¥21% ¥1#H
2004 4£ 3

FF &Y ¥’

Nuclear Physics Review

Vol. 21, No. 1
Mar. , 2004

XEHS. 1007—4627(2004)01—0043—05

22 MeV/u i) Fe EF7# PET [Eh 5| 2Ry iE MBI MR

T OB, AEF, WAK, &8

ELOERA KRR, BEX

(1 FEREBERYEPIR, M 2M 730000;
2 FEFEBHRABE, JLR 100039)

B OB AREHN2ZMeV/uM FeBFASRMAZABTERTISERBHLARENE, %
REEEHaATRAE., R4/ TRRERAYE R X HET AR R ETEREERRMY
BAEHERENEN, BEFRTAFEMNUEMFTERABEESETHR. ETERG PR TP
HEFREAURBREKABEHNRBXER. SRRV BRSRMERNER, FIUFRUBRA
ERAEEX. FRACREPCFRAGREETFHERL FTHRNEmTHEA, BEXAHLEEREK
BHTEHRRANE, RPENMSRNERLEE, BREFANE N EERET AL 0 ERAYE
BOXE, MAACTHRAMEEEFEENRKEE.

XRIA: Bk Fe T THEHE; Ro;, LEBRME; FRLEX

REASHKS . O571.33 X RKARIRED . A

1 5§

BTRERSYHB LIS BHMR S
FEMMEEREBEFOTAT D, FABTHERR
B YR E M BOLAUE B TR 7 5 B k48
EERMEERNE, A EEERRPAEBERARK
HHFEHERSUMBNERRE. 2, A TR
FIERBARMRE , ZIRA PR TAEER
EXMRERTEANNE. AMMNERBREAT®
HERSUHM RN N FERAERPE N
BE, BRGIERCUMBERERNELS T
RO RMTRARR, FHRNFHMRKSH
FURRERBHRAMAKXAERNHRRS Y. &
EXk, METREERLTMERORR, REER
FLEEARBB 5 R8N R IR SR %
ERC. REEETHEAYRE FTEUMERTH
THEMBENTABAEER, K@ T B
EABRBPAMEBRUTNERSEE FEZ+.0 UL
nm FEORE, hTIREFNE TRIME, HRE
ENMEEFHERTURBERATESY S T4
WEERE, ATEE T BE LSRR G%
Xi, BNEHFHEES. BT R, SEEETF

WWEHS: 2003 - 07 - 15; ¥ HHAS: 2003 - 09 - 30

FEMERBNARTRAER F HE, &7,
RFHEOLURMEER FH™4EMRG. FTHEH
A EMEB YT RN ZHNE R 7R
(HIRFL)# 4t 22 MeV/u M Fe BT X ZE%R B
MEEPED) BT THE, AAMEHHRHA
ShIR WL X6 % (FTIR) . % 4b/7] WL i X i (UV/
Vis) 1 X $T& 4 (XRD) HARXMEEIE MW PET
BHTT 06, IR THENEEREAERR
FERMEFRERZENKRBLE.

2 XWIR

SCHSR A PET B b3 & S ag Mk A A9 % BA
5. B HIRFL {£{£R98ER Y 22 MeV/u B Fe B T
MEAPET #REZRMETEHTHITTRE,
BEARSMNASX10M, 1X10%, 3 X102 H 6 X
10" jons/cm?. A THRERBEREAGTHESF
BRARUEL (AR B FRR)®F& PET B
PEIRABEBN, AXRRAEREROTE,
B 30 FMRADAQ.0ecmX1. 5 em), HEEE
(15 pm)M PET BT &, EEEFRE T

+» EEWH: HEAANERZSFHME10175084) ; P EA AR ZRELFHWAB
fEREMfr: £ BEA1978—), (WK, FALARBA, BLHRA, AEHHERRM %A


http://www.cqvip.com

S BT %9 F

maE

m%Z%E HIRFLMER FERLmMEL L. A
TRIM BFX B FLESERHH S8 FEH#E
FTTHE. BRBEFANEHARRBFHRNBLEN,
HEBNFEHHTTRE. ATREATETFRE
RS ENESRO®, ARBEREMNELO
nA/cm*LAF.

¥ M FTIR, UV/Vis 1 XRD £ R X} & 43 8 BB
JG# PET B#fT T MR 447, 5 REHEME PET
BT T . FTIR NiKREFEMEEERY
HPF5E B 89 Perkin Elmer Spectrum GX K 41 4} )%
B E#HTH, WERAER X, NEEHEEE
7 400—4 000/cm, {XEF5-PERH 0.2/ cm, WHH
LA ABER LT T a0, UV/Vis MR RTE
h E B2 B R A Y H X FR A9 Perkin Elmer Lamb-
da 900 XY 3 51/ 7] BLG AL £ LA B T,
BB 3 ] 200—1 000 nm. XRD 3 iR 75 o
FHERZMLF VTR X 3 &7 5615
LK, FRETE 50 kV- 1 80 mA KRG TR
& CuKa X ST, AMEE 2°/ min, WEEEH
£ 15°—35°Z Ja].

