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Fig. S1. SEM images of asphaltenes from EC-AR: (a) smooth and rough surfaces, (b) deposits of resinous materials, (c) bright inclusions, (d) marks of inclusion removals
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Fig. S2. SEM images of asphaltenes from EC-VR: (a) smooth and rough surfaces, (b and c) uniform stretch marks, (d) sharp-edge bright inclusions
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Fig. S3. SEM images of asphaltenes extracted from EC-VR treated at 400ºC: (a) undulated surface morphology, (b) tiny bright inclusions (c) stress-lines, (d) fine stress-lines observed at high magnifications
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Fig. S4. SEM images of asphaltenes extracted from EC-VR treated at 415ºC: (a) undulated surface with obvious reduction in the tiny bright inclusions, (b) cleavage facets, (c) deep grooves with a cleavage micro-crack, (d) cleavage planes
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Fig. S5. SEM images of asphaltenes extracted from EC-VR treated at 430ºC: (a) Shattered and fragmented asphaltene aggregations (b) cleavage facets, (c) stress lines, (d) micro-crack along cleavage planes
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Fig. S6. SEM images of asphaltenes from RB-AR: (a) ridge-pattern surface with bright inclusions, (b and c) cavities, (d) stress lines
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Fig. S7. SEM images of asphaltenes from RB-VR: (a) smooth surfaces with fine stress lines, (b) inclusions, (c) disappearance of cavities, (d) cavities hardly observed at high magnification
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Fig. S8. SEM images of asphaltenes extracted from RB pitch cracked at 400ºC: (a and b) river-pattern morphology with bright inclusions (c) river pattern morphology connected to stress-lines, (d) cavities observed at high magnifications
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Fig. S9. SEM images of asphaltenes extracted from RB pitch cracked at 415ºC: (a and b) Cleavage facet, (c) cleavage micro-cracks (d) river patter morphology
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Fig. S10. SEM images of asphaltenes extracted from RB pitch cracked at 430ºC: (a) brittle cleavage fracture (b, c, d) cleavage micro-cracks.  





	[image: ]a


	[image: ]d

b



	[image: ]c


	[image: ]


[bookmark: _Toc470006651]
Fig. S11. SEM images of asphaltenes from LF-AR: (a) cleavage facet with agglomerate particles and inclusions, (b and c) stress lines and cavities, (d) cleavage planes. 
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Fig. S12. SEM images of asphaltenes from LF-VR: (a) amorphous surface morphology with agglomerate particles and inclusions, (b and c) marks caused by inclusion removals, (d) river-pattern structure and stress lines. 
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Fig. S13. SEM images of asphaltenes extracted from LF pitch cracked at 400ºC: (a) cleavage fracture, (b) reduction in inclusion intensity, (c) river-pattern and cleavage planes, (d) deep stress lines.
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Fig. S14. SEM images of asphaltenes extracted from LF pitch cracked at 415ºC: (a) inclusion intensity and cavities (b) amorphous morphology, (c) deep stress lines, (d) a brittle cleavage fracture





	[image: ]a


	[image: ]b



	[image: ]c


	[image: ]d




[bookmark: _Toc470006655]
Fig. S15. SEM images of asphaltenes extracted from LF pitch cracked at 430ºC: (a and b) cleavage fracture (c) microcracks, (d) pores.
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[bookmark: _Toc470006657]Fig. S16. SEM-EDS analysis of asphaltene surface with high intensity of inclusions: (a) EDS spectrum, (b) elemental results, (c) surface image 
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Fig. S17. Asphaltene aggregate forms of micelles of 50-100 nm in diameter
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C 83.32

O 9.09

Na 1.28

Si 0.69

S 3.3

Cl 1.47

K 0.1

Ca 0.55

V 0.02

Fe 0.19
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