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A general program is being conducted at the Oak Ridge Rational
laboratory to inTeetigate the effects on plastic aaterials of txpoture to
radiation in the pile. In the present investigation, several plastics were
irradiated, and on removal from ths pile, their rate# of decay were

determined by Measurement of game activity in an ionisation chamber, (For
details of procedure, see Appendix).

RAUA

n Decay curves toe the various plastics, together with their graphical
analyses, are shown in Figs. 1 to 8. the radioactive isotopes probably
present In ths Irradiated plastic, and the stable parent Isotopes from
which they were fonaed, are lifted in Table X, Also presented are the
approximate weight percentages of ths parent element in the plastic, where
date necessary for this calculation were available.

ITOAI NOTICI

TULN f*rt wm pipww ] mtmmeccomieon 0 m rw W gpM w JwMfc, NiM wliM
U*tto4 Strtn, nor  CoMmiakM, nor ony f*nm oecfaf m hltow *f SwCwrialw *

A. Mmmmy m*rmn*r - nprmmWU>*, trfrmmw taytM t«M » MpMtW Sw m *

W fffhe mm*>mMw « >t w e idh ea oport, « Adffa
\m«l ary Mmt.lan, f y a nyiwTHad, 0* pr»c** Oml— Sla (MIMfWEMYy Mrtlft-
nm 4 rtflAM ar

I. hmm ««y IWAUUfa*4* MNyMtto fa mm k, or for fawgw m M«|tramfa
e «f«*y Mmwilm, y M fat, mfaa, or ywn— fart—4 A Afo wp«c

A*<md In fa ah**,"V m* «e**e« Ufatfeffa CmnM m* IneM m mym~
"x im wwmSm mAMWM « MVIite\

| BEEEPRS ha am WiimmIlfm nivoaib UaMI

FhofaSefMsrl

Mtcttfttm Wes

*

Avolltiu* fw* *e»
Officeel Teehdcol S*rvice

Dtportmen* of Cenwetee
25# D C.



-d -

fabi* |
mvam> gr pssat CUNM Or iiimputsd rustics

BKapffdlM i- p ro(;<jbl» .Udio-  ltable parent Height perceni
Lives of Idctive isotope isotope Parent HXm»nt
active isotope# in Elastic
s
1  Sartn 37 min 37 ain CI*8 CI37 38.2
$«l hr T T
6 days ? t
1  ithocel W oin. 37 ain » » CI37 0.072
14*4 hr 12ifi hr S»a> Ua23 0.01
67 hr 63 hr Sct® Tir (9)
[, e %
27 rain 37 ain CI** 0.041
1 rflot U.7 hr 14.5 hr ila2* Fbh 0.003
*KkK i 43 min 37 ain CI?8 Cl?? 0.086
| W i
Ip.p.r flU .r) 5.3 hr
16 hr 1A8 hr to2~ Ib2* (T)
1 NV
b fluwottaae 37 min 37 ain CI?8 C1?22 27.2
EE
f».Uu fe J[ 2.35 hr 2.59 hr Hr.56 tot?-* 0,0003
9 hr T = LIS
t t m o
immi' ;
. 1k 4.3 Fhr
,’Ie IR 1,S] 15.2 hr 3A8hr to2* | t02? 0.15
| |
n — 32 ain 37 »in CI>* 0.203
1 157 hr 1A8 hr H2* | 80 0.001
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The observed half-Uvee of the isotope* causing activity in th# irradiated
plastics ware obtained by a graphical method, This method depends upon tha fact
that radioactive disintegrations ara first-order reactions. Thus a plot of

« activity of a tingle radioisotope versus time yields a straight lino on emai-
logarithmic jwper. Since tha dacay carve fm*»an irradiated plastic represent#
tha disintegration of several isotars having-different half-live*, a straight
Una ia not obtained axoapt at a tine when tha activity of a tingle component
greatly exceed# that of tif othara. If tha curva la extended ovar aufficlant
time, tha activity of tha isotope of longest half-Ufa appears u a straight
lias, ttum thla straight portion of tho curva is extrapolated to aaro tine, tha

