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Atmospheric Pressure Plasma Technology
Applications for the Polymer Industry
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Chia-Chiang Chang
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Atmospheric plasma technology has been widely used in various industries related to polymer
materials. This article focuses on exemplifying one of the latest application trends, which is the
surface treatment of materials in the shoe industry; this article is divided into principles, application
opportunities, and future challenges are shared one by one, hoping to encourage outstanding new
generations to continue to invest, and to reach the next level.
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MEARFERIARER - (HATT 2021 SFHBEA > REFZFER "7 ZEHREREHRNE "F, &
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Wy EESERTRA BRIV E S - fEASCH a] SEHTIE 2 -
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(B FHlF - SEAES S PR SRR RBAERY) (20 + C — CO,) » MR
THER (RRUENBEERINGE - R4 NEREE Z2IEF1BHY) - EEERNEE T
RN R EARERZ] (etching) & » A] IR EIM B RENETTIFE R (—RIEZAKNR) BY
B  quE 1 P 0 B 1 FEY_EEES SEM B 0 BRI EEALRIANEIREE (upper
EFEEEME » £ Ry PET 1%} » midsole ZFEEEFHIFIE » o Fs EVA (ethylene-vinyl acetate) 1
F} > outsole BIEEET-HINIE » IR HZIE - NBR (nitrile butadiene rubber) B E 22 5 A SRR
B EAEER - RATPRBCEFEAAIRE - B 1 8BTS - AIH AFM s m iU e (L 5E
fFRHAVELEL - BER PI (polyimide) WIRASE R (RFfH]) 2R RSRBERRAEEHE 2% -
F (A E S A AURE - F W B 2 22 YR MR A S (R EIE R 1 - 1 um) » 88
N REREHEANROEENE - BEZ2RAMEZIRER -

EEEAMBRENIZEY - BFEIREMB (—RAERAR) WRRIE - W15RE
WEREEMESIREESE - SRR ERRFEEEN - M HERBE (plasma
sterilization) FEM o ER - B FEN G BZ 53 @RI ThaE - el DUE B & G REYIIEE -
AR R RIA RL » BRI SE (plasma polymerization) » BV Fi Ry B8 4 I
(plasma coating) * i& F EASE I U E R BIPR AR L A e E fL o+ FRANIRSR R A3
BHEH — 0 2 HEERE KRR B - ARG INEF 2 RIRA LS - A
& P  BEAFERE A 13 - ERAEMERR SRS B - 2R AYERF]
FH 2 58 5 B B 2 Bl -

M KRBEERMAIFE — L2 HIRK
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KRBEEEAE (atmospheric pressure plasma, or atmospheric plasma) 52 {[E#4fHYHIFR - 2
By T ELE A FIEZZFEAE (vacuum plasma, or low pressure plasma) G FTE R o KSR
BERMZE R BT R R AP B - BB E R Lp B0 .

2%l 2 o B T EAERNVERRENS - —KRAEEEAERIKE - HEZ2—
{HEE4E SR RSN (discharge) FAGAVEEE Y - 076 1 —(MEMRE - F A A —(HEMAYE
12 Hir g EOEFIR) T REBES SELZAEH (REEER) - hgEAMZBImIGE - m&E
A ERATHDEIRS -

M (E R E AR BRI S - B — AR Z R R - #8 5 Paschen’s law (Fy T A&
BHEZ Dr. Paschen''”) » FREAE A RIS NER S - HhrREN R/ INRESBR (v) - HHlE
A T R B SR A B A < TR PR (@) BLE AR REERATR (p) - ATDAZ2E(E 3

B HFF A5 — AP plasma E LP plasma PSS —{EARE =5 - 2F[E 3 #yAHIE -
AR AR DAZE Ry E S A B R S iE - DU BRI BRI BRAE — TR Y B T - R RRIER
(760 torr) NHY AP plasma * ZEERBGINER S - e LHVERMSCN - Han L EZEE 3 &K
FELAE » EEE (0——1 torr 2 [E]) ELZ2EEH4E LP plasma > FITaE B AR BEF R L& (RBFRN AT
BRI EFE A RRBRERN B HE - Hes DEIEZERBEE RS - HHEL 2N E
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as received AP PLASMA

