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DICARBOXYLIC ACIDS AS CHEMICAL DOSIMETERS

The "Boris Kidridé" Institute of Nuclear Sciences
Vinda - Belgrade, Yugoslavia

dr OLGA GAL
1, July 1971. = 1, dJuly 1974.

SUMNMNARY

The radiolytic behaviour of dicarboxylic acids and
the conditions for their dosimetric use (particularly for in-
-pile dosimetry) were studied. The usefulness of oxalic and
succinic acid for in-pile chemical dosimetry are intercompa—
red; results are briefly summarized in the table below

System Succinic acid Oxalic acid dihydrate
Dose range, Mrad 200=~1300 100~800
Reactor power, MW at least 6 up to 5
(dose rate, Mrad/hr) (~170) {~60)

Upper limit of irra-
diation temperature,

o¢ 100 ' 80

Reaction observed decomposition ‘decomposition
(I order reac-= (I order reac—
tion)* - tion)*

Proportionality fac-—

+ _ -
tor, *Mrad 8guce

Method of analysis  weighing of the weighing of the
remaining sub= remaining sub=-

o -3 ~3
=5,0x10 aox—Z.llxlO

: gtance stance
Initial sample amount,

gramme £0.5 < 042
Accuracy better than 10 per cent
Relative ease for rou-

tine use about the same

*D(Mrad) = a log go/g, where g, and g are the weights of acids
_ before and after irradiation, respectively.

*Por the RA reactor at Vin¥a (Yugoslavia); mixed pile radiati-
on, gamma to neutron ratio 70/30 in water.
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Since the radiolysis of succinic acid was shown %o be more
complicated, part of the work was concentrated to the de=-

tails of the radiolytic mechanism. It was shown (unexpacte~
dly) that CO5 radical does not exist in this compound when

irradiated at the ambient temperature.
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:; The other part of the work was devoted to the in-

| 7
; g fluence of different kinds of incident radiation on the ra- '§ .
: k diolysis of the above mentioned compounds. Their dosimetric 38 &
4 ) behaviour was intercompared with cyclohexane in the GRR=1 Y wi
£ ie reactor with the reference to the calorimeitric cvalues (de- i -
k| ¥ noted as "predicted" in the table) obtained in the same ex~ : 3
z% & periment. From the table below one can see that the first : 3
; ‘. three systems reasonably agree whereas the third one (suc- e
: cinic acid) needs more study in order to obtain more accu- ¢
5 rate dose-effect proportionaliiy factors. g
: . Mrad b
‘ Irradiation Cyclo- Oxalic Oxalic Succinic
i position hexane Aqueous Solid Acia §
A~ 6 (obtained) 110  80.0  56.7 7544 :
Obtained/Predicted 1,20 1,03 0.99 1.30
& P=1 (obtained) 35.9 . 29.8 23.2 31.2 +
; Obtained/Predicted 1.05 ° 0.96 0.96 1.28

; In order to study the LET effects on the radioly-
¥ sig in solid oxalic acid the powdered mixtures of Li-oxala-~
te and oxalic acid were irradiated in the reflector of re-
actor core. The incident radiation were the heavy charged
particles from °Li(n, alpha)3H reaction, and the net decom~
v -position of oxalic acid as well as the COp formation as &
function of absorbed dose were measured. The meagsured G va-
lues pointed out that the radiolysis under these conditions
proceeds at a decreased rate. The reliability of these re-
sults are discussed on the basis of neutron fluence measure-—
ments (absorbed dose) and on the effectiveness of the use of
e energy released in the nuclear reaction.
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I - Radiolysis of the solid Li-acetates was shown to be

' suitable for studying phenomena such as the formation of free
radicals. In the gamma irradiated single crystals of this _
compound two radicals are identified, i.e. CHpCOZ and RCHCO,,
by the methods of ESR, UV and IR spectroscopy.
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In the present project the radiolytic behaviour of di-
carboxylic acides as well as the conditiona for their uss in
chemical dosimetry were studied. Since they did not get ac-~
tivated by the thermal neutrons these compounds are parti-
cularily suitable for reactor irrasdistions. Another favoura-
ble feature for in=pile use is their low decomposition by
radiation, The first homologue, oxalic acid, has been tho~
roughly studied and was proposed as a chemical dosimeter in
the g0lid state as well as in agueocus solution. It has al-
ready been used successfully under certain conditions.

Two approaches have heen chosen in the present invese
tigation. In the first the systems were emphasized, i.e.:

- for oxalic acid, to look for more accurate knowledge
on some essential dosimetric paramsters as e,g. the tem-
perature dependence, .dose rate, reproducibility;

- for other similar systems, 4o estimate and check their

rossible advantages as compared to oxalie aecid.

The second approach was of particular intersst for reactor
dosimetry - the kind of radigtion was emphasized and its in-
fluence on the irradiation system studied.

| 1_CHEMICAL SYSTEMS

I.1. - A comparative study of solid oxslic amd suceinic
acid has been carried out. The latter one wes chosen because
it stands higher temperatures and radistion levels, which
enabled its dosimetric use at higher resctor powers. Yet
thanks to the simple and reliable method for the measurement
of chemical change (decomposition), oxalic acid is still a
more suitable system for the routine, in-pile dosimetry. The
results of these investigations are published in the paper

O« GAL and P, PREMOVIG, "SOLID DICARBOXYLIC ACIDS AS.
IN-PILE CHEMICAL DOSIMETERS", Intern.J.Appl.Rad. Isotopes,
23, 341 (1972)

1.2, - The radiolytic mechanism of succinic acid is so-
mewhat more complicated. In spite of the number of studies
devoted to thias problem, there are still some phenomena and
stages in ita decomposition process which are not well under-
stood. Jince a better knowledge of the radiolytic processes
in a potentially promissing dosimetric system is of importan-
ce for its practical use, we directed our attention to mome
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phenomena caused by the radiation action on this system. In
such a way we came %0 the conclugi on E@t at t e room tempe~

rature does not exist the €02 radical = hav n in?luence B
on the radlolytlc mechanlsm. These results are published in
the paper

P. PREMOVIC, O. GAL and B. RADAK, “ON THE ABSENCE OF 002
IN IRRADIATED SUCCINIC ACID", J.Chem.FPhys., 59, 987 (1973).

II RADIATION FIELD

II.1, - Since the dicarboxylic acids are suitable for
the use in reactor core it was of interest to look on their
behaviour in different reactor i.e. the sources of different
radiation fields (the type of spectra). In this connection S
we took part (O. Gal and I. Draganié - Report DEMO 74/5, 1974) 3
in the international intercomparison measurement organized by 2
the IAEA in July 1972, in Athens (Greece). Another set of me-
asurements we (0. Gal and B. Radak) performed at GRR-1 reac-
tor (Athens) in November 1973. The aim of the latter experi-
ment waes o0 calibrate some similar chemical systems in a par-
ticular radiation field which different from the one in which
the sams systems were previously tested. The results pointed
out that esch particular system has first to be checked in the
given reactor core in order to be used in it routinely. The
need for further studies of the influence of radiation spectira
(gamma rays and neutrons) was also emphasized. The. results we-
re summarized in the papers.

