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Abstract: Plasma technology is increasing its applications in the textile industry for conferring surface
functionalities through greener processes. In this study, plasma treatments are studied to improve the
wettability of mycelium-based material, an emerging material with a lot of potential in the near future.
The plasma effect was characterized by assessing the added functionality (wettability) and inspecting
surface modifications with different techniques, such as scanning electron microscopy (SEM) and
X-Ray photoelectron spectroscopy (XPS). Low pressure plasma (LPP) treatments were successfully
applied into the mycelium-based material and optimal power of discharge and treatment time were
set for this material (750 W, 17.5 min). With the optimized LPP treatments, the water absorption
capacity of mycelium-based material was improved by 2000% and some surface morphological
modifications were observed by SEM analysis. On the other hand, XPS analysis demonstrated how
the plasma treatment changes the surface composition.

Keywords: low pressure plasma; surface modification; mycelium; textile finishing; water absorption;
wettability

1. Introduction

The textile industry is one of the most polluting industries in the world, especially in
terms of water consumption and land use. In 2020, all clothing, shoes and home textiles
purchased by EU households required approximately 4000 m® m of blue water to be
produced (inside and outside the EU), which is equivalent to 9 m? per person [1]. Moreover,
the textile industry is estimated to be responsible for about 20% of global clean water
pollution, wet processing of materials (dyeing, finishing, etc.) being the main cause of this
huge consumption of water [2]. In this framework, plasma technology arises as a potential
dry processing solution to reduce the amount of water used by the textile industry.

Plasma is the fourth state of matter and can be characterized as a mixture of partially
ionized gases. The particles created within the plasma (atoms, radicals, ions and electrons,
among others) possess high energy, which allows for the modification of surface chemical
bonds without affecting bulk properties. It is an environmentally friendly technology
that consumes a very low amount of chemicals and energy without any generation of
wastewater [3]. Within the textile industry, plasma surface modification can be used in a
variety of processes such as cleaning, activation, polymerization, etc. The main object of
this study is to increase the material’s wettability and enhance dyes’ affinity by applying
plasma treatments into novel mycelium-based materials. A textile’s surface characteristics
play a crucial role in its wetting properties, and by modifying the surface with plasma
technology, these properties can be tailored in order to enhance their wettability and affinity
towards other chemicals, such as dyes [4,5].

Mycelium-based materials are presented as emerging and sustainable flexible mate-
rials based on fungal mycelium. Mycelium is a characteristic structure, typical of fungi,
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which grows in a dense network of ramified hyphae. These hyphae (which are filaments
originating from fungi spores) are composed mainly of chitin, a long polymer chain of
N-acetylglucosamine and chitosan, which is deacetylated chitin (Figure 1) [6]. Nevertheless,
other structures are present on the mycelium cell wall, such as proteins (e.g., mannoproteins,
hydrophobins) and glucans [7].
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Figure 1. Chemical structures of chitin and chitosan.

Mycelium-based material stands out as a sustainable alternative to animal or synthetic
leather, which present a higher environmental impact [8]. On the one hand, natural leather
generates a large amount of toxic waste emissions, particularly from the tanning process,
in which heavy metals, acids and dyes are employed [9]. Certainly, efficient depuration
treatments of tanning processes have been developed, especially in developed countries;
nonetheless a big part of leather production is carried out in countries where environmental
regulations are less strict. On the other hand, synthetic leather is made of synthetic polymers
(such as polyvinyl chloride or polyurethane), which, despite having a lower environmental
impact than natural leather, can generate microplastics throughout their life cycle.

Therefore, the processing of mycelium materials to a final functional product is cur-
rently being studied. This research has been developed within this framework, by studying
the plasma pre-treatment on this material in order to reduce the water, energy and chemicals
consumption of the subsequent treatments, such as dyeing.

2. Materials and Methods

This research was focused on raw mycelium-based materials; therefore no other treat-
ment was performed previously. The mycelium panels were produced and provided by
MOGU S.R.L, an Italian company whose expertise is in mycelium and its derivative materials.

