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Abstract

The article concerns research on using Parylene C coating on basalt fabric-based composites with potential use in protective
clothing to improve their insulation against contact heat and radiant heat, as well as the sensory comfort of the user. The outcomes
of the contact heat method showed that applying Parylene C coating improved the thermal insulation of all tested composites. Two
of them achieved the first efficiency level of protection. The results of the radiant heat method presented that using the Parylene
C coating did not cause changes in the thermal insulation against heat radiation of all tested materials; the radiant heat transfer
index reached values in the range of 12.4 - 12.9 s. X-ray tomography (micro-CT) allowed for identifying breaks/snaps in basalt
fibers irritating the user’s skin in direct contact with the composite. Micro-CT results also showed that using Parylene C coating
eliminated the effect of skin irritation and increased the usability of basalt fabrics in clothing.
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1. Introduction

Basalt is a fine-grained extrusive igneous
rock that arose as a result of the rapid
cooling of low-viscosity lava rich in
magnesium and iron [1,2]. Basalt has
a relatively homogeneous chemical
structure and, hence, the ability to form
fibers in a molten state. Basalt fibers’
chemical composition was determined
[3] and quantitatively is as follows (in
%wt.): 51.6-59.3 SiO,, 14.6-18.3 ALO,,
5.9-9.4 CaO, 3.0-5.3 MgO, 9.0-14.0
FeO + FeO,, 0.8-2.3 TiO,, 0.8-2.3
Na, 0 + K,O, and 0.09-0.13, among
others. Basalt is non-toxic and does not
contain any toxic impurities or heavy
metals. Therefore, it has many potential
applications [4]. Basalt is an alternative
raw material for the production of textile
materials. Basalt materials have good
mechanical properties [5-7]. They are
characterized by good thermal properties
(low thermal conductivity, good thermal
resistance) and low moisture absorption
[1,6,8,9]. In addition, basalt fabrics are
non-flammable and can be used in the
temperature range -260+800 °C. They are

resistant to UV radiation, corrosion, and
the action of microorganisms, and also do
not emit toxic substances in reaction with
water or air.

Basalt fabrics are exceptional materials
that fit into a new range of composite
materials and products. A particular area
of application is protective equipment
[10-16]. Protective clothing is an effective
barrier between the human body and the
environment [17,18]. Basalt fabric poses
no risk to human beings but is unsuitable
for direct use. Breaks into long thin
pieces occur during handling in the fabric
[9,19]. Basalt fibers can cause redness
and irritation through splinters of filament
entering the skin or other body areas,
eyes, and the respiratory tract. Basalt
yarns are slippery. It is recommended to
tape the cut line to keep it from fraying.
The magnetron sputtering method is
often used for surface modification of
basalt fabrics with metals and ceramics
[20,21]. One-side modification enables
to improve the thermal properties of the
composites from the point of view of use
as a protective material. Moreover, the

coating improves basalt fiber adhesion
in the fabric. Basalt fabrics can also be
used as a layer of multi-layer packaging
protecting the user in a hot work
environment [22-24]. It was noticed that
composites with a modified outer layer
reached a certain level of protection
against contact and radiant heat [24].

