Journal of the Korean Nuclear Society
Volume 4, Number 4, December, 1972

<Original> Room Temperature Annealing Process of Recoil

Fragments in Neutron Irradiated Ammonium Chromate

In Suck Suh and Nak Bae Kim

Chemistry Division, Atomic Energy Research Institute Seoul, Korea

(Received October 25, 1972)

Abstract

The retention of *'Cr was studied as chromate after dissolution of irradiacea

aimmonium chromate with reactor exposure time and various storage time at

room temperature.

The annealing process of ammonium chromate depending on various storage

time at room temperature follows first-order kinetics from zero time value to
the pseudo-equilibrium value. The retention is increased with reactor irradiation

time, also following first-order kinetics.
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1. Introduction

In the study of the Szilard-Chalmers effect,
the retention is indicated as a percentage, that
is the fraction of the activity retained by the
irradiated species which is not extracted by
the physcial or chemical methods used?.

Maddock and Vargas® showed that the
density and nature of the crystal defects in
the irradiated material influence the retention,
as well as the Kkinetic parameters of the
subsequent thermal annealing of the recoil
damage. Thermal annealing of the neutron
irradiated potassium chromate has been studied
by Green, Harbottle and Maddock®. They
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found that heating of the irradiated salt
increased the retention and subsequent gamma
irradadiation of the neutron irradiated sample
resulted in a higher retention value,

Maddock and De Maine*> postulated that the
recoil fragments formed in the chromates
should give Cr*Os, Cr*O*2, Cr*™4, and Cr¥‘s
ions® 4 %,

When the irradiated crystals are dissolved
in water prior to analysis these fragments will
result in the production of chromate by Cr*Q;,
Cr*Q:*%, since chromic anhydride and chromyl
ions are known to hydrolyse to chromate under
all condittions of pH. As a consequence of
the nuclear process oxide ions may be ejected
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or lost from the original molecular ion CrO42
Oxide ions are brushced off during passage of
the recoil fragment through the intense elec-
trostatic fields in the crystalline matrix.

The basic annealing reaction is assumed to
be

Cr*0*+0~ =Cr0:"?,

and the oxide ion is assumed to be mobile.

In this work,
chosen for the investigation of process associ-
ated with the Szilard-Chalmers effect. Because
the half-life of 5'Cr is long(27. 8 days) enough,
lengthy experimental studies are possible.

ammonium chromates were

Besides, the retention of ammonium chro-
mate is quite different from other metal

chromates.
2. Experiment

2.1. Materials and Neutron Irradiation

All samples for irradiations were contained
in polyethylene vials and the irradiations were
performed in the pneumatic tube of TRIGA
Mark [ at Atomic Energy Research Institute
in Seoul. The norminal thermal neutron flux
is about 3X10'n/cm?/sec and the irradiation
times ranged from 10 minutes to 2 hours. All
reagents used in chemical procedures were of
A.R. grade.

2.2. Chemical Procedures

2.2.1. Preliminary Separation Experiment

Carrying effect of carrier solutions; To
investigate of carrying effect of carrier solu-
tion, various carrier solutions were prepared.

Ten mg of Al(Nos):-9H:0/ml, 10 mg of K,Cr,

(S04-24H,0/ml and 10 mg of FeCls-6H0/
ml. One ml of the above carrier solution was
added to separately to (NH,):CrQs (200 mg of
(NH,):Cr04/3 ml of H,0) and 1002 of 5'Cr(ll)
tracer were added. The above carrier solutions
(1mD and 1002 of5!Cr(1l) tracer were added
to inactive (NH,).CrOy solution (200 mg (NH,),
Cr0O:/5 ml of H:0) in the three 50 ml centri-

fuge tubes. Precipitates were yielded by

adding buffer solution of 1 M NH,OH4-NH,CI
to the above mixed solutions. The precipitates
were separated from filtrate and washed
several times with the 1.5ml of buffer
solution,

The retention dependence on concentration
of solution; 200 mg of irradiated ammonium
chromate solids were dissolved in 1ml, 2m],
5 ml, 20 ml of distilled water. The precipi-
tates were obtained by the same method as
mentioned before.

2.2.2. Separation of Recoil Species

Irradiated 100 mg samples which were stored
various time intervals at the room temperature
were dissolved in 10 ml distilled water and
adjusted at pH about 9. The recoil fragments
of trivalent chromium were coprecipitated with
1 ml(10 mg Al*3/ml) Al*3 non-isotopic carrier
as A1(OH); precipitate®®>. The precipitate was
filtered by a stainless filtering apparatus
under slow suction and washed with small
amounts of water containing trace amount of
ammonia.

2.3. Counting

Precipitate and filterate phases radioactivity
of 51Cr was measured using NaI(T1) scintilla-
tion counter.

Retention was computed from the ratio
between precipitate and total activity of both
phases. Each results consist of the average
value obtained for three irradiation sets with
same irradiation condistions.

3. Results and Discussion

3.1. Preliminary Separation Experiment

It is requested for the separation of micro
amounts of 5!Cr(ll) from target Cr(Vl) com-
pund. The results of carrying effects of car-
rier solutions are as follows.

