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Abstract

The chemical effects resulting from the capture of the thermal neutron by manganese in va-
rious crystalline permanganates, that is, potassium permanganate, ammonium permangante
and barium permanganate, have been investigated. The effect of pH of solvent on the dis-
tribution of radioactive manganese chemical species, that is, cationic **Mn, 56Ml"\02 and
56MnQ, ~ produced in the permanganates by **Mn(n, 7 )**Mn reaction was studied by using
various adsorbents and ion-exchanger, tht is, zeolite A-3, kaolinite, alumina, manganese diox-
ide and Dowex-50.

The distribution of radioactive MnO; — in kaolinite and alumina has higher than that in
other adsorbents and ion-exchanger at a representative pH value of 4, 7 and 9, respectively.
The vield of radioactive MnO4— is higher at pH 4 and pH 9 than at pH 7.

The thermal annealing behavior of recoil manganese atoms produced in the permanganates
by %*Mn(n, 7)°*Mn reaction was also studied.

The retention of MnO, ™ in the thermal annealing is increased as annealing temperature in-
creases when it was treated at 100°C and 130°C.

The recoil effect of permanganates was explained by the hot zone model.
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Introduction

Since the chemical effect of a nuclear trans-
formation was observed by Szilard and Chalmers
in 1934, numerous studies have been carried out
in connection with the induced nuclear trans-
formations in solid state.

In typical inorganic solids a 300 eV recoil event
transfers energy to a region of 1000 atoms equiva-
lent to a temperature of 1000°K for about 10!
sec and in this region chemical reactions are possi-
ble between the recoil atom and the parent spe-
cies, such as ligand bond breaking, ligand ex-
change, displacement, redox and bond reforma-
tion. These reactions do not have sufficient time to
go to completion but are quenched by the cooling
of the hot zone.?

The retention, R, is the fraction of the total
activity measured after the irradiation in the same
chemical form as the target substance, and that
can be considered to arise from four combination.

The first R; arises from nuclear events that fail
to rupture the parent molecule; the second Ry
from events in which dissociation of the molecule
is followed very quickly by reformation from large-
ly the same constituent atoms; the third R3 from
reformation reactions involving hot product atoms;
and the last R4 from reformation processes involv-
ing thermalized product species. Thus the reten-
tion is following.

R=R +R+R3+ Ry

The theoretical aspects of thermal annealing of
radiation damage in solids were considered as
annihilation through recombination of vacancies
and interstitials following diffusive movement of
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the species.3®

The analytic expression® for the mechanism

shows that thermal annealing is a function of
t{D%xp(—E/Kg - Tl=t/t =D - t

where t: heating time
Dy: constant frequency term
E: energy of activation
Ki: Boltzmann constant
T: Kelvin temperature of heating
7 : Diffusive jump time in lattice equal to
Dg “lexp(E/Kg - T)

Adsorption phenomenon plays a significant role
in the radiochemical analysis of recoil fragments. It
is influenced mainly by the chemical properties of
recoil species, their state in solution, the type of
adsorbent and the nature of its surface.

The pH dependence of retention in permangan-
ates has been studied by several authors to the
variation of the adsorption of manganous on solid
surface.””?

In this study the chemical effect resulting from
the thermal neutron capture by manganese in
different permanganates was investigated. The dis-
tribution of radioactive manganese produced was
determined by using various adsorbents and ion-
exchanger.

The effect of pH of solvent on the distribution
of radioactive manganese produced in the per-
manganates was studied and the thermal anneal-
ing behavior of radicactive manganese was also
studied.

Experimental

1. Materials

Potassium permanganate and barium perman-
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ganate were of G.R. grade. Ammonium perman-
ganate was prepared by the addition of ammo-
nium chloride to a hot solution of potassium per-
manganate. The solution was filtered hot through
a sintered glass funnel to remove manganese diox-
ide, and cooled immediately in ice. The crystal
was twice recrystallized from doubly distilled
water.

Manganese dioxide used as adsorbent was of
C.P. grade. Alumina (E. Merck, Aluminium oxide
90, 70-230 mesh), kaolinite (Ward’s Natural Sci-
ence Establishment, Inc., U.S.A., 100-200 mesh),
zeolite A-3 (Wako Pure chemical Industries, Ltd.,
Japan, 100-200 mesh) and Dowex-50 (Dow Che-
Co., US.A., Hydrogen-form, 100-200
mesh) were of chromatographic grade. The sol-

mical

vents of pH 4,7 and 9 were prepared by
0.01N-HNO3; mixed with 0.01N-KOH. All other
reagents used in the chemical procedure were of
AR. quality.
2. Neutron-irradiation and thermal annealing

About 3 mg of each permanganate was irradi-
ated for three minutes with thermal neutron (neut-
ron flux: 5 X 10%n/cm? - sec.) in the TRIGA-mark
Il nuclear reactor at the Korea Advanced Energy
Research Institute, The thermal annealing of per-
manganates was carried out by using a high-
temperature oven, its temperature can be control-
led within +2°C.

