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Synthesis of green carbon:

The green carbon is prepared by pyrolysis technique of Rice straw agricultural waste. At first
rice straw collected and cleaned by tap water followed by DI-water and dried. Then the RS-
straw was cut into small pieces 1 to 2 mm size. Then the rice straw used in the for pyrolysis in
absence of oxygen at 600 °C for 1 h to get the pyrolyzed material. This obtained material is

further processed through ball milling as well as probe sonication to obtained green carbon.
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Figure S1: Schematic of synthesis of RS-biochar (green carbon) by pyrolysis technique.
3. Results and discussion
3.1. XRD

The XRD pattern of green carbon is shown the Fig. S2(a). The angle of 20 ranges from 20 to
30 with few intense peaks refers to graphene carbon structure with few Silica rich entity!. This
XRD behaviour matched with graphene-silica rich green carbon. The previous is also backing

same pattern® 3.
3.2. FTIR

Additionally, using the FT-IR spectrum, it has been possible to determine whether surface
functional groups are present in green carbon. According to Fig. S2 (b), the peak values are
observed at 3443 cm™!, 1639 cm™!, 1049 cm™!, 784 cm™!, and 463 cm!. According to* the peaks
at 3443 cm! and 1634 cm! are ascribed to the aromatic C=C bonds and the -OH stretching
vibration, respectively. According to °a prominent peak seen at 1050 cm™! is associated with

asymmetric stretching (Si-O-Si), whereas 780 cm™! is caused by symmetric vibration (Si-O-Si).



In addition, a band detected at 463 cm™! could be attributed to the bending vibration of the Si-

O-Si bond Older studies provide strong backing for these observations.

3.3. Raman studies

In order to investigate how graphene-based structures formed in the prepared sample, the
Raman spectrum of the sample was also examined. The Raman spectrum displays two bands,
as illustrated in Fig. S2(c). According to®, 1344 cm™!' and 1582 cm! bands, respectively), these
are the D and G bands. Accordingly the sp? carbon structure is responsible for the G-band,
which is a feature of graphitic substances (first order scattering of E,, phonon). The presence
of defects, such as A, symmetry and sp? disordered carbon, is what is responsible for the D-
band, on the other hand. Indicating the presence of a multi-layer graphene structure, the relative

intensity ratio of the Raman bands (Ip/Ig) is determined to be 1.
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Fig. S2: (a) XRD (b) (FTIR) (c) Raman, and (d) BET plot

3.4. BET

Through N, physical adsorption measurements carried out at 77 K, an analysis of the porous
structure of GGs has been investigated, and the results are displayed in Fig. S2 (d).
According to”8 this graph can be categorised as a type-II curve. It is seen that the graphs
exhibit increased adsorption up to a relative pressure (p/p°) of 0.8 with a relatively low N,
sorption profile. This might be attributable to the capillary condensation that occurs within
the GGs mesoporous channels. However, between relative pressures of 0.8 and 1.0, a
relatively higher N, sorption characteristic could be observed, which suggests that GGs
may have a microporous structure®. BET specific surface area and mean pore diameter were
reported to be 7.3 m?/g and 4.6 nm, respectively. Furthermore, 7.4 cm?/g of total pore

volume was discovered.
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Figure S2: BET adsorption, desorption, and pore size distribution.
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Figure S3: (a, b) CV and GCD curves of FeCoNiCrMn HEA electrode, (c, d) CV and
gcd curves of green carbon electrode.
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