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Table S1: The average metal concentrations and standard deviations (in mg/g) for the different black 

masses. 

 

Metal TT MT MCT 

Li 40.9 ± 0.6 36.2 ± 0.9 2.2± 0.1 

Ni 160.9 ± 4.9 101 ± 3.1 84.6 ± 4.4 

Mn 77.1 ± 2.5 78.9 ± 1.9 66.7 ± 3.8 

Co 76.6 ± 1.4 92.9 ± 1.9 79.6 ± 5.2 

Cu 20.2 ± 4.9 31.6 ± 2.7 27.4 ± 1.4 

Fe 3.2 ± 0.5 0.5 ± 0.2 2.1 ± 0.1 

Al 54.4 ± 4.2 7.7 ± 1.2 3.4 ± 0.1 

Na 0.0029 ± 0.0001 0.019 ± 0.001 3.1 ± 0.36 

Ca 0.041 ± 0.008 n.d. 117.4 ± 7.2 

Solid residue % 24.2 36.1 43.4 

 

 



 

 

 

 

 

 

 

 

 

Figure S1: TEM image of a TT particle (a), showing a shell likely composed of amorphous carbon, as evidenced 

by the diffraction pattern (b). 

a) b) 

Figure S2: Ca 2p XPS region of pristine mechanochemically treated (MCT) black mass, where reactive milling 

with metallic Ca occurred. The presence of Ca oxides and hydroxides cannot be ruled out, due to the 

occurrence of electrostatically charged components in both Ca 2p and O 1s spectra (not shown) 



 

 

 

 

 

 

Figure S3: a) C 1s XPS region of pristine commercial graphite used as a reference. b) Raman spectra of 

commercial graphite, with the sample being homogeneous in the recorded spectra; only one representative 

spectrum is reported. c) TEM image with inset contrast profiles showing the interlayer spacing of commercial 

graphite. 

 

Figure S4: XRD diffraction pattern of commercial graphite used as reference 

 



 

 

 

 

 

 

 

Figure S5: C 1s XPS region of GO obtained by applying Hummers’ method on commercial graphite 

(graphiteH)  

 

Figure S6: XRD diffraction patterns of the graphite oxides recovered from each sample as the residual 

sedimented solid during the isolation of graphene oxide (GO) by centrifugation at 3000 rpm. 

 



 

 

 

 

 

 

Figure S7: Particle size distributions of the pristine TT, MT and MCT black masses.   

Figure S8: C 1s XPS region of commercial graphite after acid leaching (graphiteL) 

 



 

 

 

 

 

 

 

Figure S10: C1s XPS region of commercial graphite after acid leaching followed by the Hummers’ process 

(graphiteLH) 

 

Figure S9: XPS survey spectrum of mechanochemically treated black mass after acid leaching (MCTL) 



Table S2 Rietveld analysis results: the XRD patterns of all samples have been successfully fitted with the 

phase 0011427 (P6-3mc space group) using starting parameters of 2.45 (a) and 6.696 (c). Interlayer spacing 

corresponds to c/2. 

 

Sample a [Å] c [Å] 

TT 2.45 6.60 

MT 2.45 6.65 

MCT 2.45 6.68 

Graphite 2.45 6.67 

TTL 2.45 6.64 

MTL 2.45 6.66 

MCTL 2.45 6.69 

GraphiteL 2.44 6.66 

 

 

Table S3 Percent area ratiosa (%) from C 1s XPS spectra of oxygenated functional groups. RO/C ratios are also 

reported. 

Sample C=C C sp3 C-OH C-O-C C=O/ COO- COOH RO/C 

Graphite - - - - - - 0.014b 

TT 59.6 24.4 - 7.8 - 8.2 0.21 

MT 56.6 32.8 - 6.2 - 4.4 0.13 

MCT 35.4 38.5 15.4 7.5 3.0 - 0.24 

GraphiteH 55.6 - 16.9 15.1 10.0 2.4 0.41 

TTH 58.7 - 17.0 13.5 7.5 3.3 0.39 

MTH 63.2 - 14.9 11.1 6.4 4.4 0.37 

MCTH 65.2 - 12.1 11.3 5.3 6.1 0.37 

GraphiteL 65.4 16.4 - 9.2 5.8 3.2 0.18 

TTL 40.6 39.1 - 10.9 - 9.4 0.26 

MTL 37.0 35.0 - 16.9 - 11.1 0.32 

MCTL 52.1 28.2 7.2 2.3 4.5 5.3 0.25 

GraphiteLH 60.3 - 14.4 17.7 2.4 5.2 0.38 

TTLH 61.1 - 16.1 12.8 6.5 3.5 0.38 

MTLH 60.4 - 15.3 13.9 6.6 3.8 0.38 

MCTLH 68.4 - 9.8 11.2 5.9 4.7 0.33 

aAssociated error is ±10%. 

bValue obtained from the O1s/C1s area ratio, normalized by the corresponding Scofield photoionization cross-

sections and the square root of photoelectron kinetic energy. 
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