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Abstract

A method to improve the adhesion of a best-before date or expiration date on food packaging
printed by ink-jet printer is employment of pretreatment, such as plasma irradiation. One of the
candidates to be used in this process is the gliding arc which is a kind of atmospheric pressure
plasma. In this paper, the effect of exit aperture size of gliding arc was investigated. The
experimental parameters were short- and long-sides lengths of the rectangular aperture. Treated
width and residual ratio of printed ink after rubbing test was measured. Maximum treatment
width was about 40 mm and maximum residual ratio of printed ink was over 60%. The tendency
of the effect of the aperture size was considered from downstream gas velocity and normal and
high-speed observation of the plasma and its irradiation aspect. As a result, it was found that the
arc column played dominant role for this surface treatment.

Keywords: Atmospheric pressure plasma, Gliding arc, Exit aperture size, Polymer film, Ink jet print,

Pre-treatment

1. 5

RAEIEITIE, ERHIRR-CIHE HIRR 72 & O HIRR
KLV T0 D, HIIRFFLITOZE~ERAT
THZENEL, BEERAA 7V =y N X
A2 RGBTV S, AEEEHIIT IR
U7 m e L (Polypropylene, PP) 72 & D& 41
BIIE 7 4 W ADHNW LTV DA, K= R/LF
=S, NEETH LD, 47 EDEE
PEAME, ZOfES, B O FimiREE TRIF B
WLTLEYEARDLD L WHRERDH S, TD
BiEsR & LT, B « /L DR mAE A i3 =
ETA 7 DEENZN LEEDFERD D, W
ROFREAIE L LT, S5 (UV) BEEY
7T A BEE VR E D5, BEFEIVERES T X

<) LRRET T X< LicKBlsh 5, K&
JET7 T X~ i, BflizpdEE@ngnk, ME28E, K

WT = a A b EOALEGE E B L O T AL
HEME L W o 7 TEEAPE EOE % 2R S HEH
EhTna,

KRIET T X~ ORAEFHEITIT, a0 FKE D,
ryu—EY) FEENY THED | T—rKE
WRnd s, —MIT, BIRET 1 /L LD R
T v iE R ERTH D, 3 n AR
B, SR & PSR & TR S A, EAR
MIZ 7T A~ 2R ESE, £ OEBICHILEY) 2
XTS5 6D Th 5, BB
T, EELEBLAS Th D, L, Zil
R FORE T A B A~ IA TGS AL



Journal of IAPS

14100V, 60 Hz
Power

Power source I GA-Bq‘ower

12.5%RS,
£
32

(@)

7T A= S EE

14100V, 60 Hz

Power source

Efectro

QL7 RSY L5
“im
250

Vol.22 No.1 June 2014

0.32 MPa

Solenoid valve Regulator

Power

) 0.5 MPa
v\[]: Regulator

o) | 0.8 MPa
S G
F- i .- o

des

o
S EE=JI0.mm Air compressor

(b)

Fig.1 Gliding arc (GA) systems used in this study; (a) GA with air supplied by blower (GA-Blower), and (b) GA
with air supplied from air compressor (GA-AC) (size unit; mm).
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Fig.2 Photograph of test exit aperture of GA-Blower
in case of Lg=6 mm/L, =35 mm.
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Fig.3 Tension checker test to evaluate treated width; (a)
untreated, (b) and (c) treated with GA-Blower in cases of
apertures with Ls=6 mm/L =10 mm and Ls=6 mm/L =35
mm, respectively.

I o 2R R IT#ENTH H, £ 2T, M
fe =5 IR e CoTRBL . R I A R ¥
7 TYPE:18L) =AW TT b 7R BrE T -7,
T ITMIZIZT 7 AF v 7iH L 24 (PLUS,
48-104) Z A=, T B2 7 4, fAiE 500 g,
RO 100mm/is & L, 7 v ZEskiEE—F
MR KL 50 [A1 & Lz,

2.4 HIFEA 7 BRER

T v TRERG OTA v OFRAFEIL, mi
LB ZAT o THUERNZ RT3 2 2 &2 L7, Fig.4
BELWFigh #HWTHHT 5, £7. Fig4d IR
T Lo, FerIEBRIORITFH A, v /=
A 22— (AnMo Electronics Co., AM413ZT) # M
WT 9 El (WT—) THEE LT, BRI
mﬁ%%x¥@%4xmmxn%mm&bto
W, BEEFEEEOSRELHDETAKL, TOH
R 7> B FI T 3EI O 300X 2540 pixel Z48)0 H
L7z BREI D H LRIk L, BIEE L~ L % 256

e
/

1024 pixel

e
771280 pixel

300 pixel
<>

2540 pixel

Fig.4 Explanative illustration of procedure of test
pattern image processing to evaluate treatment
performance.
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Fig.5 Gray-scale montages of test patterns before

and after rubbing test. (a) GA-Blower (Ls=6
mm/LL=20 mm) and (b) GA-AC (Ls= 6 mm/L.=20
mm).
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Fig.6 Grayscale pixel h(isiogram; (a) treated with
GA-Blower (Ls=6mm/L =20mm) and (b) treated
with GA-AC (Ls=6mm/L_ =20mm).
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Fig.7 Widths of treated, free-burning plasma-jet, and plasma irradiation; (a) GA-Blower and (b) GA-AC. Solid
symbols indicate width of arc column contact obtained from high-speed video frames.
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Table 1 Typical photographs of free-burning and treating GA-Blower in front and side views.
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Fig.8 Speed of air exiting from aperture without arc discharge; (a) GA-Blower and (b) GA-AC.
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Fig.9 Residual ratio of printed ink on films treated by (a) GA-Blower and (b) GA-AC.
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Table 2 High-speed video frames of arc column irradiating to test film.
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Table 3 Contact time of arc column.

Tvpe Ls L, Contact time  Residual ratio
P (mm) (mm) (ms/L00ms)  of ink (%)
2 10 6 20
35 21 45
GA-Blower
6 10 28 54
6 35 42 60
2 5 48 62
2 40 7 20
GA-AC
0 5 43 61
10 40 31 50
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