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Impedance Spectroscopy of Cementitious Materials in Early-Age
Carbonation Curing
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Abstract: Cementitious materials in early-age carbonation curing with varying sand-to-cement ratios, water-to-cement
ratios, and specimen sizes were investigated by AC impedance technique. An optimized equivalent circuit was
established, and corresponding electrical parameters were obtained to analyze the changes in the impedance spectrum
of cement-based materials in early-age carbonation curing. The results show that the mass increase ratio of specimens
increases with the water-to-cement ratio and decreases with the sand-to-cement ratio. The average mass increase
ratio of the neat slurry group increase is 11.29%, which is 2 to 3 times higher than that of the mortar group. The larger
size of specimens results in the higher mass increase ratio. In carbonation curing conditions, the diameter of the arc
in the high-frequency area of AC impedance spectrum increases, while the slope of the straight line in the
low-frequency area decreases in cementitious materials. A relationship model between the mass increase ratio and
AC impedance spectrum parameters is established. The charge transfer resistance is used to predict the CO, absorption
of the cementitious materials in carbonation curing. AC impedance spectrum of cementitious materials in carbonation
early-age curing contributes to the development of corresponding non-destructive monitoring technologies.
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Table 1 Chemical composition of cement

w/%

CaO  Si0, MgO SO, ALO, K,0 NaO Fe0O, IL

63.80 20.78 1.72 3.82 3.57 0.75 0.26 3.99 1.31
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Table 2 Mix proportions of specimens

Amount/g
Group Size/mm my/me
Cement  Sand Water
A4(S/M/L)  10/15/20 100 300 40 0.4
A5(S/M/L)  10/15/20 100 300 50 0.5
A6(S/M/L)  10/15/20 100 300 60 0.6
B4(S/M/L)  10/15/20 100 200 40 0.4
B5(S/M/L)  10/15/20 100 200 50 0.5
B6(S/M/L)  10/15/20 100 200 60 0.6
C3(S/M/L)  10/15/20 100 0 30 0.3
C4(S/M/L)  10/15/20 100 0 40 0.4
C5(S/M/L)  10/15/20 100 0 50 0.5




%5124

X B AF U AR AL TR 1P T K R SR A R BT 1 R AIE 1321

1.2 FPEHERMRFZ

W IS I 7 A S 8 R P R T A R A
R L A IR AR S RO AR R (70£5) %0,
CO, I 7 47 80 (20£2) % , I JE (2042) °CHlJE 3%

~— .
T J% sy

20 cm 15cm 10 cm

20 cm

Holes for
CO, passing

Saturated sponge

0.1 MPa. 5 245 51 Ul B 1Y 2 , KRR 7 A IR 3P4 2
HIT, PRS2 A7 $R K T 200 1) SR G4, L ORIE K 2
KA E, g A T/NL L UER N COL i i
MR 2000 Fe A AN IR AP RN i R DL IR 1.

Testing at each
carbonation age

Working
electrode

Platinum
electrode

B SR 0 A 7

Fig.1 Curing and test process of specimens
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Fig.2 Mass increasing ratio of specimens in carbonation curing
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Table 3 28 d mass increase ratios of specimens

%
Size A4 A5 A6 B4 B5 B6 C3 C4 C5
S 2.459 3.197 2.536 4.217 3. 886 4.162 7.945 9.023 10. 957
M 3.462 4.752 4.598 4.643 5. 387 7.232 9.881 13.126 15. 269
L 3.591 5.176 5.479 5.247 5.680 6.029 9.461 13.422 12.532
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Fig. 6 AC impedance spectrum of specimens in group C
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