B. RADAK, 0. GAL, D. MARKETOS and A.W. BOYD: “INTERCOH—
PARISON -OF -DICARBOXYLIC ACIDS,“CYGLGHEKANE ‘DOSIKETERS -AND- CA-
LORIMETERS IN THE GREEK RESEARCH REACTOR — NOVEMBER 1973.,
GREEK. ATOMIC ENERGY COMMISSION, NHQ»“DEHOCRITOS“, Report DEMO,
74/8 (1974).

B. RADAK, O. GAL, D, MARKETOS and A.W. BOYD: "INTERCOM-
PARISON IN-PILE DOSIMETRY IN.GRR~l. CALORIMETERS AN CHEMICAL -
DOSIMETERS ¢ CYGLOHEXANE AND DICARBOXYLIC ACIDS". (Letter +to
the Edltor), Su‘ ad for publication in Int.Journ.Appl.Rad.
and’ Isotopes. o o ‘ o T :

II.2. - With regard to . the use of dlcarboxylic aclds in
nuclear reactors & part of the work has been devoted to the :
‘study of decomp051tion of . so%id oxalic acid by the heavy char-
ged particles from reaction "Li(n, alpha)3H, The problem is -
bound to a moreé general one i.e. the dependence of the radio=-

lysis of solid oxn;ic acid on the LET value .of incident, ra-
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diation. The powdered mixtures of Li-oxalste and oxalic -acid
of different mol fractions were irradiated in the reflector
of the RA reactor and the decomposition of oxalic acid and
formation of COp was followed as & function of absorbed dose.
The radiation chemical yields of both decomposition and COp
formation point out that the radiolysis by the heavy charged
particlea (alpha and 3H) proceeds at a consgsiderably decrea-~
sed rate. Considering the effectiveness of the use of energy
released in the given nuclear reaction, a model is given by
which it was shown thet the energy loss under the given con=-
dition can not exceed 20 per cent. The details of this rather
elaborate investigation are given in the paper

0. GAL and B. RADAK: "DECOMPOSITION OF SOLID OXALIC ACID
BY HEAVY CHARGED PARTICLES fwznf*ni(n, alpha)3H REACTION (pre-
pared for publication).

Ii.3. = With an intention to measure the absorbed dose
from °Li(n, alpha)3H in the thermal neutron field an attempt
was made to follow the radiolysis of solid Li-acetate, It was
shown that this system is more suitable to study the phenome-
na, hence these studies werc emphasized in this part of the
work., The possibilities of comparative spectroascopic mes’sure—
ments were particularly analysed because of their importance
in the study of radiation-chemical processes. These results
are published in the paper

P, PREMOVIG and 0. GAL: "ESR AND OPPICAL SPECTRAL STUDI-
ES OF GAMMA-TRRADIATED LITHIUM LCETATE _DIHYDRATE", Chemical
Ehy81cs Lewters, 25, Evin (1974) ’
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FINANCIAL PART OF THE REPORT

The contract covered three years period: 1. July 1971.-~
“l. July 19740

Total amoun of the project budget in US #:

B per year ' for 3 years

1600000- 48.000."‘

The amount of the grant (25% of the total amount) contributed i,
by the Agenoy, equivalent to US g B

per year total/3 years o

Salaries & Wages 2,000,= 6.000,~
Expanable Supplies 800.~ 24400,
Services and other costs 1.200,~ . 3.600,~ o

A —————

-t

Total ~ 4.000,~ 12.000,~ G
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in light materisls, salecizstrie measurensnis in graphite and
mxmmm; ummmmua-mtm
mtthmtmzmmuuw (ni-devaavesw);
mmmw Mt ozalic aeid 201id and im aguecus
selution and suflinte as1d were then irradiated in the salibrated
mu-.mmummqawm-mmmum
sheir foatures TElavant te the iALOrcsmparisen werk. Cyeishaxyns

- 4s & desinmeter in whiech the radielytis yield, cuz). dosn et

depend on the LXT of the radiaticm) alse its formula is, desime~
trivally, the sams as that of pelyetylens, henes the pessidility
of dizeet interceaparisen of salerimstris and chemieal results.

‘-mmhmmuqmmmmm

thoreughly umum in diffexent radiation fislds, partieu~
larly in reaster eexes) pmm:mmm-muuu
p:ﬂumwh'dum“rum:u’-ﬂmmm

‘Suwosinic asid was uuxuuu becsuse of its nubnuy at elave-

mwnum

mumuﬁumm-lm‘"m
uxuhn. 1ight vater mmaumm. senisal power 5 WM).
mmm-.ndmhhmm A~6 and $-7 (Fig.l).
bxy mn 1.0, vatextight alwmines tubes (1.d. ¥ = o.d.
32 mm) wmmmmumwsm Plogs wese insexted
ummummm&mﬂmm
ul.ththmuulmtmdmlulmu- o

The Viade - salerimeter(3476) . o 4iftereitial doviee

| aviuim-m.mummumn-m,

umnm.-m.mm.m-mu-

'»ummuu-aummmmmumm

mmmum-’mmmf

‘Muauu-w. dmwm he bashote
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were adjusted se that the senterlime of the samples serresponded
£C that of the fusl. The treshold detectors were irradiated in
a sisilar Lashion.

70 avoid owerhesating of the samples the reactor was
limited €0 1 M. At this power the temperature of the pelyetiayle-
mmmmmuzmsutmw’c.

rho pnwnuon of the chemical samples vas done ac
described ia sariier :o!uzmn""’""'“’

RESULTS

Thyee calorimaters wers used: sae <cutained a piesse
of graphite and a salibration hsater in an slwminus sapsale whish
forsed the salorimetric body, the sseond contained pelyethyleas
and a hoster in the sapsule of the sames veight and shape and the
thizd one {"empiy") somtained ohly an aluminem sapsele and a he-
atar. Ia sash #f the calerimaters ths total radistien enerygy se~
positiss zate, 'tnt""" was meossuzed and thea the rats of the
"aapty® one was swirasted fxem the vilwes sbtained with polyes~
hyleas sad graphlite. Ia this way the net abserbed doss zatea,
F (M/C), in graphits and pelyethylens werze obtaiaed. Thess va ~
luss are listed im Table 1.AY (V) repressnts the equlibrium tem-
parature differsnse batwean the bedy and jasket; it is expressed
an muumdmm-unnmluotawmm
thormph.

The chemieal samples were irradiatsd at the same po~
sitions. The liguid samples (omalis acid selutiens aad eyelehs-
xane) were irzsdisted separately, vhereas the selids were grew-
podi tve sapoules of enalic and ens of suesinis 3¢id in eash iz~
radiasion. After irzadiation they were txested and anslysed ae
u«wmunm“"""'”’ Yox eyelchonans
nMMM&WMﬂm

»du.mm. u,ammm-mmm
K N hﬂummﬁlumzﬂm.b‘
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‘ In the cass of dicarbexylic asids thexe is a logarithsic | i
: relatioaship Beth in solutions and ia the solid state'Te8e11) pop | | |
agqueous solutions

D= L Co log C /C : ‘ (1)

o gt tsen rER TG

vhezre L. is the preportiemality facter for aquecus solution
of oxalic aeid vhich depends on the nsutrom - to -~ gammas xatio
in the absorbed dose, C, the concenkration befors sad C after
irradiation, For soliés

ey o o

D= a 1ia 199 9579 (2)

1 whire s .., his the same meaning as abeve and is differeat for ;
| ‘ : ‘ differeat solids, y_ and g are the nasses of the sampls before %

i 7 and after irradiation. The data obtained vith disarboxylie seids
axs presented in Tebles 3 and 4 and Figures 3 and 4.

