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CELLULOSE AND LIGNIN FIBERS MEDIATED
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ABSTRACT. Vegetal matter like hemp wastes, peat and sawdust have fibrous
and porous morphology if they are properly shredded as observed in SEM
images. Polarized light microscopy has been used to study the crystalline
structure of biomass and FTIR spectroscopy evidences their specific chemical
bonds. Hemp wastes reveal porous husk remains of about 50 — 500 um
abundant in lignin and cellulose fibers lint having length of about 5 — 50 uym.
Shredded peat reveal finer cellulose fibrous formation of about 50 ym length
and lignin shell like particles of about 20 — 200 pm. Saw dust contains mainly
cellulose fibers grouped in flake particles of about 700 um with fringed edges.
These samples were subjected to diesel and oil spills. The gravimetric test
indicates the best specific absorption for diesel of 1.76 g/g obtained by sawdust
and the lower value of 1.48 g/g was measured for hemp waste. The oil spill was
better absorbed by sawdust having a specific absorption of 2.28 g/g and the
weaker absorption was measured for hemp wastes around 1.66 g/g. The lower
values measured for peat are caused by the presence of quartz particles as
forest soil impurity.
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INTRODUCTION

Petroleum hydrocarbon pollution poses a significant risk to both the
environment and human health. They are hazardous chemicals from various
activities such as petroleum industry, vehicle traffic, oil drilling processes,
accidental spills, volcanic eruptions [1-3]. Petroleum, gasoline and diesel are
the most uses fuels which can lead to a significant release of hydrocarbons in
aquatic and terrestrial ecosystem. Their infiltration in environment can generate
considerable damages such as loss of biodiversity, fertility and productivity
[4-7].

To mitigate its harmful effects, natural absorbents have been employed
to help restore balance to affected ecosystems. Hydrocarbon absorption is a
fast, straightforward, and broadly applicable technique that uses materials
capable of capturing and holding pollutants to lessen environmental impact.
These absorbents are gaining attention due to their affordability, biodegradability,
high oil absorption capacity, high buoyancy, local availability, and low cost
[8, 9]. The decontamination of petroleum hydrocarbons using sawdust, peat
and hemp fibers as absorbents proved to be beneficial to the environment
[10-12].

Wood sawdust is commonly used in the treatment of oil-contaminated
water. Its effectiveness varies depending on the type of wood as well as
particle size and moisture content. Sawdust is an efficient absorbent due to
its porous structure and the presence of carboxyl and hydroxyl functional
groups that allows it to capture both volatile and semi-volatile hydrocarbon
fractions [13, 14].

Peat is a natural absorbent composed of lignin, cellulose, as well as
fulvic and humic acids. Its porous structure offers a large surface area, giving
it a high capacity for hydrocarbon absorption. Peat is also highly buoyant and
minimizes the risk of secondary pollution during the recovery process [15].

Taking into consideration the actual state regarding the vegetal
absorbents used for the oil spills removal, the aim of present article is to
evaluate the viability of hemp wastes, shredded peat and sawdust. All these
materials are rich in cellulose and lignin having a great potential to be used
as absorbents for petroleum wastes.

RESULTS AND DISCUSSION
Vegetal absorbents are known for their textured morphology, which

can be properly observed under Scanning Electron Microscopy (SEM). The
series of vegetal samples begins with the shredded hemp waste, Figure 1a.
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Figure 1. SEM images of the vegetal absorbents samples:
a) Shredded hemp waste, b) Shredded peat and ¢) Wood sawdust.

This mainly highlights husks from seeds that have a bimodal component
formed by the fine fractions predominantly below 20 um surrounding the coarse
fractions that have irregular edges and planar dimensions of 100 — 700 ym
associated with a thickness of about 30 — 50 pm.

On the other hand, the shredded peat sample, Figure 1b, contains
partially degraded plant material in a wet state, which favors the loosening of
the cellulose fibers from the lignified matrix, forming very fine filiform
structures with lengths of 500 — 800 ym and thickness of 20 — 50 um. These
surround larger pieces with a still predominantly lignin aspect that gives them
cohesion and resistance. We mention that the peat was ground for 30
minutes at 6000 rpm using a blade mill.

