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Chapter I. Introduction

It is known that the proéuct induced by radioactive
decay or nuclear reaction has some kinetic energies and
charges characterized in the nuclear transformation. The
products of a-decay, for instance, usually have about 0.1
MeV of kinetic energy. They may also be in unusually high

bly Hlp otoms with

charge state. Thus, in B——decay of
charges as high as +8 have been detected. In passing through
matter, these products come into equilibrium with their sur-
roundings, and the resulting species have been detected by
pPhysical and chemical methods. " _ -
In 1934, L.Szilard and T.A.Chalmers showed that in the
irradiation of efhyl iédide ﬁith neutron, some proportion of

the 128I formed in the 127I(n,7)128

I reaction could be ex-
tracted from the ethyl iodide by shaking it with an aqueous -
réducing solution containing a trace of free iodine as a |
carrier. This phénbmenon was explained on the ground that

the iodine -~ carbon bond was broken by recoil energy of 1281

This type of process as well as some (¥,n), (n,2n) and‘(d,n)
reactions have been widely used for the separation isotopes.
Such réacﬁions mentioned above usually ariée under the
background of contaminative radiations,.e.g. high dose Y-rays
beside neutron flux in.reactor. These radiations induce the
ionization, excitation or radicalization to dissociate'the

medium as the result of the interaction.'

Considering the chemical phenomena occured in nuclear



reactor from a point of energy transference, the interaction
between charged particles associated with nuclear transform-
ation and chemical matrix is dimportant to apply the energy
of nuclear prdcess for chemical prepafation. In generél,

the energy imparted to the newly formed recoil atom is usual-
ly much excess for chemical bond energy. In fission it is
of. more or less 100 MeV. When a feﬁ nucleons are emitted,

_ if is of order of 0.1 MeV or less, and in (n;Y) réaction_or
B--decay it is of order of 100 eV. Until the atom disperses
most of this energy, it is unable to enter'into stable chemi-
cal cowbination. The most chewmically significant>stage in
the slowing down process is therefore the final stage, when ™
an energitic atom loses its energy mainly by collision with
lﬁatrix atom.

The present thesis involves the studies on behaviors of
recoil atoms associated with g-decay and on loB(n,a)7Li re-
action in chemical matrix. The paper consists of three parts.
" Part one (Chap. II and III) is concerned with the behavior
of g-recoil atoms in aif, i.e. the gaseous electro~deposition
process of recoil atoms in thorium decay series. Part two
(Chap. IV) is described the interaction of g~ and 7-rays
with celluloid film, one of the most sensitive materials
suffering the radiation damage in polymers from a point of
solid state track detector. Part three (Chap. V) deals with
chemical preparation by using the 10B(n,a)7Li reaction, i.e.
hydfazine formation from an aqueous solution of ammonia with

boron compounds added.



The experimental studiés given in each part are discussed
mainly at following three points: (1) chemical effect associ-
ated with g-decay, (2) detection of‘charged particlé with
polymer.and (3) application{of nuclear energy for chemical-

preparation. .

(l) Chemical effect associated with aq-decay

Alpha decay reduces two units in the atomic number and
gives a recoil énergy of about 0,1 MeV to the atom., As for
the chewmical reaction, this is a very high level of energy
and breaks chemical bonds to make the recoil atom free from
the mother molecule. It collides successively with the néigh3t~
boring atoms, losing energy in the process and giving rise
-fo ionization., After 100 collisions, corresponding to a
range of the order of 10 ug/cmZ,‘it is reduced to thermal
energy, and about 3000 ion-pairs are formed along the_track.

The accepted theory postulates that the recoil atom
interacts mainly with the electrons of the medium through
which it passes. This leads to the Bohr’s equation in which
the recoil range is proportional to the first power of the
recoil energy.'

The number of charges on the recoil atom tends to fluc-—
tuate as the atom moves through the medium. A ldss of two
units of‘éharges might be expected in the-initial g~decay,
but in many cases the final charge is one in positive, and
the récoil atoms can be collected on a negatively charged

metal plate. Recoil emanation atoms are usually uncharged



at the end of their path. After dispersing the excess
energy along a recoil track, an g-decay product may take
part in chemical reactions with its neighbors. The effects
observed are often rather obvious ones, because the elements

concerned are of relatively simple chemisfry. The 212Bi-g+

208T1 decay in thoriuﬁ series however provides an example of

less predictable chewmistry since it has complication in decay

scheme. In chapter II, it 1is attempted to apply the seléc—

tive gaseous electro—deposifion of thoriuﬁ decéy series nu-

clides under atmosphere using RdTh source., Chapter IIT deals
12

with the conditions of their electro-deposition using 2 Po

source under pressure below atmospheric.

(2) Detection of charged particle with polymer

When charged particle irradiates on a dielectric mate-
rial, it produces minute trails of damage (ca. 10 ~ 100 i in
diameter) in the material. These damage‘trails, which are
‘initially visible only under an electron microscope, are
then usualiy enlarged a thousandfold by subjecting the mate-
rial to a suitable etching process so that become visible
under an ordinary microscope. This is one of the reasons
why many dielectric materials have been widely used as the
detection of heavy charged particle in several discipiines,
including nuclear physics and chemistry.

The mechénism for the formation of radiation damage and

‘this etchability have been discussed. In particular,; the

mechanism in polymeric dielectric .materials has been proposed

.



on the grounds-of the G-rayé produced from the secondary
reaction of charged particle with them. At the present time:
a comprehensive theory of latent track formation in polymef
is not available since the exact chemical and_physical pro-
perties of preferentially etchable regiOn_dépendrstrongly on
the charge and speed of the particle, on the_chemical struc-
ture of the polymer, on the physical state of materials dur-
ing irradiation and on the environmental conditioné. Chapter
IV deals with celluloid film which is one of the most sen-
‘sitive polymer to the radiation damage as sqlid state track'
detector, particularly alpha energy analysis for several
a-emitter sources and the effect of Y-rays and its related s

g-track registering sensitivity.

(3) Application of nuclear energy for cheﬁical preparation.
The application of nuclear energy for chemical pre;
paration has been considered from several stand points pf
energy transference. Most of the proposals which have been
suggested involve the use of energy as process heat, as
ioniiing orlradical forming radiation in the form of ?-rays
or particle beam. Of all the type of energy that released.-
in the fission procesé, the most important as enefgy source
is the kinetic energy of fission fragments. This energy is
-very large in LET and in release energy comparing with other
radiation. .It is therefore advisable to use the chemical

~system that G-value is very small and its reaction is endo-

~thermic. Nogfﬁllscalesreactor of the type has yet been



built and the development of the technology is at present in
a very early stage. One of the pfincipal reason for this is
that there is a lack of basic information concerning the be—>
havior of chemical systems under this influehce of fission
fragment radiolysis. A major disadvantage of this radiolysis_
is the contamination caused by the fission products.

lOB(n,a)7Li reaction on the other hand does not give

The
rise to radioactive products. The LET value in this réaction
is considerably high with about 280 keV/p in a medium of unit
density (~0.28 keV/p for 6oCo.Y-rays,'~hOOO keV/u forvfission
‘recoils). When the added boron compound uséd is dissoived
in the system, the average kinetic energy of 2.33 MeV of the ‘wxv
reaction is cowmpletely absorbed in the surroundings-ahdvsome
.additive effect for the products may be expected. In chapter
V, it is attewmpted to apply the energy of a and Li recoils

10

in B(n,a)7Li reaction to the hydrazine formation from

ammonia-water systeum.,



Chapter II,. Selective Gaseous Eléctro—Deposition

(1)

of Thorium Decay Series Nuclides

2-1 Introduction
One method of preparing radioactive nuclides is to col-
lect disintegrated recoil species on a negativs” °© ~harged

plate. For instance, ThB has been separated from Tn, RaB

from Rn, AcB from RdAc and 206Tl from ZloBi by this method(z).