2.1. Plasma Treatments

Plasma treatments of raw mycelium-based materials were performed with a low-
pressure plasma (LPP) Tetra-30-LF-PV (Diener Electronic GmbH). The equipment is shown
in Figure 2. It consists of a vacuum plasma system with a 37 L capacity and a discharge
source that operates at a low frequency (40 kHz) and at maximum power of discharge of
1.0 kW. Four trays are symmetrically placed between five planar electrodes, which are also
arranged inside the chamber at a constant distance and connected to the low-frequency
generator. Plasma was generated by direct-current glow discharge in air, with a constant
gas flow rate (20 sccm) and at a pressure of 30 mbar. The working power applied between
the electrodes under these conditions creates the needed energy to produce plasma.

In this case, the treatment was studied at several working powers (between 0 W and
1000 W) and treatment times (between 0 min and 30 min).
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Figure 2. Low pressure plasma equipment (Diener Electronic GmbH). (a) Outside of the equipment,
including the main screen and vacuum chamber door. (b) Vacuum chamber on the inside.

2.2. Characterization
2.2.1. Water Absorption and Water Contact Angle

Different properties related to the wetting and wicking of the mycelium-based material
were measured. Wetting is related to the interaction between the solid surface and a specific
liquid (as defined by E. Kissa [10], it is the displacement of a fiber—air interface with
fiber-liquid interface) and has been assessed by measuring the WCA (water contact angle).
Wicking is associated with the capillarity of a porous substrate and has been assessed
by measuring the water absorption capacity. Nevertheless, since wetting influences the
capillarity forces, wettability is considered a prerequisite of wicking [11].

The water absorption capacity of the mycelium-based materials was preliminarily
assessed following UNE-EN ISO 9073-6 [12], a standardized procedure that sets the im-
mersion time in water (1 min) and the draining time afterwards (2 min). Thus, the weight
difference between the wet material (after 2 min of draining) and the dry material provides
the information regarding the water absorption capacity (Equation (1)).

Weightf — Weight
Water absorption capacity (%) = Weight -100 1)
0

where Weight; = weight of the sample after draining the material for two minutes;
Weight, = initial weight of the sample (dry).
In order to evaluate the WCA and water absorption capacity properties of the mycelium,
a Kriiss K100 MK2 tensiometer was employed (see Figure 3), following the Washburn
method, which is indicated for porous hydrophilic materials (WCA lower than 90°). In
this model, WCA is measured by using the capillary forces previously measured and the
following Equation (2) [13].
m? _ c-p*0-cosf
T
where m = mass; t = flow time; o = surface tension of the liquid; ¢ = capillary constant of
the sample; p = density of the liquid; 8 = contact angle; 17 = viscosity of the liquid.
Another crucial parameter that can be obtained with this model is the water absorption
capacity (%), considering the weight of the sample (2 cm x 2 cm) before the measurement
and the weight of water absorbed by the sample after a certain period of time. In this case,
the absorption capacity was measured at 500 s, which is the elapsed time since the first
contact with the liquid (water).

)
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Figure 3. (a) Tensiometer (Kriiss K100 MK2). (b) Set-up for measuring WCA and water absorption

capacity of mycelium-based material.

2.2.2. SEM

The characterization of the surface of the mycelium samples was performed using
Scanning Electron Microscopy (SEM). The equipment employed was SEM TOUCHSCOPE
JEOL JSM-6010LV, from JEOL INSTRUMENTS (Tokyo, Japan) and the beam of electrons is
produced by a Tungsten (W) filament.

Images were taken with Secondary Electrons Image (SEI) mode and samples were
previously coated with a nanometric layer of a metal. In this case the metallization is
performed with a CRESSINGTON SCIENTIFIC SPUTTER COATER (108AUTO), from
Cressington Scientific Instruments (Watfor, UK) with a gold (Au) target. By sputtering the
sample for 30 s, a gold coating of 610 nm thickness is obtained.