1*®? slops of thla Una dafloss tho half-Ufe, vfcich la tha time required for tha
activity to be reduced by one-half. If th* straight Una la than graphically

w m ... Subtracted ttm tha decay curva for tha plaatlc, tha resulting subtraction

Com will also have a atralght portion, corraaponding to tha facay of tha
wn . Maacowd longsat lived 3actops. ily repeating th* procedure of extrapolating
tipi tha airtight portion of tha curve to taro time and subtracting curves, tha
%; several atralght Hass which comprise th* decay curve for tha plastic may ba
m obtained*

This method w* malyala does not ylald th* chemical identity of a
? invdioactivf Isotope, tut only Its half-Ilia. It doei not distinguish batvean
f| two different isotopes having tha same or nearly tha sum half-life. The
ascuracy of tha analysis depends on choice of tha best curva representing
*** Warkwntal data, awl any error made in tha drawing of a given line ia
/ magnified In all subsequent constructlona. Ttw accuracy ia often further
v>./ impaired because tha dalamination of a straight lint for tha isotope of
> jangaet talf-11f* must be made froa data obtained whan the activity ia lows
tr«d accuracy of tha wonting instrument la relatively poor.

C~™a”lcal ldentification of Hadioactlva isotopes

Several factors ware considered in tha chemical identification of tha
isoUfaa iroauoing activity in tha Irradiatad plastic*. batermination of each
of thi radioactive isotope* was baaed upon tha following requirements:

Tho isotope must decay by gammre ray emission.

£1f§f§ Tha known half-life of the isotope must be nsarly tha ease as that
tietatmined by graphical analysis of the decay curva,

Tha radioisotope mast be ferased froo an element likely to occur in
the plastic, either as a chemical constituent or as an impurity. A
study of tho chemical process by ditch tha plastic was made and tha
apeetrographlc analysis of tha ash of the plastic (tea Appendix)
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indicated some of the stable isotope* present.
the radioisotope must be formed by a matron capture -taction, each
M m*t, fw»( | € n~p. The n-t reaction involve* capture of a
* . Matron* for tfcieh the cross station la usually high, mherea*
. tt* other too reactlona occur principally with fast neutrons, far
which the captors cross aaction ia usually lo*. therefore the m»f
Jg i * motion is the one most likely to occur ia the pile.
m isiS.

2a addition to these requirements, too other factors Influenced the
choioae* fh« etable isotope fran mhich the radioisotope is farmed should have

ft high capture arose aaction for thereat neutrons, or should be relatively
Cbaaimt in the natural element.

au,.ianh Upj

The data cbUined in this work by analysis of the decay curvea sere used
far quantitative determination of certain of the element* present In the
, plastics. Tbs beats of the oalct lation ia that tha degree of activity* AQ of
ft radieftoUvt Isotope at the accent of renoval of tha sample fm the pile
dspanda upon tha number of atone of tha Isotope present, thus upon the number
[ of atoms of its stable parent isotope in the plastic before irradiation, the
r relationship is impressed by the following equation (1).

A0 » overMil -
i there nv ia the neutron flux, rmutrons/isq ea)(eec) during irradiation*
&5 ** ja the cross section for neutron capture for tha parent isotope,
U ia the number of atora of parent isotope subjected to irradiation,
. k la the decay constant for ths radioisotope* and
m-%. t ia the time of exposure to irradiation. B

A la obtained by extrapolation to zero time of the decay cum for tha isotope
Jt previouely discussed, for greater accuracy ths values of k0 used In the
Calculations mere determined by extrapolation on large*ecale plots, rather than
tilth those presented in this report. Since experimental data on neutron cross
sactions are not highly accurate, and since the graphical analysis is a sub-
jective method, the accuracy of the quantitative determination may not be high,
however, the method is extremely valuable for the quantitative determination
vith fair accuracy of element* present in tsuch small amounts that they mould not
be detected in cimmical methods of analysis.
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Ot the ifirm radioisotope* observed In irradiated iaran (rig. 1), only
oa*i 17 «lo could be identified with certainty, 3ar«n (vinyiidene
chloride-acroaitril* copolywer) contains 47.31 chlorine. The amount ctlculaUd
Ira the experimental date wes 36.2*. The 5.1 hr isotope could be 4.4 hr hr7* |

MM. bat no evidence could be found indicating the presence of brercin# In Saran.