More recently, Briand et al. have succeeded in separating

216

radioactive nuclide At of very short half-life (300 us)

by automatic collection in vacuum as it was emitted by second

(3) (4)

order a recoil . Ghiorso et al. have collected on a

negatively charged metal belt the 102nd element, produced -
246

from Cm bombarded by 120 ion beam, They have also col-

252

lected 257Lr_produced from Cf bombarded by 1OB ion beam.

(5)

Shinagawa et al. have determined the most suitable
conditions for the electro-deposition of radiocactive decay
products of fhe Th decay series under norﬁél temperature and
pressure, and have explained that the aeposited radioactive
substance has a positive charge in the gaseous'phase.

In this chapter, some daughter nuclides of RdTh are to
separate‘using a capsule equipped with threé electrodes, one
of which is cénstituted by the source piancet; RdTh has been

chosen as parent substance., Decayed nuclides such as 212Pb

0 ' .
and 2 8T1 are made to deposit on the nickel target plate un-
der different experimental conditiomns (applied voltage, inter-

vals between the electrodes, time allowed for depositian;/

_7_



presence or absence of grid) under normal atmospheric pres-—.
sure. The mechanism of the electro~deposition process under
electric field with and without a grid is discussed on the

basis of the decay pattern shown by each nuclide,

2~-2 Experimental
2—2—1 Apparatus

Figure 2.1 shows the apparatus used for the experiment.
It is made up of three electrodes installed in a glass cap-
sule (50 mm diam., 160 mm high). The parent RdTh substance
is placed on nickel plate, over which is placed an inverted
cup with a pin hole (0.5 wm diam.) at the center. The tar—
get plate is made of nickel (4O mm diam., 0.5 mm thiék; pu-
rity 99.9 %) and the grid is a net made of stainless steel
wire (0,1 mm diam. mesh intervals of 0.5 mm) and bordered
with a nickel ring. In Fig. 2.1, the symbols d,_D and V re-
present the disténces and the applied voltage between the
parts indicated. The range of voltage applied was from -1500
to +1500-V'D.C. in referénce to the source plate which was
held earthed. The interval D between the pin-hole slit and
" the target plate was set in the range between 15 and 150 wmm.
2-2=2 Sample and Method

As sample, 1 mCiiof RdTh (Crystalline chloride with Th-
7232 ;arrier obtained from the Radio Chemical Center, Englénd)
was used. The daughter nuclides of RdTh were electro-depo-
sifed on the target sﬁrface under different experimental con-

ditions. The relative amount of electro-~deposition of Rd4Th

- 8 =



Experimental glass capsule with source,

grid and target



daughter nuclides on each electrode was measured by V-ray:
spectrométer (Hitachi Ltd., NaI(T1) crystél 1" x 1", 400
channels P,H.A.,). On the other hand, the target pléte was
surveyed aﬁtoradiographically. .

The Y-ray spectrum of the RdTh source revealed the pho-

212 208Tl

topeaks of the daughter nuclides Pb (0.24 MeV),

" (0.58 MeV) and 21?Bi (0.73 MeV) as well as that of the par-

ent substance, as seen in Fig. 2.2. Figure 2.3 presents the

Y-ray spectra of the deposits on the target after different

periods of cooling time T, The photopeaks of 212Pb as denoted

by A in Fig. 2.3 are seen to be influenced by the Compton

scattering of 208Tl (T = 3.1 min), and to reduce this. -

1/2
e 212
effect, the activities of Pb were measured after T = 30

s

min. The relative amounts of activities for the ¥Y-ray photo-
peaks were obtained by Covell’s meth;d(é).

Upon correction of such factors as time allowed for
electro~-deposition, for cooling, ané time taken for the meas-~
urements, the activities at the end of the electro—depositidn
could be estimated, and ﬁere considered to represent the acf
tivities of deposited nuclides, and these‘valﬁes héVe been
adopted in the ensuing descriptions., The statistical errors
within the standard deviations were estimatgd fér all meas;

ured radioactivities. Thus the deviations -of 212

208T1(B) values were all within the circles marked in the

Pb(A) and

figures, and those of B/A values are indicated by conveh-

tional signs.
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2-3 Results and Discussion

2-3-1 Effect of the Target Voltage Vl with Grid Removed

As the target voltage Vl between the source and the

target was changed from O to -1500 V, the éctivities on the

212,

target changed as shown in Fig. 2.4. The activity of b

(a) deposited on the target is seen to increase rapidly up

_to -100 V, after which the rise eases off. On the other hand,

that of 208T1(B) on the target is seen to increase gradually

up to -500 V. beyond which it tends to saturate. The result-

208, and *?pp (B/A) decreases up to ~50

ing ratio between
V and then increases sharply up to =500 V., The ratio B/A
on the target exceeded that of RdTh source beyond =500 V., N
2-3-2 Effect of Differences in Time Allowed for Eieqtro-
Deposition with Grid Removed

The time allowed for electro-deposition was varied up
to 2 hrs, with a constant applied voltage Vl' The»results'
are shown in Fig. 2.5.

The activity of 208T1 is seen to present a saturation
plateau in the range from 5 to 20 min, after which it in-
creases again linearly. The plateau starts at a point aBout

twice the half-life of 208Tl, indicating the establishment

of radioactive equilibrium of the 208T1 on the target. The

increase of 208Tl activity above the plateau value after 30

win could be attributed to the appearance of the daughter

»nuclidé of the deposited 212Pb on the target (212Pb-é+-212Bi.
-—25208T1) and added to 208

Tl directly deposited on the tar-

get from RdATh source.
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On the other hand, the activity of 212Pb increases

linearly with the time allowed for deposition. This increase

can be considered due to the daughter nuclides of_220Rn

a, 224 _S* 220Rn _2+ 216Po —g+-212Pb), which had -

(RATh — Ra
been transferred to the vicinity of the target by diffusion;
and thereupon attracted by the electric field to the target,
'thereby supplementing the activity of the directly electro-

212Pb. The activity of 212Pb did not reveal a

deposited
plateau in the range up to several hours of electro-deposi-
'tion. It should however be expected to enter a plateau/

region in about 18 hours, which is about twice the Vaiue of

212

“the half-life of Po (T = 10.6 hr). Such a behavior -

1/2 _
has also been reported by Shinagawa et al(5).
2-3-3 Effect of the Differences in the Target Voltage Vl
with Grid Installed
The grid was set in the capsule ahg the voltage V, bet-
ween the source and the target was varied up to -1506 V.with
grid voltage Vé =0 Vat D =2.,5 cm and dSG = 1,5 cm, The

results are shown in Fig. 2.6.

The pattern is similar to Fig. 2.4, except that the

activity on the target is seen to be roughly half for 212Pb9
while for 208Tl it is seven times greater than with the grid
208

removed. This dindicated that one-seventh of the T1 on
the target had passed through'the grid net, and the remain-

ing six-seventh of what had deposited on the target had orig-

212Pb had primarily deposited

from the RdTh source to‘yield 212Bi and to emit 2O8Tl by «a

inated from the grid, where
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recoil.

2-3-4 Effect of Differences in the Target Voltage Vj

with Grid Installed

The target voltage Vé between the grid and the target

was changed from +400 to -1500 V with grid voltage held con-
stant at Vé = +500 V, and with the distances D = 2.5 cm and.

dSG = 1,5 cm. The results are shown in Fig. 2.7. Despite
the positive charge of the grid in reference to the source,
the activity of 212Pb on the target is seen to have increased

with the target voltage Vé and then to have tended to saturate.

' 2-3-5 Effect of Differences in the Grid Voltage Vé

In order to examiné the effect of changing the grid - B
voltage, the potential difference Vé between the source and

the grid was varied from O up to 1500 V, with Vé held con-

stant at -100 V, D = 2.5 cm and dSG = 1,5 em. The results
. 0
are shown in Fig. 2.8, The activities of 2 8Tl and 212Pb on

~ the target decrease gradually with increasing grid voltage

of V.. At V_, = 1500 V the former is four-fifth of the level

2 2
at Vé = 0 V, while the latter is reduced by half, The rel-~-
atively smwall shield effect of the grid net for 212Pb can be
attribufed to. the activity of the deposited 212Pb being rein-
férced by the effect of the diffusion of 220Rn (cf. Fig.:2.7).

