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Study on atmospheric plasma surface modification and its effects on

cells culture of synthetic PLA vascular scaffold
Student : Po-Ting Chen Advisor : Ray-Quen Hsu

Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

A 2-step atmospheric plasma was adopted for treating the vascular
scaffold prepared by electrospinning. At first step, we mix
nitrogen/oxygen to.generate plasma to promote the vascular scaffold
surface hydrophilic property-bond. Subsequently, the second step which
uses nitrogen/ammonia plasma to graft amine group. The effect of cell
culture on the vascular scaffold through 2-step plasma treatment in
different parameter were compared.

The roughness and-hydrophilic property bond on the vascular scaffold
surface increase through plasma treatment. Hydrophilic property bond
and roughness affect cell culture. In addition, we found that cell
attachment is decided on hydrophilic property bond on third day, but the
better hydrophilic property bond doesn't mean that more cell attachment.
The effect of amine group can only be observed on seventh day. The
results indicated that amine group doesn’t interact with the cell, but
absorb particular glycoproteins that provide nutrition in cell culture. And
increasing the treatment times of amine group plasma processing, cell

activity is improved.
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scaffold, plasma surface modification.
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RRALDRL 2 RHY @ LIRS WS RARS 25
NI X XN FNd > L RARF AT B F Ko
THY LT F G FaEgF 7% & (Recombination) » § % & i K&
PRHLE SAp R TR Y RSB 4%5:7*@@%&’&" [T ¥ e

TFEARMY FEE  FaR S LB T ALRFAE T

&3

Hois e+ pidg 2088 Fokie & FE A2 o Fpho A @il g |2

=
&
=
i
&
43
%
=3
4y
A

Joolm RS AR S R BT TR L LA o
A RREEARGR A G IR S B RS G AT

ﬁfz X “E(plasma torch) & & 2z 7 (corona discharge) ~ /i T & fr2c &

(dielectric barrier discharge)¥s # /& & JT% # (atmospheric pressure plasma

jet)[25] > 4Bl 2-7 - R R VER *F FRIACHETREF KT N CREAE

>

TR ST e £ REY S R ERT I SRASRT

BT - TR AR TIERD 0 ERGA 50~400C2 F > & %

SE

k¥

PATEA AL T@re) F K A TR TR 1S
PO AR R T L B TER e r - K Sk AT TR

Kp L RRAL K LA T FHEG FEARL BT & AT



Ak REP A ks (fibrinolytic system) ¥ w % Siend 18T

FFEiR T m i fea B ¥ B K RS o H ¥ R4 BT AL e T

g;

~.

¥ - 3 RN e #l-(plasminogen inhibitor-1, PAI-1) ~ &
A5 5 35 7% 8 1 e+ Ctissue plasminogen activator, t-PA) 47 &
#1271 o & PAILE Rt § o Sl T s e o ik iE

T gFt > Aag e n gREMA F e @ t-PA FaiE* 4t g3

M ts n ey 4 oPALl &2 t-PA 2B enig A &> el ¢
Vo R W & FlF o ¥k R dm e T e i S TR &
(prostacyclin, PGl2) fex 4273 = 48 » & F P o /| 22 3a ff

2 {51 [28] -

B REFER T [l] 0 i Hen@ars Gd & 18 F X % i

1%
&4
o
~=$
Sk
H N
J.xl«
;‘*
“'_”
Fu,
r—l-
'U
>
I%
-
©
N
37
%
—h
in|
-
>
H
)
=3
=
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% [29] -
2.7 Wi e

BB e i 4 en 2 FENF A IR A G REE N K
[30][31] > 5 d &2 L4 o -k > 2o fmre s F e o B H_
AL A& o g R B -9 (fibronectin) [29][32][33][34] ~ *} & &~
v (collagen) [29][33][34]s" 7 H = fm e ¢ B B =& & cngf e
[35][36] » 4§ ¥ & i & ‘mfed K e

P2 AN e Rk a0 g o R
%Ak BEECP W GRS enR AL R B SR o - )I*‘«uIF’F&
B R e P et R W w0 R L IR hIE R
(pre-wetted ) [3][34] - 7 £ Kdhifizie = 70%FpE » 15 4 48 > “g1e
4v o~ A OBEEL B @ (phosphate buffered saline, PBS) = =t ig
-k £ F & (hydrated reaction) s 4 PBS # “,f o

