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ABSTRACT

Previously, in trying to prepare perovskite type oxide powders by microwave heating, we
found out a non-equilibrium argon plasma is generated around the powders and discharge
continues stable at atmospheric pressure. In this study, we tried the plasma decomposition of
heat-stable higher organic compound such as palmitic acid which is the principal constituent
of the fimger fats. It was proved that suitable amount of coexistence of oxygen radicals into

“the argon flow accelerates the decomposition of palmitic acid. The argon-oxygen mixed gas
plasma was able to perform a complete elimination of higher organic compound.

INTRODUCTION

A non-equilibrium plasma, or a cold plas-
ma, is used for the processes of film forma-
tions, surface reformings, surface etchings,
etc. These processes are generally carried out
in vacuum In order to make the stable and
uniform plasma. However, from the view-
point of the industry, as the costs of the vac-
uum systems and their maintenance are ex-
pensive, it is preferred to develop the process
of the cold plasma without the vacuum
system, that is, an atmospheric pressure cold
plasma process.

Recently, several processes of an atmo-
spheric pressure glow plasma have been suc-
cessively developed using a pair of plate elec-
trodes!!). By the way, in trying to prepare
perovskite type oxide powders by microwave
heating, we found out that an atmospheric
pressure argon cold plasma is generated

around the powders and glows in the direc-
tion of downstream, and the plasma is kept
stable. We have studied this atmospheric
pressure cold plasma processes with the aim
of the industrial application and have previ-
ously reported some instances!®. In this
study, the plasma decomposition of higher or-
ganic compound such as palmitic acid on a
glass substrate was examined. The coated
glass samples were treated with the atmo-
spheric pressure cold plasma, and OES(Opti-
cal Emission Spectrometer), FTIR (Fourier
Transform Infrared Spectrophotometer) and
AFM (Atomic Force Microscope) were used
to evaluate the radicals in the plasma or the
plasma cleaning effect.

EXPERIMENTAL

The apparatus used for the decomposition
of palmitic acid is shown in Fig. 1. Descripti
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ons of each unit were reported in detail previ-
ously'®. This apparatus consists of a micro-
wave generator, an impedance adjustment
unit and an applicator. In the applicator, or
the plasma generation unit, a quartz tube
(18mm O.D.) was used as the plasma genera-
tor. For compre an atmospheric perssure
plasma with a vacuum plasma in the same
apparatus, the vacuum system could be con-
nected to this apparatus. After one gram of
Lag ¢Srg.2:Co04 poWder and the substrate were
placed in the generator tube respectively. Ar
gas was introduced to the tube. The output
power of the of microwave was varied within
the range of 100-400W. The impedance was
adapted in order to increase the efficiency of
plasma generation. The three stub tuner was
adjusted to minimize the power of reflected
wave. When the tuner was adjusted, the pe-
riphery of the power attained to the plasma
state and the plasma expand to the substrate.

Palmitic acid which has a high heat
resisting property was used as an inspection
material and it was coated on tHe glass sub-
strate. For the plasma treatment, Ar, Ar+H,
and Ar+O0, gases were used and the mixture
ratios were varied. The optical emission of
the plasma was measured using the multi-
channel type spectrometer, in oredr to evalu-
ate the existence of radicals in plasma. To
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Fig. 1 apparatus

judge the plasma cleaning effect, the sub-
strate was observed with an FTIR spectrome-
ter and the contact angle was measured be-
fore and after the plasma treatment. The
morphology of the substrate was observed
with an AFM, to confirm the cleaning effect.

RESULTS AND DISCUSSION

Figure 2 shows the optical emission spec-
trum of Ar plasma generated in an atmo-
spheric pressure. This spectrum originated
from 4s-4p transition of Ar atom'. In a
word, the specrum of the atmospheric pres-
sure plasma were almost identical to those of
the vacuum plasma. Hence, the atmospheric
pressure plasma generated by a aforemen-
tioned method is a non-equilibrium plasma,
or a cold plasma. The optical emission spec-
tra of an Ar+H, plasma(Ar:H,=80:20) are
shown in Fig. 3, comparing the atmospheric
pressure plasma. Although the peaks of Ar
were dominant for vacuum plasma. an H,
(656nm )™ peak was much stronger than the

Ar 4s-4p 811nm

Emission intensity /a.u.

|

Fig. 2 Emission spectrum of Ar plasma at atmo-
spheric pressure.
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Fig. 3 Emission spectrum of H,/Ar plasma at at-
mospheric pressure ; Hy/Ar=20/80vol%.

Ar peak in atmospheric pressure plasma. Fig-
ure 4 shows the optical emission spectrum of
an Ar+O0O, plasma(Ar:0,=80:20). For the
vacuum plasma, the peaks arising from Ar
and O(777nm)'® were observed. But, for the
atmospheric pressure plasma, the peaks of Ar
become weak and the peak of O stood out dis-
tinctly. These established facts indicate that
the excitation efficiency of additive gases in
the atmospheric pressure plasma is very high.
This phenomenon is not observed very much
in the conventional plasma process in vacu-
um and is peculiar to an atmospheric pres-
sure cold plasma. It is considered that these
excitation of additive gases in the atmospher-
ic pressure cold plasma is the resonance one
that is caused by an interaction with excited
argon atoms.