2-3-6 Effect of Differences in the Interval between the
| Target and the Source
The intervél D between the target and the source was
chénged with no voltage applied. The results, shown in

Fig. 2.9, reveal that the active deposits on the target de-

- 18 =
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creased rapidly up to 2.5 cm beyond which point it remained
almost uhchanged. . In order to examine the influence of the

208T1 deposited on the target

electric field, the activity of
was measured, with the.interval D changed from 2 to 15 cm,
and the target voltage V1 from -50 to -400 V. The results
are shown in Figs, 2.10 and 2.11, Up to about 10 cm, the
activity is in proportion to the applied electric poténtial'
(Fig. 2f10), In Fig, 2,11, the activity is seen to decrease

exponentially with the distance D and the curve becomes

steeper as the applied potential is made more deeply negative.

The active deposits on the target at D = 15 cm or more
may have been caused chiefly by the diffusion of 220Rn as C
in the case of Vl = 0 V, because it is unaffected by electro-

migration, as may be expected for a rare gas.

'2—3—7 Distribution of the Active Deposits on the_Tafget
Photograph 2.1 shows the autoradiographical distribu-

tion of radioactive.depoéits on the target ét V1 = -1500 V,

D=2.,5 cm, d = 1.5 cm, and with the grid installed, but

SG
with no applied potential. The distinct net-like image proves
that the recoil atoms emitted from the source slit had flown
linearly and were screened by the grid net. The meshes of
the net in central zone of the image agree precisely with
‘those of the actual gria, while in the periphery tﬂe meshés
are somewhat deformed and smaller, Moreover, the.radioac—‘
tivity on the backside surface of the target was only very

slightly smaller than on the front face. These phenomena

attest the parallel flux constituted by the substrate par-

- 22 -



N

=3

| Activi;ty x10™ (cpm)

0 100 -200 -300 -400

v (.V,_) |

‘ Fig. 2.10 Variation of deposited activity of 208Tl brought

. by differences in target vbltagerv » with source-

1
target interval D as parameter

- 23 -



N

| A‘ctivi.ty x10™ (cpm)

1

Fig. 2.11 Variation of deposited activity of 208T1 brought

by differences in interval D, with target voltage

V1 as parameter

- 2L -



Photo. 2.1 Auto radiographical distribution pattern of
radioactive deposit on target x 2

(v, = =1500 V, D = 2.5 cm, dg; = 1.5 cm)



‘"ticle, and érove the linearity of the mass-tfanSfer. The
diameter of the grid was 4 cm, but that of the image was 3

cim, indicating‘that there was some éonverging effect, the
reasons for which remain to be investigated. Since the image'
of the grid was clearly projected on the target, the recoil
atoms emitted from the source slit will have reached the
.'target through the grid, driven by the electric force.-

When the grid voltage Vé was +500 V, the image of the

grid on the target was not as sharp as when Vé = 0 V. This

phenomenon could be explained as the result of the posifively
‘charged récoil particles being repulsed by the grid and thus
being hindered in their passage through the net of thg grid., ™~
’2—3—8 Considerations on Electro—DepositiOn Process

In the thorium decay series, the daughter nuclides that

have large recoil effect by a decay, are 208Pb, 212Pb, 216Po

and 208T1. Since 208Pb is a stable nuclide, it cannot be

216P

estimated by radiochewmical method. As for o, its ex-

tremelyvshort half-life (T = 0,158 sec) makes it very

1/2
difficult to measure. The relatively short half-life of

208 = 3,1 min), also does not suit it to the electro-

1/2
deposition process. Lastly, 212Pb has a convenient half-1life

T1 (T

of 10.6 hr, and its deposition process has been reported by

several authors(z)’<5)° It has been considered in wmost cases

that 220Rn, which is a descendant of 232Th; 228Th'cr 22“3@;'

deposits on the metal target transferring from the source by
diffusion (being a rare gas), and subsequéntly produces 212Pb

of transient equilibrium.
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In the present work, an q-ray spectrometer was not used,

and the activity of 220Rn on the target could not be confirmed.

However, it would be expected that, when there was no target

voltage applied (cf. Fig. 2.9); there would be a primary

21
220Rn gas deposition on the target and a secondary 2Pb pro~-

duction, but when a negative target potential was applied

. (cf.bFigs. 2,10 and 2.11), direct electro-deposition of 212Pb

would have priority over the diffusion of 220Rn. It would

appear that most of the 216Po and 220Rn remained within the

source cover, and 212Pb was selectively emitted through the

pin hole due to the recoil of a decay at the source, and thus

hit the target. The increase of 208Tl deposited on the tar- .

get when the grid was present may indicate that some of 212Pb

on the grid had turned dinto 212Bi by B~ decay, and 208T1 had

recoiled onto the target due to o decay of 212Bi. In order-
to confirm this grid effect, further experiments were carried
out .

After letting 212Pb deposit on the negatively charged
- grid from the RdTh source, and with transient equilibrium
established between 212Pb and its descendants, the source
was removed from the capsule. Subsequently a negative po-
tential was applied to the target against thé grid net. Tﬁe
_fesults are shown in Figs. 2.12 and 2.13.

In Fig. 2.12,:the V—ray spectrum reveals the presence

2
solely of 08Tl, and that of the mother nuclide 212Bi pro-

duced by the B~ decay of 212Pb is not discernible, indicating

that, in contrast with the recoil effect of a decay, that of
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B~ decay is too small to let the decay product reach to the

target.

The variation of the amount of 208Tl deposited on the
target from the grid due to chénge of the voltage applied
to the target is presented in Fig. 2.13. It is seen that
the saturation plateau of activity is approached at a tar-
4 get botential beyond -1000 V. The amount of detected 208T1
'depends on the target voltage, and beyénd ~1000 V most of
the 29871 in radiocactive equilibrium with 21°Bi (Ty s, = 60.5

min) would appear to have been trapped by'the target.

2-4 Conclusion

The present chapter gives on the resulté obtained with
different conditions of electro-~deposition of daughter nu-
clides in the decay chain of thorium, using RdTh as source.
The conditions varied were, in particular, the electréde_
potential,.  which was changed in a range covering both nega-
tive and positive potential, and with an intermediate gria
either installed or removed., Measurements on the active
deposits obtained on the target indicated that, when-no po-
tential was applied to ‘the target, the deposition process

2 .
depends  on one of the daughter nuclides, 2oRn, while under

negative potential applied to the tawrget, it depemds . on the

recoil atoms with positive charges produced by « decay. The -

recoil atoms are driven from the source toward'the target
both by the energy of recoil and by Coulowmb’s force.

In the case where the electric field is stromng enough,
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the recoil atoms with positive charge travel to the target

along the electric field under atmospheric'pressure} The

behavior under pressures below atmospheric and the mechanism

of mass-transfer from the source to the target will be given

in next chapter.
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Chapter III. "Effect of Pressure on Mass-Trapsfer'

(1)

in Gaseous Electro-Deposition

3-1 Introduction
As for the mass-transfer mechanism in the electro-~depo-

.sition process of thorium decay series, it has been consid~

22OR

ered that the diffusion of n, which is one of rare gases,

is predominant over alpha recoil effect, because the range

of recoil atoms due to alpha decay is very small, for ins-

3 208

tance, 6.65 x 10 ° cm of Tl in air at 760 mmHg pressure.