B R e 3R &ﬁﬂﬁW%ﬁinﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁé
Al a2 PR TR €@ S e 2 T BRI AR R A
[37)c * R E ML F &5 0E S G $ 0 5 kA ST
YOl AU B R e B ] TV R FEH RATERIE { AR T A iR
B o

2 fsieiaime R R 0 G [34] o A Bk R Bed 2
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&
=
-

|

%4 B 37CT #-0.1%:%% i 3od 73 %R & 0.IM ks 24 /]
B o ARES A Brrd cnihilizie AR SRR 24 R F R T oo B
& > i@ F PBS) v—’"mr%,ku%%",f%vz»"ﬁla\—r o

LU E R B AEY > 7 BRILE L Y B e PBS SR ¥ R

3

A W5 e PR FIEE[ST] 0 H B B FF R T  R G S

A Mv iy o
2.8 5}& e

BRI EH T e S 0 R RS GRS R

1 (bulk) i & 4248 » ¥ w7 = 5 45 12[38] ¢ K S A G
= {3

(1) =2 “,f = 2.4 (‘Contamination-Removal )

(2) 4 @ ;% i< (Surface Activation)

(3) 4% (Etch)

(4) 4&% (Cross Linking)

@ ;Jg\,a B T H4cid 0 4B # AF (bombardment) # £ &

(=i
Sk
H\
o
o
A
ﬁ\
(’”3-\
'11
i
~
©
(@]
n
—+
o
w
(@)
-0
QD
=
«Q
D
N
4.4
%
(\. 'S
A
e
By
v
T
Ju
)



PR ¥ R RS o FE RS F i
BEw RO PRS0 g UV & EUV S4B £ kR 0 e pE
B BAom SRS o R [39] o At B R T H i o 2
PlenF v B L m A AT o kR b § 2 F ¥

NAREr R ARG T aF o f A K 5§

£ FRYIVKRSE G BALEEBE R T ROV LR L0
IRES UE R PR
JER TR SR Ot S R N TR SR

v [20][37] [41][42][43): 3 BB AAAE ERMBEI A R E LT

Ns

0GR R A H BRGNS T gy~ g o]

,ﬁi‘_%%ﬁléi?’%’f”w EZRBET LA T Ead T
ﬂﬁbiiﬁmggﬁx o oy B E S Aert o 5 mAF g MR RE

Sk
&%
Sk

—‘\S

\\\
?Y
S
3
1%
¢
=
,\tm.\
fim
=
A
ey
)
by
"
o3
>_L

SEE AR

REFE P AR il L A7 ) e

R 4E B >
) ) ﬁ.,jf\:'l}"ﬂrgbijﬁ

,1,_*11—14,—\

/

7

oA 2 AR R T g

=

v

FERERA SRR AFEL S EEBATAREFY ARG

EFBNET WA c AT LA F T R 7 A HR A

1w pRAERAGTOT FHIEHF Ed R GFE L &2



fm e Frenifl o wdIG mo® 2R -
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==

D mn

L= Bl e )

|

ARHLHT

SANMY
AxmBnmn

ARBRATRT © £FANNRHAT o
RARRASAWBRALREANT &
L LSS T L eSS

CEWETSY T
EED SYED C
GRS T
EDNEICHIED -
) ) 230 )

- o o~ o
a = b B P/

U 7 & v e —

\‘---0,
N WD OED ED D s

A N @S

B 2-2 #p g4 =58 (invivo)
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®l-2-3 %}fﬂﬁ

Polymer Solution

Taylor Cone

v/,l/////////);/;/)))}//}?)}//7///)/;/}}}/7)/?/]

T Supply




(b) #ARI[19]

# (a) 3 A

E A2 E RS

=
b

(=

B A+

Bl 2-5

B 2-6 k&
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®

corona discharge
drifi region

~

T
FEEY

| planeclecrode |

b AL HCE
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2% FPrude-si

31 g ianApimi

Vil B M TP A G Pe  F 2 il e D A B Ak
GRSEERR R B SRR T R A ) R
AR AeBl 3-1H T o FRRSAAT T A L B EEmA

KA O AR F PLAER S L9 %
Sl WABD v LB AL F L 5 o

(2) &FTH40 AROLHEALT § /5 F HPLAX 12§ 1
(3) $efisz HildaiEimais o

(4) P Ao E R SFRE-

MIPBEFTRARE PN E AT BB Feh R o
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3.2