_ ~Ibs W34 hr nd 40 min isotopes observed In Bthocel (Fig 2) were
identified eg 14.6 hr H&** W4 "7 ad4n CI™. These isotopes ars formed free

and Ciff, respectively, by a-* reaction*, 8eth sodium hydroxide and
ettyl chloride aro used in the lanufacture of Bthocel. T to hr Isotope
coaid be 63 hr 3c*8, formed fra* Tiw by n-p motion, jjj, Spectr©graphic
anslywis indicated the prtetnea of titaniun In Kthocal but 63 hr Sc** has
not been included la any coaj&lstion of isotopes appearing in literature
time 1944, and it# occurrence l1a somewhat doubtful.

The element# producing activity in Teflon were identified aa sodium
end chlorine* The end group in the Teflon golyatr ia -CCI3, which would
socount for the pretence of the 37 min CI38 activity. The occurrence of
sodium in tha Teflon wes indicated by spectrographio analyaie.

In' the polymeri tation of Bakelites, both sodium hydroxide and
hpdpcohlori# told are frequently used aa catalysts. Analysis of the decay
am for paper-filled tiakelitt (Fig. 4) indicated activity derived from
both sodium and chlorine. Spectrograpttc oata did not indicate the pretence
of sodium in the plastic, sc that this identification ia somewhat in doubt.

ttfO decay cum# for fluorothsne (Fig. 5) wore obtained by nee of
-W* bagause the flvgt cures showed an Increase in activity after
) _ —I ™M a Obetk detemodination wes dasired. Ti ssoond curve choaed no
IMS, activity increase, but the two curves did not agree except in the initial
otsap portlea, ae that complete analysis or the daU was imﬂotable, Onl¥
..min CP3 cooU bo definitely detemined. The drawing of the straight lino
fchia activity without complete analysis of the decay curve wss
Ratified Ir the case of the Fluorothwne because any activities which should
hm been #t.btracted from the total oecay curve would be eo email that
VM, neither the elope nor the intercept of the initial steep portion would be
noticeably affected, the appearance of chlorine activity wee to be expected
due# fleerethene contains 30*52 chlorine* The aftoont of chlorine in
JtaretaHW <* oeicaleta from the experimental data was 27.1*.

the three radioactive isotopes detsetsd in aebeetot-fiUed
Bakillte (fig, 6) only the 2,33 hr Isotops could bo identified. This wes
w259 hrjas6, the presence of aai“eneea was confirmed by spectrographio data.

1Pk
P ~Two radioactive isotopes were detsetsd in Casein (Fig. 7}. The 15,2
te activity was identified at 14.8 hr daZ2*. Tha spsstr©graphic data showed
e "prmiaMe”f tedium in Casein, 3cs of the 4*3 hr activity might have been

l.
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caueed by 2.5 hr Cwhich i* formed frcn Ca™°. The cpectrographic data showed
vary strong Ca in Ui« plastic. Calculation of this aaqunt of calcium in Casein,
baaed on the assumption that oil the 4.3 hr activity waa doe to 2.5 hr Ca**

ve « figure on* and one-half tiueo aa grant tut the'actual weight of the

stein sample irradiated. This indicates that the 4,3 hr activity waa not in the
o*** due to 2,5 hr Ca**. Tho isohoj** canting thie activity could not be identified.

It rligh_t hive beon Ranganose, but this wes not detected in the epectrographlc
analysis.

Analyale of the decay curve for polystyrene (Fig. 8) indicated eoditat
and chlorine activity. Sodium waes detected in the apectrcgraphic analyeia.