2.2.3. XPS

X-Ray photoelectron spectroscopy (XPS) is a broadly used characterization technique
to analyze the surface elemental composition and their chemical state. The technique is
based on the photoelectric effect, which is achieved with the irradiation of the material with
a beam of X-rays, and it can measure the surface of a material through its first nanometers
(~10 nm) [14].

Mycelium samples were placed on the holders with carbon tape, and this was left in
the vacuum chamber overnight and analyzed within the next 24 h.

The XPS characterization of the mycelium samples was performed in a SPECS sys-
tem with a PHOIBOS 150 EP hemispherical energy analyzer with MCD-9 detector, from
SPECS Surface Nano Analysis GmbH (Berlin, Germany) at a pressure of approximately
1 x 1078 mbar. The X-ray source employed was an XR-50 Al Kalfa line of 1486.6 eV energy,
placed at 54.7 degrees respect to the analyzer axis. A survey spectrum was acquired at
200 W power and using a pass energy of 30 eV, with a dwell time of 0.1 s and an energy
step of 1 eV. High-resolution spectra were acquired at 200 W and a pass energy of 20 eV,
with a dwell time of 0.25 s and an energy step of 0.1 eV.

The detector was calibrated by the 3d5/2 line of Ag with a full width at half maximum
(FWHM) of 1.211 eV.
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2.3. Design Expert 13 (Software)

The optimization of the processes was developed with the assistance of the software
program Design Expert 13, which is a powerful statistical tool for the design of experi-
ments (DOE). The response surface methodology was employed to model an equation and
determine the optimum parameters in each case [15].

For the final plasma treatment optimization, an “aleatory range” was selected and
17 experiments were conducted under different powers (between 0 W and 1000 W) and
times (between 0 min and 30 min). The chosen responses were absorption velocity (g /s)
and absorption capacity (%), which were measured with the tensiometer.

2.4. Dyeing Process

In order to evaluate the dye penetration inside the mycelium material, a dyeing
protocol was defined. To perform the dyeing, an infrared heat assisted laboratory dyeing
machine was employed (Redkrome RED P, from UGOLINI (Schio, Italy)), using individual
vessels of approximately 250 mL capacity (Figure 4).

Figure 4. Infrared heat assisted dyeing machine (Redkrome RED P, Ugolini).

The dyeing protocol consists of using 1% w.o.f. dye (using Isolan Black Dystar® as
acid dye or Astrazon Red® as basic dye), 20% w.o.f. fat liquoring and 10% w.o.f NaCl in
the dyeing bath, using a 1:30 MLR (mass:liquor ratio). The dyeing bath and the sample are
put inside the vessel, which is then placed inside the laboratory dyeing machine. Then, the
dyeing program is adjusted to have a 60 min dyeing process, at 50 °C, with a heating rate
of 1.5 °C/min.

3. Results and Discussion
3.1. Plasma Treatment Optimization

An optimization study of the low-pressure plasma treatment on raw mycelium pan-
els was performed, so that the best conditions for an optimal performance in terms of
wettability could be defined.

Nevertheless, to pave the way for the study, some previous analyses were performed
beforehand to observe the behavior of mycelium towards plasma treatments. For instance,
regarding water absorption capacity (UNE-EN ISO 9073-6) [12], mycelium material ob-
tained a water absorption (%) of 73%, whereas with a plasma treatment of 900 W and
30 min, this value was increased to 1776%, showing that plasma improves the water absorp-
tion capacity of the material. On the other hand, it was observed that, when treated with
plasma, the thickness of the mycelium material changed drastically after submerging it in
water (wet-processing). That effect was not observed in non-treated mycelium samples,
which could indicate that plasma might be creating soluble functional groups.

Finally, another issue that was detected with mycelium was the poor penetration of
dyeing and finishing formulations. Some preliminary dyeing processes were performed,
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with acidic and basic dyes, and the cross-section was evaluated. As can be seen in Figure 5,
the cross-section of mycelium-based materials is hardly dyed when no plasma is applied,
which is in line with the results obtained regarding water absorption capacity; the higher the
absorption capacity, the higher the dye uptake, and therefore, it is more likely to penetrate
the mycelium core. Figure 5 shows the thickness variation produced after a wet processing,
this effect being particularly noteworthy on plasma treated samples.