The 212Bi—2»2Q8T1 decay has been interested being complicated

in the chemical result: for example, in aqueous system, 1t -
has been shown that about 70 % of Tl appears in the univalent

(2)

and 30’% in the trivalent state . Meyer has recently re-

2O8T1n+

ported that the charge spectrum of due to intermnal

(3)

conversion lies between +5 and +20 with a mean charge of +12 .
The fractional separation of 212Pb and 208’1‘1 from RdTh
source, using a capsule equipped with three electrodes under
the normal pressure is reported in thé preceding chapter.
The deposition process depended on the species of recoil atowms
with positive charges produced by alpha decay and on the '
negative potential applied to the target. |
In this chapter, the purboseAis to examine the mass-
transfer under preésures be Low atm6Spheric, using 21.2Pb
source deposited on the Al plate. As the result, the re-

lation between the deposited nuclide .on the Al target and

the electric field in the range of>lOv~»760 mulg is reported;

aaﬁg



comparing with that of in the discharge range of the~pres~

sure or in the higher wvacuum,

3~2 Experimental

Figure 3.1 shows the apparatus used for the experiment,
i.e.a glass capsule containing five electrodes (12) and vacuum
line. The plate of source or the target was made of Al foil
supporfed with a rim ring of stainless steel (3 cm inner
‘diam. 0.5 cm thick), of which stem was fixed with 6ne of
fiye electric‘ferminals for optional use installed in the
wall of a glass capsule‘(6 cm diam., 20 cm iong). The cap~
- sule was constructed with two parts ground to fit togefher .
and easy for rearrangement of the fixed electrodes. The
interval and the applied potential difference among the elec-
trodes were from i to 10.5 cm and up to 1000 V D.C., respec-

tively.

1 _ :
The 2 2Pb source used was prepared by electro-deposition

(1)

on the Al plate from a RdTh source After the source ac-

fivity became in radioactive equilibrium, the target plate
was set in the capsule. The daughter nuclides of 212Pb were
electro-depésited on the target surface under the differeﬁt_-
experimental conditions. The relative amounts of electro-
deposits were measured by V=-ray specirometer (NaI(T1) crys=
tal, 1" x l") and by autoradiography. In the case of depo-

208

sitéd nuclide TL (T = 3.1 min), corrections of'such_ :

1/2
as time taken for electro-deposition, for cooling; and for

measurements were made, and the activities at end of elec-
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tro-deposition were estimated. The values thus obtained were
considered to represent the activities of deposited nuclides,

and were adopted in the ensuing description.

‘3—3 Reéults and Discussion

| When the pressure in the capsule ﬁas changed from several
to 10_2 mmHg under a negative potential applied to thé tafget,
a discharge phenomenon happened. Gamma spectrum of the
deposits thus obtained on the target was identical with that
of the source 212Pb and its decay nuclides. It was inferred
that electrons produced by the discharge irradiated the source
to make the radionuclides. contained sublimate and move to the™.
target along the electric field. Therefore, in further ex-
periment, omitting the above discharge range of pressure, the
following two regions were chosen as the experimental cén—
dition; i.e. the low wvacuum of 10 «;760 mmHg and'high va§uum

3

range of less than 10 ° wmmHg..

3-3-1 Electro—Depositibn under Low Vacuuﬁ.

The deposited nuclide on the target under the pressure

208Tl only by V-

spectrometry. The variations of deposited activity of 208Tl

of 10~ 760 umHg reveals the presence of

“according to the inverse pressure (1/P) with the negatively
~applied D.C. potential on the target as parameter are shown
in Fig. 3.2. 1In the case of high applied»potentiél,-the
'dependence of deposited activity on pressure is seen to be
sﬁaller than that in lowbone. The variations of'deposited

activity of 208Tl according to the applied potential with
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fhe pressure as parameter are shown in Fig., 3.3. It is seen
_that in each pressure, the deposited activity'(A) is related
to the logarithm of the applied potential»(V) by the follow-
ing equation

A = a‘log V + b,
bThe inclination (a) in above equatibn becomes smaller with de-
creasing of the pressure. Extrapolating this tendency to the
discharge region, it is easily known that (a) becomes zero,
agréeing with the fact that the transfer of 208Tl is inde-
pendept of the applied potential. The range of recoiling
afom of d—decay, however, must‘be longer with decreasing of
the pressure. The applied potential Vc (V/2 cm) at A =0 e
in the above equation (cf. intercepts with abscissa in Fig.
3.3) is related to the pressure of P (mmHg ) by the foliow-

ing equation

2 L 2

V_ = 1.0 x 1077 P? + 2.5 x 100 P + 1.2 x 10 (P> 10).

The value of Vc might have the meaning of the critical po-

208

tential for transference of Tl by Coulomb attraction in

each pressure. In the case of the potential less than Vc”
2O?Tl emitted from the source may undergo simply the diffu-
sion after exhausting its recoil energy. As the range of

an g-racoil atom must be smaller than when eiectrostatically'
attracted, 208Tl nuclide may move not so far from the source
layer due to recoil énd while it possesses some part of its
initial pharges, it may transfer up to the target alopg the

electric field when the field potential is higher than the

‘critical. In the experiments of Figs. 3.2 and 3.3, the
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distance between the source and the target 1is 2 cm, in which
condition the diffusion contributes in minor extent (cf; Fig.
2.9). In Fig. 3.3, the lines converge at about 10000 V/2 cm.
A negative factof for the mobility of 208T1 is thought to
come into play, which is caused by the collision with sur-
rounding gas. In a-certain pressure it may equilibriate
" with the attraction by applied potentiél. Therefore, even
" under more than 760 mmHg, the recoil atom associated with a-
decay would be expected to transfer up %o fairly‘long dis=-
tance under the higher electric field.
353—2 Electro-Deposition under High Vacuum

The deéosited activity undervhigh vacuum of less than
10-3 mmHg as a function of applied potential‘isrshown in
Fig. 3.4. It is seen that the activity does not depend on:
the applied potential, but the value is smaller than that
at 10 mmig, indicating that the a-recoil emnergy of 208T1
amounting 116 keV is large enough to t£ansfer to the target
without the influence of the applied potential used in the
present experiment at D = 2 cm. The deposited nuciide on
the target is surveyed by autoradiography with X-ray f£ilm.
In the case of low vacuum, the autofadiographical pattern
was the same in size as source (2.2 cm in diam.) but under
high vacuum it is seen being enlarged extending all over
the target (3 cm in diam;). Consequentiy, in eonneestien with
mass—transfer of the recoil atom associated with q-decay
under high vacuum, the flight by recoil must be predominant

over the electric attraction. The daughter nuclides of 212Pb

—39-

//



S P <108 mmHg
,\_1“04_ D=2cm
e 0
Q" -
U H
.
2
—_ : o o
-z /S e
-— L
U PO
< B
O ! ] 1 1 i 1.

0 -100 =200 ~-300 -400  -500 -
Potential (V)

!

Fig. 3.4 Effect of appliéd potential on target activity

(source(+); target(-))r

- 40 -



deposited on the.target‘are not clearly obsérved except"
~208Tl by Y—spectrometfy. So, as supplemental examinafion
a-track method with celluléid film is helpful as seen‘in'
next chapter. The pattern obtained. by a~track method at
high negative applied potential to the target is different

from that at no applied potential. The a-emitting nuclide

thus observed is considered to be'212Bi which has come to

the target as it is or as parent 212Pb. The transference

.of the 212Bi on the target must be small in amount because

of the weakness of the recoil energy of B~ decay. The‘trans—

ference of 212?b may be explained that at a restricted high

-temperature region due to the a-recoil coexisted in the source..

212Pb arises  in a form which must be regarded as a supersat-

‘urated lead vapour, and then travels to the target along
the electric field. This explanation is consistently referred
with the results reported by several authors on the contami-~

- nation of a=recoll atoms on the surface of semicoenductor

(5)~(7)

detector .

3-4 Conclusion

The electro-deposited nuclide from 212Pb source under .

pressures below atmosphric is found to be mostly 208T1

When the pressure is 10 ~ 760 mmHg, 2O8Tl transfers to the

.

cathode target along the electric field, depending on the
applied potential. However, under vacuum region higher than
3

10 mmHg the amount of the activity on the target depends

on the solid angle from the source. The recoil atoms except
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208Tl are observed on the target in discharge condition and

the strong electric field under high vacuum.
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Chapter IV, On Solid State Track Detector

of Celluloid Film

This chapter is concerned with the interaction between.
-alpha particles and celluloid film, Celluloidbis one of
the most interesting and useful substances as solid state
track detector. Its ionization threshold is the lowest

among the presently known track detectors.

