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Atmospheric-Pressure Plasma

Nakamura, Tsubasa

3,300,000

The purposes of this study are as follows. 1) Quantitative evaluation of the
mechanism by which the painting is easily peeled off by irradiating the plasma on the painted
surface. 2) Verification for practical use of this system. From the quantitative evaluation of the
paint peeling mechanism, the following was obtained. When irradiated the plasma on the painted
surface, a crosslinking reaction and chipping phenomenon due to thermal stress occurred. Therefore,
it was considered that the painting became easy to peel off. At present, in the verification for
practical application, we could not confirm the superior effect for this system. Therefore, we will
continue to verify the practical application of this system.



B X C—19,. F—19—1. Z2—19 (Gtm)
1. WFERHE S WO 5
A THEA L TWDHREIET T X~ (LLF, 77 A~<) 1%, FEEREEMOLRRY, EFIC
TN E TR o TN D, FT, EERASOIELVICHNHFESNL S, HERIL, 2077
A=z LT, Rk 26 40 BV 28 00 3 ], BHFEA T B (77 X~=I1T L % @B IEED
5 v AT MMEE) OBREZ W2 &, AUFEREICRT 2 A2 B L T &7,
ZFTORREL LT, BESNEERAICT T A~ 2RI+ 55T, 20OBERHEE LS R bHELE
LT, T2, ZOBBENHEE LS < 225 EREA[L 2136, ZoEbhEmEy, 7
FTRA<HEBRTHZ LI T, ZOBERRBELLL DA I=ALL LT,
> 77 A HICAR S D IEEREO/LFRIER I X OB ERIC & 5 i BEid 20 2R [3]
> TEMEREN EE TSR ICEZE L2 2 LI X ABIEOEE (NEIS /) [2]
> TR NEFORELFX—(1], b LLIFHEEICLD V2 —VENERT S, UL
(B &5 o T N OBEEREL DE T K D BIET))
WERINT-, TDk, WHHIRFERTENTIEBNOFEEELE ML L=, BRI E B0
IZIZE STV, FREYS I L DB R MR T 2720, BN T re e —F—IC &
0 1S TRUINEL U 7= 1% OB EERIBEOMR &, AFFERE & L TR LN BITELL L T D E D,
SN K0 BEERHBEL S < 72> T D HEPRB I LTz,

2. WO BE®

INFETONESE L LT, BEISNEREICH L, I RAEZRHT L2 LT, ZOBREN
HEE LD R FEA MR LT, T EZRIC KL AMAEN D, FDOERLDZAIT=AL L LT,
BIEONERIS I DE L, b N7 T A~HDORT VX —NER LI-BUSHNRIKTH 5%
WRESNT-, ZHICEY, I A~ZICHL T, BEE2HIMNICHEES TS VAT A0
T & T,

LN LN D, A=A NEHMICHREET 5 E &G 5N, RIMBEEEREICERZE I
WA T DR AERGET DICE > TV, £ TAIFETIE, 77 A~a@Esn-RiE
WCHRE$ 2 2 & T, TOWRENHEEL S 2D A = X LOEENFHEIZ 5 ONS, & OFHh % it
A UERICHET BEE21To 22 A&+ 5,

3. WD kL

(1) FEBpiE . TR
AR TIIT T A~ @i Ly T e R 77X R EIR O
W L7-BRoBEEEZE L, BIEE 7 X~ Rated Capacity 1,200 VA

%T}Eﬂq LTWnD, €D Eﬁkﬁ{ﬁli iﬁg <H% Output Frequency 10 - 20 kHz (variable)

M, i%/ﬁ%@%i%ﬁ%fﬁ%&}ﬁﬁﬁﬁ é ihfio v, HE!i Rated Input 1DACI0~250V 47~63Hz 1.2kVA
HFHICKRKE T CLRE LT T X~ & ARk

<X % %%ﬁ‘(/\ D) 7%% (DBD - Dielectric Rated Output +10kVp/£80mAp
Barrier Discharge) Z#fH L7c, £ LT, —FiT |
BE DY TNV EIREREETT T A~ i :
BT 5T LOTE D, HEMY 7 8RR L Flctrode, 150 50 €14 ()
TEREIToT, |
1 I TR~ EERT DV T 7 ZEH550 _ Pasma
Wi % 7, Z0 Y T2 2 AR LTV B = =
%ﬁg@j(% é li W 200xL 100xH 5 mm, %4:@;:}: Dielectric; 200 X 100 X 5 (mm
W 150xL 50xH 14 mm & 72> T\ 5, #
FHixt G0 T, AN WV B
TW5 FRP (ki b~ 7 XA F » 7, Fiber 1. V77X OB

