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Objectives. Modern atraumatic wound dressings are based on polyethylene terephthalate, or
Lavsan, which is shaped to form threads. The aim of the study was to determine the reasons
for Lavsan woven nets’ hardening and becoming more trauma-prone during storage, and to find

ways of eliminating these effects.

Methods. We used differential scanning calorimetry, performed on a NETZSCH DSC 204 F1
Phoenix device, in a dynamic mode with a temperature range from 20 to 300 °C in argon flow
to determine phase states, glass transition temperatures, and melting temperatures of Lavsan
fibers (including those treated with polyethylene glycol mixtures). We performed rheoviscometry
studies on a Brookfield DV2TLV rotational viscometer, with a SC4-16 thermostatic control unit,
at the following temperatures: 25, 36.6, 40, 45, 50, and 55 °C, with shear rates ranging from
120 to 200 s-1 to determine dynamic viscosity and investigate the mixing characteristics of

polyethylene glycols with different molecular weights.

Results. We have established that samples of Lavsan woven nets, stored long-term in laboratory
conditions (up to 2, 3, and 16 years), are in the crystalline state with a high degree of crystallinity.
Upon heating these nets to 300 °C, it is possible to reduce the degree of crystallinity by 19-32%,
but it does not completely eliminate the effect. Polyethylene glycols and their mixtures which
exhibit non-Newtonian flow behavior and are used as an ointment base, have a significant effect
on Lavsan’s crystallinity. We have determined that the optimal ratio of polyethylene glycols for
the modification of Lavsan nets is PEG-400:PEG-1500 = 80:20 wt %. Upon storing Lavsan woven
nets in this mixture at room temperature, the Lavsan’s crystallinity is greatly reduced, and upon

heating the system, the crystallinity practically disappears.

Conclusions. The effect of polyethylene glycol mixtures (the base for therapeutic ointments) with
various molecular weights on the phase organization of Lavsan has been evaluated. As a result
of this study, we can offer a new approach to reduce the injuring effect of synthetic (Lavsan)

bases of atraumatic wound dressings.
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Ienu. OcHo80ll cO8pEeMEeHHBLX AMPABMAMUUHBLX PAHE8bLX NOBSA30K S8ALemcst NOJAUIMUIEH-
mepegmanam (unu n1aecaH), kKomopomy npuoarom euo Humetl. Llenoro pabomul s181810Ck onpe-
desleHue NPUUUH YBEeNUUCHUSL JKECMKOCMU U MPABMAMUUHOCMU JIABCAHO8bLX MKAHbBLX CEMOK
npu xpaHeHuu U nouck nymeil ycmpaHeHust amozo agpgpexma.

Memoobt. /Ins onpedesnieHust pa3o8020 COCMOSHUSL, MeMnepamypsbl CMeKJA08AHUSL. U NLA8Je-
HUSL J1aBCAHOBbLX B80JIOKOH, 8 MOM UUCae nocie obpabomru CmMecsamu NOAUIMUNLCH2AUKONEeT,
ucnosb308anU OUPpepeHUUANbHYIO CKAHUPYOULYIO KAJLIOPUMEMPUID, KOMOPYH NPO8OOUNU HA
npubope NETZSCH DSC 204 F1 Phoenix 8 OUHAMUUECKOM perkume 8 OUana3oHe memnepamyp
om 20 0o 300 °C & moke apeoHa. [lnsi onpedeneHusi OUHAMUUECKOU 853KOCMU U OUEHKU Xa-
paKkmepa cmeuleHUsl NOAUIMUNCHRAUKONEU PA3ZHOT MONeKYAAPHOU MACCHL NPUMEHSIU Memo0
peosucKkosumempuu, KOmopyro OCYuLeCmeasiiu HO POMAUYUOHHOM euckozumempe Brookfield
DV2TLV ¢ mepmocmamupyemuvim pabouum ysnom SC4-16 npu memnepamypax: 25, 36.6, 40,
45, 50 u 55 °C e duana3soHe ckopocmeli coguea om 120 0o 200 c'.

