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Abstract Lignin, the second most abundant natural poly-
mer, has emerged as a potential alternative material to
petroleum-based chemicals and renewable resource for the
production of diverse forms of aromatics, biofuels, and bio-
based materials. Thus, it is becoming important to under-
stand its structure and properties to provide key features
and insights for better/efficient lignin valorisation. In this
work, the physicochemical characterisation of two types of
industrial (technical) lignins, namely LignoBoost lignin
and alkali-treated lignin was performed. Characterisation
has been conducted using Brunauer—-Emmett-Teller N,
adsorption, particle size distribution, Fourier transform
infrared spectroscopy, ultraviolet—visible absorption spec-
troscopy, gel permeation chromatography, and thermo-
gravimetric analysis. It was found that the pretreatment
severity considerably influenced the lignin composition
and functional properties. The measured physicochemical
properties helped in proposing potential valorisation routes
for these lignins in the context of a biorefinery, focusing on
their depolymerisation and subsequent biological conver-
sion to value-added chemicals and fuels.
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Introduction

Lignin is a complex biopolymer of phenylpropanoid sub-
units that accounts for approximately 15-35 % of the ter-
restrial lignocellulosic biomass, representing the most
abundant renewable phenolic polymer on Earth and pro-
viding structural integrity to lignocellulosic material. It is
expected that in the near future, the advent of new biore-
fineries, which convert cellulosic biomass into transporta-
tion biofuels, will introduce an excess supply of various
lignins into the process streams, besides the substantial
amounts of lignin produced annually from pulping [1]. This
turns lignin into a potentially highly available and acces-
sible renewable feedstock for the synthesis of bulk aro-
matic and phenolic compounds [2]. Also, in comparison
with cellulose and hemicellulose, lignin carries the highest
specific energy content within the organic matrix of woody
materials [3]. Thus, it can be regarded as an attractive
constituent of woody biomass for the production of
advanced biofuels and value-added chemicals that can
consequently help in meeting the future energy demands
[4].

Lignin structure (Fig. 1a), content, and reactivity vary
from one substrate to another, as they differ according to
the origin and separation/pretreatment methods, generating
a wide diversity of lignin aromatic biopolymers. The main
building blocks of lignin are guaiacyl (G), syringyl (S), and
p-hydroxyphenyl (H) that are produced throughout the
dehydrogenative enzyme-initiated free-radical polymeri-
sation of the monolignols (Fig. 1b) or so-called the major
precursors [5]. Softwood lignins are predominantly formed
from coniferyl alcohol and consist of G units. On the other
hand, hardwood lignins constitute both coniferyl and
sinapyl alcohol as monomer precursors and contain G, S,
and H units in different ratios. Coniferyl, sinapyl, and
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Fig. 1 Lignin, representative fragment (a), three major precursors (b), and common interunit linkages found in its structure (c)
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coumaryl alcohol form the herbaceous (grass) lignins,
where they also contain G, S, and H [6]. These structures
are heterogeneously connected by interunit linkages that
provide the biomass with inherent recalcitrance. The link-
ages (Fig. lc) include 5-5, B-5, a-0-4, B-B, B-1, 4-0-5,
dibenzodioxocin, and B-O-4 aryl glycerol ether which is
considered dominant by constituting more than half of the
lignin linkage structures [7].

The pulp and paper industry is now considered the lar-
gest prevailing lignocellulosic-based process that produces
significant amount of lignin. Primarily, chemical pulping
processes are used for producing paper and celluloses
derivatives [8]. Kraft pulping is the main process that most
of the paper pulp produced over the world is generated
from [9]. Basically, wood is converted into wood pulp
through treating with Na,S/NaOH solution (white liquor)
for several hours at a temperature range of 155-175 °C,
where about 90-95 % of the lignin present in the starting
material is easily dissolved. Lately, a novel process has
been developed to efficiently separate lignin from kraft
black liquor called LignoBoost. This process differs from
the ordinary single-stage lignin separation process in that
instead of washing the lignin filter cake directly after fil-
tration, it is rather dispersed in a re-slurry tank, offering a
better control of the pH and hence minimising the hydro-
gen ion concentration gradients during the washing stage
[10]. Major advantages of the LignoBoost process com-
prise high lignin yield, low ash and carbohydrates contents,
low investment costs, and low operational costs [11]. It is
expected that this type of lignin would result in more value-
added applications in future industrial installations and
hasty capacity increase.