MID-SOLE

OUT-SOLE

5% : MUK 500 18

AFM photos of the samples under different treatment conditions:
(a) Control; (b) Processed for 10 s; (c) Processed for 60 s.
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Voltage (V)

A EERBAE - FREILES - EHESERNEE - BRI ERREFAZ (aE
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V = F(pd)

Paschen’s law

Breakdown voltage vs. pressure
(air - 0.1 inch gap)
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SPRUEIRG > BUE RN EEEEME AR RIESR IR EENT - BEEERE T
Fee HOREEEMARTEE) - 1 LP BEHRAER - BNE —EEREE =S - BAEHZE
#LK (batch type) BEMRERE - ILANE TZlFEM T3 - SRESE Tl - DIEE

B E -

K BT

A IR R B2 2 - SE SR SRR BRI B 56 (e 0 - LR KRR 3

B - A WIRGITEARINY EERE N - KRIEL - 2RI AP SEAEHEEF - FrE I EY)
DFEHREE  BEE AR RESAERNERE WER - A8/ FHMERERT) » DUkE
FRIRHELEIEY) - HATFREEIEN - THITEETT AP BRNEREFME SN EE - Eth
f#RR - REE
frer DL ERYRF B AP BEHRRA SR DIEIREEAM HIH - #2457 (grafting) S TEEREE
(functional group) @ EELFEZLHHIINEE > AE 4 Fix - MEEERERE > 2 HFEERKER
—RHIZER - AR
AR SEAAR AL - T By T B ER LR
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ketone ether  phenol  carboxylic O\ /NHZ @) NH O

0 O OH O OH NH, C \C/ \c/
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Amine Amide Imide
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Footwear quantities per year

A
30 billion
24 billion
Global Footwear industry
20 billion ==
10 billion ==
1.6 billion
Global Mobile phone industr
- >
Shipments 2007 2017

Time
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B ARSI - HEF AR NE > EENEE - N2 1T & 2 Jthh
£ BAAEHEW - ks | FrlEEREEEEER - SEEEF 480 E35T - B
JESSE AR 2 I FH BB AR i B AP BB i St IS RE ST - WILAFRRYE] -

N~ REERYER

— B FUAYESNEE (sport shoe) - HEZRAIRHHLR () - WEANIFIE 6 - s pledEm - K - DA
FeRIEE =8y MEFHRFITFEEAREE 100 ZAEF B - A15LISER - T HIEEE - thBotEE
E—fk o AORIREIE - DURREEIE - AUEERE » R BiliavEnE - PE - NKE=(E
AOTRRTEL » EBLEIN AR 5 MREAIEEE - EERLZ IERTE AT i SUr PR - FEHlRE &
(fHZ%) HAREAZ - G5 & AR S EEABIK - mEEORAGE » 2 HTAE AL
RIS - EEREGTRRENE > FRtER TS EEGRIEE - KIERZEH
BEZE - R EEEER R ThBIARE - BiF - ENfE - EIRE - HEBIFN - Br T ATIHIEAZE
FRLZSL - EE R REN S & -

~_ Counter (BBESR)
; __—Midsole (P E)
Stock-fitting & assembly = RNEMIFEALS

P Outsole (XE)
Upper (@)

BLE Lamination

6. EHEMERLM () ARERWY T UL (BE)> .

EESE P BRRRET ST BN ZER - NREEMG R IBK - 58 KE
HIETRIEZEYIAH - 2015 F2E NASA BIEZF TR ERAMHZERME - #REHAT
2 NHESRIERIFESE (smog) » FESEAVRHARANE 7 Frn - HOAMEE - SR EE T2EE
K IFEERCARE - R PR F MBS EH (volatile organic compounds, VOCs) 1Y
THEmMBE - EOMER > BRI EEENRAS  BEABRENWERZ — - ERRER
BENEI 2R T EEERE M - 25 Nike » Adidas FRIHKERAF - NENEREEZEHE -
BEBRAAES A & FEI A I TRIRIIBK (adhesive) SF—YI{LERZE/K - BRFH/K MR T AUIB /K B i B
Bl (primer)- - {ELfG SR 2 ER A A HEIVE TR AR ST RO MERERE 22 - BEH B EE I 1% - $EF
KRR E » 5 ERENE AR RS - MFRHEHE R

