[@ Journal of Wood and Forest Science and Technology ~© "Nt 1SSN: 2322-2077
Online ISSN: 2322-2786

Gangan Lrhwiaty of Agrkabare
SZevcen 99d Mt Rercurces

Spruce wood-derived monolithic carbon cathode for rechargeable
zinc-air batteries

Zeinab Oodi Zare®, Mahdi Mashkour?, Taghi Tabarsa®, Davood Rasouli*,
Mehrdad Mashkour®

1. Ph.D. Student, Dept. of Wood Technology and Engineering, Gorgan University of Agricultural Sciences and Natural Resources,
Gorgan, Iran. E-mail: zeinabzare3518@yahoo.com

2. Corresponding Author, Associate Prof., Dept. of Wood Technology and Engineering, Gorgan University of Agricultural Sciences
and Natural Resources, Gorgan, Iran. E-mail: mashkour@gau.ac.ir

3. Professor, Dept. of Wood Technology and Engineering, Gorgan University of Agricultural Sciences and Natural Resources,
Gorgan, Iran. E-mail: tabarsa@gau.ac.ir

4. Assistant Prof., Dept. of Wood Technology and Engineering, Gorgan University of Agricultural Sciences and Natural Resources,
Gorgan, Iran. E-mail: rasouli@gau.ac.ir

5. Postdoc Researcher, Division of Materials Science, Dept. of Engineering Sciences and Mathematics, Luled University of
Technology, Luled, Sweden. E-mail: mehrdad.mashkour@Itu.se

Article Info ABSTRACT

Article type: Background and Objectives: Rechargeable zinc-air batteries present a
Full Length Research Paper  compelling alternative to lithium-ion batteries due to their safety features,
affordability, and high theoretical energy density, primarily attributed to
non-flammable electrolytes. However, the practical performance of zinc-air
batteries is limited by slow air cathode reaction kinetics. This research aims

Avrticle history:
Received: 04.27.2024

Revised: 06.07.2024 to evaluate the pgrformance.of monqlithic cr?\rbon electrodes derived from
Accepted: 06.07.2024 spruce wood as air cathodes in zinc-air batteries.

Materials and Methods: Air-dried sapwood of spruce (Picea orientalis)
Keywords: was utilized as the starting material for fabricating carbon electrodes. The
Battery, wood pieces were initially cut into cross-sectional, radial, and tangential
Carbonized wood, blocks with dimensions of 3 x 50 x 50 mm. Monolithic carbon electrodes
Cathode electrode, were then produced by subjecting the wood blocks to slow pyrolysis under
Electrochemical performance, an inert atmosphere at specific temperature programs. All pyrolyzed
Pyrolysis temperature samples were sanded to a thickness of approximately 1 mm. The study

investigated and analyzed the effect of the maximum pyrolysis temperature
(800 and 1000 °C) and the type of wood cutting on the morphological and
physicochemical properties of the carbon electrodes, as well as their
electrochemical performance in zinc-air batteries.

Results: The results demonstrated a significant influence of the maximum
pyrolysis temperature and the type of wood cutting, relative to the
fiber direction, on the electrochemical performance of the fabricated
carbon electrodes used as air cathodes. Increasing the maximum pyrolysis
temperature from 800 to 1000 °C led to an improvement in the
electrochemical performance of the carbon electrodes. Furthermore,
monolithic carbon electrodes derived from spruce wood with large cross-
sectional surface areas exhibited superior electrochemical characteristics
compared to their counterparts with large tangential and radial surface
areas. Overall, zinc-air batteries assembled with carbon cathode electrodes
of large cross-sectional area, fabricated at a pyrolysis temperature of 1000
°C, demonstrated significantly enhanced electrochemical performance in
impedance spectroscopy and linear sweep voltammetry tests.
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Conclusion: In summary, the improved electrochemical performance of
the air cathodes with an increased maximum pyrolysis temperature was
attributed to the development of structural porosity and specific surface
area in the fabricated electrodes. For spruce wood-derived electrodes, the
presence of longitudinally oriented tracheids, along with the smaller
thickness of the monolithic carbon electrodes compared to tracheid length,
likely facilitated efficient electrolyte and electron transport within the
cathode electrodes' large cross-sectional area. This efficient transport
mechanism is believed to contribute to the overall improved
electrochemical performance of the cell.
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2- Metal-air battery

3- Zinc-air battery

4- Oxygen reduction reaction
5- Oxygen evolution reaction
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1- Energy conversion and storage devices
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1- Electrochemical energy storage
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4- Field emission scanning electron microscopy
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1- Raman spectrometry
2- Electrochemical impedance spectroscopy
3- Linear sweep voltammetry
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Figure 1. Optical microscopy images of Picea wood at different sections: (A) Cross section, (B) Radial section,
and (C) Tangential section.
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Figure 2. FESEM micrographs of the tangential fracture surfaces of electrodes produced at:
(A) and (B) 800 °C and (C) and (D) 1000 °C.



VELT ) 05l ) 0,93 (IS 9 g (55918 9 ool (Sl gy & il

o oS mle ams Ve 5 A slales
i olie cpl AE alss /ALY 5 /AT
Ll SUIGH cladses 53 1y il S slalx L
A++ OC w50i 53 IDNG [axls 508 ke .S s
Wi Sl Ol 2al Sl e el S
Sl laalie (F4) Wil 5858 5 05S]
s o QLS 1y Vs OC wgad 3 IDNIG s
s bl i e Ol e 1 RIS )
DS St IS Dan Solpl xS bE ks
2 S Jle SIDNG - 81 (80) 5l e
RO P SN S I ST W PN /IO [P
= 5 dile o3Il s pdan ASLe S0 Jalse
2> s s e slasnbly Sl Olg e a1, Ll

() 235 a5 il ey oab b

(a.u.) ool

2200

S s 0Ll il 0L, | erecib
S ol 003 w3 s s (gl ke
s S 51 ol b s (10)
ey Ve g A gles g 3 el Alg S
Sl gl edd eals QLAY S s o S sl
&y G Vyveacem® D) et em? sy s
WETCM™ i 55 s 55 5 Ave OC (clads yol
Voor OC ladisas sl (G) YodA cm™ 5 (D)
G 5D Ly () as esls OLiS Obly cab buy
5 oeh gl bbb S LS
o (V) At L S e sl
el polie sL S (DNIG) G & D g
ol JolS 2315 sl G a g bbb

BE oMJ':J)JC.; duﬂbw ID/IG u.a;-u (YN)

e 800°C
===1000"C

2800 3400

[em™?) oLl s> a s

’(=|J§dﬁh"4’~)=\.~~ }A")Jﬁudh{n:): e.l&.l:j‘,s 6\#:;;‘.‘&“ Ob‘)d&ﬁﬂjﬁ%dbb;‘—rdﬁ
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Figure 5. Nyquist plots of the battery measured under different cutting direction; the effect of the section on
electrochemical impedance spectroscopy: 800 °C (A) and 1000 °C (B).
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