Another pulping process available, also producing high
quantities of lignin, is the lignosulfonate/sulphite process.
This process typically uses different sulphurous acid salts
like sulphites and bisulphites, in which the lignin recovered
contain about 4-8 % sulphur and are termed lignosul-
fonates, due to the sulfonate groups’ presence in its struc-
ture [12]. Soda pulping is another existing pulping process,
where biomass treatment made using an aqueous solution
of NaOH or lime at temperatures of almost <160 °C. The
lignin recovered is named alkali lignin and it is considered
to be a good source of phenolics and aromatics [13].
Organic solvents have else been adopted in wood deligni-
fication, referred to as Organosolv pulping. Although this
process offers benefits like producing high-quality lignin
and lowering the enzyme cost, it still lack economic jus-
tifications [14]. A new biphasic Organosolv-like process
also accounting for biomass pretreatment and lignin
recovery called Organocat has been improved and pro-
posed recently [15]. In principle, it uses an aqueous solu-
tion of 2-methyltetrahydrofuran (2-MTHF) as an organic
solvent and oxalic acid as a catalyst, where effective

separation of the primary constituents of the compact lig-
nocellulosic material is attained in a single step [16]. To
this end, the pretreatment of lignocellulosic biomass and
the detailed understanding of their composition and struc-
ture are much-needed steps in order to devise efficient
biomass and lignin valorisation strategies [17].

In the present work, two types of lignin obtained from
different pulping processes, namely LignoBoost lignin and
alkali-treated lignin were characterised for further use in
their valorisation towards producing high-value chemicals.
Characterisation was performed using Brunauer—-Emmett—
Teller (BET) to investigate the textural properties, particle
size distribution (PSD) to tackle and report information
about the size and range of lignin agglomerates, Fourier
transform infrared spectroscopy (FT-IR) and ultraviolet—
visible absorption spectroscopy (UV—Vis) to analyse the
chemical structure, gel permeation chromatography (GPC)
for determining the molecular weight distribution, and
thermogravimetric analysis (TGA) to test the thermal
degradation and stability. Applications were also proposed
for better valorisation strategies with a special emphasis on
the biological conversion of lignin.

Materials and Methods
Lignins

Two types of commercial technical lignin, namely Lig-
noBoost lignin and alkali-treated lignin were investigated
in this study. The LignoBoost lignin was obtained from
Innventia’s pilot plant at Bdckhammar, Sweden, while the
alkali-treated lignin with low sulfonate content (4 % of
sulphur) was purchased from Sigma-Aldrich. The Lig-
noBoost lignin is fine powder and it is composed of several
heterogeneous agglomerated molecules. The powder is
light brown in appearance and is completely soluble in
alkaline solutions. The sulphur present in the lignin is a
mixture of inorganic, elemental, and organic bonds, where
in approximate terms, 30 % of the sulphur is inorganic,
1 % is elemental, and the rest is organic. The sulphur
content in the LignoBoost kraft lignin is normally of lower
value between 1 and 3 %, with 1.8 % as a typical value of
the sample studied. Besides, the lignin powder from the
LignoBoost process exhibits about 30 % moisture content.
The commercial alkali-treated lignin, on the other hand, is
a black powder in appearance, more alkaline, pH 10.5, and
contains no reducing sugars.

Textural Properties

The specific surface area and the pore size of both lignins
were determined by the BET adsorption—desorption

@ Springer



862

Waste Biomass Valor (2017) 8:859-869

method using a Micromeritics ASAP 2400 instrument
(Norcross, GA, USA). Pore volume analysis was per-
formed using the Barrett-Joyner—Halenda (BJH) method
[18]. Before the analysis, the lignin samples were dried
over 7 days and at a degassing temperature of 115 °C,
under rough vacuum. Then, the measurements were con-
ducted through the adsorption of nitrogen, at liquid nitro-
gen temperature, onto the biopolymer surface at different
pressures. The desorption-isotherm was employed for the
analysis and the values obtained are the average of two
analysis runs.

