TiOx THIN FILMS AP DBD DEPOSITION ON POLYAMIDE ROPE
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In our study we investigated the process of atmospheric dielectric barrier discharge (ADBD) application for
deposition of titanium oxide thin film on polyamide ropes to improve their abrasion resistance and hydrophobicity.
Exploration focused on optimisation of the deposition process. Surface morphology was studied by the SEM. The rope
fiber abrasion tests were performed, too. The samples covered with TiOy thin film proved to be more abrasion resistant.
their surface stayed relatively steady in comparison with unmodified samples after the abrasion test.
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1. INTRODUCTION

In the recent years, much attention has been paid to
thin film deposition process under atmospheric pressure.
There are some indisputable advantages of atmospheric
deposition methods over vacuum processing [1, 2].
Furthermore atmospheric non-thermal plasma sources are
already used successfully in many fields, such as
biomedicine, food or surface treatment, ozone generation,
and surface modification [3, 4].

This paper describes practical application of TiOy

thin films deposited by ADBD PE-CVD process
on polymeric substrate — polyamide (PA) ropes
for strengthening their abrasion resistance

and hydrophobicity. Research focused on achievement of
film homogeneity and good film adhesion to individual
polyamide fibres of the rope. Tested types of ropes are
usually used by mountaineers.

2. EXPERIMENTAL

Experiments were carried out in a Plexiglas reactor
with dimensions (90x79x41) mm®. AP DBD CVD system
consists of the reactor, gas input and AC power supply.
The discharge was ignited between two brass electrodes
(45x8x18) mm’ and (40x17x18) mm® which were placed
within the reactor. Bigger grounded electrode was
covered by a glass plate ((70x46x1) mm’). The electrode
configuration is shown on Fig. 1. The inter-electrode
distance was adjustable 10 mm. Fuller description of set-
up is described in [5].

To be able to place the rope properly into the reactor
during  experiments, two  holes (D~ 10 mm)
symmetrically placed in the walls of the reactor had to be
bored. The axis passing through centres of the holes was
parallel with upper planes of electrodes and perpendicular
to the longitudinal axis of symmetry of electrodes. It also
passed through the centre of the inter-clectrode region
(see Fig. 1). Several thin films “areas” 7 cm long
and 1 cm wide, each separated by 4 cm long unmodified
region were deposited one after another on every tested
rope. Each thin film “area” deposition time was 10 min.

Titanium (IV) isopropoxide (TTIP) 97% purity
(producer: Alfa Aesar) was chosen as a precursor

for TiO4 thin film deposition because it is ecologically
benign and harmless to humans or the environment.

TTIP vapour was mixed with Ar (gas flow
rate 1 slm) in the evaporator and transported
into the HV electrode cavity where it was mixed
with oxygen (gas flow rate 2.5 slm). The gas mixture was
blown into discharge space through the hole (diameter
3mm) in the high voltage electrode perpendicularly
to the sample. Gas streams were monitored using mass
flow meters. Experiments were performed with 30°C of
TTIP evaporation temperature. Argon and oxygen were
purchased in the Air Products Company, CZ.

Film deposition was performed with discharge
power about 350mW  (at 15...15.5kV, 50 Hz).
The maximum value of the current was about 1 mA.
AP DBD during deposition sustained in the filamentary
mode only. Experiments were performed in air at room
conditions  (pressure  about 756 Torr, humidity
(40...45) %, and room temperature 22...24°C).

Scanning electron microscopy (SEM) was used
for surface exploration of ropes. SEM was performed
with electron microscope JEOL JSM-7401F. SEM test
samples formed shredded pieces of ropes with deposited
thin film; each sample contained about 1 cm” of the film.

Fig. 1. Electrode configuration in the AP DBD setup

We performed also test of individual fibres. The fibres
were deep-frozen (at approx. (-170) °C), cut with scalpel
and then SEM examined. Studies focused on the shape of
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uppermost cutting plane and its edges. Results will be
discussed in next part of this paper.

The home-build equipment for abrasion resistance
test was engineered in compliance with the Germany
standard TL 4020-0030 relevant to climbing and other
ropes. Scheme of the abrasion resistance test installation
is presented in Fig. 2.
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Fig. 2. Scheme of the abrasion resistance test installation
(TE — test edge)[6]

Its principle is as follows: one end of the test sample-
piece of rope is eccentrically fixed to the disk. The disk had
been rotated by motor. The other end of the rope was
stretched over the test edge (TE) and roller and was tensed
by 10 kg weight. Short sample was lengthened by cord.

Fig. 3. SEM image of PA fibers with TiO, film:
Magnification: a) 150x b) 500x

Tested rope was set in motion over the test edge
by rotating disc and the rope surface had been abraded.
Abraded part length of the rope was approx. 6 cm.
The angle of rope slope to the motor was in the range
from 12° to 39° and depended on fastening position.
The test edge was covered by hard chrome-nickel
abrasive coating with roughness R,=250. Motor frequency
was 50 turns/min. Standard number of 1000 system cycles
was taken for test, i.e. 20 minutes time duration.
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3. RESULTS AND DISCUSSION

The surface analysis of thin TiO, films deposited on
polyamide ropes/fibres was performed with SEM.
Evidently the thin film deposited in AP DBD was
relatively homogeneous, but with slight sticking
of individual fibers. Besides the continuous film, also
some small dust-like particles were observed
on the modified surface. Their existence was probably
related with formation of dust particles in the discharge
region. No delamination of the film was observed,
its adhesion was good. Nevertheless, Fig.3,a,b
demonstrate moderate deformation of rope braid,
which developed during deposition (sample stretching).