900 W, 30 min Blank (no plasma)

Figure 5. Cross-section of dyed mycelium panels. Samples were dyed with (a) acidic dye (Isolan
Black Dystar®) and (b) basic dye (Astrazon Red®). Pictures were taken with the same magnification.

Once the mycelium material had been preliminarily studied after low pressure plasma
(LPP) treatments, an optimization experimental plan was prepared with the assistance
of Desing Expert 13, and the complete plan and results are summarized in Appendix A
(Table A1). As can be seen, three different responses were selected: absorption capacity
(%) and absorption velocity (g2 /s) and water contact angle (WCA, °). Those parameters
were measured with the tensiometer by applying the Washburn method. Nevertheless,
plasma-treated samples showed a WCA value of 0°, except for samples treated for 1 min, at
10 W (85.78°) and 420 W (73.84°). On the other hand, for raw material, a WCA of almost 90°
was observed (89.88°). This is why WCA values were not considered for this optimization,
since no significant variation was observed for plasma-treated samples.

To sum up, absorption capacity and absorption velocity results (Table A1, Appendix A)
corroborate the increased wicking properties with plasma treatment, while the raw mycelium
material reached a value of 103% (at 500 s) and 0.00139 g?/s. The trends followed by
the two parameters are easier to follow on the surface response graphs produced by the
statistical analysis performed in Design Expert 13, which are shown in Figure 6. In this
case, an inflexion point is obtained for both parameters (power and time): higher times and
powers do not imply a higher absorption capacity.

As explained in the bibliography, plasma could be introducing hydrophilic groups
onto treated surfaces via oxidation (e.g., carbonyl, carboxyl or hydroxyl groups) [5]. Never-
theless, with mycelium-based material, higher oxidation (higher times and powers) does
not imply higher water absorption, as the results show. For instance, it could be that less
oxidated samples maintain more hydroxyl groups, which are highly hydrophilic, whereas a
plasma overtreatment could further oxidize those hydroxyl groups, thus obtaining carbonyl
or carboxyl groups, which are not as hydrophilic. Nevertheless, this hypothesis will be
discarded with the XPS results.

With the optimization tool that Design Expert 13 brings, the statistical model can
be analyzed in hypothetical scenarios. Optimizing the plasma treatment, in this case,
meant lowering power and time to reduce consumption, while obtaining good absorption
properties. Finally, the optimized parameters found were 17.5 min at 750 W of power.
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Figure 6. Surface response graphs after the study at different plasma conditions (time and power):
(a) absorption capacity at 500 s, (b) absorption velocity. The red and pink dots correspond to the
experiment design points, which obtained results are above and below the generated surface response,
respectively.

3.2. Plasma Ageing (Stability over Time)

Another interesting factor to assess is the stability of the plasma treatment over time,
considering wettability (WCA) and water absorption capacity. To do so, mycelium samples
were treated with the optimal conditions (750 W and 17.5 min), and then the behavior of
the material was tracked over time (0, 3, 10, 20, 30 and 60 days) by measuring with the
tensiometer their absorption capacity (at 500 s) and WCA.

Regarding WCA results, as showed in the previous section, the values obtained for
plasma-treated samples were 0°, and therefore no variation in values could be observed.
On the other hand, the results for water absorption capacity are represented in Figure 7,
but numerical data are summarized on Appendix A (Table A1). Regarding the stability of
the plasma treatment, it is shown that the absorption capacity after 58 days (2080%) slightly
decreases but remains almost the same as on the first day of the treatment (2400%). This
indicates that some kind of permanent oxidation could be occurring in the mycelium’s
surface. To further comprehend the effect of plasma in mycelium-based materials, surface
characterization has been performed. Nonetheless, these are promising results, since
typically plasma surface activation lasts for some minutes to several weeks. This long-
lasting effect will be highly beneficial in possible upcoming industrialization.
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Figure 7. Absorption capacity (%) of plasma-treated mycelium material over time.