T
¥ 5

Tha fast neuiren fluwence was daterminsd frem the asti-
vity of ki foil detestexrs irradiated at differsat heights arreund
the esater line of the fuel. Data oa these Beasurerests are pre~ :
seated ia Table 5. Ny plotting the flux inteasities as a fwastien .
: =_ of height the sexresponding valuwss for the eenter lime pesitiea ‘
are dexived as

i in &4 ~6 1.95 x 16*2 a u- 2,71
‘ : in §~ 7 0.“:10‘“;-2:1

Thersal asatrom flex densities were determined from
é the astivities of Am :.u; with and vitheut cd lhhum Ce
: xatio « §). It!“ nunudu '

! in -6 ey - 037 x 101 m a3
:' | m -3 o“-z.nuu"nu‘ 1.

: : Mnmmwm(u)mmmmtumﬂm ;
1 . “hydregencous Sunples the sheorbed dese frem meavkies N(n,gasma)d | I
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cculd contribute to less tham 1 per cest of the totally abaoxbed
gose. This souxce of gamna radiation vas therefora neglested ia
further conslideratioas.

TREATHENT AMNL DISCUSSION OF RESULTS

A.~ Calorimetry

1t p c wmé P(Cﬁz). are the total absorbsd doses in
graphite and polyethylens then

P .»Ger (3

P““‘z’n - 4G + BF 4)

where G and ¥ are the ganma and fast meutroaz coatxibutiesns o
the abserbsd dose in graphite (wsed hare as a rcfersacs materi-
al), and a and b are the rakios of wass snergy traasfer coef-
ficients of tises two materials for gamma zays sad fast neutrens
respactively. The accuracy of G and F sbviecusly depends sk the
differecos betwesn P and ¥ .. | . but also on exact knewledge
of a and b. Binoe for gasma rals® the relative mass emergy trsa-
afexr wosfficients for light materials are fairly oconstaat over
vwide range of snergies, the a cosfficieats are well sstablished.
The b coefficient cne evaluatas os the basis of aon-tihermslized
newtron spestzuwn aad the cross ssctisn for slastis seattariag

of neutrons in the respective material. Since the fern of the ,
DOUSION spectrwm in an sxperimeatal hole is zarely exastly knews,
ztmnumu,ummnmumuhm.

This might load 4o csnsiderabls szwexs in G and F valuwss. In og~
dax to £ind the linits of passidla diserepansios ve salenlated
_ the & voluwes is thres vays: , :
1.~ spubining the eseumed fiseien. with
ditterent slenents foem ¥ adbind
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; ', 1l.~- combiping tie assumed dE/E spectrum with the !
| \ same data; ‘\

v B

* IIl.~ by evaluation frem the detailed disgrams fyom ; |
: ref. (12). )

In all coase tha material treated was polyathylens relative
to graphite. The b valuen ebtained are

x 4d - Q’-'l <

i Hethod I 10.9 10.9 5
i Nathod IX Al.5 11.$
Method III 9.1 2.0

The a value for polyethylena amcunts to 1.14 and is obtaimed i
from mass absorption ceefficiemts for hydrogea asd carbem in i
tha gomma snerxgy range frow 100 keV to 3 MaV. Taking thece va-~
lues and the ssasured Pc and ’(cuzjn from Table 1

at e dB,

i a~6 8~ 7

) ‘ Pc 128.2 av/g = 43.8 Hrad/h  60.7 wi/g = 21.0 Kxad/a

(c R 25 /g » 90.0 Nrad/h  96.2 mN/g = 34.3 Hrad/h

the values Listed in Table & are cbtained. Although extreamly
differsat spestral distributions wers assussd oae may ses that
the differanses in vesults are rather asall. It is pessibly dus
to the fast that by evaluating the selstive valuss ever the
bresd saergy cegien the differences appesxiang st seme values of
saexgy incremant do met make a siquificant sentributisa te the
total 'n“i

The nnab.tuty of calorimetric maansurements was ches-

xed by -nxntm the neutrom gontribution frem the seasured ,
:uxmmmxtnmwumun- - .

: , ~muumumm.nuvumumxm ’
. T TN Besseesesasions s deserived in vef (1)) and

o . bEiefly By K.C. Nusphreys in wef (5). Besed upen the type of

1] I spestxem (fiseien ox di/E) and the Rewiren iateractisn exess ]
. B I jnuun ht ih. ol-uu tt uuun e dorives th shoosbed - |7
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dost per neutron {Dpn) in & given material. This value is then i
' multiplied by the total non-thermalized neutron spectrum in order
; to cbtain the absorbed doss from nsutrons

Lpn ¢t
Fy = "'E'i'f'i' : (s) |

: wieza F, denotes the neutron contribution to the absorbed dose } .
] in a paterial 4, ¢f neutroa flux density in the regiou E>) HeV, :

B ""t fraction of neutrons naving E>1l deV in the total assumed spe~ )
J’ cLrum,. ' ;

4 Coighs Nathod, derived ty F. Mas amd ¥. droulexs1? J‘
) : condists of sinple multiplication of a cesfficient T (x,M) with
3 the sxperimental value of of

R~ e

¥, = I(x,0) e : () ; ';.

P

whers x demotes the distemce from the vore and M refers te ma- :
terial of a given atomic composition. In reference (12) there :
are detailed diagrams for [I'~values for hydrogem, garhea and i
oxygen vherefrom one sasily derives the T wvalues for most of | .
the matarials of interest, ' 5

TIARHATTY

Combined liethod, by sssunming that abovs i=l MeV there
is a fission spectru, whereas below it there is a dz/f s o(x) j
form (12} Here ¢(B) denotas the nuutrom cross seation for slagtic
scattexing om aydrogen. Unde distributes the ¢f meutrons in eaargy
iatsxvals above 1l ilaV and sumltiplies these with the coxrrespending
, wass energy transfer cosfficients from the tables of refexemce (1).
hee- : Yor the emergy interval below 1 eV one takes that at 1 eV (or

| , : any other value areund it) both spmtnl forns have the same va-
ort- | W lue, 1. @0 . 4 | S
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‘ -
Y  dose £rom noutrons in a material is f
rdpr 3 : 3 uz 4 b
¥ e S le(R) o) K € )
u '(M-l)
where R is Avocadro”s number, A the atomic number of the ¢
¢ A ohmnt the material is composed of, other symbols are as de-
v, fined above. It is chvious that with the assumed spectral form
pe- ‘ '
§ 2 KA ) ,
3 ‘ F . -» - — ‘ B
) &i | E€L HaV (ar)? é
e ik di/i_Agsumption. If & spectrum of this form is as- ' ,
j suekd over the whole ansrgy regicn, ons can see from the expres- | .
i sion (3) that 1
% H z ﬁ A f { ;
i | F = 2 joz) & 19)
k= i ; (A+l)
J 3 ! :
A is foumd frem 5
i § & (i‘(ﬂ V)
j  Mieu (1)
1 ¥ev :
ol i B
.] R B , and toe value of integral for tae cross sectica one cbtains 1 :
atie | oy sumerical integration of toe cross sectioa data}®). mats '
mwergy |- 1 appreach depsnds. oa the upper limits of imtegratioa.
1ing : v.j.m of neutron comtributions im polyethylens deri~
e ). | ved in different ways are inSercompared ia Table 7, whers tae :
lox - values from Table 6 are also tabulates. One san ses that fex . i
va= : 1 the A-6 peeitien & bettar approach is whe eas whieh assumes the .
: fissien spestrem, whereas for §-7 & better agreemsst is ehtsined ;
I " . with a 48/E spestrum, mounmﬂummm '. 3
N A-ﬁhﬂudmuﬂ-un,hc.uuh-nm“m
‘ o !N:.vhuulﬂumzmmmum“uu
1 i ,‘
w |
ke é ’
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B.~ Chemical Systows 1

