Hugely improved electromagnetic interference shielding and mechanical properties for UHMWPE composites via constructing an oriented conductive carbon nanostructures (CNS) networks
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Tab. S1. The properties of CNS particles
	Sample
	SBET (m2/g)
	Vt (cm3/g)
	Pore diameter (nm)

	carbon nanostructures (CNS) particles
	284.34
	1.6321
	22.959


Tab. S2. DSC values of pure UHMWPE and UHMWPE/CNS composites 

	Samples
	Tc

(℃)
	Tc,onset (℃)
	Tm

(℃)
	Hm

(J/g)
	Width at half height
	χc
(%)

	Pure UHMWPE
	116.24
	119.74
	137.31
	131.2
	10.04
	45.4%

	UHMWPE/CNS 0.5
	116.82
	120.79
	137.10
	130.9
	8.83
	45.5%

	UHMWPE/CNS1
	116.71
	120.39
	136.82
	139.0
	9.16
	48.5%

	UHMWPE/CNS3
	116.63
	120.67
	136.21
	141.9
	9.41
	50.5%

	UHMWPE/CNS5
	117.10
	120.92
	135.86
	135.8
	8.61
	49.4%

	UHMWPE/CNS7
	117.40
	121.63
	135.52
	133.1
	8.13
	49.5%

	UHMWPE/CNS10
	116.80
	121.12
	136.48
	131.1
	9.05
	48.7%


Tab. S3. TGA values of pure UHMWPE and UHMWPE/CNS composites 
	Samples
	T5

(℃)
	T30

(℃)
	T50

(℃)
	Tmax
(℃)
	THeat-resistance index* (℃)
	Residue at 700℃

(wt%)

	UHMWPE
	445.54
	471.14
	475.50
	483.32
	225.84
	0.03%

	UHMWPE/CNS0.5
	449.67
	473.32
	480.34
	483.80
	227.29
	0.14%

	UHMWPE/CNS1
	459.65
	477.75
	483.63
	486.26
	230.55
	0.82%

	UHMWPE/CNS3
	463.57
	481.29
	487.57
	487.84
	232.36
	2.93%

	UHMWPE/CNS5
	459.42
	480.27
	487.12
	489.68
	231.25
	4.95%

	UHMWPE/CNS7
	463.73
	481.40
	487.88
	489.64
	232.42
	7.01%

	UHMWPE/CNS10
	448.75
	476.74
	484.83
	487.41
	228.12
	8.65%


The sample’s heat-resistance index is calculated by Equation 2 [1]: 

*THeat-resistance index=0.49*[T5+0.6*(T30-T5)]                         (3)

In which T5, T30, and T50 are corresponding decomposition temperature of 5%, 30%, and 50% weight loss, respectively.
Tab. S4. Recently reported electrical conductivity and EMI SE of segregated conductive polymer composites over 8.2-12.4 GHz

	Matrix
	Conductive filler type
	Loading
	Construction strategy of microstructure
	EMI SE (dB)
	Tensile strength

(MPa)
	Refs

	UHMWPE
	CNS
	3 wt%
	mechanical mixing and hot compression
	28.9
	46.51
	This work

	UHMWPE
	CNS
	5 wt%
	mechanical mixing and hot compression
	39.5
	42.1
	This work

	UHMWPE
	CNS
	7 wt%
	mechanical mixing and hot compression
	45.3
	39.5
	This work

	UHMWPE
	CNS
	10 wt%
	mechanical mixing and hot compression
	60.7
	37.63
	This work

	UHMWPE
	CNT
	2 wt%
	compression molding and then solid hot-stretching
	33.5 
	216.1
	[12]


	UHMWPE
	CNT
	60 wt%
	wet mixing and hot compression
	—
	14.5
	[11]

	UHMWPE
	CNT
	5 wt%
	ball-milling, microwave welding, and hot-pressing
	50.0
	25.7
	[47]