3.3. Characterization of Mycelium Surface after Plasma Treatment

To better understand the effect of plasma treatment on the surface of mycelium-
based materials, different characterization techniques were used, such as scanning electron
microscopy (SEM) and X-ray photoelectron spectroscopy (XPS). In Table 1, there is a legend
of the different samples that were analyzed:

Table 1. Samples characterized by XPS analysis (code names, sample characteristics and plasma
treatment conditions).

Code Name Sample Plasma Conditions
RAW Untreated -
or Optimal plasma treatment 750 W and 17.5 min
ov Overtreated 1000 W and 30 min
3.3.1. SEM

SEM images were captured for both faces of the mycelium, since it grows vertically
from the substrate (mycelium biomass). In the case of the top layer, slight surface differences
are observed with plasma treatments. Furthermore, the overtreated mycelium showed
some surface degradation, and some modifications began to appear within the fibers of
the material, especially on the top layer (Figure 8). These observations are in line with the
results obtained for water absorption, since when the plasma treatment is too aggressive,
the material can be damaged, and as a result, the water absorption is decreased or not
further increased.

As suggested by I.B. Khalifa et al., a phenomenon called ablation could happen when
atmospheric air plasma treatment is too energetic, contributing to the removal of the
hydrophilic functional groups [16]. As seen in the images, a similar phenomenon could be
happening on the overtreated samples, damaging the material and obtaining a decrease (or
not further increase) in the absorption capacity.
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Figure 8. SEM images of mycelium samples with different plasma treatments (magnification x5000).

3.3.2. XPS

Due to the irregularity of the mycelium material, the XPS analysis was performed
on different mycelium panels. Therefore, for each condition (Raw, OP, OV), 3 different
mycelium panels were treated and analyzed.

The spectra obtained from the XPS analysis of the 3 different references (RAW, OP,
OV) are summarized in Appendix B (Figures A1-A3 respectively). The main peaks of
each sample are Ols (~532 eV), N1s (~400 eV) and Cls (~285 eV), which corresponds
to the expected elemental constitution for mycelium, whose structure is mainly made of
chitin, chitosan, glucans and proteins. To more easily perceive the quantified differences
between samples, the obtained atomic concentrations are represented in a bar chart (see
Figure 9a). Numeric data are shown in Appendix A (Table A3). Nevertheless, other peaks
are also present in the samples, such as Na, K, Mg, Ca, P and S, which can be attributed to
contamination due to sample manipulation, or even Fe, Zn and Cr, which can be attributed
to the sample holder, which was made of stainless steel.

General spectra Atomic ratios
080
- R
I ~0.60
o
g
S 0.40
I Q
I g=
g 0.20 I
- < 0.00 —
O1ls N 1s C1s (N+0)/C o/C N/C
ERAW mOP mOV B RAW mOP mOV
(@) (b)

Figure 9. XPS general spectra results of mycelium samples with different plasma treatments:
(a) Atomic concentrations (%). (b) Atomic ratios.

Regarding the results from the general spectra of the mycelium, it is observed how the
surface atomic concentration of oxygen increases, since the plasma treatment increases the
hydrophilicity by introducing polar functional groups. This effect on the surface atomic
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concentration is in line with the obtained results on water absorption capacity. On the
other hand, the spectra show no significant variation in nitrogen concentration, and carbon
content is decreased when plasma is applied. The fact that carbon content is reduced with
plasma treatment discards the assumption made on the previous section about the higher
presence of carboxyl groups on overtreated samples.

Furthermore, atomic ratios have been calculated from the data obtained in the general
spectra (see Figure 9b). It is easily detected that the higher the intensity of the plasma
treatment, the higher the ratios with respect to carbon, although O/C increases at a higher
ratio than N/C with plasma treatment intensity. Despite the general spectra showing no
significant variation in N content (%), the N/C atomic ratio shows that the higher the
energy of the plasma treatment, the higher the N /C ratio. Therefore, more carbon is being
removed than nitrogen.