Among the chemical dosimaters used tiie sisplest was
eyclohexaus. <he radiolytic yield of nydragen, G{%,), was fouad
to be independent of LET value of incident radi.atl.enus) « It was
important hecause of the iigh abundance of hydrogen in this ocom-
pound and hence & high noutron (l.e. knocked-on proton) cospo =~
nent in the apserbed epergy. A slight dacreass in tha yield was
mpoztedu‘m whicih was taken into account in evaluation of absox-
had doses. Prom the Jdata in Table 2 and taking the density of
. cyclohexane as 0.74 one cbtaing the results in Table 8, It fol-
: : lows that the doss rates are L

Yas~-
for & ~ 6 110  Hrad b3
for g ~ 17 35.9 Mrad a"}

B T i e L L L B e S A L e R AR
.

L= B AR A RS

with an everage deviation of 2.5%. Taking G(BZ) = 5.0 indepandeat
of dose, the average values are ’

PSS

AT

“for A - & 107  drad hY
foxr B - 7 36.1 Hrad n™?

and the deviation increased to 4%. Une can direccly cospaye thess T
valuss with the calorimetric readings ie polyethylens, bhecause :
both cowmpounds have the sase enpirical forzula. a4 coupariscn ' g 1
with the Sable 6 shows a rsasokable agresment im g§-7 (better
than 5%), but 18 A~ tae cyclohexane values ars about 20% highar
than caloriwetry “predicted®. It does not seswr, with ouxr preseat
- knowledge, that @ reascnable explanation for this deviation cam
be given. Kegarding the interactions with various types ot raaii~ e
ation, and hence the abmorbad energy, cyclohexsne and pelycthylens '
axe the same. The agresmamt in -7 reflects this fact, altheugh
the salerimstris vaine in pelysthylsne is slightly lewer. Let ws

_ suppese that it is due to soms endothermic reasticas Us polyst ~
\ , hyleme (#.y. hydrogan svolution dus to the cross linking) aad say
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that one wigiat expect this i3 porxe pronounced in a radiation

field with higher LET. Ever ia such an imagined case it seens

that 20 per ceat differsnce can aAardly ue expected.

Since che gdicarboxylic acids are LEY dependent,

one had to calculste the a - values Irom a

(1,16) Jawma

and the known neutron, F

n' and garma ,

tions to the abgorbed energy

) i‘:
- B ...Si....a L
' qamra

t 2l o

Wo used the following values for oxalio acid

In water
-1,
'qamna 41.5 oV molcculo‘l
&, 58.0 aV molecule

For wucciric a¢id the value ontailned at the A zcactﬁx‘17]; 3.0,
aS¥eC. o 5 x 10% Mrad, was used. Thres sets of results were Gon-

paredt

a.~ calculated on the basis of an sassuned distributios

anmeng neutrona and ganmas;

Bew taking the distriocution, l.¢. fn andé ’gaau.

&3 dexived frow caloximetxy;

C.= evaiusted on tie basis of caloricetric data

and

gamz

selid

'neut:on
¥ al acontribu-

(12)

2.8 x 107 sraa
1.0 2‘103 Nred

in graphite and gelyethylens, Ly using a and

' b coefficients for the respective compownd.

These results aye swunarized in 7able 9. The fractious F, (and

¥ oamna * 1-¥,) used in the calculations axe

Cxalic aqueous
d-6 -7

.

Gxalic solid

A=-6 §~17

8420 0.9

.18, 9.13

: N 2
S N N S
) %73
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In otdi: €0 jntercompare the usefulness of the four
chemical systoms applied in the present work, their results are
compared with the values derived, for the respective compounds,
fxrom calorimetric data obtained with graphlte and polysthyleme.
Values are prosented in Table 10, in which for oxalic acid the
calorimatrically cbtained distxibution of the neutron and gamma
conponeats vers used. Exgvept for succinic acid and cgyclchexane
in A-6, the agresmant of the rasults is acceptadble. The cyclo-
hexane case was discussed above snd as for as succinic ascid is
W it sesms that more work is still needed ta determine a
more reliiable & value. The wvalus of 5 x 103 ¥rad used here is
taken fzom the RA maasuresents, i.e. it was obtained in a diffe~
Tent reactor cors. This however could not influencs comsiderably
the resulis obtained, since the neutron component in both RA and
GRR=1 is rather low in succinic acid. On the other hand, ths loss
of welight of succinic acid, although the simplest way in rcutine
use, is not the xeal msasure of its deccomposition as it is ia
tha case of oxalic acid. It seens thersfors that sous experiments
related to the treatment of sasples and analytical ssthod (maybs
higher tesperaturs of heatimg prior to analysis and acidimetrie
titration) »ight contribute to the clarification of the Lroblem,

CONCIUSIONS

A clwmical aystem is mot an absslute dosimster, i.e.
At needs calibration for each typs of radiation field in which
it is to be used, Onoe calibrated it can be used, svea routisely,
as & sepoRdaxry standard. Tha uss of chamical dosimeters is gens-
zally simpler than that of any other type ef dosimatris devices,
snd therefore a Jdesire for their wider use {» quite legisal.

lttwt to mike a chiemical system suitabls fer

.hv-pth messuremonts, i.e. for a two-cemponent radiatios field

is sumevhat uuomt than for the SiRpler CHE~COUPSREEL CLSES.
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- to calibrate it against snother dosimeter (chemical,
cavity chamber, or calorimeter) in & gamma field; the value obta-
ined is them considered as indepsndent of the gamma spectrum;

- t6 calibrats it agaipst a calorimetexr im ths actual
mixed field; this calorimeter must oontain the sams COMpOund an
the absorbing body, or better, to use the calorimsters for measu-
rements of the absorbed mrqy muibuuou of nsutron and gamma
radiation,.

At this stags the chemical systeam is calibrated for
& particular fleld. One ¢an use it in fields, having different
asutron~to-gamma ratios only after additiomal calibratioas. The
preseant sxperiment was one of such attespts.