Hydrochloric acid la probably used in the manufacturing proceee, and would
account for the chlorine.

the possibility of occurrence in a plastic of a radioactive isotope frcn
two different sources, or of two different iiotopes having the aaae half life,
nay throw doubt on acne of the analyses. For example, in the case of Tenon,
the activity having 14.7 hr half life wea identifjad as 14.8 hr N&2*, formed
from Na™ by n-f reaction. The n-Cfreaction of Al” also yields K2 i£L and
the apectrographic analysis showed very etromwy alumimuB, ae that tone of the
activity reported as due to sodiun wea in face due to altnlnum. However this
saount &ust have been small, because of-the very low captors orees-aoctlen for
AlI2* which is about IDQQ of that for N2’ Another example la affordad
in the case of aabestoe-filled Bakelite. The 235 hr. activity wea reported aa
*59 hr Mn', formed from Mm'. The apectrogrephlc analysis showed moderate Mi.
By a o-g reaction, 2.6 hr Hi6* ia produced from stable M6* Hence sens of
the 2.35 hr activity was due to nickel. The capture Gma-eectle& far Ha Is
about four times that of the Mi, but the natural abundance of the Un isotope
which produces ¢ daughter isotope having 2.6 hr activity Is about ninety times
that of M £6j,. Therefore west of the activity suet bars bean das to Ms
rather than to ML

LOCATION of moim. DAA

The original data of this investigation appear la Bsteboek os. 1073,
pp 16-24) Notebook no. 1300, pp 63-691 log sheets of pill operations, June
7 to Jons 20, 1949, located in files ef the Operations Division, Q&XL

a, Magaiety, Jr.
J. R, Cheshire

If. P. Jensen
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EXPERIMENTAL DATA

CALCULATED DATA

TOTAL ACTIVITY

ISOTOPE HAVING HALF LIFE OF 15.2 HR

2 ISOTOPE HAVING HALF LIFE OF 32 MIN
S
‘W
'ng
ip s -
P2. <r
11 t
ot
M )
47 I
¢ [
t
iU -
SIS
*
REVAANE
M J
M
10 15 20
HOURS FROM END OF IRRADIATION
% MASSACHUSETTS INSTITUTE Or TECHNOI O'-Y
tHGINEIN "»(. PRIiCT »Cf SCHOOI
NOTE CARB11>£ ANO CARBON CHEMICALS COPPO«A T»en |

SAMPLE IRRADIATED IN HOLE 22 « DECAY CURVE FOR FOLYSTYRENE

AT AVERAGE FONER LEVEL OF FOLLOWING IRRADIATION IN ORNL PILE]
.3575 KB FOR 63.75 !»

6-22-49  JRC EPS-X53
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B. Siffopfi Calculations

~_ Determination of quantity of parent isotope, CP? in Sam sfisplo. from
activity of 37 minCl*«.

Bata: (from Notebook No, 1>00 p 63; Notebook Ho* 1073, pp 16-23; power data
frea pile operations log, June 7 to June 20, 1949)*

feight of Saran «ahpie 0,0668 g
Tiise in pile 8.12 hr
&vg, power level 3580 kw

-4

For any parent isotope the production of radioactive isotope by neutron
bombardaent la given by the following expression:

B Hat production rate » gross production rate - decay rat*e
JIh “ i-XFE W
where H s number of ataas of radioisotope at the ties t
et o A s dec&y constant of the radioisotope* In2/half lift
mMBS « tlse of exposure to irradiation

L dfe** m

iKq; >

] S [

-Jw « tfcoirt

Va» »*>» 8" i» « W | thtr*for* Cs «, uA
NE *AV i q

of the radioactive Isotope In dieintegretisas per moral et
raaovAi of the sanple Stm the pile) equalU X |

An e ) m M

prcauation r»t», in glv«n by fd wi*ttM*htp,

MKmkammj

7< 8!
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L Tili D% m o, « m
tt™ .. m B
when ;iv £ Q 0 m tUx, neuirow>/(*q ta)(oee)..
.9* * cross section tor sloe neutrons, of the stable
\ 10 X 10-24in 84 eaw)f
. . Ifo '-y ) ..
+ Yragbge of*atom™* Of parent lootope exposed to irradiation
3Jr- BN W x mtght/*t wt
Thus,
V¢ me *esnV (10)24 « (6.03 x IfI»)U - e'At)
' ' ifnfc
WMSIWiw ;; - o--N; HEN-V - om
» _ —mmmee @JIL_JStkfeEU , a.)