Parylene (poly-para-xylylene-based
polymer) is a crystal-clear, polycrystalline,
and amorphous linear polymer discovered
by Szwarc [25] in 1947. Gorham [26]
patented the parylene coating process in
1967. Parylene is formed from granular
powdered material called dimer (di-para-
xylylene). Dimer is converted under heat
and a vacuum to a gaseous polymerizing
monomer suitable for deposition on
substrates at room temperature [27-30].
The poly-para-xylylene-based polymer
can be used with metals and plastics
as a coating for electrical components
and assemblies. This polymer has low
surface friction. It also has excellent
chemical and dielectric barrier properties.
Parylene hardly absorbs any water and
is resistant to water diffusion. It shows
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high corrosion resistance. The most
widely used parylenes are Parylene N,
C, and D [29]. Parylene N has the best
crevice-penetration capability, the best
dielectric strength, the lowest coefficient
of friction, the lowest elongation, and the
lowest dissipation factor. However, there
is a problem connected with preventing
film deposition in areas that are to remain
uncoated. Comparing Parylene N and C,
the second one has more thermal stability
and chemical and moisture resistance.
Parylene C is the best moisture barrier
of all the parylenes mentioned. It can be
deposited relatively quickly on the sample
surface, with reasonable thickness control.
The dielectric strength of Parylene C is
slightly less than that of Parylene N, as
is its crevice-penetration ability. Parylene
D has the lowest crevice-penetration
ability of the parylenes described. The
parylene forms the hardest coating and
undergoes the least elongation. The
polymer shows the greatest temperature
stability. Parylene C and Parylene N
have medical applications as a coating.
Parylene D is more suited to industrial
applications where basic requirements are
physical toughness, chemical resistance,
and thermal stability. Parylene coating is
very thin, transparent, smooth, chemically
inert, and has dielectric properties.
Parylene can perfectly conform to the
substrate because it has good adhesion
[31]. Parylene coatings provide maximum
barrier protection due to their lightweight.
This polymer can form protective and
insulating coatings on electronic devices
and generate extremely thin, pinhole-free
films [32,33]. Parylene C is widely used in
medicine, forexample, to implant covering
[34] or as an encapsulation material
for implanted neural prostheses [35].
Parylene C shows high biocompatibility,

producing a thin, continuous, and inert
coating [36]. In general, Parylene C is a
versatile supporting material suitable for
application in flexible materials. Parylene
coating reproduces the surface texture
of substrate material very well [37]. The
poly-para-xylylene-based polymer has
very low thermal conductivity [38]. The
thermal conductivity of parylene coating
is dependent on the coating thickness, as
was shown for Parylene C [39]. Parylene
C is also used as a coating of silk fabric to
protect it against exposure to daylight and
ultraviolet light, which cause the aging
of the material [40]. Parylene coating
makes silk fabrics somewhat stiffer and
smoother.

It was noticed that the modified basalt
fabrics used separately or in a multi-layer
textile composite are a promising solution
from the point of view of the user’s
thermal comfort in a hot environment.
However, the inner layer in the composites
was unmodified basalt fabric in direct
contact with the skin. Due to the irritating
influence of basalt fabric, it was found that
fabric with the basalt composite should be
modified. To provide user comfort, the
skin contact side of basalt fabric must
be coated. Parylene C coating was used
due to its high biocompatibility, as well
as its conformity, penetration, and purity.
The advantages result from the diffusion
mechanism of adding monomers to the
surface of the coating, which eliminates
the presence of the liquid phase and
the related problems caused by surface
tension in wet methods. Also, the process
in the so-called “vacuum” makes it
possible to thoroughly clean the surface of
the adsorbed moisture of gases just before
the process, which makes the applied
coating even better adhere to the coated

The main aim of the research work is to
improve the properties of basalt fabrics
from the user’s comfort point of view and
obtain a skin-friendly material that can be
used as an inner layer in the multi-layer
textile composite in direct contact with
human skin.

2. Materials

Fabrics made of basalt fibers were
selected for tests. The basic parameters
of the basalt fabrics are given in Table 1.

Optical microscopy images of tested

woven fabrics wusing the optical
microscope Delta Optical Smart SMP
PRO (Delta Optical, Warsaw, Poland)
and the software Delta Optical Smart

Analysis Pro 1.0.0 are shown in Figure 1.

The breaks into long thin yarns during
handling in basalt fabric are shown in
Figure 2. As a result of breaks and snaps
of fibers, protruding parts appear and
irritate the user’s skin.

Basalt fabrics as the inner layer in the
multi-layer textile composite and in direct
contact with the skin were modified.