3.2.1

FHKA

(1)

(2)

(3)

(4)

S E R

6”34

EABERERE BT+ (YSTC): o4

Yol 3-2 47 o S RFF O AIFRTTR  HFERASD

~30KV 2 - FEFRBA ] AR F S e
fedns € F TR ETER BT RERET B HIRER
— s BB FEART A Sk S ER LY 0 - B RIET T &
&ttt 4

A eAR & Rl 0 KDS-100 KDscientific» # & :

4o @l3-3 #rp o * L ,p‘,,.x?*’;,,xé’m%}’a‘ F
SRR R e €4 b oo MPLA B R E 50

P pa B Y E T o B ERE AR D B

ﬂ)i

e ik R

_7‘5 ll“
ﬁ_‘““’w‘o

Y /l,‘a:y'—l‘//
T2 e PV g

RS DTN E > Topward » g

4Bl 3-4 977 > RERITTRES BE o BB ENHT

bl 3-5 957 o I R4 LEHGEET 0 P R
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B higeg Rt ARBEHB BRI DPE F LT
(5) 7 4h4w4-eg (L&) top corporation > p A :
4r) 3-6 #ror 0 ARFR#21 0 o 0.524mm
(6) & trabdg
4o@ 3-7 At A B HE S Ammo £ R H S 20cm
Rl bR EFSE L ot B 2 3R TR

RN Y X
3.2.2 PLAYA 77 fie Gl

o e PEA A R it il e Bt @ 42

(1) 7 3=-E>PB303: Mettler> -2 (E 3-8)

(2) #4988 2. ((hot plate/magnetic stirrer) ( B 3-9)

(3) X 5*p& (Poly Lactic Acid> PLA ) > (PLLA:PDLA/95:5) »

Mw : 180K~200K » fF [ 1 % » 5% : 4c§ 3- 10 5 o

(4) # # (Chloroform) » %% > £ & . 4@ 3- 11 #751

RAIEIES BT ML FATERELEL UG FIFSZBFT > -
A A GRS RS BT REARFEE 5] AR
NERHAY (W) ER S 15%2 PLABR » ¥/ A2 F TR

7000KV ~ §1if s 5 1.5ml/hr ~ 5 & g ¥ 6500~7000 rpm % %%

27



TR RS L e R R L iR jfti%““r

LS PN

323 FHEFEATF (DBD) * F THRA

)RR A ;}’?9&?{’,( Dielectric Barrier Discharge ): &>+ Townsen
discharge ¥ =%t 2% 3 F (Abnormal discharge) - Apd >t H s 4] g 2.
L% -DBD g ERIEBLTEET DEE - KL EH{ATF > ¥ L
NTEFFHRI-FEEE P aod P N ES D RFNE %7 P WL
TANA 4 o

(1) BRI EmRA

it A 4B 3-12 977 > THRMLYd A KT 74 (50%
508 mm) fe= s TP K G OREEE 0 F AT R
ZERECAHRTETLREF-HAFRITHFFEATY
(70*70*1 mm) » =& /i T B G#cn 3.92 0 2T B I4.(gap)
E R L lmm eug & f0404 o

(2) THhERE
28



(3)

(4)

(5)

4[] 3- 13 #771 » ¢ £ DC quasi pulsed 7 ik /& BAE & 3%
i® 4 ¥l 20 7| 60 kHz> & ~ ﬁi;J @ B 5 15 kV (peak to peak) »

BRI 2KW o RRGRA F A ¢ b2

AR AP F AR ARR F SR A N
SANSBN> J e BECEL 2T 5 T(Jast st F R ).
Sl BAATHTER (Vdinch) B&a ir g dlef on
B U EE R S e RS N F

% A PRI o VLA e AR et R o 1
[}_ 2

Z R IEmE IS ENT i‘f& 2T T A B

Wk - K

o] 3-14 2177 o BT ARG~ F P F0 G R R
G S LS AR SEE-E & Eabis SRR A B
AN E A TR L T WA R RERAL B
TP KRG RES Frid i T R ITpF-RE R T b gk

kg kR REFI E20C = o

F ey

29



4o 3- 15 #7o1 0 * ;f;»‘?gljéﬂg»sg B PR ATHE T PRI

Fiomi g mine ¢ R p I REFRTE T

- R TR S RTRA L 2 B f ¢ R AIEAN 2T 4

AR - B R ARG TS IR -

(6) EmfHdT 5

o] 3-16 #for 0 G- A e o WENTRERARE K
% 3 (post discharge)Z o, T 3 o GEE T A T 5

BT RBRIT F 6L o E VERIBIER S 30 24 0 F

VIR A SRR (B RS AN AN B ERE )

