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AnHoTanus. B pabote uccnemyercs BIMsSHIE KOTE€PSHTHOTO Ja3epHOT0 U3TY4YEeHHUS Ha CBOMCTBA IOBEPXHOCTH H
TOHKOTO TPUIIOBEPXHOCTHOTO CJIOSI apaMHUIHBIX BOJIOKOH U TKaHEW. Brima mpoBeneHa SKcreprMeHTaIbHAS OLIEHKA
KalMWIIIPHOCTH ¥ CMA4YWBAaEMOCTH, YIPYTO-IIPOYHOCTHBIX M TpHOOMETpHIecKnxX xapakrepucTuk CBM BOJOKOH H
TKaHeH, MpeaBapuTeIbHO 00pabOTaHHEIX B IOJIE JIA3epHOTO M3NydeHus MontHocTeio 300 MBT 1 500 MBT ¢ mmHa-
MU BOJH 532 HM u 410 HM COOTBETCTBCHHO B 3aBUCHMOCTH OT BPEMCHH SKCIO3HMIMU 00paslia HEHmOCPEICTBEHHO
cpasy nocie obydeHus, yepe3 12 wacos, 24 yaca u 456 4acoB IOCIE BO3CHCTBUA. Y CTAHOBJICHO, YTO IPHU 00ITyUe-
HUM HaOJIIOJAeTCsl yIy4IICHUE aIre3MOHHON CIIOCOOHOCTH W THAPOQIIU3AIMS TOBEPXHOCTH, MPH 3TOM HE H3ME-
HSIIOTCS, @ BO3MOJKHO U YJIYYILIAIOTCS YIPYTO-IIPOYHOCTHBIE XapaKTepUCTUKU MaTepuana. Ha ocHoBe mpoBeaeHHBIX
UCCIICIOBAaHUN TIPEITIOKECH METOJ (POTOAKTHBAIMH MOBEPXHOCTH apaMUIHOTO BOJOKHA C WCIIOJIb30BAaHHEM KOTeE-
PEHTHOTO Ja3€pHOT0 U3TYyYEHUS] MAJIOl MOIIIHOCTH.

KiroueBble coBa: apaMuIHBIE BOJOKHA U TKaHHW, KOTEPEHTHOE Ja3epHOE N3IyUICHHE, TIOBEPXHOCTHEIE U (PH3H-
KO-MEXaHUYECKHE CBOKCTBA.
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Abstract. The paper investigates the effect of coherent laser radiation on the properties of the surface and a thin
near-surface layer of aramid fibers and fabrics. An experimental assessment of capillarity and wettability, elastic-
strength and tribometric characteristics of high strength synthetic material fibers and fabrics, pretreated in the field
of laser radiation with a power of 300 mW and 500 mW with wavelengths of 532 nm and 410 nm, respectively, de-
pending on the exposure time of the sample, was carried out immediately, 12 hours, 24 hours and 456 hours after
exposure. It was found that during irradiation, an improvement in the adhesion capacity and hydrophilization of the
surface is observed, while the elastic-strength characteristics of the material do not change, and possibly improve.
Based on the studies carried out, a method of photoactivation of the surface of an aramid fiber using coherent low-
power laser radiation is proposed.

Keywords: aramid fibers and fabrics, laser radiation, surface and mechanical properties.
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Introduction

The task of creating new materials is to find
other methods for modifying existing components.
A wide range of applications dictates the need to
modify the properties of the surface and a thin
near-surface layer of aramid fiber and fabrics
without changing their bulk characteristics [1, 2].

Previously proposed methods for activating
the fiber surface: radiation-chemical treatment [3];
plasma modification of the surface [4-6], the use of
which can lead to deterioration or loss of some
properties of fibers, with a visible improvement in
others, and also complicates the technological
process and the environmental situation in produc-
tion [7]. And since the aim of the work is to search
for new methods for modifying aramid fibers [8-9]
(high strength synthetic material), devoid of these
problems, a method of photoactivation of the ara-
mid fiber surface using low-power coherent laser
radiation is proposed [10].

The study used laser radiation with a power of
300 mW and 500 mW with wavelengths of 532 nm
and 410 nm, respectively, depending on the expo-
sure time of the sample.

When studying the effect of electromagnetic
radiation on the capillarity and wettability of an
aramid filament (fiber bundle), depending on the
wavelength, we used previously prepared non-
irradiated test-samples and irradiated aramid fila-
ments (exposure time 7= 40 seconds). The threads
were also fixed on a test bench, and water was
poured into the pallet at room temperature. In the
course of the experiment, the total duration of
which was 60 minutes, with an interval of 10 min-

utes, the height of the capillary rise of liquid (wa-
ter) in the fiber was measured for each sample.

