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Polyamide fibre containing amber particles was fabricated. The amber particles were obtained by
grinding technology using planetary ball-mills. Scanning electron microscopy and granulometry
testing were used to characterise the structure and the size of prepared amber particles. Fourier
transform infrared spectroscopy was used to analyse the chemical structure of the amber parti-
cles. The amber particles were characterised with average size up to 3 ym. The chemical compo-
sition of amber before and after the grinding remained unchanged. The amber particles were
melt-extruded using polyamide 6 as the matrix. Melt spinning processing was used to fabricate
polyamide-amber filaments. Pre-oriented yarns and fully drawn yarns were obtained after hot-
drawing experiments. Reported experimental findings of amber composite fibre could be impor-

tant for textile applications.
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INTRODUCTION

Methods are being developed for manufacture of polymer
composites using organic and inorganic functional mineral
powders, which are integrated in polymer matrix (Ibanes et
al., 2004). In this paper, we present a method for the prepa-
ration of amber particles suitable for melt extrusion and spin
drawing.

Amber is considered to have bioactivity and biocompatibil-
ity (Hazelwood, 2001; Chen et al., 2003; Thrall, 2004). The
active compound of amber is succinic acid. Succinic acid
plays a significant role in metabolism (Krebs cycle) and oc-
curs in mitochondria. In medicine, succinic acid and its de-
rivatives are used as anxiolytic, antispasmer, antiphlegm,
antiphlogistic, and antitumour agents (Agarwal et al.,
2007). Succinic acid is a strong electron donor. It partici-
pates in processes associated with energy production (Mie
et al., 2008). It can provide free electrons in order to main-
tain energetic potential in cells with aerobic respiration.
Amber also has a biostimulating effect on new cell forma-
tion in skin, simultaneous tissue and skin derivatives, which
stimulates skin and hair restoration; it does not cause skin
irritation and organism sensitisation (Archambault e al.,
2008).

Study of cotton pads impregnated with a suspension con-
taining amber particles showed lack of skin irritation and
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organism sensitisation (Sprudza et al., 2009; Synoradzki et
al., 2012). Textile fabric impregnated with technologically
processed amber, investigated in vivo, did not cause irrita-
tion, caustic effect and had a biostimulating effect on the
creation of the new cell in skin, subcutaneous tissue and
skin derivatives, and promoted skin renewal.

Fabrics containing the amber composite fibre can be used as
a medical textile for external applications, when skin
changes occur, including for skin condition improvement
for diabetics and as preventive compression products. Stud-
ies by AITEX (Spanish Textile Technology Institute, Inter-
national Certification Organisation) (according to Oeko-Tex
Standart 100) confirm that amber composite fibre meets the
human-ecological requirements of the standard presently es-
tablished for infant fabrics (product class I, Certificate
2013LK0012). The Oeko-Tex Standart 100 concluded posi-
tive medical impacts of amber composite fibres concerning
the skin: biocompatibility, does not cause skin irritation and
organism sensitisation. Amber composite fibres also have
been assessed with in vitro cytotoxicity tests according to
UNE-EN ISO 10993-5:2009; a satisfactory certificate
MADE FOR HEALTH® Nr 2014TM0281 was issued by
AITEX.

Melt extrusion and spinning of PA6—amber fibre has been
reported (LaSenko, 2014). Fully drawn yarns (FDY) and
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pre-oriented yarns (POY) melt spinning processes with
PA6—amber fibre have been performed (Schifer 1999). The
use of the melt spinning process and conditions (tempera-
ture, velocity, denier) for PA6—amber fibre is described in
the present investigation.

MATERIALS AND METHODS

Raw materials. Amber pellets (~5 mm, CAS: 9000-02-6,
EC: 232-520-0) used in this study were obtained from Ka-
liningrad region of Russian Federation. RADIPOL S100-
004® is polyamide 6 (PA6), which has a low molecular
substance content (0.9 %) and melting temperature of
220 °C.