In addition to the surface analysis tests, the rope fiber
breaking test was performed, too. Specifically, film
detachment after fracture of individual fibers was tested.

Some of fibers were unplaited from the rope, frozen
to (-170) °C and cutting by scalpel. Electron microscopy
image of the cutting plane is shown in Fig. 4.

Fig. 4. PA fiber cutting plane (magnification 2000 x)

.

Fig. 5. Enlarged photos of the rope sample:
a) thin TiO film covered, b) unmodified



Unfortunately this method was not sufficient for fiber

plane surface studies because of fiber thickness
(~ 10 um). Fibers were too flexible even atlow
temperatures.

Nevertheless the thin film shelling was not observed.
Its absence indicates sufficient film adhesion to the fiber.
However scalpel cutting deformation caused this test to be
unreliable.

Abrasion resistance tests were carried out at PA ropes
with and without TiO film deposition. Test results are
presented in Fig. 5. Undeposited samples were more
susceptible to the mechanical impacts and their surface
was more defaceable and less abrasion resistant. Samples
covered with TiO, proved to be more abrasion resistant;
their surface seemed to be less harmed after the abrasion
test.

resistant to the abrasion, their surface stayed relatively
steady after the abrasion test. These tests were performed
on the laboratory scale only.
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Results of experiments indicate that AP DBD thin
film deposition on the polyamide rope might be applied
for of polymeric mountaineer equipment quality
enhancement, although further optimisation of the
deposition process and reactor improvement would be
unavoidable.

CONCLUSIONS

Titanium dioxide (TiO,) thin films were deposited
on the polyamide ropes/fibres by AP DBD PE-
CVD method. Deposited samples proved to be more
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HAHECEHHME TOHKHX IIVIEHOK TiO, C HCITOJIb3OBAHUEM ATMOC®EPHOI'O
JUDJIEKTPUYECKOI'O BAPBEPHOI'O PA3PAIA HA IOJIMAMU/HBIE TPOCHI

10. Knenoko, A. Iuxan

Mbl M3yyanu NpUMEHeHHe aTMOC(EpPHOro AMDIEKTpHYecKoro OapbepHoro paspsaa (ADBD) mis ocaxnenus
TOHKOH TNICHKH OKcHaa TUTaHa Ha nmonuamunseiil (PA) tpoc. Torkue mienkn TiO4 Ha PA-nmommosxkax ObIIH MOTydeHBI
10CJIe ONTUMHM3AIMK YCIOBHUH mporecca. Mccnenosanochk, B OCHOBHOM, BIMSHHE IUIa3MEHHOTO INPOIECCa HAHECEHMS
TOHKOW IIJICHKM Ha YJIydllIeHHE IOBEPXHOCTHBIX CBOiicTB PA-Tpoca. Mopdosorus MOBepXHOCTH H3y4ajach C
nomotupto SEM. Taroke ObUT IMPOBENEH TECT Ha CONPOTHBICHHE K W3HOCY OOpaslloB BOJIOKHA C IJICHKOW H 0e3.
O06pasuel, nokpeiTeie TiOj, MociIe NMPOBEICHUsI TeCTa Ha M3HOC MOKa3alld OOJIBIIYI0 YCTOWYHNBOCTb, UX MOBEPXHOCTH
OCTaBaJIMCh OTHOCUTEIBHO HETIOBPEXKACHHBIMU 110 CPABHEHUIO ¢ 00pa3aMu 0e3 IJIEHKH.

HAHECEHHS TOHKHX IVIIBOK TiOx 3 BAKOPUCTAHHAM ATMOC®EPHOI'O
JIEJJEKTPUYHOI'O BAP’€EPHOI'O PO3PAY HA ITOJIAMIZIOBI TPOCH

I0. Knenoko, A. Ilixan

Mu BUBYAIH 3aCTOCYBaHHS aTMOC(EpHOTO AieaeKTpuaHOro Oap'epHoro po3psany (ADBD) misa ocamkeHHS TOHKOT
IUTIBKM OKcuAy Tutany Ha moiiaminauii (PA) tpoc. Tonki mmiBku TiO, Ha PA-mimkmankax Oyiio oTpuMaHO micis
onTuMizanii yMoB mpouecy. JlocmiipKkyBaBcs, B OCHOBHOMY, BIUIMB IUIa3MOBOTO MPOLECY HAHECEHHS TOHKOI IUTIBKU Ha
MOKpAIeHHs TIOBepXHEeBHUX BiactuBoctel PA-Tpoca. Mopdoutorist moBepxHi BuB4anacs 3a gornomororo SEM. Takox
OyJI0 POBEICHO TECT HA OIIIP JI0 CTUPAHHS 3pa3KiB BOJIOKHA 3 IUTIBKOIO 1 0e3. 3pasku, BkpuTi TiOy, miciis mpoBeaeHH
TECTy Ha CTHPaHHS MMOKa3aJIH OUIbIIY CTIHKICTb, IX TOBEPXHI 3aJIMIIAIIKCS BiITHOCHO HEMONIKO/KCHUMH B TIOPIBHSHHI 31
3pa3kaMu 0e3 TUTiBKH.
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