Pesynemamet. YcmaHo8/1eHO, Umo OAUMEeNbHO 8bl0epIKAHHbBLE 8 1AO0PAMOPHLIX YCL08USLX (00
2, 3 u 16 niem) ob6pasybl 1aBCAHOBLIX MKAHBLX CEMOK HAX00SIMCSL 8 KPUCMANIUUECKOM COCMO-
SIHUU C 8blCOKOU cmeneHblo KpucmaanauuHocmu. Ilpoepes smux cemox 0o 300 °C nosgossiem
CHU3UMb cmeneHb KpucmaanuuHocmu Ha 19-32%, Ho He ycmpaHsiem ee noaHocmeto. ITonu-
IAMUNEH2AIUKONU U UX CMEeCU, KOmopble UCNOb3Ym 8 Kauecmeae Ma3e8oil OCHO8bL, NPOSIBSIO-
ujue HeHbIMOHOBCKOE nogedeHue NPuU meueHUU, 0KaA3blearom 3amemHoe eaAusiHUe Ha cmeneHb
KPpUCMaaluuHoCmu 1a8CaHa. YCmaHo8ieHOo ONMmuMaibHOe COOMHOUEHUE NOAUIMUNEH2AUKO-
setl ot moougpukayuu nascaHosvlx cemorw: I19I-400:119I-1500 = 80:20 mac. u. Ilocne evl-
deprKueaHusl 1a8CaAHO80U MKAHOU cemKu 8 Imoil cmecu Npu KOMHAMHOU memnepamype cme-
neHsb KPUCMANAUUHOCMU JIAB8CAHA CUNbHO CHUXKAEemcsl, 0 nocie npozpeea makoll cucmembol
KpUCMaaluuHoOCmMs NpaKmuuecku ucuesaem.

Baxnrouenue. OyeHeHO 8aUSIHUE HA (Ppa308YI0 OP2AHU3AYUUI JIABCAHA CcMecell NOAUIMUNLEeH-
2nuKonell pasauuHoll. MONACKYAIPHOU MACCHL, SBASIOULUXCSL OCHOBOU JleuebHblx maszell. B pe-
3ysibmame npogedeHHOol pabombl NPeosNoNeH HOBbLU NOOX00 0151 YMEHbULEHUSL MPABMATMUUHO-
cmu CuUHmMemuUueckux (1a8caHo8blx) 0CHO8 AmpasMAMUUHbBLX PAHE8bLX NO8S30K.

Knroueesvle cnoea: paHesoe noxKpolimue, maseeast ocHoeaqQ, nonusmuﬂeumepecpmaﬂam,
nosiusmuJjieHeJiuKO/lb, memnepamypa njiassieHust, cmeneHb KpucmailuiHOCmMu, 8s13K0CMb.

Jna yumuposanua: Koponsuyk A.A., Kasoponok E.C., JleronskoBa O.A., Kenuk C.A. BiusiHue cMeceil NoNuITUIICHIIIN-
KOJIell B KaueCTBE Ma3eBOW OCHOBBI Ha (M3MKO-XMMHUYECKHE CBOWCTBA JIABCAHOBBIX aTpaBMAaTHYHBIX PAHEBBIX MOBS30K. ToHKUE
xumuueckue mexnonoeuu. 2019;14(5):71-78. https://doi.org/10.32362/2410-6593-2019-14-5-71-78

Introduction

Atraumatic wound dressings is just one type of
bandage material meant to gently protect wounds
from exposure to harmful environmental factors
[1]. Such dressings are based on fibers, threads,
tissues, films, and nonwoven materials [2] and

should prevent damaged areas from coming into
contact with external irritants, foreign objects and
infections, as well protect the wound from possible
new injuries [2, 3].

Historically, the first materials used to stop
bleeding and mechanically protect wounds, were
cotton tissues [2]. However, this material has a
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number of disadvantages, and a major one is the
heterogeneity of cotton threads. Microscopic strands,
which are characteristic for cotton, get into the
wound, thus irritating the injured area and affecting
the healing of the wound [3]. This has led to research
on alternative dressings that could be chemically inert
and have homogenous threads. Polymeric materials
such as polyethylene terephthalate (PET) fulfill these
requirements.

Polyethylene terephthalate, or Lavsan, is a
complex polyester that is shaped as threads for
convenience [4, 5]. The main reasons for Lavsan
to be used as wound dressings are its mechanical
characteristics and relatively low cost [5]. Lavsan
fibers are very strong and durable, elastic and resistant
to chemicals, and biocompatible; Lavsan is a polymer
with a low rate of biodegradation [6, 7]. However,
the prolonged storage of Lavsan nets makes them
harder and more trauma-prone, which is unacceptable
for wound dressings [8, 9]. The aim of this study is
to investigate the reasons for Lavsan woven nets’
hardening and becoming more prone to trauma during
storage, and to find ways of eliminating these effects.

