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Study on the cement hydration processes of concrete with mineral admixures
based on electrochemical impedance spectroscopy
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Abstract: The cement hydration of concrete mixed with fly ash or slag was studied by means of the electrochemical impedance
spectroscopy. Starting with the characteristics of electrochemical impedance spectrum, the influence of the mineral admixtures on
electrochemical impedance parameters in the concrete cement hydration process was analyzed and the development and changes of
the concrete structure was discussed. The results show the concrete electrochemical impedance spectroscopy with different quantity

of fly ash or slag is the same in trend. During the earlyst age of hydration, the impedance parameters R,, R, and o reduced and
the total porosity of the concrete increased with the increases of the amount of mineral admixtures incorporated in concrete and the
structure of concrete becomes loose. In the latest age of hydration, the impedance parameters R,, R, and o gradually increase
because of the secondary hydration effects and the total porosity of the concrete decreased and the structure of concrete becomes

compacted, and with the increase of mineral admixture content, the meso-structures of concrete becomes more compact.
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Fig.2 The Nyquist plot
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/kg-m™ K% K% 1%
Cl 05 445 100 0 0 222 570 1157
F1 05 445 90 10 0 222 570 1157
F2 05 445 80 20 0 222 570 1157
F3 05 445 70 30 0 222 570 1157
F4 0.5 445 60 40 0 222 570 1157
K1 05 445 90 0 10 222 570 1157
K2 05 445 80 0 20 222 570 1157
K3 05 445 70 0 30 222 570 1157
K4 05 445 60 0 40 222 570 1157
FK1 0.5 445 60 10 30 222 570 1157
FK2 0.5 445 60 20 20 222 570 1157
FK3 0.5 445 60 30 10 222 570 1157
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Fig.3 Nyquist plots of concrete cement hydration at dif-
ferent ages
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Fig.4 Electrochemical parameters of concrete with
fly ash at different ages
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Tab.2 CPE index p and fractal dimension 4 of
concrete with fly ash

] Cl F1 2 F3 F4

/d p d p d p d p d p d

7 0.85 3.15 0.84 3.16 0.84 3.16 0.83 3.17 0.82 3.18
14 0.84 3.16 0.85 3.15 0.85 3.15 0.84 3.16 0.85 3.15
28 086 3.14 0.86 3.14 0.86 3.14 0.86 3.14 0.88 3.12
45 083 3.17 0.84 3.16 0.85 3.15 0.85 3.15 0.86 3.14
60 0.85 3.15 0.83 3.17 0.85 3.15 0.85 3.15 0.86 3.14
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Tab.3 Change of o during hydration process of concrete

with slag
i ] o/ (kQ-cm”-S7?)
/d Cl K1 K2 K3 K4
1 — 0.41 0.31 0.22 0.15
14 0.52 0.50 0.57 0.47 0.61
28 0.54 0.71 0.88 1.23 1.71
60 0.93 1.14 1.51 1.64 1.98
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Fig.5 Electrochemical parameters of concrete with slag at
different ages
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Tab. 4 Change of p and d during hydration process of

concrete with slag

Ag_ Cl K1 K2 K3 K4

dp d P d P d P d P d
7 0.84 3.16 0.84 3.16 0.83 3.17 0.81 3.19 08 3.2
14 0.85 3.15 0.84 3.16 0.84 3.16 0.83 3.17 0.84 3.16
28 0.86 3.14 0.85 3.15 0.86 3.14 0.86 3.14 0.87 3.13
450.83 3.17 0.83 3.17 0.84 3.16 0.85 3.15 0.86 3.14
60 0.84 3.16 0.85 3.15 0.85 3.15 0.86 3.14 0.87 3.13
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Fig.6 Electrochemical parameters of composite concrete at
different ages

®5 ERRERITKNLEIIEF o BT
Tab.5 Change of p and d during hydration process of
composite concrete

[ Cl FK1 FK2 FK3

/d 14 d 14 d p d p d

14 085 3.15 0.84 3.16 0.83 3.17 0.81 3.19
28 0.86 3.14 0.86 3.14 0.87 3.13 0.89 3.11
60 084 3.16 083 3.17 084 3.16 0.85 3.15
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