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Abstract

Positron Annihilation Lifetime Spectroscopy is a non—destructive technique to study voids and defects in
solids by the measurement of gammas from electron—positron annihilation. In this study, we measured the
lifetime of CR, EPDM, NBR, all of which are widely used polymer in various fields. A conventional fast—fast
coincidence system in KAERI(Korea Atomic Energy Research Institute) has been used to measure the lifetime
spectra, Three lifetime components were analyzed from each lifetime spectra. According to Tao—Eldrup model
equation, the size and fraction of free—volume were calculated. Mean radius and free volume fraction of CR,
EPDM NBR are 0.1217nm*(1.9103%), 0.14780nm *(5.3147%), 0.1216mm *(2.6381%), respectively. Through
these measurements, we identified the feasibility of the PAL system for polymer analysis.

Key Words : PALS(Positron Annihilation Lifetime Spectroscopy), Free Volume, Polymer

Q9f
FAAAEE S FHA} AL v AEhHA RS = AR EH E49] JEHE AR Tetele A
@ elth & Aol thgRt okl M 2@ AREE AL 9l E2M QL CR, EPDM, NBRel tfste] xiAtad
HE ol A 2HATHE S5 SR AT Y] Na—22 A Y& o] &3 FAALEA S &H% 5
3 FAALEAIZRS] AR = A7IE S48 olF Al HAl AR EEv o] AfHT e AR
A A} Tao—Eldrup L9-& o] &-5}o] 37}%1 Zdd g AHF9E 45k 1 23} CR, EPDV, NBRA
A4 9} e & 242 0.1217 nm® (1.910%), 0.1478 nm®(5.315%), 0.1216 nm*(2.638%) % L}E}utt). o

Z} Q.
& %o FARLER Felulol #4864 AT - AQlon FF v How Fejvle] AN 24

“This work was suppor ted by the National Research Foundation of Korea(NRF) grant funded by the Korea government (MEST) (No. 2010-0029837)"
Corresponding Author: Yongmin Kim E-mai | :ymkim17@u.ac.kr, Tel: +82-53-850-2522

Addr, Catholic University of Daegu, 13-13 Hayang-ro, Hayang-eup, Gyeongsan-si, Gyeongsangbuk-do, Rep. of Korea

Received : December 29, 2012 Revised : December 10, 2012 Accepted : December 21, 2012

489



490

"Study on the Free Volume in Polymer by Positron Annihilation Lifetime Spectroscopy (PALS)”

FAALEEAAH S FAA7E 2AUAA Ao}
AT 25t HaEs doy|HA wAsk: ke
EAE o] g3l BAS BN Wgolth AR
2 A E S A F47s NS V&Y A
FA 2 24 e M 2ABEe) AF T
Z A4 &84 F At FHA A A= B
o A EE BHAsHHA, vgA Al Wi or A
o] A7|¢} ol FetHR] ki S AT Ad
e ARS AL 5 drke o 2 AL st

At EevelA o2 32 Fig. 13 2ol47}HA]
23 AL e ol TN X

(
x
fru
T
e
&
3o
i)
o

[e}
AGEEA L vke dpe} v
& F otk ols ARFFHA
positron) o] 2} 3}, o] wo] FHA} Yo mRE AW
7R FAAE T oF 04 nsE A A AUk

fu

(annihilation of free

FAAE vk 29EA ga JolHAte} Aslo]

3
FIAERYES T 7= et ojue IAER
U o] Aol wet 27bA el e v
A1 25% 9] FER FAAe Aol ko] vy
1 Tk EA EZ U3 (p-Ps, para-positronium) S FAJ
F vk o ZAERZYRE 9F 0125 ns9] FEOE
i dEh 5% FEE A4

-3 A (intrinsically) 2>
AApel MApe] Amubako] He &4 XA ERUS
(0-Ps, ortho-positronium)< ¥ 0.5~20 ns AT} T A&
A @k o] A8 T Zpick-off) ABolel B

q_[4,5,6]

o2

lifetime, r= At (stop - start)

280 VYV, St
1.3 MeV stop
7 decay annihilation O51 Ml
with bound e /-\z-z
thermalization 04 15
o =1ps) para-Ps  seli- ’

s annihilation .
sxcsss\ ‘  EE— /\
electron /

25% 0.13

Ps salf- e
° o annihilation
erho—Ps = 140 ns

(vacuum)

‘ pick-off

annihilation B

75% A
0.5~10ns
(samples)

Fig. 1. Positron and Positronium lifetime components in Polymer
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Fig. 2. The PALS system in KAERI
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Fig. 3. Positron Annihilation Lifetime Spectra of CR, EPOM, NBR

o2
2
by
ol
of

o =2 9
o fr > oo

i 2L rlo
o,

A
%
i

1
tio
oty X oo o off

o2
3
st oF
L ooE Hr ofp o
_{

ol
-

2 ox £ (o
™
flo
o

N
-

M

714 Ny FA 29 E- A oln 1= Al
Olsen ©] 7§33t PALSfit TE1
=Zatg o Age) ory

20CoNA &2, FFsoz A

>

CR, EPDM, NBRO| FdAAE 29
THAAREoR B3
HEE FER] o-Pse FH ()T AAAZIE) #ke 4
= Table 1.7 2t}

Table 1. The 3rd Positron Annihilation Lifetime and Intensity
components of CR, EPDM, NBR.

Poly  oPs Lifetimelnsl(73) PRelative Intensity £ (%)
mer (t. d) (St. d)

CR 2.2497 (0.0289) 8.7224 (0.1345)
EPOM 2.5058 (0.0137) 13.5156 (0.0886)

NBR 2.2479 (0.0172) 12.0525 (0.1185)
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Table 2. The free volume radius R, mean free volume( Vf),

and the fraction of free volume (f,) in CR, EPDM, NBR.

mean free the fraction of
Poly  radius (R, A) volume free volume
mer (St. d) (V;. A% (fy. (o)
(St. d) (St. d)
® 3.074 121.7 1.9103
(0.001) (0.1210) (0.1345)
3.280 147.8 5.3147
=l (0.001) (0.0672) (0.002)
\GR 3.073 121.6 2.6381
(0.001) (0.0754) (0.003)
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