)

P Y S Tl T S

SRR o R FIEAET N o BEE
3.2.4 Fofy & 8 Rl R

A5 5 TAD FTA-98095 » 4rB] 3- 17 #7151 -

B b A - BT A 0 RIEARR Sdpth » BB TR
Frokdt o Bl A EUR-F R 0 BRI FMA G A S e R 0 Bl
Sh R G (R-f ~ A-FfeT-R) Wedp T e o 4o 3-18 » if 5
T fgrpF e 975k - Young’s equation #7 % % [44] ¢

Ygs = Vg1 €0S 0 + yi5 (3.1)

Byt AL R
30



IR ERE N
Yis ¢ Fl-R B % 3k 4
6 &g &
Fobo ho@ 3-19 497 > A RBE IR LB Lk

O HE RN A EG) FREMMAEOL - L mPE a2

3.25 i > F e o & k2% (Fourier Transform Infrared

pectroscopy, FTIR)

7] % BRUKER FT-IR TENSOR 27 > 4=®] 3- 20 *77% o
e e R R R R BT A B R A A e
SEREE RS L AL SR & R S R S

Floofc i o R ST AR R R B AE S TR E A 4 o e §

Rt d G B S 0 BT Rl Ak

22!

ATl L e  EeE LA - T R AT Ao
3 T RASLIFR B LA A LB R B BT R
I-ﬁtﬁ{z}_ﬂ%’ ¥ E‘b%y{gsbﬁg %%{53517‘ i* ’fé‘:l\'l}:‘— ‘E/’}*ﬁ’}m’fk

31



3.2.6 iv & =2 447k (X-ray Photoelectron Spectroscopy, XPS )

AERED G F R R E S boR 321 0w o

Fir X-ray (€5 e iho 5 Ml A e B P BE X BB S FR D
pd T3 o XPFR2 Seanpd RIHLIERT I oI N EFAZAE
BRI FFEOLTI AR THES TR R A F AL
XPS v gii & hp kg3 T kT IR FHRLTERA T
R E o VRSAEE ARG RS ELR 2 2T

F AT RE FOXPS Aed a4t o ks ¥ EH 4 (CLs)~ & (NIs) »
F(OLs) & il fod A I B ERF GaE L S  F

REELI2 CCAL Y4 EnAad CORCNE2L o
3.2.7 e RER LK
AEBD AFHT A AR IR 3-22 575 o ¥ 11T
e REF Sk A 1 F AR 0.1rpm B RS A AT 2
B i mie gy iz Mg HEhe g A F 393 phAA AR o
3.2.7 4N E B 4 47 &k (ELISA reader)
A1 g5 % Biochrom Anthos 2020 » 4] 3- 23 #51 o

FRrdisz wme » &8 MTT (3-(4,5)-dimethylthiahiazo

(-z-y1)-3,5-di- phenytetrazoliumromide ) ##| i@ ts » FELE\FE 2 4
32



F AT REBIFS FRETE X B R (optical density, 0.D.) e it

B Tl e A LS MTT SRR AR ST &4 5 o

3.2.8 RAPNEY: § gy

ﬂ]%}if‘a DM IL - Leica - -ﬁr%} 3-24 #5151 o

S e B L £

—

1%

$2 A1 p g A NEmERLS 248
ERUECE & Y EV%’%%J‘Z TR ’Jf;/%@.“’a%éﬁm’?é'i%ﬁﬂﬁ i o A

Y E- N FURASEI B o N A
3.2.9 B3 5 5 3% B fies. (field scanning electron

microscope, FE-SEM )

A5 % HITACHI S44000 SEM » 4§ 3- 25 #5770 °» *x+ & 3 5 20

~300000 # o

B {0 02 & 2 dmoe o d A0 KB R P U IR LR A

=

i F AT o e GiB R E 15 A A 0 B8 FE-SEM > ¥

5

I mpcenimie 4 £ R R o
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3.3

A2

EFS FE 1T

(1)

