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Paper refers about a novel plasma reactor exploiting the dielectric barrier discharge (DBD) burning in air at
atmospheric pressure by ambient temperature and its usability tests. Test modifications were performed with the high
density polyethylene powder Borealis CB 9155-01. Modification effect was evaluated by means of dynamic capillarity
rising measurements. Tests proved significant powder capillarity changes. The existence of powder surface changes was
also confirmed by ESCA tests. Modification aging effect was remarkably small, hence modification effect is very time
stable. In comparison with other in literature described apparatuses used for this purpose the plasma reactor is of a
simple construction and needs no vacuum equipment. Its operation costs are low. Described plasma modification
method seems to be an appropriate method for plasma modification of polyethylene powder on the industrial scale.
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1.INTRODUCTION

Due to its characteristics polyethylene plays important
role in industry—it is easy manufacturable and
machinable, it is characterized by low wettability, good
chemical resistance, high fracture strain and viscosity and
it is also physiologically irreproachable. On the other
hand polyethylene’s nonpolar structure results in its poor
paintability, printability and stickiness. To improve these
deficiencies, polyethylene has to be treated by various, at
present mostly chemical methods, but these are mostly
not environmentally friendly and search for alternative
methods is urgent.

Polyethylene is produced in form of foils, fibers, films
and powder. In the past two decades polyethylene (and
other polymers) material surface properties improvement
has been extensively studied with methods based on the
plasma treatment. Experiments mostly focused on
modification of polymer foils, fibres and films, but
without distinct success. Research concerned with
modification of powders has been less common, probably
due to difficult manipulation with the powder during
experiments.

For modification of polymer powder surface properties
like wettability and adhesion without changing powder
bulk properties there have been mostly applied methods
employing low temperature (“cold”) plasma treatment at
low pressures, for citations of the most important reports
see Arpagaus et al. [1].

Polymer processing technologies exploiting
atmospheric pressure plasma aim at modification of
chemical and physical properties of a polymer surface.
The change of polymer surface chemical and physical
characteristics is provided by functionalization of the
polymer. The used gas chemistry depends on the desired
surface properties to be imparted, e.g. plasmas
containing O, increase surface energy by bonding of

O atoms onto the polymer surface, thereby increasing its
wettability.

A low-temperature discharge at atmospheric pressure
is usually very unstable and it consists of many micro-
discharges with a very small radius (each about 0,1 mm).
These micro-discharges easily transit to the arc. The
easiest way to get a low temperature plasma at
atmospheric pressure is DBD. DBD glows between two
electrodes separated by a gas gap. At least one of the
electrodes is covered by a solid dielectric. When a high
voltage is applied to the electrodes, tiny breakdown
channels develop in the discharge channel. These micro-
discharges are characterized as a weakly ionised plasma.
Its energetic electrons provide an effective tool for
chemical surface modification. Ultraviolet radiation
produced by the DBD at atmospheric pressure is also
participant  in  polyethylene  surface  properties
modification.

The goal of in this paper described experiments was
design and investigation of a novel plasma reactor
exploiting the DBD burning in air at atmospheric pressure
by ambient temperature.

2. EXPERIMENTAL

Atmospheric DBD reactor consisted of the vertically
adjustable discharge channel connected with the power
supply and control units (Fig. 1). Plasma was generated in
the channel confined by two identical rectangular brass
electrodes (mutual distance was 11 mm) and two identical
glass walls. One of electrodes was covered with a glass
plate. There were used two channels with different
“active” regions ((9x30) mm cross-section and length
100 mm and 242 mm. During all measurements reactor
channel direct axis and reactor base formed an angle 45°.
Electrodes were connected to the adjustable high-voltage
supply. Plasma reactor was designed as a gravity-fed. For
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Fig. 1. Schematic view of the experimental apparatus

simulation of larger apparatuses operation, in each
experiment the powder batches were repeatedly filled in
the discharge channel of the reactor, number of transits
through the reactor being one of investigated parameters.
Trajectories of powder particles were not straight in the
channel and due to very low powder particle mass and
forces acting in the channel most powder particles moved
downward to its bottom on randomly “stirring like”
trajectories.

The precise measurement of the particle modification
time was hardly practicable, nevertheless the modification
time corresponding to one transit through the reactor
could be estimated not longer than 1 s.

Modification in atmospheric dielectric barrier
discharge was performed in stationary air under
atmospheric pressure (743...754) torr, room temperature
(20...23) °C and humidity 35-57%.