Preparation of amber particles. The first step of amber
particle preparation was their purification by flotation. Flo-
tation was based on the difference in density of amber and
impurities, whereby amber was separated from crystalline
minerals (quartz) and amorphous impurities (silica). The
flotation device consisted of two flotation chambers
equipped with a foam picker device and compressed air
supply device. The flotation camera was fed with fresh
deionised water (density 1.00 g/cm3) at temperature 20 °C.
Ash particles were raised to the water surface by supply of
compressed air and collected. Amber has a density of 1.08
g/cm3, and therefore remained at the bottom of the chamber.
The second flotation chamber was fed with NaCl salt-water
solution (density 1.02 g/cm?3, NaCl 200g/l) at temperature
30 °C. In this chamber amber pellets floated on the surface
of water, while quartz, mica, and felspar, which had higher
density, remained on the bottom. Amber pellets were col-
lected with the foam picker, placed in an oven to dry for 10
min at 45 °C.

After that amber pellets were pre-ground (1) with a plane-
tary ball-mill Pulverisette 5 Fritsch (Germany). 45 g of am-
ber was ground in a 250 ml agate bowl with 15 x 20 mm
SiO, balls at 400 rpm for 10 min. The processed am-
ber-water slurry was used in the main grinding steps, which
was performed on mill devices 01-HD Attritor, Union Pro-
cess and 01-HDDM Attritor, Union Process (USA). The
second grinding step (2) was performed with 3 or 5 mm
YTZ® media. The third grinding step (3) was performed
with 0.4-0.6 mm YTZ® media. Processing rates were 600
and 1900 rpm, correspondingly. Tank volume was 1400 ml.
Slurry temperature during the process was 16 °C. The tank
was continuously cooled with circulating water. Every 30 or
60 min the slurry was sampled for granulometric testing.
After the grinding, amber was dried in the oven for 48 h at
45 °C, resulting in dry amber powder (see Fig. 1b). The ob-
tained amber powder was stored in a tightly closed con-
tainer and desiccator without access to moisture and sun-
light.

Methods for particle analysis. A twin-screw extruder
Berstorff ZE25-38D (Germany) was used for polyamide
and amber particle melt compounding. The machine set-
tings were the following: screw speed 300 rpm, barrel tem-
perature 240 °C, melt temperature 265 °C, mass flow 10
kg/h.
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Fig. 1. Granulometric curves and volume-size histograms of amber parti-
cles; (a) after the first grinding stage; (b) after the second grinding stage;
(c) after the third grinding stage.

Fibre melt spinning was performed with a laboratory ex-
truder VarioFil (Oerlikon Barmag, Germany). Melt drawing
trial conditions are summarised in Table 1.

A Particle Size Analyzer 90 Plus with ZetaPALS of Brook-
haven Instruments Corporation was used for granulometric
testing. Ten measurements were performed; average error
was 10%.

The structure and shape of amber particles and fibres was
observed under a scanning electron microscope (SEM)
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Table 1
POY AND FDY CONFIGURATION PROCESS

POY Configuration

- speed 2000—4500 m/min,

- titre up to 300 den (final), - titre up to 1.200 den,

- filament count (0.5) 1.0-4.0 dpf - filament count 1.0-10.0 dpf,
(final), - tenacity 3.5-6 g/den,

- elongation 60-250 %, - yarn uniformity (USTER) < 1%.

- tenacity 1.7-3.4 g/den,

- yarn uniformity (USTER) < 1%.

Configuration for FDY
- speed 2000-4500 m/min,

TESCAN Mira\LMU Field-Emission-Gun. The accelerating
voltage was 15 kV.

Fourier transform infrared spectroscopy (FTIR) is a com-
mon method for determination of amber chemical composi-
tion (Beck et al., 1964; Pakutinskiene et al., 2007). FTIR
spectra were recorded on a Varian Scimitar 800 FTIR spec-
trometer. The measurement range was 400-4000 em’! with
accuracy +4 em’! using KBr as a beam splitter. Samples
were prepared by mixing amber particles with dried, anhy-
drous KBr (Merck, Germany) and compressed for tablets.
15 scans were performed and the mean spectra curve was
obtained.