(2)

(3)

(4)

(5)

AR R A0 St 3224 MM HB KL

L

FPITAMEF RS 352 KA FEEF FERARE T

EERZRERFIARIVELIYF A 3R E > A

FlelEme HBIAFRRIFEINEFLAL F7 o

B b RS R LR i A R SRR T G

A& %Y 25 Rl 3-26 47T

Yo B3 T o A e R Y S E N =B HR R 0 &

BASFLINR ELLTSRER R D S o ER

BETL R Ak R

R A F B3 - ] ot = 2 iR~ ok
6 PFisH-k s L@ 2R X P00 8 550 o

ERFT UG A1 FAEITR(I D47 57

A ) o

2ZA1g gAEMEHA3IMmM HIEH 45 mm o B F s
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S E A G o s AR R T jJ{- EELRERES P U gk

A TRRRRRATRE A R WAEAL T A
FRBTAI ML £ 6l = BF WAH SR AR5 R pF

5 nf MR B et SRR AR E R S L

P

2

g‘iﬁg,@¢u@§7§§#@§$?$%ﬁ%*

RSt BP0 ek 53 p A 7]

{a ‘7“4%

RS B > TIiE A i R E

= H BT RST e [oR % [45] » 1 3-27 % SRR

‘7‘7&%
1»

H
Polyethylene &2 30 4520 XPS & 47 5% & » Z&NTs 3515 & %7 > &

EFTRED o - F F TRV AILE A %~ i ik

L2dNEFFAFF T AT EEREY LA F 0T

PUgE g S e A H[A6] 0 B PR MF F R B AE A FORR o A F

IN—

1

ChRATRAR RS F LT RE R ARSI
F

B F A RGBT RERNBTRER 2 A N F e
35
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SR E RS LRS- LY ¥ R BALE
REd 2o o 7 g oo ey Hpld s Rk X2 b6 A

F S lchod 3- 190 [47] 0 ARG RABER R S BT A B2 L
= Bt o

P JRiE AR AT A F L ET A 10mmE B 0 E 2t
“7 i 4 % & 200 pl crpipette tip F = > 4F Ble B S5 mm #HE 7mm
2 F g A O Bl IR R R R g AR o

Retip 2 23096 FYE PO 4R 3-28 om0 5 1B F A B X JER B

iop AT RE AL O LE L FHeR] 3-29 & L ¥ TR RIE
BRI CIEREL Amme BE T Lk w BT R APTE G L

- = > 1 1loop %1 2 o
3.5 iR Ak E R

B L BRI E ML 4 5 04 & 40 (surface energy ) £ 4
% % 4 (surface tension) ¥ - 78 EL gtk &5 A ad @ A fE

FERERREBEE G R SN T T IEE c BRI K EY -
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8 polar liquid » % * 4oz 45-k (distilled water) 2 ¢ = & (ethylene
glycol ) ; ¥ - #& dispersion (nonpolar) liquid > # * 4= @ ¥ ’=
(diiodomethane, CHsl, ) °
145 Young’s equation> > #254(3.1)¢ # nid RFE BT F L&y,
AREPAL SR G Ky Ve VB AR Y R A S

2. Wu (harmonic mean) method :*% # & : [48] :

d.d p.p
YgiYgs Ygi¥gs
Yis = Vgs 1Y, “4( (3.2)
s T tes T Lo VGIYGs. VortVgs
¥7 Young’s equation B IZ 2_ {3 2 ;% 15 ¥ 83 4750
d.d p.D
- Ygi¥gs YgiYgs
ygl(1+c059)—4(d - RN 5 (3.3)
YgitYgs Ygl+YQs

# ¥ yg » bl W2 polar force yg, = & 717% #2. dispersion
force ; i 4 & #9584 vy =10 + Vgr

i A7 FRAEERB R R4 AT AR

\\\?{r

Beyg v
ygdl’%%i F218 2 4258 (3.3)f » L & m polar force yé’s~dispersion
force ygs » #ygeyd RL . EFHFEZ &5 sty
AT 23 AT RRM > - 5 polar liquid ez 4k » A
Yo =72 MIim?> v} =51 miim*» 5, =21.8 mJ/m*; ¥ —~ & % dispersion
liquid == a4 7 %>y, =50.8 miim? ), =0 mJ/m®sy g, =50.8 mJ/m’

