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Relationship between Electrochemical Impedance Spectra of Varied Building
Solid Wastes and Their Mechanical Property and Pore Structure
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Abstract: By studying the electrochemical impedance spectrum variation law of different building solid wastes (aerated
brick, red brick, mortar), the key information and parameters are extracted from the Nyquist curves, combined with
the mechanical properties and mercury pressure test data, and the relationship between the impedance spectral
parameters and mechanical properties and microstructure was revealed. The results show that the higher the
compressive strength of the solid waste, the greater the charge transfer resistance (R,,) , and they have a linear
relationship. In addition, the more soluble salts of the material, the smaller the pore solution resistance(R,) , the
R, value of the mortar is below 0.3 Q, and the R, value of aerated bricks and red bricks are greater than 55.0 Q. The
size of the specimen affects the contact resistance between the specimen and the electrolyte , mainly reflected in the
change of the arc diameter in the high-frequency region, the larger the specimen, the smaller the arc diameter of the
high-frequency region. The intrinsic relationship between the impedance spectrum parameters of the building solid

wastes and the compressive strength and porosity established can realize the intelligent detection and rapid evaluation
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of the performance of the building solid wastes.

Key words: building solid waste; electrochemical impedance spectroscopy; cement-based material; equivalent circuit model

TE I AR Y ST R 3K 2042 o Ak
B2 By 2 2%, o I 37 1R Bk 4 70 % 57 3 L i
Wi 7RO AR, R T B0 R o B
P I I (18— o 2 R Y R HE O AL S
PRI 3 i T R A b U O DR AP R B B A A
Ji& , 8 501 BE A 75- AR TSR 2 AR Rk i HUAT
s 22 2 B 2T AR SRS B TR AL B b A 2 L
/N RER A B 5 S BB IR R R AF S
W] J32 A Rk 1) 3 = P B R A S LB S A A
M7, wT LA I8 R B DA Ak B 3t 5 1) A4

TS K B, K JE A M) g 2 P RE R A1 5 K
TS A8 Z 18] A 3 B KR ARk B T o ke
SR EAIE 7N d 8 E s IS U N7 X S ) SVE- 3 )
ke it N R T MR B £ A O e A B
(EIS) 2 — Bl TC 454G B2 A, B Bl UE B2 58 7K U8
S A BD I RN IR B - SO SS A R ) S RE AT ) F
B B 2 — i 3R 2 T B R B i B
A LA 75 7K e BE A RE B FLBR 2548 LA K B 7 L R Y
A4 Nyquist 1 282 BLHT IS 9 — Fh o R BUE L,
SR A8 o 2 B BELTE ) S8 3l 8 ) 2 R s AR A
JE W BT B K FR 38 ] 27 2 BT B B RH
PRI Fhy [ AR 7 £ 098 W 37 98 A 7 A ) g 1 3 ] A
FHETS FEARFT TR 2R G840 o 0 107 9 45 25 L A
454, RENS R A0 IR 2 13 A% U 181K T S 41 R 4 B3k
WLEE A L B A8 vl A 5 5 b A A AR AR SR AL
HEL A ) S S X T BT S R e AR L R 3
B AR NG PR 2 LA L, T L
Ik ) BELAE 1 b 52 IO/ 8 B BRI it f) fR 0L 45 44

Red brick  Aerated
brick

Mortar

Specimen(size: mm)

Copper

TN

10.0
(j)f
20.0
7.5
(=)
15.0
5.0
;
% (==}
10.0
B
PA

Water curing

P 3 A A ETS i 7

Fig. 1 Specimen preparation and EIS test process
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Table 1 Physical properties of aerated brick, red brick and mortar

N Apparent density/

Compressive strength/  Elastic modulus/

Material Density/(g+cm ™) (g-cm™) Porosity(by volume)/ % MPa GPa
Aerated brick 0.51 1.73 70.41 3.12 1.23
Red brick 1.75 2.64 33.80 5.38 2.53
Mortar 1.98 2.79 13. 80 24.82 20. 35
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Fig. 2 EIS curves of 3 building solid wastes
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Table 2 Starting point impedance, high frequency/low
frequency inflection point impedance and low
frequency region straight line slop

Starting point  Inflection point

Material Siz Sl
atena e impedance/Q  impedance/Q ope
S 136.3 950. 0 2.3
Aerated brick M 155.0 902.0 2.5
L 187.7 451.3 2.8
S 554.3 3113.3 1.8
Red brick M 266.7 1372.3 1.7
L 248.7 1218.7 1.2
S 372.3 7690.0 0.8
Mortar M 369.0 5590.0 0.6
L 234.0 2990. 3 0.9
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Fig.4 Modeling and fitting of electrochemical equivalent circuit
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Table 3 Fitting results for EIS

Material Size Q/pF  R/Q R.,/Q R.,/Q
0.81 57.5 1967.3 1565.7
Aerated brick M 3.6 74.1 2235.0 1404.3
L 9.3 76.2 977.0 687. 3
S 4.7 77.4 1922.8 2428.0
Red brick M 6.9 101.9 1936.4 2509.5
L 2.4 112.0 — 2606.0
S 5.2 0.1 16 200. 0 63 500. 0
Mortar M 21.0 0.3 24 490.0 22 033. 4
L 39.0 0.3 9100.0 6710.0
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