Reinforced Plastic) #4 & PEEDLITWD, T2

UVt (Bf) Thb, OV AXEFEZ 2mm, 20 mm Th 5, &K1 ITIIMEH LTI X~
AR EERRER (&4 IDX, DPA-10380M-01) OffAfZ R L T\ 5,

BENE, ZThECEFEBRIS, TIROAEBRT v I —A7 L— (s ; = h et m—X (),
B RUERE, BEE, AHEAD 2 HWT,

(2) FEfJTE 5 JIS K-5600-5-7 (7' VA 7 1£)[4]

Bk FHOMEMEE T 572, JISK-5600-5-7 (LLF, 74 7)) ICHIL TRER T &
7TV 2 UE LT, 5loRVRBRET S,

TN T 1 TR RIS T AN D AR B B e i/ MR ORITEIC L~ T, BIEED
@ IZBBEOMNE N EHMET 2O TH D, RFFHMAFIECIEE] - 9E D RS 05
Th Y, AW TIL AY-300SIT ((BF) HOTEERIE) %Mz,

(3) REAM T ; RIBESR i DBIES L FIEER O

BlomE 0B (BEOHEE) 1%, KRBV SAOREIRIES, BEOHEE (135) ML
BECTHHIZD, BIEEIToT-,

5l o8R0 BBR R ICARE SN AMIEORSE R 1ZRBIL T, 1. BAEE (BA B R0 i <



MTIREE), 2. BREEMTEE (BEEAINE G L F2. EBRSTA—H (EREERG - BAEFE
IXBEENE TREEEDNE U2 RER), 3. R

EEEZ% (%%LTV%;R@T@EEZE%%)EL Reactor Shape Direct
f:l{j(ﬁ?) L n, Dielectric Size Alumina (9.5)

T o3 fEE I E T@%ﬁﬁg@% ﬂi*ﬁ% P (Relative Permittivity) 200%100x5* mm
THELWBIIREETH Y, &M TH D Applied Voltage 6,8, 10kV
T /V@Eﬁ%ﬁ&fﬁ!*ﬁéukfkﬂd, Helium,
RERE & BHERE O W SR A LT Buffer Gas and Flow 10 Limin (normal)
Loz Ebdbb, Plasma Irradiation

- BEEOHBERAE ORI N2, FIEE Distance 1omm
L7=BAEDRELSNEL 2D, T2 T, 5l Plasma Irradiation Time 60 sec
2Rk Y %ﬁ%ﬁf&@%ﬂ%ﬁﬂ‘y7ﬁ)ﬂ/@%§ﬁ%% Frequency 10, 15,20 kHz
SR BB X 0, o AR EITH —

Types of waveforms Sine, Triangle, Square

U CBENHEE LS (LU, Rl
BEIML, SHME&{T-7-. - Ok 2  *DielectricSize 1, J£& 2.5mm b0 % 2 fihfH
AL ZEAT 9 -9, FEEROEH %2 551247

2 BLEACH L TIATHLT 7 U IAED *3. PEAOREE 02 Dov, D)
tER, Ty h—ATL—DEERLE LT Aeroli Paint
BRI L, EREIT o7, RBANIZET eYIC | (Nitrocellulose)
(A% %U%ﬁg—( L3, ﬁf-%'{zkt SNV v ERm Young’s modulus E [GPa] 32 1.5
(TP LT, SRR A L o, B
SNET 7 UNVEMOEEETER LT, Poisson’s ratio v 0.38 0.38
Coefficient of thermal
(4) EBRNER LUVIT A —5 S |1 K e L
R I E R 58 S - BTt #£4 Il —Igi8TA—H
TORR, mOoWNCBIEREhZREIZT T
A= %ﬁgﬁ—f'@‘é Z & VC“, %@@%75‘%”%@ L Contents Value
G RD AN = A LEGRET Do
N %:%EEE?‘ B DEBRSNT A — Reference temperature* [K] 293
BaR2INT, Ny Ty ﬁx%{iﬂ% LT Temperature of atmosphere [K] 298
WHBHIY, RXEFTT T A~ 2 LED
Oi’”}j* e EB}Z XEAZHTHDH . Temperature to give a streamer [K] 303, 313, 323
Central location of the streamer**

(5) a2l —grRTRA—H [mm] (from the diagonal line) 0.7,141,2.12,3.54
75 X< BE %O EBBLEEAR LD Diameter of streamer [mm] 0.5,1,2
LEER ST, 20T, 7T A% e Y e AT
I LTI LI T ACRAN BS Y, o 2 Y e DL, AR R L,

BRI VRO B ARAR B O E A SRR
(Z &%, BUSH DTN HEEL S <
2o TWNWD Z ENHERI ST, 2T, ANSYS(R Thickness of a paint is 0.2 mm.