S L2

EX

FEES IR PR 2 RIS SCe T SRS 25N
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http://www.accudynetest.com/surface_tension_table.html?sortby=sort_st_disp
http://www.accudynetest.com/surface_tension_table.html?sortby=sort_st_disp

@%’ﬂ@ 3-30 #7151 %?;i’k'riifﬁ'lfm/’} ?J:%_u %g % # ﬁ-’%’ }\ ’ Z\ W AL
ORIy H O R R

36 PRWFEEE

R

A A% HMEC-1p Lt PLA A 1 B A B Vg7 47
T ¥ ARILL LA L MCDB131 - DMEM low glucose 2 %5 2 1 i3
( Fetal Bovine Serum ) o & >t & fme G REF A fmre > T -l A B
N A r P oap g dmie e r S Fen e ) o 2 4s 0 # fwie 18 R E

52k B e Bo B A AR o el re £ 3%10° #/ml - F f i

BA BT AL 0mme T ERASL 2 e F RS £ R

MTT 25k B AT 7 %4 3 & B2 5 7 2w pEiHEr & £ 2 kv o
36.1 Fie 4

G T R L 0 g A R T 243040 o Iml e
R NETE (B 3-31) M 40rpmiRF 5/ pF > B e w
RERE S B A o B A B AR RBEaE %R 05

ml f5iz ~ 05ml #7328 % o $ 304 L F 2 % 1F 5 MTT 2%z * -

3.6.2 oA %

o
A
o
>~
-l
F
W
-
3
pascd
A
e
l Tl
y_
=
il
[
H—
<
»\)
N
T}}
Iﬂ
4
P
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ZA > 3R BT e REDT G F A TER -
X 3 F A RN L Lt

Repogzemm hiz 8mm 2 & M E TS 25 mm £ R RSE T
AL s 2 A RE P M LR 1S B AT R A g
PN AEHRAEE L o 1 0lpm2ZE R ES XS Ba g R

&
7

o

Pl 24500 s Iml g ErsEn g o Fa A R4
o BB~ aE & 0.5 ml {2 @05 ml A R R o L3 A F L2

" HE i % ¢ 16 P AR M R R 2 P

3.7 MTT %2 /& |4 2385

N~

fote B MTT Rk A 4787 MTT 57— f8R § & dH o

F* F e AR i1 fA R & fEa e MTT 22 B R 5 % & e

J—

ﬁ

AT BB 8 (formazan ot 4%t fm e o w = @ A T (DMSO ;

11
n»

Dimethyl sulfoxide )&* e+ £ 3 f5/3 /27 BB %> B 3-32 &+ 7 MTT

S IJ}‘:Q%‘:%E/; EL’"‘/\:,/z ?‘3 ’;%ﬁ "/}f;? /773/’?“ 1 ‘\‘ﬁf% o F ’4’\1}% 'iHFJ:E_

3.8 HE m%z % ¢

gRA M- 22 ¢ (hematoxylin and eosin stain, HE stain ) » 7 &_41
Pwmied LRI RRRECEAPBRFRIGAL L ppd LR
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2

fofE PERR o e N 2 RS B vl e P PR E S dg A

—_\

13

3!1‘(

AIEEMET > HA V%’iﬁﬁ. (basophilia) ; @ s 144 F4oim®e & e
Fo fo Al EAREAPAI BERES S F LRI
(acidophilia) -
BRI
(1) %32 % pwmBd > B B % 573 % (phosphate buffered
saline, PBS) #* &zF 2L B & p & e N3 > TR Y w
e AR AR E S pH Bt e bk > B - A

2k
e

(2) 40~ B et § £ F ZR Y e FHF B 30 4 4
139 ERC

(3) 4c» FAf Kotk e

(4) +o» RAM SR FLHEFRAS FE S A MBERB o

(5) 1A koki¥ik o

(6) +erpici AR ERAL 2 LABERI -

(7) *c» 95U -4 2 i f7onok > # B 2 A BiEP- L
wE P AR e

I

ERES @ PLASL g ARSI LR BRI S0

ppuu
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http://zh.wikipedia.org/wiki/%E8%9B%8B%E7%99%BD%E8%B4%A8

