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Fig.1 Schematic diagram of synthesis process of the Ru/ITO NWs
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Fig.2 XRD patterns of nanowires (NWs) prepared at each step
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Fig.3 Top view of the AAO template (a); SEM image of InSn/AAO composite (b); SEM morphology of InSn/AAO composite immersed

in etching solution for 6 h (c); InSn NWs array released from AAO template (d); SEM morphology and corresponding EDS element
mappings of Ru/InSn NWs (e); magnified image of the Ru/ITO NWs (f)
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Fig.4 TEM (a, d, g) and HRTEM (b, e, h) images and corresponding FFT (c, f, i) and IFFT (c, fi, i;) patterns of InSn NWs, Ru/InSn NWs,
and Ru/ITO NWs
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Fig.5 XPS spectra of Ru/ITO NWs: (a) survey, (b) C Is+Ru 3d, (c) O 1s, (d) In 3d, and (e) Sn 3d
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Fig.7 TIC spectra of pyrolysis of cellulose (a), cellulose-ITO NWs (b), and cellulose-Ru/ITO NWs (c) (red: cellulose extraction ion

diagram, blue: glycolaldehyde extraction ion diagram; brown: hydroxyacetone extraction ion diagram)
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Table1l Relative content of pyrolysis products (o/%)

. 1,6-
Pyrolysis product anhydropyranose Glycolaldehyde Hydroxyacetone
Cellulose 76.4 13.5 10.0
Cellulose-ITO NWs 53.8 33.6 12.6
Cellulose-Ru/ITO NWs 33.5 37.2 29.3
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products from NPEO, NPEO-ITO nanowires, and NPEO-Ru/ITO nanowires (b); mass spectra and corresponding standard mass

[3] Jahirul M, Rasul M, Chowdhury A et al. Energies[J], 2012,

Fig.8
spectra of 2-ethyl-4-methyl-1-pentanol, 1,4-dioxane, and nonylphenol (c)
+ A
3 zIZl e

D 3@ B APV, TR - F U RRRT
FEER T RWITO NWs. Ru zmﬂmiw@?%
InSn NWs #1fj_E, 2528 S0R Hy/Ar R T HHBRE ib
HJE, RugKBRRMIESE, FN InSn NWs #1464
ITO NWs.

2O i X H A AL 7 . ITO NWs #8467 F1 Ru/ITO
NWs {4075 = 2 X 45 4k 25l NPEO ML LI 2, iF
B Ru 44 K ORI A7 16 500 Tk 52 1) W7 ke OC s A Y, 3dF
— 35 I 43 i 41 4 5 1 NPEO.

3) HUK Ru geKPki B ITO NWs L, %
JNER LY R ITO NWs EHAL S &AL &R
L TR

S 30k

[1] Zhang L, Liu R H, Yin R Z et al. Renewable and Sustainable
Energy Reviews[J], 2013, 24: 66

[2] Collard F X, Blin J. Renewable and Sustainable Energy
Reviews[J], 2014, 38: 594

References

5(12): 4952
[4] Carrier M, Joubert J E, Danje S et al
Technology[J], 2013, 150: 129
[5] Lojewska J, Miskowiec P, Lojewski T et al. Polymer Degradation
and Stability[J], 2005, 88(3): 512
[6] Zhao H, Kwak J, Conradzhang Z et al
Polymers[J], H2007, 68(2): 235
[7] Basch A, Lewin M. Journal of Polymer Science: Polymer
Chemistry Edition[J], 1973, 11(12): 3071
[8] Chatterjee P K, Conrad C M. Textile Research Journal[J], 1966,
36(6): 487
[9] Broido A, Javier-Son A, Ouano A et al. Journal of Applied
Polymer Science[J], 1973, 17(12): 3627
[10] Zeriouh A, Belkbir L. Thermochimica Acta[J], 1995, 258: 243
[11] Bigger S W, Scheirs J, Camino G. Polymer Degradation and
Stability[J], 1998, 62(1): 33
[12] Wu Y, Dollimore D. Thermochimica Acta[J], 1998, 324(1-2): 49
[13] Pedersoli Janior J L. Journal of Applied Polymer Science[l],
2000, 78(1): 61
[14] Antal M J J, Varhegyi G. Industrial & Engineering Chemistry
Research[J], 1995, 34(3): 703

Bioresource

Carbohydrate



* 1748 -

Wity EmA RS TR

%553 %

[15] Mosier N, Wyman C, Dale B et al. Bioresource Technology[J],
2005, 96(6): 673

[16] Dobele G, Rossinskaja G, Telysheva G et al. Journal of
Analytical and Applied Pyrolysis[J], 1999, 49(1): 307

