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ABSTRACT

The surface properties of the strings control the comfort and quality of textiles. The
measure of the smoothness and slipperiness of textiles are evaluated by the friction
coefficient displayed by sliding of textiles against human skins or other textiles. The
extensive use of polymeric fibers such polyester (PET) in textile industry increased
the need to investigate their triboelectrification during contact/separation and sliding
on cotton as well as human skin. The electrostatic charge (ESC) generated from the
friction of PET strings against cotton was tested.

The present study showed that among the tested strings, PE generated the highest
negative voltage followed by PET, while wool recorded the highest positive voltage
followed by PMMA. Besides, the blend of wool/PET and wool/PE strings reduced
ESC generated after contact/separation and sliding on cotton, where ESC decreased
with the increase of the PMMA content. It was observed that, inserting Cu wires and
CF in the core of polymeric strings showed drastic ESC decrease. The effect of Cu
wires was more effective than CF to reduce ESC. Finally, blending the polymeric
strings as well as inserting Cu wires or CF in the polymeric strings are recommended
to decrease the generated ESC.
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INTRODUCTION

The extensive application of polymeric strings in textiles raised the necessity of
reducing their triboelectrification. Electrostatic charge (ESC) generated from sliding
of the polymeric textiles against cotton and human body should be reduced to avoid
serious health problems. Recently, ESC generated from the contact/separation and
sliding of polymeric textiles on cotton and wool was tested, [1 - 8], by blending
polymeric strings of dissimilar electrostatic properties or by filling by carbon fibers
(CF). ESC of specimens of PET blended by polyamide (PA), rayon strings were
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investigated by sliding on cotton and wool textiles. It was observed that ESC
decreased with increasing PA content. The lowest values of ESC at sliding were
detected at 93 wt. % PA. Blending cotton and wool with polymeric fibers decreased
ESC generated from their friction with each other, [9 - 11]. Therefore, blending of
fibers was recommended. Besides, it was observed that addition of carbon fibers (CF)
into the polymeric strings drastically decreased ESC compared to that observed in
strings free of CF due to the good electrical conductivity of CF.

It was found that use of textiles with conductive earthed threads can decrease the
friction-induced injuries of skin like blistering in sport, [12 — 14]. Further researches
were recommended to study the friction as well as the contact between foot, sock and
shoe during walking and running. In automotive application, the contact of the covers
of car seat against the clothes can generate ESC of values depended on their
electrostatic properties, [15 - 17]. The friction as well as the contact of hair and head
scarf of textiles materials were studied, [18 - 23]. The contact/separation and sliding
of cotton, PET and PA were tested against hair, where sliding displayed higher ESC
than contact/separation. PA showed the lowest friction. Human hair generated ESC
when rubbed human skin, polymers and textiles, [24 - 26].

The purpose of the present study is to decrease ESC generated from the
contact/separation and sliding of PMMA and PET strings against cotton. Two
procedures are proposed, the first is to blend the polymeric strings by others of
different triboelectric properties as well as inserting Cu wires or CF in the polymeric
strings to decrease the generated ESC.

EXPERIMENTAL

ESC was measured by the electrostatic fields (voltage) measuring device. The tested
strings were adhered into the one surface of the moving polymethyl methacrylate
(PMMA) cube of 50 x 50 x 50 mm3. The stationary surface was PMMA sheet of 5 mm
thickness and 200 mm length, where the cotton textile was adhered. Test specimens
consisted of polyethylene (PE), PET, PMMA and wool strings of 2.0 mm diameter,
Fig. 1. Tests were carried out at room temperature under 2, 4, 6, 8 and 10 N normal
loads. Tests were carried out by contact/separation as well as sliding the test
specimens against cotton for 100 mm distance. PET strings of 2.0 mm were filled by
copper (Cu) wires and carbon fibers (CF) 0.2 mm diameter, Fig. 2.

Load
Cotton Textile ¥} PMMA Sheet
7 PET
Motion CF, Cu
Direction
Tested Strings /
Fig. 1 Details of test procedure. Fig. 2 Details of the tested

string filled by Cu or CF.
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RESULTS AND DISCUSSION

The Voltage generated from the contact/separation of PE, PET, PMMA and wool
strings is illustrated in Fig. 3. It is revealed that PE generated the highest negative
voltage followed by PET, where the voltage remarkably increased as the load
increased due to the increased contact area. Wool displayed the highest voltage
followed by PMMA. The generation of the positive and negative voltage depends on
the rank of the materials in the triboelectric series. The contact and friction of
dissimilar materials generates ESC. This behavior is known as triboelectrification,
[27]. The transfer of ESC can be in form of electron transfer and ion transfer as well
as material transfer, [28, 29]. The sliding of the tested strings generated higher voltage
values than that observed for contact/separation, Fig. 4. PE displayed the highest
negative voltage up to 8200 volts. According to the triboelectric series, because PE lies
in the lower part of the series and cotton lies in the middle the friction between the
two surfaces causes the cotton to be positively charged and PE to be negatively
charged. Besides the long distance between the two materials in the series increases
the chance to exchange more electrons between PE and cotton, Fig. 5.
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Fig. 3 Voltage generated from the contact/separation of the tested strings with
cotton.
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Fig. 4 Voltage generated from the sliding of the tested strings on cotton.

Cotton

Polyester

Polyethylene
Polytetrafluoroethylene
-ESC

Fig. 5 Triboelectric series of the tested materials.

