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Raney Nickel Catalyzed Pyrolysis Mechanism of Ethanol
Organosolv Lignin Based on TG — FTIR

GUO Daliang WANG Linfang ZHANG Weiliang ZOU Cheng ZHANG Xingzhi
( Nation Engineering Lab for Textile Fiber Materials & Processing Technology ( Zhejiang) ,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract; The depleting stocks of fossil fuels have forced researchers to investigate renewable fuels and
chemicals as an alternative to petrochemical products. Recently, more and more attentions have been
paid to lignin for product bio-fuels. However, lignin as a by-product of black liquor discharged from
industrial pulping process has not been used reasonably. It is the only renewable resource that can direct
provide aromatic ring in nature. Lignin is an amorphous and highly branched polymer through C—O or
C—C bonds, and the polymer molecular structure of lignin is very difficult to be degraded into phenyl
propane monomers. Therefore, the selective depolymerization of lignin structure into smaller molecular
units is the major challenge for converting it to value-added chemicals. In order to study the catalytic
depolymerization mechanism of ethanol organosolv lignin ( EOL) by raney nickel, the pyrolysis
experiment of pure EOL and raney nickel loading EOL were investigated by a Fourier transform infrared
spectrometry (TG — FTIR). Then the effect of raney nickel on the thermogravimetric characteristics and
the releasing ways of the volatiles products were analyzed. The results suggested that the raney nickel
catalysis improved the breakage of ether bond between lignin structure unite, and then led to the
formation of phenols, hydrocarbons and CO, products increased and the release of CH, and ketones
products decreased. Meanwhile, the DTG peak temperature of raney nickel loading EOL was 50°C lower
than that of pure EOL, while the formation temperature of CH, was increased.

Key words: nickel; catalysis; ethanol organosolv lignin; pyrolysis
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different extraction temperatures process
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Fig.1 FTIR spectra of EOL
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Fig.2 Influence of Ni catalysis on TG and DTG of EOL
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Fig.3 Typical 3D infrared spectra of EOL pyrolysis
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Tab.2 Correspondence between pyrolysis volatiles

and FTIR absorption peaks
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Fig.4 FTIR spectra of volatiles at maximal rate of DTG
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Fig.5 Volatile evolution profiles of single-carbon products from EOL pyrolysis
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Fig. 6  Volatile evolution profiles of multiple-carbon products from EOL pyrolysis