Particle Size Analysis

The size distribution of the lignin particles was measured
by laser diffraction with a Sympatec HELOS laser
diffractometer equipped with the RODOS dispersing unit
(Sympatec GmbH, Clausthal-Zellerfeld, Germany) in dry
powder form after dispersing with compressed air (3 bar).
The system uses a 632.8 nm HeNe laser for illuminating
the particles and is capable of detecting particles in the
dynamic size range of 0.5-875 pum. The lignins PSD were
also characterized by the D;g, Dso, and D, values, giving
estimates for the percentage undersize, as well as the vol-
ume mean diameter (VMD), the sample volume weighted
mean particle size; values were calculated based on the
Fraunhofer theory and analysed in the standardised
WINDOX software.

Spectroscopic Measurements

Fourier transform infrared (FT-IR) spectra of the lignins
were obtained on a Bruker Alpha-P Platinum FT-IR
spectrometer, equipped with a platinum attenuated total
reflectance (ATR) sampling module hosting a diamond
crystal (single bounce). For each sample, 24 scans were

recorded in the wavenumber range of 4000-400 cm™' in

the transmittance mode with a resolution of 4 cm™ .

The ultraviolet—visible (UV—Vis) absorption spectra of
the lignin samples were recorded on a spectrophotometer
(UV-160, Shimadzu Co., Kyoto, Japan). Following an
established procedure [19], the samples were dissolved in a
0.1 M NaOH solution, diluted with deionised water, and

the absorbance between 240 and 420 nm was measured.

Molecular Weight Distribution

The molecular weight distribution data of the lignin sam-
ples was determined by a GPC system. The system used
was a Waters 600E chromatography system (Waters, Mil-
ford, MA, USA) equipped with a Waters 2414 refractive
index (RI) detector, a Waters 486 UV absorbance detector
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and an analytical column packed with 30 cm of Superdex
30 and 30 cm of Superdex 200 (GE Healthcare, Uppsala,
Sweden). The column was operated at ambient temperature
and eluted with NaOH (analytical grade) as the mobile
phase at a flowrate of 1.0 mL/min. Calibration was per-
formed using polyethylene glycol (PEG) standards ranging
from 400 to 35,000 g/mol in the eluent (Merck Schuchardt
OHG, Hohenbrunn, Germany). The two lignins were dis-
solved at a concentration of 1 mg/mL in the eluent. The
solution was further filtered using a 0.2 pm filter in order to
remove any suspended matter, and 500 pL from the filtered
solution was finally injected into the GPC system. Due to
the comparison with PEG standard, both the molecular
weight and the molecular number should be considered
relative.

Thermogravimetric Analysis

The thermal stability studies for the lignins were performed
by TGA using a TGA Q500 (TA Instruments) thermo-
gravimetric analyser. Lignin samples of about 5 mg were
used in both cases and placed in open alumina crucibles.
Measurements were conducted in an inert atmosphere; the
instrument was continuously flushed with a nitrogen flow
of 60 mL/min. The thermal program consisted of an
isothermal step at 150 °C for 10 min, accompanied by a
10 °C/min ramp from 25 to 600 °C. The objective of the
isothermal step was to eliminate moisture (hygroscopic
water), as it could interfere with the degradation steps at
low temperatures and initiate an oxygen-promoted lignin
decomposition.

Results and Discussion
Specific Surface Area and Pore Structure

The surface area and pore size of the lignins were calcu-
lated by applying the BET analysis. Technically speaking,
the lignin surface properties are affected by the biomass
substrate source and the pretreatment process conditions.
Table 1 summarises the results generated from the nitrogen
adsorption—desorption experiments.

The adsorption and desorption information acquired
from each run was used to determine the lignins specific
surface area (m?/g), pore volume (cm’/g), and pore size
(1&), employing the BET and BJH models. The specific
surface area data are presented as BET surface area (Sggy),
Langmuir surface area (S;sa), BJH surface area (Sgjy),
and micropore area (Spcro)- In addition, the single point
surface areas of LignoBoost and alkali-treated lignins at P/
P, of 0.21 were calculated as 0.38 and 1.20 mz/g,
respectively.
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Table 1 Surface area and pore

5 5 2 3 3 B R
structure parameters of lignins Sample Surface area (m“/g) Pore volume (cm’/g x 107) Pore size (A)
determined by BET analysis Seer  Sisa  Shm Smico  Veow Vi Viicro Dier  Dim
LignoBoost lignin  0.40 0.54 0.31 0.26 1.96 1.87 0.11 199 240
Alkali lignin 1.25 1.73 0.43 1.07 3.87 3.87 0.48 124 360