4b-1 Celluloid Film for Several Alpha Emitters of RdTh

(1),(2)

Daughter Nuclides

S

4-1-1 Introduction \

Since a method of solid state track detector was.re—:
ported by Fleischer et al., many dielectric materials have been
used in several disciplines, including nuclear'physics and

(3).

chemistry The application of this technique may be ex-
pected considerably if they caﬁ be used to discriminate the
nuclear charged particles of different énergies. Somogyi
et al. have reported the relatién between the particle‘energy
and the diameter of track under a certain etching éondition-
(1)~ (6)

In this section, the alpha track pattern of several g~
Aemitting sources with nuclides of RdTh decay series was ex-
amined with celluloid film on the basis of the track forma—r

tion technique (See 4-1-3). Alpha spectrum was easily ob-

tained by variant thickness of absorber piling up thin filwms
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on the detector film and by chemical etching of the détector
.film with variant duration. This track method was also aéf
plied to measure the alpha radiogram.of RdTh daughter nuclides
separated by focusing chromatography and to detect-the rédio-

" colloid.

L-1-2 Experimentai

As a thin alpha source, electro-deposited 212Pb on

nickel plate from RdTh source was used in a glass capsule(7),
The celluloid film used in this experiment was manﬁfactured-
by the Daicel Co, Ltd., and had 25 w/o camphor in cellulose
nitrate. Between the oa-source and a celluloid film (100 e
micron in thickngss) there placed several sheets of thin
film absorber (Saran Wrap, polyester film, 10.0 % 0.7 micron
in thickness, 1.7 g/cm3 in density) and a plastic plate with
‘a hole at the center of these films as shown in Fig. 4.1;13
Through the hole alpha particles are é;llimafed to enter at
right angles to the detector film.‘ After the irradiatioh
the celluloid film were etched for 10 ~ 300 min with 5 M
sodium hydroxide solution at 5000, being inspecfed inter-
mittently-its surface for the developed track patterns by én'
 optical microscope.

 On focusing chromatographic separation of RdTh dgughter
nuclides, céthodic.compartment of the apparatus was filled
with 0.05 M sodium triphosphate solution (pH = 5) as a com—

plex forming reagent while anodic one was filled with a wmix-

ture solution of Q.05 M in HC1l as a complex decomposing rea-
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gent and 0.05 M NaCl as an ionic strength conditioner.:
About 0.02 ml of RdTh solution was dropped on a sheet of
Toyo filter paper strip No. 50 (2 x 26 cm), at én area of
1 cm‘width in the center. After the electromigration was
conducted for 20 min under a potential gradient of D.C. 700
V/22 cm, the strip was taken out, dried an infrared lamp,
and was examined for the radioactive distribution on it by
.a-track method; It was éarried out with close contact of
celluloid film at oﬁe side of the paper strip in parallel
with autoradiographical Fuji Medical X—fay film at another
side; The irradiated celluloid film was etched in 5 M sodium
hydroxide solution at 5OOC,for 60 min, Then, the chromato- o
graphic patterns made of the alpha tracké due to the sepa-
rated daughter nuclides of RdTh were compared with their.cor-
responding autoradiograms on the X-ray film, |

In order to examine alpha ewitting nuclides in the solu-
tion, a liquid drop containing RATh nuclides in radiocactive
equilibrium was dropped on the celluloid film. After several
hours the film was washed with distilled water and examined

by means of the track method as above mentioned.

L-1-3 Chemical Etching of the Latent Track on the Plastics
The trail produced by the chérged particle on the plas—'

tics film can be dewveloped by using a suitable chemical rea=

gent to make tracks easily visible by optical microscopy(B).

The energy distribution of the charged particle entered in

plastics have been clarified by measuring the range of
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(8)

charged heavy particle and the growth of the hole diameter

- versus the etching time. The latter method which has been
extensivély.developed.by Somogyi et al.r(b')'W (6)-aﬁd known:
to be simple and guick is adopted in this study. Their
results in the chemical etching of the latent tracks ére
summariéed és follows.

The length of the primer damage region is correlated to
the total energy of the charged particle, and the width of
that to local ehergy loss of the particle, which is approxi-
mately proportional invefsely to the energy. So, when a par-
ticle enters at right angles to the surface, at low particle
energy a large hole will be created and at high energy a - T
small one, If it is chemioaily etched thelenlargement of
the hole diameter and length  of primer channel are good
measures of particle energies.

In the case of the particle ha&ing the values of the

energy E and of ‘R(E) less than the critical ones Ecband R(EC)

on the surface of the detector, the growth of the hole dia=
meter arises from the commencement of the chemically etching

(ref. {(a) and (a’) in Fig. 4.1.2). The growth rate of the

(9)

hole diameter depends on the rate primary ionization

(10)

restricted emnergy loss of a charged particle,

or

In the case of the particle of the critical range under
the surface of the detector, the traék appéars after the etch-
ing time t(E) defined by the formula as follows (ref..(b) in
Fig. 4.1.2),

+(@) = [r®) - R@C)] /v
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Schematic diagram of track formation according
to Somogyi et al.(u)
VT’ V&et etching rate inside the track

Vé ¢ bulk etching rate on the detector_surfade
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where VB is the bulk etching rate on the detector surfaée.
4y-1-4 Results and Discussion
f-1-4-a Alpha Track Spectrum

Alpha track diameter growth on the celluloid film in
the case of 4.5 mg/cm2 thickriess of absorber is.shown as a
function of the etching time in 5 M sodium hydroxide solu-
tion at 50°C in Fig. 4.1.3. Their photographic patterns
under an optical microscope are shown in Photo. h.l.l.
As seen in Fig. 4.1.3 and Photo. 4.1.1, the tracks of small
‘diameter appear after about four hours of etching time.

This is due to the a-particle of 21213'0 nuclide (8.78 MeV)
212

derived from the Pb source which have been prepared by
electro-depbsition and in radioactive equilibrium with 212Bi
and 212Po. While, the track appeared at the beginning of

the chemical etching is due to the a—particle of 212Biv

nuclide (6.05 MeV).
Let us consider this experimental results accor@ihg to

the track formation as shown in Fig., 4.1.2, The g~track of

212Po nuclide corresponds to (b) and that of 212Bi nuclide

to (a), respectively. It is understood on seeing that the

21
rising point of a-track growth curve of 2Po in Fig. 4.1.3

is several hours later than that of 212Bi, Moreover, - the

rising of 212Bi is steeper than that of 212Po in Fig. 4.1.3,

agreeing with that the etching rate of lower q—-energy is’
larger than that of high oa-energy as Somogyi et al. reported
(6) |

and mentioned above . This fact is also the example of
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(a) and (a’) in Fig. 4.1.2 corresponding to the larger etch-

. ‘ 2
ing velocity VT for 212Bi track and smaller V&( for 12Po
_track, each within the critical registration range. However,
212 | |

the aq-track growth of Bi is seen to be almost saturated

at about more than four hoﬁrs of etching time, while that of
212Po increases rapidly as shown in Fig., 4.1.3, Increasing
the etching time' +to follow the tracké is not always advisér
able because not only the thin celluloid film is hardly
'stablé for more than several hours"etching but'éléo time
consuming. |

To overcome difficulties the sheets of thin absorber‘
film were changed up to>five sheets and put between the 212Pb .
source ahﬁ the celluloid detector film during the alphé
particle irradiation as shown in Fig. 4.1.1l. After the irra-
diation, the surface of'the detector was etched for ome hour
ih 5 M éodium“hydroxide solution at.50oC and counted the num-
ber of «a-tracks per unit area under an optical microscope.
The results are shown in Fig. 4.1.4. Thére a.i*e two groups
of a-tracks of different a~-energies, which are good agfeement
wifh the a—spectruﬁ measured with a grid'ionization chamber

(Osaka Denpa). The first peak is due to 6.05 MeV a-particle

of 212Bi and the second is due to 8.78 MeV of 212P

o. This
method to obtain alpha spectrum changingAthe thickness of
absorber is simple and quick. So, it is convinced to be
useful fdr the study of a-emittiﬁg nuclide.