%1 R F: KT TG - FTIR BT e ML 4B AR B R M # FRPE0F I 295

3

4B A 2 g 4 B4 A s TR T 22 T S % 5 B
o W, SRS eI CO, = B A
HREA AR BOL MR K4 FAMMREE CH, R =M B W WIS 5 J 2k T 3 %

AR LA A A o R e B AL EOL K R EEREAR S0°C 1 CH,, iy B e (B 2 T o

17

18

19

20

21

& % x Wt

PUGA A V. Photocatalytic production of hydrogen from biomass-derived feedstocks[J]. Coordination Chemistry Reviews, 2016,
315: 1 -66.
PATEL M, KUMAR A. Production of renewable diesel through the hydroprocessing of lignocellulosic biomass-derived bio-oil: a
review [ J]. Renewable and Sustainable Energy Reviews, 2016, 58 . 1293 - 1307.
BRE, EMIF, WEME, L. S5 ETISIXARBR L HEEEN R [I/0L]. RAVHUMEAR, 2017, 48(3) 332 -
337. http; // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20170342&flag = 1. DOI; 10. 6041/j. issn. 1000-
1298.2017.03.042.
GUO Daliang, WANG Linfang, GUO Huiping, et al. Influence of inorganic and organic bound Na on char gasification
characteristics of lignin[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48 (3) . 332 - 337. (in
Chinese)
AZADI P, INDERWILDI O R, FAMOOD R, et al. Liquid fuels, hydrogen and chemicals from lignin: a critical review [J].
Renewable and Sustainable Energy Reviews, 2013, 21 506 - 523.
YOSHIKAWA T, YAGI T, SHINOHARA S, et al. Production of phenols from lignin via depolymerization and catalytic cracking
[J]. Fuel Processing Technology, 2013, 108 69 —75.
PANDEY M P, KIM C S. Lignin depolymerization and conversion: a review of thermochemical methods [ J]. Chemical
Engineering & Technology, 2011, 34(1): 29 -41.
SINGH R, PRAKASH A, DHIMAN S,
Bioresource Technology, 2014, 165. 319 —322.
JIANG Y, LI Z, TANG X, et al. Depolymerization of cellulolytic enzyme lignin for the production of monomeric phenols over raney
Ni and acidic zeolite catalysts [ J]. Energy & Fuels, 2015, 29(3): 1662 — 1668.
PENG C, ZHANG G, YUE ], et al. Pyrolysis of lignin for phenols with alkaline additive [ J]. Fuel Process Technology, 2014,
124, 212 -221.
TOLEDANO A, SERRANO L, LABIDI J. Improving base catalyzed lignin depolymerization by avoiding lignin repolymerization
[J]. Fuel, 2014, 116 617 - 624.
GARGIULO V, GIUDICIANNI P, ALFE M, et al. Influence of possible interactions between biomass organic components and

et al. Hydrothermal conversion of lignin to substituted phenols and aromatic ethers [ J].

alkali metal ions on steam assisted pyrolysis: a case study on Arundo donax [ J]. Journal of Analytical and Applied Pyrolysis,
2015, 112 244 -252.

YUEY Y, YU Z, JUAN F, et al. Novel method for production of phenolics by combining lignin extraction with lignin
depolymerization in aqueous ethanol [ J]. Industrial & Engineering Chemistry Research, 2012, 51 103 - 110.

QIU L Y, JIAN B S, LU L. Characterization of structural changes of lignin in the process of cooking of bagasse with solid alkali
and active oxygen as a pretreatment for lignin conversion [ J]. Energy & Fuels, 2012, 26(9) : 6999 —7004.

TAO L, ZHAO G B, QIAN J, et al. TG —FTIR characterization of pyrolysis of waste mixtures of paint and tar slag [ J]. Journal
of Hazard Mater, 2010, 175. 754 -761.

LIU Q, WANG S, ZHENG Y, et al. Mechanism study of wood lignin pyrolysis by using TG — FTIR analysis [ J]. Journal of
Analytical and Applied Pyrolysis, 2008, 82. 170 - 177.

LYU G J, WU S B, LOU R,
Chemistry and Technology, 2010, 44 . 335 -342.

ZHU H M, YAN J H, JIANG X G, et al. Study on pyrolysis of typical medical waste materials by using TG — FTIR analysis [ J].
Journal of Hazard Mater, 2008, 153 . 670 —676.

WANG S, LIN H, RU B, et al. Comparison of the pyrolysis behavior of pyrolytic lignin and milled wood lignin by using TG —
FTIR analysis [ J]. Journal of Analytical and Applied Pyrolysis, 2014, 108 . 78 —85.

CHEN L, WANG X, YANG H, et al. Study on pyrolysis behaviors of non-woody lignins with TG — FTIR and Py — GC/MS []].
Journal of Analytical and Applied Pyrolysis, 2015, 113: 499 -507.

ZHAO J, XIU W, HU J, et al. Thermal degradation of softwood lignin and hardwood lignin by TG — FTIR and Py —GC/MS [J].
Polymer Degradation and Stability, 2014, 108 133 - 138.

GUO D L, WU S B, LIU B, et al. Catalytic effects of NaOH and Na, CO, additives on alkali lignin pyrolysis and gasification[ J].
Applied Energy, 2012, 95; 22 -30.

et al. Analytical pyrolysis characteristics of enzymatic/mild acidolysis lignin [ J]. Cellulose



