PES FABRIC MODIFICATION WITH A CORONA DISCHARGE
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Paper presents results of experiments with polyethylene terephtalate (PET) focused on the applicability of atmospheric
corona discharge for polyester fabric (PES) modification, mainly on the relation between corona discharge input power

and the fabric’s hydrophobicity and modification efficiency.

Modification effect strongly grew according to the discharge input power, but the growth was limited by the corona
discharge conversion into the spark discharge. Modification effect aging expressed in the feathering spot size time
changes sharply diminished in time. Results of corona discharge modification were compared with those of the RF

discharge modification.
PACS: 52.25.Jm

1. INTRODUCTION

In the textile industry there is permanent search for new
methods of technological optimisation and cost-effective
production of fabrics. One of mostly used synthetic
fabrics is PES based on PET, with still growing world
production.

Since begin of the PET production single-minded effort
was paid to the PET hydrophobicity improvement
because of the PET low wettability, low adhesion, high
oil impurities cohesion and undesirable electric discharge
generation. The most reliable way how to change the
wettability of the PET is the change of its surface
chemical characteristics. The modification can be
achieved [1] by different processes, e.g. by enzymatic
hydrolysis, low pressure and atmospheric pressure plasma
application, chemical grafting or excimer laser
application [2].

The most extensive number of potential chemical
reactions on the fabric’s surface seems to be related with
the plasma modification. The effect of the surface plasma
modification depends on properties of used gas, because
of methane, ethylene, ethanol participation in the
graftage, oxide, tetrafloromethane (CF4) and ammonia
can be used for sloughing, or noble gases as helium, neon,
argon etc. effectivity as admixtures for better chemical
processes initialization.

At present fabrics modification by low—pressure plasma
is among most frequently investigated treatment methods.
It seems to be more advantageous than classical chemical
methods and offers distinctive advantages, especially easy
modification process control (control parameters being
e.g. plasma pressure, discharge input power, modification
time and distance between electrode and modified fabric),
for details see e.g. [3], [4], [5].

On the other hand the low—pressure plasma employment
is mostly joined with higher financial expenses due to the
necessity of the vacuum equipment application and batch
processing. Necessary purchase of the complex
equipment also significantly advances the final product
price. The disadvantages of the low-pressure plasma
employment might be removed with design of the
continual modification system exploiting stable
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atmospheric plasma discharges. Due to relative simplicity
of continual modification system exploiting stable
atmospheric plasma discharges its operating expenses
might be lower that that of the low-pressure equipment.
That is why we focused on the applicatibility of
atmospheric  corona  discharge for PES fabric
modification. We studied the relation between the corona
discharge input power and the fabric’s hydrophobicity
and modification effect aging expressed in the feathering
spot size time changes. Results of measurements were
compared with values obtained in radio—frequency (RF)
and microwave (MW) low—pressure discharges.

2. EXPERIMENTS

For all experiments described in this paper the
specimens made from the polyester fabric “Tesil12” were
used. The specimens had to be properly cleaned before
modification. The modification was performed in
atmospheric corona discharge generated between
grounded large plane brass electrode, diameter 45 mm
and a electrode matrix (72 Y 54) mm, a set of “single
point” iron electrodes, each of cylindrical shape, diameter
0.7 mm and spike curvature radius about 25 pm, placed in
vertices of rectangular square grid, dimensions of each
square being (9 U 9) mm, hence the distance of electrodes
was fixed at 9 mm. The electrodes were put into the open
cylindrical vessel (diameter 15 cm, height 15 cm). During
modification specimens were placed right on the large
plane electrode. All experiments were performed in
stationary air under atmospheric pressure and room
temperature. Stabilized D.C. voltage (7,4-8,4) kV was
applied to the electrodes, typical current values were (50-
281) pA. The voltage setting limited spark discharge
ignition. Modification time was 600 seconds.

Hydrophobicity was evaluated by means of the drop test
[6], 20 pl of distilled water being the test liquid. After
start of every experiment the feathering spot size was
recorded with a camera until 10 minutes from the start.
The area of the spot in the 300th second after start of the
test was used as the standard for the evaluation. The
experiment was stopped if the drop did not soak into the
fabric after 10 minutes from the start.
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3. RESULTS

Figure 1 represents the time dependence of the fabric
moistened and feathering area with obvious difference of
the fabric moistened and feathering area time evolution
for supply voltage 7.7kV and 8.1 kV. Almost linear
shapes of 7.1kV and 7.7 kV curves changed into the
polynomial for 8.1 kV and 8.4kV ones. This change of
shape might be connected with the rise of fabric
modification degree or/and existence of fabric area
“modification inhomogeneities” in case of less modified
specimens.
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Fig. 1. Time dependence of the fabric moistened and
feathering area

The corona discharge column had conical shape.
Particles ionised in corona discharge modified the fabric
in the close surroundings of their touch points with
textile. Final shape of treated area was almost circular.
The regions of ionised particle—fabric touch points were
not completely joined together in case of low
modification intensity and the test drop had to pour over
unmodified zones. The time necessary for “unmodified
zones overflowing” was relatively long and feathering
area seemed to be almost straight time dependent. The
modification “irregularities” might be corrected by
optimising of the interelectode distance.
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Fig. 2. Discharge input power dependence of moistened
and feathering area

More effective modification expressed by the treated
fabric area changes can be achieved by discharge input
power rise (Fig. 2). For in experiment used input power
values the feathering area—time dependence seemed to be
exponential, hence small change of input power resulted
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in greater change of the hydrophobicity. PES fabric
hydrophobicity changes were related with number and
characteristics of ionised particles, too. Measurements in
more intensive corona discharge were impossible due to
the spark discharge ignition.