3 HRSGWwMITR

BREROM MRS ELES BH0E TR
BAEX, G5B FERRPORBAARE. Tk
BRNEGSXFAHERNER, SRRANKREY
R 5 BT R WK 0 B R RTY, BD

D= 1.6x1o—1°@-12‘—f, O

Xt D(Gy) R &, dlions/cm?) H B FH &,
p(=1.397 g/cm*) Jy PET BB B E B, AE/
Ax(MeV/em) MR R B FHEFERPRNERE R
KHEER HEITHEMS, REFEARS, 22
MeV/uFe B F7 PET B FE B FRBMHF
R KARER, EXEFEMP R TRBEZ SRS
HEE 3 HEE, Hit, EREFHEKRRBIE
BIERD USSR B R an oy AE/Ax (BT LLE UK
KA R B FRE (SO .

3.1 g4kEat
B 14T PET MR B F 75 & (6 X107

tons/cm?) IR & FHEH &4 TR B JE 405 % i

KA. AETR, BRE PET B& KA
WBGEEET S HBABEMENL: (DERZHEHK
WA St 3R, 0 1 507/cm (p BUR 2 FR 3443 A9
HWEIRKCH), 1 472/cm (XXM CH, TRz,
973/cm(Bu K8 K R C—O [ ¥R {8 458 & 5h)
849/cm(Au 2RI X CH, E5h), R THBM&
PET F&M AW & LR NE); (2) BR&4ET
— ST AR, 103 292/ce (R U BEFI A9 CH i
ZEwEh), 1 609/cm(C=C WA ES) UK
1 454/cm(3F X CH, T tesh) #81 043 /em (3
R C—OMERaNF, RHBREM NP4
THOLFEERMAER; Q) DB RBCH K
BEJLFAEBRM AL, W1 579/cm(ERH
KRR, 5B PET P A b FEWARR
ETR =R E e

Absorbance

800 1000 1200 1400

B 1 2AHREFRE6EX10"% jons/cm? ) FI K[ B F B &
#HTHREG PETH K FTIR L&
a KR, b—e PN 2.17, 2,91, 3.64 i 4.6 keV/nm.

BRERETBMNRUFABERAANENHZ
“EREYDITR O FIRSIA R, W 849, 973 0
1472/cm®. A TFRAWBMNZ _HMERHAYR PET
PRAZHMHEEHBRR LY, B RKH M
EBREREMHNBESEHEBBIR. 5FRH,
— S E5ESEEHRHEXNMEFANBUNZ -8
FRE YIAHR A BB M RO B K, 1 043 fn
1454/cm 8§, RAFRE MR PRI KE R
. B2 & H T ILA BB R WA 8 H — LR e B
(A/JAOBEBFHE O M. MEMR, BHENR
s, 5SREEHHEXHRICERFEER, T
HSERSEWHERKBECEARN KM 454/cm, F
EBEMNAETIERLEEY. METEERAN


http://www.cqvip.com

%1/

E BE%. 22 MeV/u ) Fe B 77 PET B+h 5l m BB HF 5% « 45 -

WA L, K IR R F R3S (1 579/cm) %
BROEEB/DULE 2), XRVXFRLFH T
HMOERESN. EANBREGRER, ALK E
SFERANBGRIBERMRE, HEE 8 keV/
nm DA EDOY, EFRRX MR NTUBRER G TR
FRAKEBREBHRFHED.

30F o 1454em
® 1579 cm® R
Sl P
s0b ¥ 1472cm'_ -7
< -7
; 1.5 /'.
lOlEi-O --------- ® .-
\:.‘ --------- ®
0.5F SIiz--
TeostADoo
00 v -------:::’

@/ (]Ouions-cm'z)

A2 PET dJLA S B B3 0 — (L ROC B BE B TR &
834k
=Sy 3t B RS R R B A

g CH Rz EAE L, 3
292/cm) RPBMBEPETRE BHNARE
AR, REMESHNNEEARER, BF
EHBHEHBE, ERERAGFTHANAR.
ATFRERZMEPHRNBEITHNS FREAR
EER, AMATLUBN, RERERTHRETHN
R B R A BT BB T AR