# Calculated using the cumulative desorption data between 17 and 3000 A diameter by the Barrett—Joyner—
Halenda (BJH) method

® Single point total pore volume of pores less than 3400 A in diameter at P/P, = 0.99
¢ Micropore volume calculated by the Horvath-Kawazoe (HK) method
d Average total pore diameter (4 V/A by BET)
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The purpose of comparing textural parameters from
different pretreatment processes by this method is known
to be useful [20]. Significant variations were observed with
regard to the textural properties of both lignins (Table 1).
Alkali-treated lignin exhibited to a higher specific surface
area and pore volume than the LignoBoost lignin, sug-
gesting an increase in the pretreatment severity of the
applied process conditions for the alkali lignin. In the
meanwhile, the alkali lignin BET results interestingly were
comparable to another study [21]. However, to the best of
the authors’ knowledge, the BET parameters for Lig-
noBoost lignin has not been previously reported.

Those results obtained suggest that alkali lignin provide
a better candidate towards its biological valorisation.
Within this scope, the fact that it has higher surface area
and pore size would allow easier access of enzymes and
microorganisms if applied to the lignin substrate. Hence, it
could be biologically converted towards a wide platform of
value-added chemicals via enzymatic depolymerisation
and subsequent biological funnelling.

10 1000

Particle size (um)

Distribution of Particle Sizes

PSD could provide information about the aggregation
characteristics of lignin biomacromolecules. Figure 2
shows the cumulative PSD profiles for the two lignin
samples, while the particle size characterisation data are
outlined in Table 2.

The alkali lignin particles were considerably smaller
than the LignoBoost lignin particles, as can be viewed in
Fig. 2. It could be recognised that the pretreatment process
does not result in similar size distributions of lignin
macromolecules. Analysis also showed that the two lignin
samples possessed a geometric PSD within the micron size
range (Table 2), with VMD values of 188 pm for Lig-
noBoost lignin and 113 pm for alkali lignin. It was
revealed as well that the LignoBoost lignin exhibited a
relatively narrower density distribution than the alkali
lignin; this can be resulting from a higher degree of
molecules cross-linking and aggregation. In addition, the
pretreatment temperature seemed to influence the lignin
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Table 2 Particle size distribution data for the lignins used. Dy indicates that x % in volume of the particles are smaller than the value stated

Sample Do (pm) Dso (m) Dgs (um) Dgy (1m) Dgg (1m) VMD (pm)
LignoBoost lignin 142.2 186.7 226.2 237.3 254.0 188.0
Alkali-treated lignin 51.2 100.0 162.8 186.3 373.3 113.0
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Fig. 3 FT-IR spectra of lignin samples with the wavenumber range 4000-400 cm™

particle size, as increasing temperature might lead to
decreasing particle size. Those findings support the BET
results, confirming that the alkali lignin would be a better
substrate for biological valorisation. The fact of constitut-
ing smaller particle sizes would make it easier to depoly-
merise into smaller fragments. These low molecular weight
fragments would serve as better carbon sources to be fur-
ther hosted by various microbial cell factories, generating
further numerous forms of value-added renewable
chemicals.

FT-IR and UV Spectra

Variability in lignin composition and structural changes
could possibly be identified using spectrophotometric
methods. This is due to the specific absorbance of the
individual phenolic constituents. Figure 3 presents the FT-
IR spectra for both lignin samples.

As can be seen from the spectra, both lignins showed
comparable behaviour, revealing the similarities of the
functional groups found in them. Moreover, the corre-
sponding bands and assignments for the two lignins are
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reported in Table 3. Here, we introduce an analysis of the
spectra recorded for both lignins used in this study, based
on the bands assignments previously reported in literature
findings [22, 23].

