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Abstract
Laser irradiation drives the pyrolysis and structural reorganization of biomass based carbon
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precursor materials, converting them into graphene or graphite-like architectures to enable the
fabrication of fine patterned carbon electrodes. This study investigated the effects of lignin/PAN
ratios (1:1, 1:2, 1:3), laser power (P = 6%, 7%, 8%), and laser scanning rates (R = 10, 25, 40, 55, 70
mm/s) on the carbon layers in carbonized lignin/PAN composite films. SEM, resistance heatmaps,
XRD and Raman spectra demonstrated that dense carbon layers with smaller pores, higher graphi-
tization and superior conductivity were produced with higher PAN content (PL3), higher laser
power (P = 7%) and lower scanning rates (R < 25 mm/s). Conversely, loose carbon layers with wide
pore size distribution, lower graphitization and poor conductivity were produced with lower PAN
content (PL1, PL2),lower laser power (P < 6%), and higher scanning rates (R = 40 mm/s). This work
proposes a customizable strategy for fabricating sustainable patterned carbon electrodes tailored
to diverse requirements.
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Figure 1. Preparation and laser-induced carbonization process of Lignin/PAN composite
film

1. RETHR/PAN E A REVHI& KA F SRURIZEE

Possible ”

electrodes
e =
(>

Laser direct writing

2.4. MRRIE

K A B AR 42T A5 3% A (Nicolet 6700 FT-IR)X AT 25/PAN 5 & 11 B R 45 M7 R AE. KA
F3 B 7 2B (SEM, Gemini SEM 300)FKAE 5 & I KB = IR TH TSR S5 #4 o K A VUEREF A (RTS-2)%f
AJHZ/PAN J7Huhs 2347 B B BEAE IR . SR X B4 AT8HX(XRD, D8 ADVANCE)RAEA i Z/PAN Bk
R AR, FHE SN 5/min, FREVERY 10°~80°. RO A B4 2 % 1 (Raman, DXR3xi)
XA B2 /PAN B2 1A S8 A0 RE B AT 3RAE, W26 0 : NI BOEH K 532 nm, F4#EFE 100~3600 cm ™!
3. ER 5118
3.1. IMEE SR

ARBE. PL1 LA PAN I AMERINE 2 fiac. RFRERFFEES 3431 em™ &% O-H B4R
e 1722.1 cm™ B4 FH C=0 [IR%ERENE, 1516.7 cm™'. 1600.9 cm™ & 75 B ) C=C 1B 45 R 3% .

DOI: 10.12677/ms.2025.156142 1342 FHER2


https://doi.org/10.12677/ms.2025.156142

TR

&

IRp-vil

=

PAN FFEWEF 2243.8 cm ™! & FUIE(C=N) IR AEIRBNE, AR EN I 3 EREIE 2 —. 5 PAN ML,
PL1 HZALMIRFIEVE N 2237 em ™!, RAE T B R AW, KB PL1 1 PAN RIS AR &= KL TAHEAER .
7€ PL1 WK & 3367.3 e A #53E O-H g tARBIEA N T IE, SRR EMEL AL T HERmE, K
JRFE M C=0 M4gHRzNIEHA 1711.8 em™', C=C H4iRzNIEH 1590.6 cm ™'\ 1510.5 em™!, R4 T RAL
¥, RS PAN REEMRREREZ G, KBRS PAN R4 T REN G FREEIER, BT AR
#/PAN H 58

Intensity(a.u.)
3367.3
2237
1711.8

3750 3000 2250 1, 1500 750
Wavenumber(cm™)

Figure 2. Infrared spectra of lignin, PL1 and PAN
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Figure 3. SEM of the surfaces of Lignin/PAN composite films and laser-induced carbon-
ized layers: (a) PL1, (b) PL2, (c) PL3, (d) PL1P8R25, (¢) PL2P8R25, (f) PL3P8R25
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(d) PLIP8R25, (e) PL2P8R25, (f) PL3PSR25
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Figure 4. SEM of the carbonized PL3 surfaces at the same laser power (P = 8%) with differ-
ent scanning rates (R = 10, 25, 40, 55, 70 mm/s): (a) PL3P8R10, (b) PL3P8R25, (c) PL3P8R40,
(d) PL3P8RS5S5, (e) PL3P8R70
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Figure 5. SEM of the carbonized PL3 surfaces at different laser power (P = 6%, 7%, 8%)
with the same scanning rates (R = 25 mm/s): (a) PL3P6R25, (b) PL3P7R25, (c) PL3P8R25
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Figure 6. The visual resistance heatmaps of laser-induced carbonized: (a) PL1, (b) PL2 and (c) PL3 (N.E.: Invalid; the nu-
merical value in the color squares represent the sheet resistance values of corresponding carbonized layers)
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Figure 7. XRD (a) and Raman (b) spectra of laser-induced carbonized PL1, PL2 and PL3 at laser power of 8% with scanning
rate of 25 mm/s
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Figure 8. XRD (a) and Raman (b) spectra of laser-induced carbonized PL3 at different laser powers (P = 6%, 7%, 8%) with
scanning rate of 25 mm/s
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Figure 9. XRD (a) and Raman (b) spectra of laser-induced carbonized PL3 at laser power of 8% with different scanning rates
(R=10, 25, 40, 55, 70 mm/s)
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