S-S RN | A W

RigoXous caloXimetric measuremsnts were esseatisl. The-
zrefore two light materials vith different rssponses to Reutrons
(Zor gamma rays all saterials whow a sisilaxr snergy abserptiem)
vaxe shosen: graphite and polyethylesns. Moxsover, as & shesk the
fast asutron energy cosntribution was deternined from measuzenants
of the fast meutzon flux deasity. Is this wvay the reliability of
oalorivetric valws was prevea. Thersfore thess values and the
snes darived frowm them(absorbed doses ia other light materials)
were takea as “standaxda® for eosmparison. Ose has to nots here
alse that both tha imterpretatien of ealorimetrie data and tha
checks ok these data contain soms arbitrary elements suwah a8 the
typs of neutrea spestyus and the snergy region asawned fer sva-
Juations of ecefficients. It is difficult to chtain the exmst
foxm of the whols mon-thermalized meutren apestrum, partienlarly
i the xegion helew 1 MaV which is of considerable impartanes feor
hydregsnsons matarisls. A result of the preseat werk vas tha study
of deviatien linits by usisg several pessible asswptiens.

. Chemical systems developed for in-pile measuremsats
were wsed here. Cyelohesses has bees thersughly invesiigaved in
diffexent yadiativn fields sad ite independense.. of LBY has besn

, well sstablished. hu&nuu. uhubmmluduamtu
¥ desimeter is sevesal m ‘

&
{
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The 200 discrepaney in its value in  ~6 is therefore suzpri-
sing and shows that son: direct imtercompartison msssuremsnts
{u.g. oaloximetry with thase twe matexials) are still seeded.
Oxalic acid showad good sgresment this tive both as selid and
in selution. iven the valwes obtained on the basis of & guessed
asutron-to~gassa ratio, i.e. by ah evaluation which ssuld be
expected is routine work, ars acceptable. Witih thess systems

one could be completaly satisfied 1f the results obtaised at

the I515 xeactor did not exist 3%, In that case the aguesus
solution gave some 40% lower results than galorimatry predicted;
the solid gave about 10% lower. 1t is ocbvious that more sombined
axpsrisents as the prassnt ons, are nsaded. Maybs the mesurements
in experimental holes at differemt distuncas from the cere, i.s.
containing different meutros contxibutions, ars the mest promi~
sing. In that way a stepwiss connectien beatvesn the pure gqamma
and in-coxrs xadiation fisld oould be obtained. Suwesisic _seid
showed both now and in the ISl§S experiment ahout 408 higher va-
luas than those darived from saloximetry. As stated above, this
attractive dcsinater (low sensitivity to the temperature, high
dose range) aseds more situdy to chtain an accurats & value. Some
Bof our sarlier expor.‘lmtlu” show that the & valus could be
coasidexssly lower tham 5 x 107 irad which, if true, ceuld decre-
ase the disarepancies with calorimetsy to reasomabls valwes.

Ve should like to oxpress our thanks to the Greek
Atomic Enezgy Commigsion whose permisrion made the experimsat
possible, To the staffs of the GRR-1 resstor and Departmeat
of Chenistyy ats "Demoerotos® for escoperatioa. ¥We are partiewn-
larly indebted to Lr.A.Marketowu-Kantaka, Dx.N.Th. Pakingis,
H.504.C.k. Papastergiou and Nx.C.i.Mitsomias.
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Table 1. vata on Calorimetric Haasurexants
{GRE~1 Leactor Power 1 1iw)

IrxaGciation Position

Caloriueter &~ & 8 -1

AT ptot ? AT ptat ?
(mi) (uii/g) {(uv) (xW) (we/3)

Euply '
Sensitivicy: i 345
5.40 uv/nK

Graphite
Ssnsitivity:s
5235 WV/mw
Body:0.59%34 ¢

Polyethylene
Seasitivity:
5.35 uv/mii
Body:0.4878 ¢




Table 2. Uats om Cywlohaxane Mazsurameats
{GRR~-1 Remctor Fowex 1 MW; Bamples of 1 ml Cyclohexame)

Length of iiz Holecules G ~Value for
Irradistion Formed Calculation
of ovse

ition A-6
18

10

9.19
1.35

103!

2.18
2.56

x

x
1.65 x 101?

x

x

itction g~1

6.25 x 100
.01 x 1018
1.41 x 109
1.48 x 1039
1.61 x 1%®

R
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jaizle 3. Fesults of the Feasurewents wlith agweous
Solution of Oxalic aeid

{GRR~1 reactor powar 1 MW; Co™ 250 wm)

anyta of iength of
Irradliation log CQIC Irradiation iog co/c
(min) (min) .

doesiltien 4-6 Position 8-7

=TT e s TR e € D e e S

& G.094% 15 0.082
0.175 0.133
¢.268 42 6.175
0.353 45 0.208
V.449 60 0.258
G.606
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Yable 4. Results of tha Heasursments with

Solid Bicarbozylic Acids
{GRR - 1 reagtor powar 1 M)

angth of
Irzadiation
{u)

1oy 9./9

Uxalic Acid Sucecinic Acid
Riwhydrate

A -8 g -1 A =6 g -7

2.2%
2.45
2.95
2,95
.00
.00
7.67
7.67

0.0675 - : - -
9.0657 0.0225 06,0427 0.0200
0.0580 0.4314 - -
0.6980 0.03%0 0.0470 6.0260
041740 - - -
041640 - - -

- 2.0704 - -

- 3.0712 0.0690 0.0438
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Tapla 5., Results of i Foill Izxxsdiations
{GRR=]1 reactor power 1 iu; Exposurs 12.00 wmim.;
from 13:4§ to 14:00 Xast iuropean Tiue,
sovember 8. L3973}

Liutange DS //my Past wut::n Finx
from Centre Intensity, .
iine of liav.8/73. >1 eV (n om 2y 1)
Fuel

(L3))

FPositien A~ &

- 24 176 .46 2.013 x 1012 *
- s 169,73 1.936 x 10%%
+ 15 169.44 1.933 x 1032
+ 34 161.20 1.839 x 1032

Yosition §f-~1

$3.66 - 2% 42.45 0,453 x 1012 *
49.30 - 7 39.60 0.427 x 2612
53.36 + 12 3994 0.428 x 1088

* Taking a sross seation for 58ﬁt(n.p)5sco of 155 mb fex
4~ 6 and 165 mb fox f - 7
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jable @. camwa and Fast Hentron Contributions to the Abhsorhed
Loge Gbtained by Diffeyent ireatments of Calorimmtric

Resvlta

(rag b3

)

Positction A-6
Matarial

Position -7

Wewutron Gasea Total

Heutyon

Gammiz Total

Hethod X

Gxaphite 3.4 46.4 49.8
Polysthylens 37.2 5.4 $0.6

20.6 31l.%
23.7 .5

Metheoead Ir

Graphite 32 46.6  43.3
r“ly‘th]’lm 36.9 53.1 5¢.0

Hethod IIX

Graphita 4.15 45,6  49.8
Folyetiylena 37.8 52.2  90.0
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Table 7. EHeutron Contributiom t¢ the Absorbed Lese im
Polyethylene vexived in Liffsront Ways {(Mradd h'li

Jexived by

Ixradiation

Flace

B~7

Caioriaetric jicasure~
monts. Nethod I and II

Caloriswtric tHessurce—
aents. Hethod IILX

ASTH Procedure
Fission Spectrum

ASTH Procedure
dk/E Speetrem

Cekioit, Mmthod
Coxkined Lethod
»1 HeV Fisaiocn
<} MgV dE
e {E)
Comibined BHethod
dk/E spectrum
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] Table 8. bLose Xates Lerived fron Cyclohexane by
f using the Date frox Table 3. jkrad h™Yj ;
| {Cyclobexans density G.78) P
1 h-l') ?
! -
— 4 Length of 4. Length of 4 -7 1 ‘
i izxadiation Irgadiation i
(oin} (iuin) i
3 A
e ] 110.5 4 36.2 8o
112.4 3 363 i