Fe(ll) carrier solution shows the highest
activity recovery yield, however a good repro-
ducibility and easiness of handling during
chemical process was observed in AICH)
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Table 1. Carrying effect of isotopic and non-
isotopic carrier

A s A E
(cpm) Cepm) | 3 0SS
Cr(HD 64 14, 212 9.5
FeCll) 38 15, 688 99.7
AICHD 74 12,949 99.4

carrier solution. Therefore we have used the
AICH) solution as a carrier solution.
3. 2. The retention Dependence on Concent-
ration of Solution
The results of concentration effects on re-
tention are as follows;

Table 2. Retention in various concentration
of (NH,):CrO,

100mg/ ml’ 200mg/mt
10.7 12.1

10mg/ml' 40mg/m1'
9.0 9.8

Concentration

Retention

The results show that the less concentrated
solutions are the less reteation values. The
phenomena could be explained that the trapped
recoil species in the dilute medium might be
less probability in recombination compared to
the concentrated medium.

3.8. Kinetics Studies

The results are given as values of the
retention. The retention of samples irradiated
for 10 minutes -2 hours was determined at
room temperature and found to increase with
the increase of reactor exposure time.

Inspection of Table 3 and Fig. 1 shows that
the kinetics of the process proceed by a simple
first-order process.

In the each reactor irradiation, the retention
increases at first rapidly and then appears of
pseudo plateaus at room temperature after
about 18 hours. Fig. 2 shows that the shorter
the irradiation time is the smaller their reten-
tion value and the existence of various original
retention values differs depend on reactor

Retentian (%)

Relenticn(%) R’
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Table 3. Retention value(R,) versus irradia-
tion time(t’) and storage time(t) at

room temperature for ammonium
chromate
> ‘*5 20 40! 60 | 120 | 240 | 420 {1, 440
10 |[13.0] 14.0, 14.1) 14.5/ 15.3 16.2 16.8| 17.4
330 | 14.8 15.0 15.2| 15.7 16.7] 18.7 17.1| 17.4
60 | 16.0) 16.1) 16.4) 16.4 16.8) 17.1] 17. 4 17.4
120 17.0/ 17.0 17.0] 17.1| 17.2| 17. 4] 17.4] 17.4

* Storage time in minutes at the room temperature
** Irradiation time in minutes
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Fig. 1. Plot R, versus storage time(t) about
irradiation time.
1) 10 minutes
8) 60 minutes

2) 20 minutes
4) 120 minutes
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&
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Fig. 2. Plot R, versus irradiation time(t’)

irradiation time. The retention at the end of
reactor irradation was obtained by graphical

extrapolation, The rate of recombination is
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given by by-dn/dt=Fkn, where » is the number
of uncombined pair and % is reaction rate
constant. As an integration of the above
equation, we can get simple first-order law
that n,=n.e™, in whcin #, and », are the
number of uncombined pairs at times # and
zero, respectively.
The above equation can be expressed in
terms of retention as follows;
R.—R,=(R.—R)e™"
AR=(4R).e™*
in which R, and R.. are the retention at time
¢ and at the pseudo plateau of isothermal anne-
aling and R-—R, is fraction destined to anneal

at time ¢.

Various storage time at room temperature
versus [og(4R) plot allows for the computation
of four sets of room temperature annealing
kinetics curves in Fig. 3. The value of appa-
rent rate constant & is 3.85X 1075 sec™L

As shown in Fig 2. the retention of ammo-
nium chromate is proportional to irradiation
time. A number of experimentals obtained

similar curves in potassium chromate®*,
antimony pentaflouoride™,

nate®.

and copper oxi-

Similar expression of the annealing during
Reactor
annealing is labbelled by single prime: R’(the

the reactor irradiation can be made.
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Fig. 3. Plot log(4R) versys storage time(t)

log (oR) %
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Table 4. Variation of the retention R, with
the time of irradiation t' for ammo-
nium chromate

t'(min) 10 30 60 120
Ro 13.3 14.6 16.0 17.0
+1
. o
-1
05 1 L5 2
Time (hrs)

Fig. 4. Plot(4R) versus irradiation tiﬁle(t’)

retention at the end of irradiation at various
irradiation time), this value virtually equals
R,, also R’.=R. is hold,
above equation directly to the reactor anneal-
ing.

then we can use

The above relationships were plotted in Fig.
4 and the numberical value of % =1.54x107*
sec™! was obtained by the graphical method.
It also must be pointed out that elucidation
the retention of chromates should give about
70%-80% of original retention from the rela-
tionship between retention and oxidation poten-
tials®>. But the retention of ammonium chro-
mate is rather low than the corresponding
alkali metal chromate?®.

Harboltle!> explained this effect as a reduc-
tion of recoil fragments by the ammonium
Getoff1?> explained this effect that the
reducing properties of the hydrazine originating

ions,

from the ammonium group play an essential
role in the various annealing processes. Ma
dock and De Maine®> Kkept the irradiated
potassium chromate in air at room temperatyre
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for periods up to four months but the retention
value was not altered. However in this work
the significant alternation of the retention
values was observed at the room temperature
annealing process. Ammonium group might be
responsible for the striking difference of room
temperature annealing behavior in comparison
with that of potassium chromate, the likely
mechanism of the room temperature annealing
process is migration of oxide ion to the fixed
number of traps or sinks.
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