
9{-j}.J 

A. N. Golovchenko 

ON REGISTRATION PROPERTIES 

OF INTERCAST COMPANY CR-39 

0 ti b e A M H e H H bl M 
MHCTMTYT 
RAft pHbl X 

MCCflBAOBaHMM 

AYtiHa 

E13-91-523 

Submitted to "Nuclear Tracks and Radiation 
Measurements" 

1991 



'j 
<' 

' 0~ .... 

Golovchenko A.N. 
Registration Prop 

j 

..... , 
,. 
; .. ... 

:•,,' 

~-·.: 

•' ~¥· • , ___ .., 

.,_ .: ~; 1' 

·_; :i" '.:. ;-;,,~ l ~ .~ 

1. INTRODUCTION''"': 'c i ·' i· 

The solid state '·nuclear 'track· detector;:. 'CR-39;:r,the organic 

! .• • 'compinirid poly(allyldiglicol)carbonate (Cartwright et al. ,1978) '"'ha_s 

b~en f~und.'' to'have. a wide appiii::ation in -numerous fields .because of 

its high sensitivity ~o charged patticles. 
unknown particle by given ·, 1 ·.' In detecting and, identifyirig~·a.n 

. detector c;~e •f>h.ould kn~w; its response to particles :of known charge 

and ·'·en~rgy'. Nowad.~:Ys. one· of· the t:ra'ck '·'formation models, called 

(REL-~estricted energy · loss) . (Benton and · :Nix; 1969), 
REL-model 
sati-sfies more or 1ess 'tile ~xpeiiinetal data. By following this>model 

a simple 'reiati'on between the:.e"fch rate ratio,: v' (V=Vr/V8 , vr :.is-.a 

·t_;ack· etc;;~''r('lte, V
8 

is a_''·bulk etch rate), and· REC'has :been found· ~s 

follow~; v=i+cx·RELI3 (Somogyi et" al: ,i976). However ;-the .function': ~f 
the above· form· can 'be 'utilized in· the ·,limited' REL''·range::because:<: 

CR:..39 response curve has two ;distinct regions, l'ight'J ·~nd -·high 

ionization region~ ( 'foi? e~ample Khan et al:, 19s3) • · The coe'fficients a 

and (3 are differe'nt for each of them.' This·-- snort paper presents 

results on rei~ponse' CR;239 ·which can· be 'described' by -the -function 
·::·;,_:v .:r:..: ,_j 

incl~ding the combination 'bi: t~o powe~ .:terms. 
.J~ 

2. EXPERIMENTAL DETAIL:ii~. ::_ ' 

The CR-39 samples of a' thic~ri~ks . abou~:J~\:4 mm. wer~; 'casted by 

of ,Pa~a·'_:·(it<~\yj.'- '•''" Table__ 1 gives· ·the 
,. the Intercast Company 

experimental,.: conditions. under ·present '~investigation. The particle 

energies, with the exception of 19F, _ we~~ 'd~graded by means of 
. , - ----~ ' .· ~f. ' ~, -- . . •. " . . ,, -, > " • 

aluminium foils. The detectors were etched i~· 6N .NaOH at 70° ~' 1°C 

during. proper time to m~a~~re tr~~~ parame~~;; with -~:uit:~ble 
~~curacy. The sem~automatic:'·i~age '~n:~~zer,,cM~~-Vi~e~plan': '(Au~~;l~), 

. . ' i lt\t!":'-;l'i-'!'\i-ril>-.. ·p-trn-.. -M-iJT-, 
3 ·u_,~"iWl RC.~.,~_.IDUUII 
l SH-S116rtOTEKA __ ...._-, ' - -~ 



combined with the optical microscope, Carl Zeiss, Jena (Germany), 

was used for track parameters measurements. The bulk etch rate, v , 
. ~ 

was determined by two independent methods: track diameter 

measurements of highly ionizil}g.part~~les and method of weighing.· It 

is ·.worth noting·;·th~t there is a good.poss~bility,f?~ precise deter-

'rrii'nation of-V B by the' above-mentioned,,methods (~enke -~t al. I 1986). 