Figures 6 and 7 shows the voltage generated from the contact/separation and sliding
respectively of the blend of wool/PET and wool/PE strings on cotton. The wool
content was 50 wt. %. According to the fact that PET and PE get negatively charged
while wool gaines positive ESC when they rub cottton, the resultant ESC
accumulated on the two contacting surfaces showed relative decrease. The
triboelctric series informs that the magnitude of ESC depends on the contact
materials rank where the gap between cotton and PET is smaller than the gap
between PE and cotton. The friction between wool and cotton causes the wool in the
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upper position of the series to be positively charged and cotton that relatively in the
lower position to be negatively charge. PET and PE gain negative ESC when rub
cotton that gains positive ESC.
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Fig. 6 Voltage generated from the contact/separation of the blend of wool/PET and
wool/PE strings with cotton.
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Fig. 7 Voltage generated from the sliding of the blend of wool/PET and wool/PE
strings on cotton.

38



-100 = M
-200

-300

-400

Voltage, Volts

® 0wt % PMMA
-500 || m 50 wt. % PMMA
& 66 wt. % PMMA
A 75wt. % PMMA

-600

-700
o 1 2 3 4 5 6 7 8 9 10 11

Load, N

Fig. 8 Voltage generated from the contact/separation of the blend PMMA/PET
strings with cotton.
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Fig. 9 Voltage generated from the sliding of the blend PMMA/PET strings on
cotton.



Experiments were carried out to investigate the influence of blending polymeric
strings of different electrostatic properties such as PMMA and PET after
contact/separation and sliding on cotton, where the results are illustrated in Figs. 8
and 9. Based on the triboelectric series, PET gaines negative ESC and PMMA gaines
positive one when they rub cottton. Then the resultant generated ESC on the two
blend and cotton surfaces depends on the relative content of PET and PMMA, Fig.
10. It was found that as the content of PMMA increased, ESC generated decreased.
Sliding of PMMAV/PET on cotton recorded higher ESC values than that measured for

contact/separation.
LOAD Load

a. 100 wt. % PMMA. b. 100 wt. % PET.
LOAD

c. Blend of PMMA and PET.

Fig. 10 Illustration of the ESC distribution on the surfaces of the tested strings.

The effect of inserting CF in PMMA strings during contact/separation and sliding on
cotton textile is shown in Figs. 11 and 12 respectively, where the highest ESC values
were displayed by PMMA free of CF. As CF content increased the voltage decreased.
It seems that the ESC decrease may be from the charge transfer offered by CF. ESC
generated on the surface of PMMA strings blended by 10 wt. % CF displayed very
low voltage values that did not exceed 60 volts at 10 N load confirming the effect of
CF was significant in reducing ESC. It can be mentioned that CF conduct ESC from
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one surface to the other.
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Fig. 11 Voltage generated from the contact/separation of PMMA strings filled by CF

with cotton.
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Fig. 12 Voltage generated from the sliding of PMMA strings filled by CF on cotton.
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Fig. 13 Voltage generated from the contact/separation of the blend wool/PET strings
filled by Cu with cotton.
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Fig. 14 Voltage generated from the sliding of the blend wool/PET strings filled by
Cu on cotton.
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Fig. 15 Voltage generated from the contact/separation of PET strings filled by Cu
and CF with cotton.
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Fig. 16 Voltage generated from the sliding of PET strings filled by Cu and CF with
cotton.
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Voltage generated from the contact/separation and sliding of PMMA strings blended
by Cu wires is displayed in Figs. 13 and 14 respectively. It is shown that the voltage
drastically decreased with increasing applied load, while it drastically decreased with
increasing Cu wires content. The lowest voltage values were observed for 10 wt. %
Cu wire content. AT 10 N load the voltage value was 40 volts. PMMA gained positive
ESC while cotton gained negative one, then Cu wires facilitated the conduction of
negative ESC from cotton to PMMA and the positive ESC from PMMA to the cotton.
Consequently, the resultant ESC drastically decreased. Based on the results plotted
in Figs. 11 — 14, it can be concluded that the effect of Cu wires was more pronounced
that CF in the reduction of ESC.

The results of the strings filled by electrically conductive materials such as Cu wires
and CF were inserted in PET strings to release ESC from the surface are shown in
Figs. 15 and 16 for contact/separation and sliding respectively. Cu wires proved the
effective voltage reduction followed by CF. That behavior confirmed that voltage can
be easily reduced by reinforcing PET strings by Cu or CF. Because PET is an
insulator that trap ESC on the surface of its fibers, ESC cannot transfer from the
surface, but when the conductor contacts the surface can remove ESC. Inserting of
conducting wires or fibers inside PET allows electrons to leave the surface. Because
polymers are insulators they can trap the generated ESC on their surfaces. It is known
that ESC cannot transfer along the surface, but it can be released from the surface by
the conductor that contacts the surface. The presence of Cu or CF cores inside PET
strings allows electrons to leave the surface.

CONCLUSIONS

1. PE generated the highest negative voltage followed by PET.

2. Wool displayed the highest positive voltage followed by PMMA.

3. Blend of wool/PET and wool/PE strings after contact/separation and sliding on
cotton showed relative decrease in the resultant ESC accumulated on the two
contacting surfaces. ESC decreased as the content of PMMA increased.

4. Sliding of PMMAJ/PET on cotton displayed higher ESC values than that observed
for contact/separation.

5. When CF content inserted in PMMA strings increased ESC decreased.

6. Influence of Cu wires was more pronounced than CF to reduce the magnitude of
ESC.

7. It can be recommended to insert Cu wires or CF in the core of polymeric strings to
reduce the their triboelectrification.
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