(6.03 XI10Nw  (10)'"1 - - f
might of parent isotope,

1 0 is stained fro® &* lobserved activity at *er& time) by employing
determined by the'nature of the decay whose of the radioisotope
H H IP I efficiency of the coanting instrument for the isotope,
V5LV e :
Bdoey scheme for 37 min CI3Bs {&

b S P i f
ra-M * AibWO item that per 100 dialategratio o» J6 $ama photons at
1$J 47 at 5%15 Kev are fritted, dince there la a difference in energy

iM W k” ~hotOM Maited by Cl3« fidhn those, emitted toy the oalibration
-otsawd, Sow demotion of the readings of tbs Inn donate* trait'bo bide, the
ObUinrd from a eoUbratien curt* prepared by Jones and

73T (* r]



- 19 -

Since there are 100 disintegrations per second for every $3 gaaanaa,

1 A\ i
If| Co™Wdoo/ejHV)
. "ADf « 3.2 x 107 (notebook Mb. 1073, p 23)

mm' " AOa 3.07 x 10? disintegrations per second,

\|iE. Other values to be used in egn. ore obtained frcm the reports
tedlcated, ea follows*

av at the i«e«Battc tube g"rabbit" hole) is 0,57 x 1015 neutrons per
QM m  par afic Xt a power level of, 3600 ke, and varies in a linear mtmtr
&[1U> the.pwer level J2>

[1g ff » =5 kRJO5W3k.l
" s 5*67 XK neutron,/(sq rai)U«c)

'«? =°-56 * 10-24 ® « <or 0-56 tarn,) (6*

~this value for the coroa section is based on the following
MMtitomiitMi 1) At the pneimtlc tube, n U 0.72 n«tttrona/(cu ca)(«att)
, 1L A pmwt 1*«1 of J600 Jwiai. Therefore,

ijflf't * « 057 *»“ /(3.6 x1D4)(0.72)
B fe fv;'0 22* K5 cmleto
—  HKIT -1 2% V*«
I i*';@Sfeorrespemia to a neutron energy of 0.025 ev i8®, 2) Two valuee,
10*|$t 20S bams, are given (Jhi for the neutron absorption cross section
tan energy of 0,025 evj 0.56 is the acre recently determined

o it
M B (0,693)(60)/3?

Sta* mmigUA of 01* m th. Saran wapl, w.

«S . (I1PT $,28Tia2l— M cemeeeen- _
7)<5;67 x 10n )(0.$6 x I0O™JU)

g, 7

lip#" =
I - - 1°-
71*"1£2
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1S8] =

=594 x 103 g
Since,CI37 occora to the extent of 24.6% in chlorine (6).
Total chlorine =594 x HPty0.246
*242 X 1T2
Therefore the Saran contained (0.0242)(100J/0.0668 or 36.2% chlorines,
gJM ttratta .um .m
4BHpiPTr ] o ] o ]
MM U) % Aeceli, 0., fttti Siwwm, 0., "Absorption of Radiation frca an X Sing
*3V»*A\ 0a0r53, Oek Ridge, 1948.

(2)  Jones, J.I., Clark, and Overman, R.T., "Activation Meteorwant of
yg flax in the Clinton Reactor*, flonC-348, Oek Ridge, 1948.

*
(3)  JotsBi, J.»., and Overaan, R.T., "The Wse and Calibration of a 100$
f31g&™*5 Chamber*, BooC-399» Oak Ridge, 1948.

4) Seaborg, O.t,, Seti.* of Ifaxtorn Phyaie., & Be.l, (1944),

(5)  Seeberg, Q,t., and P.ri*»n, 1., "Table of leotepe.', CCUMT9,
Berkley, 1946+

‘jll Hinea, 0., etable of Neutron Gross Sectionsl, HonP-405,
Wt RWp» 1948,
J P

4ppr.el.il<m i* expresjad for th. .irlss and help gl«n by 0. Slowa
fehreofihoat this investigation. Thanka are alio extended t. V. Kirkland mi

d. tm>» tot their old in th. taking of experimental data.



