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18 Figure S1. Gel permeation chromatography (GPC) of PEG and MPEG.
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1

2 Figure S2. (a) Photos of PEG (left) and MPEG (right) aqueous solutions at 10 mg/mL. 

3 (b) High contrast transmission electron microscopy image of MPEG spherical 

4 aggregates in 10 mg/mL aqueous solution. (c) Particle size distribution of MPEG 

5 spherical aggregates in 10 mg/mL aqueous solution.
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1

2 Figure S3. Water contact angle of (a) PEG film and (b) CPEG film.
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1 Figure S4. SEM image of the surface of bio-BN/CPEG film with 20vol% BN filling. 
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1
2 Figure S5. Photo of using an infrared thermal imager to test LED lamp bead 
3 temperature.
4



 8 / 17

1
2 Figure S6. Comparison the maximum thermal conductivity of our film with the 
3 previously reported BN-based polymer composites under different BN loading loads.
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1
2 Figure S7. Demonstration of adhesion of bio-composite films with 20 vol% BN filler 
3 to different substrates at room temperature.
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1
2 Figure S8 SEM images of MPEG aggregates in aqueous solution at high concentration 
3 (100 mg/mL).
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1 Table S1 The difference of boron nitride content and preparation method in different 
2 samples.

Samples The volume 
fraction of BN (%)

The mass fraction 
of BN (%)

Whether or not it 
has undergone a 

hot-pressing 
process

O-BN/CPEG-5 5 9 Yes

O-BN/CPEG-10 10 18 Yes

O-BN/CPEG-15 15 27 Yes

O-BN/CPEG-20 20 34 Yes

R-BN/CPEG-5 5 9 No

R-BN/CPEG-10 10 18 No

R-BN/CPEG-15 15 27 No

R-BN/CPEG-20 20 34 No
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1 Table S2 DSC heating and cooling characteristics of the samples in the temperature 
2 range of -10-90 °C.

Sample  [J/g]∆𝐻ℎ  [°C]𝑇ℎ  [J/g]∆𝐻𝐶  [°C]𝑇𝐶

PEG 178 65.2 173 39.9

CPEG 155 59.8 151 43.2

O-BN/CPEG-5 141 59.8 141 43.4

O-BN/CPEG-10 124 59.1 120 44.0

O-BN/CPEG-15 111 59.3 107 43.1

O-BN/CPEG-20 103 59 101 43.5
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1 Table S3 Comparison of the thermal conductivity of our O-BN/CPEG bio-composite 

2 film with previously reported results

Sample λin-plane 

[W/(m K)]∙

λcross-plane 

[W/(m K)]∙

The filler 

loading 

(vol%)

Reference

This work 9.48 1.44 15

This work 10.8 2.43 20

BNNS/GO/PEG 4.41 2.55 11.65 1

BNNS/LM/PEG 8.8 7.64 30 2

BN/CNT/Epoxy 0.98 0.99 18 3

BNNS/Epoxy 6.54 0.7 15 4

BNNS/SiC/Epoxy 1.43 4.22 21.9 5

BNNS/PEG 4.76 1.29 10 6

BNNS/PDMS 11.05 1.15 10 7

BN/rGO/Epoxy 3.5 5.05 13.16 8

BN/HDPE 3.57 0.62 21.8 9

BN/PVA 8.28 0.63 27 10

BN/Epoxy 0.7 0.7 11 11

BN/POE 0.72 6.94 43.75 12

BN/SR 0.74 5.4 39 13

BN/SiR 1.3 7.62 56.7 14

BN/Epoxy 4.02 3.87 15 15
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1 Table S4 Comparison of the thermal conductivity and latent heat of phase transition of 

2 our O-BN/CPEG bio-composite film with previously reported results for PEG-based 

3 phase change materials

Sample Latent 

heat 

[J/g]

Thermal 

conductivity 

[W/(m K)]∙

The filler 

loading 

(vol%)

Reference

This work 141 1.02 5

This work 120 1.52 10

This work 107 9.48 15

This work 101 10.8 20

BNNS/GO/PEG 147.5 4.41 11.65 1

BNMS/LM/PEG 80 8.8 30 2

CNTs/PEG 78.5 0.5 1.5 16

BN/CF/PEG 107.9 1.66 32 17

WG/HNT@AgNPs/PEG 103.6 1.15 25 18

CNT/PVP/PEG 103 0.265 4.1 19

BNNS/GO/PEG 121.9 2.62 10 20

BNNS/PEG 122.8 4.76 10 6

BNNS/GNP/PEG 116 1.33 17 21

BN/BC/PEG 134 3.26 16.3 22

BN/GO/PEG 131 2.36 12.5 23

BP/PEG 103 1.81 20 24
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1 Table S5 Thermal diffusion coefficient, density, specific heat capacity and thermal 

2 conductivity of O-BN/CPEG bio-composite film with different hexagonal boron nitride 

3 micron content.

Sample  Thermal diffusion 

coefficient 

[mm2/s]

Density

[g/cm3]

Specific heat 

capacity

[J/ (g·K)]

Thermal 

conductivity 

[W/(m K)]∙

CPEG

(in-plane)

0.19 1.1 1.91 0.40

CPEG

(out-of-plane)

0.12 1.1 1.91 0.25

O-BN/CPEG-5

(in-plane)

0.45 1.17 1.95 1.02

O-BN/CPEG-5

(out-of-plane)

0.18 1.17 1.95 0.41

O-BN/CPEG-10

(in-plane)

0.63 1.28 1.86 1.52

O-BN/CPEG-10

(out-of-plane)

0.30 1.28 1.86 0.72

O-BN/CPEG-15

(in-plane)

4.05 1.36 1.72 9.48

O-BN/CPEG-15

(out-of-plane)

0.62 1.36 1.72 1.44

O-BN/CPEG-20

(in-plane)

4.50 1.41 1.71 10.85

O-BN/CPEG-20

(out-of-plane)

1.01 1.41 1.71 2.44
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