The wood sawdust, Figure 1c, is clearly inferior to the peat sample
because the cellulose fibers are still strongly bound in the lignified structure,
which leads to the predominance of coarse fractions with a chopped
appearance (500 — 900 um) and too few fine fractions to ensure efficient
absorption.

Vegetal samples are very abundant in amorphous organic matter
which cannot be observed properly in the mineralogical optical microscopy
(MOM) but their cohesion is ensured by cellulose fibers and lignin binders
which are organic matter with lower crystallinity [15, 16]. Therefore, some of
our previous study successfully identifies cellulose fibers having white — yellow
appearance and lignin structures predominantly brown under cross polarized
light [17, 18]. Thus, the vegetal samples aspect is displayed in Figure 2.
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Figure 2. Cross polarized light images of the vegetal absorbents samples:
Shredded hemp waste a) overall appearance, b) microstructural detail;
Shredded peat c) overall appearance, d) microstructural detail; Sawdust
e) overall appearance, f) microstructural detail.

Hemp waste is often a difficult material to naturally biodegrade due
to its fibrous texture. The tow can be used as filler such as in the void space
between building panels or as a protective coating over certain pipes, but the
powdery fractions associated with hemp waste are quite problematic. These,
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being ground to a uniform consistency, could act optimally to absorb oil
stains. The overall microstructure, Figure 2a, highlights two major components,
namely remnants of the husk that covers the hemp fibers. They have a
predominantly reddish-brown appearance due to the high lignin content in
their structure, which indicates that the stems were harvested at maturity.
Their shape is irregular - fringed with planar dimensions varying widely in the
range of 50 - 500 um and the thickness varies between 1 - 5 um. On the
surface of larger shell fragments, circular cell holes with diameters ranging
from 5 - 10 ym are observed. These biological reminiscences can be of great
use in the absorption and immobilization of petroleum waste due to their high
viscosity, which facilitates the retention of liquid in the cell pores.

The second major component of the shredded hemp sample is
formed by fine microscopic fiber lint, a fact supported by their cellulose-based
composition that appears yellowish white when observed in polarized light
with crossed nicols, a fact consistent with data in the literature [17, 18]. The
microscopic detail in Figure 2b captures in the central part of the field of view
two fragments of hemp husk surrounded by enlarged fiber lint. These have very
small dimensions with lengths ranging between 5 — 25 ym and thicknesses
ranging between 1 — 3 pym. Their high number correlated with the porous
appearance of the husk fragments indicates a high potential for absorption
of petroleum waste and oily materials.

Peat has a deep layer with a high degree of carbonization compared
to the superficial layers that retain a more pronounced vegetal character [19,
20]. Data from the literature show a significant content of lignin [21] and cellulose
[22] of vegetal nature that has not been carbonized. Therefore, it is not surprising
that the overall microstructural appearance of the crushed peat sample contains
fragments of brown-brown colored lignin and yellowish-white colored cellulose
that have a fringed appearance. These are accompanied by compact material
particles with a high crystalline character whose nature cannot be detected at
such a low magnification as in Figure 2c. The microstructural detail in Figure 2d
solves the enigma of mineral particles. These have a boulder-like appearance
with rounded edges and the shade is predominantly greenish-gray corresponding
to quartz. In fact, these are forest sand particles whose sizes vary in the
range of 50 - 100 um and which are neutral in terms of the absorbing effect
(in other words they do not help but do not hinder the absorption process).
The particles containing lignin have the appearance of shredded vegetable
shells that still retain traces of fibers, the dimensions of these shells vary
widely from about 20 ym to 200 pm while the cellulose fibers are rarer and
have smaller dimensions, lengths of about 5 - 50 ym and thicknesses of
about 5 - 10 ym. Overall, it can be appreciated that such a mixture has a
relatively limited ability to absorb petroleum waste due to the large and poorly
shredded wood fractions.
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Sawdust has an overall appearance of elongated flakes having about
500 — 700 ym length hand 50 — 250 ym width. Their color under cross polarized
light is white — yellow due to the dense structure of cellulose fibers and
contains moderate amount of brown particles rich in lignin, Figure 2e. Some
smaller wood dust particles below 20 um are also observed surrounding the
flakes formations. The microstructural detail in Figure 2f reveal that the flakes
formation has their ends featuring a fringe network of crossed cellulose fibers
generating meshes below 10 um which are optimal for the viscous liquid
absorption. The microstructural disposal of sawdust cellulose fiber is more
proactive than occurs in peat sample making it a better candidate for petroleum
absorption.