3. Separation procedure

Separation procedure, based on the method of
Apers and Harbottle”, is shown in Fig. 1. The
neutron-irradiated permanganates were dissolved
in solvents of different pH at room temperature
and removed the radioactive manganese dioxide
from solution by three-piece filter funnel. The
radioactive cationic manganous ion was separated
from the filtrate by shaking with 100 mg of each
adsorbent for 30 minutes, followed by filtration.

The adsorbents containing radioactive man-
ganese dioxide unremoved from the first step and
manganous ion were washed with a solvent of pH
4, 7 and 9 until the purple color of permanganate
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Fig. 1. Adsorption-Elution Procedure.

ion disappeared completely. The radioactive man-
ganous ion adsorbed at the adsorbent was eluted
with 10 ml of 10% manganous nitrate solution
and then 5 ml of 3 N-nitric acid.

The fraction of adsorbent was reduced into a
solution of manganous chloride by 2 ml of con-
centrated hydrochloric acid mixed with 10 ml of
35% hydrogen peroxide.

The thermal-annealed permanganates were dis-
solved in redistilled water and separated by using
manganese dioxide, according to the separation
procedure in Fig. 1.

4. Paper-electrophoresis

The separation of radioactive manganese was
also carried out by paper-electrophoresis. The
neutron-irradiated permanganates were dissolved
in 0.5 N-nitric acid. The electrolyte was 0.1 N-nit-
ric acid.

A strip of Whatman No. 1 filter paper, 40 ¢cm
long and 1.5 cm wide was wetted with the sup-
porting electrolyte solution. The migration cell and
the cover were cooled with ice-water by putting
through a hole.

About 50 1 of neutron-irradiated permangan-

ate solution was applied at the fiducial point of



108

J. Korean Nuclear Society, Vol. 20, No. 2, June, 1988

Table 1. 5°Mn Activity Distribution(%) on Various Adsorbents in Neutron Irradiated KMnO, with pH of Solvent.

Yield 55MnO,4 (%)

SanOQ(o/(‘)

56Mn2 + (0/0)

TH 4 7 9 4
Adsorber&

7 9 4 7 9

Zeolite A-3 33.3+09 30.7+1.4 325+1.3 542+13 553405 60.3+1.1 125+0.8 14.0+1.2 72104

Kaolinite 456+13 40.7+1.2 442409 51.5+10 495+14 51.0+1.2 29403 9.8+02 48%02
Alumina 422415 393+07 478+09 562+14 56.8+1.2 488+08 16101 39+02 34+02
MnO, 31.6+0.7 27.7+05 39.0+04 57.3+08 59.94+0.9 545+1.2 11.1+£0.9 124+0.7 65+02
Dowex-50 19.7+0.2 17.2+0.3 19.0+0.8 47.0+07 52.6+04 52.9+0.6 33.3+1.0 302+1.2 281+14

Table 2. **Mn Activity Distribution (%) on Various Adsorbents in Neutron Irradiated KMnO, with pH of Solvent.

Yield 56Mn0, (%) 56Mn0,(%>) 56MnZ+ (%)
pH 4 7 9 4 7 9 4 7 9
Adsorbent

Zeolite A-3 156+12 13.6+08 168+09 422+14 53.0+12 403106 422407 334+13 429+12

29+0.1
86+04 108+1.0
31402 51403

8.1+03

Kaolinite 61.3+20 589+19 625+1.4 304+13 382+16 294+15 83+08
Alumina 535+1.7 49.7+1.6 50.1+2.1 37.8+0.7 41.7+05 39.1+13 8707
MnO, 36.6+0.6 333+0.7 37.:+1.1 57.7409 63.6+09 57.8+0.8 57+0.2
Dowex-50 14.3+0.1 125+02 135+1.0 348+09 34.7+0.6 31.8+13 509+1.8 528+1.7 54.7+14

Table 3. *Mn Activity Distribution (%) on Various Adsorbents in Neutron Irradiated Ba(MnQ,), with pH of Solvent.

Yield 56MnO,~ (%) SMnO,(%) S6Mn2+ (%)
pH 4 7 9 a4 7 9 4 7 9
Adsorbent

Zeolite A-3 16.8+0.7 153406 17.3+1.2 588+2.2 58.1+1.9 525+09 244+11 266106 302+1.1

Kaolinite
Alumina
MnO,
Dowex-50

36.1+0.6 319+09 360+13 39.4+09 481+15 46.2+08 244407 200+1.4 17.8+0.7
315+13 31.1+1.1 363+0.7 51.3+1.1 55.1+1.9 41.6+1.4 172+03 13.8+04 22.1+09
272409 244+1.1 260+1.2 443414 547421 55.7+1.8 285+1.7 209+13 183+11
247407 146+1.1 295+13 52.7+23 545+1.6 426+09 226+1.3 309+14 279+13

the paper strip by using a lambda pipet.