Corona PES fabric modification effect aging expressed

in the feathering spot size time changes for different
discharge input power is shown in Fig. 3.
The feathering spot size and hence modification
effectivity had sharply diminished in time. The efficiency
drop might be connected with transformation of created
hydrophilous function groups on the fabric surface. The
transformation might be caused by chemical reactions of
created hydrophilous function surface groups with air
components. Dipoles orientation might also change
backwards in time returning into primary orientation.
Four days after modification no important difference in
hydrophobicity of modified and unmodified specimens
was found.
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Fig.3. Atmospheric corona discharge PES fabric
modification effect aging expressed in the feathering spot
size time changes for different input power values

Results of corona discharge modification were compared
with results of the RF discharge modification [7]. There
were used specimens of the same PES fabric. The
modification process seemed to be more efficient in case
of RF discharges, but having in mind the costs of
modification process the comparison is more difficult. For
detailed comparison of both methods further experiments
are necessary.

4. SUMMARY

The PES fabric was modified with atmospheric corona
discharge. Modification effect strongly grew according to
the discharge input power. The growth was limited by the
corona discharge conversion into the spark discharge.
There was performed a study of PES fabric modification
effect aging expressed in the feathering spot size time
changes. The modification efficiency had sharply
diminished in time. There was found no important
difference in hydrophobicity of modified and unmodified
specimens four days after modification.

Results of corona discharge modification were
compared with those of the RF discharge modification.
The modification process seemed to be more efficient in
case of RF discharges, but having in mind the costs of
modification process the comparison is more difficult. For



detailed comparison of both methods further experiments
are necessary.
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MOJUPUKALUSA NTIOJIUIPUPHBIX MATEPUAJIOB KOPOHHBIM PA3PAJ1OM

U. ITuxan, H. Konnep, T. Bamyna, JI. Ayopexm, I1. IlInamenka

B pabote npencraBieHsl pe3yabTaThl SKCIEPUMEHTOB ¢ noiudTuieH-repdranarom (PET), nembio KoTopsix ObUIO
BBISICHEHHE BO3MOXXHOCTH TPHUMEHEHUs] aTMOC()EPHOrO KOPOHHOTO paspsijia Ui MOIU(GHKAUH TONU3(GUPHOTO

matepuanioB (PES), rmaBHeIM 00pa3om,

3aBUCHUMOCTH TuapodoOHOCTH MarepuanoB U A(PPEKTUBHOCTH HX

MOAU(HUKAIINH OT TOTPEOIIIEMOI MOIITHOCTH KOPOHHOTO pa3psiza.

Oddexr MomudpuKkanmyu 3aMETHO BO3pacTaj C MOTPEOIIeMO MOITHOCTHIO, HO 3TO BO3pAaCTaHHWE OTPaHHINBAIOCH
TIepex0/I0M KOPOHHOTO pa3psiia B HCKPOBOH pa3psi. Pe3ynapraTsl MomuQUKaIKi KOPOHHBIM Pa3psiioM CPaBHUBAIOTCS C
pe3yJsibTaTaMH, OJTyYSHHBIMH IIPU Ucrojb3oBaHuu BY paspsina.

MOJIUPIKANIA TIOJIE®IPHUX MATEPIAJIIB KOPOHHUM PO3PAJ10OM

L ITixan, I. Konnep, T. Bamyna, JI. Ayopexm, II. IlInamenka

B poboti noparoThes pe3ysbTaTH eKcriepuMeHTiB 3 nonietuieH-repdranarom (PET), MeToro sikux OyJio BUSBICHHS
MOKJIMBOCTI B)KHBaHHS aTMOC(EpPHOT0 KOPOHHOTO po3psimy misd Momudikamii momiediproro marepianiB (PES),
TOJIOBHUM YHHOM, 3aJIeXHOCTI TigpodoOHOCTI MaTepiamiB Ta epeKTHBHOCTI X Momudikamii Bix CHOXHBaHOT

MOTYXHOCTI KOPOHHOTO PO3PSIy.

Edexr moaudikamii TOMITHO 3pOCTaB 3 CHOXHBAHOIO TOTYKHICTIO, ITPOTE LEH 3pIiCT 0OMEXYBaBCs IEPEXOIOM
KOPOHHOTO po3psily B ickpoBuil. Pedynbpratn Moaudikaiii KOpOHHUM pO3psIOM MOPIBHIOIOTHCS 3 PE3yJIbTaTaMH, SIKi

Oynu ozepxani 3 3actocyBanHsM BY pospsiay.