1500 VT 2 L— 3 VETD, BiEsh

aint (nitrocellulose)

7o FeiH & Y 7 VR O B EE 7) (X-Z i) 2 mm
iR L7, _
Yo FUFER (72 U W10 %L 10 x H2 mm) Acrylic board
DORMEIES 02 mm OBEZf LT, Il W10
— g VETAEK2ITRT, £ 3ICITWER 10 mm

Ma, R4 I 2L —2 g N TA—HERT,
IDVIal—varTiE, A=<l

DEANEH 2, FZ 0 bBERHICENMED - o Peeling Off Rate  + Pecling Off Load

T2 SRR LTz, E 7= RIS OMRE ITERIFIC A % | l

it FE B2 il IR 5t (TIR-308, Trusco Nakayama

X2 YIal—a s ETFL

80 @ ¢

Z
Corporation) ZHWTHIELZfEE, 77 U3 g o * *
M OMEIRE 22 F TR E LT, £ 4

% 30
4. AR % o
(1) EHM FEEREEIZRE SN - Ic kI 540 5% O North Side South Side North Side  South Side

g_‘ég%ﬁ &: %ﬁ%’ L 7": é‘%“'{z‘zﬂ: a: ;(*;J-—dA %) 74§ é%‘«{z‘_{d: %[J %‘E \"/ Non-Irradiate Plasma Irradiation

AT LAOFAMTIX, BH HAORRIC L 28 3. 1 ABEEREICRE LRy
BREL, ARBHANOILE & B ®EE L B EE

INERE LIZ, OV T VE—r AW, FEER

BRICERFE LTk, 77 A~ a N LBELHEES 70, TOMEEZX 3 IRT, BT 7 A<
A L TSN 14T, 7T RXA<EBE Lz 7N T T, FREhoY
BfEZRH L, =7 — S — | EAEEE L R,



TR ERE LY ARl - BEAD OFIEERITK 90%, FOFIBECLELRRTEITKN
24 kN, 7T X< ZME L TR0 T THIBERR 90%, FIBER ER 2.0 KN &KX ZpzE i
NELNR o7, ZOFKE LTEZONTZON, 44 (HE 200nm 2>5 380nm) (2L 5
BIEE LI X D REENRE 2 b,

Q) ¥Ial—a VR

A KU —<@OEZEN 0.5 mm, ALY —<-~
DOEATIN 323K, A b U —~< D H#E2.82 mm
LT RORERAK 4 17T, A R —<[D
FRBEAZ S E LB Y, HAOBIS ) D%
WRT DO TH D, ZORENS, RIS
XA MU —~OREEFHO—EIZ 1.3 MPa
(=N/mm?) 4 L T\,
MOEMETY, FERICA Y —<DE[EJ7H
O—FRIZ[FFRIE DS HEFH DR T 72,
INHIIal—3ig URERERNS, AT —
~ D AR J7 16 D —EBIZEIG I X D BT
PWEPTLEABRRET L2 ERbhotz, L -
ML, EBRRERNOBRELZFEESE D DICHE - e -
RIEIIRIETHLR 1IN THDH, D7), X4, BRSO 2 L— g R

Valb—Ta rTCHELNETWES T, B (x—z axis) (streamer temperature: 323 K, diameter:
A FEES D RERERI > TWD & 0.5, distance: 1.41 mm).

