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DICARBOXÏLIC ACIDS AS OHEMIOAL DOSIMETERS

The "Boris Kidric" Institute of Nuclear Sciences
Vinca - Belgrade, Yugoslavia

dr OLGA GAL

1. July 1971. - 1. July 1974.

S U M M A R Y

The radiolytic behaviour of dicarboxylic acids and
the conditions for their dosimetric use (particularly for in-
-pile doaimetry) 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

Dose range, Mrad
Reactor power, MW

(dose rate, Mrad/hr¡
Upper limit of irra-
diation temperature,

°C
Reaction observed

Proportionality fac-
tor, +Mrad

Method of analysis

Initial sample amount.
gramme
Accuracy

Succinic acid

200-1300
at least 6

1 ( ~70)

100
decomposition
(I order reac-
tion)*

weighing of the
remaining sub-
stance
r

<0.5

Oxalic acid dihydrate

100-800
up to 5
(^60)

80
decomposition
(I order reac-
tion)*

aox=2.11xl0"*
3

weighing of the
remaining sub-
stance

< 0.2
better than 10 per cent

Relative ease for rou-
tine use about the same

*D(Mrad) » a log gç/g, where g0 and g are the weights of acids
before and after irradiation, respectively.

+Por the RA reactor at VinSa (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 to be more
complicated, part of the work: was concentrated to the de-
tails of the radiolytic mechanism. It was shown (unexpacte-
dly) that CO2 radical does not exist in this compound when
irradiated at the ambient temperature.

The other part of the work was devoted to the in-
fluence of different kinds of incident radiation on the ra-
diolysis of the above mentioned compounds. Their dosimetric
behaviour was intercompared with cyclohexane in the GRR-1
reactor with the reference to the calorimetric evalúes (de-
noted as **predicted" in the table) obtained in the same ex-
periment» From the table below one can see that the first
three systems reasonably agree whereas the third one (suc-
cinic acid) needs more study in order to obtain more accu-
rate dose-effect proportionality factors.

• ; <

Irradiation
position

Mrad h
Gyclo- Oxalic Oxalic Succinic
hexane Aqueous Solid Acid

à- 6 (obtained)
Obtained/Predicted
f>- 7 (obtained)
Ob taine d/Pre di et e d

110
1.20
35.9
I.05

80.0
I.03

. 29.8
' 0.96

56.7
0.99
23.2
0.96

75.4
I.30
31.2
1.28

In order to study the LEI effects on the radioly-
sis 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 6Li(n, alpha)3H reaction, and the net decom-
position of oxalic acid as weJl as the CO2 formation as a
function of absorbed dose were measured. The measured Gr 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
energy released in the nuclear reaction*

Radiolysis of the solid Li-acetate 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. Cl^COg and HCHCOl,
by the methods of ESR, UV and IR spectroscopy.
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In the present project the radiolytic behaviour of di-
oarboxyiic acids as well as the conditions for their use in
chemical dosimetry were studied. Since they did not get ac-
tivated by the theraal neutrons these compounds are parti-
cularly suitable for reactor irradiations. Another favoura-
bl« 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 solid state as well as in aqueous solution. It has al-
ready been used successfully under certain conditions.

Two approaches have been chosen in the present inves-
tigation. In the first the systems were emphasized, i.e.:

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

- for other similar systems, to estimate and check their
possible advantages as compared to oxalic acid.

The second approach was of particular interest for reactor
dosimetry - the kind of radiation was emphasized and its in-
fluence on the irradiation system studied»

I CHEMICAL SYSTEMS

1*1. - A comparative study of solid oxalic and succinic
acid has been carried out. The latter one was chosen because
it stands higher temperatures and radiation levels, which
enabled its dosimetrie use at higher reactor 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

0. GAL and P. PREMOVIÖ, »SOLID DICARB02YLIC ACIDS AS
IN-PILE CHEMICAL DOSIMETERS'1, Intern.J.Appl.Bad. Isotopes,
H, 341 (1972).

1.2. - The radiolytic mechanism of succinic acid is so-
mewhat more complicated. In spite of the number of studies
devoted to this problem, there are still some phenomena and
stages in its decomposition process which are not well under-
stood. Since a better knowledge of the radiolytic processes
in a potentially promissing dosimettio system is of importan-
ce for its practical use, we direoted our attention to some
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phenomena caused by the radiation action on this system. In
such a way we came to the conclu|ion^Ätat e^Äroom tempe-
rature does not exist the CO2 radical - áVSavean influence
on the radiolytic mechanism. These results are published in
the paper

P. PREMOVld, 0. GAL and B. RADAK, «ON THE ABSENCE OP CO2
IN IRRADIATED SUCCINIC ACID", J.Chem.Phys., ££, 987 (1973).

II RADIATION FIELD

11.1. - 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
we took part (0. Gal and I. Draganié - Report DEMO 74/5» 1974)
in the international intercomparison measurement organized by
the IAEA in July 1972j in Athens (Greece). Another set of me-
asurements we (0. Gal and B. Radak) performed at GRR-I reac-
tor (Athens) in November 1973. The aim of the latter experi-
ment was to calibrate some similar chemical systems in a par-
ticular radiation field which different from the one in which
the same systems were previously tested. The results pointed
out that each 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 spectra
(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: «INTERCOM-
PARISON OF DICARBOXYLIC AeiDSyOYeLOHEXANEDOSIMETSRS AND CA-
LORIMETERS IN THE GREEK RESEARCH REACTOR - NOVEMBER 1973«,
GREEK ATOMIC ENERGY COMMISSION, NRÇ "DEMOCRITOS", Report DEMO,
74/8 (1974).

B. RADAK, 0. GAL, D. MARKETOS and A.W. BOYD: "INTEHCOM-
PARISON IN-ÍPILE DOSIMETRY IN GRR-1. CALORIMETERS AN CHEMICAL
DOSIMETERS: CYCLOHEXANE AND DICARBOXYLIC ACIDS'* (Letter to
the Editor), Su£jti£ed for publication in Int.Journ.Appl.Rad.
and Isotopes. ^

11.2. - With regard to the use of dicarboxylic acids in
nuclear reactors a part of the work has been devoted to the
study Of decomposition of solid oxalic acid by the heavy char-
ged particles from reaction Li(n, alpha)3H. The problem is
bound to a more general one i.e. the dependence of the radio-
lysis of solid oxalic ácid on the LET value of incident ra-

s?., ••-.
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diation. The powdered mixtures of Li-oxalate 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 CO2 was followed as a function of absorbed dose.
The radiation chemical yields of both decomposition and CO2
formation point out that the radiolysis by the heavy charged
particles (alpha and 3H) proceeds at a considerably 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 that 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 0? SOLID OXALIC ACID
BY HEAVY CHARGED PARTICLES am 6Li (n, alpha )3H REACTION (pre-
pared for publication).

II«3« - With an intention to measure the absorbed dose
from 6Li(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 were emphasized in this part of the
work. The possibilities of comparative spectroscopic measure-
ments were particularly analysed because of their importance
in the study of radiation-chemical processes. These results
are published in the paper

P. PREÎÎOVIC* and 0. GAL: "BSE AND 0P5ICAL SPECTRAL STUDI-
ES OP GAMMA-IRRADIATED LITHIUM ACETATE 3IHYDEATE", Chemical
Physics Leiters, 2¿, 571 (1974).