	UHMWPE
	CNT
	10 wt%
	wet mixing and compression molding
	50.0 
	—
	[51]

	UHMWPE
	Graphite
	7.05 vol%

(15 wt%)
	mechanical mixing and hot compaction
	51.6 
	—
	[52]

	UHMWPE
	Conductive carbon black
	15wt%
	mechanical mixing and hot compaction
	22.3
	31.1
	[53]

	UHMWPE

/PP
	Conductive carbon black
	10 wt%
	mechanical mixing and hot compaction
	27.3
	25.9
	[54]

	Ethylene vinyl acetate / UHMWPE
	CNT  
	7.0 wt%
	solution mixing and compression molding
	57.4 
	—
	[55]

	UHMWPE
	graphite−

carbon nanotube (G-CNT)
	15 wt%

(G1-CNT3)


	mechanical mixing and hot compression
	31.8


	—
	[33]

	UHMWPE
	graphene nanoplatelets (GNP)
	15 wt%
	dry-mixing and hot compaction
	33.0


	—
	[48]

	UHMWPE
	graphite- carbon black
	15 wt%
	mechanical mixing and hot compression
	40.2 
	25.3
	[50]


	UHMWPE
	GNP-NiFe
	3.4 vol. %
	mechanical mixing and hot compacting
	37.9

(25–37 GHz)
	
	[56]

	High-density polyethylene 
	Conductive carbon black (CCB)
	3 wt%
	melting mixing and hot- press
	20.3
	—
	[57]

	Cross-linked polyethylene 
	CNT
	5 wt%
	mechanical blending and hot compressing
	46.4 
	—
	[58]

	Polyethylene
	CNT 
	5 wt%
	mechanical blending and hot compressing
	36.3 
	—
	[58]

	Linear low-density polyethylene 
	expanded graphite (EG)
	24.9 vol%

(60wt%)
	mechanical blending and compression molding
	52.4
	—
	[59]


	High-density polyethylene
	Conductive carbon black (CCB)
	25 wt%
	melting -mixing and hot compaction
	22.5 
	—
	[23]

	Ethylene methyl acrylate copolymer

(EMA)
	Ketjen carbon black (KCB)
	20 wt%
	mechanical blending and hot compressing
	33.9
	—
	[60]
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Fig. S1. (a) Raman spectroscopy, (b)N2 absorption-desorption isotherms, (c)pore size distributions, (d) SEM images, and (e-g) TEM images of CNS particles.
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Fig. S2. Cross-sectional AFM images (a1-b1) and corresponding 3D topographic images 40×40 μm (a2-b2) of the UHMWPE/CNS composites with different CNS content: (a1, a2) 5 wt% and (b1, b2) 10 wt%.
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Fig. S3. Raman spectrum of the transition layer at the interfaces of pure UHMWPE, UHMWPE/CNS5 and UHMWPE/CNS10 composites
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Fig. S4. Reflection(R), absorption (A), and transmission (T) coefficient values of different composites at 12.4 GHz
[image: image5.png]~
&
~

Heat flow

Exo —»

ure UHMWPE (b)
[UHMWPE/CNS, ,
UHMWPE/CNS, R
UHMWPE/CNS, N £ ? UHMWPE/CNS N
=
UHMWPE/CNS, <. [vmmMwPE/CNS R
=& [UHMWPE/CNS R
UHMWPE/CNS, b - ~
HMWPE/CN:
HMWPE/CNS,, |
luHMWPE/CNS.
[UHMWPE/CNS R
—
40 60 100 120 140 160 180 200 40 60 80 100 120 140 160 180 200
Temperature/(°C)

Temperature/(°C)




Fig. S5. DSC curves of pure UHMWPE and UHMWPE/CNS segregated composites:(a) Cooling curve; (b) Heating curve.
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Fig. S6. SEM micrographs of the tensile fractured surface of (a1, a2) UHMWPE/CNS3, (b1, b2) UHMWPE/CNS5, and (c1, c2) UHMWPE/CNS10
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