3. Methods

3.1. Parylene C coating
technology

The SCS Labcoater™ 2 Parylene
Deposition System (PDS2010) (Speciality
Coating Systems, Indianapolis, USA)
was used for the application of Parylene
C coating. To apply the Parylene C
coating, a basalt fabric sample was

biostability, and the possibility of elements. clamped in a holder placed on a turntable
Sample | Weave | Linewsesof Werp dendlty, | Weftdensity, | Thickness | ganciy, | dansiy
B1 Plain 138 11 9 0.480 (4%) | 284 (6%) 592
B2 Plain 293 9 8 0.552 (5%) | 391 (7%) 711
B3 Plain 189 11 9 0.582 (3%) | 430 (8%) 741
B4 Twill 296 9 6 0.802 (4%) | 731 (5%) 914

Table 1. Basalt fabric parameters (mean value with a variation coefficient)
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<500 um >

Fig. 2. Micro-CT images of damaged surface: a) yarns of basalt fabric B1 (surface area: 3 mm x 3 mm), b) an enlarged area of the
fabric inside the rectangle illustrating protruding parts of basalt fibers (inside yellow circles)

in the reactor chamber. Next, 8 g of
parylene dimer was weighed in a suitably
profiled, disposable aluminum foil boat,
and placed in a sublimation apparatus.
An amount of 8 g of dimer corresponds
to 5 um of coating. After closing the
reactor chamber and the sublimation
pumped
down and left for a day. Next, to protect

apparatus, the system was
the vacuum pumps of the system from
monomer particles, 10 minutes before
turning on the pyrolizer furnace heating,
a cold trapping operation was performed
using a liquid nitrogen cold trap. Then,
the initial process pressure PLA1 was set
to 7 units and the process pressure SP to
10 units. When the pyrolizer reached the
set pressure SP, the controller turned on
the heating of the sublimation apparatus
and controlled the temperature using the
PID controller. The temperature control
was carried out in such a way that the
pressure in the chamber was maintained
at the set level of 10 units, guaranteeing
a constant rate of deposition. The process

was completed when the entire dimer
evaporated, as evidenced by the increase
in the temperature of the sublimator with
a simultaneous decrease in the pressure
in the chamber to the value of 7 units.
After the pyrolizer furnace cooled down,
the system was vented and the sample
with the Parylene C coating applied was
removed from the chamber reactor. As
a result of Parylene C coating, double-
sided modified basalt fabrics (composites)
were obtained: BP1, BP2, BP3, and BP4
corresponding to the unmodified fabrics
B1, B2, B3, and B4, respectively. The
method of changing the characteristics of
a textile material as a result of Parylene C
coating was patented [41].

3.2. Protective thermal
properties

In the framework of protective thermal
properties of modified basalt fabrics,
resistances to contact and radiant heat

were selected. Standard ISO 12127-
1:2016 [42] was used as recommended
to determine the contact heat resistance
of the basalt fabrics and composites.
A test sample with a diameter of 8 cm
was placed on a calorimeter and then
put into contact with a heater heated to
a chosen temperature of 250°C according
to the ISO 11612:2015-11 standard [43].
The
requirements for clothing to protect the

standard specifies performance
wearer’s body, except the hands. The
threshold time ¢, , expressed in seconds,
was measured from the moment the
sample contacted the heater until the
calorimeter temperature rose by 10°C.
The scheme of the measurement system
according to ISO 12127-1:2016 is shown
in Figure 3. Three efficiency levels
were taken into account [43] F1 when
t €[5.0,10.0) s, F2 when ¢ €[10.0,15.0) s,
and F3 for £, > 15.0 s.

Standard ISO 6942:2022 [44] was used
as recommended to determine the radiant
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heat resistance of the basalt fabrics and
composites (a scheme of the measurement
system is presented in Figure 4). The
tests described were carried out on
representative  single or multi-layer
textiles or other materials intended for
clothing for protection against heat. A
rectangular sample with dimensions
of 8x17 cm placed on an appropriate
holder was subjected to thermal radiation
for a set time. An incident heat flux
density of 20 kW/m? was assumed.
The time, expressed in seconds, to
achieve a calorimeter temperature rise
of 24.0+0.2°C when tested according to

method B was measured.

The radiant heat transfer index RHTI,
(time to achieve a temperature rise of
24°C in the calorimeter when testing a
sample with a specified incident heat
flux density) (this
that
second-degree burns)) was calculated

temperature rise

indicates the user experienced

from the mean value of the time. Four

a) - b)
sample

efficiency levels were taken into account
[43] C1 when RHTI,, I [7.0,20.0) s,
C2 when RHTI,, ¢ [20.0,50.0) s, C3
when RHTI,, € [50.0,95.0) s, and C4 for
RHTI,, >95.0s.