V.

,*- ' w3 -^»^Cr j^z~*$ :
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FINANCIAL PART OF THE REPORT

The contract covered three years period: 1. July 1971»-

-1. July 1974.

Total amoun of the project budget in US £>:

per year

16.000.-

for 3 years

48.000.-

The amount of the grant (25# of the total amount) contributed

by the Agency, equivalent to US 0

total/3 years

6.000.-

2.400.-

. 3.600.-

Salaries

Expanable

Services

Total

& Wages

Supplies

and other costs

per

2.

1.

4.

year

000.-

800.-

200.-

000.- 12.000.-

PRINOIPAL INVESTIGATOR,

Ô.Qd
dr Olgsf Gal

RESPWÎSIBI.E FIN.
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MEtfftS JUI? CMUK2MXXJM* IM »HI «MHK MTSWCI UACYO«
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i t of tha abaarba« «aaa 1» tba »Isa« ra* l -
atlaa f lal« «f * raacto* aera by 'tfea,,»*a a* aha»laal aaiafaa
1» aultabla ayataaa la »at a raaaitt approaab to tha pratola».
A »«»bar »f wall astabliefcad oteaa&aal «aaiaatar« axlat vhia*
bava baaa winaii»¿iá 'for ia-pila a»«'1 ' . Sovavar, thalr baba**
vla«r la «Iffaraat raaator cora« haa »at 'baa» taata« ayataaatl-
«ally, ar »ara praeiaaly, tha aaabar af aa»vrahaaalva aspariaaata
• f tbla ki»a là « t i l l rathar limita«. Praotloally, thar« l i t »a*

. a« af l»taraa»ttariaaa o f aallbratlaa valmaa af tha 'aajut ahaaloal
ayataaa la «Iffarant raaatar aaraa« i.a.r 1» f lal ia havlaf «if -
faraat aaatra» aa« faaaa apaatra had «Iffaraat aarraapaartlat
tribatlaaa t» tha total abaacba« «aaa^^. »y «alibratlaa va
abtaialAf «aaa*»a1ia»l«Ti affaat plata for afaawlaal ayataaa at a
paaltlaa 1» tha aora whara »at aaly tha total abaerba« «aaa bat
alao tha aaatrlbatlaaa of »aatraaa aa« §a»»a rays ara aoaarataly

A» iataraaaparlao» of aaah «ata abtalaa« at «lffaraat

aaaaral «aa. faab aa attaapt waa »a«a la IMS. «A> I S » t*-
(taalay, rruuM) < s ' 4 ) nhaaw ; tha ' abaerha« «aao aallhratla»

by aala»t»atry. f aat aotttra» flaaaoa by tiaahal* «ataa-
tax» (I«, Ml, AX), a»« tha ah aalaal ayata»a («laaxbasylla aal«a)
aallhrata« at tha «A raaatav (Tl»aar Taaaala^a)
lar aspariaaat a» a wi«ar aaala waa parfaa»*< 1»

Ü U

ft»
) . a» "éha baala af «til ah ' alabt

la tha
af tha tatal

* « • • .



la Ufà« **«**la2a* «alarta««*!« ** l a «jrapal«« «aé

s*l«ti«a aa« aaftlata — I * VMM «aaa izcaAlata« la «a* «allacaka«
p*«l«l«a. faa «malaa * f «a—i—1 *ya«aaa vas aa«* àavlaf la ala«
«aal* fastas*« s*3«vaa« «a «aa la«as«aayi
la a «*•!*•«** la val*« «aa **4i*ly«l« ylal«, Of*}), «aas
éayaa« «a «aa Uff a i «aa jra«la«l«a» ala* i t« iasaala l a , at«iaa-

«aa aaaa as taa« •£ p*lyatyl«a«, aaaaa «a* yaaaiaiU«y

- aal« la MM««4MI aalwrfklaaa la a «aslsa t̂as* vklaa aas
«aaftaaaaly u m U f a t M i t d l í f u w t ca«la«laa fiai««« parti««-

! • naak^r ^MIMHI'I M H J mulla Mittû k>a haas mlMMaa * ^ IBA I
wmBm «p^n^^F W P ^F^^Pf^F^^ ̂  ^P^^*P^*^^ ^WWÎ IP^BWP^^ VF^FPP^F' ^^^^•^ •^ Ï^^^W* ^̂ ^WÎ F̂̂ WV̂  ^^^^ ̂ ^F^» ^

la*»lla «aslaa«ar la «a* nafa * f v*ty »If» assaa*
s«o«lal* aalA vas la«*M««laf iMMwaa« o£ I ts staalUty at
«a«

a , -

i«a vavapaa*' la «aa
mt^*mA t l a k é ,Ha|¡j|« ^^^MtUft^A >SA • O A & A A . BMMájkAl. • • • M l ' ft M i l
a sv^lvw^p^va «i ^^v^F'^^saPy«v ^^F^^K^^^«F*VI i^^^^^Faa^iPSv^iP'^ipa^^p* ^P^B^^^^P ^ F ^ F ^ T ^ M ^ ^ ^ P » ^PP^«^^^^^VV«P^W«IV JI^P^^^^F^^FI^P ^^^ ^^^^ v̂ «• i

«a* lwgaJla«laa» vas» «aaa la «a* p««ltl«as â«< sa« $~7 (Plf . l ) ,
«aaaaal« 1«*« va«*ir«lfa« alaaiaaa «a%ss (1.«, J# a» a.«,

vasa laa«al>ai l à «aaaa f«al«l«a«. tlaaa-mm

vl«a «a« T«rtl««l «Mtt«* a« «aa f aal

1 * * * ataaast aafiaf'

«a «aa lssa«la«laa aaal«4aa la «aa

l u g ia\ ASJMBÉAWBI wi«a

«•« hy a aylam

ala



«•x« a«j««te* a« tkat tfct ««ntarli»« of th« saaplas —xr—pc«*«d
to that at tae f««l. *h« t&vtaoi* dmfeUtxm v«x« ixxadlat«* i&
• si»il*x faaaloa*

ïo «volé ovwxbaatiag of ttm »a*pl«a tfe« t tu tor vaa
lixLtMd to 1 m* At tai« f*v«x tfc« tMWMMttm o£ ta« p«ly«Uyl«-
a* la ib* oaIorlM«t«r do«s not «xo««d »o't.