First, taking. ·into. account .. the, cond!!~~n that Vt'>Ye, c;ne, can use the 
J . ' 

following relation (Somogyi and Szalay,1973) . ·o·. '·. . 
Ar · 

VB= 2-'E'7•' . ~~ :;:-4 (1) 

.where D · is a .. track :diameter of normally incident :40Ar ions at Bragg 
Ar ·- · · -· · : "" .,~, . , .. ~, , ;· , , 

·peak and• tis the etching.time; Second, other method. is based on the 
,. ·- ·--- ~ -- ..... " " ':, ,.,_ ~. ~: .. ~- i 

measurements of sample masses. before .. and after etching •. We have used . ' . - . ~ ; i 

·a sample• of .. 3 x, 4. cm
2 

in. size , and •. analytical balance accuracy was 
' • • ' T; • <. !-. > ' .. .·~ '5 • •' ' ',' ,; ., ' ~·<>·; 

0;05 mg. In order to remove the absorbated,moisture a sample was kept 
; · ~ •· · '.:• ,,- __ -~'' '· ~.\..·,._·,.:l,r ·;'-. _.,i.l.,-, 

in dessicator during, ·few days, beforE7::,and af7_er etching~_, th:e f.ollow~ng 

· results·;were -~ .obtaine~; Y
8
=1.15±0.02 .. llm(h. by_. usi~g. track· diameter 

measurements . and· V· =1.16+0. 06 · ·llm/h by using weight method. ... ' ·. • e· •.. , - . .- '.'.. ' . ' . ; " "-• ; It is 
T~ .;-

. clear.:that·-both the values are .• in,.good agreement. 
- -.. ~ _," ... - .- . 

:.'I'he. c _etch. , rat~ ,ratio, V, was determined, by track 
\ 'i- ... _, ~ ;~ • ! .. 

diameter 

measurements Of;-normally incoming,particles as ~ell as track length 
~ .. . . ~ .. - - - .•. , . i . ... •· • - '~-. ,, • 

measuz:.ements .i_n obJ,ique,,geom~try_of, irradiat:i,~n. yne_,~h~:mld note that 

method.· of diameters is _practically to be used at Vs3, 
- .. -- :.;.,; ,.;.. ,\ ·- ' ._;:-~ -,.. 

for V~3 this 
:: 

method is unacceptable, so the measurements of skew track lengths. 

should be used (Somogyi. et . .al. ,~976) ~--., 
- ' ). ''": d , • • > -~ .~c:; · i'· : ·:-. ·., & ·.:-~ 

;~The .. etch. rate ratio, .v,. for_._2H, 
- . ' "- . ' '• . ' ' -.. ' : ~-:' 

4He, 12c and 19F was determined '·.: :. 
:·i 

from-the following relation (Fleischer et al.,1975) 

.:,:_:.- ·, .. · ·-v~ _ ~+(D/2-·v/t>':·,:' ·· .·; . ·: ·::.c~- <
2

>:-

1-(D/2·V ·t) · 
:- . B 

,· 

no~aliy ·'incid~nt '-'pa'rticle. where is D diameter track a of For 
~:-: ~~ < 

• ·"-'·' c itz 16 ,:. :: · ': zo' ' · · : · · · ·· 
1on tracks c,, o and Ne, till' range end,en-incompletely etched 

tering in detector at·~~ ~-ngle of 45·and totally' etc'::hed ion ·tracks 
. .::;~<- ': ~o-·:;;':,. 