To sum up, the mycelium-based material has several chemical structures within its
surface, such as chitin, chitosan, glucan or proteins, and plasma treatment is expected to
modify those that are present in the surface (breaking of bonds, recombination, electron
promotion, etc.), increasing the hydrophilicity. Plasma irradiation can cause the breaking
of the glycosidic bonds or even of the carbon bonds of the chitin chain, and oxidation of
the formed free radicals could also be occurring. Moreover, the modification of the glucan
structure or the outer layer of proteins can also occurring, such as the protein hydrophobin,
which can form a hydrophobic layer on the mycelium surface [7]. The modification of
this protein could lead to a loss in carbon content as well as a decrease in hydrophobicity,
until an inflexion point is reached, where the plasma treatment could start producing the
so-called ablation and removal of the hydrophilic groups. This ablation or etching was
already observed on SEM images.

Additionally, the analysis of the Cls high-definition spectrum was also performed, for
a qualitative interpretation. The spectra for the RAW, OP and OV samples are shown in
Figures 10a, 10b and 10c, respectively, where the intensity (CPS, counts per second) has
been normalized for facilitating the interpretation.

As was previously commented, 3 different panels were analyzed due to the high
irregularity of the mycelium-based material. This variability is shown in the high-definition
spectra, where some peaks outside the Cls binding energy (285 eV) appear for just some of
the replicates (in either case the three of them). This fact hinders the accurate interpretation
of the XPS spectra.

One thing in common among the three different spectra (RAW, OP and OV), is the
appearance of two peaks: one around 285 eV, which corresponds to Cls, and another
around 282 eV, which according to the bibliography can be attributed to metal carbides [17].
It can be seen how, in raw samples, the first peak (285 eV) is wider, meaning that among
290-284 eV, the number of chemical species based on carbon is higher. This is in line with
the results shown in the general spectrum, where raw material obtained the highest Cls
atomic concentration.

On the other hand, plasma-treated samples (OP and OV) obtain an additional peak at
around 293 eV. According to bibliography, it can be attributed to K2p [18]. When analyzing
the general spectra, one of the new peaks that appeared on plasma-treated samples was a
peak around 377eV, which could confirm the potassium presence, since K2s binding energy
is around 378 eV. Also, the normalized intensity of this peak (~293 eV), is higher in OV
samples (0.37 CPS) than OP samples (0.23 CPS), which could mean that the higher the
plasma intensity, the higher the potassium content on the material surface, which could
indicate some kind of ablation of the outside layer of the mycelium.

The analysis of XPS is usually challenging, but even more so in this case, with an
unknown and chemically complex material such as mycelium. This material is produced
through a biological process, where it is difficult to control the characteristics of the resultant
products, like thickness, density or even texture. Although the plasma effect should be
homogeneous within the surface of the material, the irregularity of the material resulted
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in different plasma effects in different regions within the same sample, or even between
different samples treated under the same conditions.

Cls (RAW) Cls (OP)
—RAW 1 RAW2  —=—=—RAW3 OP1 or2 Oor3
1.2 1.2
0.8 0.8
%) N
s s
0.4 0.4
0.0 0.0
290 285 280 275 295 290 285 280 275
Binding Energy (eV) Binding Energy (eV)
(@) (b)
Cls (OV)
— OV 1 OV2 —=—(0OV3
1.2

0.8
9]
S
0.4
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295 290 285 280 275

Binding Energy (eV)

(©)

Figure 10. XPS C1s high-definition spectra of mycelium samples with different plasma treatments:
(a) Raw. (b) Optimal plasma. (c) Overtreated plasma.

4. Conclusions

In this research, several topics have been studied regarding mycelium, plasma tech-
nology and its characterization.

On the one hand, a new and emergent material such as mycelium has been successfully
treated with plasma technology. The plasma process has been optimized to maximize the
outcome (wettability and water absorption capacity) while reducing the energy consump-
tion (discharge power and treatment time), resulting in a lower environmental impact and
higher efficiency. The optimal plasma treatment for this material was found to be 750 W
and 17.5 min, obtaining an increase of more than 2000% in water absorption capacity.