L-1-4-b Application of Focusing Chromatography

Photograph 4.1.2 shows alpha track pattermn registered -
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on the celluloid film (a) and its corresponding autoradio-
graph with X-ray film (b) by the focusing chromatographic

separation 6f RdTh series, where RdTh, 212Bi, 212Pb and

224Ra are oriented in respective bands., The former appaars,
clearly comparing with the later, since ir is insensitive

to B-rays of each daughter nuciide, particularly in the
patterns of RdTh. Half-1ife of each isolated radiocactive
‘nuclide has been examined and identified by counting timely
the number of a-tracks. In the case pf obtaining the inten-
sity of radiocactivities by means of the number of a-tracks,
care must be taken that the number of a—traaks is_changed

(11)

under the etehing conditions apélied ., Typical exauple 5&
of the decay curve of 212Pb taken by ag~track method at
5 — 10 um in the diameter of g-track is shown in Fig. L.1.5.
The energy distribution of the alpha radiogram on paper
strip may be obtained by the change of the thickness of ab-
sorber as mentioned above, but the discrimination of a—energy-
was poor coumparing with that of collimated a-source because'
the incident angles to the detector film of alpha particles
with different energies are isotropic. Using the X—ray‘film .
having the celluloid film as base material, the fractional
detection of radiaactive nuclides cantaining a- and B-rays
is poasible(lz).

Incidentally, the features of translucency observed on
etched surface of irradiated plastics having high dénsity

(13)

of a-tracks have been recently investigated Alphagraphy

as well as fissionography will be useful in many scientific
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fields.
4-1-lb-c. Detection of Radlocolloid

| Alpha track pattern was obtained u51ngva drop of RdTh
'fsolutlon fallen upon the surface of the polyester absorber
"on the celluloid film detector as shown in Photo. 4.1.3.
‘It is seen that a-tracks radiate from a pdintﬂin a form like
a'star. This pattern can be considered to be the radlocol—
1oid of RdTh decay series as has. been reported by Chamie
‘The diameter of rad10001loid obtained by a-track method was

’ several times smaller than his results by microphotography.

_ 4-1-% Conclusion .

Using alpha particle track detector of ce11u101d fllm,

,(124)“,,.,

alpha spectrum is easily obtained ‘as a curve of track number"w,

-versus absorber'thickness, The recommended techniqueeis to p
.userseveral sheetslof polyeSter thin films as absorber:to |
. cover the‘cellqloid,detector before collimated irradiation.: ‘
" The a-track‘pattern obtained by the track methodynakesvthe o
‘detection feasible for thick a-emitting source and a radio—
olloid without the influence of sun light, B— and Y—rays.'
'
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Photo. 4.1.3 Alpha track pattern of RdTh daughter nuclides
foming a radiocolloid ( absorber of 2.8 mg/cn12

in thickness, 5 M NaOH at 50°C for 1 hr )
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.h 2 Effect of Gamma Irradiation on Cellulold F11m and

" Related Influence on the Reglstration of Alpha Tracks(1)7

4-241 Introduction
The.usefulness of the solid sfate track detector depehds‘;‘.7
primarily on its ability tb register heavy particle ion
tracks without belng affected by a dense background of less
highly 1on121ng_rad1ation that does not leave tracks( )
It has been found that the registefing senéitivity dependégv
’ﬁot only on the type of detector but also on the'etching:con-”

(3)~ (7)),

" tions applled For detérmining the registering

s9n51t1v1ty, Katz, Monninvand Benton héve pointed Ouﬁ‘thaty' \5

.for more accufate interpretétion §f experimehtal data, the

distribution of.the O-electrons along therparticie trajeé~

tory must be taken into account as‘well(7)° . From this point

‘of view, it was indicated that the dose required fof etchab1e 

- damage formétion along a particle trajectory should be the

- same as"that . required for V-irradiation damage. Méasure+r'
wments of bulﬁ etching»rgte.for Yéirradiated ceilulose niﬁrate.r

'vshowed thaf a dose exceeding 1 x 106 rads'was fequired to

produce signifiéant enhancement of etching rate above fhe'

value found for the normal, unlrradlated mater1a1(7)

The effeet gf.?—i??&éia%iﬁﬁ om seliuleid fiim is siven

 in this’seétion. This effect has been'examiﬁed by wéighingf :
a piéce of the plastic film beforeband after etching‘undéri;

‘r‘vérious EOnditibns and by measuring the‘optical density;off.('

UV light transmitted through the film. The sensitivity of .

.’g:-s”, g  2_" ‘: - . 60-‘r”



a-track registration of the ¥Y-irradiated films was also es-
timated by examiningithe}appearance of a-track under the op-

- tical microscope according to etching time.,

h-2-2 'EXperimentai
The celluloid film used in this experiment was manu-

factured by the Daicel Co. Ltd. and had 25 w/o camphor”in 
- cellulose nitrate, recognized as one of the most.radiatiqnl
sensitive materials(s). This film (200 p thick i.e. 1.32
g/cmB) was irrediated with 6006 Y-rays at tﬁe Institute of
Scientific and Research, Osaka University. The dose raﬁes
obtained with fhe irradiation arrangement shown in Fig, h.2¢l§>»f;
were approximately 2 ~ 7 x 107 rade/hr._ The total absorp- |
tion dose of the film was set between 1 x 106 and 3.5 x_107-
rads. At doses above these values, the film wae found to
decrease its thickness by several percent, and it became t00
brittle to‘be applied as a solid state track detector. After
V-ray irradiation, these films were cut into pieces of equal
area (50 mm x 40 mm)'and then etched together with unirradi-
fated film in a sodium hydfoxide solution. After drying for
15 hours in a siliea gel desiccator, the pieces were weighed”
. by a balance reading down to one tenth of a wmilligram, to
determine the average decrease of thickness of tye material
etched., Compatible results wefe obtained by re-etching’the
same piece several‘times. | | ‘

'l; The optical density of UV 1igh¥efrensmitted'thrbugh,the

‘¥-irradiated film was measured by.a-Shimazu'UV%200,5double
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beam spectrophotometer.
In order to examine the registering sensitivity of Y—
irradiated film, a sample film was dirradiated with gq-parti-

cles of different energies incident perpendicularly on the' >

£ilm surface.‘ The a-particles were obtained from a 212Pb:

source in radioacfive equilibrium with 21231 and 212Po

The 212Pb was electro-deposited on a nickel plate from a |

RdTh source(9), and the a-particles were passed through
various thicknesses of air layer and thin polyester filums
to atteﬁuate their energy. These films were‘then etched in
6 M sodium hydroxide solution at,50°C, and intermittentlY’
~observed under an oﬁtical microscope toidetect.the.agpear—, ‘¥>7

ance of tracks.,

..h—2—3 Results and Discussion
4~2-3-a Concentration of Etchanf'

To detérmine the etching parameters, e.g. concentration
of etchént‘and temperature of etching process, first the
| bulk etching rate in mg/cmz-hr (corresponding tp half the
- weight loSs'per cm2 of the film after etching) was estimated"
by changing the concentration of sodium hydroxide solution'l’
at 50°C using a film irradiated to a Y-dose of 1.0 x 10/
rads. Tﬁe results are shown in Fig, 4.2.2. It can be seen
‘that the.bulk etching rate fof‘the unirradiated film (A)
dependedflinearly on the concehtrétion of sodium hydroxide';
/ sélutiOn, while that for the V-irradiated filmv(B) was éatu—k