105.0 8 ‘ 35.2
108.5 10 37.5%
113.0 12 34.3

P SRPSE

® U o N

Yable 9. Results of Dosizetry with Dicarboxyvlic
heids

| nzad &™1|

SR s

g vWay of Uxalic squaous Oxalic golia Suceinic tolid
1 Lvaluation A& o =7 a~§ f~1 -5 8~7

AL LY BT RO

A 4.4 29.1  58.5  24.3 5.4  3he2
B s00 ., 298 867 232 0~ -

i s ST A S
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Table 10. <Gonmparison of the Valuas thtsined by Chemical £
Dosinsters Lo the cnas "Pradicted® by
Calopizetry

[rirad ™Y

ohtained

Predicted

bosineter

g -7

Cyclohexane

Oxalic
aqueous
Lialic
Solic

bBucgisic
Acid

167

80.9

868.7

5.4

36.14

25,8

23.3

31.2

30.0

77.4

57.4

57.4

34.%

31.0

24.3

ik.3

Chtained / Predicted

A =8

ey Clotienant

Dxallic
Agueions

oxalic
solid

JBugeinie

hold

1.19

1.03
6.95

f.30

3.05

G.9¢

8.96

1.38
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The Greek Reassarcii Reactor Core Arrangorent.

B Fuel elunents
L4 Vacant lattice positions
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Expesrinental date cbtaimed with cyclohexans;
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Lxperiswntal data obtained vith aguscus solutica of
oxalic acia (250 xi4); —a— A~8y —0— p=7

Expexrinental data cbthained with solid éicarboxylic aefds;

- &= OUxalie in A~ &
-0~ Cxalile in §~ 7
- & = Suseinic in A~ &
~ @« Suceinie in g~ 7
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LETPER $¢ THE EDITOR

IRTEHCOMPARISON IN~FILE DOSIRETRY IN GRRPL(!).
CALORIMRETERS AND CHENICAL DOSIMBTENS s CYCLOHEHANE
AND DICARBOXYLIC ACIDS

There are a nusber of chemicel dosiceters which
have baen racommended for in-pile uul‘l). liowsver, the
nuaber of systematic studies of their behsviour in diffe~
rent reactor cores is still rather Limit-d(z)'
sent experiment wams undertaken to clarify the discrepan=
cies in  the resulss in the intercompurison aexperisents
perforsed =0 far(3'4’5). Zhe total doae and the relative
contributions of neutrons and gasan rays :were detersined
by cslorimetrie seasurements, using & "Vinéa® calorime~
tcr(3'4'6). with graphite and polyethylens sazples. The
fast neutron fluence was sesaured dy Hi=detsotors and the
therarl nsutrons fluence by the activation of Au-foils,
The cheaicel systeus wnr.'oyclohoxnnt. samlic acid molid
and in aqueocus molution and solid suscinig acid whioh we=
re irradiated in the samne positions aa enlorimeters. Mea-
suresents ware sade in the 3iR-} tntctor‘S). in the ary
channels installed in the pesitions A~ € (4 ca froa the
core) and 3 - 7 (12 om from the cere) in 3he reflecter.
Heautor power was limited to 1 ¥W. The preparation and tre~

ataent of chemissl wamples were done as loncriboi in e~
flranco.‘1'7'3!9110,11)

The pre-

(')aruok Remearsh Reastor-i, Nuslsar Researeh Center “DENOw
CRITO3%, aAghia Parsskevi-Assikis, Atheas, (reces.
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The asutron flux Jdaensities are

Position n ca tet
Famt Thormal
Aw-s 1.95x10%° Ce9Tx10*3
et 0o 43x20% 2.93x10'°

The centribution of therasl ncutrons to the total absorbed

doss was sstimated to be less than 1% and was negloetcd(m’.

Calorimetric measurements gave the following dcss rates

Naterial rad bt

=6 p=1
Graphits 49,8 21.8
Folyethylene 90.0 34.%

wherefrom one derives the contributions from neutrons and
gumms rays (in ¥rad h’l)

Ksterial A= 6 6=-17
Neutron semae Total [Heutron Gamms 7otal
Graphite 3.4 46.4 49.8 1.0 20,8 21.8

Folyethylene  37.2 52,8 90,0 1C.8 23T 343

The relisbility of calorimetrie msasuresents was
checked by svaluating the neutron contributies froa the me~
asured seutron flux dsnsity and compariag is teo the cerre~
spenting values derived from calorimetry. For polycthﬂ.uﬁ
this was dene in seversl ways as presemted below

R [ - [ U
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Derived by Hrad w2t Reference
A= 6 p=T

Calorimetrie

Nensurezents

ASTH Procedurs _
Flesion Spsotrus 8.64 (13)

ASTH Proocedurs o
4E/% Spactrum 9.70 (13)

CoEeAe ¥athod 9.55 (14)

Combined Hethod
1%eV Fiswion Spsetrum 3.66 (14)
. i

Combined [lethod
4E/E Speotrum 11.9 (15)

10.8 (1)

Cne can zee that for the A4~ € position s better approash
is the one which assunes the fission speetrum, whersas for
@-7 a better sgreement is obtained with a 4E/E spectrum.
This eerresponds ¢ the fact that/) - 6 is elose to the oo
r'e, whereas @-7 is separated fromn the cors by mors than
10 om of water.

The results obtained with shesical uvysteas are
presented beleow, Their useful:sass for in-pile susasurssmente
in terms of the ratic Obtained/Predicted is sleo given,
whers "predicted" means the valus Jderived from oslerimet~
ri¢ data for ihe runpoutl?c compound

Pomition , _ Nrad »*F
' Cyole~ Oxelie Oxalie Suceinie
hexane Aquecus 3slid Aoid
A-6 ilo 80.0  %6.7 5.4

_Gbsained 1,20 1,03 6,99 L3O
Tredistad Continued seonve , '




Position Nrad b1
Oxmlie Cxalic Suecinie
Aquaous Selid Acid

@- ? 29.8 23.2 31..2
ﬁ%ﬁ%}}- 0,96  ©o96  1.28

To summarises

= Calorimetric values, being checked dy fast ne~
utron resulis, wers iaken as “standards" for tha svalusii-
on of absorbed dosas in the Josimeters.

= Cyelohexans, a thoroughly iavestigated dosime-
ter has been applied as an in~pile dosiseter in several re-
actors. The 20% disorepsncy in its value in /J - 6 is surp~
rising and shows that some direect intersemparison measurs-
ments (8.g. onlerimetry with cyclehexane sndi polysthylens)
are still needed.

= Oxslie acid showsd a good agresment ithis time
bosh as solid and in solution. However, the same systems a$
the ISIS remctor(3s4) yhewed considersble deviations,whieh
shows that more eombined experisents, a= the present one,
are sdvisable.

-~ Suceinio acid showed both now and at 1313 such
higher values than these derived from calorimetry. This ate
tractive dosizeter needs more atudy te ebtain sn wesurate
& value,

The work is published in complets details »y the
Gresk Atomic Energy Comsission as DENC Repert Ne 74/8 (1974.