3.3. X-ray microtomography

Structural and 3D
reconstruction of the modified woven

parameters

fabrics were determined using X-ray
micro-computed tomography (SkyScan
1272; Bruker, Kontich, Belgium). Micro-
CT outcomes were obtained by applying
the following scanning conditions: X-ray
source voltage 60 kV, X-ray source current
166 pA, and pixel size 5.5 pm. A 180°
rotation was performed with a rotation
step of 0.2°, and an Al 0.25 mm filter was
selected. Square samples with dimensions
of 3x3 mm) were considered. Micro-CT is
based on the absorption of X-rays by the
tested material and allows characterization
of the internal structure of objects on a

1
=2

ample Sample
Substrate Substrate Substrate
T=T, T,>T, T,=T,+10°C

T

Calorimeter

Calorimeter

Fig. 3. Scheme of the measurement system according to ISO 12127-1:2016

Heat

Heat radiation source
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Fig. 4. Scheme of the measurement system according to EN ISO 6942:2022

microscale [45]. When the tested material
consists of phases with different absorption
of X-ray radiation (e.g., basalt, parylene,
or air), it is possible to identify these
phases, determine their shape, volume,
surface, and spatial orientation inside the
material, and thus calculate the porosity.
In such a way, in the research presented,
it was possible to determine the porosity
of the woven fabrics (air content in the
woven fabric) and the content of deposited
material (Parylene C).

3.4. Colorimetry analysis

Surface color of textile

materials can change with their different

parameters

processing [46]. The basalt fabric surface
modified with a parylene coating was
subjected to colorimetry analysis to assess
the effect of modification on the resistance
of the composite to radiant heat. A square
area with sides of 2 cm was separated
for study from a rectangular sample
with dimensions of 8x17 cm. Color
measurement is based on experimental
observations according to the International
(CIE)
color specification system [47]. The
CIE standard defines procedures for
calculating the coordinates of a CIELAB
color space. A DigiEye System (VeriVide,
Leicester, UK) was used to assess the
basalt fabric-modified surface. The system

Commission on Illumination

enables non-contact digital color imaging.
CIE illuminant D65 was assumed and
defined as a representation of natural
daylight considered as an equivalent
light source from a tungsten filament (as
a radiator) when heated at 65040 K. The
CIE color difference formula (CIE AE, )
was employed in this system, described in
detail in [48,49].

PC Software
T[°C]

Thermometer

Calorimeter

t[s]

(FZSSSSSSSS SRR



Let a pair of color values in the CIELAB
color space be represented by coordinates
(L,*a*b*) and (L,*a*b,*). The
CIEDE2000 color difference between
them is designated as follows:

AEZOOO(LI*’al*’bl*; Lz*’az*’bz*) - AEoo’ O
where L* is the brightness-darkness
component (the percentage of chromatic
colors), a* the green-red component with
the green in the negative direction and
the red in the positive direction (value of
parameter ¢* in the range of -100 to 100),
and b* is the blue-yellow component with
the blue in the negative direction and the
yellow in the positive direction (value of
parameter b* is in the range of -100 to
100). Parameters L*, a*, and b* combine
Cartesian coordinates and form a 3D color
space in the cylindrical coordinate system.

The value of AE | is measured on a scale
from 0 to 100. Standard perception ranges
are as follows [49]:

- 0<AE, <1 - anormally invisible
difference, an observer does not
notice the difference,

- 1< AE <2-avery small difference,
only an experienced observer notices
the difference,

- 2<AE <3.5—amedium difference,
an inexperienced observer also
notices the difference,

— 3.5<AE, <5-anobvious difference,
an observer notices a clear color
difference,

— S5<AE, —avery obvious difference, an

observer notices two different colors.

3.5. Uncertainty analysis

The rules for evaluating measurement
uncertainty are described in the document
[50]. A measure of uncertainty is the
expanded uncertainty given by the
formula:

U=k u(), )

where & is the coverage factor, and u (y)
is the combined standard uncertainty of y
(measurand).