Materials and Methods

We used Lavsan woven nets made of polyethylene
terephthalate with a nominal molecular weight of
NMW = 30 kDa, stored in a laboratory for up to Toging
=2, 3, 16 years. The samples differed in their aging
time, as well as in the weaving (see Table 1). To
investigate the effect of ointment base on the nets, we
used model oligomers: polyethylene glycols (PEGs)
PEG-400, PEG-1500 and their mixtures in various

DSC, mW/mg

ratios. The mixing of PEGs was performed at room
temperature, followed by heating to 80 °C for 10
minutes until homogeneous viscous mixtures were
obtained. The nets were soaked for 1, 7, or 28 days in
PEG-400 or PEG-400:PEG-1500 = 80:20 wt % mixture,
at room temperature, and subsequently studied.

Over the course of this work, we used differential
scanning calorimetry (DSC) and rheoviscometry.
Thermograms were recorded on a NETZSCH DSC
204 F1 Phoenix device, in a dynamic mode with the
temperature range from 20 to 300 °C in argon flow.
The dynamic viscosity of PEGs and their mixtures
was studied on a Brookfield DV2TLV rotational
viscometer, with a SC4-16 thermostatic operating
unit, at the following temperatures: 25, 36.6, 40, 45,
50, and 55 °C, with shear rates ranging from 120 to
200 s7'.

Results and Discussion

The results of DSC studies of Lavsan woven nets
are shown in Fig. 1.

The analyzed samples have a clear endothermal
peak in the 240-280 °C temperature range that can be
interpreted as a melting of polyethylene terephthalate
crystals, according to [10]. It is evident that this peak
area becomes smaller in the second DSC experiment,
but in the 60-80 °C temperature range there is a
characteristic “step” indicating that devitrification
occurs and an amorphous phase is present. In the
second scanning, we observe an additional, sharp
exothermal peak in the 140-160 °C temperature
range, which can be interpreted as crystallization of
the amorphous part of the sample, according to [10].

150 200 250 300 350

T7,°C

Fig. 1. Typical DSC diagram for Lavsan woven nets; shown here is the diagram
for PET-207 at w* = 10 K/min: / — initial heating; 2 — secondary heating.
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The thermophysical characteristics of the studied
samples are presented in Table 1. We may conclude
that samples stored at room temperature for a long
time are in crystallized state, and the amorphous phase
content is very low, but it increases upon heating of
the sample.

The areas of endothermal melting peaks allowed
us to estimate the degree of crystallinity, in our first
approximation. We set the degree of crystallinity at
100% for those samples that did not exhibit vitrification,
according to their DSC thermograms, and calculated
the degree of crystallinity of the re-heated samples
using the following formula [11]:

AS

oa=—-+x100%, (1
AS

where o is the crystalline phase content, AS’ is the
melting peak area of the crystalline phase in the
first scanning, AS" is the melting peak area of the
crystalline phase in the second scanning.

The calculated values of o are shown in Table 1.
We can see that the degree of crystallinity is between
68% and 81% even for the re-heated samples.

The ointment base can have a significant effect on
the phase state of polyethylene terephthalate; this is
why we investigated some ointment bases. A common
ointment base is PEG mixtures, with molecular
weights of 400 and 1500, used in various ratios [11].
The experimental viscosity—velocity curves (Fig. 2)
show the PEG mixtures that look homogeneous do
exhibit non-Newtonian behavior.

When PEG-1500 concentration increases, we
observe viscosity hysteresis (rheopexy type) that
enhances over time. This may indicate that the

PEG mixture has a heterogeneous structure, despite
it looking homogeneous. Fig. 2 shows that when a
PEG-1500 concentration in PEG-400 increases, the
dynamic viscosity of the mixtures is elevated.

Temperature is an important parameter that
influences the viscosity of oligomers and their
mixtures. As we can see from experimental data in
Fig. 3, the viscosity of the sample decreases when
the temperature increases, and the non-Newtonian
behavior becomes less obvious; for example, at 55 °C we
observe almost Newtonian behavior of the samples.

Our analysis of the results obtained at different
temperatures allows us to estimate the activation
energy of viscous flow for pure ethylene glycols and
their mixtures using the Arrhenius—Frenkel-Eyring
equation:

—E,

o

n=Axe?® ,

()

where 7 is the effective dynamic viscosity at 55 s7;
E _ is the activation energy of viscous flow; R is the
universal gas constant; 7 is the absolute temperature;
A is the pre-exponential factor that takes into account
the probability that an elementary act of viscous flow
happens.