I
Ibt px«p«r«tion «f tlM eh«üle«l

d««crü>«i la «arUvr x«fax»ac«sa*7' t*>'X0) .
w«s

thy«* calwrlJMtttxs ««v« «M4t « M «oatai»*d a pi«««
of gvapait* aa4 a «allbratloo a«at«x la am al«*!»*« «ap««i«
toxwuú ta« oalorlMatxl« body, tn« aa«p»¿ contal—* p«ly«tayl«a«
a»A a lMaiu» 1» ta« «apa«l« of ta« MM« wwlfftt aa« «hap« amé ta«
tBix« oa« C"«aptyB) —talma* oaly aa alwOawa «apatO« a«* a *•-
aftax. la «a«h «i tí»« «al*cia«t«» th* tottal xadlatl«a «a«rfy ^*"
poaitlaa rat** w^^lßM), waa HM»«*«* aa* t»«a •»• cat« «f ta«

* ^B« «aa aaotxa«t«* I n « ta« valwM «btala«* «ita poly«t-
aa* «xapftlta. I» tala tray ta« a«t aa««xl»a< *•«• xat«a#

f (Mf/O), 1* «xapblt« m* p*ly«t»yl«B« w « «btala«** «»•«• va -
I M « ax« U«t«* 1» T«*l« l ^ t <̂V) n p r u w U th«
p«rat«x« dif f«x*a*« b*tiM«a «a« to«dy am
aa «fea JMaaMX»* xaapona« la alaxovolta «f a

i :

oÉntwi—X aaMplM wax* lxxa*lata* at ta«
9a« Xlqfti* aampl«« (oxali« acia s«l«ti

i) w«x« Ixxadlat«* s«paxat«ly, viwxaaa «a« a«Xl*a
it tM* amg—!«• of «salle aad m

r«*laU«a. Aftox irxa*latl«a taoy

»llajitly «a «IM » •» !
la f«M« 1 aft* riff.l*



Xa ta« «as« oí 41c*K»«*yUe ««ids ta«r« la a log«rlthalc
rolatioaship fcota la solatioas aad la thm solid statei7'*»11*. ft

«olatloaa

Co log

«her« a is ta« pzoportloaallty factor for aquaoas solatloa
of oxalic ««Id waioa d«p«ads on tita aaatroa - t o - g n w ratio
la tit« aaaorbod do««» Cfi
irradiatioa, JTor solids

ta« oonoaatratloa bofoc« «ad c after

(2)

wkr« *-oi<j *»*• ta* ««»• a«aaia<| «s «b«v* «ad i s diff«r«at for
dlff«s«at solida, f# «ad 9 ar« tb« •»••«• of taa saapla a«for«
«ad after irradiatloa* 7tM «ate oatala«d vita dUarfcoxyli« ««Ida
ara pr«s«ate« ia T*bl«> i «ad 4 and Fl«ur«« 3 «ad 4.

Xa« fast a«wtr«a *laaae« was d*ter»la«d fr«ai tao a«tl-
vity of Hi fo i l dateaters Irradiated at dlff«r«at aol«ate arroaad
ta« «aater lia« of taa fa«l. idate «a turn— Masar«a«ate ar« «*•»
Mated la talila &• ay plottUf ta« flax iateasltlos «s a faatl«a
of a«lfat taa «orr—p«a<taf valao« for tao «oater lia« f««ltl«ai
aro darivad a«

la A * «
i* • • 7

Un M l » u a «sT2«"^
••41 at l e U a «aT2«"1

ktroa flax doaaltioa w«r« datezsdaod
ta* aetivlt lw of A« <#ilj wttk and without Cd *»l*ldlaf (Cd
ratio • • ) . Xt was «atlaated aa 1 ••

ia
la

- f aom-2«-*

M i (It) oa* that ia «ay «f
•<a,««aa»>»



coala soatribut« to lass tfea» 1 ¡?ar caat of tfca totally afcaorbéá
dosa. Shis soures of gtmtm raAiatio* vas toarafora •«gloat»«' i»
furtbar eonsidaratioas*

AIM» DISCUMIO* or RS*ÜLT*

*•" Caloriftry

if Pc and P(Cti2JB ara tha total absorbad doaas ia
graphita and polyathyla&a than

P C » e • F (3)

• aG + (4)

«basa G ana i" axa thm «a««a and fast naufcron coBtxibutiaaa t«
tttm absorbaâ «ow» i» çrapaita («>«4 h*f as a r«f«raa«a »atorl-
*1) # and a an4 i> ar« tha ratios of »ass «Aaroy traa»f«r osaf-
fioiants of thaaa tato «ataviáis for «aswa rays aa4 fast aaatmns
raspaotivaly, th* acearacy of G an« ¥ abvioasly dapaaás a» tka
di£f araeoa tostwaan *Q and » t C H j , but also oa «xaot fcaovladga
of a ana h. Sinos for gas** rajs" tbs ralativa a«ss aaarfy traa-
sfar «oaffieiaats for ll«at natarials ara fairly oomstaat.
«rioa raag* of «aargios« «tea a ooafficiaata ara wall astrtliihad,

I» ooaf f iciaixt «am avalwatas oa th« basis of
tha «roas saotiom for alaatia *«att«riay

of wkMtroa« ia tba xaspaativ» aatarial. «iaoa to« f«SK of ta«
matroa apoetrom ia axfi*ariswatai bola is raraly *»»atly
it toaatally km i» b« aasomsa ia ««ear t« aaloolata 4*0 b v«l«a»

•̂™"J t^^^ í^^^^^s^^^^ w w spja* ^s^SffaMViBnav^VOTSiVfiBi^av ^SMBt^viS'VviV iiaw^ ^^ îaŒa^^» ^P , ^F^W^B^^I^^^F^^ ^^^^

as* to fia« ta« liaits of yossibls
ta« « volaos là tara« ways*

"^aaa^BW- ^a^^s^^^^^a^a^^a^^^^^ *«aw^H^Br ̂ aF^a^^a^^»; •

Oil



II.- aias tita asamoad dE/E spactru* with tha
data}

III . - by avaloatlaa fra» tba ¿«tallad diagras* fro»
raf.

Zu all casa» tha »atari«! traatad was polyathylana ralatlva
to graphita. Tha b vainas abtalnad ara

A - i 0 * 7

Hathod I
»tathod IX
Hatfcod IZI

10.9
il.5

9*1

10.9
11.S
t.o

iba a -valva for polyathylana amount* to 1.14 and is obtainad
fro» M U M absorption eaafflclanta for hydroaaa aad carba* in
tha qwmmm, «aargy raafa frow 108 kaV to 3 MaV. Takl»f thaaa va

CK j fro« Tabla 1

* - 6 6 - 7

incs aad tha naastutad Pc »ná

12».2 wM/9 - «»•» Hrad/u 60.7 aN/f 21.0 Mrad/a
34.5

taa valaaa listad in Tabla i ara abtaiaad. Althoaga axtraaatly
éiffaraat spaatral distriantloas «ara aasaaad oaa «ay aaa taat
tha diffaraaaas la rasulta ara zatbar aamll. It is paaaibly daa
to tba faat taat by avalaatiaf tba ralativa valaaa avar tba
braad «aarfy sm§laa tba dlffaraaaaa app«ariaf at saaa valaaa «C
aaargy ia«zaaaat do sat pas* d slqaif least aaatribatian ta tha
total valva.

tha » l iab i l i ty O£ caloriaatrle Maasaransat*
fcad by svalnatiai tha nawtroa «aatribatioa f;
fast, spaatrta* aad «asparlas. I t ta tha
vad fro» aalarisatry. this waa daaa la atvaral mqgm.

lilTII II11 1 1 H tUWtt *— dasarlbad ta «af (11) ai
b x i a d v »v TÊ.JH* 'B^^^hni«* ÈM attC IU> |aaa4 g g u lüia awfea

syastia» (fissiaa or dl/*) aad tba aatttr
dasl

valsa* dar!«



dose per neutron (¡)pn) in * glv«n material. This value 1B then

nultlpliod by the total non-thentallxed neutron spectra» in order

to obtain the absorbed do** fro» neutron»

*f (5)

where V denote* the neutron contribution to the absorbed do»*

in a Material H, ff neutroa flux density in the reflon e>l a*V,

££ fraction o£ neutrons áaviog t>l tteY in the total uinMd spe

ctruw.