Both lignins showed bands at 1600, 1515, and
1425 cm ™" that are corresponding to aromatic ring vibra-
tions of the phenylpropane (Co) skeleton, exhibiting the
typical lignin absorption bands. In the wide absorption
range between 3600 and 3000 cm™', similar bands
appeared for the two lignins, which can be attributed to the
hydroxyl groups in aromatic and aliphatic structures. The
absorption band peaks at 2938 cm™' for both lignins
mainly corresponds to the C—H stretching in the methyl and
methylene groups of the side chains, while the bands at
2854 cm ™! can be arising from the C—H stretching in the
aromatic methoxyl groups. No bands were found for both
lignins within the range between 1715 and 1705 cm ™' that
originates from the unconjugated carbonyl-carboxyl
stretching. The absence of such bands was found in
agreement with previous work [24]. However, a strong
band shoulder appeared at 1650 cm ™" for the LignoBoost
lignin corresponding to the conjugated carbonyl-carboxyl
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Table 3 FT-IR bands and assignments for LignoBoost and alkali lignins
Band (cm™}) Vibration Assignment Band location (cm™})
LignoBoost Alkali
2960-2925 C-H stretching CH; + CH, 2938 2938
2850-2840 C-H stretching OCH; 2854 2854
1650 C=0 stretching Conjugated C=0 1650 -
1600 C—C stretching Aromatic skeleton 1590 1585
1515 C-C stretching Aromatic skeleton 1510 1501
1425 C-C stretching Aromatic skeleton 1422 1417
1365 O-H in-plane deformation Phenolic OH 1364 1364
1270 C-0 stretching G 1264 -
1220 C-O(H) + C-O(Ar) stretching Phenolic OH + ether 1209 1189
1125 Ar—CH in-plane deformation G 1124 1131
1030 C-O(H) + C-0O(C) stretching First order aliphatic OH + ether 1028 1037
855 Ar—CH out-of-plane deformation G 854 854
810 Ar—CH out-of-plane deformation G 817 819

stretching. This was not the case in that of the alkali-treated
lignin, which can be due to the presence of more associated
water or protein impurity. Considerable amounts of resid-
ual minerals is also expected to be present and they remain
in the lignin fraction after pretreatment process. The
analysis difficulty starts to increase below the 1400 cm™"
region because of the complex bands contributing from
various modes of vibration. In spite of that, this spectral
region constitutes specific vibrations to the monolignol
precursors, allowing better lignin structural characterisa-
tion. The weak bands appearing at 1364 cm™' for both
samples can be originated from non-etherified phenolic OH
groups, which is liberated from the cleavage of B-O-4 and
o-0-4 linkages during the cooking process; this supports
extensive phenol ether cleavage during pulping. The
characteristic syringyl (S) bands for both lignins were not
found, due to vanishing of the bands at 1326, 1115, and
825 cm™'. Conversely, both samples revealed the charac-
teristic vibrations of the guaiacyl (G) unit at around 1125,
855, and 810 cm™!, but with different intensities, con-
firming that both lignins incorporated potential active sites
towards polymerisation. More considerations should be
taken into account regarding this point in the scope of
better valorisation routes. For instance, incorporating
mediators during enzymatic depolymerisation/biochemical
pathway or capping agents throughout the chemical
pathway.

UV spectroscopy was also adopted to monitor the lig-
nins distribution variability and purity. Figure 4 shows the
UV absorption spectra of both the LignoBoost and alkali-
treated lignin samples.

No significant difference was noted within the acquired
UV spectra for both lignin samples. It was found that both

lignins exhibited an absorption maxima at around A
280 nm, which is quite common for technical lignins,
originating from the aromatic rings/non-conjugated phe-
nolic groups present in the lignins structure and executed
priory within the FT-IR spectra. However, LignoBoost
lignin revealed a slightly higher absorbance strength than
alkali lignin due to conducting the measurements in an
alkaline medium [23]. It is also worth mentioning that
absorption strength of both lignins were considered to be
high for the visible solar wavelength range, which can be
regarded to their deep/dark colours.

Molecular Weight

The molecular weight of lignin is a fundamental property
that affects the biomass recalcitrance and lignin valorisa-
tion, where the most common characterisation technique
employed in its measurement is the GPC [25]. Besides, the
GPC technique has proven earlier to be reliable in deter-
mining the molecular weight distribution of kraft lignin and
alkali lignin [26]. The GPC analysis using PEG standards
and NaOH as eluent was performed to follow the molecular
weight distribution of LignoBoost lignin and alkali-treated
lignin samples. Figure 5 shows the gel permeation chro-
matograms for the lignin samples with a characteristic UV
absorption measured at 280 nm.