HENIL > BIAERHRSR B E R Ry o —firh > Z2ERERZEHR O - HEtEN
AR - DIREFIYEICR GREMD) BELEICR (BREERN) i &
e PR RV BR R B 2 — - I > FAMEE M #E - IREIRRUBE S A] DU LUK
REREE -
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EROMR EaEatld) BRI EY
U1traviolet Nitrogen Volatile Organic 2E
radiation Oxides (NOx) Compounds (VOCs) Ozone (O3)

e
Y -

Sunlightq‘llLN Fuel Petroleum Main culprit of
& burning products Los Angeles smog
WA IEE GHER BRI TR
FEREE

REREBEMEBRIESY

The third ingredient are volatile organic compounds

7. %% R FEE (SMOG) t9)R B & A H #IEHH VOCs?) -

€ - EEERAVRR

AP BRI S 5 T RIEIIER - FAE 1990 SR - fERFEIRIRAVEREE » SREASEE
TRE RSB FCEERY  fE R RBONIER - R FBIMAIE AP B - FEAER
HEEH E o REAHSMEERBESBEIS - RRREARGFRENEBARRE » 5
BB RIEIR B E B RE -

HEZEME - RMEEREREA R T2 SEfPREE - 2 HIIRENEE
It » 7F 2010 2% - hpieE 1~ 2@ EREE RN - Bl E B RIS T » Mg A
AP BRI B -

8 Eil[E 9 AT RAYEIARZEM L - BGESE HATERA AP BE8EE I H VBB SR - 22
ZlE 6 FATREVEEERERE - HT AP A EEHTEFE (midsole) #EIHELKEA KL (outsole)
HIBREE | -

M (— R EREMEL » AT EVA (ethylene-vinyl acetate) Z5HERS @ # TR HEE 5
FURR R (primer) BARBIK » BEGREA 4 - (M9 EIPREE I » R E A REZER T T
(4 PM 2.5) - HRTE AR T EEAZR AP BRI BERIELE » B R R
4 FiR 0 2258 AP BT DUE A b B2 g o B Y E RE RSB RS B e 2B L
AFGHERRHE - AESTREHE S - MEERE - RESRR -

KRIEME (— i ZBE) 568 - FFEMAEIREREYE (washing) DU o FT I 3
(buffing) * A BEELB/KRREAS & - (HEEBELR/KGERDRKERERE (2F5E 9) - LH
I EEE - FEREAREBNE T - (ERAREIE - FHEEEELEEREFBESGT -
{EH AT R T A B S TSGR ENEN T - —E2EREIE -
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Benefit for customers
shoe assembly process is changing

Traditional process New ECO process
//,/\//\/ _‘/,/’\//> e SN ,////\ /\/
’ Insole(EVA) ‘ ’ Outsole (rubber) ‘ ‘ Insole(EVA) ‘ | Outsole (rubber) ’
Buffing Buffing - 8 staps no needed
Washing Washing il anyrpore
— [ o] sl
AP Plasma AP Plasma i
e = 10 Steps - — and ISI'(
Primer Primer » Reduction of
Oven Oven material cost
A ' « Reduction of
Cement Cement | Cement ‘ ’ Cement operation cost
\ Oven ‘ | Oven ‘ | Oven ‘ ’ Oven ‘

Bonding

8. H A AP Tty WAz ML - stk iz £ 2O o

gl EGER% RIEA BK S
Buffing Chemical acid-base cleaner Wet chemical primer Cementing Press bonding
REIZE
Traditional way

—_—

Fine particle pollution

labor force
Oven dry Oven dry
AEHTREER @ KiE
MERE ngtng, EE TR ‘5

Reycled Clean Water Al A ! Air aurora ™
AP PLASMA Company EREIRRIE
New Technology way iRl : P
o w5
— 'S p 7
b {
Don't need Buffing -,