The expanded uncertainty is an interval
[»-U, y+U] about the measurement result

Fibres and Textiles in Eastern Europe

i Composite
Geometrical parameter
BP1 BP2 | BP3 | BP4
Total porosity, % 41.86 | 46.62 | 60.29 | 47.89
Yarn porosity (weft), % 35.61 | 32.91 | 30.34 | 39.57
Yarn porosity (warp), % 22.61 | 31.14 | 31.25 | 35.41
Weft density, cm 9.3 8.4 8.9 6.6
Warp density, cm! 11.4 9.2 11.3 9.6
Density of yarns, cm=2 106 77 101 63
Major axis of elliptic yarn cross-section 0.767 | 0.771 | 0.644 | 1.089
(weft), a,., mm
Minor axis of elliptic yarn cross-section 0.177 | 0.156 | 0.235 | 0.295
(weft), b,., mm
Weft flattering coefficient, e,, = b,a,. " | 0.231 | 0.202 | 0.365 | 0.271
Major axis of elliptic yarn cross-section 0.838 | 0.855 | 0.820 | 1.168
(warp), a,,, mm
Minor axis of elliptic yarn cross-section 0.134 | 0.311 | 0.174 | 0.306
(warp), b, mm
Warp flattering coefficient, e,, = b -a,, ™" | 0.160 | 0.364 | 0.212 | 0.262

Table 2. Structural parameters of composites determined using micro-CT

that may be expected to encompass a
large fraction of the distribution of values
that could reasonably be attributed to the
measurand. An coverage factor kp equal
to 2 is assumed, which means that the
quoted uncertainty defines an interval
having a 95% level of confidence.

The combined standard uncertainty of y
is as follows:

W) = i [(ﬂ) W) +us?@)| (3)

£ [\ox;
i=1

where u(x) is Type A standard
uncertainty, u,(x) Type B standard
uncertainty, f* the functional relationship
between y and input quantities x, on which
vy depends, and g is the sensitivity

Xi

coefficient.

Type A standard uncertainty estimated
from n, independent repeated observations
x, is given by:

T G — %)

n(n; — 1)

“)

uy (%) =

where X, is the estimate of input quantity
X,

Type B standard uncertainty is determined
based on available information on the
possible variability of the input quantity.
Assuming a rectangular distribution of

possible values, Type B uncertainty can
be expressed as:

de
ug(x;) = Wi ®)

where d, is the resolution of the measuring
instrument.

4. Results and discussion

Using X-ray micro-computed

tomography, morphometric analysis of
the modified basalt fabrics (composites
BP1, BP2, BP3, BP4) was conducted.
The results obtained are given in Table 2.
Additionally, weft and warp flattering
coefficients and the density of yarns were

calculated and juxtaposed in Table 2.

A 3D reconstruction of the composites is
shown in Figure 5.

Research results of the resistance to
contact heat and radiant heat of the
unmodified basalt fabrics and modified
fabrics (composites) are
in Tables 3 and 4,

Measurements were repeated three times,

presented
respectively.

and mean values of parameters ¢ and
RHTI,, were calculated. Additionally,
the expanded uncertainty was obtained,
assuming kp: 2 (Eq. 2).
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Fig. 5. 3D micro-CT reconstruction of four basalt fabrics with a deposited coating of Parylene C, marked in yellow ( all textile surfaces

were reduced to dimensions 3x3 mm)

Sample t,s* Efficiency level Sample t,s* Efficiency level
1 B1 3.9 (0.3) - 5 BP1 4.5 (0.2) -
2 B2 4.3 (0.8) -/F1 6 BP2 4.7 (0.2) -
3 B3 4.4 (0.3) - 7 BP3 6.7 (1.1) F1
4 B4 4.5 (0.5) - 8 BP4 9.7 (0.6) F1
* mean value with expanded uncertainty at a 95% level of confidence
Table 3. Threshold time for basalt fabrics and composites
As shown in Table 3, none of the samples ~ The lower and upper ends of the first Significant differences between

reached the efficiency level in the case
of all the unmodified basalt fabrics B1,
B2, B3, B4, and two composites BP1
and BP2. The first efficiency level (F1)
of protection against contact heat was
obtained for composites BP3 and BP4.
As shown in Table 4, all the samples
reached the first efficiency level (C1) of
protection against radiant heat.