[17] Shaik S M, Sharratt P N, Tan R B H. Journal of Analytical
and Applied Pyrolysis[J], 2013, 104: 234

[18] Fabbri D, Torri C, Baravelli V. Journal of Analytical and
Applied Pyrolysis[J], 2007, 80(1): 24

[19] Choi S S, Kim M C, Kim Y K. Journal of Analytical and
Applied Pyrolysis[J], 2011, 90(1): 56

[20] Lu Q, Xiong W M, Li W Z et al. Bioresource Technology[J],
2009, 100(20): 4871

[21] Rutkowski P. Journal of Analytical and Applied Pyrolysis[J],
2012, 98: 115

[22] Yamaguchi A, Mimura N, Segawa A et al. Journal of the
Japan Petroleum Institute[J], 2020, 63: 221

[23] Yamaguchi A, Watanabe T, Saito K et al. Molecular Catalysis[J],
2019,477 : 6

[24] Dai L L, Zeng Z H, Yang Q et al. Fuel[J], 2020, 279: 118532

[25] Saragoglu E, Uzun B B. International Journal of Hydrogen
Energy[J], 2017, 42: 21476

[26] Dai L L, Zeng Z H, Tian X ] et al. Journal of Analytical and
Applied Pyrolysis[J], 2019, 143: 104691

[27] Hong Y, Hensley A, McEwen J S ef al. Catalysis Letters[J],
2016, 146: 1621

[28] Aritomo Y, Naoki M, Atsushi S et al. Journal of the Japan
Petroleum Institute[J], 2020, 63: 221

[29] Zhang J, Li C Y, Yuan H R ef al. Renewable Energy[J], 2022,
184: 280

[30] Torri C, Lesci I G, Fabbri D. Journal of Analytical and
Applied Pyrolysis[J], 2009, 85(1-2): 192

[31] Castro T, Reifenberger R, Choi E et al. Physical Review B
Condens Matter[J], 1990, 42(13): 8548

[32] Kim N H, Kim J Y, TIhn K J. Journal of Nanoscience and
Nanotechnology[J], 2007, 7(11): 3805

[33] Zhang C, Yin H, Bai X et al. Colloids and Surfaces A:
Physicochemical and Engineering Aspects[J], 2023, 666:
131311

[34] Li T S, Xiang C L, Chu H L et al. Journal of Alloys and
Compounds[J], 2022, 906: 164380

[35] Sun L D, Huang D S, Liu W et al. Advanced Materials
Research[]], 2012, 549: 441

Pyrolysis Properties of Cellulose by ITO Nanowires Coated with Ru Nanoparticles

Jiao Kexin', Suo Jun', Yu Kunpengz, Bu Hengyongl, Li Fengxianl, Liu Yichun', Olim Ruzimuradov®,
Li Caiju', Fang Dong'
(1. Kunming University of Science and Technology, Kunming 650031, China)
(2. Hangzhou Yanqu Information Technology Co., Ltd, Hangzhou 310000, China)
(3. Turin Polytechnic University, Tashkent 100095, Uzbekistan)

Abstract: Indium tin (InSn) alloy nanowires (NWs) were prepared using anodic aluminum oxide (AAO) film as template by vacuum
mechanical injection method. Ru particles were then coated on the surface of InSn NWs by the “in situ discharge reduction” method.
Subsequently, the RuO,/ITO NWs was obtained by heat treatment for the composite material. Finally, RuO,/ITO NWs were reduced in H;
atmosphere to obtain Ru/ITO NWs. The results indicate that the diameter of InSn NWs is about 40 nm and Ru nanoparticles of 2-5 nm are
uniformly coated on the surface of ITO NWs. In addition, the catalytic pyrolysis of cellulose by Ru/ITO NWs is tested and the main
products are 1,6-anhydropyranose, glycolaldehyde, and hydroxyacetone. Compared the catalysate of ITO NWs without catalysts, Ru/ITO
NWs catalyst reduces the production of 1,6-anhydropyranose, which indicates that Ru nanoparticles exacerbate the fracture of oxygen
bridges during pyrolysis, accelerate the generation of glycolaldehyde and hydroxyacetone, and thus improve the pyrolysis efficiency. At the
same time, the pyrolysis of nonylphenol polyoxyethylene ether with ether bonds was also carried out, and the result shows that Ru/ITO
NWs plays a significant role in the fracture of ether bonds, which reduce the formation of intermediate cellulose and realizes the rapid
pyrolysis of cellulose.

Key words: ITO nanowires; Ru nanoparticles; vacuum mechanical injection; cellulose
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