The experiment progress

Analysis of the kinetics of changes in the
height of the liquid column in the samples over
time (Fig.1) made it possible to establish that the
time of exposure of the sample in water selected in
the experiment corresponds to the establishment of
hydrostatic equilibrium of the liquid column — the
h(?) curve reaches equilibrium.
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Fig.1. Curves of dependences /(%) for three different
samples

The observed scatter of the obtained values for
each series of experiments is, apparently, due to
not the same tension of the aramid ropes in the test
bench.

For the analysis of the obtained experimental
data, Table 1 shows the time-averaged values of
the investigated physical quantity for each series of
experiments.

The change in the capillarity of the aramid fi-
ber during irradiation is clearly shown in the gen-
eralized diagram for three types of samples (Fig.2).
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Table 1. Average values of the height of the capillary liquid column

Sample type h , mm
1 2 3 4 5 6 7 8 9 10
Without irradiation 47 53 46 48 48 51 53 52 52 50
A=532 nm 65 68 58 66 60 56 55 62 57 60
A=410 nm 58 62 57 66 56 57 67 56 55 65
80
h, mm 10
‘ = without
60 irradiation

50

40
30
20
10
0
1 2 3

4 5

laser-irradiated
532 nm

= laser-irradiated
410 nm

-
/

§ 9 1

0

Sample No.

Fig.2. Comparison of the capillarity of non-irradiated and irradiated samples

Thus, from the resulting diagram, the follow-
ing conclusions can be drawn:

1. Samples that have not been exposed to ir-
radiation have the lowest capillarity. In this case,
the average value of the height of the capillary
sample rise is about 49 mm.

2. Under irradiation, regardless of the wave-
length of coherent electromagnetic radiation, an
increase in the capillarity of the samples is ob-
served. The average value of the height of the cap-
illary column rise was 61 mm for the green wave-
length range and 59 mm for the violet one (about
25% with an irradiation time of 40 seconds).

To check the duration of the effect of laser ra-
diation on the fiber, an experiment was carried out
in which the height of the capillary column rise in
the fibers irradiated with a laser with a wavelength
of coherent radiation A, = 532 nm and different
exposure times after it was determined. The sam-
ples were investigated immediately after irradia-
tion, 12 hours, 24 hours and 456 hours (=19 days)
after irradiation.

For the purity of the experiment, the samples
were also investigated without irradiation, since
the rise of the capillary column is influenced by
external factors: atmospheric pressure, air tempera-
ture and humidity in the room. During the experi-
ment, it was found that, regardless of external con-
ditions, an increase in capillarity is observed in all
samples of irradiated fibers. That is, the effect ob-
tained is preserved.

To analyze the results obtained, the relative
height of the liquid column in the sample was de-

termined: § :% , where £, is the height of the
o

capillary column in the irradiated sample, 4, — in
the unirradiated bundle of aramid fiber. The dia-
gram "relative height — exposure time" (Fig.3) il-
lustrates well the fact that the effect obtained is not
temporary. At first, there is a slight drop in the
capillarity of the fiber (from 0 to 12 hours), but
then this value takes on a stationary value.

:iJﬂIﬂlﬂlﬂh

without 0 456
irradiation time (1) afier the irradiation, hours

Fig.3. Diagram of the dependence of the relative height
of the capillary column in the fiber on the time elapsed
after exposure to laser radiation

To analyze the dependence of laser radiation
effectiveness on the exposure time, aramid fila-
ments were treated with a laser (4 = 532 nm) with
different exposure times on the sample: 10, 30, 60,
180 and 300 seconds, respectively. For a visual
comparison of the data obtained, a diagram "capil-
lary column height — irradiation time" was plotted,
shown in Fig.4. The analysis of the obtained results
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showed that there is an increase in the capillarity of
the aramid fiber depending on the irradiation time.
However, there is a certain threshold of the irradia-
tion efficiency, after which the height of the capil-
lary liquid column stops changing. Apparently, this
is due to the fact that with a constant radius of cap-
illary tubes in aramid fibers, the contact angle
reaches its limiting value.

h, mun

S0 180 300
Irradiation time. seconds

Fig.4. "Capillary column height — irradiation time"
diagram

Taking into account that the radius of the cap-
illary 7y =~ 0.16 mm does not change when the fiber
is irradiated, and the remaining parameters in-
cluded in the expression are determined only by
external conditions and, using the data on the
height of liquid rise in the capillary with a change
in the irradiation dose, the contact angle was calcu-
lated for every case. Fig.5 shows a graph of the
aramid fiber wetting contact angle dependence on
the irradiation time of the sample.