.(12)

of
the

_Ma$hod, derived by t. Mas aad X. üxceler*

«ultiplioatioi» of a oceffloleat r(xfK) with

vale* of +f

(§)

where x denotes the distance frost the «ore and H refers to

terial of a given atonic composition. Xn reference (12) there

are detailed diagram fox r-values tor hydroQem, «arhem and

oxygen whereftarn one easily derives the T values for »ost of

the «ataríais of interest.

by assuming that above K»l HeV th4Mre

is a fission speotru»# whereas below it títere is a d£/£&

for»*12', aer* a(B) denotes the n«utrs« cro«« seation for

scattering on hydrogen. One distributes the *f neutrons in

intervals above 1 ¿JeV and stultiplies these with the

&ass energy transfer coefficients frc»t the tables of reference (1).

for the energy interval below IJKeV one takes th*t at 1 MeV (or

«ny other value around it) both spectral fern* have the sa»e va-

lue* 1. ••

«-1 MeV '*•! NeV

an* 4erl
the

esnstsn» X , i .e« the
Iwlcv 1 MeV. *h* femoral

iffielent of



ôose fro» neutrons in a material i s

- «« f
ft

where wQ i s Avorradro"» muaber, À th« atonic number of the
element the »aterial i s eo»pose4 oí, other synoola ar* a» ee-
finad above. It i s obvious that with the assisted spectral ¿ora

E<1 KaV <§>

ï f * »pectrw» oí this tone is as-
sumed over toe whole energy re«icn, en« can see fro» the expres-
sion U) tbat

F •
v

(A+l)

f

¡0(K> (10)

X i s tourné

1 MeV
(11)

aftâ tue valu« of intefi»i for ta* crûs* sect!«* «ne obtaias

a«) thisiay aanerical intasration of ta* cross sectioa data'
apipreA«% depeiuU', on tlte upper livtits of iateçratio»*

Values ef neutron oo*tri*>t»tio»s 1» y*lyetlivleM «eri-
ved i» 4iffet«&t ways are i»«erce*{>are4 1« Table ?# ««eke mae
values fro» *a»3A 6 are ala« tabulate«. Oae eaa see taat fee
tae A-f peeitiea a better aparoack i s »be e*s wUL«a. •••—•> t*e
f iss iea aaeetran, «aereas for $-? m bettor ajMsawt i s eb»slaei
witk a éB/k speetrw. » i s la la aeeerdaaee witb «be fee« tbaft
*«« i s fa i t e elea« to «be oere, i . e . l a a le— ps» »art s i mtmumm
Htm, waavaaa $~1 Aa seyara—* f i w »be «ere ay a»re «fcaa IM mm
of water. ' . .• •



a.- Ç Sys tesas

tin« chemical dosiaater* useci ti»« sistplest va»

cyolohexane. She radiolytic y lelo of nyurcgen, SÍ3.J, was found
to fce indépendant of LEï valut» of incident radiationv *. it w u
important because of tho high abundance of hydrogen In this oo»-
pound and hence a high neutron (i.e. knocked'-on proton) COB$>O -
nent in the absorbed energy. A slight decrease in the yield vas
reported'10' which waa taken into account 1» evaluation of afa»or~
h<tü doses* From the data in Tablo 2 ana taking the density of
cyclofoaxane as 0.7a one obtains the rosults in ïable 8. It fol-
lows that tho do»e sates ax«

for à - 6

Êor ß - 7

110 Mrad h

35.9 Krad h

-1

-I

with an everage deviation of 2.5%. ïafcing Q{ü¿) » s.O independent
of ctoso« tite «v«rage values

for A - «
far 8 - 7

107 Mrad h
36 .1 Hxmà h"

and ta* deviation increased to 4%. On« can directly coRpar« the««
with tiie oaloriswtric reâ«in$a i» $»oly«tttyl«ner becaus«

cowpouttds ¿lave the saae empirical forsul*. À
with tâe f*aôl« ó SÍÍOWS a xeaaottable affxeeMWt in ß-V
tnan ä»), but in A-ö t&e cyclohexane values arw about 20% nicher
toan caloriwetry predicted*. I t doe» not see», with otar
knowledge» that a reasonable explanation £or this áeviatiou ca«
be fives* «««arding the interactions with various types of radi-
ation, and hen«* the absorbed energy* cryoloaexan« aa«t »*ly«tàyle»e
are the M M , (ih« ««reeneat IK p-7 ref lects th i s fact, althe«fii
tae eal«rli»»trie valwe i s p«lyethyleite i s s l i fn t ly lewer« X«t «•
svppee« taat i t i s d»e t e sos* endotneraiv': reaotioas JA polyat -
hylerne (*.f. kydrogen evolution ùm i * the oros» linàiaf) aad »ay

j .



i ft ."$*.

10

that on« ffligjifc expect tliis is isore pronounced in a radiation

field with higher LBï. Hven ia such an imagined case it

that ¿0 per ceat differaaee eau hmxály o* e*¿**ct«su

Since tha -SSlaa »re LE3.' dependent.
on« hud to calculate the a - values froc

***** and the known neutron, IV., and gama,

tlons to thss &to8ort)*tl

1
a

'aaimaa

end a.
neutron
contribu-

(12)

i !

á¿_ ...L, u

-•. £ •

uswd the following valus» for oxallo acid

IB W«t«JT

gamaa
41*S> «V

5S.Û «V molecule

-1

-1
2.8 s 1Ô

1.0 x 103 Mrad

for «weelaie «cié tbe val«« o^taieeä at the tó reactor t i7í» i.«*
» was aa*d, sats of results war« co»-

»* calculated on th« ba»i» of an a>6ua*d
aiaoiif aeutrcü* &nô

. - takiny th* di«tributloa, i .a , ¥n âne r
&3 ' cari ved frota

C - *vaiH*t«ti «o tii« à*»i» of oalorifä*tri« «tata
i» traphit« *aa íi«5ly*thyl«n«» i»y using
b coefficiants fer tue respective

revult* «re svenetarixed in fable a. ïhe fraetians
^-3|p*i use* in the calcvlations are

A

o*alic

o.so

•- 7

0.2«

Oxalic a«lià
A - 6 II - 7

a,2« o.l«
0.1» 0.11

•3
Î 1

If

" ' " "S TV



In order to intercoatpar* tha uaafulness of the four
ch#aical system* applied la the present work, their results ara
eonparad with th* valúas d«r.iv«d, for tha respeotiv* compounds,
fro» caloriaatric data obtained with graphita and polyethylene.
Values ara prosanted in tabla 10, in which for oxalic acid tha
caloirlmtrieally obtained distribution of tha naatron and gana«
conponaats «rar* used* Except for suceinic aeld and eyclohexaae
in A-** tha agreement of tha rasults is acceptable. Xha cyelo-
hexane casa was discussed above *nd as for as suecinlc seid is
mtmitmit it seeus that «ore work is «till naedad to detarstino a
»ora reliable a value* xha value of 5 x 10* tirad osad her* is
taken fro» the KA «easuraKenta, i.a. it was obtained in a diffe-
rent reactor cora* This however could not influence considerably
tha results obtained, sino* the naatron component in both K& and
GRR-1 is rather low in succinic a«ld* On the other hand« th* loss
of weight of succinic acid» although th* «iwplest way in routine
usa* is not the real Measure of its daeoxposition as It is in
th« cas* of oxalic aeld. It seems therefor* that sow* experiments
relatad to th* tr*atmnt of sanples and analytical Method (nayb*
higher tantperatur* of haating prior to analyais and asidlvetrlc
titration) »19ht co»trib«t« to th* clarification of the problem.