The strip was covered with polyvinyl sheets.
The electrodes were connected to the D.C. power
supply, Toyo Model BA-8, Osaka, Japan, and a
potential of 1000 volts was applied for 20 mi-
nutes.

After the electrophoresis run was over, the strip
was removed from the migration apparatus, dried
and cut into pieces of 1 cm length.

The radioactivity was measured by means of
Polyspec Research spectrometer, single channel
analyzer, connected with well type Nal (T1} gam-

ma scintillation detector (1 - 3/4in. X 2in.), Baird
model 310.

Results

The radioactive manganese activity distribution
on various adsorbents in neutron-irradiated potas-
sium permanganate, ammonium permanganate,
and barium permanganate with pH value 4, 7 and
9 is shown in Table 1, 2 and 3.

The retention of the radioactive manganeses as
permanganates in potassium permanganate,
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Fig. 2. Retention of 5*MnQO,~ on Various Adsorbents in
Neutron Irradiated KMnO, as a Function of pH
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Fig. 4. Retention of *MnO, ™ on Various Adsorbents in
Neutron Irradiated Ba(MnQO,), as a Function of
pH

ammonium permanganate and barium perman-
ganate as a function of pH is shown in Fig. 2, 3
and 4. The yield of MnOj increases at both low
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Fig. 3. Retention of *MnQ,~ on Various Adsorbents in
Neutron Irradiated NH;MnO, as a Function of
pH

pH and high pH of solvent.

In kaolinite and alumina, retention is higher
than in zeolite A-3, manganese dioxide and
Dowex-50.

The chemical distribution of the radioactive
manganese recoils in permanganates non-anneal-
ed and annealed at 100°C and 130°C for 60 mi-
nutes are shown in Table 4.

The annealing curves for the radioactive man-

ganese recoils in neutron-irradiated potassium
permanganate, ammonium permanganate and
barium permanganate are shown in Fig. 5.

The retention increases when thermal annealed
and also increases with annealing temperature in-
crease.

The paper-electrophoresis histogram of neut-
ron-irradiated ammonium permanganate is shown
in Fig. 6. At the fiducial point, there is a large
unmoving peak due to **MnO. while the anionic
5MnO,
appeared at the distance of 7 and 9 ¢m from fidu-

peak and cationic *®Mn®* peak are

cial point towards anode and cathode, respec-
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Table 4. Chemical Distribution (%) of **Mn Recvils in Permanganates Non-Annealed

and Annealed at Two Temperature for 60 min. (Adsorbent: Manganese Dioxide)

Chemical 100°C 130°C
Compound . non-annealed
species one-hour-annealed  one-hour-anealed
- A 16.1+0.7 117406 14.1+0.7
KMnO, B 503+2.3 5(.2+£19 43.1+09
C 336+15 37113 428+1.2
o A 10.0£06 6.0+0.3 54403
NH MnO, B 545+24 552419 50.4+2.1
C 355+1.2 38.8+15 442+1.7
A 314120 278+1.1 213+1.2
Ba(MnQ,), B 392413 0.1+16 384+13
C 294109 3211408 403+15
(A: ®Mn?*, B: 5°MnQ., C: **MnO;
etention Activity
) (e -
2500:
80f r
[N - oty
[mETR 20001
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Fig. 6. Paper-Electrophoresis Histogram of Neutron-
20+ Irradiated NH:MnO,4
L 1. Low pH: oxygen exchange predominates.
Mn%O3" +MnO,=Mn*0O4 +MnO;*
g e T T 2. high pH: hydration by OH~ predominates.

non-annealed

Fig. 5. Annealing Curves for Mn Recoils in Neuﬁon
Irradiated KMnO,, NH,;MnO, and Ba(MnQ,),

tively.
Discussion

The yield of MnO; at low pH and high pH
could be explained by following terms.®

MnO3;"+OH =H*"+MnO, "~
3. Intermediate pH: reduction by H,O pre-

dominates.
2MnO; " +H,;0=2MnO,+2H" +3/2 O,
The higher retention values in kaolinite
(4SiO; - 2Al,05 - 4H,0) and alumina (Al;O3.) are
probably due to the presence of aluminium oxide,
that is, the increase in recombination events re-
sults from Mn?™ recoils that escape from capture
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on the alumina surface. The low retention in
zeolite A-3 (NayO - Al,O3 - 25i0; - 4.5H,0) is
probably due to the reaction of Mn®* recoils with
sodium oxide.

In hot zone, chemical reaction, returning into
parent form, in the quenched hot zone of solid
proceeds further by receiving the energy through
thermal annealing. The annealing mechanism is as
follow.

$6MnO4  —>Mn0, + O,
SMnQ,~—Mn®* + 3/2 0,°  + 1/2 O,
:due to recoil

“MnQOy— + Op———MnO,~
"Mn?t + 3/2 0,5+ 2/1 0,——5*MnO,~

:during annealing

“MnO, and “®Mn?* are formed during activa-
tion and remain trapped at the recoil site. This
species oxidizes to ®*Mn0O, by second reaction

on heating.
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