‘rated at above 7 M of sodium hydroxide'solutiona  The’ratio'
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of these bulk etching rates B/A was revealéd tqbbe éonstaht'::
between 3 M and 6.5 M sodium hydroxide solution;‘ For the
. ensuing experiments, it was decided that 6 M sodiqm hydroxf
ide solution would be thé most suitable asvéolutiOn for éfér»’
ching the ¥-irradiated film, | |
4~2-3-b Temperature of Etchant

‘ Each'Y—irradiated film was etched ina 6 M sodium hy-"
droxide solution by changing its teuwperature from 30 to
80°C. The results are shown in Figs, h.Z.j and 4.2.4. It
can be observed in Fig. 4.2.3 that the bulk etching rate ét
each temperature dépended on ¥-dose above '3 x 106‘radSr
AThié effect indicates that celluloid film can be utilized a5.§e .
dosimeter for high dose V-ray irradiation. The ratio of
bulk etching rate between that of the Y-irrédiated‘fiim énd
 that of the unirradiated film is plotfed in>Fig, 4,2.4 as
function of etcﬁing temperature for each‘V—absdrption dbsef
It is revealed that the ratio has a ma%imum value at‘ébout»f
'.5000;.where the radiation damage induced in the celluloid
film can be conSidered to be the most accentﬁated@ The et-
" ching time had to be shortened when the temperaturevof.thé-
- etching solution was high, beéause of the fading effect of
the celluloid reported by.Hasegawa at al.-(softening point
of this film: 70 + 5°C). The maxima observed in Fig. 4.2.4
‘suggest thaflthe radgatian damage éaused by higher ¥Y=absorp-
tion dose could have been partially faded'duriné the high-k;
: témperatufe_etching, gnd that beyona a certain tempérafure

this negative‘factor for the etching became predominant.

C . .. o - 65 -
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By using 6 M sodium hydroxide sdlution the best etching ¢on-.
dition was at 50°C; which agreed precisely with what had been
reported by Somogyi et al, as the optimum condition for devel~

4oping the a-track(lo).

The free energy of activation for the chemical etching
process was also estimated. It has been previously shown

by Benton etmal.(ll)

that the etching rate can be expresSed 
by the relation

Vg = D exp [-(FA - FB)/kT], ‘

where Vﬁ: Bulk etching rate
D :‘Constant
-~  ‘, - F,: Free energy of activated compiexv ;“.’ ;f S
| FB: Free energy associated with‘bulk:polym§f 
and etchant . o
k Boltzmann‘constant

T : Témpefature of reactant in °K.

The activation free energy AFé* is eqpal to (FA - FB). By
‘plotting In Vg veréus 1/T as shown ih Fig,,h.2.5; AFB*/k

can be found as the slc?pe of the straight line. The A'FB*
values obtained for seﬁeral Y—irradiated films in 6 M SOdiuﬁ.
' hydroxide solution are;shpwn in Table 4.2.1. The activation
free energy for a dose of 3.5 x 107 rads was found to be
about 18 percent highef than that for unirradiated film.

At the same time, it can be seen from Fig. 4;2,5rthat the
etching rate is emnhanced with increase in the dose of prewi

irradiation. These tqndencies can be attributed to the

degradation of the celluloid film_and/dr>the decrease'of’_f
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 Table 42l Activation free energy according to treatment of film

*

Treatment. - - | - vib_AFB

Unirradiated »-"k.i'*{i'0.99'ev
1.0 x 107 rads - - L 1.04 eV ff_

2.0 x'lO? rads: - o 1.10 éVv,"'

8.5 x 107 rads . - lazeV. . ™ o




camphor content due'to.Y—irradiation.> Therefore, the optical
bropefty of the celluloid film before the etching has been
investigatedvin order to observe the latént damage.f. |
4-2-3-c ~ Optical Measurement

The obtical density of UV light transmitted through fhe
V—irradiated film.was measured. The results are shown iﬁ
Fig. 4.2.6. The optical density of unirradiated film de-
creasedvsharply at about 320 wmp upon increasing the UV wave=
length; As the V-absorption dose of a filwm increased, the
UV light absorption curve of the film shifted towards_ﬁhe
longer wavelengths; This fact might be applied to the dosi¥
metry of ¥Y-ray irradiation together with the gravimetric - EFI
method mentioned above. Such a changé of the optical-Qua-
lity of a film may be ascribed to the degradation of the
polymer by.?-irradiation.v The radiblytic species might.bé
changed by altering the atmospheric conditions during Y%
irradiation., Particularly, the presegce of oxygen in the
surrounding atmosphere had been found to cause a significant»
_ increase in the q-track etching raté(7), -The results as
shown in Fig.,h.2.6 weré obtained undexr oxdinany aﬁmeééﬁsﬁaa_
4-2-3-d Sensitivity of Alpha TracklRegistration

In order to examine the a;track registering éensitivity
on the V-irradiated celluloid film, pieces of the film wére‘
irradiated with a-particles of different energies (3.0,'475
and 5.8 MeV), |
- Lét us denote . by R(E) the réai range. of a-particle

.havingfenergy E, and by R(Ec)’ the range'of the~a~pérticle—f
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having the critical registration energy E_. If R(E) > R(E ),
c

the region of range R(E) - R(Ec) may be etched with the same

rate of bulk etching, Vg. The time (t+) required for a-track

appearanbelon the etching is defined by the formula
¢ = [R(®) - R(Ec)] / Vg

The variation of q-track diameter for the film pre-irradiated
wiﬁh a Y-dose of 2 x-lO7 rads is shown as function of the
~etching time in 6 M sodium hydroxide solutioh at 50°C in
Fig. 4.2.7. Using both the V, values obtained in Pig. 4.2.3
and the t values obtained as the intercepts of the abseissa
in Pig. 4.2.7, R(E) - R(Ec) is calculated by the above .equa-
tion. The dependence of this value on a-particle energy is -
shown in Fig. 4.2.8, from which can be seen that the critical
‘registration energy (cf. intercepts with abscissa in Fig.
“4.,2,8) deereases with the Y-absorption doses of the eelluloiqe
film. |
| If the units are normalized; the'value of the ordinete
" of Fig. 4.2.3 and the slope of the line in Fig. 4.2.7 can be
compared with each other as a measure of etching rate. The
buikvetching rate (VB) is found to be larger than that of the.
:a-track (VT) above about 5 x 106 rads. Therefore, the Yfray
pre—irradiation of celluloid film is mnot a suitable treatment
insofar as concerns a;track registration, because of the
decrease of the ratio,VT/Vé.- Yet, the pretreated film has.
‘the advantage that latent tracks of-a-particles exceeding ?hek
cfitical energy can be developed mere quickiy than inrthe

case of non treated film.
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h—é-h Conclusion

Gamma-irradiation‘produces radiation damage i.e. latent
tracks in the celluloid film., The optimum efching condition
was found to be 6 M sodium hydroxide solution at'5OOC, and
the activation free energy of the V-pretreated film increésed
slightly with the Y-absorption dose. The UV light absorption
curve of the film shifted towards the longer wave length side
with the Y-absorption dose. These measurements have iﬁdicated
the possibility of applying the celluloid film tokdosimetry
 of high 7V dose. | |

Thé‘sensitivity of the VY-irradiated film for a-track
registration was'examinea, and it was found that its‘criticab§
energy decreased with the absorptibh dose in Y;pretreatmeht.
Suchva change of critical registration energy of solid state
track detectbrs should be taken into éccount when feéiétering

“heavy particles under high ¥-ray background.
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Chapter V. ' On Hydrazine Formation with Boron
Compounds Added(l)
5-1 Introduction
There are a number of points of similafity between the
- (2),03) he

radiolysis of liquid ammonia and that of water

primary products of the radiolysis of 1iQuid_ammonia‘are H_, .