A moisture analyser KERN MRS 120-3 was used to meas-
ure moisture of the amber pellets and powder.

RESULTS

Figure 1 shows granulometric curves and volume-size histo-
grams of amber particles for different grinding stages. Fig-
ure 2 shows how particle size depends on the time of grind-
ing. Figure 3 shows SEM micrographs of the processed
amber particles. Figure 4 shows FTIR spectra of the initial
amber (a) and the processed amber particles after grinding

(b).

The technological process of PA6—amber fibre included the
following steps: the melt extrusion of the concentrate of
PA6-amber 5 wt%; the secondary melt extrusion of
PA6—amber 1 wt% composite using the obtained concen-
trate and neat PA6 from the first step; melt spinning of
PA6-amber 1 wt% fibre; and PA6-amber composite fibre
lubrication and stretching. The processing parameters for
these FDY spinning trials (0)—(3) are shown in Table 3.

DISCUSSION

The particle size decreased during grinding: 10-500 um af-
ter grinding stage (1), 1-10 pm after grinding stage (2), and
0.5-8 um after grinding stage (3).

During the grinding stage (2), after 240 min. the particle
mean size decreased from 180 um (95%) to 10 pm (95%).
After stage (3), the particle size decreased to 3 pum (95%).
The amber particle size started to slightly increase during
longer grinding times, due to aggregation of small particles.
The optimal grinding time was 30 min.
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Fig. 2. Effect of grinding time on amber particle size; (a) the second grind-
ing stage; (b) the third grinding stage.

Table 2
SPINNORET
Spin plate diameter 80
Number of capillaries per plate 12
Capillary diameter, mm 0.35
Capillary length, mm 0.7
Filter, mm 0.062
Steel sand, g 100

Steel sand corn size, um 350-500

The amber particles obtained after grinding had irregular
shape. The size of the particles after grinding stage (1) was
about 200-500 pym (see Fig. 3a). Further grinding (3) sig-
nificantly reduces particle size and also promotes smoothing
of the surface of the particles to produce a more spherical
shape (see Fig. 3b). Amber particles had a tendency to form
large agglomerates consisting of smaller elementary parti-
cles (Fig. 3c).

In Figure 4, the “horizontal shoulder” in the interval
1160-1260 cm’! is distinct and is the main characteristic
feature of Baltic amber (Pakutinskiene et al., 2007). This
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Fig. 3. Scanning electron microscope micrographs of amber particles; (a)
particles after the first grinding stage, (b) particles after the third grinding
stage, (c) amber particles agglomerate.

shoulder was also observed in the second spectrum in Fig-
ure 4b the intense absorption band at 1158 cm™! indicated
the presence of C-O bonds. Both spectra show a broad ab-
sorption band at ~3400 cm'l, indicating -OH groups of al-
cohol and/or carboxylic acids, or absorbed water. A band
indicating alkyl groups occurred between 2800 and 3000
cm . It is very typical for alkyl groups to have a band at
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~2926 cm’! and two bands with similar intensity at ~2867
cm’!. The other two bands can also be due to alkyl groups:
the first between 1420 cm™! and 1460 cm'l, the second be-
tween 1375 and 1385 cm'l, which corresponds to -CH, and
-CH; groups. Amber FTIR spectra absorption bands at
3040, 1640, and 887 cm! correspond to exocyclic methyl-
ene groups. The first, corresponding to an ethylene C-H
bond, the second to a C=C double bond, and the third, also
to the C-H bond of ethylene. Exocyclic methylene groups
are present in the various acid structures. The carbonyl re-
gion between 1695-1740 em’! s complex with significant
overlap, which distorts the spectra and complicates the in-
terpretation of it. However, the absorption band at 1738
cm! has good resolution, and there is an overlapping band
at ~1690 cm’ L. The first band at 1738 cm'l, corresponds to a
strong C=0 bond, such as in ketones, and the second band
at 1690 cm! is more specific for carboxylic acid carbonyl
groups. The strong ester band at 1738 cm’! indicates the
presence of esters, which always appears on spectra with an
intensive absorption band at 1157 cm’!. Other FTIR spec-
trum bands of amber are much more difficult to interpret. In
general, the chemical structure of amber was shown to re-
main unchanged, as all signals of the major functional
groups of -OH, -CH,, -CH;, C=C, and -CO-O were re-
tained.