41



Gas

Flow rate
Gap distance

Dielectric
Input power

Frequency

Treatment distance
\elocity

Process time

N,/O, Plasma
Pretreatment

Nz/NHg Plasma
2nd-step treatment

( Hydrophilic Plasma) ( Amine Group Plasma)

N, + 0.1% O, N, + 5% NH;
50 slm 10 sIm
1 mm
quartz (1 mm)
500 W 400 W
60 kHz 30 kHz
4 mm
10 mm/s 20 mm/s
0.2 slloop 0.1 s/loop
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e/

[ BRGBEAT 0E LR UH

RAFRATH BAHAATHR
(RATH) (BATH)

A 4
— Akt gn Je—{ BmAEH [ A@sitE

RERATHERERH

A 4
FRASH ) (RELENH ) (FZTE | [ wpsn )
[ - ][ (XPS) R s A

[MTT;%'Ti ] [ wmin A £ ]
3K B B

Bl 3-1 F kAR

DANGER

HV OUTPUT

Bl3-2 3ERIBEESR
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kd S5 cientific

PRe) S Ex /52 ™

Bl8-3 AR

bt B R B e

Bl 3-4 FRAEGTIAERE



B 3-6 7 4hdméteg (LEE RAEGH2L)
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B 3-7 7 4hdnicht




v

' &
B 3-9 % # 4 #EdE B (hot platemagnetic stirrer )

Bl 3-10 Fpapte
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ACS Grade
Chloroform
Assay(Gl)

Water

Non-volatile matter
Density

Color

:BIONOVAS
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CASH 67.65.3 HOT FOR 0RUG OR CLICAL USEX
i o8 FOR FOOD

Oscilloscope H=V probe
| :
| 1000 e

Rogowsk coil/
Voltage probe
(1:10)

[~—Teflon

——Ceramic
|_~Cooper electrode
| | E ! (with cooling water)
C. (6.80F)

Z axis :
N Folyme

M
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B 3223 i fEEZ £ &~ 17k (Elisareader)
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(a) C1s N 1s O1s

QO
z0 O

292 288 284 404 400 396 536 532 528
(b) C1s N 1s O1s

C-0
C-N

292 288 284 404 400 396 536 532 528

: N 1s O1s

292 288 284 404 400 396 536 532 528

(d) N1s O1s
N C=0 N-C
0-C=0. '

292 288 284 }4'04 400" 396 536,532 528
Binding energy [eV]

Bl 3-27 PE %5 XPS ~ {724 [45]: (@) #rexe (b) 4

EFTAPRELEF DR () FF R A

F13-28 PLA * 1§ &% T AJ23
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4mm
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«— ME=ZZE

Results; untitled21 mdb

Contact Angle (deq)
Wetling Tension (dyAeT)

B13-30 004 2R
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sk % 59 Wu  (harmonic mean) method #a:t & -

»

R

FETEEHA L G R E 3 ok RORA T R kD
e P T RAFTREERAITARIMm AT RS ST
@A 10mm/s > HEHFE =5 7}%?8‘%3""5?%’3%%%3\57%@ v — = LE
1 1loop £0.2 4 » # 5 Aok T # kL= 40 ~ 10 ~ 30 ~ 80 loops
> B E 0~2-6~16F) c HR ”Jri;_kq, HoT L g 20mm/s o 4
FHE G ff BT R R A PR Lloop £ 01450 5 RIRATR
i&fk?iﬁjﬁ@#ﬁﬂ?l J\@“’F‘*F'& A IRl m@“—’*kﬁiw 0-
20 ~ 60 loops » 7 d 3 & 2238 T & B0 loops & ¥ 4p Fp AL PF ' -
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43 4FEMALF
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10 loops hydrophilic plasma pretreatment

amine group plasma Contact angle (6) Contact angle (6) Vs yP y&
Times (loops) to distilled water to CH,l, (mIm?)  (mIim?)  (mIm?