The gravimetric measurements of diesel and burnt engine oil allow us
to calculate each material’s specific absorption, Figure 3. The obtained results
were analyzed statistically and two relevant groups were found.
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Figure 3. Specific adsorption variation on the vegetal samples tested in:
a) Diesel and b) Burnt oil.

At the first sight a major difference is observed between Diesel and
burnt oil absorption. The first one is more volatile and therefore the weight
uptake is smaller than the one observed for burnt oil within each tested
material but the variation tendency is the same in both cases.

The first statistical relevant group is formed by hemp waste sample
which ensure a lower specific absorption of both diesel and burnt oil. The
second relevant statistical group is formed by the peat and sawdust samples
which reveal almost similar specific absorption (peat values being slightly
lower). It is perfectly explainable because the wooden fibers within peat samples
are partly decayed due to the marsh conditions of the resting ground. The
statistical analysis reveals a relevant difference between the identified groups
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p < 0.05. There must be some microstructural aspect that compromises the
hemp waste absorption ability. SEM images taken after absorption, Figure 4,
bring light on this aspect.

Figure 4. SEM images of the vegetal absorbents after burnt oil absorption:
a) Shredded hemp waste, b) Shredded peat and ¢) Wood sawdust.

Hemp wastes are vey abundant in porous crust formations as observed
by both initial SEM and cross polarized light microscopy which were taught
to be ideal for absorption. Figure 4a, taken after burnt oil absorption reveal
the fast penetration of the oil into the shell - crust pores saturating the bigger
particles while the fine microscopic cellulose fiber lint is quickly clogged with oil
and looses their individualization ability and become stacked to the shell crusts
forming a partly barrier in further absorption. Such obstruction was observed in
literature by finest mineral particles onto the vegetal particles within the carwash
slurry and particulate matter deposits [23, 24]. Thus, the mechanism fails to rich
the best absorption. Perhaps the absorption would be increased if the cellulose
fiber lint would have been much more numerous than in the present sample.

The fringed cellulose particles within peat sample, Figure 4b, are prone
to absorb the burnt oil into their porous structure becoming soaked reaching
their optimal load. Their inter-particle space is filled with a dense pellicle of oil
increasing the loaded amount. Figure 4c reveal that the fringed structure of
sawdust flake particles is more efficient in absorbing petroleum because of
their stabile meshes network which progressively fill with viscous oil reaching
the saturation. The flake particles surface after complete soaking still contains
a thicker oil film that stack on the large quantity of absorbed petroleum.

FTIR spectra (Figure 5 and 6) reveals the specific absorption bands
for cellulose, lignin and some bands corresponding to hydrocarbons (diesel
and burnt oil) in all samples: strong broad OH stretching (3300-4000 cm™),
C—H stretching in methyl and methylene groups (2800-3000 cm'), and a
strong broad superposition with sharp and discrete absorptions in the region
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from 1000 to 1750 cm' [25]. The absorption located at ~1730 cm is caused
by cellulose and indicates the C=0 stretch in non-conjugated ketones, carbonyls
and in ester groups [26, 27].
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Figure 5. FTIR spectra for vegetal samples exposed to diesel spill.
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FTIR patterns for peat samples soaked in both diesel and burnt oil reveal
absorption bands at 545 cm™ corresponding to O-Si-O bending deformation
and 1033 cm™" belonging to the in-plane Si-O stretching within the observed
quartz particles [28] that impure the vegetal matter within peat. The other
vegetal samples are free of silicates absorption bands.

Band assignments according to the literature and band shifts are
listed in Table 1 [25-28].

Table 1. FTIR absorbance bands in vegetable samples
(Shredded hemp waste, Shredded peat, Wood sawdust) [25-28].