For tests the high density polyethylene powder
Borealis CB 9155-01 was used.

The wettability of this powder was determined with a
tensiometer from dynamic capillarity rising measurements
according to the Washburn method [2]. Examined powder
had been soaked up with the test liquid (benzyl alcohol)
while simultaneously the suction velocity was determined
and used for capillarity values calculation.

For all measurements the Fraunhofer Institute
measuring unit HBM MVD 2555 was used.

Modification effectivity presented by capillarity
increase (100% corresponds to the capillarity of
unmodified powder) is shown in Fig. 2. All tests except
050202 were performed in the longer reactor channel.
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Fig. 2. Dependence of the modification effectivity on
number of transits through the reactor channel (for both
types regardless the difference of their lengths)
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Modification in both types of channels (Fig. 2) shows
similar capillarity percentual increase, i.e. modification
effectivity. In case of small number of passages (up to
fifteen) the modification effectivity seemed to be similar
for both of channels, despite of difference of their lengths.
Test proved existence of some “saturation” limit, behind
it no other capillarity increase was observed. Definition of
capillarity “saturation” limit position might be connected
with the composition of the air in the plasma reactor
channel, and also the method used for powder batch
manipulation.

Important aspect for practical application of plasma-
modified powder is the modification effect time-stability.
Powder wettability changes induced by modification were
tested almost during one year after the modification date.
The plot of aging expressed by powder capillarity—time
relation for samples of various powder batches with
maximum number of transits is shown in Fig. 3.
Modification effect reduction was very small, most
changes seemed to occur in the first 100 days after the
modification date. In later dates after modification
modified powder wettability values remained stable. Such
a long time stability (20% drop after more than one year)
of the modification effect was probably up to now not
referred in connection to any other way of the high
density polyethylene powder plasma modification and is
remarkable. Our initial capillarity drop seemed to be
smaller than results described in [1], reporting about
modification of a similar type of polyethylene powder,
but in a plasma downer reactor and about aging test
during only 40 days after modification.
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Fig. 4. ESCA results of the air plasma treated Borealis
CB 9155 powder in the DBD plasma reactor (samples
050314)



After plasma treatment polyethylene powder chemical
state and changes of its surface characteristics were also
tested by the ESCA spectral analysis method. Existence
of single intense carbon C-1s Peak, characteristic for
basic untreated polymer, was distinct in this scan of
unmodified powder (see Fig. 4).

Existence of oxygen on the powder surface, that
appeared after plasma treatment is considered as one of
proofs of the powder surface modification efficiency. In
the modified powder ESCA scan there was evidently
present the oxygen O-1s peak (Fig. 4); its maximum grew
in dependence on the number of transits through the
discharge channel.

Existence of new functional groups created by plasma
incidence at the modified powder surface was confirmed

tests. Modification aging effect was remarkably small,
hence modification effect is very time stable. In
comparison with other in literature described apparatuses
used for this purpose the plasma reactor is of a simple
construction and needs no vacuum equipment. Its
operation costs are low. Described plasma modification
method seems to be an appropriate method for plasma
modification of polyethylene powder on the industrial
scale.
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CONCLUSIONS

Paper refers about a novel plasma reactor exploiting
the dielectric barrier discharge (DBD) burning in air at
atmospheric pressure by ambient temperature and its
usability tests. Test modifications were performed with
the high density polyethylene powder Borealis CB 9155-
01. Modification effect was evaluated by means of
dynamic capillarity rising measurements. Tests proved
significant powder capillarity changes. The existence of
powder surface changes was also confirmed by ESCA

INPUMEHEHME IIJIAZMbI IUDJIEKTPUYECKOI'O BAPBEPHOI'O PA3PAJIA ITPU ATMOCO®EPHOM
JABJIEHUU JIAA MOJUP®UKANIUU TOJIUITHIIEHOBOT O IIOPOIIIKA