0 67.60 50.8 50.20 15.18 35.02
20 58.52 79.08 46.73  25.23 21.50
40 50.99 49.72 59.16  23.62 35.54
60 60.67 66 48.69  21.14 27.55
80 51.4 59.75 55.71  25.11 30.60
100 56.44 5451 54.65  21.46 33.19
120 53.96 61.24 53.84  23.97 29.87

3 4-1 "=fA T fj]*n F @ =c#icz. 4 m ae (10 loops'sa.-k & flfiriﬁ/»*w@_)

30 loops hydrophilic plasma pretreatment

amine group plasma Contact angle (8) - Contact angle (6) Vs yP y&
Times (loops) to distilled water to CH,l, (MIm?)  (md/m?  (mIm?
0 39.84 55.49 63.22  30.52 32.70
20 16.86 63.45 71.39  42.60 28.79
40 0 50.43 76.88  41.69 35.19

%04-2 RET G P AJL gz & 6 i (30 loops Ak TR AIL)
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Characteristic Absorptions

(cm™)

704 ~ 756 ~ 869
1045-~1088~1129~1184~1267

1363 ~ 1382

1453

1618

1753

2945

2995

3214

Cls (%)

0-0 63.92
0-120 64.95
10-0 59.63
10-120 59.96
30-0 59.84
30-120 59.46
80-0 58.51
80-120 58.34

Functional Group

N1s (%)
0
0.31
0.64
1.04
1.18
0.73
1.85
2.55

CH
=C-O
CH:
CHs
NH>

CHs

O1s (%)
36.08
34.74
39.73
38.99
38.98
39.81
39.64
39.10

% 4-4 XPS & 5 % PE?,:"FJ%%;Q&%\»&

70

Type of Vibration

stretching
wagging

deformation

stretching
stretching
stretching
stretching
N/C o/C
0 0.564
0.005 0.535
0.011 0.666
0.017 0.650
0.020 0.651
0.012 0.670
0.032 0.677
0.044 0.670
o SR
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(g)0-120

(d)80-0

F4-3 PLA 41 2% THAILT 26 2 : () 0-0(b) 10-0 (c)
30-0 (d) 80-0 (e) 0-20 (f) 0-60 (g) 0-120 (h) 80-120



absorbance (%)

6?0 800 1000 1200 1400 1600

1800

2000

wave number (cm-1)

Bl 4-5 FTIR 600~2000 cm™ B2
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absorbance (%)

0.009

0-0 0-120 ----80-0

—-—-80-120

0.007

absorbance (%)

0.007 )
./'/ T y
7/ N e
0.005 /' N — - /I
/' ~.- 1
I
/ ,r -7
0.003 > — —
. " . .
/ S ST
0.001 '/\\ N T —/.\ - - [EORS /
i e N, o D
Y il R Mo iaarees e : . .
-0.0011500 1550 1600 1650 1700

wave number (cm-1)

B 4-7 FTIR 1500~1700 cm™ ) 3
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absorbance (%)

0.005

0.004

0.003

0.002

0.001

0-0 0-120 ---- 80-0 —-—-80-120

Intensity

1200

1000

800 600 400 200 0
Binding Energy (eV)

B 4-9 XPS >#f ¥ @
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3day MTT

1.2

0.77
0.730.740.76 "
0.8 0735 g7

0-0 0-20 0-60 0-120 10-0 10-20 10-60 10-120 30-0. 30-2030-60 30-120 80-0 80-20 80-60 80-120
plasma treatment parameter

B 4-10 = % ‘wmfe 52

7day MTT

0-0 0-20 0-60 0-120 10-0 10-20 10-60 10-120 30-0 30-20 30-60 30-120 80-0 80-20 80-60 80-120
plasma treatment parameter

Bl 4-11 - X w2 E R
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(d)3014120

B 4-12 = = - = %% FE-SEM B : (a) 0-0 (b) 0-120 (c) 30-0 (d)
30-120
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(d)30-120

B 4-13 = 2= w44 ¢ (a)0-0 (b) 0-120 (c) 30-0 (d) 30-120
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Amine group plasma
treatment times (loops)

3day MTT
0 20 | 60 | 120
= 0O | 049 | 05 | 045|047
o T
D <
==
§§ 10 | 0.62 | 0.73 | 0.67 | 0.62
55
& T | 30, 0781074 ].0.76 | 0.77
=8
S 3
2 80 | 0.64,(,0.604) 0.62¢] 0.65
% 5-1-= X MTT # & %
Amine group plasma
treatment times (loops)
7 day MTT
0 200 | 60 | 120
= 0 |0.72|0.80|0.85]|0.88
o T
D <
3 5
8 | 10 | 0.87
=2
3 5
@32 | 30 1.04
= &
S 5
2 80 | 0.88 1.02
% 5-2 = x MTT #iE 4
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