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Fig.1 Experimental procedure for synthesizing porous carbon particles
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Table I Synthetic conditions for porous carbon particles in this study

Sample name  Lignin NaCH NaQH/Lignin Inlet temperature Gas flow rate
lg] [g] [-] [c] [L/h]
LC-0 1.2 - - 120 601
Lc-1 1.2 0.30 0.25 120 601
LC-2 1.2 0.60 0.50 120 601
LC-3 1.2 1.2 1.0 120 601
LC-4 1.2 0.30 0.25 150 601
LC-5 1.2 0.30 0.25 200 357
LC-6 1.2 0.30 0.25 200 473
LC-7 1.2 0.30 0.25 200 601
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Fig. 2 SEM and TEM images of carbon particles using different inlet temperature of SD (a) 120°C (b) 150°C () 200°C,  Other

condition: Gas flow rate 601 L/
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Fig, 3 SEM and TEM images of carbon particles using different NaOH/Lignin mass ratios (3, €)0(b, 025(c, £)0.50(d,

h) 1.0, Other condition: Gas flow rate 601 L/h,  inlet temperature 120°C
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Fig. 4 physical properties of lignin solutions:

(a) Surface tension and droplet size generated by two fluid nozle of each solution, (b) Lignin solubility of each solution
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Fig. 5 Particle formation mechanism: (a) Low NaOH concentration, (b) High NaOH concentration
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Fig.6 (a) Nitrogen adsorption/ desotption isotherms (b) Relationship of SSA and total pore volume corresponding to NaOH
concentration (¢,  d) Micropore and meso-macropore size distribution of carbon particles derived from different NaOH

concentration

Table 2 Specific surface area and each pore volume of porous carbon spheres

Micropore Mesopore Macropore

Specific surface area
Total pore volume HK) BJH) BIH)

Sample (BET)
[m%g] [cm¥/g] [em¥/g] [cmP/g]l  [cm¥/g)
LC-0 515 0.2161 0.1936 0.0069 0.0202
LC-1 761 0.3428 0.2930 0.0228 0.0304
LC-2 1112 0.5943 04322 0.1284 0.0477
LC-3 1513 1.0132 0.5935 0.1797 0.2636
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Fig. 7 Tap density and comresponding SEM images of porous carbon particles of NaOH/Lignin = (a) 0.25 (LC-1),  (b)0.50
(LC-2), (c)1.0(@LC3)
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Fig, 8 CV cutves of EDLC fabricated using (a) LC-1, (b)LC-2, (c)LC-3 as active materials of working electrode at various scan
rates from 10 to 100 mV/s, (d) Comparison of CV curves of EDLC prepared with porous carbon particles of various structures

at 1I0mV/s.




Tabte 3 Electrode density and specific capacitance of each condition porous carbon spheres

Sample Specific surface area (BEDY  Electrode density  Specific capacitance (10 mV/s)

(m?/g] [g/cm’) [F/q]
LC-1 761 0.464 665
1c-2 1112 0.387 245
LC-3 1513 0.355 16.1

Fig, 9 Cross sectional SEM images of efectrodes using {2) LC-1, (b)LC-2, and (¢}LC-3
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