& chaavical systast it not an absoluta dosiaeter, i.**
it e«êds calibration for each typa of radiation ftold in which
it is to be «sad. One* calibrated it can be usedr «vén routinely,
as 11 sasattdary standard. %h« us* of ahanical daainatars is gene-
rally si*pl*r than that of any other typ* *f doalaatri* ¿«vices,
and therefore m desire for ta*ir wider as* is quit« letiaal.

An att**pt to «ax* a chealeal systaai suitable f*r
ln-pil* neasuraaiants» I.e. for a twa sanfonsst radiatia« fl*lil
is swnawhat different than for th* sisyler cms a—f snant «as*s.
th* shortest way to «o thia in a fiald sssif ssi *f nautraa»
fans»' radiati«« ist



- to calibrate it against another dosinster (chenleal*
cavity ch*ab«r, or ealorisiater) in « gane* field* the value obta-
i»«d is. then considered as independent of the ganwa speetrsatf

- to calibrât* it «gainst a calorimeter in the actual
Minad field* this calorimeter must contain the saw« «vmpanmé as
the absorbía? body, or b«tt«x« to us» ths «aloriactars for SMMS«-
rsvsnts of ihm absorbed «nargy eostrlbutlons of aaatzo« and §assw
radiation.

At this stag« th« cbaadeal syatan is ealibratsd for
a partiottlar fi«là. On« «an us* it in fields» having différant
nautron-to-gansta ratios only altar additional calibrations. *n«
^rasant «xparisant was on« of sven attsnpts.

Sngorous calorliaatric naassrasiants war« essential* the-
refor« two light natarlals with different responses to neutrons
(¿or «ansia rays all »ateríais show a ainilar energy anserptien)
wer« ehosent graphite and polyetsylene. Moreover« as a eheek «he
fast neutre» energy contrihntien was determined fron aeassrenents
of the fast neutron flwx density* X» this way the reliability of
ealoriKStrle vaines was preven, therefore these values and the
enes derive« fro» themtahsorbed doses in other light Matériels)
were taken m» "standards" for eonparison. One has to note here
also that both the interpretation of «aloriaatrle data and the
«hooks on these data oontain sons arbitrary elonsnts «neh es the
type of neutron speetrn» and the energy region asssswd for eva-
lnations of oseffioient«. It is difficult to obtain the exaet
for» of the whole non-thenMillseâ nentren speetmn, partienlarly
in the regies) holew 1 HeV which is of considerable layertanes for
hydregeneows Materials* A resnlt «f the present; work was the stndy
of deviation ll«its by «sing several possible assnnntiens«

Chee&eel systons develeped for in-pil« neesiirsnnnts
wer« «Mod hove, €lfifj|inei •*• »••» thersnghly inveeUganed in

«014 established. I» a*dl*loa, it has èoon apflied ae a» i«-»ile
desineter is several renetors. • -' •



r

ihm 20% diacrayaavy *•* A** valu» i » -ê 1« tharafoxa aarprl-
•ÍR9 «MÍ show» that aonw diract iatareoapatrtlaoa **a»«raa«ata
{•.«. calorlaatry with «luis« ton» awtavial») ara »t i l l . aaaaaa.
Oaalic^agid ahewad «ood afraamat thi» tivsa tooth a« M I U aad
1« aaivtio*. Uva« tha val««« (jfctalaad om títm IMSÍH «C * f MMNM4

a«utron'-to-9iUHiia rat io , i . « , by an «Valvation vfelca «NüLd a«
«xp«et«d ia rontina work* ara aecaptabl*. Mita «lia«* syetaa*
oaa coulé tw oowplataly aatiaficd tt tí** rasults ototaiaad at
tba ïSXJi raaetor úíá wst a x i a t ( ^ . In that caaa tha aq«aa«a
solution «ava aowa 40% lavar raaultm than oalorlaatxy praélctaai
tha aoliâ f«va about 101 JLotwr« I t ±m obvious that MOKA aoa»laad
axpariawnta aa tha praaant on*, axa maaäad« Mayba tha «aanranaat»
i» a*parÍMmtal bolaa at í i f faraat áiataaaaa frcac tha vaxrn, i »a.

diffaraat »autroa ooatribatioa», ara tha »eat pxtmL~
that tray a «taptfiaa coauactian batcaan taa pura gaawa

and in-oora satiation f ie ld could fea obtainaà. §gffift*ff„tJ*#
ahowaâ both now and in tha ISIS axpariiMitt about 40% hiçhar va-
Ivwa than thoaa dariva« fro» «alorimatry. Aa atata* ába*m, tala
attractlva doainatar (low «anaitivity to tha taaparatiira, hlfh
doaa r&aga) aaada «or« »tudy to obtain an aceurat* a valaa. ftoaa
of our aarliar #xi>ariisa»t«

y
ahov that tha a valua eaald ba

ooaaidaratoly lowar than S z 103 «xad which# if troa, caald daova-
aaa tha diaarapaaeiaa with oalovinatxy to raaaoaabla valaaa.

wa ahoald Ilka to axpraaa our thaaka ta tha 6raak
Atoado laeray Cowaiaaiot» trhoaa pamiariOK aaea tha axpariaaat
poaaibla» ï » tha ataffa of the ^ » - 1 raaator aad »aparta*at
of chaaiatrf at "oaaoarofc©*" £oir aoooaratioa. Ma art» partía«-
larly iadabtaé t e i¿r.A.Harkato«-*«atAk«, or.*.Th. rakiacls,

.K. Fapaktairglott and Ms.C.A.Mitaaalaa.
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1. ¿ata on Caloriivetric S

îrrauiatioa Position

A - ô

<îiV)

g - 7

CwV) (»»)

Graphit«
1235 232

82 138*2

345 «4

535 100

3« «Û.7

1420 a«? « sie lo»

117 250.0 45 §6.2



2 . out« o« Cy«loi»JuuB* M**s«raM«at»
(GRR-1 iwmetox Fowwr 1 «w* S**pl« of 1 »1 Cyeloh<»uuM)

L«agth of MoX*cule« G -v«iu« for

o£ ¿Jose

A - 6

2
3
4
5

S. 19 x 10
1.3» x I«
1.65 x 10
2.10 x 10
2.56 x 10

1 *

It
1»

S.13

4.94

4.as
4.74

» o s i t i o a $ - 7

4

10

i »25 at 10J

B.QX X l ü J

1.41 x 103

1.4« x 10J

1.61 x 10IS

S.33

S.13

5.«

4.t7

4.«S



«s-

of tit«
Solution of Oxalic acid

(GRR-1 reactor powar 1 C 0« 250

(•ia)
lOS V C

à - *

¿«•gth oî
Irradiation

(»in)

F O * i t i O - ?