Don't need Chemical Cleaning
Don't need Chemical Primers anymore

9. #1/ AP & Mt eg B AZ AL > STIA BBk 455 BF b 5 5 e 0y 3R o

HATEAPIRHER AR AP BRI TERR i - HFE RS A0E 1 AR -
NEMEHEFIZRES - e ﬁibﬂﬁfi%ﬁééfﬁﬁ*ﬂfhé’]x&% FE LR AR IATE LS A T
PR A - M HiR ARG EEE - FloieE Al M A(EE - REEHEESS - |
fRE - HEEER - 2EELEE > TF )\E?%%f’lf
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Tl 8 Frasth - WLLEE] AP B HE A B 3 A AR BAE IR LAY KB 1R AR (i
SRR - 1F FB/KZ BT - $REE5E 10 (FETRESE » S S 2 ({558 BB 8T
8 (ERIR{R HAERERYBE - T LR EE T RVRGE & 00 SRR SR AT - St 2R 2 nIE e
HACHIHST - (BEE 12)

AP BEAREARE PRI - A — (A EERS - SRR RELEIE 60 B C DAY Dl
EEMHRTAIRY SR RS SE R R TR o nl R A A B LR R R LR R T R YRR AR
R a0 el (R FFFE AR MR SRR - SOn] DU JH S I - 2 B2 B % fi B SRR B R 11U 6B
73 - 4E 10 Fix »

Bl 10. AP & 432 M 32 b R BEH EVA 20 -

FREEM RREREAE DL L - 1 BRI FAAM E BRI 2K - BTl AP BEARRTE
HIEER R - BREEARGE R TR (peeling test) 3@RH » A REMECR S T UEREIEIEIEE L -
(2EE 11)

Peeling test

Difference
kinds of
Rubber

Bonding forces are stronger

All samples were done by Air aurora and water-base cement

Whole shoe test

B 11. REEMEEB AP TREMZHAES AR 24iEec®20 .
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H TR Z RIS TR - —fRE1E 3 kgflem DAL - HEEFHEGA - G 20K 4 kgflem
PAE - Bl 12 - AFEEY PU MR RS - 3513 @A AE 2R (primer + PU) LUK AP
AR (AP + PU) - BURLTHIGAASRLLE - nTDISEsE AP AR I 2 RAUPRL - #LLA
BT - R BESRS - FEE AP BEREBNARERNNE - B B AT DL
[ FRF 7 2 BE 26 SRR AR A SRR L ROV BR IR (AT 1) DURAE BTAIEAL (grafting) - HXAVE
REdk (A1E 4) WLERR - EV R CEUE R T R e B - B BT HOEESR Y o
HEOK - mOREHRY - BlAEE R - A REEER

Rk 2R

Peeling speed AIEHEE : 100.000 mm/min RIS BHA : 09-05-2018
Pelling Force

g - - | WERKE | AHEE | FEERE | ESEWE
JRIE L &: |
REAmSE | SArHETE kgf cm kgffcm kgf/cm
1 Primer + PU (A) 28.322 2.540 11.150
2 Aurora + PU (A) 30.047 2.540 | s 11.829
3 Aurora + PU (A) 24.373 2.540 | W 9.596
4 Primer + PU (A) 17.558 2.540 6.913
35.00
31.50
28.00
24.50
21.00
17.50
14.00
10.50
7.00
3.50
1.5 3.0 4.5 6.0 7.5 9.0 10.5 12.0 13.5 15.0
cm

12. A1 AP B 3R 72 » % 45 A5 28 K primer JE 22 69 BE & 77 Ha gz

T R EREE A A R ER TRRAR IR - iz H2EARR e -
BEERREA - ERPIRER - HEEREE S DA sk - s —E R
RGBT - —HF 2017 4 - G E A ELELE TRZRSERHE & 9 A b B R i [ B i A
G BIEZRBGE AR - BIEE B R R BRI S A R A S YR - R
S8 Y — (R 1 SR TR EE Y -