46.0
‘i\

42.0 \\‘

38.0 F

310 [

Wetting contact angle © , degrees

300 |
0 50 100 150 200 250 300

Irradiation time (1), seconds

Fig.5. Curve of the dependence of the contact angle of
aramid fiber wetting on the irradiation time

The analysis of the obtained results showed
that there is an increase in the capillarity of the
aramid fiber depending on the irradiation time.
However, there is a certain threshold of the irradia-
tion efficiency, after which the height of the capil-
lary liquid column stops changing. Apparently, this
is due to the fact that with a constant radius of cap-

illary tubes in aramid fibers, the contact angle
reaches its limiting value.

Taking into account that the radius of the cap-
illary 79 = 0.16 mm does not change when the fiber
is irradiated, and the remaining parameters in-
cluded in the expression are determined only by
external conditions and, using the data on the
height of liquid rise in the capillary with a change
in the irradiation dose, the contact angle was calcu-
lated for every case. Fig.5 shows a graph of the
aramid fiber wetting contact angle dependence on
the irradiation time of the sample.

Obviously, with an increase in the irradiation
time, an increase in the height of the capillary col-
umn rise is observed, which is due to a decrease in
the contact angle of wetting. Thus, irradiation of
the aramid fibers improves the wettability of the
aramid fibers, which improves the impregnation of
the aramid filler with the binder component and
creates a strong bond between the fiber and the
matrix.

To study the effect of laser radiation on the
strength of a para-aramid fiber and determine the
breaking load, using the INSTRON electrome-
chanical testing machine, in the first series of ex-
periments, individual threads were tested for
breaking after 20 seconds of irradiation in the visi-
ble part of the electromagnetic radiation spectrum
(41 =532 £ 10 nm and 4, = 410 £ 10 nm) using
solid-state semiconductor lasers. An unirradiated
thread was used as a control sample.

In automatic mode, the maximum breaking
load was determined, which determines the
strength of the material, Young's modulus and
maximum tensile stress (elastic properties of the
material). For greater clarity of the effect of laser
irradiation on the characteristics of aramid fila-
ments, the average values of the parameters re-
corded in the experiment were summarized in one
Table 2.

Based on the data in Table 2, a diagram was
built, presented in Fig.6.

Table 2. Average values of mechanical characteristics of aramid thread at break

Maximum load

Young’s modulus

Sample type (N) (MPa) Maximum tensile stress (MPa)
Without 45,57 238378,28 5802,25
irradiation
A=1532 nm 44,00 229985,53 5602,05
A;=410 nm 42,42 208064,52 5401,39
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Fig.6. Diagram of elastic-strength characteristics
of threads before and after irradiation

Thus, from the results obtained, it follows that
under the influence of electromagnetic radiation,
the elastic-strength characteristics of the aramid fi-
ber decrease.

In the second series of experiments, tensile
tests were performed on strips of aramid fabric
10 mm wide. Strips not exposed to laser action
were used as control samples. For greater clarity of
the effect of laser irradiation on strips of aramid
tissue characteristics, the average values of the pa-
rameters recorded in the experiment were summa-
rized in one Table 3. Based on the data in Table 3,
the diagram presented in Fig.7 was built.

Table 3. Average values of mechanical characteristics of aramid fabric at break

Sample type Maximum load (N)

Young’s modulus

Maximum tensile stress (MPa)

(MPa)
Without 553,84 6775.25 276,92
irradiation
A;=532 nm 607,48 5983,41 303,74
2>=410 nm 603,85 4863,02 301,92
800
700

Maximum Young’s
load (N) modulus,
x10 MPa

500
400
300
200
100

0

= Without
irradiation

A= 532nm

® 7. =410 nm

Maximum tesile
stress, MPa

Fig.7. Diagram of elastic-strength characteristics of aramid tissue before and after irradiation

Conclusion

Thus, from the results obtained, it follows that
under the influence of electromagnetic radiation,
the elastic-strength characteristics of aramid fabric
with twill weave threads noticeably change the
mechanical properties of the material.

Apparently, the decrease in the strength char-
acteristics of individual aramid threads and their
growth in the case of exposure to tissue samples is
due to the fact that under the action of electromag-
netic radiation, the destruction of covalent bonds
between the surface atoms of the fibers is observed
and leads to the formation of surface radicals. In a
tissue sample, under the influence of laser radia-

tion, covalent bonds are partially restored between
the surface atoms of adjacent threads. As a result,
the strength increases markedly, but the elasticity
of the sample decreases.

Taking into account the nature of the effect of
laser radiation on aramid fibers and fabrics, it
seems possible to develop a low-cost and relatively
inexpensive method and technology for modifying
aramid fiber using laser radiation.
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