The dependency of the apparent activation energy
on the PEG ratio in their mixture is shown in Fig.
4. We can see that the activation energy of viscous
flow is low and almost does not depend on the PEG
mixture’s composition. This indicates that the mixing
of PEGs with different molecular weights (containing
the same monomer) is athermal.

To sum up, when PEG-1500 content in PEG-
400 is up to 50 wt %, the mixture of these oligomers

Table 1. Thermophysical parameters for Lavsan woven materials samples

T, .°C |AS, w|, J/g T o€ |AS .|, T/g
Sample t . years | T,°C o, %
e & 1 scan 2 scan 2 scan Iscan | 2scan | 1scan | 2 scan
1 scan
PET-208* 2 80 - 145 - 36 261 256 62 44 71
PET-207%** 3 80 - - - - 262 257 79 54 68
PET-206* 80 - 148 — 69 260 257 115 90 78
PET-205%* 16 83 - - - - 262 258 74 51 69
PET-204* 16 82 - 142 - 37 261 258 72 58 81

* Weaving: “honeycombs”.

** Weaving: “squares”. Apparently, the difference in the weaving means the difference in the degree of Lavsan fiber elongation
during the formation of the woven net, therefore the nets of the same age, but with different weaving have different properties.
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Fig. 2. Typical viscosity—velocity curves obtained at 25 °C for PEG-400 and PEG-1500 mixtures,
with PEG-400 content, wt %: 70 (1); 80 (2); 90 (3).
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Fig. 3. Typical viscosity—velocity curves for the PEG-400:PEG-1500 = 80:20 wt % mixture,
obtained at the following temperatures, °C: 25 (/); 36.6 (2); 55 (3).
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Fig. 4. Dependency of the apparent activation energy of viscous flow on the composition of PEG-400:PEG-1500 mixtures.
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behaves the same. This is why we selected the PEG-
400:PEG-1500 = 80:20 wt % composition for further
study; this composition is widely used in ointment
bases for atraumatic wound dressings, according to

[12, 13]. We used the DSC method to investigate
the effect of this composition on the phase state of
Lavsan woven nets. The thermograms obtained are
presented in Fig. 5.

DSC, mW/mg a)
1
0.5 I
v
1 exo ﬁ\/\ 5
— j/\_ 3
w\ p
30 80 130 180 230 280 330
T, °C
DSC,mW/mg b)
0.5
1
1 exo
\ 2
\ 3
. . . . T 4
30 80 130 180 230 280 330
T,°C

Fig. 5. Typical DSC thermograms for initial PET-204 (/) and for PET-204 incubated
in the PEG-400:PEG-1500 = 80:20 wt % composition for 1 day (2), 7 days (3) and 28 days (4).
Results of the first (a) and the second (b) scanning, at w* = 10 K/min, are shown here.

The analysis of these thermograms shows that
the incubation of Lavsan woven nets in PEG mixtures
results in an expected decrease in the area of the
endothermal peak in the 250-280 °C temperature
range. At the same time, in the low temperature
range (80—100 °C) we observe a “step” resembling
vitrification. It means that the degree of crystallinity
decreases; calculations using formula (1) show that
the degree of crystallinity for incubated samples

goes down to 14% in 28 days (Table 2). However,
even after this prolonged incubation the degree of
crystallinity still remains significant. At the same
time, the re-heating of such samples (Fig. 5b) leads
to the complete disappearance of the endothermal
melting peak. Clearly, it happens because PEG
molecules penetrate into polyethylene terephthalate,
but the woven net does not change its appearance and
commercial properties.
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Table 2. Thermophysical parameters for samples of PET-204

incubated in PEG-400 and its mixture with PEG-1500

o PEG-400 PEG-400:PEG-1500 = 80:20 wt %
Incubation time, days
|Asmelt|’ J/g a, % |Asm31[|5 J/g o, %
46 58 25 32
7 11 22 11 14
28 17 14 11 14

Conclusions

We have shown that Lavsan nets aged in natural
conditions are partially crystallized, with ahigh crystalline
content. Upon their incubation in PEG mixtures
commonly used as ointment bases and whose optimal
composition was selected based on rheoviscometry, the
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