N\~ BREEARE

FRTBEE IR — R AR, - EASBIATHERE A A\ S B LA - ERIE A2
B (LS EE - AE 13 TP - Nike 58 Adidas #25 BH 7 T30 2 B (LA BR AR — 42
S« PR AT S RS -
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Xg?:;ga’:fal'?iu;n;-tech factory brings
NIKE’S MANUFACTURING production back to germany
REVOLUTION ACCELERATED BY NEW
PARTNERSHIP WITH FLEX

NIKE, Inc. announced today a partnership with Flex (Nasdaq: FLEX), a worle-

Making trainers with robots and 3D printers

class global manufacturer, to accelerate NIKE's vision to bring advanced
innovation to its manufacturing supply chain, Working together, NIKE and Flex
will deliver footwear innovation that enables product to reach consumers more
quickly, with customized solutions and increased performance innovation

NIKE has been actively developing new technologies to enhance its
manufacturing business model for the past few years with investments in
automation, modemization, sustainability, and innovative new methods of

manufacturing such as Flyknit. The partnership with Flex advances this work by
bringing new capabilities and expertise outside of the existing footwear industry

to create future systems for making product and to catalyze innovation across & Print edition | Business > o 0 @ Q @
NIKE’s global supply chain Jan 14th 2017

13.BREHERANG —AFBEREEE A LA E HmP? .

HERA BB - FMR s —EE E R R ER » BTl R IR R ELE R
AV E M - RURANRERRIZ A ST - B A B BLIEZE - RS LT REHE)
(LI 5o - SRR ER G SNSRI E B E A AR R B - AR
RHEHEREIRE - FlankE 8 AR LAY, - A BB LA G GRS - IR
R EMLEEEE - 5 —(EREARE -

B BN TEEM - BO/o 88 AP ERETE R E1F - Joff
RERAAIRAMIRE » A EETEE AR EAEED » SSHEEME TITTE) - 5w S
R REENERAOSESERM  EREEMUEECER 50% 0 ENEFIEERZE
1 SEREATEER - B 2020 FREEINEEKE - BEHEBMEEEEARF - BEIEET
BRI - RRMER BB LA sl B T2 K EHE - EBLZ ATV EEE R - 32
EERR R EEREERT - AIAETRHL - RRBRERE - AR - EE%ER -

H BiR R B BB AR i e A 2 2 — (B E A B RO B w2 0 AT R
F B Rl o B TR DU R SR BB AR PR AR AR 7 =0 - RUE R o SR — R Ak
f#liF4 (water contact angle, WCA) s HIFTRIIAR - 2HFE e BRI BRI E
Hga L (8 14) - F =R ERE T A7 SEERAL NSRS (Fourier-transform infrared
spectroscopy, FTIR) {25 & B Hi & M RLE R H B REERVE(L - BRI H7 Sk e
(Raman spectroscopy) K& 77T fii tg iz BRI {2 B AL

ifry VOt E R T = HE R EREEN - S EENEE L HES A - (£
s otatEes il DU IR =CHy &1 - (B2 &I R SORA » RIS R & B PRR Y
EEMEZE - I - B RTEEZE(ERE S ER sy 7 kiR e - (BRI R T A E A
FLOEERRERR LAEZES] 100% 2frIEE - ERA EER AP BRI HELAE
EERIRG & $ETTE T ST (S -
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] For Normal-pressure Process/For Cleaning Process

By a newly developed organic colorant, radicals in atmospheric Electrode
plasma can be checked.
Plasma
It is optimal for the check of large area treatments of atmospheric S

(normal-pressure) plasma process, PCB industry, FPD industry and

surface modification in footwear materials. Indicator

It is applicable to UV / Ozone process

A

Color Chenges by the Atmospheric Plasma of Various Scan Speed

PAT. P
2 sensitivity types are available Initial 300 mm/sec 100 mm/sec 60 mm/sec 40 mm/sec 25 mm/sec
High sensitive
type for high-speed
Electrode transport . \
No.41 =
Air + N2 Plasma Normal sensitive
Z type for low-speed K
— N 0 transport |
-
wtp Process speed No.42

High density radical atmospheric plasma equipment (air + N2)
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