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193 nm #5E5| & PET REBI{LFER
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BE BRI HE HERZ G [ Poly (ethylene terephthalate) , PET ] #18LE TR A, R TF
R AR R I A SOE R 3, FOES | R O AR F S 3 2E AL e I i A, P I s SR %
B, BRL R KRS VAT 3 AR, FUK AR 08/ N3 BH SR b 2 2540 28 T AP AR b, A EL AR e 27 4p
i (FTIR/ATR ) BlS7E 3352 #1613 em ™' Ab B0 T Hr A& B 00d , IESC T R HaAE T2 3. M X G2k
JCHLFRERS (XPS) WLiE W] T MR R1H C—N SEIAEAE, L C, Z5A R8N 285.5 eV, N, 9 398.9 eV. KATH[H]
ZURES TR (Tof-SIMS ) o i 2 & 2 Fe (4 43 T8 Fr, FLHE R iR B R HERAUR A AE ORI AL, S48
S5 RFH, WOLRELEAE YA R T HE T R X I BB A

KHEW 193 nm POG; FilEA BXR -HIRS BN, &3t

FESES  0631.3 +4 XREFRIRAY A XEHS  0251-0790(2008)08-1655-05

A=W o3 RER T A R X R T B A i S L 052, RS ISR 45 SRR W, AR WAk T
W BT 550 A2 R R SR A R AR R | o R B A W Tl A A s e L k)
F Y EIEA O T LGE &R T 2USe i, R AL = 450 W U TE A S AR AT A R S5 4 1
BN, AT LGE R AR 5 B IR R T ek vk | 58 oM B . R bz ab 51 Ho 2 b BRI A ) 43— W R
SFFRTA O AT R A A P B 1 43 T 2 3 T R P R RT RO A7 R, PR A
fe A WU AR AR FH 1 2 3 T

Az A R 2 TP D7 2 R AR SR T MO SR s iV B, ARk 2 T 140 43 IX sl A 2 AR i o 24
TRIGEOARGB B, HaT AR AR, WA, PRI LA SE B LT ROKREE 2L+ 9K r &
TET g 38 DX AR e R PEAB A 7 O R I T — — o B [ e 0 T 40y B 350 47 o) B 2 T b 2% 45 g i 2
FAZS G MERTB, JCHHIN T AT, Tei5 gy, HHR AR R BOR G XU T B i 8, 18
HORR — e A Wy 0 T e P s M A L DR R e T 0 Y 2 T e 1 12

193 nm HOEEF e S5m0 FAPRH AL BB R B0, D T RE R AT R s T
HESEE AW, TR R, DTS LR Ko F AR SO, - . T sl 0] PO O 3R A 04 v i k2
SACEO GRS AR, T DL S B ST AR AR T 0 & R RO VAR | FLIR . YRR | R A S5 A 1Y
TG YRE AN 0

H RO 23R T OV 04 I 9T 22 8 v 7 0 200 b J 0 3R THD A 2 R 1 T R M 1 A8 1 25
-1 AU ORI IO | R PR T R VA R e R S S I e - 1) I R O 4 5 |
RAR, TE8AL RN, NGNS, HRFZ I 2 LUR SR S A i a5CR.

FUAE L 193 nm WOGAME A A H AL, % H AT S AP pPRER I OG5 R B i B
FI BRSNS | R ess, AT S BT S B A SR T e . A S 3 8 T T B0 KL R R R X 2 — T R
L TEBE (PET) VRN B RE BT, TR SV PRI IBOIE e B, i IR 4 & W) & M A= 03+
G YRR MG PET YR IS BIRRE. XEcPE S B9 PET R0 1AL =25/ 04T 1 & Mot Il
WOGER TR B LR T AH DG 1Y i
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1 SEIGESY

1.1 XA 5EE

PR R W R & IR (PET, Dupont 28 F] ) #ARELBY A 20 mm x 20 mm K/, ZoR HIEE | HI g
TG B PR 10 min TS, /3L 99.99% , W3RN F]) , HESFIOEH
P PSRRI 3 3 e i <R A ).