3.2 EAN/WRKBH

B3HAHUTHRBROMBEEH PET AKX
Sh/0T RyeH. B E R, kAR PET Xt 310
nm AT KK A ROBRY, METRLEX
HEAERT, S5HEMEFESHIEAERRE -
#. Fe T3 PET B S 3 T K50 F 0] W ok X 18
g R U B B, HEEERKANE/HEHA
B E—FHEFRRAAGT, ETNERR, %
RECEMBBE. R, E—EHEFRNREEGT,
BTERERPHBRFRIAERSE, XREEMRR
% FeBTFHMBPET B EMNXMERKE/LE
SEEMEBRBPH ARG EMMITN. LRRW
U, BE Fe BT EBHNREMM M, PET BEMNFF
BOEEERENTRRAEZERGA. X-HT

BRIEMRCFRREGR, 4 THERHELE
—&SESFRRG H, O BELULS FHER
W H, SR PET BhRETFEHR, AWE
PET B RFiesa FREH".

Absorbance

0 g V - b
300 400 500 600 700
Wavelength / nm

A3 -kBEMMBERKG PET BA KA /7T LXE
(2) HFHE S.=3.03 keV/nm K}, RANFHRF PET B
BRI L. (a) a REHMEE, b5Xx10", c1Xx10%2,
d 3X 1012/ e 6 X 10? jons/cm?. (b) M FM A/ $=1Xx 10"
ions/ em?itt, AR FEHAT PET MR /T B 52
(b)a EEMEE, b2.17, ¢ 2.64, d 3.88 Ml e 5. 10 keV/nm.

MERNERSWAR, BRTENREER
BFRARME FRAUFRBNXEMK. MR
BFRBEKHET., BB 350, 400, 450 mm ¥
KALWBCESRH LA TR B 48, 1.70 f2. 23
KHEK. MESFAREFNBELT., EHME
oAb 5B BE 4 B LA s FREHR A9 1. 86, 2. 37#13. 13
KK BHOMRYBR, REEFRES™
ERBREEARNEERSEANBEMREMEX
F, BENBESHEAREX -XRAHER, W
EXe BFHEBPET WERPUILIESR, ENER
F 1X10" ions/c’ B R EH N BH B ER T

L EBER. AREZRPRANBERNERR,

7 5X10% jons/em* LA b, HERF—-FHELTHE
FRRERRCEENESRERE TR EN
TRIE.


http://www.cqvip.com

. 46 - FFEYHEFR

wmax

3.3 XHETHX I

B4 HT 7 S.=5.10 keV/nm A PET iy X
HEMHEMBEFRXEGHRL BTN, HEE
ETRBAE, X 52 AT 6K 3R B E R,
9 PET K575 55 W B 3 7 77 B 19 38 i 170 2 87
W,

12+ (100) _ pristine PET
5.0x10" Fe™/em’
10]— Se=5.10 keV / nm
s 1.0x10" Fe*™fem’
~ 8t !
5 :
s o
§ [ 3.0x10" Fe**/em’
4 - j 2 2 2
6.0x10"" Fe™fcm’
2F
Srore g,
O sl L M 1 i |
15 20 : 25 30 35

2879

B4 PET 8 X ML EEEE Fe B THREMBHEML

BS54 TERRE FREMBM KM T PET(100)
M IRE I/ L CEREMHSBAHRE/ RSB
BEMERABREBETFRNENEL. dETH,

10t 8,8
<A. D
\\‘D‘._
WM.
08} \% S. "‘g_~
\\\ \"..Q ~._....
L NN ~ . Seal
~ 0.6} RN Taal o 4
= e \A ~.'~-
0.4} T Tl o
O 217 keVinm el Teell
[ O 264keviom ... e
02 4 3.88 keV/nm Sl
v 5.10 keV/nm v

L U SN S S S—
0 1 2 3 4 5 6
D/ ( lO'Zions-cm'z)
B5 ARHEFERAT PET100) AT B METRE I/ LM
BFARHENL
AN MBERBIUEG.

QOO ST AENRE I/, 5SEFHE & B%E
BEB MR, BB H AR

Il = exp(— 0,P)
BARFHYUE, XB o, BEAMIERLET. M

EHERERN, HEFRERDHN 2. 17, 2,64, 3.88
M 5.10 keV/nm BF, F AR #3E & 40 8w 45 5 K
7.5,12,.7, 22,50 30.8 nm?, XUER 5 Ar BEF
MKrEFEMMEBREENIERLRTIESE
L. 6% TPET(100) 7 S s M X 3R E 1/ I,

1.2 T — —— —

0 5 10 15 20 25 30 35
D /MGy

E 6 PETQOOATHEREXTRE 1/1, MR UHE D%
X F

REBARZEHEEXE ETR, EFYR
RORER IR , 29 LAMR O3] B O B4 X R R 7= A i
FHTHTE . FRBHARE FRERBEHN
HaHERREmEER KiK. 5K,
BEEENLIDGENELCBRRBENAR. XK
MEFLRHZGT, BEAE PET £ RL%¥
ZiH AR AR AL P KB T SR BBOR . T
SEERTHHEAERBRAXR, X5RHBT
MArEFHM K ETRENIRARE —HH.