On the other hand, several efforts have been made to characterize and understand the
effect of plasma treatments within this emerging material. Besides the hydrophilic proper-
ties obtained with the plasma treatment, other aspects were studied to fully characterize the
treated mycelium-based materials. For instance, SEM was employed to visually evaluate
possible etching or modifications on the morphology of mycelium fibres. No significant
differences were observed; nonetheless, when higher energies were applied (overtreated
samples), some damage began to appear on mycelium panels, especially on the top layer.
Moreover, XPS analysis confirmed that chemical modifications were being made, when
comparing the general and high-resolution spectra obtained for raw and plasma-treated
samples. The results of both characterization methods suggest that plasma treatment
causes the chemical modification of mycelium surface (i.e., some surface proteins, such as
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hydrophobin), and for more intense plasma treatments, the so-called ablation phenomenon
appeared, thus achieving worse wettability.

Nevertheless, more research is still needed for better understanding of the influence of
plasma treatments on physicochemical modifications of mycelium-based materials.
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Appendix A

In this appendix, tables with supplementary data regarding the graphics utilized on
this article are shown.

Table A1 shows the absorption velocity and the absorption capacity results for the
plasma treatment optimization performed with Design Expert 13, which are discussed on
Section 3.1.

Table A1. Summarized values of the results for the “aleatory range” DoE plasma treatment optimiza-
tion on mycelium-based materials. Contact angle (CA) results were not taken under consideration
for the optimization process with Design Expert software.

. . Contact Angle Absorption Absorption Capacit
Power (W) Time (min) ©) s Velocityp(gzlh) atp 500 s (%I; ’

0 0 89.88 5 103
100 1 85.78 19 225
100 11 0 434 1672
100 11 0 500 1348
230 30 0 978 2161
230 30 0 1273 2907
310 20 0 1071 2709
420 1 73.84 199 1287
610 30 0 633 2301
620 17 0 1415 2667
620 17 0 966 2434
620 17 0 1085 2645
680 7 0 1272 2616
1000 4 0 948 2429
1000 4 0 600 2633
1000 17 0 461 2275
1000 30 0 789 2124

Table A2 shows the absorption capacity over time of plasma-treated mycelium (with
the optimal conditions; 17.5 min and 750 W). These data are represented in the results
section (Figure 7).
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Table A2. Summary of absorption capacity (%) of plasma-treated mycelium over time.

Days Absorption Capacity (%)
RAW 100 £ 30

0 2400 £ 280

3 2100 + 110

10 2160 + 210

22 2280 £ 100

30 2070 £+ 40

58 2080 + 280

Table A3 shows the atomic concentration (%) numeric values of the XPS analysis,
which are also represented in a bar graph on the results section (Figure 9a).

Table A3. Summary of the atomic concentration (%) values obtained from the XPS general spectra
analysis of mycelium references with different plasma treatments.

O1ls Ni1s Cils
At. Conc % At. Conc % At. Conc %
RAW 215+27 56+17 729 +1.0
or 27+ 3 554+0.8 679 £27
oV 321420 5.6 04 62.2+24

Appendix B

In this appendix, general spectra for the Raw, Optimal and Overtreated mycelium
samples are shown (Figures A1-A3 respectively).

GENERAL SPECTRA (RAW)

—RAW 1 RAW 2 RAW 3

1.8x10°
1.6x10°
1.4x10°
1.2x10°
1.0x10°

CPS

8.0x10*

6.0x10*

4.0x10*
| \— | " 2.0x10*
0

A

1200 1000 800 600 400 200 0
Binding Energy (eV)

Figure A1. XPS general spectra for raw mycelium-based materials.
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GENERAL SPECTRA (OP)
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1.4x10%
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Figure A2. XPS general spectra for optimal plasma-treated mycelium-based materials.

GENERAL SPECTRA (OV)
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Figure A3. XPS general spectra for overtreated mycelium-based materials.
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