Uncertainty analysis was conducted to
assess differences between unmodified
and modified basalt fabrics.
[y-U, y+U] covering the values of the

Intervals

measurands at a 95% confidence level,
i.e. the threshold time and radiant heat
transfer index, are shown in Figures 6
and 7, respectively. The interval for each
sample is presented separately for better
visibility of the results.
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efficiency level, Flmin, and Flmax, for
the resistance to contact heat are shown
in Figure 6. The uncertainty intervals of
threshold times partially and also totally
overlapped were obtained for allunmodified
basalt fabrics (B1, B2, B3, B4) and two
modified fabrics BP1, and BP2. Thus, it
was found that there are no significant
differences between the threshold time
values. Moreover, the samples showed no
satisfactory resistance to contact heat. The
interval obtained for fabric B2 partially
coincides with that of threshold time
values required for the first efficiency level
of protection against contact heat. It was
found to be insufficient. Thus, sample
B2 showed no resistance to contact heat.
Similar to the case of B2, it was found that
composite BP4 did not reach the second
efficiency level of protection.

threshold times were observed for the
remaining composites BP3 and PB4. The
composites reached the first efficiency
level of protection. Composite BP3 is
thinner than BP4. Composite BP3 is
characterized by a high total porosity,
exceeding 60% (Table 2). Air generally
is an excellent thermal insulator, but it
can transmit heat through convection.
The air-filled pores inside the fabric are
typically separated from each other. The
heat flow from one pore to another is
not easy. In the case of composite BP4,
the total porosity is 48% (Table 2). The
composite is the thickest and shows the
best resistance to contact heat among the
tested samples.

The lower and upper ends of the first
efficiency level, Clmin, and Clmax, for
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Sample RHTIL,, s * Efficiency level Sample RHTI,, s * Efficiency level
1 B1 12.6 (0.3) C1 5 BP1 12.4 (0.4) C1
2 B2 12.6 (0.3) C1 6 BP2 12.9 (0.4) C1
3 B3 12.4 (0.3) C1 7 BP3 12.8 (0.4) C1
4 B4 12.9 (0.3) C1 8 BP4 12.8 (0.9) C1

* mean value with expanded uncertainty at a 95% level of confidence

Table 4. Radiant heat transfer index for basalt fabrics and composites

8 o—oTo

7 . . n

6 = ﬂ

5 *=—o=8 H

4 Lo H

3 C==C=0 H

2 0—01‘- H

1 *—o—0 H

3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0
[tt-U, tt+ U], s

—8—RB1 —o—B2 —8—pB3 —0— B4
—o—BP1 —0—BP2 —e—pBP3 —8—BP4
——— F1lmin = =Flmax

Fig. 6. Uncertainty intervals covering the threshold time for unmodified basalt fabrics

and composites

8 -0 ”
7 == H
6 — |
5 S=C=9 H
4 -0 H
3 000 ”
2 oo |
1 [ oo H
6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
[RHTI24- U, RHTI24 + U], s
o—B1 o— B2 e B3 —f— B4
=0—BP1 0= BP2 —8—PBP3 —8— BP4
———C1lmin — —Clmax

Fig. 7. Uncertainty intervals covering the radiant heat transfer index for unmodified

basalt fabrics and composites

the resistance to radiant heat, are shown
in Figure 7. The uncertainty intervals of
the radiant heat transfer index, obtained
for all basalt fabrics and composites,
partially overlap or fully overlap. Thus,

it was found that there are no significant
differences between the radiant heat
transfer index values.

Color measurements were conducted to
assess the surfaces of the modified basalt
fabrics. The color difference between the
unmodified and modified basalt fabrics
was measured. Measurement results are
presented in Table 5.

The value of AE, is in the range [1,2),
which means that there is a very small
difference between the samples’ surface
colors. Perception of color difference is
slight. Thus, it can be considered that the
colors of the sample pairs do not differ
significantly.

Additionally, a remission measurement
of the basalt fabrics and composites was
conducted in the spectrum 0f400-700 nm.
The spectral remission factor R was in
the range [10,24]% for all the samples.
An example remission curve obtained for
BP1 is shown in Figure 8.

