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. The chemical forms of stabilized atoms of radorhenium formed
by the 'lr(p ,3px n)Re nuclear reaction have been reported earli-
er/1 2/ The results obtainéd showed the important role of 'the che-.
mical env1ronment on the fate of the recoil atom, Thus for hydrated‘
‘and anhydrous sodium salts and for ammonium salt the following dec—

rease of the yield of Re(VIDwas found

Nazerl§ -6H, 0 > (NH4 ) 2erl & Nazerls

That shows the oxidising' role of water of crystallization and
ammonium ion, It was shown that in Na:erl _the yield of radiorhe-
mum found in the heptavalent state increases with the mcrease of -
the radiation dose, _

" The present work was initiated i;o investigate the thermal anne-
aling behaviour of radiorhenium recoils formed by irredietion- of an-
o hydrous ‘sodium  hexachloroiridate with 660 MeV protons, The . roles
of irradiation —induced defects’ and inherent crystal defects in the
"vannealmg process are exammed ' The results are’ analysed from the -
Yy point of view of the kmetlcs of the process; the order of reactlon

s ,defermined and the activation energy is calculated,

e '~ Experimental .
Anhydrous Na IrCl , crystals were obtained by drying the -
hexahydrated salt Na IrCl -6H O in a‘.v_acuum desiccator over
97% H,S0 , solutlon. '



The irradiation was performed at room temperature in the ex-
ternal beam’ of the Dubna synchrocyclotron the crystals belng sealed

“into glass ampules in ,vacuo, The proton beam intensities for whose °

determination use was made of the vield of 2t Nab formed in the :

"27Al(p 3pn) ** Na  reaction are the ~fllowing: 8,9 x 109 plcmZsec
» and 2, 1x1010p/cm sec (Flgs. 1 and 2) and 17:{109 p/cm sec (Fxg.B)
" For the thermal anneahng experlments quant1t1es of about’ 20 mg of -
the irradiated compound were heated  in glass ampules in an electrlc
oven, F‘luctuatlon in temperature amounted to less than 1° Experl- -
ments in vacuo were conducted by annealing in the 1rrad1at10n am-. -’
pules, : s R o -

The annealmg process was studied by obsemng only the R

‘fraction of radlorhemum found in the’ heptava.lent state. The analytr—

cal procedure and radioactive measurements employed were descri~

" bed earher/ 1 2/

Results

‘a) Thermal Treatment

The variation of the yield of radiorhenium found in the hepta-
valent state with the time of heating at differént‘temperatures is
shown in F1g.1 As is seen, the typical anneahng curves_are  obtained,
"~ An 1ncrease of the yield of Re(VIl) with temperature is observed,
the lsothermal curves each reach a pseudo—plateau which is depen—
_ dent on temperature.' )

Flg.2 presents the i‘sotherms at 320°C for sodium hexachlo-
roiridate 1rrad1ated at dlfferent proton fluxes, It may be seen that a -
' hlgher flux causes a larger radlorhemum ox1dat10n, The results pre-.
sented in Fig.2 show that the eradlatlon—lnduced defects have a
] marked influence on subsequent recoil annealing, . '
' The effect.of heatmg of crystals before the proton 1rrad1atlon
ont the’ subsequent- recoil anneahng was studied, This was done in -
‘order . ito verify if inherent crystal defects " initially presented as a bulk . -

property of the lattice are involved in thé recoil annealing‘ process, e
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Fig.1, The yleld of Re( VIl)
tlme in - Na, IrCl (¢ =
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Fig,2, The vyield of Re(VIl} as a function of the isothermal annealing -
time at 320° in Na,rCl, irradiated at different” . proton =
fluxes 1 ~ ¢ = 8,9x109 pfem® sec; 2 - ¢ = 2,1x1010p/cm®sec.
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Fig.3, The yield ‘of Re(VII) as a function of the is

othermal annealing
time in Na,IrCl . ( ¢ = 1.7x109 pjem2sed), o
1 - samples untreated before irradiation; '
2 - samples heated at 200°-for 2 hr before irradiation;
3 ~ samples untreated before

- irradiation, but annealed in
vacuo, ’ : :