This werk was partly supperted by the Interaati-
onal Atomio Energy Agenty, Kesearsh Contract Ne. 1040/RM.

BeBe RADAK and Boris Xidri8 Institute of Wuelear Seien-
U8, GAlL cin, hadistion Chemistyy Departmeat, Mo~
gred, Yugoslavis.
DeGe MARKETOQB Fuelear Researsh Center "DENOCRITOS®, Re=
: diation Chomistry Laberasory, Aghia Pure=
skavi ~Attikis, Graese,..
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AV, BOYD Chalk River Nuelear Laberateriss, Chesais= -
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of Canndsn Jimited, Chalk River, Untaris;
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DECOMPOSITION OF SOLID OXALIC ACID BY HEAVY CHARGED PARTICLES
/va #¢%1i(n, alpha)H REACTION

by

0.5. GAL and B.B. RADAK,
"Borig Kidri&" Institute of Nuclear Sciences - Vinéa,
Beograd, Yugoslavia

Radiolytic behaviour of solid oxalic acid has been
studied in a number of publications and the results were re-—
(1)
tion has been paid to the possibility of dosimetric applica-
tion of this systém both in gamma and mixed radiation field
in nuclear reactor. As a results the radiolytic yields of the

cently reviewed . In these investigations particular atten=-

stable products as well as some plausible suppositions on the
reaction kinetics came out of these studies. Although some
quentitative differences (“sensitivity" to different kinds of
radiation) were observed, it was pointed out that the decom=-
position process was the same with both kinds of radiation.
It was concluded that the differences originated from +the

presence of the neutron component in the mixed pile radiati-
on.

In order to make the differences of radiolytic ac—
tion of different kinds of radiation “clearly visible", in
the present work the decomposition produced in solid oxalic
acid by heavy particles from 6I.i(n, alpha)3H reaction was me-
asured and the resulte compared with those ones produced by
pure gamma radiation., .

Mixtures of asolid oxalic éeid with lithium oxalate
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having different meclar fractions were irradiated by thermal
neutr-ns in the present work. The remarkable difference of
these two compounds, regarding their response to “he radia-

(2,3)

of oxalic acid itself. Moreover, it was possible to determi-

tion , made it possible to determine the decomposition

ne its decomposition cauised by the products of 6Li(n, alpha)3H
reaction only, provided that thermal neutrons 4o not produ-
ce any radiolytic change in oxalic acid, and its decomposi-
tion due to the small fraction of gamma radiation in experi-
mental channels, was determined by irradiation of the pure
oxalic acid at the place. There was an uncertainty of the ef-
fectivness of energy created in lithium oxalate, i.e., of its
action to the intimately, but still mechanically, admixed
oxalic acid. Therefore the determination of absorbed doses

as well as the grain and sample size.effects were an impor-
tant part of the present study.

The yields of decomposition of oxalic acid and of
the CO2 formation in irradiated samples were determined. Ir-
radiations were performed in graphite reflector of the RA re-

actor at Vinca.

Experimental

Composition of samples. For most irradiations Merck
analytical grade oxalic acid dihydrate and BDH reagent grade
lithium oxalate were used without further purification. The’

Li abundance was proved to be 7.5 atomic per cent by mass
spectrometry. In all cases the mol¢ fractions of 0,00, 0.15,
0.25, 0.40, 0.50, 0,60, 0.75, 0.85 and 1,00 of lithium oxala=

mo
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te in oxalic acid were prepared. The weighed amounts were

mixed and homogenized in two ways:

a) mechanically, either by hand grinding in a
mortar to0 the grain size of maximum 20 /u or by vibrator
mill with balls to the grain size of 10 /u meximim, and

b) by freeze-drying of their agueous solutions
with a grain size of 1 -~ 3 Vs

The dry product of the latter procedure were let
in air to absorb water and form the dihydrate of oxalic acid.
The compositions of mixtures were checked by permenganomet~
ric titrations for the oxalate ions and by a gravimetric me-
thod with sulfuric acid for Li atoms(4).

The anhydrous form of oxalic acid was also used.
The mixtures to be irradiated were made in the similar way
as it was in the case of the dihydrate form (Procedure a).
The crystalline anhydrous form was prepared by sublimation
of the dehydrated oxalic aecid in vacuo at ca. 120%,

Irradiagtion of samples. For irradiation the ali~
quots of 100 ~ 400 mg of each mixture were prepared. The
irradiation periods varied from 1 t0 4 hours in the experi-
ments for determinations of CO2 formation and from 1 to 7
hours for the oxalic acid decomposition measurements. The
sealed quarz ampoules (10 mm diameter, 30 mm high) with the
samples were placed into Al can and irradiated together with
the weighed Co metal wires for monitoring the thermal neut-
ron >fluence. The thermal neutron flux dengity, ¢£h’ at this
location waes 1;25x1012n cm-zs-l with reactor operating &t
500 kW at which power all irradiations'were‘performed. In a
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E : separate experiment it was shown that the temperature in the :é -
% ' bulk of lithium oxalate samples did not exceed 5000. The gamma ié ;
% | ray dose rate was measured by the agueous oxalic dosimeter(S) g f
i , and the average of many determinations gave a value of 0.5 ﬁ
% ; Mrad h™> at the irradiation conditions. i%
!
% Analysis. Decomposition of oxalic acid was measured ;é
( by determinations of the loss of oxalic ions after irradiati- _g
\;' on. The irradiated -»:. - . .... samples were dissolved in water é
; . and the total oxalate content was determined by permanganome-— %
% ; tric titration(s). Paralell samples were analysed for C02 for- 35
Q ' mation by gas—chromatOgraphy(a). Before anaiysing the irradi- :f?
‘j f ated ampoules were heated for one hour at 94°C. f ’
fgz Corrections. Chemical effect of gamma radiation in
? : solid oxalic acid and self-decomposition of lithium oxalate ¥€:
ﬁ ; ‘ were determined in each set of irradiations. The samples of i;
f pure oxalic acid (mole fraction 0.00) and of pure lithium oxa~- f
i late (mole fraction 1.00) were irradiated together with other ﬁ
é?; samples and subsequently analysed in the same way for 002 for- E‘
1 mation and the loss of oxalate ions. These corrections amoun— 1
1%? ted to a few per cent of the total decomposition in the mixed éz
é%f samples. ' %,
§ Dogimetry. The radiation c¢nergy absorbed per mole §'
%‘i of solid oxalic¢ acid from the sni fission recoil pafticles is %? :
?: expressed as ! g7 ;
% % ~1 . Lo é:‘ 7
D (eV mole ) = ﬂth t6N Eg Nrsox —n-LL.l— (1) X :
: ox.acid {
/ ’H' f where .
: ; Pin t6N Bp Ap;0x = Dyot (8V) 3 :
| ‘ ;
X N - |
i

:
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is the total energy released by 6Li fission in the irradia- A !
4 i :L ted sample; ﬂth is the thermal neutron flux density, t the 'F
= - irradiation time in seconds, 6 the neutron capture cross i
ﬁ . section of 6Li (945 barns), N the number of 6Li atoms in one t%
;% g mole of lithium oxalate using the natural isotopic abundan-

i , ce of 6Li (0.075), Eg is the total energy released per 6Li

fission (4.787 MeV). This total energy is assumed to be com-
5 i pletely absorbed by the sample because of the short range of

the recoil particles and small grain-size of lithium oxala~

et

te. The self-shielding corrections for neutrons were negle-

cted because of the small 6Li content even in the samples o

with the largest ratio of lithium oxalate to oxalic acid. The

2

quantity Nriox is the number of moles of lithium oxalate in

the particular sample. The fraction f(Z/h)/nox.acid in expre-

- % ssion (1) relates to the part of the total energy released
e : from Li-oxalate which is absorbed by the solid oxalic acid

S e e S g e e
- S e L N

o ; present in the mixture, given per m>le of the latter. f(Z/A)

[N

is the ratio of electron density of oxalic acid to the same

2 SN

value of the irradiated mixture., This factor is assumed here

;AT R ST s

to be a good approximation for correction although it is st~
. . R .. (M .