Apparently, both lignin samples manifested different
normalised GPC elution profiles. Alkali lignin exhibited
higher molecular weight distribution values than the Lig-
noBoost lignin. This can be attributed to the promotion of
repolymerisation reactions during soda pulping process
affecting the lignin molecular weight [22]. To give an
instance, under the alkaline conditions, alkali-
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stable methylene linkages are produced through the reac-
tion of quinone methide intermediates (formed from o-
hydroxyl groups) with other lignin fragments, leading to
higher molecular weight distribution values.

From this perspective, it can be deduced that the Lig-
noBoost lignin could be more readily depolymerised,
whatever the pathway, than the alkali lignin owing to its
lower molecular weight values. Although the BET analysis
showed that the alkali lignin provided a better candidate for
the biological conversion, here, the contrast occurred due
to easier transformations and valorisation of low molecular
weight lignin rather than high molecular weight ones.
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Thermal Stability

Thermogravimetric analysis was conducted in order to
compare the thermal stability of the lignin samples and the
acquired characteristic results are given in Table 4. Fur-
thermore, the thermogravimetric (TG) and first derivative
thermogravimetric (DTG) curves are depicted in Fig. 6a, b,
respectively.

TG curves represent the weight loss of lignin samples
with respect to the thermal degradation temperature.
Withal, the first derivative of the aforementioned curve
(DTG) indicates the weight loss corresponding rate, where
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Table 4 Thermal stability Sample Temperature of 40 % DTG, (°C) Residue (%)
characteristics of lignin samples . o
weight loss (°C)
LignoBoost lignin 410 327 48
Alkali-treated lignin 488 307 57

Fig. 6 TG curves (a) and DTG (a) 100
curves (b) for LignoBoost lignin { —_— aeaa. Alkali-pretreated lignin
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the peak of this curve (DTG,.x) expresses the single
decomposition temperature and can be used to demonstrate
and compare the thermal stability characteristics of tested
materials.

It can be noted that the thermal degradation of both
lignin samples spans a wide range of temperature

Temperature (°C)

between 225 and 600 °C. At 40 % weight loss, the
decomposition temperatures were estimated to be 410
and 488 °C for LignoBoost lignin and alkali-treated lig-
nin, respectively. Nonetheless, the temperatures corre-
sponding to the maximum rate of weight loss for
LignoBoost lignin and alkali lignin appeared to be 327
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and 307 °C, respectively. The DTG,,,x value of the alkali
lignin is thus slightly lower than that of the LignoBoost
lignin which may be attributed to different C—C linkages
content of both lignins, though we found it in agreement
with that value reported by Nadji et al. [27]. At 600 °C,
the amounts of non-volatile residue were determined to
be 48 and 57 % for LignoBoost and alkali lignins,
respectively. These amounts of residue were incom-
pletely burned and existed in the solid form, revealing
the significant thermal stability properties of both lignins
at high temperature and this could be allotted to the high
degree of branching and the extremely condensed aro-
matic structures formation. This tendency could be
accounted for, as the higher the lignin is condensed and
complex, the more easily it is converted to charcoal
owing to its great structural similarity [28]. Referring
that both lignin samples come from two alkaline pulping
processes, such alkaline conditions lead to the breakdown
of protolignin, lignin fragments dissolution, and later
subsequent recondensation. Also, at this point, the higher
cross-linking capacity of alkali lignin at 600 °C can be
observed, displaying the higher H structures content
comparing to the LignoBoost sample.

For the sake of application purposes, these results show
the potential of both lignins valorisation towards producing
bio-oil [29] or biomaterials [30], for example, and bio-
logical conversion due to application at mild conditions. In
contrast, they do not provide good candidates for phenol—
formaldehyde resin synthesis, as the maximum rate loss
within the nonmodified resins appears at 345 °C [22] or
other adhesives [31].

Conclusions

Lignin is a key compound and the development of value-
added products from it would greatly boost the eco-
nomics of future biorefineries, highlighting the impor-
tance of understanding its complex nature. In this
context, the physicochemical characterisation of two
technical lignin samples from different pulping processes
has been performed. Results have shown the notable in-
fluence of the pretreatment severity on the lignin chem-
ical composition and functional properties. The insights
gained in the technical lignins structure and properties
helped in proposing better valorisation strategies. Poten-
tial applications have been finally suggested for both
lignins with a particular focus on their depolymerisation
and biological valorisation.
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