Wavenumber [cm™'] Assignment/functional group

3700-3100 O—H stretching vibrations

3000-2750 Symmetric and asymmetric C—H stretching vibrations in CH, CHz,
and CHs groups

1770-1700 C=0 stretching vibrations in carbonyl and carboxyl groups;
C=0 stretching vibrations in acetyl fragments

1675-1620 C=0 stretching vibrations in p-substituted aromatic ketones

1470-1460 Asymmetric C—H bending vibrations in CH2 and CHs groups;
Scissor symmetric C—H bending vibrations in CH2 groups

1450-1400 C—C stretching skeletal vibrations of the aromatic ring, combined
with asymmetric C—H in-plane bending vibrations in O-CHs groups

1380-1370 C-H and O—H bending vibrations

1335-1200 C-H bending vibrations; deformation fan vibrations C—H in CHz
groups; O-H in-plane bending vibrations

1145-1000 C-H in-plane bending vibrations of the sugar’s rings;
C-O0 stretching vibrations in alcohol groups; symmetric and
asymmetric C—O—C stretching vibrations;

545 0O-Si-O bending deformation;

A limitation of this study lies in the use of vegetable absorbent materials
without any specialized pre-treatment. Future research should focus on
investigating how the degree of grinding of the raw materials affects absorbency,
aiming to identify optimal processing conditions. The current results clearly
show that hemp waste exhibits lower absorption capacity due to its suboptimal
microstructural properties. However, with more advanced grinding, these
properties could be improved, potentially enhancing the absorption capacity
to the level anticipated based on initial microstructural evaluations.

Additionally, further grinding of peat and sawdust samples may also
lead to increased specific absorbency. Therefore, subsequent studies should
emphasize precise control over the grinding process and incorporate a detailed
assessment of porosity, including quantitative analysis of specific surface area
using BET (Brunauer—Emmett-Teller) measurements.
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CONCLUSIONS

The vegetal absorbents are lighter and therefore float on the water
surface making them ideal for decontamination of petroleum spills within the
aquatic environment. The best absorption was achieved by sawdust followed
closely by peat sample. Hemp waste was slightly ineffective due to rapid
clogging of the porous structure within the shell-crusts and the lack of significant
network of cellulose fibers.

The microstructural aspects reveal that peat and sawdust have
fringed structure of cellulose fibers that ensure an optimal absorption of the
petroleum spills (e.g. diesel and burnt oil). Lignin rich parts such lignified
crusts are less absorbent and diminish significantly the absorption yield.

Thus FTIR-ATR spectroscopy combined with SEM microscopy models
offers a technologic tool that can be applied to evaluated the cellulose and lignin
fiber's structure used in mediated removal of the oil spill pollution.

EXPERIMENTAL SECTION

The morphology of the samples, both in their initial state and after
absorption, was examined using Scanning Electron Microscopy (SEM) with
an Inspect S microscope (FEI Company, Hillsboro, OR, USA), operated in
low vacuum mode at an acceleration voltage of 30 kV.

Cellulose and lignin components of the samples were examined under
cross-polarized light using a Laboval 2 microscope (Carl Zeiss, Oberkochen,
Germany). Each powder sample was carefully spread on a glass slide to ensure
optimal visualization. Images were digitally captured using a Samsung 10 MPx
camera system.

The quantitative absorption experiment was conducted by weighing
100 grams of each vegetal absorbent powder sample, which was then evenly
spread over the contaminated surface. The samples were left in contact with
the pollutant for 30 minutes, after which they were collected and reweighed.
Specific absorption was calculated by relating the post-decontamination weight
to the initial absorbent weight, and expressed as grams of petroleum pollutant
absorbed per gram of absorbent. Each experiment was performed in triplicate,
with standard deviations represented as error bars in the corresponding graphs.
Statistical analysis was carried out using ANOVA followed by Tukey’s post
hoc test at a significance level of 0.05. Data analysis was performed using
Microcal Origin Lab software, version 2018b (Microcal Company, Northampton,
MA, USA).
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Fourier Transform Infrared Spectroscopy (FTIR) was performed using a

JASCO 610 spectrophotometer (JASCO International Co., Ltd., Tokyo, Japan)
in ATR mode, with a resolution of 4 cm™ and 100 scans per spectrum.
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