SEES I FH OGSO 4 193 nm AF 0%, Bk 58 2 20 ns (LPX220i, Lambda Physiks ) , 272) %% ( Mi-
crolas, Germany) , #GHE R MY (Oriel 70260, Oriel instruments) .
1.2 XEIFE

WO A e S0 A A R G A TR A IE . BOBRE R R A B AE OV Z R 30 mJ (133 Pa A,
HWOLRERE LT 0. 1 mJ/em®) ™, ¥ PET MR E T ESEH 5 16 em &b, MEZSIFET AR
4392k 25, 20, 15 F110 mL/min, XPAZH 140500 212. 8, 186.2, 159. 6 F1 133 Pa, 7E 20 Hz 4 R4 HE
10 s, SRR OGS S H AL

W WO AL Z I AR 4 W TR O T . R A 20 2 T e A 3t
(DEKTAK®ST, Veeco) ; 7K3%fi #illi% ( OCA15, Dataphysics) ; 8 HL 2548 58 ol 4 Sz 59 21 40 S 3 )
(Nexus, Nicolet) , & abfAVERLLAMNE LA R, FREIIZ K 64 ¥K/s; XPS(ESCLAB250iXL, VG Scienti-
fic) , HHEUERH] 1468.92 eV 1Y Al Ke, , 2k, NS UL C—H # C, (285 eV) WEMUELALHE; Tof-
SIMS( Tof-SIMS 1V, Ton-Tof GmbH ) f#i Fi 25 keV il (1) ik i 5 85 T4 M B VR, FH 45° %% 540 kL 3
500 wm x 500 wm PRIk, 254 0 R E I 10 KV s 3 A S RS U AR

2 ARSI

2.1 FEKEMA

1 23R TETADRE B2 DL R e 1 K 2l Bl A L2 S N I s I DA R R i A8 Ak i 0. AL 1 W]
VI, FRIAHRDRS B 74 IR B AT 5 1A A1k, (HR KB il A B 15 ) AR AL T A, 7E 20
ml/min, 186.2 Pa B /KM A f Ak, FRIAE KM .

FH T 2R TR B2 VA I AR Ak, KA A 728 Ak 32 SR ph R E Ak 2= S5 A 1 AR Ak 5 DR Y. AT WLAE
AT IO IR AL PR RE A 2 BOb R R A 2R 25 B A8 k. X Fh Ak 2= 254 i A8 Ak A P FP AT B, B

PORLER H ST R WeE SRR R k. TR oo VecuumpresuerPa
FEURE B2 T o 78 Ak, RN DT K IR Ik i, A 100 [T T T 1000
T 5 065/ T LA 0 7 it 22 11 SRl Rl BT S
QIO FIRIZ B A E N RN 2 st im,wmg
W, BEEZSURTI R, AR ROOE TR B - ?
WNE, SEARENET R, SHRELES o) jjw\\ {ow &
P A TR, (NI 1 B8, B S |wibow | Lo miaed N | 2
ApEEIFARINE, XA RER S & TR AR R TH Y f jo [dition e
RT3, SRS, 26T W% i 1 3 D o oo
» ’ EALEUE S ﬁ//l\’ Wt 28 R TT B ’ AT Fig.1 Correlationship between surface roughness,
WM G184 hm, AL 380 305 A Ak 32 1 1) o - 55k 2D water contact angle and ammonia pressure

TR MY H 3>, S8R
2.2 ¥E#HIFRE FTIR/ATR E

2 & PET #BHE &SR P L 193 nm BOGHE BSCPERTIS 9 FTIR/ATR K. K 2 AT IR H),
PR, TE 3352 A1 1613 em ARSI TR WCIE , 3352 FT 1613 em & TSR A 4 PR 2l I
WA IS 1 B 2R SR e 22 TRl A LUFE 3, 0 HF 3 o R A S R R e 446 B 3l Wi 0 (2926 AT 2847
em ) BWHHK ,, PRI C—H (3060 em ") 4 4R 2 08 55, 3R I Sl EE 3R 067 15T e SR I HH R IR 30
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M 1254 cm ' PET g8 5 W IS i) 30, HE LA 2 g 285 o g
C—N B B0 IS 7 1 (1210 em ™) % 35 75 I (1300 i T T
em VBB N 2 AT R, R !
R R B kﬁ\z@\
2.3 EREFRME XPS B %u\\\\\“:

W1 T AF Y, FERORRIR AT, B R NN
S SRR S RN, B/ (0/C) TER MM i T y
B, R R SR e TR 350 00 300 1500
11, B AR 6 T AR, %1 0/C BE/R e

. R o e Fig.2 FTIR/ATR spectra of PET film surface under
N N o= e
H:ET%J&}E!IH *j‘ *’I’ E/‘J H: ﬁﬂ T:E'fE\E HE E R /ft,:‘F , different ammonia flux conditions

MBER I O/C FEJR LIS & i PET BEER/DN3F o Blanks 6. 10 mL/min, 133 Pa; . 15 mL/min, 159.6 Pa;
CO,BIHE M0 F/Bk (N/C) TEEEER LI d. 20 mL/min, 186.2 Pa; e. 25 ml/min, 212.8 Pa.

A%/ A (O/N) JTTEEE/R LI A 52 A0 RL, 763 Table 1 Atom percentage and relative ratio

AA R, FAEmRM N RS . RS after modification

TR AR AL, BN B [EDE TAER v(NHy) /(L - min™") € 0y, n(0)/n(C) Ny n(N)/n(C)

SRR R R (O T8y Bk 7Ls 286 0,40l

Kt s SRR
3 J& PET 782 <A etk 5 R i 282 ~ 15 79.1 18.0 0.227 2.9  0.0367

290 eV C, LA N, 955 A he s o Be i i, ol L4y 3 10 79.8 17.2  0.216 3.0 0.0376

AR C =0, C—O0 Ml C—C/C—HME5 A RENI T 288.5, 286.7 F1284.8 eV, 5 ICHK[26 ~28]
RIEH LSRR —3. Bk C—N#E C, o 285.5 eV, N, b 398.9 eV; HIF I C—N 4 C, 4fiEN 283.9
eV, N, K401 2 eV ™ iR C, IR N, S5 G HER /R T NHL TEREIERE 1L KRS ek, Lk
RO AEAE PET WS HEER 3 54854 .

(®)

290 288 286 284 282 406 404 402 400 398 396 394

Binding energy/eV Binding energy/eV
Fig.3 High resolution XPS spectra of C,,(A) and N, (B)

PET # B E AL 2B RE R TE 3.6 ~ 10. 6 eV {EFEIN, &/ N—H (8 74.04 eV |, 193 nm 4}
WOLETFIIREE N 6. 42 eV, JET BB R AR 4 Hh i & T 1) S0 2 i F IR fb 2= g i 2. X T4k
SRR T FREE L2, SOGFIBUR DL e S b = A H i B, b2 s R = T
RETE I fb2m 8, 2RI C—H BEREN 10. 54 eV, NIPRIF C—H HEH W24 v] 582 h 206l sl
2.4 EFERE Tof-SIMS EiL 447

&l 4 J& PET stV 5 1 Tof-SIMS B3, B EI 4 FTLUE Y, 2K H PET Kkl i S 2 R F 2 &1
Bt L m/z: 29 [—CH (NH,)—]*, 43 [—CH,CH(NH,)—]*, 59 [—OCH (NH,)—]*, 69
[—OCH,CH(NH,)—/—OCH(NH,)CH,—] " 45; Sk A X R W S AL FEH T B m/z N
28 —C(NH,)—]*, 41[—C(NH,)CH—]*, 53[—C(NH,)CHC—/—CC(NH,)CH—]*, 65[—CC
(NH,)CHC—]*, 66 —C(NH,)CHCCH—] *, 79[ —C(NH,) CHCCHCH—] * , 91[ —C(NH, ) CHCCH-
CHC—] " 4.
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Fig.4 Tof-SIMS spectrum of PET Fig.5 Tof-SIMS fragments mapping of modified PET
surface after modification (A) m/z; 69; left; without irradiated ; right: irradiated;

(B) m/z; 91; left; without irradiated; right: irradiated.