ERENTD, MOERNEERZ LT,

u Peeling Off Rate O Peeling Off Load

[

(3) FVINBER I K OEE A T A —% & 100
U 7= B e BB

FINBIEM &2 T A —2 L Lz, HEfEfrE
L FHIBERORER A 5 1R T, OO
VT 8 T, ZDFHEA R L TV D HL,
KT 14 o T TH L, £ T

Peeling Off Rate [%]
N oA O ®
o O o o O
- o
SCoO——~, DWW
W W W
Peeling Off Load [kN]

A HEERE AR LT B, & ¢
ZORERNS, SAWITTA WL TR & &

i@%ﬂ%‘ﬁgﬂi 85%*%};“:, Iﬁ%%ﬂ%ﬁﬁﬁﬂi 1.8 kN <° Types of Waveforms

BRIE & RE 7RI o T2, A RO 5. FNEBIERTHIC & 2 BIBER & JIBER RO

HIBESRITH 85% 0% L, FETIITH 69% T 1

o7, HEEREICEE L TX, RRETH- -,

ZDZ L %, %Eﬁﬁ{&ct D ?E)‘H‘/I) ://ﬁ@@i ')) YA —Voltage ---Current

HEEL ST WRER & o T, 15 1.5

WIZJR I Z R T A—F L LW, fERE L
T, VHHBERIT T T X~ 2RE LTyt
7V TIE 15.21%2%F LT, 10kHz, 15 kHz, 20
kHz #:12 90%LL Fdb - 77, F7-EAERE LK
145% T o1z, DI ENDEWEEIC L 5 F
BRI R e < HIBERTERIC U T HAY 3KN
FECTREIT -T2,

TRBORREMEZ, HEEA D =X DDH

= . SRSy 2 AN 52 -
Hs ';?LD v ,@f’,’f;%’*;?;fj%@ Lt 6. NG - BHETE (41 2 %)
HEFOHINESE « BRI OF] (A ) %
X 6 \Z~d, BIEGATTEMRBCHY, HINEET 10 kv, FBIFREHE 10 kHz, FREIREET 10
mm CTHD, T V) FvrAa—7 (DS-5106B, HilatHRERSH) (X 0 BRI L7,

R LY, BENRKKEZITHRNE RHE T/ L ZROBEEBRPBIHITE 5, ZOHiT%
M OFRA TR LT, A R EHEE 2T 2 &, A DNV 2RO EER NS
SEELTWDHZ LR LT,

Z DOV RARDEEBTRNEMPICRAET DA R —~ DA E GG L TV D & OWES]H
H5, ET-EMENCELZHMN LUIZBRICRAET DMET 7 A~ OREHREE~EBITT D ik
FE[6]°, BN TIHEBIZ SV ARBETHY, A L IROBRKEBEELE CHBEILRDOHE
NEZY, BENAEr XVEKICRDZ EBXOEELEOER TCOAMENLZ 5712 & 2 E
25E, BEZFEEL S 2D ERE LT, SAVRAROKMEER, THobHA N —<RNERT
b EDRFATE S,

Voltage [kV]
Current [A]

Observation Time [s]

@) 77 XA~ BENC X A EEO O T
7T X< ERRBFOHMEEZ 6kV, 10kV & L, &% L 77 X< BEZOOT DA K



7 ART, MO OT L, +2MONS W, — Applied Voltage [kV]

I HE R LTV D, ZRBARERTIE, FE Strain after
ICHWZOF RS =21 20 T, 77 7hoR o e ° -
EROOTHOMEIE, 77 X~RE a0y 7 -0.0002
1T 20 EOEBEEAWTWS, 77 X~ & R § -0.0004
L7 7 & 210 [HOEEEZ R L, £ 2 0.0006
7277 70O T — N— | INEAERR A R T, -0.0008
ZORERNG, 7T X~ MGET L T 5 L, -0.001
FINEEDN 6 kV ORHIT T X< & B4 25 L O -0.0012
TEPKIS0%REL D (fEFte), T4 &3, 0.0014

10kV ORI O 2N 25%FLE, /&< 7D (fif
WD) ZEMmhd,

IO ENS, TIRXERET S L TEA
HIBER LT, BENTCTEGESNE LD, TS X0 BIEORME £ 72 138-b[8]1 = - 7=
CHEREIL 7=,

7. QTR — I L 5 BBEE 1 ORIE

(5) FBTIREDOHEE

FIINZEE 6 kV B LN 10 kV BFD 4G ORE B2 5, T RRIREE Ll 14:[9,101 2 FIVWC, &
REDOHETEZIT o7, FOREE, HIINETED 6 kV OpA AL UM% E T 1aE Tl L7 &
A, HINBENEGL BoTh, BTIREIZIZEALLEDLLRVIER L o7, ZOMEYESE
25 L, Bifi@)OMH GEEE) ICFENELD, 22T, OFTHAEDORER L EHREOHE
MEREEE 2, BULSILSNOER A HER L7z,

