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9.1 Formation of Surface Pd-Ti Alloys Using Pulsed Plasma Beams
by J. Pickoszcwski, Z.Werner, E.Wieser", J.Langner, R.Grotzschel0, H.Reuther", J.Jagielski

Surface alloying of Pd into Ti is known as an
effective way of achieving passivation against redu-
cing acid environments. Such alloys used to be
formed by electroplating in combination with
diffusion annealing, ion implantation of Pd inlo Ti,
and ion or laser beam mixing of Pd film pre-
deposited on a substrate. We demonstrate a new
approach to formation of Pd-Ti alloys using intense
plasma pulses containing Pd ions.

This technique has some features of ion implan-
tation (mass transport takes place) and some features
of laser processing (melting of near-surface layer oc-
curs). In our experiments Ti-foil substrates were ex-
posed to irradiation by Pd-N and Pd-Ar plasma pules
of energy density 4-5 J/cm2 and duration in the
microsecond range. Plasma pulses were generated in
the rod plasma injector (IBIS) type of accelerator
developed at IPJ. The number of pulses was: 5, 10,
and 20.
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Fig. 1 RBS spectra of the irradiated samples

RBS spectra of irradiated samples show a sub-
stantial mixing of Pd into Ti substrate. A sharp sur-
face Pd peak accompanied by a tail in the low
energy range indicates that Pd has diffused quite far
into the substrate. The range of mixing for both N2

and Ar working gases (as estimated from the
spectra) amounts to about 0.5 pm for 5 pulses, and
over 1.3 pm for 20 pulses.

The pure Pd layer on top on the processed
substrate originates from the inherent features of the
mechanisms governing the process. Ions of the
working gas which arc accelerated during the
discharge to an energy of the order of 1-10 keV
arrive at the substrate in microseconds. They heat

and melt its near surface layer. The melted phase
lasts from few to several microseconds before
solidification takes place. The evaporated metallic
atoms of a kinetic energy on the level of fraction to
few eV reach the surface with a delay much longer
(>10 u.s) then the duration of liquid state. Therefore,
the metallic vapour only condenses on the re-soli-
dified surface without mixing with the substrate. The
subsequent pulse melts both the metallic layer (pre-
deposited by the former pulse) and the near surface
region of the substrate, so an effective mixing via
diffusion can occur. Each next pulse repeats the
pattern outline above.

The results of the remaining characterizations are
collected in the table:

Sample
No.

010
013
08
09
014
015

No. of
pulses

Am,
[Hg/cm2 |

Anipo
lug/cm2] [mV]

Pd-N plasma: x=170,us, UD=30 kV
5
5
10
10
20
20

Pd-Ar
06
07
05
016
017

Refer.

5
5
10
20
20

-

47.5
37.5
70

87.5
180
165

36.3
75

153

plasma: T.= 190(us, U

97
92.5
197

307.5
285

-

-

97.5
196.5
307.8

-

-

672

660

647

=30 kV

679
703
682

-
492

k
[m.'Vtnr]

R.,
||jm|

L=300 mm

0.37

0.93

1.78

0.17
0.25
0.16

0.20
0.25

, L=300 mm

0.36
1.05
0.31

-

0.45

0.28
0.20
0.21
0.25
0.23
0.22

R,
iMml

0.92
1.17
0.88

0.98
1.32

1.66
1.30
1.37
1.77
2.01
1.54

Am, is the total mass change, AmPd is the Pd thickness, Vc, lc are
corrosion potential and current.

The principal features of the pulse plasma pro-
cessing that emerge from this work:

1) Efficiency of Pd deposition for 5 Pd-N plasma
pulses on the average is 8.5 |ig/cm2 per pulse and
is smaller than that for Pd-Ar plasma (19 pg/cm")
by a factor of about 2.2. This relation decreases
substantially for 20 pulses, i.e. to a factor of about
1.7.

2) Values of Am, and AmPd do not differ within
the accuracy of EDX measurements (-7%).
Therefore, the difference between them can not
be ascribed neither to the ablation of the sample
nor to additive of Ti eroded from titanium part of
the electrodes.

3) There are no essential differences in appearance
of the roughness profiles and parameters of Ra
and Rz for different processing conditions. The
surface roughness is caused mainly by post-
rolling features on the unprocessed substrates,
whereas on the processed ones the post-rolling
features are smeared out or absent at all.