1~'fi~~f~7l2 2.· 
>f~.~:l-K:~c~:· \: ·~ 

: ~·' .· ..;· ":~ 
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Table .1. The experimental conditions under present investigation 
';' ~s '-~~ 

irradiation 
.::~~~lth resp~ct to 

th.ck deb:ict'ci~ surface 

ZH 

4 .. ···,'-.· 
He 

12C 

160 

zoNe 

40Ar 

-: .. -· .,; 

. ~. 
Y-200 

_cyclptron 

Y-400 

All the irradiations 

.,__:.:. · '8 :(deg. > 

90 

.- ~"i 
90, 

'9;1 90' an'd 45 

: ~ -' ,-.,_ :. -'~ ' .,.,._ '45'·" 

,.,45' 

90 and 30 

3200 90 

Table 2. Example~· of V va.l'!es. det.~rmination for carbon 

entering in detector normally_and at,an aJ1gle 

E 
. * Y ±.O'v Method of V determination 

; ,;_~. ._' '· _, ~ 

·(MeV ;nucleon), 

:9.1 

-7 .o 

9.1 

6.9, 

2.42±0.11 

3.06±0.19 

,4.44±0.13 

5.69±0.15 

'-; 

.by track diameters 

~- -r< 

by track lengths 

. 

*u is a, standard deviation .. from: mean value .of ... V, v . .. 

0>'. 
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·,,~~~:'r~-:· ... ·,;~:c~-~-... ,:t ~-:} .. ::,; ~/'·:= 
-~-~,~~ --~ ~! 

entering in', detector at an angle'' of 40Ar, rounded , 'tips , of , tracks' 

30° relative. to. detector surface, v v:iiues -were ... determined ·from 
. ._ ~ • ~ •• ' -- t . ; > 0 : ~ ; • • ': ,, '·. : -- ~ t i . .: -~ ~' . . . '. . 

·measurements of track lengths, according•to'Henke and Benton,1971. .. . ·~ ~- . ";. ; -
, REL . values .. were, calculated. l?Y method · of Henke and . Benton, 1968 

: us~~g w = 2·0~ :e~ (~·. is1 a, m~~imu~·· en~r~J of. kno~k-on elect~ons). 
:0 0 l . 

3. RESULTS AND DISCUSSION 
.J, ! , '( 

In Table 2 . the examples of V values determination' for carbon 

tracks enter,ing in detector normally and at an angle are presented. 

The etching_ was being carried·out during the:sam~ time-' 10 h~urs. V 

, values obtained . by length 
!. f :· 

meaurements significantly., increase V 

values obtained by those of diameters. Thus·, for' plotting of 'response 

curve, starting from carbon the v values determined on:J,y by track 

lengths were taken into account. 
, l 

In the Figure the reduced etch rate ratio, V-1, versus REL is 
' , ., 200 

"" . . . .• -· . ·-. '' 7 ..• i i-_ ...- ,. ' . ~ 

presented. The experimental results were best fitted by the following 

function 

v·· =' i+ ex ;REL/31 + ex· ·REL/32 
I 200 2 200 

(3) 

where a ,;,2 ~ 955, f3 =1·. o6s, ex =0. 04 7 'and '13 =3: 371. 
.1 I 2 2 . 

One should note that etch rate ratio is· changing together w!th 

decreasing of ion velocity in . plastic. That is why, in order to 

average 'V. values over ionization produced by· particle along 

trajectory, calculated values 'of REL were referred' to the point 
200 

at a half track length.relative to ?ne~ched surface bf the detector. 

One should also· note th~t the CR-39 detector of Intercast company 

is more stable to vacuum conditions ofirradiation in comparison with 

detectors of other producers (Golovchenko and Tretyakova, 1991). This 

important characteristic is in favour of the given detector, as the 

experiments with heavy ions are often carried out in vacuum. 
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4·. CONCLUSION 

In the 'given paper th~- response function ~f >cR-39' detector' of 
· • J : ' • :., ;;. '""'. : ~. ~ r , ". i ~ ·, - ~ .~. , - , . '"'· _ . _ 

Intercast Company . is determined·· in ·a·._ wide range· of the '·ionization 

~hange. The results obtained allow further particl~-identlfication to 

be carried out: '" ~ .. ~..: " ~'"tf{i ~.':i\-l.i".!! . .; 
. ~ ~~- ;:;:· 

c-~f_f)~·,J .'.'·;·_ · · 
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