A. Huxan, A. Xnaoux, I1. Cnamenxa, JI. Ayopexm

OnucaH HOBBIH MIA3MEHHBINA PEAKTOP, B KOTOPOM HCIIOJIB3YETCS AMIICKTPHUCCKUI OaphepHBIA pa3ps B BO3IyXE
KOMHATHOHW TeMIlepaTypsl Ipyu aTMOC(EepHOM NaBICHWH, W pe3yNbTaThl ero ucmbiTaHuid. IIpoBepka >ddexrnBHOCTH
peakTopa ObUIa TIpOBENIeHa C MOJIMATHIIEHOBBIM MTOPOIIKOM Ooipmon mrotHocTH Trma Borealis CB 9155-01. Dddexr
MOIU(UKAIIMHA OICHUBAJICA C IOMOIIBI0 H3MEPEHUH IUHAMHKH POCTa KaMWUIAPHOCTH. VICHBITaHWA TOKa3aiu
3HAYNTEIbHBIC W3MCHCHHS KANWUBIPHOCTH TIOPOIIKa. Hanmwmuume W3MEHEHHH TOBEPXHOCTH WOPOMIKa OBLIO
MOJTBEPXKACHO NaHHBIMM Hu3MepeHuil ¢ momompio Merona ESCA. BiusHHe Ha CKOPOCTh CTapeHHUsl OKa3ajaoch
HEOOBIKHOBCHHO CJIa0BIM, T.C., d(h(eKT MOIuGUKAIMU SBISCTCS CTaOWIBHBIM BO BpeMeHH. [lo CcpaBHEHHIO C
HCHOIB3YEMBIMU IS 3TOW IENH YCTPOIICTBaMH, OMMCAHHBIMH B JIUTEpAType, MpeIaraeMbli IIa3MEHHBIH peakTop
UMEeT MPOCTYI0 KOHCTPYKIMIO W HE HYXKJIAeTCs B BAKYYMHOM 00OpYyJIOBaHMH. Y HEro — HHU3KHE IKCILUTyaTallMOHHBIE
pacxomel. ONWCAHHBIM METOX IDIA3MEHHOW MOIM(HUKANNN TPEACTABISACTCS IOAXONIIINAM Ui HCIIOIB30BAHUS
IDTa3MEHHOW MOIU(HUKAIINY TOTHATIIICHOBOTO MTOPOIIKA B TPOMBIIIICHHBIX MacIITadax.

3ACTOCYBAHHSA IVIASMU JIEJTEKTPUYHOI'O BAP'€EPHOT'O PO3PAAY TP ATMOC®EPHOMY
TUCKY JJI1 MOJU®IKAILII MMOJIETUJIEHOBOI'O MOPOIIKY

A. Ilixan, A. Xnaoux, Il. Cnamenxa, JI. Ayopexm

OnwucaHo HOBHH IJIa3MOBHH pPEaKTOp, y SKOMY BHKOPHUCTOBYETBCS Ii€JICKTPUYHHUII Oap'epHUil po3psj y MOBITpi
KIMHATHOI TemIlepaTypu npu arMocepHOMY THCKY, 1 pe3ynbTatH #oro icrnutiB. [lepeBipka eheKTHBHOCTI peakropa
Oyna mpoBeleHa 3 TONIETHIICHOBAM TIOPOITKOM BeNHKOi miumesHOCTi Tumy Borealis CB 9155-01. Edext momudikarii
OILIIHIOBAaBCS 3a JONOMOTOI0 BUMIpIB TUHAMIKH POCTYy KaNUIAPHOCTI. IcnuTH moka3amy 3HA4YHI 3MIiHM KamIIpHOCTI
nopoiky. HasBHiCTH 3MiH MOBEpXHI MOPOWIKY OYyJI0 MiITBEp/KEHO JaHWMH BHMIpiB 3a pormomoroio Merony ESCA.
BB Ha MBHAKICTh CTApiHHSA BHUABHUBCS HE3BHYAWHO CIAOKHM, TOOTO, eeKT Moaudikalii € cradimpHuM y 4aci. Y
TIOPIBHSHHI 3 BUKOPHCTOBYBAHUMH JUIS Ii€] METH NMPHUCTPOSIMH, OIMMCAHUMU B JITEPaTypi, MPONOHOBAHHUH IJIa3MOBHH
peaxkTop Mae MpocTy KOHCTPYKIIIO 1 He Mae OTpeOr y BaKyyMHOMY yCTaTKyBaHHI. ¥ HbOI'O — HU3bKI €KCIUTyaTaliiHi
BuTparu. OnucaHuii Mero]| ria3MoBoi Moaudikamii MpeACcTaBISETHCS MIIXOAANIMM A BUKOPHCTAHHS TUIA3MOBOT
Mou(DiKalii MoJieTHICHOBOTO MTOPOIIKY B IPOMHUCIOBUX MacIiTabax.
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