“'Fig.3 presents the 1sotherms at 200 °c correspondlng to a sample

‘heated 2 hours at 200 °c before the irradiation’ -curve 1 and. not
. pre-irradiated heated - curve 2,

Fig.3 also represents the 1sotherm of a sample annealed m

vacuo. - curve 3. It can be seen that pre-1rrad1ated heatmg decrea—

ses the initial vield of Re(VIl) and lowed the plateau value of the

iannelamg isotherms, As is seen from Fig.3, for the sametemperature ,(
a higher yield of Re(VIl) is.obtained for the sample "heated in the
' absence of the air, ' '

“b) Kinetic Analysis

The annealing data presented in F‘lg,.l were analysed in order

to obtaln the rate of transition of rhemum from lower to hlg,her oxi-

dation form, The plots of Eog( - —Pt ), where P is the yield. of

Re(VII) -after a spec1f1c Aime of heating and P, the y1e1d of Re(VII)
correspondmg, to the ‘pseudo-plateau , versus time. of heatmg, were
‘analysed to obtain the rate and the order of the ox1dat10n reactlon.

The results are presented in Table 1,

Table 1

Klnetlc parameters for thermal annealmg, of the
: radlorhemum recoils’ in high energy proton irradiated .
sodlum hexaclor01rldate

€ o P ogppeR T KT

s Y _secTl Sec_l',
200 32,5 7 465 14.0 . " 1560 . 4.45 .
250" 32,5  53.0 . 20.5. . 1440 4.81
0320 . 32,5 6240 29,5 71200 5,77
350 32,5 0 t7L.5 39.0 - 960 - 7.22
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Fig.4. Increase in Re(VI) yield to the pseudo- plateau, AP, as a
function of the absolute temperature; -

Fig.4 shows the temperature dependence of the annealed frac—

tion taking . into account the- pseudo—plateau value. A linear dependence{ s
s obtamed as 1t has been observed also in the other studles. From .
\ ,E‘lg. it was’ found that the temperature at which the anneahng begins

" is 147°C,

. mal’ annealfng can be obtamed from calculatlon of ‘the actlvatfon ener-‘

gy."l‘he actrvatlon energy has, been calculated by method “of Vand and

Pr1mak/4 5/,.1t was therefore con51dered that the processes are d1s-‘

trlbuted in-activation energy whlch is .of the type L, —kT[Zn (Bt).
E‘1g.5 represents the fractlon “of radforhemum recoils annealed P-P-p
where P, “means the’ initial yleld of radiorhenium in hlgher ox1dat10n
form and: Py the same yield . at \@rlous times of heatmg, versus E

A’The best superposmon of exper1menta1 values was obtamed with a

¥

Some mformatlon about” the processes takmg place in the ther-.
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- Fig.5, The m1t1al dlstnbutlon of the annealmg process in actlvatlon
ener'gy.

value for the frequency factor B = 1 sec'll. In 'Fig,6 was . plotted -
the, studied property in the form Po=dP/dE; -, where P =p, —p,
versus activation energy (E;) . From .Fig.6 it may be seen that '

for the studied case a continuous spectrum with a Gaussian shapeu .

is obtained. The distribution of activation energies is spreaded bet—, )
ween 0,2 - 0,5 eV with the ‘peak -position at 0,4 eV, '
Reactlon or'der's and also activation* energy can be obtamed,

by the method of Fletcher‘ and Br'own/ / . It is known that the’ anneal-. -

ing is a- function of v/ , where 7 s the average ' jump-time Angen"
by _ S :

o= I/O_Iexp(E/kT ).
It is péSsible to superimpose the annealing ,cuweé for di'f—_"

ferent temperatures by adjusting the time scales by broper fac\':tdr's.;
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‘ E‘lg. 7 presents the curves of the anneahng process rate as a fun~

ction of the time ~of heatmg. The composxte curve for the plot of hep-- '_

tavalent rhenium fractxonagaxnst e (v =1 tgz000 ) is shown in

Fig, '8 ' As it is seen from E‘ig.8 for the fast stage of the annealing. -

a sahsfactory compos1te curve: was obtamed By plottmg the mu1t1p11-_k

.catwé factors used for obtammg the comp051te ‘annealing curve ver-

sus 1/T , the activation energy was obtained’ (E‘lg.Q) The r‘esults-

obtained are presented in Table 2.

