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Figure S1. Pore size distributions of h-CCB and l-CCB nanoparticles. 

Table S1. Physical properties of two types of conductive carbon black (CCB) nanoparticles. 

Sample SBET (m2/g) Vt (cm3/g) Pore diameter (nm) 

high specific surface area CCB (h-CCB) 380.83 1.7059 17.918 

low specific surface area CCB (l-CCB) 8.52 0.0734 34.456 
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Figure S2. SEM morphologies of quenched section of the segregated UHMWPE composites with the different l-CCB 

content: (a) UHMWPE/l-CCB5, (b) UHMWPE/l-CCB7, (c) UHMWPE/l-CCB10. 
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Figure S3. SEM morphologies of quenched section of the segregated UHMWPE composites with the different h-CCB 

content:(a) UHMWPE/h-CCB5, (b) UHMWPE/h-CCB7, (c) UHMWPE/h-CCB10. 
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Figure S4. (a) Raman mapping images of the UHMWPE/l-CCB0.5 composites, and (b) the corresponding Raman spectrum 

of comparation of UHMWPE/l-CCB0.5 composite at the different position of Raman mapping images, (c) Raman mapping 

images of UHMWPE/h-CCB0.5 composite, and (d) the corresponding Raman spectrum of comparation of 

UHMWPE/h-CCB0.5 composite at the different position of Raman mapping images. 

 

Figure S5. DSC curves of pure UHMWPE, UHMWPE/l-CCB and UHMWPE/h-CCB composites: (a) second heating 

curves; (b) cooling curves. 

Table S2. DSC values of pure UHMWPE, UHMWPE/l-CCB and UHMWPE/h-CCB composites. 

Samples 
Tc 

(℃) 
Tc,onset (℃) 

Tm 

(℃) 

△Hm 

(J/g ) 

χc 

(%) 

Pure UHMWPE 115.63 121.16 138.37 130.8 44.9% 

UHMWPE/l-CCB0.5 114.93 120.73 139.00 129.0 44.5% 

UHMWPE/l-CCB1 114.34 119.77 139.94 128.6 44.7% 
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UHMWPE/l-CCB3 115.20 120.18 138.85 123.7 43.9% 

UHMWPE/l-CCB5 114.53 120.46 138.62 123.3 44.8% 

UHMWPE/l-CCB10 113.84 119.71 139.91 110.7 42.4% 

UHMWPE/h-CCB0.5 115.01 121.00 139.07 128.8 44.5% 

UHMWPE/h-CCB1 115.32 120.43 138.73 126.4 43.8% 

UHMWPE/h-CCB3 115.16 120.60 138.97 123.1 43.6% 

UHMWPE/h-CCB5 114.78 120.85 139.05 120.9 43.7% 

UHMWPE/h-CCB10 115.64 120.71 138.12 110.0 42.0% 

The Samples of χc is calculated by Equation (S1) [1–2]: 

 
(S1) 

where ϕ is the weight fraction of h-CCB or l-CCB in the composites, ΔHm is the melting enthalpy of UHMWPE/CCB 

composites, which was actually determined from the differential scanning calorimetry (DSC) curves, and ΔHmo (291 J) 

is the melting enthalpy of 100% crystallized samples. 

 

Figure S6. (a)TGA and (b) DTA curves of UHMWPE, UHMWPE/h-CCB and UHMWPE/l-CCB composites under 

nitrogen atmosphere. 

Table S3. Thermal stabilities of pure UHMWPE, UHMWPE/h-CCB and UHMWPE/l-CCB composites obtained from 

TGA curves. 

Samples 
T5 

(℃) 

T30 

(℃) 

T50 

(℃) 

Tmax 

(℃) 

THeat-resistance 

index
* (℃) 

Residue at 

700 ℃ 

(wt%) 

Pure UHMWPE 453.58 474.50 479.46 478.66 228.40 0.03% 

UHMWPE/l-CCB0.5 456.85 478.69 485.12 488.62 230.28 0.23% 

UHMWPE/l-CCB1 459.43 480.13 486.09 488.17 231.21 0.63% 

UHMWPE/l-CCB3 462.02 481.49 487.07 487.84 232.11 2.69% 

UHMWPE/l-CCB5 462.31 481.56 487.82 490.21 232.19 4.63% 

UHMWPE/l-CCB10 465.70 483.59 489.81 491.18 233.45 9.99% 

UHMWPE/h-CCB0.5 457.80 476.04 482.08 486.28 229.68 0.22% 

UHMWPE/h-CCB1 456.54 479.72 485.86 488.84 230.52 0.35% 

UHMWPE/h-CCB3 465.47 483.28 489.76 491.77 233.32 2.61% 

UHMWPE/h-CCB5 465.78 485.77 492.52 495.04 234.11 4.56% 

UHMWPE/h-CCB10 467.55 486.00 492.65 493.73 234.52 9.17% 

The sample’s heat-resistance index is calculated by Equation (S2) [3]:  

*THeat-resistance index = 0.49*[T5 + 0.6*(T30−T5)] (S2) 

In which T5, T30, and T50 are corresponding decomposition temperature of 5%, 30%, and 50% weight loss, respectively. 
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Figure S7. SEM micrographs of the tensile fractured surface of UHMWPE/l-CCB, and UHMWPE/h-CCB composites: (a) 

UHMWPE/l-CCB10, (b) UHMWPE/1-CCB15, (c) UHMWPE/h-CCB10, (d) UHMWPE/h-CCB15. 

 

Figure S8. Relationship between power coefficients and frequency of the segregated (a) UHMWPE/h-CCB15 and (b) 

UHMWPE/l-CCB15 composites. 

Table S4. comparison of SET, SER and SEA at the frequency of 8.2 GHz for UHMWPE/l-CCB and UHMWPE/h-CCB 

composites. 

Sample SEA (dB) SER (dB) SET (dB) 

UHMWPE/l-CCB1 0.07 0.26 0.34 

UHMWPE/l-CCB5 1.22 0.67 1.89 

UHMWPE/l-CCB10 3.7 1.9 5.6 

UHMWPE/l-CCB15 6.25 2.91 9.16 

UHMWPE/h-CCB1 1.91 2.15 3.05 

UHMWPE/h-CCB5 9.65 5.01 14.66 

UHMWPE/h-CCB10 15.6 6.70 22.3 

UHMWPE/h-CCB15 16.09 6.63 22.72 
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The obtained scattering parameters were used to calculate EMI SE values [4]:  

T = |S21|2 = |S12|2 (S3) 

R = |S11|2 = |S22|2 (S4) 

A + R + T = 1 (S5) 

SER = −10 log(1 − R) (S6) 

SEA = −10 log(T/1 − R) (S7) 

EMI SE = SER + SEA + SEM (SEM can be negligible when SE ≥ 10 dB) (S8) 
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