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Supplementary Figures: 

Figure S1. TGA curves of the sizing agents of PVP, PEN, PPEK, PPEN and PPENK. 

Figure S2. Synthesis of LMW PEN. 

Figure S3. The preparation process flow diagram of composite laminates. 

Figure S4 XPS spectra of the desized and re-sized basalt fibers; (a) survey scan spectra 

and (b) narrow scan spectra in the N 1s regions. 

Figure S5. Loss modulus and tan δin curves of BF-Desized/PPENK, BF-PVP/PPENK, 

BF-PEN/PPENK, BF-PPEK/PPENK, BF-PPEN/PPENK and BF-PPENK/PPENK 

composites. 

Figure S6. Images of overall morphology of tensile failure; (a) BF-Desized/PPENK, (b) 

BF-PVP/PPENK, (c) BF-PEN/PPENK, (d) BF-PPEK/PPENK, (e) BF-PPEN/PPENK 

and (f) BF-PPENK/PPENK composites. 

Figure S7. Flexural modulus of the 1: BF-Desized/PPENK, 2: BF-PVP/PPENK, 3: BF-

PEN/PPENK, 4: BF-PPEK/PPENK, 5: BF-PPEN/PPENK and 6: BF-PPENK/PPENK 

composites.  

Table S1. Tensile and compression tests of BF/PPENK composites. 

Table S2 Quantification of the atomic chemical composition of the BFs. 

Table S3 DMA test results of BF/PPENK composites 

Table S4. Tensile and compression tests of BF/PPENK composites 

Table S5. Flexural and ILSS tests of BF/PPENK composites.  
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Figure S1. TGA curves of the sizing agents of PVP, PEN, PPEK, PPEN and PPENK. 
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Figure S2. Synthesis of LMW PEN. 

 

 

Figure S3. The preparation process flow diagram of composite laminates. 
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Figure S4. XPS spectra of the desized and re-sized basalt fibers; (a) survey scan 

spectra and (b) narrow scan spectra in the N 1s regions. 

 

 

Figure S5. Loss modulus and tanδin curves of BF-Desized/PPENK, BF-PVP/PPENK, 

BF-PEN/PPENK, BF-PPEK/PPENK, BF-PPEN/PPENK and BF-PPENK/PPENK 

composites. 
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Figure S6. Images of overall morphology of tensile failure; (a) BF-Desized/PPENK, 

(b) BF-PVP/PPENK, (c) BF-PEN/PPENK, (d) BF-PPEK/PPENK, (e) BF-

PPEN/PPENK and (f) BF-PPENK/PPENK composites. 

 

 

Figure S7. Flexural modulus of the 1: BF-Desized/PPENK, 2: BF-PVP/PPENK, 3: 

BF-PEN/PPENK, 4: BF-PPEK/PPENK, 5: BF-PPEN/PPENK and 6: BF-

PPENK/PPENK composites. 



6 
 

Table S1. Tensile and compression tests of BF/PPENK composites 

Radical 
Fdi Fpi Ehi Vi 

J
1/2

cm
3/2

mol
-1

 J
1/2

cm
3/2

mol
-1

 J mol
-1

 cm
3
mol

-1
 

=N- 347 712 2816 5.0 

-C6H4- 1270 110 0 65.5 

-CN 430 1100 2500 23.1 
-O- 100 400 3000 10 

-CO- 290 770 2000 13.4 
-N- 20 800 5000 6.7 
=C- 70 0 0 7.18 

=CH- 200 0 0 13.18 

-CH2- 270 0 0 15.55 

-CH- 80 0 0 9.56 
Ring 190 - - - 

 

Table S2 Quantification of the atomic chemical composition of the BFs. 

Fiber 
Chemical composition (%) 

C O N Al C/Al O/Al N/Al 

BF-Ddesized 65.28 25.58 0.99 1.88 34.72 13.61 0.53 
BF-PVP 45.91 42.8 7.11 0.64 71.73 66.88 11.11 
BF-PEN 53.68 38.56 5.27 0.48 111.83 80.33 10.98 

BF-PPEK 35.83 56.02 1.71 1.07 33.83 52.35 1.60 
BF-PPEN 21.25 67.96 2.47 1.34 15.85 50.72 1.84 

BF-PPENK 28.16 61.39 3.22 1.28 22.00 47.96 2.52 
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Table S3 DMA test results of BF/PPENK composites 

Composites Storage modulus 
(30 ℃, GPa) Tg (℃) tanδmax 

BF-Desized/PPENK 36.65 279 0.8251  

BF-PVP/PPENK 46.78 285 0.9046  

BF-PEN/PPENK 50.14 288 0.5559  

BF-PPEK/PPENK 45.74 273 0.7489 

BF-PPEN/PPENK 49.50  286 0.7255 

BF-PPENK/PPENK  44.81  277 0.7189 

 

Table S4. Tensile and compression tests of BF/PPENK composites 

Composites 

Tensile test Compression test 

Strength Modulus Strain Strength Modulus Breaking train 

MPa GPa % MPa GPa % 

BF-Desized/PPENK 547±23 28±1.4 2.25±0.23 403±52 34±3.1 1.61±0.21 

BF-PVP/PPENK 751±22 34±0.8 2.78±0.09 490±25 40±3.1 1.44±0.13 

BF-PEN/PPENK 778±65 33±0.8 2.86±0.24 600±41 36±1.5 2.24±0.15 

BF-PPEK/PPENK 662±61 28±1.7 2.57±0.27 568±39 40±0.5 1.81±0.24 

BF-PPEN/PPENK 722±39 31±0.6 2.76±0.22 695±34 43±0.8 2.03±0.15 

BF-PPENK/PPENK 608±58 29±1.8 2.71±0.14 452±57 36±2.2 1.84±0.28 
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Table S5. Flexural and ILSS tests of BF/PPENK composites 

Composites 
Flexural test ILSS test 

Strength 
(MPa) Modulus (GPa) Strength (MPa) 

BF-Desized/PPENK 927±32 41±1.6 44±2.6 

BF-PVP/PPENK 878±26 41±1.9 50±2.3 

BF-PEN/PPENK 1115±32 45±1.1 57±2.7 

BF-PPEK/PPENK 874±73 41±1.3 52±1.1 

BF-PPEN/PPENK 1095±32 42±0.8 54±2.1 

BF-PPENK/PPENK 921±32 42±1.1 51±2.4 

 


