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Figure S1 Output current of cement-CB@HEC at HEC concentration of 0.05-0.25%wt and 

CB concentration was controlled at 0.20%wt. 
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Figure S2 Digital photograph of hardened cement and cement-CB@HEC at HEC 

concentration of 0.05-0.25%wt 
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Figure S3 SEM images presenting surface morphologies of pristine cement and cement-

CB@HEC 0-0.30%.  
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Figure S4 AFM surface topography maps of pristine cement and cement-CB@HEC 0-

0.30%. 
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Figure S5 TENG performance stability of a) the 14-day and b) 300-day cement-CB@HEC 

0.25% TENGs tested over 12,000 cycles 
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Table S1 Dielectric properties including constant (ɛr) and dielectric loss (tan δ), and electrical 

outputs of cement and cement-CB@HEC 0-0.30% composites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Specimen 

Fabrication 

detail: 

Filler fraction 

%wt 

Dielectric 

properties 

at 1 kHz 

Electrical output 

HEC CB ɛr tan δ Vpp(v) Ipp(µA) 

cement - - 29.3 0.53 32 2.8 

cement-CB@0.05%HEC 0.05 0.20 - - 45 4.0 

cement-CB@0.10%HEC   0.10 0.20 - - 56 5.2 

cement-CB@0.15%HEC   0.15 0.20 - - 70 6.6 

cement-CB@0.20%HEC   0.20 0.20 - - 74 6.8 

cement-CB@0.25%HEC   0.25 0.20 - - 79 7.2 

cement@HEC (no CB) 0.225 - 38.0 0.63 39 3.3 

cement-CB@HEC  0.15% 0.225 0.15 44.7 0.46 67 6.0 

cement-CB@HEC  0.20% 0.225 0.20 65.8 1.11 74 6.9 

cement-CB@HEC  0.25% 0.225 0.25 101.0 0.87 109 9.1 

cement-CB@HEC  0.30% 0.225 0.30 88.5 1.01 94 8.8 
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Table S2 The calculated RMS roughness and surface area values from AFM topography 

maps of cement and cement-CB@HEC 0-0.30%. 

Specimen RMS roughness (µm) Surface area (µm)2 

cement 0.540 139 

Cement@HEC 0.385 151 

cement-CB@HEC 0.15% 0.378 163 

cement-CB@HEC 0.20% 0.283 159 

cement-CB@HEC 0.25% 0.252 167 

cement-CB@HEC 0.30% 0.259 172 
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Table S3 Matched load resistances, the output voltage and current at matched load, and 

power density of the cement-CB TENG compared to some of preciously reported TENGs. 

TENG Matched 

load 

(MΩ) 

Output 

voltage at 

matched 

load 

Output 

current at 

matched 

load 

(µA) 

 

Power 

density 
(W/m2) 

reference 

cement-CB 0.8 55 69 2.38 This work 

cement-TiO2  5 46 9.2 0.265 1 

cement-based conductive  40 13  0.8 0.051 2 

metal–organic framework 

(MOF) of the zeolitic imidazole 

20 3.5 3.5 0.392 3 

Ferroelectric multilayer 

nanocomposite TENG 

100 40  0.7 0.294 4 

(Ba0.838Ca0.162)(Ti0.9072Zr0.092)O3 

(BCZTO)/ PDMS and 

Ba(Ti0.8Zr0.2)O3 

(BZTO)/PDMS hybrid Piezo-

TENG 

100 300 12 3.5 5 
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