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The following supporting information is a compilation of supporting data towards the 

synthesis of carbon derived from waste PET (w-PET) using discard coal as the 

substrate for carbon deposition. 

 



Table S1: Summary of the composition of mixtures used for direct carbonization and 

co-carbonization processes. 

 
Mass (g) 

Method 1 w-PET d-coal ash d-coal 

Direct carbonization 20 0 0 

 

Method 2 Mass (g) 

Co-carbonization w-PET d-coal ash d-coal# 

Composite 1 10 10 0 

Composite 2 13.3 6.7 0 

Composite 3 15 5 0 

Composite 4 16 4 0 

Composite 5 12 8 0 

Composite 6* 15 0 5 

#d-coal = ROM, SM, or BCF 

*d-coal used in place of d-coal ash for each of the ROM, SM, and BCF discard coals. 

 

 

Figure S1: TGA and DSC analysis of w-PET in air at a heating rate of 10°C/min and 

up to a target temperature of 1000°C. 



 

 

 

Figure S2: QXRD patterns obtained for ash samples derived from BFC and SM 

samples. The measured patterns are overlaid with PDF reference diffraction patterns 

for quartz, hematite, mullite, and anhydride, indicating each chemical’s presence or 

absence in the sample.  

 

Table S2: Summary of the bulk mineralogy obtained for BFC ash and SM ash. The 

composition of each coal ash type shows relative amounts of compounds in each 

sample. 

 

Color  Compound identified Formula BFC ash SM ash 

 Quartz  SiO2 58.6 81.4 

 Hematite  Fe2O3 19.1 18.6 

 Mullite  3Al2O3
.2SiO2 13.9 - 

 Anhydrite  CaSO4 8.4 - 

Total 100.0 100.0 



 

 

 

 

 

 

 

 

 

 

   

Figure S3: Raman spectra of c-PET products obtained by direct carbonization of w-

PET and co-carbonization of a 3:1 w-PET/ash composite: (a) Overlayed spectra 

plotted from raw data (without baseline corrections); (b) – (c) Output results obtained 

from the integration of the Raman spectra. The tables give calculated values after 
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baseline corrections have been made which were used to give an estimate of the ID/IG 

ratio.  

 

 

Figure S4: SEM image of the microstructure of c-PET showing marked impurities as 

identified by spot analysis using EDS spectroscopy (identified phases in Table S2). 

 

Table S3: Quantification of the possible metal oxide phases present in c-PET sample 

under EDS analysis. 

 

Diagram Ref Possible Phase O Na Al Si K Ca Ti Fe 

Impurity – 1 Aluminosilicate 48.6 0.7 17.8 25.8 1.5 3.4 2.2 - 

Impurity – 2 Silica 53.3 - - 46.7 - - - - 

Impurity – 3 Ca Aluminosilicate 47.7 - 14.8 26.6 0.6 9.0 0.5 0.7 

Impurity – 4  Ti Aluminosilicate 48.1 - 22.0 20.3 1.1 0.9 6.8 0.8 

 



  

 

Figure S5: FIB-SEM images showing the morphology of carbon particles obtained for 

c-PET/d-coal ash composites and commercial metallurgical coke: (a)-(b) Carbon 

particles derived from demineralized c-PET/d-coal ash composites (insert at 10 000 X 

magnification), and (c)-(d) Metallurgical coke particles at 5000 X magnification (inserts 

at 10 000 X magnification) 

 

 



 

Figure S6: TGA thermograms for raw d-coal samples performed under argon flow 

(3L/min) and stagnant (ambient air) conditions. 

 

The following equations were used to calculate the fixed carbon content and additional 

carbon (c-PET) in c-PET/d-coal products: 

 

�� = 100 − [��ℎ] − [���������] ………………………………………………..(S1) 

[Ash] – Ash content of coal (%) 

[Volatiles] – Volatile matter content of coal (%) 

FC – Fixed carbon content (%) 

 

[� − ���] = ����������� − ��������…………………………………………………(S2) 

[c-PET] – Additional carbon derived from w-PET (wt%) 

FCcomposite – Fixed carbon content of c-PET/d-coal composite (wt%) 

FCd-coal – Fixed carbon content of carbonized d-coal (wt%) 

  



Table S4: Summary of the proximate analysis results obtained for raw discard coal 

samples. The analysis was done using both TGA and ASTM standard methods. 

 

Sample Ash content (%) Volatiles, including 

moisture (%) 

Fixed 

Carbon (%) 

TGA ASTM 

D3174 

[1]  

TGA# ASTM 

D3175 / 

D3173 [2], 

[3] 

TGA ASTM 

D3172 

[4] 

Raw ROM blend 8 7 36 30 56 63 

Raw BFC 36 34 27 20 37 46 

Raw SM 48 52 19 16 33 32 

 

In Table S4, the additional PET-derived carbon (c-PET) is calculated as the difference 

between the fixed carbon contents of carbonized discard coals and their carbonized 

c-PET/d-coal composite counterparts. 

 

 

 

 

 

 

 

 

 

 



Table S5: Proximate analysis of raw coal samples in comparison to their c-PET/coal 

composite counterparts. The results are based on TGA and ASTM testing data. 

 

Sample Ash content 

(%) 

Volatiles, 

including 

moisture (%) 

Fixed 

Carbon (%) 

Additional 

fixed PET-

derived 

carbon (%) 

TGA ASTM 

D3174 

[1]  

TGA# ASTM 

D3175 / 

D3173 

[2], [3] 

TGA ASTM 

D3172 

[4] 

TGA ASTM 

D3172 

[4] 

c-ROM blend 10 10 15 12 75 78 

10 8 c-PET/c-ROM 

blend 

7 7 8 7 85 86 

c-BFC 40 43 15 15 45 42 
16 20 

c-PET/c-BFC 30 32 9 6 61 62 

c-SM 78 72 8 10 14 18 
35 34 

c-PET/c-SM 42 42 9 6 49 52 

#Weight change (%) obtained from the TGA thermogram under an argon flow of 3L/min at 900-950°C. 

 

 

 

 

 

 

 

 

 



Table S6: Summary of experimental compressive strength values obtained for 

commercial metallurgical coke in comparison to the best performing PET/coal 

composite. 

 

Run Maximum load at failure (N) 

Metallurgical coke 

(commercial) 

c-PET/c-ROM blend 

composite (3:1) 

1 3618 25 

2 7004 47 

3 3677 137 

4 3633 44 

5 3633 88 

6 1334 30 

Average 3817 62 

Std deviation 1814 43 
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