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Abstract

The PEN-Jet (Plasma ENergized Jet) is one of atmospheric-plasmas and available for the
surface treatment. The treatment performance of the PEN-Jet is considered to be enhanced by
increasing input power. However, the input power of the conventional PEN-Jet is limited to 200 W
due to electrode erosion at higher power. Then, the 4-in-1 PEN-Jet, which has 4 rod electrodes in the
PEN-Jet body and one exit nozzle, was developed to generate the plasma jet with higher power. In
the present study, as fundamental characteristics of the 4-in-1 PEN-Jet, gas temperature of plasma jet
and emission spectra radiated from the plasma were measured. The temperature of plasma jet at lmm
from the nozzle electrode was 700°C and that at 30 mm was 250°C in the 4-in-1 PEN-Jet, while the
conventional PEN-Jet had 200°C maximum. From the emission spectroscopy, it was found that
different N, radical radiations were observed in the 4-in-1 PEN-Jet as well as in the conventional
PEN-Jet. In order to evaluate the treatment performance of the 4-in-1 PEN-Jet, the plasma was
irradiated onto various kinds of materials. The treatment performance for glass and aluminum were
found to be 10 times and 4 times higher, respectively, compared with the conventional PEN-Jet.

Keywords: 4-in-1 PEN-Jet, Plasma gas temperature, Plasma spectrum, Surface treatment

DIz
iZX->T, ZEoD
TRHAIENTED

mi, (LFRROZEMPBEL D, ZNHOPE
U—=rrRmnttam b
Y, RELBIZANLND

W=7 az b @ LEAESEREOR
HMLELAEANEEF-TETCWSE Y, 77X
v WA REA~BRET 5L, LEAH D VI
FRROGIE X » TERE OB I G ORERH

KRET T X=DRAEFEE LT, KES 1
—J%& (AGP: Atmospheric Glow Plasma) V. %
WK N U 7 k@ (DBD: Dielectric Barrier
Discharge) . RF #&& ¥, <A 7 k& ©,




Journal of JAPS

WS TN AT — T ER E B, O
KERET T XD TY, BIEH AN
E 2R e WD E M TE L RRE VAT
—VEERNTI ST 7= TRy
PEN-Jet (Plasma ENergized Jet) 2+ N5 2 fiitg
DT T AZFORMHEET>TETCNWDL, 754
TA T T =0 ES N TS HEY
A ThHY, ZTIFIEE U RIED Y OBt
MICHRDIRL T~ B RESELI LD TH
%. —H. PEN-Jet 1%, f&EMEAOP.LIIHE
WA EERMEO—RIZ ) LR o ki EiR
RE L, IO OEMETT — 7 A ks
SELHDTHDL, MEMAB M) EEST
AEBATHI LT, T Xy halskess
S RIVEBPLBREEND, NS5O/ AT
— VIEDOEHE, RRETRET L7 — 7 WE
ETTARRLELTHWABOD, HAFHIZLE»
TT7—=7BeErsl L L, s3EREkED S
=L EREEDTD, 7T X RIBEMN

B~ EERESETHELHE 7T v L7
Dy ZOEDIMIBEERORKAETT X~ & K
[IEA S TT X2 &5, T, VAT —7
BN~ L F e VAT 5 - & T
DTFTAT 47—, BLO/EI3.
PEN-Jet Zz | BEOEIRTRIBHIRET S Z &N
TE., NEHLASLER OO T 5 %4
WATILER SR RETH 5,
PEN-Jet 0D [A4LFREE
BT 5Z 2285 T, X9 &EWVAFREEA DS
s, LinLaeils, REAHZ AN LRI
FULERRTRFE L B D IRRI T S &
W EAR GRS A L WO BENRH »7-, =D
Z 2 BEERD PEN-Jet IZR W TILEM O E
T EFATREZSEDITIEB AN H -7 (K7 200
W) ll)

LJ-‘

< BFALN %

“ﬁ\%ﬁﬁPDHﬁ@4Pm@ﬁé
INCT LT, NEEHE 4 [BFF
<>%Nm(vw%4y+~ﬁﬁpmmm\
[4-in-1 PEN-Jet] #B% L7, Zhid. 4 oD

75 R AR

Vol.15 No.1 June 2007

Mutlti-output
transformer

[ 7 electrodes

' Pulse |
modulator |

(- = Alre=

= :EI‘_I:\_] ‘D—’

| Wattmeter l |

o Nozzle || | i
Shde electrode | 1
regulator ~

34200W — e 3Imm

Fig.1. Schematic diagram of the 4-in-1 PEN-Jet
and power supply.

Fig.2. Photograph of free-buming of 4-in-I
PEN-Jet plasma (800 W).
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Fig.3. Plasma gas temperature of 4-in-1 PEN-Jet
along the jet axis with a parameter of electrical
input power.
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Fig.4. Optical emission spectra radiated from (a)
conventional PEN-Jet (200 W) and (b) 4-in-1
PEN-Jet (800 W) at 1 mm downstream from the
nozzle exit.
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Table 1 Water contact angle as a function of input power and traverse speed.

[nput Traverse Contact angle ( °)

power speed

(W) (mm/s) PET PTFE Al SUS304 Glass

Untreated - - 84 109 90 91 18

Conventional PEN-Jet 200 20 25 109 42 24 1
Conventional PEN-Jet 200 100 65 109 80 74 11
4-in-1 PEN-Jet (1ch) 200 20 36 109 55 74 less than 1
4-in-1 PEN-Jet (2¢ch) 400 20 36 109 34 72 less than |
4-in-1 PEN-Jet (3ch) 600 20 35 109 31 56 less than 1
4-in-1 PEN-Jet (4ch) 800 20 24 108 20 47 less than 1
4-in-1 PEN-Jet (4ch) 800 80 28 109 25 71 less than |
4-in-1 PEN-Jet (4ch) 800 200 32 109 51 2 less than 1
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