The low stream of reflected light from
the tested surface confirmed the low-
efficiency level of the protection sample
against radiant heat. It means that the
basalt fabric modified with Parylene
C coating should be an inner layer, not
an outer layer of a multi-layer textile
composite protecting the user in a hot
work environment.

Analysis of the effect of the porosity and
thickness of the unmodified and modified
basalt fabrics on parameters ¢ and
RHTI,, was carried out. The results are
shown in Figure 9. It was found that all
fabrics (unmodified and modified) were
characterized by a comparable value of
the RHTI,, parameter (the maximum
difference is 4% between B4 and BP1).
There was also no dependence of the
RHTI,, parameter on the thickness of
the fabrics and their porosity. In the case
of unmodified and modified fabrics, an
increasing dependence of the ¢, parameter
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Sample L* a* b * Sample L * ax* b * AE
Bl 51.02 3.76 8.96 BP1 52.06 3.20 9.19 1.67
B2 47.42 2.94 8.53 BP2 47.81 3.02 8.17 1.67
B3 51.27 3.12 9.37 BP3 50.89 3.17 8.75 1.67
B4 48.18 2.97 8.76 BP4 49.72 3.08 8.80 1.67

Table 5. Color measurements results
a) b)
100.00 100.00
90.00 90.00
80.00 80.00
70.00 70.00
£0.00 50.00
e 50.00 = 5000
= 40.00 E 40.00 .. ..
o o | | [ [ [ [ [
200 BRI
10.00 10.00 ...-
]

0.00

Wavelength (nm)

400 430 460 480 520 550 580 610 640 670 700

0.00

Fig. 8. Remission curves of fabrics: a) B1, b) BP1

80 20
|—a—t®),s -4 (BP), s I
70]—*—RHTI ,,(B),s  --0--RHTI ,(BP), s - 18
I Thickness, 10" mm L
60 KNS Total porosity, % L 16
50_- 14
i O__ﬁ____; L
40 12

| - 10
30 L

i -8
20 4 I

1 -6
10 L

4 -4

0

Woven

fabric

Fig. 9. Dependence of t, and RHTI,, on the porosity and thickness of unmodified and

modified basalt fabrics (lines guide the eye)

on the thickness was observed, however,
for unmodified fabrics, the ¢ increase is
milder - 15% (values increase from 3.9 s
to 4.5 s), while for modified fabrics the
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t increase is 216% (values increase from
4.5 s to 9.7 s). The biggest difference in
the # parameter between the modified
fabrics and those coated with Parylene

400 430 460 490 520 550 580 610 640 670 700

Wavelength (nm)

C was observed for two fabrics (B3 and
B4). This difference may be due to the
fact that in the case of fabric B3 (the most
porous) and fabric B4 (the thickest, the
only one with a different weave from the
other three fabrics), Parylene C formed a
thicker heat-insulating layer than in the
case of fabrics: Bl and B2.

The Parylene C coating was identified
on the basalt fabric surfaces (Figure
3). By coating the fabric surface with a
thin conformal layer of Parylene C, the
fibrous structure was protected against
damage (due to fraying). Thanks to the
penetrating capacity of the process, each
fiber and each node separately were
stabilized,
the stability of the entire structure.

resulting in strengthening
The Parylene C coating increased the
usability of basalt fabrics, eliminated the
effect of skin irritation, and contributed to

the creation of skin-friendly material.



5. Conclusions

The following conclusions can be drawn

as a result of the research.

— The outcomes of the contact heat
method
coating presence

showed the Parylene C
the
thermal insulation of all composites.
In the case of BP3 the threshold time
t was 6.7 s, while for BP4 it was
9.7 s. It means that the first efficiency

improved

level of protection against contact
heat was reached.

— The results of the radiant heat method
showed that use of the Parylene
C coating did not cause changes
in thermal insulation against heat
radiation of all tested composites
in comparison to unmodified basalt

Micro-CT analysis results proved
that the use of Parylene C coating
eliminated the effect of skin irritation.
The skin-friendly material obtained
can provide better sensory comfort

of user.
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