f

Table 2

Activation energy: “for the thermal anneahng of the
radiorhenium recoils in high- energy.. proton 1r'r'ad1ated

Na 2lr Cl 6
‘Method © E, ev
" Vand-Primak 0,40
Fletcher-Brown 0.30

A very good c'oinc“iden(,:e among the activation .energie's ‘cal-
. culated by the two methods is observed, '
The reaction- order is obtained from the equatlon correspondmg

to the composite curve (Fig.8)

P=P  (l-e”*'),

max

where t is the annealing time, P___ = 38 and k:= 3.7 x 10"4

The plots of fht versus 1/T  for a constant degree o'ffj'

ianneahng and of Qn([’ —P )versus 1/T . for a constant time of

heating show a linear dependence. In conclusion the results obtained .

by ana1y51s of the anneahng process show that the fast stage of the

anneahng 1s described by means of first order kmetlcs.

12
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Dlscussmns

The results presented in Pigs. 1 2,3 . show an ox1datlon pro—
cess  of the radxorhemum recoils by heatlng; ‘ S ' ‘
' Baumgartner and Maddock/7/ have suggested that the ox1dat1vert
annealing comprlses a step of removel of an electron from the radxo-
,-active fragment followed by a recomblnatlon process 1nvolv1ng the
L radloactlve fragment and its surroundlng. As. by thermal anneahng
of sod1um hexachlor01r1date an oxidation process takes place, a
‘release of an electron from the radlorhemum recoils can be expec—

. ted, This process requ1res some acceptor sites in the v1c1n1ty ofk ~
. ‘the radloactlve fragment, The defects normally presented in the crys-

tallites as well -as those induced by irradiation and formed in the .-

-track of the rec01l ‘atom can form acceptor sites,
It was shown above (Fig.2) that the - higher the 1ntens1ty of

the proton flux the larger the yield of Re(VIl) . It can be supposed .

that by 1rrad1atlon some kind .of defects with ox1dlzlng character B
is formed. It is to expect that the oxidation of the radlorhenlum by
heating w1Il depend upon its 1nteractlon ‘with” 1rrad1atlon—1nd,lced de-
'fects which can form " electron traps"

As in the case.of’ Nﬂglr,C,ls o the ox1dat1ve anneallng reaction.
_of the radiorhenium was partially annlhllated'_by heating, it can be
suppOSed that the defects inherent of thecrystal in part responsible '

for the anneallng were removed by thermal treatment . before 1rrad1a—

tlon. Some oxidative annealmg was Stlll observed, Thxs means that .,

defects and/or radlohtlc products produced by 1rrad1atlon take part
,-1n the annealmg process. : ' s ‘
If the release of electrons is ‘responsible for thermal . anneahng .

then . the annealmg process. could be affected by electron - ‘donating

kor electron acceptmg ambxant gases. Our results (Flg.B) show that . .

in the absence of a1r the- magmtude of anneal 1ncreases cons1de-'. .

rably. Earher it was - reportedfg/ an: oxigen effect on the anneahng

process for some cobolt complexes. The ‘authors supposed that the

’ oxigen absorbed on the surface acts. as electron traps and suppres- RS

“ ses the annealxng. :

15
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k It was shown/9 10/

that the act1vatj.on energy of the therma1~
‘anneahng decreases in proportlon as the samples underwent a
more intense’ radiation ﬂux. It was- also reported that the sen51t1v1ty
‘at the thermal annealing is the greater, the more intense is the flux
undergone by the samples. ’I‘he decrease of the - actlvatlon energy
was related with defects concentratlon. The mfluence of the defects ‘
»on the annea.lmg process was reported earherlll/ Some expemments :T

led to the 1dea that the vacancies produced’ during the 1rrad1atlon

promote the annealing process/ /. The above idea and the results,
presented in F‘1g.2 give us the poss1b111ty to suppose that the acti-
vation energy 'value of 0.3-0, 4ev .found for the ahnealmg of the

“radiorhenium. reco1ls in Na JrCly is at. least partxally determined- .

- by the magnitude of -the proton' flux,
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