The proposed two-stage extrusion processing was chosen
for better dispersion of amber particles into the polymer ma-
trix. Generally, the temperature of the extrusion equipment
and, thus, the melt, are the major process parameters deter-
mining the viscosity and shearing of the polymer. For the
extrusion stages the processing temperature was chosen
such that the polymer viscosity was low enough to allow
stable melt processing and dispersion of amber particles.
For PAG6, the ideal melt behaviour occurs at approximately
30-40 °C above the melting temperature (Ibanes et al.,
2006). The extrusion temperature range was 235-255 °C for
PAG6. Extrusion time was 5 minutes. The extrusion com-
pounding of PA6 with 5 and 1 wt% of amber did not pres-
ent problems. At the employed processing temperatures am-
ber particles become soft, and thus blended and were
distributed homogeneously within the polymer matrix.
Thermal calorimetric and gravimetric investigation showed
that glass transition of the amber is at 155 °C, and the de-
struction temperature is 454 °C, which are high enough for
utilized processing temperatures.

The PA6—amber filament was obtained using a standard
melt spinning technology. The melt exited the extruder at
pressure about 80-110 bar and was transported through
heated pipes to the spin pump. Up until spin pump, the pro-
cess and throughput were pressure controlled depending on
the lead pressure at the extruder head. From the spin pump
on, the process was throughput-controlled. The polymer
was pumped for filtration into the spin pack, which con-
sisted of multiple metallic non-woven layers. After passing
through all filtration stages, the melt flowed into the capil-
laries of the spinneret. The melt exited and formed a fila-
ment at the end of the capillary. A laminar air stream per-
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Table 3
AMBER COMPOSITE FIBRES PROCESSING PARAMETERS FOR SPINNING TRIALS
Trial Godet 1 Duo 1 Duo 2 Godet 2 Winder
No. ng n, vV, T, DR v, T, DR V, T, DR vV, T, DR v,

rev rev m/min °C m/min °C m/min °C m/min °C m/min

0 12 32 1564 20 1.02 1596 20 1.85 2952 160 1.04 3070 23 0.98 3000

1 16 32 1746 20 1.20 2095 80 1.40 2933 80 1.04 3050 23 0.98 3000

2 18 14 2156 20 1.05 2273 20 1.05 2387 40 1.06 2530 23 0.99 2500

3 18 14 2156 20 1.05 2273 20 1.05 2387 40 1.06 2530 23 0.99

V, speed; T, temperature; DR, drawing ratio

pendicular to the fibres axis cooled the extruded filaments
directly below the spinnerets. We used the spinnerets with
12 capillaries per spin plate. Details on spinneret geometry
and the filtering are listed in Table 2. The used spinneret
gave good results with spin pressure, filtering and filament
formation. The throughput of polymer melt was calculated
for a 10 dtex per filament. The final filament count was 120
dtex at 2500 m/min. For one filament this result was about
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30 g/min. The used spinning line had two threads which
gave a total extruder throughput of 3.6 kg/h.

After cooling, the amber composite fibres were lubricated
using a spin finish to reduce friction in further processing.
The processed spun fibres were drawn down vertically by
one godet (Partial Oriented Yarn, POY) route and by two
godets; the second godet revolved faster than the first one
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(Fully Drawn Yarn, FDY) (Penning, van Ruiten et al.
2003).