4) Preliminary corrosion tests show the corrosion
potential increases substantially in all Pd alloyed
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samples. However, a decrease of corrosion
current occurs only for some samples.
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9.2 Kinetics of the Pulsed Erosion Deposition Process Induced by High Intensity
Plasma Beams
by J.Piekoszewski, J.Stanislawski, R Grotzschel1', E. Wieser1}, Z.Werner

Over the past several years we conducted a num-
ber of experiments on modification of surface pro-
perties of materials using high intensity pulsed plas-
ma beams. This technique has some features of ion
implantation since a mass transport takes place, and
some features of laser processing since heat tran-
sport and hence melting of the near surface layer
occurs. High-intensity short-duration pulse of plas-
ma deposits its energy on the surface of the sub-
strate; the energy is transformed into heat. At
sufficiently high density of the beam power (on the
order of 106 W/cm2 or more) a rapid temperature rise
occurs in the irradiated region, leading to melting of
it. Once the surface layer is molten, a rapid inward
diffusion of the pulse deiivercd or/and pre-deposited
atoms takes place. If the pulse is in the microsecond
range, then the near surface layer remains molten for
a period of few to several microseconds. In many
cases it is enough to enable the deposited atoms to
penetrate the substrate to a depth in |_nn range. The
plasma pulses capable to induce such a process are
generated in rod plasma injector (RPI) type of
generators described in details elsewhere. Briefly,
the plasma pulses are generated as a result of a low-
pressure, high current discharge between two
concentric sets of electrodes. A high voltage pulse
delayed some time xd with respect to the moment of
the injection of the working gas into the inter-
electrode space ignites the discharge.

If xd is set long enough to allow the injected gas
to expand over the whole inter-electrode space, the
plasma contains almost exclusively the elements of
the working gas. This mode of operation is referred
to as Pulse Implantation Doping (PID), typically
occurring for xd= 190-210 us (for nitrogen as wor-
king gas). For short tj there is a steep gradient of the
gas concentration in the inter-electrode space, and
effective erosion of metallic electrodes occurs. This
regime is referred to as Deposition by Pulsed
Erosion (DPE). In both regimes plasma carries
sufficient energy to melt surface layer of substrate.
DPE leads to formation of well adhering metallic
films and in some cases to long range mixing of the
deposit-substrate system. Up until recently, we used
to assume that in the PID regime plasma pulses are
rich in ions of the working gas, whereas in the DPE
regime plasma contains mostly metal ions. Such be-
lief was strongly supported by results of Auger

analysis of steel substrates processed with Cu-N
beams [1], since the PID-processed near-surface lay-
ers were rich in N atoms, whereas Cu dominated in
the DPE layers.

Although there is no doubt about the PID case,
the situation of the DPE is not so clear. In our recent
experiments with Mo and Ti electrodes, sapphire
substrates and nitrogen as the working gas [2], in the
case of Mo electrodes and 5 pulses of DPE treatment
the resulting structure consisted of micro droplets
with a homogeneous thin film of metal in between.
Formation of droplets as a result of a large
difference in the surface tension between metallic
deposit and substrate was already observed and ex-
plained in [3]. In the case of Ti apart from the
surface film also mixing of Ti atoms with the sub-
strate was observed. The simplest explanation of
presence of the film is that metal ions and/or atoms
reach the surface when it is already solidified after
the last pulse. In order to get insight into the kinetics
of the DPE process, in the present work we
performed a series of experiments under the
following conditions: energy density ~6 J/cm2, 3 dif-
ferent working gases (N, Ar and Xe with optimized
Td equal to 160, 190 and 240 \xs respectively), Ti
electrodes, and A12O3 substrates placed 30cm away
of the electrodes. Ti-Al2O3 is miscible in the DPE
process [2]. Samples were processed with 1, 2 or 3
pulses, next analyzed by RBS technique. Unexpec-
tedly no mixing of Ti into the substrate was obser-
ved after 1 pulse, whereas after 2 and 3 pulses
mixing was quite evident. Principle conclusions
emerging from these facts are as follows:

(i) Metal atoms ablated from electrodes do not
undergo acceleration during discharge along with
the working gas atoms. Time-of-flight to the
substrate xf of Ti ions accelerated to energy ~ 1 kV
would be ~5us i.e. only 2 |is longer than that of N
ions. Molten phase at the substrate surface lasts
about 10p.s - enough for ions to get mixed by
diffusion in liquid phase. The situation should be
even more favorable for Ar or Xe working gases
when Tf of Xe ions is about 1.6 times greater than
that of Ti ions, whereas Ar arrives practically at the
same time as Ti ions do.

(ii) A likely mechanism of ablation is
bombardment of ends of the electrodes by electrons