6

IS

23

30

4S

0.175

0.353

0.606

15

42

où

Ü.6M

0.133

0.17$
0.208
0,258

i! ,



fable 4. Raault» of the Hea* ur«jii*nt» with
Soliû

(CAR - 1 raaetor pomr 1 m)

y«
of

irradiation
Oxalic held

A - « ß - 7

Succinic Àcia

A - « e - 7

2.2S 0.0675

2*2$
2.9S
2 .SS
§.00
é.ôo
7.67
7*67

9
6

0

a

•C657
•öSfSO

•JL74Í»

.1640
-

Ô.0225
6.Q314
Ü.031Ü

-

-

0.0704
0.0712

0.047Ô

U.Q20Q

0.0260

6.043t



S. SMtttt» of Hi l o « !
(«fW-1 rtactor pov«r X MW# Kxponiur* 12 .«0
fro« 1314« t o 14«O« K*st Suropaaa ïit*»#

Foil
Waigbt
(lag)

fvon C«ntr«
Line of
Fuol

Uov.Ö/73.
Flu«

> 1 ISaV (» C» * •

52.42

4*.tí»

¿3.5Û

- 24
- S
+ IS
+ 34

17t
16»
169
1G1

.4«

.73

.44
«20

2.013

1.93*

1.933

1.ÍJ»

X
X

X
-

ia
1«
1«
it

ia
12
13

49.30
S3 .34»

25
?

12

42.4S 0.455 * 19
0.427 x »U

0.42t X IVX2

« «rea» «««tlon for iöHi(»,p) :>äco of ISS nb f«ir
á - é «nu l«â ni» for # - 7



6. *axuaft «ad fast Hantroa Contributioa« to tit« Afesezbad
Obtalnad by Diff«*ant îraatmanta of Caloriaatri«

Matarla!

Graphits
folyetítylaaa

P o *

u«utroi

3.4
37*2

3.2

4.1S
37.a

i

i

M

M

H

t i O

âama

a t h

46.4
S2.«

a t h

46.6
53.1

« t h

45. 6
52.2

A

O

A- $

ïotal

d

4»
»0

d

4».

ô

X

.0

I I

.0

I I I

P o •

matron

10.8

a. »4
lO.t

1.24
11.2

1 t i o

Qaaata

20.6
23.7

26.»
23.7

20.6
23.3

„ , , ,... '<
a *- 7 !

•"[ i 111 « I '

Tatal :¡

21.»
34.5 :;

21.»
i!

34.» i
li

21.1
34.» |



ïabl« 7. i<*utron Contribution t e th» ¿bsoxbsâ &«*• i»
Polyäthylen« ijfrï±v««± in Different *r»y» (Mr«ü h"1)

Hmtirmû by
Irradiation

& - 6 S - 7

ï KHÛ XI

atente. I I I

f iss ion sp«ctziw

c.L.A. ttethoá

37.a

37.*

3».*

45.«

44.0

44.Ô

49.3

10. Ô

11*2

§.€4

».7»

»«SS

9.6i

tl :



h-*>

a. fijp-riveá ¿toss, Cycloh«x«ae toy
th» eat*, troje «m>ie 2» '"---" * " 1

0,78)

of á - t of

tosía)

2
3
4

6

HO.b
112.4
105.0

113.0

8
10
12

•Sabl* 9* Result* cf bCBÍ*efcry vith
Acid»

Way of
Evaluation

1»

C

OiKiil:
A-fc

*4«4

•0.6

77.4

r-> ÍÍ-7

2 » . l

31.0

Oxalic

5ft*5

5ft .7

$7*4

SO,
* -

24

23

2 4

li
t

. 3

. 2

. 3

a - 7

3S.2
36.1
35.2
37.5
34.3

SOU*
A - Í

75-4 u.a

If ,4 24.3



tabla là of th« V«luos ûtit«ia«t2 by Cha?iie«l
te the cu«* *?r«dict«d* by

Dosiœter à - 6 ß - 7 - 7

eucciisuLc
Acid

t ( M

£6.7

75.4

3b.1

a».»

. a

33.0

77.4

$7.4

57.4

34.6

31.0

24.3

24.3

À -

1-Ö3

1.30

» - 7

i.a»

6.96



LEGÜKD ï û ï l i g irI<«UHÜ&

F t ç . l . - '¿he Greek K*ase*rcii Reactor Core

Vacant ¿Attic«

obt«i»«ü

ïig.3.- Ex¿«rÍH*&tftl data obtained rith *tju«ou« solution oí

. - K*£«riK*&tftl cunt« obt»iíM»ti witb sol id oic*rboxylic

- A - Oxalic in A- •

- o - exalie ia g» 7

- A - Stttelitic in ¿- *

- • - Sueeiaâ* is 0* 7
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EHE

IBtEiiGOStPAHISON XW-PIWB DOSXMESIUT IK

AN» CM+lOki UOSXSIXBI&S OYCLOHIHAltE

Aim DICAiiúOXYhlO AOI0S
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j
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£here are a nuaber of chemical dosimeter» whieh
h»v« to»en jc9cotM»t«ft«d for in-pi l» • Iiow«v*r» th«
nuaber of sy*t«««tie atudi«9 of their béitaviour in difft*

vn% reactor oor«n is «till imtbcr iiadlt«d% '* Th« pr«-

••nt txperimtat was uiidtrt»k«n to clarify tht discrepan-

ci«s ift th« results in the intsreoapaviaon «xpariaenta

perforated so far^3>4'5). She total dose and the relative

contributions of neutrons and ganoa rays were determined

by calorimetrle «easureeent»» using a rtViniSaw oaloriae»

ter^ t 4 > » ntm graphite and polyethylene samples. She

fast neutron fluenoe was «eaeured ©y lii-deteotor* and the

thermal neutrons fluence by the aetivatlon of Au-foils.

1'he eheftical systaas were oyolohexanet exallo aeid solid

and in aqueous solution and solid suectinie aoid which

re irradiated in the same positions as ealoriceters. Mea»

sureaents were aade in the GSR-l reactor* » in the dry

channels installed in the positions 4 - 6 (4 ca fro» the

core) and (¿ - 7 (12 m frost the oere) in the reflector*

Heaotor power was Halted to 1 KW« The preparation and tre-

ataent of chenleal saaples were done as described la
(1.7.8.9.1C.11)

'Oreek Iteseareh 8aae«er*lf Huelear Seaeareh Center
CHIT03", A«Aia P»raek«vi-A%tiki«f Athens,



Tho noutron flux densitioa ara

Poaltion

4-6
A. 7

Faat
1.95x10'
0.43x10

12
0.97x10*
2.93x1012

Sil* contribution of thomal noutron* to tho total abaorbot

áoaa waa catiaatad to to« lass than li>' and was negl«et«d

C»lorla«tric «taaura<B«nta gar« tho following 6o«t rataa

Material

tíraphitt

Hrad h-1

â- 6

90*0

- 7

34.5

whorofro*) on* dorlvaa tho contribution* fro« noutron* and

raya (in Uraft h~l)

Matorial

Graphit*

Polytthylon*

Koutron

3.
37.