To this point, the features of the atmo-
spheric pressure cold plasma were mentioned.
Practical treatment results are described as
under. Table 1 shows the relation between a
variety of gas(Ar, Ar+H,, Ar+0,) and con-
tact angle of the treated substrates. In the ex-

Emission intensity Ja.u.

periment, the flux of gases, the microwave
power, and the treatment time were fixed at
600m¢/min, 300 W and 20 min, respectivel.
Table 1 Values of contact angle of the
sabstrates treted with various plasma gases.
In using Ar gas plasma, there was no dif-
ference between the contact angles before
and after the treatment. In short, the atmo-
spheric pressure cold plasma of Ar had no
ability to treat the substrate that had been
coated plamitic acid on its surface. When Ar
+H, gas was used, the contact angle in-
creased by the treatment. On the other hand,
on the case of Ar+0, gas, the contact angle
decreased with the treatment. In brief, it was
found that the surface contact angle of the
substrate can be controlled by means of the
atmospheric pressure cold plasma treatment.
The IR absorption spectra of the substrates
are shown in Fig. 5. Although the absorption
resulting from palmitic acid was observed be-
fore the plasma treatment, the decomposed
with the shape of the épectrum were changed
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Fig. 4 Emission spectrum of Q,/Ar plasma at at-
mospheric pressure ; O,/ Ar=20/80 vol%.
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Table 1 Values of contact angle of the substrates
treated with various plasma gases.

plasma gas contact angle(degrees)
Ar 60-70
H,/Ar 70-90
Oz/ Ar <5
before treatment 60-70
100
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Fig 5 Refracted IR spectra of palmitic acid coated
on the dlass substrateA : palmitic acid
coaing substrate
B : Hy-Ar plasma treated substrate
C . O,-Arplasma treated substrate

(a)
Fig. 6 AFMimages and values of suface mean roughness(Ra) of the samples

A : dlass substrate, Ra=2.21 nm

B : palmitic acid coaing substrate, Ra=0.51nm

C : O,-Ar plasma treated substrate, Ra=2.44 nm

after the treatment. With the Ar+H, plasma

treatment, the broad absorption arising from
O-H vanished. Considering the IR absorption
spectrum, OES and contact angle measure-
ment results, O-H was Ar+H, plasma treat-
ment. Moreover, after the Ar+0, plasma
treatment, no absorption was observed. The
reappearance of this result was confirmed by
many experiments. This result demonstrates
that the atmospheric pressure cold plasma in
Ar+0, flow have the high decomposing abili-
ty of palmitic acid on glass substrates.

As the decomposition temperature of pal-
mitic acid determined by DTA measurement
was over 4007, it is difficult to decompose
palmitic acid by means of general heating
methods. In order to corroborate the ability,
or a plasma cleaning effect, the surface mor-
phology of the substrate was observed with
an AFM. Fig. 6 shows the changes of the sur-
face morphology. For comparison the glass
subsssstrate which had been ultrasonically
cleaned in an acetone bath was observed. The
surface configuration of the glass substrate
was rough. However, the substrate coated
palmitic acid had a smooth surface. In other
words, the existence of palmitic acid on the
substrate could be investigated with an AFM
measurement. Then the plasma treated subst-

(c)
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rate was observed. From this observation, it
was found that the surface configuration of
the treated substrate with the plasma re-
turned to the same level of the glass sub-
strate’s surface. In short, cleaning effect of
the atmospheric pressure plasma was ascer-
tained in the view point of the surface obser-
vation, too.

Fig. 7 shows the effect of the clearance be-
tween the substrate and the plasma source on
treatment time. It took 20 minutes for a dis-
tance of 30 mm to decompose the palmitic acid
completely, and the treatment time increased
exponentially with increasing the distance.

Subsequently, the relation between the mi-
crowave output power and th treatment time
was investigated under the condition of fixed
substrate position and varied gas ratio of O,
and Ar. As the result of this experiment, it
was confirmed that the treatment time de-
creased with increasing the microwave out-
put power. Furthermore, the mixture ratio
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Fig. 7 Relationship between decomposition rate

and treatment clearance

had a strong effect on the treatment time. At
a microwave output power of 300 W, the
treatment time was almost same at any ra-
tios. Below 300 W, the treatment time at
high O,/Ar ratio was shorter than that in low
0,/Ar ratio . But above 300 W, the tendency
reversed.
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Fig. 8 Relationship between decompaosition rate
and imcrowave output power
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relative emission intensity
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To explain this phenomenon, the axis of

abscissas was converted into the optical emis-

sion intensity ratoio of O and Ar(I,/1i.). Con-
sequently, the specific tendency became clear.
Figure 9 shows the effect of the optical emis-
sion intensity ratio on the treatment time.
The treatment time dramatically decreased
with increasing the ratio. Hence, it was con-
jecture that this decomposition was owing to
oxygen radicals. It is very important for
treatment to excited the additive gas effec-
tively. In short, it was deonstrated that our
atmospheric pressure cold plasma is very
competent for the treatment of substrates.

CONCLUSION

The findings of the pesent experiments are
summarized as follows:

1) By using the atmospheric pressure
argon cold plasma which was caused by a mi-
crowave Iirradiation to a perovskite type

oxide powder, the additive gases such as
hydrogen or oxygen molecules could be effec-
tively excited.

2) Without damage of glass substrate we
succeeded in the complete decomposition of
palmitic acid on the substrate by the atmo-
spheric pressure cold plasma under argon
and oxygen mixed gas flow.
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