In the POY route, the process ran at 2500-3000 m/min with
no solid state drawing between godets and the only drawing
of the filament occurred just below the spinnerets in the
melt state of the material. This represented a take-up pro-
cess of POY. The winding head wound the yarn ends onto
paper tubes. Relaxation of the filaments on the bobbins was
observed, which led to massive winding problems. Also, the
filaments broke off below the spinneret holesin trials with
winding speeds above 3500-4000 m/min. The amber parti-
cle agglomerates had probably disturbed the melt draw pro-
cess. Therefore, the winding process was further modified.

We attempted to use solid-state drawing in order to reduce
the observed relaxation in the POY route for amber fila-
ment. For this, the filament was wound in the FDY process.
The winding speed was 2500 m/min, but the take up speed
of the first godet was reduced and the filament was led over
the secondary godet pairs to draw the fibres at above room
temperature. The solid-state draw temperature occurred
above the glass transition temperature of the polymer. The
draw ratios (DR) were varied between factors 1.9 and 1.0.

The primary PA6 melt spinning trial (0) was used as refer-
ence. The first trial (1) of amber filaments was unsuccess-
ful. The filaments breached off as the drawing stage oc-
curred. The total drawing ratio (TDR) was about 1.72. A
more stable spinning was obtained for the second (2) and
the third (3) trials in which the TDR was decreased to 1.15.
The average throughput was about 170 dtex or 15 dtex per
filament. Parameter ng indicated the number of revolutions
per minute of the spinning pump; n_ — the number of revo-
lutions per minute of the spin-finish pump. The spinning
pump forwarded the melt towards the spinneret. The spin-
finish pump covered the filament ends with spin-finish after
spinning. For trials (2) and (3), the revolution values were
18 and 14, correspondingly. Godet 1, together with an idler
roll, took over the filament ends directly after spinning. The
speed of this Godet 1 was experimentally chosen to be
nearly the same as the speed of the filament ends after the
spinneret. It was considered, that GodetDuo 1 was “heav-
ily” drawing the yarn ends (drawing ratio DR = 1.05-1.40),
but GodetDuo 2 was additionally slightly drawing the yarn
ends (DR = 1.04-1.06). The drawing ratio was adjusted
with the godets and duogodets speed was V = 1746-3050
m/min. Godet 2 was relaxing the filament ends at room
temperature (DR = 0.98-0.99). The godets were operating
with different temperatures in the range 20-160 °C.

CONCLUSIONS

Amber particle preparation technology is required for amber
composite fibre manufacturing. The presented technology
allows processing of amber particles with mean size up to
3 um. In addition, SEM showed that the obtained particles
were agglomerates of elementary amber particles and had
regular shape. FTIR data showed that the proposed grinding
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process does not affect amber particle chemical composition
and the characteristic absorption bands of corresponding
functional groups.

The melt spinning manufacture of polyamide—amber com-
posite fibre was examined. Melt spinning and the FDY and
POY winding of the fibre was accomplished.
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DZINTARA DALINU, KURAS DERIGAS KOMPOZITA gI,(IEDRAS KAUSEJUMU VERPSANAI IEGUSANA

Tika izveidota poliamida Skiedra ar integrétam dzintara dalinpam. Dzintara dalinas tika iegiitas, smalcinot dzintaru planetaras smalkmalSanas
dzirnavas. Lai noveértétu sagatavoto dzintara dalipu struktiru un to lielumu, tika izmantota sken€joSa elektronu mikroskopija un
granulometriska testéSana. Furjé infrasarkana spektroskopija tika izmantota, lai analiz€tu dzintara dalinu kimisko struktiru. Secinats, ka
dzintara daligu vidgjais izmérs ir lidz 3 pm. Dzintara kimiskais sastavs pirms un péc smalcinaSanas palika nemainigs. Dzintara dalipas tika
sakaus@tas un ekstrudetas, ka matricu izmantojot poliamidu 6. Apstrade tika izmantota kaus€juma vérpSana, lai izgatavotu poliamida —
dzintara pavedienus. Dalgji gatava dzija un pilniba izstradata dzija tika iegutas tikai péc hot-drawing eksperimentiem. Dzintara kompozita
Skiedru pétijumu rezultati var biit nozimigi tekstilizstradajumu raZoSana.
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