4
2

4- 6
Sanaa

46.4
52.8

total

49.fi
90.0

K*utron

1.

10,

0

ô

7

20,

23.

.a
»7

Total

21

34

.0

.5

fho rollabillty of ealoriitotria aoanuroaonts waa

ohtoktd by «valu»tint tho nautron contribution fro» tita na»

aaurod «outran flux donaity and ooapari^ la to tho oorro-

•ponâini valuoa dorivod froa oalorinotrjr. For polyothjlono

this wao dont in aovara! «aya aa prosontod bolo«
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Derived by

galorl*«trle
Measurements

Mrmá k

Proesdur«
Fission ¿jpeotrus

Procedure
Speotru*

C.E.A. $«thOd
Combined ;-ttthod
18í«V U s t i ó n Optetrutii

Coabined : ethod

4 - 6

37.0

39.6

45*6

44.0

44

49.3

íiefarenoe
a- 7

10.3

3. 64

9.70

9.55

9.66

11.9

(1)

(13)

(13)

(14)

(14)

(15)

Cit« can a « t tfcftt f o r t h « 4 - 6 p o s i t i o n * b s t t s r «pproAth

i s th« one whi«h »ssvusts ths fissioa sptetrvui, ifh«r««s for
iä- 7 « btttor ft^rttmtat i s obtsinsd with A dE/8 spaoiruit.
This correspond» t t th« fuct th»t/l » 6 i s «less to th« oo-
r«t wh«r««s >̂- 7 i s s»psr«t«d tros th« cor« by «or« than
10 o« of viator.

Ih« results obtainsd with «hsadoal uyst««s ar«
pr«»«nt«4 below, their us«fUl£<tss for la-pil« «ensuremont»
ia t«nts of th« ratio Obtaiaod/Predictod i s also glv«a,
«her« "predieted" aeans tas valus derived fro« oaleriaot-
rio data for th« respective ooapound

Fo»lti«A

Retain«*
Xr«41et«d

Uyolo-
h«xaa«

110

1.20
ContiftU«*

Kraft
Oxalio
Aqueous

do«o
1.03

Oiali«
3»li*

56,7

0.99

Suoeinio
A«id

75.4

1.30
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Potltion

Obtained
Predicted

ÏO

Oyóle-

35.9
1.05

auaaariaes

Xrad
Oxalic
A4U40U0

29.Ô

0.96

Oxalic

23*2

0.96

iSueeinio
Acid

31.2

1.28

- Caloriaetrie valu**» being cheeked by faet ne»
utron reeulte» were taken aa "atandarde" for the évaluât!*
on of «beorbed doace In the doeiaetera«

t«r h»» b«tn appllêa a» «a in-pil« desiattttir In a«v»rai r«-
aotora. Th« 20^ iiaortpanoy in it» valu« in ¿j - 6 ia avirp-
riaiiif and ahowa %Hat »a*« diraet intaraa«paria«ft «aaaura-
«ant* (a,g, oalari«atry with oyolahajuuia »at pelyathyUna)
ara atill naadad«

- Oxalla aoid ahowad a «ood a¿r«««ant tltia ti«a
both «a aolid ««i in aalution. Hewavar» tha aa*a ayata«8 at
the 1313 raactorí3#4) ahawaA oo&aidarabla daviatioaa»whi«lt
ahowa that «ora «ojtbinad «xp*ri«anta, «a tha praaaat onat
ara «dviaabla»

- Suealaio aeid ahowad both aa« and at ISIS «uefc
higher vaXuea than thaaa derived fro« oalorl«etry. fhia at*
tractive doaiatter nteda «ora atudy ta attain an aaaurata
a value.

tha work ia publiahed in easplata detail» by tha
Greek Atoaie Enerfy Ooaniaaioa aa D M 0 Sepert ire 74/8 (1974*

Thia wtrk wa» partly «apportai by th« Xatemati*
anal Atonie Bn*r«y Att«noy, Kaaearah Oentract X: 1040/IB.

B.B. HADAK and
O.S. GAL

p.a.

A.W. BCïD

Seria tidrift laatitttta «f Wueleer Salea-
ee* r fiadiatloA Oheaiatry û*part«aat, »e#-
«raá, ïu^oalaria.
Mtttl«ar Reaeareh Cantar "PRMGCMIO*", Ra-
Üatiea Che^atry ta»*rat«ryr A«ti» ?»ra*
•kavl -Attiki», 9t*—**
Chalk Mivar bolear Lab*rat«rieat Cheaie-
tra aad Materlala ûiviaien» Atóale ai«rty
of Canada Mai ted, Chalk Hi vor, Ontario,
Canada»
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DECOMPOSITION OF SOLID OXALIC ACID BY HEAVY CHARGED PARTICLES

i/t6Li(n, alpha)3H REACTION

by

O.S. GAL and B.B. RADAK,
"Boris Kidriö" Institute of Nuclear Sciences - Vinßa,

Beograd, Yugoslavia

Radiolytic behaviour of solid oxalic acid has been

studied in a number of publications and the results were re-

cently reviewed . In these investigations particular atten-

tion has been paid to the possibility of dosimetric applica-

tion of this system both in gamma and mixed radiation field

in nuclear reactor* As a results the radiolytic yields of the

stable products as well as some plausible suppositions on the

reaction kinetics came out of these studies* Although dome

quantitative 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 Li(n, alpha) H reaction waa me-

asured and the results compared with those ones produced by

pure gamma radiation*.

Mixtures of solid oxalic acid with lithium oxalate
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having different' molar fractions were irradiated by thermal

neutrcns in the present work. The remarkable difference of

these two compounds, regarding their response to •'she radia-

tionv ' , made it possible to determine the decomposition

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

ne its decomposition caused by the products of Li(n, alpha) H

reaction only, provided that thermal neutrons do 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 C02 formation in irradiated samples were determined. Ir-

radiations were performed in graphite reflector of the RA re-

actor at Vinca.

E x p e r i m e n t a l

Gomp£s¿tion £f_samp_les<í- Por 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 molf fractions of 0.00, 0.15,

0.25, 0.40, 0.50, 0.60, O.75i 0.85 and 1.00 of lithium oxala-
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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 to the grain size of maximum 20 AX or by vibrator

mill with balls to the grain size of 10 AX maximum, and

b) by freeze-drying of their aqueous solutions

with a grain size of 1 - 3 AX.

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 permanganomet-

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 acid in vacuo at ca* 120 C.

