetics of cement hydration process
415 e K, Ky a, @ a, Dayg Ay Ay, KABBLEE
n Ko

Base-0 1.551 53 0.039 3 0.010 44 0.002 35 0.0259 0.1675 0.1416 0.8325 NG-D
A-25 1.519 70 0.0412 0.011 81 0.002 93 0.0209 0.2121 0.3275 0.1912 0.1154 0.6725 NG-I-D
B-25 1.579 36 0.044 5 0.012 64 0.002 96 0.0131 0.2058 0.312 2 0.1927 0.106 4 0.6878 NG-I-D
C-25 1.527 43 0.044 0 0.012 28 0.002 84 0.016 8 0.1928 0.309 5 0.176 0 0.116 7 0.690 5 NG-I-D
D-25 1.418 44 0.042 6 0.012 60 0.003 13 0.026 7 0.2427 0.3280 0.216 0 0.085 3 0.672 NG-I-D

D-5 1.659 22 0.0437 0.012 36 0.002 74 0.0129 0.202 3 0.298 5 0.189 4 0.096 2 0.7015 NG-I-D
D-15 1.481 90 0.0417 0.012 09 0.002 84 0.0227 0.2221 0.3133 0.1994 0.091 2 0.686 7 NG-I-D
D-35 1. 380 66 0.044 4 0.013 16 0.003 33 0.026 7 0.248 4 0.334 3 0.2217 0.0859 0.6657 NG-I-D
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