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ABSTRACT: Pyrolysis of r ble bi has been developed as a method to praduce green fisels and chemicals in response
to energy security concerns as well as to alleviate environmental issues Incurred with fossil fuel usage. However, pyrolysis oils still
have limited commercial application, mainly because unprocessed olls cannot be readily blended with current petroleum-based
transportation fuels, To better understand these challenges, researchers have applied diverse chaauedzaton techniques in l.he

development of bio-oil studies. In particular, nuclear magnetic resonance (NMR) Is a key sp opic
through analysis of bio-oil components. This review highlights the NMR. gies for pyrolysi oll h and critically
discusses the applications of 'H, "C, *'P, "'F, and two-dimensional (2-D NMR) analyses such as h lear single quantum

correlation (HSQC) in representative pyrolysis oil studies.

1. INTRODUCTION

Developing viable green energy tech
because of environmental issues related to fossil fuel usage

ln nddldon, a number of valuable chemicals such as methanol,
I . hol, carboxylic acid, and furfural, .can be derived
from pyrolysis olls.!® Thus, understanding pyrolysis oil compo-
Utilization of biomass has been introduced as a solution toward nen'E Siin eaertinl :’f,w'z?“ ressxich); Which “:du
the develoy of inable and green energy platforms.’ ¥ A b BAY fixture chemi
Lignocellulosic biomass is a complex composite primarily upgrading of HW“":“ ﬂ‘ developed. i
comprising three principle components: cellulose (-35—50%), o tnn'{umm analytical techniques including gas chro-
hemicellulose (~20-35%), and lignin (~10-25%).° Besides these ~ ™2t0graphy (GC), “(‘ggmd")"“;“’&"?hy (LC), high-resolution
bi also in : mass spectrometry , Fourier transform infrared spec-
three main components, biomass has minor components by (FT-IR), thermogravimetric is (TGA), and NMR

including ash, protein, xtra :
o g on ihe fetdosocks Lignoeaths,  have been itroduced for characteszation of bio-il in the pre

losic biomass. i an-attractive Teedstock: for biofuels b vious studies.'* ™" One of the most comprehensive spectro-
t is relativel fre and abandiit: aveidsithe “food oF scopic experiments suited for the comprehensive elucidation of
fuel” arg: and isa ble source of carbon, Typlcal b‘:::i: N rb« thM‘R‘ rbm Py V‘ﬁ?‘:h‘eNm experi-
have been r ¢
bloresources for biofuels include energy crops, such as switch :‘nd A ;nen::d B T Tt G N

prass, miscanthus, poplar, and energy cane, or biomass residues
from agriculture and forestry operations.” The LS. Department “"‘l”" have been widely used to nvestigate the structural
! tk of blo-cils.'” Moreover, selective

of Energy and US. Department of Agriculture established a gen—carbon fi
mman:lg;onl that lignocellulosic blnmazi will supply 5% of the malysls of functional groups In the pyrolysis oils through
nation’s power by 2020 and 20% of its transportation fuels and NMR analysis techniques allows a deep understanding of the
25% of its chemicals by 2030, This goal is approximately equivalent characteristics of pyrolysis cils. For instance, hydroxyl fune-
to 30% of the petroleum consumption in the year 2005, tional groups lx')f bio-oils can be m:asuxcd by phosphitylation
Biomass pyrolysis is a promising thermochemical conversion followed by *'P NMR spectroscapy.'® Likewise, derivatiza-
technology that involves irreversible thermochemical decom- tion of bl"'l‘:‘l’ with 4-(trifl hyl)phenylhyd
pasition of lignocellulose in the absence of oxygen® The complex followed by F NMR . spectroscopy provideés a quantitative
polymer constituents of lignocellulose (i.e, lignin, cellulose, and and ¢ ding of carbanyl groups, "’h‘d’
hemlcellulou) are depolymenized into smaller molecules upon lead to corrosion and aging P'l"bl'l':“ during upgrading."”’
The pyralysis products in char, gas, 2D-NMR experiments, such as 'H—"C HSQC, are used to
and a pyrolysl: oll. In particular, the pyrolysis ofl has the potential
to be blended in the tation fuels even though it still
has some challenges as a fuel, because of its physiochemical
properties (which will be discussed in the following section).”

Received:  April 26, 2016
Revised:  July 10, 2016
Pablished: August 24, 2016

6 ACS Publications — © 2016 Amesican Chemicat Sexiety 6863 DOE 161031 /et srwrg/uale 60591002
Energy Fuek 2016 30, 68636850