Irradiation ¿f^samjgles^ For irradiation the ali-

quots of 100 - 400 mg of each mixture were prepared. The

irradiation periods varied from 1 to 4 hours in the experi-

ments for determinations of C02 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 density, ti^, at this
12 -2 -1

location was 1,25x10 n cm s with reactor operating at

500 kW at which power all irradiations were performed. In a

IS i
i
is
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separate experiment it was shown that the temperature in the
o

bulk of lithium oxalate samples did not exceed £0 C. The gamma

ray dose rate was measured by the aqueous oxalic dosimeter* '

and the average of many determinations gave a value of 0.5

îirad h~ at the irradiation conditions.

Analysis. Decomposition of oxalic acid was measured

by determinations of the loss of oxalic ions after irradiati-

on. The irradiated r : . ••..L... samples were dissolved in water

trie titration

and the total oxalate content was determined by permanganome-
1 i Paralell samples were analysed for C0o for-

(2)
mation by gas-chromatographyv . Before analysing the irradi-

Q
ated ampoules were heated for one hour at 94 C.

ti

Corrections. Chemical effect of gamma radiation in

solid oxalic acid and self-decomposition of lithium oxalate

were determined in each set of irradiations. The samples of

pure oxalic acid (mole fraction 0.00) and of pure lithium oxa-

late (mole fraction 1.00) were irradiated together with other

samples and subsequently analysed in the same way for C02 for-

mation and the loss of oxalate ions. These corrections amoun-

ted to a few per cent of the total decomposition in the mixed

samples.

Dojsime1;ry_. The radiation energy absorbed per mole

of solid oxalic acid from the Li fission recoil particles is

expressed as

D (eV mole""1) » 0.. t^N E- n..

where

Ef

lox

tot

f(Z/A)

ox.acid
(1)
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is the total energy released by Li fission in the irradia-

ted sample} f5.^ is the thermal neutron flux density, t the

irradiation time in seconds, d the neutron capture cross

section of Li (945 barns), N the number of Li atoms in one

mole of lithium oxalate using the natural isotopic abundan-
6 6

ce of Li (0,075)i B f is the total energy released per Li

fission (4*787 MeV). This total energy is assumed to be com-

pletely absorbed by the sample because of the short range of

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

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

cted because of the small Li content even in the samples

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

quantity n_. is the number of moles of lithium oxalate in

the particular sample. The fraction í(v/i\/üQ -a ifl expre-

ssion (1) relates to the part of the total energy released

from Li-oxalate which is absorbed by the solid oxalic acid

present in the mixture, given per ffiile of the latter. f/7/A\

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

value of the irradiated mixture. This factor is assumed here

to be a good approximation for correction although it is st-
.(7) m

rictly valid for higher energies'
ox.acid

is number

of moles of solid oxalic acid in the sample.

y^ In order to get the direct

value of the energy created by neutrons in lithium oxalate at

the irradiation place, a differential calorimetric measurement

was made. The standard MVinöa" calorimetersv ' 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. Calorimetric measurements

were performed at two places: one for irradiation of chemical

A'

'F
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samples and the other for monitoring of chemical irradiati-

ons«

Assuming that in the graphite reflector only the

thermal neutrons are present the following value for t'e flux

density is obtained

12 —2 —1
0.. » 1.15x10 n cm s
tu.

(2) 12
which agrees with our earlier measurements i.e. 1.23x10 n
-1 -1

cm s .

Neutron £l;ax_d£t£rminaiiions. Thermal neutron flux

density at the irradiation place was determined from the ac-

tivity of the weighed pieces (about 5 mg) of cobalt wire at-

tached to each group of irradiated samples. During past two

years about 50 pieces of wire were exposed and measured from

which a mean value of ^

th
12 —2 —1

1.05x10 n cm s

was derived. The standard deviation of each single series was

8 - 9$. This agrees reasonably with the above value derived

from calorimetry.

û

R e s u l t s a n d D i s c u s s i o n s

Results of three series of measurements are presen-

ted in Fig. 1 (lower line). It is a plot of net, i.e. caused

by Li(n, alpha) H reaction only, decomposition rate of oxa-

lic acid dihydrate against the absorbed dose. Logarithmic plot

is used because the decomposition of oxalic acid is a first

j ..•

l
Î? •' •
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.(9)
order process in other radiation fields '. The abscissa is

obtained from the thermal neutron flux density data and the

respective mole fraction of lithium oxalate in the samples«

There are 7 - 1 0 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

single irradiation series in which the simultaneous calori-

metric measurements also showed the increased values. This

indicates a higher neutron flux density which corresponds 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 2x10 eV

M"1]!"1) nor the total absorbed dose (up to 1.5xlO25 eV M*"1)

effect.

In Pig. 2 the results for the COg formation are

presented against the same abscissa.

Prom Figures 1 and 2 one derives the foJfowing G-

-values

G(-Ox) • 2.6

G(C02) = 5.0

which is in a logical agreement one with another, pointing

out that the decomposition of one oxalate gives nearly two

COp 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 not
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explain the obtained G 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 j3Í£e_and_the__usefu;L p_ar_ticle_enerJgv>.

^ -

u

If a continuous medium of LigCgO^ 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 0,

(Pig. 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.g. Og, If the absorption is linear with the ra-

nge, the fraction of energy dissipated from the point 0 2 and

absorbed within the first circle, 0,,, will be proportional to

the shadowed area over the area of the circle. The same is va-

lid for the real) three-dimensional case* If 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 (Pig. 4)» Ihe

probability, j a, of absorption of particle is proportional to

the doubled volume, V (2), of spheric segments over AB, divided

by the volume of the sphere itself

V(r)
Vo (1)

If we denote r

and take

where

segment (3R"h)

h

(2)

(3)
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i

'4

we can find

R (4)

Let there are <n alpha particles generated per unit

volume, and let each of them has an energy E . Within the sphe-

re having R « particle range we choose a volume element* dV,

from which the total energy noEQdV emergres. Prom this energy

an amount

d E
abs Vo (5)

will be absorbed within the sphere. The absorbed fraction of

the total energy produced in the sphere is

""ab sorbed

produced

>/ ?*<*> r2dr

I n oE QdV • R-
(6)

Combining the equations (4) and (6) one obtains

Eabsorbed
E

0.47
produced

• i 1

Á

Under the given conditions (R=particle range) about a half of

the energy is absorbed within the grain. As stated at the be-

gining the maximum grain size was 20 microns« i.e. about twi-
(10} "

ce the particle rangex , to which the derived fraction of

the retained energy (0.47) corresponds. However, most frequent

were the sizes between 5 and 10 microns in mechanically homoge-

nized mixtures, in which the retention is estimated to between

2 and 10 per cent. On the other hand, the fast trito»s, carrying
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the other half of the energy of nuclear reaction, have a con-

siderably longer range. One may 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 smaller samples within the limits

of experimental error.
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Pig. 1. Decomposition of oxalic acid induced ba the heavy-

particles from Li(n, alpha) H reaction.

Pig. 2. C0„ formation.
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fig. 3. Generation and absorption of
aonoeaergetic alpha particles;
two~diaènsional can«.

fig. 4. 8alf absorption of ekargad
partiólas gaaaratsi witaia
a grala wit* tas ai»» »f par-
tiels ranga, fhrts-tlaaasi-
aaal aaa«.