1] rictly valid for higher energies « Dox.acid is the number

i : of moles of solid oxalic acid in the sample.

value of the energy created by neutrons in lithium oxalate at
the irradiation place, a differential calorimetric measurement
was made. The standard "Vinda" calorimeters(s) were used in
such a way that the "empty" body was graphite-in-alumunum,
whereas the active body was of the same composition plus a

known amount of lithium oxalate. Calorimstric measurements
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were pérformed at two places: one for irradiation of chemical
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samples and the other for monitoring of chemical irradiati- g
ons. §
Assuming that in the graphite reflector only the %
thermal neutrons are present the following value for ﬂé flux ‘E
density is obtained ) ‘%
12 -2 -]
ﬂth = 1.15x10" necm 8 %

. . . (2) . 12 .
which agrees with our earlier measurements isee 1423210 0 .
=1 =1 b
cm T8 . -
Neutron flux determinationg. Thermal neutron flux ’;

density at the irradiation place was determined from the ac- f
tivity of the weighed pieces (about 5 mg) of cobalt wire at- N
tached to each group of irradiated samples. During past two f
years about 50 pieces of wire were exposed and measured from ﬁ
which a mean value of & i
12 -2 -1
ﬂth = 1,05x10" n cm s ;

g

was derived. The standard deviation of each single series was 4o
) 0y

8 - 9%. This agrees reasonably with the above value derived f%T
from calorimetry. ﬁ
'

Results and Discussions ;é.

iy

Results of three series of measurements are presen-— ,j:

ted in Fig. 1 (lower line). It is a plot of net, i.e. caused L
by 6Li(n, alpha)3H reaction only, decomposition rate of oxa- L%;
51

lic acid dihydrate against the absorbed dose. Logarithmic plet R

e

ip used because the decomposition of oxalic acid is a first A s

L4
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order process in other radiation fields(g). The abscissa is
obtained from the thermal neutron flux density data and the
respective mole fraction of lithium qﬁglate in the saamples,
There are 7 = 10 values of both abscissae and ordinates for
each of the points in the diagram, showing a standard devia-
tion of 8 to 9%. The upper line presents the results of one
gingle irradiation series in which the simultaneous calori=-
metric measurements also showed the increased values., This
indicates a higher neutron flux density which cerresponds to
the fact that the irradiation was made just before the ex~-
change of the reactor fuel., The linearity of the decomposi-
tion shows that there are neither the rate (up to 2xlO24 eV

M"lh'l) nor the total absorbed dose (up to 1.5x1025 ev M"l)

effect.

In Fig. 2 the results for the 002 formation are

presented against the same abscissa.

From Figures 1 and 2 one derives the folowing G=
-values

G(=0x)
G(Coz)

2.6
50

which is in a logical agreement one with another, pointing
out that the decomposition of one oxalate gives nearly two
002 molecules.

Since these G values are rather low, their relia-
bility deserves a particular attention, The limits of error
of both abscissae and ordinates are relativly high, which is

familiar with such in-pile measurements. This however can no%
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explain the obtained ¢ values which are nearly two times lo~
wer than those for gamma rays. Therefore the retention of the
energy generated within the grains of Li-oxalate, i.e., its
availability for the reactions in the grains of oxalic acid,
is more carefully considered.

Grain size and_the_useful particle energy.

If a continuous medium of L120204 is placed in the
thermal neutron flux, every point can be a source of alpha par-
ticles. The energy of the particles emerging from the point Ol
(Fig. 3) is totally absorbed within a circular area having a
radius equal to the particle range. The same is valid for any
other point, e.ge 02, If the absorption is linear with the ra-
nge, the fraction of energy dissipated from the peint 02 and
absorbed within the first circle, 01’ will be proportional to
the shadowed area over the area of the circle. The same is va=-
1id for the real, three-dimensional case. 14 the grain size of
interest is equal to the doubled particle range, we will consi-
der only the points within the sphere of radius R (Fige. 4). The
probability, fla, of absorption of particle is proportional to

the doubled volume, V (2), of spheric segments over B, divided
by the volume of the sphere itself

V(r
§q(r) = 2L (1)
If we denote r = 0102
and take
1 2
Voegnent = S-Th (3R-h) (2)

where

h=R~% (3)
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; : we can find %
)= i . 3 !
: ¢ 3 (Ey) o(=2)Z
the ) i fa(r) =1 2 (R) +(16) = (4)
3 % ) g
1 ‘1 Let there are .in, alpha particles generated per unit %
, :
i volume, and let each of them has an energy Eo‘ Within the sphe=- Q
:§ re having R = particle range we choose & volume element, av, ﬁ
h {
g from which the total energy noEodV emergres. From this energy 4
! an amount j
he B ¢ -
par- ; B ps = BBy 7(P)AV (5) /
K 0l ? will be absorbed within the sphere. The absorbed fraction of %
& . the total energy produced in the sphere is i
any N B ;|
ra % R £
a 0 E j noEofg(r)dV 3f fa(r)rzdr i
- o abgorbed _ o _ 0 (6) i
. to \L B v i 3
L produced noEodV , R é
| va- =E' i J‘ é
e of g o
onsi- E .. . ‘ ) 3
5 Combining the equations (4) and (6) one obtains &
« The 2 4
1 %o k B bsorbed g
vided . : T = 0.47
; " produced

Under the given conditions (R=particle ramge) about a half of
the energy is absorbed within the grain. As stated at the be-

g . gining the maximum grain size was 20 microns, i.e. about twi-

b 1 ce the particle range(lo), to which the derived frgction.of

: the retained energy (0.47) corresponds. However, most frequent
i were the sizes between 5 and 1Q micfons in mechenically homoge-
E nized mixtures, in which the retention is estimated to between

2 and 10 per cent. On the other hand, the fast tritoms, carrying
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the other half of the energy of nuclear reaction, have a con-
siderably longer range. Omemay therefore conclude that the in-
fluence of the grain size was in our -cases of minor importan-—

ce.

This conclusion is in agreement with the results ob-
tained with the freeze-dried samples i.e., no difference was
observed between their decomposition and the one we found with

mechanically homogenized samples.

It was also supposed the energy released was not to-
tally absorbed within the small sample of 100 to 400 mg. A se=
ries of 1 g samples for all molar ratios was then irradiated.
The results agreed with the smeller samples within the limits

of experimental error.
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