4 Hig

HU LRI RIS LM T E®, 22
MeV/u iy Fe B F 7€ PET B 52 598 MBOM E
ROFFERLEE. IRURRNES, IR
PR R AR AL U R POREE NI R 3
fn FL e 20 A4l 2 B Y T 4 B B T ) B R e T BB LAY
AT g K, HAH) BB UK E T S 8RB
B XENEMPRHEREEE, RR~ENT
ESRBETFHHENMERRAEENXR, MR
RETFTHEXNEFRERNBRBEE.

i RE HIRFLLEKT/HEAREHLBERIRE
AT R B !


http://www.cqvip.com

#1M E BE%: 22 MeV/u ) Fe B F7& PET B 51 RBa9 8 BB PR - 47 -

$ ¥ X W.
(1] Ueno K, Matsumoto Y, Nishimi‘ya N, etal. Effects of High- and Meth, 1997, B131; 159,
enery( MeV) lon Implantation of Polyester Films[J]. Nucl (8] XNBE, £5W, KBB%. A5 XBEBFIK 35 MeV/u Ar
Instr and Meth, 1991, BS9/60. 1 263. HTERERARBBRSIEBHAE] ARYESEWA,
(2] Marletta G. Chemical Reactions and Physical Property Modifi- 2000, 24(4), 352,
cations Induced by keV lon Beams in Polymers(J]. Nucl Instr (9] MBE, 2=, hEAH%. WA B THEEPET R3IER
and Meth, 1990, B46; 295. REREBFR]. BEAR, 2001, 24D 6.
3] Hioki T, Noda S, Sugiura M, et al. Electrical and Optical {10] Zhu Zhiyong, Sun Youmei, Liu Changlong, et al. Chemical
Properties of Ion-irradiated Organic Polymer Kapton H[J]. Modifications of Polymer Films Induced by High-energy
Appl Phys Lett, 1983, 43. 30. Heavy Ions[J]. Nucl Instr and Meth, 2002, B193. 271,
[4] Rao Gopal R, Lee Eal H. Effects of Sequential He* and Art [11] Chapiro A. Chemical Modifications in Irradiated Polymers[]].
Implantation on Surface Properties of Polymers[J]. ] Mater Nucl Instr and Meth, 1988, B32; 111.
Res, 1996, 11. 2 661. (12] Farenzena L S, Papaléo R M, Hallén A, et al. Modifications -
(5] %89, £=%. PHEREYHRN SHIM YERKR(I]. RF in the Chemical Bonding and Optical Absorption of PPS by Ion
BYHEIEie, 2000, 17(3); 127, Bombardment{ J]. Nucl Instr and Meth , 1995, B10§, 134,
[6] Ciesla K, Starosta W. Heavy lons Track Structure in a PETP [13] Zhu Zhiyong, Liu Changlong, Sun Youmei, et a/. Modifica-
[J]. Nucl Instr and Meth, 1995, B105: 115. tion of Polyethylene Terephthalate under High-energy Heavy
[7] Steckenreiter T, Banlanzat E, Fuss H, etal. Chemical Modi- Ion Irradiation[J]. Nucl Instr and Meth , 2002, B191; 723,

fications of PET Induced by Swift Heavy lons[J]. Nucl Instr

Irradiation Effects in PET Films Induced by 22 MeV/u Fe Ions’
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WANG Zhi-guang' , HOU Ming-dong' , DUAN Jing-lai'
(1 Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
2 The Graduate School, Chinese Academy of Sciences, Beijing 100039, China)

Abstract. Semicrystalline polyethylene terephthalate (PET) film stacks were irradiated with 22 MeV/u Fe
ions at room temperature under vacuum, lon beam induced microscopic structural modifications and amor-
phous transformation were investigated by means of Fourier transform infrared spectrosocopy (FTIR), ul-
traviolet visible absorption spectrosocopy (UV/Vis) and X-ray diffractometer (XRD). It was found that
the material underwent serious chemical degradation through bond breaking and formation of new bonds.
Crystalline structure of the material was gradually destroyed with extending the amorphous region. Both
the chemical degradation and amorphous transformation increase in amount with increase of ion fluence and
electronic energy loss. But the total changes induced by the irradiation depend merely on the absorbed
dose.

‘Key words; high energy Fe ion irradiation; polyethylene terephthalate; chemical degradation; amorphiza-
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