Tof-SIMS 75 F Bt EUG A LAAR 41 S WL 3R 1o R fE AT oA A k. T8 5 SRt i B 2 s 1
BRI RUGE, W LA BIOGER BRI A Rk 2 1 BH I 0 BRAGGT EL. S 7R eSO AU & A A SO 5 R AL
RAR R S AR A AEE I BRI 22, 454 ATR/FTIR B3, [al— 2 i A48 B A7 PET 53R 845 T
JER PR R RO GZR b 2 o e DX SRR
2.5 REZHEEHEN

LERLLAMNERE | XPS Fl Tof-SIMS WSZIGEEAL, 0 PET #4kF R R H2 A 38 W )W UGN T . PET
A NH, 38 506 302 06 I Mlscfb 2= e Wi = A B 2, 24 F i 2Rl 5 PET SR1 H H 28 R W K
NH, #4558 PET $ARLRTH. #OCE T EZE A PET R ibidt | ZRI S R b AR W 245, Ak i
S1&M A LS H SRR TE b kR N SRR A PET i L (WLIE 6).
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Fig. 6 Radicals induced by laser on PET surface and in ammonia gas

3 4

FTIR/ATR . XPS, Tof-SIMS AIIAZE RE A BRI b5 | A T 2 5. Z A n R 8 i ot
HF51 RS N—H I PET A0k C—H B RIE H B2, S8 Al s SRRy, 250 i xh s 2k
FEHE IR A B R sg ), S SE I REERE SR A AE ORI DX, ST X ek R 1 R Ak
2 GE R T BE R .

WO AN T O 245 S T i T BOotdokt, XM RN 5, Rk 2= 2454 5 R g
S5 R [ s 6T 20 LA A ARk 2R T (97 oA 7™ A S e, L T A 2 8 ) 194 A 2 T 240 ) 2 B P Rl B 75 2 1
AR B 2 R, U HOCEA R AP R SRR RR M 1 LA SR oK | ORI JR i fb 2 45
¥ B AR PR, RIRFZEARE T U FAEYS R, TR ARSI, BN RRE R EY

PR = B AR 7 R MU E S NS S
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PET Surface Chemistry Grafting Induced by 193 nm Laser

WU Gang'*, WANG Ying-Jun', CHEN Xiao-Feng', YE Jian-Dong', WEI Kun', LEON Betty’
(1. College of Maiterials Science and Engineering, South China University of Technology, Guangzhou 510640, China;
2. Department of Applied Physics, University of Vigo, Vigo 36310, Spain)

Abstract Surface physical and chemical properties have very important impacts on biocompatibility of bio-
polymers. In this article, a 193nm excimer laser was used for the PET surface modification. The PET film was
irradiated in a vacuum chamber filled with controlled ammonia flux. Surface roughness measurement, water
contact angle, FTIR/ATR, XPS and Tof-SIMS were used to characterize the modified PET film surface. Water
contact angle decreasing indicates that the chemical composition changed after laser irradiation in ammonia and
no significant surface roughness was observed. The character amino group vibration absorption bands were dis-
played in FTIR/ATR spectrum at 3352 and 1613 ¢cm ™", respectively. XPS binding energies of C, at 285.5 eV
and N, at 398.9 eV verified the C—N bond's formation on the PET film surface. Fragment ions mapping in
Tof-SIMS also shows that the proofs of amine molecule fragments could be extracted from the laser irradiated
PET surface. All the results prove that the excimer laser can be used as a useful tool for the biopolymer surface
modification and chemical patterning.

Keywords 193 nm laser; Surface grafting; Polylethylene terephthalate (PET) ; Amino

(Ed.: W, Z)



