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Note 1: 

The XRD peak observed at approximately 43° in both raw and annealed electrosprayed SCG 

(RSCG and HSCG) can be attributed to the inherent disordered carbon structures present within 

lignocellulosic materials, specifically those associated with lignin or lignin-based derivatives 

platforms.1–4 The peak remained consistent across both treated and untreated samples, 

suggesting it is a fundamental characteristic of the SCG itself. Pyrolysis can lead to the 

intensification of this peak. During pyrolysis, the breakdown of the lignocellulosic matrix 

results in the formation of more carbon-rich structures. This process can enhance the degree of 

carbonization, thereby increasing the amount of disordered carbon, which in turn may intensify 

the peak at 43°.5 The transformation during pyrolysis involves the degradation of lignin, 

cellulose, and hemicellulose, leading to a carbon structure that, while not perfectly ordered, 

shares characteristics with turbostratic carbon,6 hence the observed peak enhancement. 

However, in this study, the mentioned peak did not intensify in HSCG, suggesting that the mild 

annealing process does not induce carbonization or drive the material toward a more graphitic 

or ordered structure. 

 

Note 2:  

90.2% of fatty acids remain in SCG after brewing.7 The fatty acid content in SCG can vary due 

to several factors, including the extraction method, the type of solvent used, temperature, and 

the particle size of the SCG. The literature reports oil yields ranging from 6% to 21.5%, with 

hexane being the most common solvent employed.7 The fatty acid composition in SCG is 

predominantly linoleic acid (44–50%) and palmitic acid (35–40%), with smaller quantities of 

stearic (7–8%) and oleic (7–8%) acids. The composition of these fatty acids in SCG is also 

significantly influenced by the origin of the coffee beans. Since our SCG was sourced from 

Costa Coffee, our SCG samples consisted mainly of spent grounds of a blend of Arabica and 

Robusta beans.8,9 Existing literature on similar blends supports these findings. For instance, 

Kondamudi et al. reported a 13.4% fatty acid content in Arabica-Robusta SCG using hexane 

extraction, with palmitic acid at 51.4%, linoleic at 40.3%, and stearic at 8.3%.10 Another study 

examined SCG’s oil from 12 coffee brands, all Arabica-Robusta blends via Soxhlet extraction, 

finding linoleic acid at 43.2%, palmitic at 31.8%, oleic at 12.7%, stearic at 7.3%, and arachidic 

at 3.0%.11 Additionally, Cruz et al. analyzed 50 SCG samples from 14 coffee brands using 

Soxhlet extraction with petroleum ether, identifying linoleic acid at 44.2%, palmitic at 32.8%, 

oleic at 10.3%, and stearic acid among others.12 
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Table S1: Melting temperatures and thermal degradation onset temperatures of the primary 

fatty acids in SCG alongside its major biopolymeric components 

SCG's Compositional 

Components 

Melting 

Temperature (°C) 

Thermal Degradation Onset 

Temperature (°C) 
Reference 

Linoleic acid -12 229 (boiling point) 
CRC Handbook of 

Chemistry and Physics 

Palmitic acid 62.9 175 13 

Oleic acid 14 180 14 

Cellulose - 260 15 

Hemicellulose - 220 16 

 

  



 

Sup. Fig. 1: A water droplet on the HSCG surface. The contact angle is 152°, demonstrating 

the surface's excellent water repellence. 

 

 

Sup. Fig. 2. Interaction between the HSCG surface and a water droplet during contact angle 

measurement. The sequence shows the HSCG coating surface approaching the water droplet, 

making contact, and then retracting, with the droplet remaining intact on the needle tip.  

 

 

Sup. Fig. 3. Manipulation of a water droplet on the HSCG surface using a needle tip. The water 

droplet can be easily guided across the superhydrophobic surface, indicating the low adhesion 

and high mobility characteristic of the HSCG coating. 

 



 

Sup. Fig. 4. Hydrophobic behavior of RSCG and HSCG cast. While the HSCG cast sample 

exhibits some degree of hydrophobicity, it allows water to wet the surface after approximately 

20 minutes, and maneuvering a water droplet across its surface is not feasible. 

 

 

Sup. Fig. 5. Initial SEM imaging attempt of the electrosprayed SCG coating. The images show 

significant surface charging. a) coating edge, b) low magnification, and c) high magnification 

of RSCG coating. 

  



 

Sup. Fig. 6. Raman spectra of RSCG and HSCG. Both spectra exhibit similar features. A slight 

increase in the intensity of the 1050 cm⁻¹ peak in HSCG may suggest a higher surface presence 

of fatty acids after annealing. 

 

 

Sup. Fig. 7. DSC thermograms of RSCG and HSCG, highlighting the effects of mild annealing 

on thermal transitions. The results reveal a notable shift in the endothermic peak from RSCG 

(ranging from 70–140 °C with an enthalpy of 58.08 J/g) to a sharper and narrower peak in 

HSCG (110–155 °C, 49.33 J/g). This transformation suggests a decrease in moisture content in 

HSCG due to the annealing process. Conversely, the exothermic degradation behavior, 

observed between 200–320 °C with an approximate enthalpy of 6.5 J/g, remains consistent 

between the two samples.  



 

Sup. Fig. 8. Imaging of RSCG conducted with an SEM device equipped with a temperature 

ramping capability. The images reveal no changes in surface morphology during the heating 

process up to 200°C, indicating that the superhydrophobic behavior of HSCG is not due to 

morphological alterations. 

  



 

Sup. Fig. 9. STEM images and EDX analysis of SCG samples: (a) RSCG and (b) HSCG. 

Quantitative EDX analysis indicated C and O percentages of 87.4% and 11.65% for RSCG and 

86.4% and 13.2% for HSCG. The results show no detectable morphological changes, and the 

compositional changes post-annealing are consistent with XPS findings.  

 

 

Sup. Fig. 10. MALDI-TOF MS spectrum of SCG extract in negative ion mode, showing 

prominent peaks corresponding to deprotonated fatty acids: palmitic acid (m/z 255), linoleic 

acid (m/z 279), and oleic acid (m/z 281). These results confirm the presence of major SCG fatty 

acids, as reported in the literature.  



 

Sup. Fig. 11. Demonstration of the ease of electrospraying SCG microparticles onto various 

surfaces and their transformation into a superhydrophobic state. a) Camera photo showing two 

pieces of paper, one electrosprayed with SCG microparticles, which exhibits superhydrophobic 

behavior with water droplets beading on its surface, while the untreated paper remains 

hydrophilic, b) illustrating the same effect on a plant leaf. 

  



Supplementary Video 1. Superoleophilicity of the HSCG coating. A drop of olive oil is placed 

on the HSCG, which instantly wets the surface. 

 

Supplementary Video 2. Water droplets rolling off from the HSCG surface  

 

Supplementary Video 3. Guiding the water droplets on the HSCG surface using a needle tip.  

 

Supplementary Video 4. Demonstration of the self-cleaning properties of the HSCG 

superhydrophobic surface. At the end of the video, accumulated dirt is effortlessly removed 

with a napkin. 
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