HEERANY THETITETRENURAEL, ZUNA MY —<iZE BT 5, L LT EE 2]
MUTWE=®, Wikl liE L 725, ZOWRNRBEICL 2T vy B 7ERNNBEZD,
BENFEEL LT < oD TR WA EHEI SNz, T v BV 7 &3/ a E 7213V iEn
BAE\ZH{ 2895 2 LT, TOBENHSMICHBINIHRE S5, £, BHEEEENEL 2D
LT, Ty TOEELHA D, TDD, EIRERENEL 8D I L THIBEC M E e
DT Uiz S HER L 7=,

UbaElLddl, RKRETST A2 BELEREICHEFT 5 2 & T, Ui X 22856508
BLXOF o THRHEORGMER L, ZTOBRENFHEE LS hotetEBEZBND,

6) REDE LD

ARIFIE T, 7T A~ 2B EINT-REICHE T2 LT, TOBENHEE LS R A=
A LD EREMRHE 72 5N, ZOaMEiz ) SH LEABICT 72REEETTS Z &2 B E L, #F%E
FEML T,

7T A WRENC X D BIEDOHEEA B = X LD EERHEN D, 7T X~ & itk L= REICHR
F42 2 8T, BUSHICE 2BUBRISB L OF v B0 THEO MG MER L, £ OWIENFEEL
Gl IlgoEZLN, Ty B INREHBECS 2 DR EOMRETIOINENDD Z LY
o,

FEAIZ AT 72 REE T R AR T 5 Z LN TE o T, TDEY, 5%I1%, 4
FIZRLIZA D= A LEEHA LT, ZOBERHEE AT 2OFEAIZHT ZREEEZ ER TV,
MBI 0 F LIRS, RAFgtE, BB mibha (RRET 7 XA<I12 X 5850072 31w i
VAT AOERE, BHFEE S  17K14885) OBk E=Z I TEM L TR 9, ZDHEBED
L, LB L R £,

<G| F3CHk>

Tsubasa Nakamura et al., Consideration of the painting peeling off mechanism by the atmospheric
pressure plasma, 6th International Conference on Sustainable Energy and Environment, 2016.11
Tsubasa Nakamura et al., Basic Study of the Peeling Off of Paint Using Irradiation by Atmospheric
Pressure Plasma, IEEE TRANSACTIONS ON PLASMA SCIENCE, 44(12), P. 3135-3139, 2016.12
INEIZRAL, A = A& T 7 v O—AEHE, PT71-72 (2008.8)

JISK 5600-5-7 kh —fxatliris, &5 5 80 BRI OMMMAINEE, 957 ; a4 718)
FERIZHS, 5. HERLT - 77 XA~ RICB T 5 RIMBIS L #%iEF 6L, J. Plasma Fusion Res.
Vol.88, No.7, P.374-379 (2012)

KT, HERRET T A2 fiF TAHL D, 2RAET T A~%&%F 5, I Plasma
Fusion Res. Vol.83, No.11, P.913-919, (2007)

CHANG Jen-Shih, KJETT7 A~ O &L, J. Plasma Fusion Res. Vol.82, No.10, P.682-
692 (2006)

FHMEE, &8 Vol. 79, No.11, pp. N768-N773, 1993

IWHRE, 77 X~ « BEGFR3E% 69 &5 75, pp.784-792, 1993.7

P Z248f, J. Plasma Fusion Res. Vol.95, No.3, 132- 138, 2019

KA, Ty e r 7 kD BB HBEOMEEES), BEOZE, No.139 Nov. 2002

e @ @ M © 6



1 1 0 0

Nakamura Tsubasa Miyata Koei Asaji Toyohisa Furuse Muneo a7

Influence of Atmospheric-Pressure Plasma on the Peeling of Paint 2019

IEEE Transactions on Plasma Science 1051 1056
DOI

10.1109/TPS.2018.2860624

5 0 2

Ryohei Shimizu, Tsubasa Nakamura, Hideki Sasaoka, Takao Ota, Toyohisa Asaji, Muneo Furuse

Peeling Mechanism of Painting by Atmospheric Pressure Plasma Irradiation

The 11th Asia-Pacific International Symposium on the Basic and Application of Plasma Technology

2019

2018

Tsubasa Nakamura, Koei Miyata, Toyohisa Asaji, and Muneo Furuse

Influence of Atmospheric Pressure Plasma Gives for the Peeling Off of Painting

Asia-Pacific International Symposium on the Basics and Applications of Plasma Technology 10

2017