2
N2Hh’ +H (or eam) and 'NH2 corresponding to H_, H202, °H (or:
ea;) and °OH frow water, respectively. The major radiolytic

differences between ammonia and water, on the other hand,

lie in their primary radiation chemical action, and thebde;

composition and formation yields of their derivatives. , .
Particular interest has been focused on the formation

of hydrazine in the liquid ammonia system, the yield of which

is generally very small and strongly dependent on the type

of irradiation and the dose(2) ~ (8). The G-value for hy-

drazine formation in the 6000 Y—radioi&sis of liquid ammonia

"has been‘reported to be about 0,2 ~ 0.003(2) ~’(5). By dir-

radiation with fission fragments, there have been indications

that the G(N2Hﬁ) valqe may be as high as 1.5 ~ 0.1(6). Both

in—pile-and fission fragment irradiations of liquid ammonia

have been studied by Landsman et al.(7), who have found the

:'G-value to be 0.11 and 1.10, respectively. Since the G-value

_of hydrazine rapidiy decreases with increasing dose; the max-—

imum G-value is attained only at a relatively small total

dbse of energy(S){ |

On the other_hand, the Y-radiolysis of aqueous solution
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of ammonia has been studied by only a small number of inves-—

(9) ~ (11) (9) (10)

~tigators Sorokin et al, and Sakumoto have
reported that the yield of hydrazine depends on the concen-
tration of ammonia, and that if has a maximum value at 50
mo le percént. In frozen ammonia-water system at 77°K, fhe
yield of the mNHé radical, which may be a main precursor of.
hydrazine, has also been reported as a funétion‘of_the am-
monia cdncentration by Al-Naimy et al.(ll);

The present chapter coveré the results obtained from
a basic study on the effect of the 1OB(n,a)7Li reaction on
hydrazine formation in an ammonia-water system containing
a boron compouﬁd. The LET value in the 1OB(n,a)7Li reaction_wv
is high (about 280 keV/u) in a medium of uﬁit density. When
a boron compouna is dissolved in the system, the average
‘kinetic enefgy of 2.33 MeV of the reaction is completely ab-
"sorbed in the surrounding wmedium, In this connection, the
reaction 235U(n,f)F.F. should be the ;ost suitable as source

of high: LET radiation(lZ)

, for its emnergy release.amounting
to about 170 MeV, but this aspect will be discussed later on.
The result of 6000 Y-ray irradiation of the same system will

also be treated in comparison with that of pile irradiatiomn.

5-2 EXperimental
_5—2—1 Sample and Irradiation

A known amount of'ammoniumrbordﬁ fluora£e (NHhBFu) or
eise éthylamino boron trifluoride (02H5NH23F3) wéé dissolvéd'

.in an aqueous solution of ammonia, and put in a quartz am-*
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poule (10 wim i.df), which was attached to a vacnum line for
degassing at dry ice temperature. After repeated degassing,
the awmpoule was‘sealed and irradiated With‘pile'radiation

or with 6000 Y-rays. All chemical reagents used were‘of G.R,

grade, The pile irradiation was carried out in ome of the

three columns of KUR (Research Reactor Institute, Kyoto-Uni—

versity, 5 MW): The pneumatic tube (Pn-2), which had a ther-
13 -2

mal neutron flux density of 2.7 x 10 cu sec-.1 with.an

accompanying V-exposure rate of 1.1 x 108 R/hr; the slant

column (Slant), of 3.9 x 1012 cm—2 sec-1 neutron flux and

7

L.o x 10 R/hr ¥Y-exposure rate; and the thermal cblumn (E-2) '

of 8.8 x 100 cm? sec”! with less than 10° R/hr, A‘6OCO

5

C e
hS

source with an exposure-rate of 2.1~ 5,6 x 10° R/hr, in

the Institute of Scientific and Research, Osaka Universit&,
was used for the ¥-irradiation. In order to study the highen'r
dose-range and doée—rate effects at fixed neutron flux, the
irradiations were carried out at concentrations of the boron

: compound ranging up to 4.35 mol/o. Since the boron compounds
‘used were soluble in aqueous aﬁmonia solution, the energy

of the nuclear reaction could be considered to Be completely‘
.absorbed in the medium. The absorption dose resulting from
the lOB(n,a)7Li reaction could be determined simply by ex-
ternally monitoring the thermal neutrnn flux at the position"
of-irradiétion, knowing the boron content of the sample.,

The flux depression at the sample containing boron was less

than one percent, so that it could be neglected in this'cése.”

Table 5.1 shows the dose-rate resulting from the neutron
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Table 51 Dose rates from lOB(n,a)7Li reaction of 1 mg of
natural boron, and Y dose: rates in ammonium

hydroxide~solution, in three columns of KUR

Column lOB(n,a)7Li dose-rate(eV/ml.-min) - y dose-rate(eV/ml-min)

Pn-z - 15x10® . 1.2x10%
Slant 2 x10Y9 . 4.1 x 109
E-2 5.8 x 1087 . <1.5 x 10%7

"
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capture prbcess of 1 mg of‘natural boron in the three éolumns
used in. the KUR. |
5-2-2 Analytical Procedure

Forhthe determination of hydrazine, the irradiated am-
poules were frozen in dry ice with alcohol and then crushed.
Some of the irradiéted samples were allowed to dissolve in
hydrochloric acid., The hydrazine produced was analyzed spec=-
trophotometrically by means of a Hitachi Recording Speétro-
meter (EPS-3T) on suitable aliquots, using p~-dimethylamino~
'benzaldehyde(IB). Nitrogen and hydrogen were determined |

with a Hitachi RMU-5B mass spectrometer.

5-3 Experimental Results
' 5-3-1 Trradiation in 9°Co Y-ray Cell

Thé 6000 ¥-radiolysis of an aqﬁeous solution:of ammonia
up to 24,5 M was carried out at room temperature. The yields
of hydrazine_shqwed a constant concentration of 0.7 ug/ml
in the region of 6 ~ 16 Mat 1 x 1020 eV/ml, This value of'
h&drazine'yield agreed with that obtained previously with

20 eV/ml(lo). In fur-

11 M ammonia solution at about 6 x 10
ther‘experiments, 15 M ammonia solution was used in consid- '
eration of the following points:-(a) the yield of hydrazine

therein was thereby expected to approach that in.the case of.

(9),(10)

liquid ammonia , (v) little variation in ammonia ‘con-~ -
centration in the solution was expected during the irradia-

- tion and (c) the concentration was suitable for the stand-

point of reactor safety.
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5-3-2 Irradiation in Pile

The sample of 15 M ammonium hydroxide solution was ex-
_posed to a constant Y-absorption dose of 1 x 1020 eV/ml in
‘either of the two columns Pn-2 and Slant, Qrbelse in éhe
60Co V-ray cell, Since the accompanying V-rays and fast
neutrons in the E-2 column were much smaller than in the
Slant, the irradiation in the former could be regarded as a
pure thermal neutron exposure. The irradiation in the-E—Z
was carried out until the estimated mneutron dose was equal.
to that obtained in the Slant. The resulting yields of
hydrazine in ug per ml of 15 M ammonium hydroxidé.solution
are shown in-Table 5.2. It can be seen that the hydrazinev
yield in the Slant was about twice fhat in the 6000 Y—celia
This can be eXplained as follows, Addition of the hydrazine
yield in the E-2 to that.in.ﬁhe 6000 Y-cell, would.be ex= .
pected to give thé aggregate effect of both thermal neutron
and - gamma rays,bwhich should equal th; yield obtained im
the Slant.

The yiéld of hydrazine in the Pn-2 at dry ice.tempera—
ture was ten times that in the Slént. Température depénd4v
~ence of hydrazine formation in the Y-radiolysis bf iiquid

" ammonia has been reported by Sorokin et al. who give the

values of G(N
159(9)

. O

H = 0. - H = 0,

2vu) 0.18 at -70°C and G(N2 4) 0.01 at

In the case of the aqueous ammonia solution, the
temperature dependerice is smaller than in liquid.ammonia.

© B=3-3 Irradiation in Pile with loB(n,a)7Li Reaction

As shown in Fig. 5.1, the N, H,

concentration increased

- -



Table 5.2 Hydrazine yields in 15 M ammoniunm hy’drox,ide;
solution at 1 x 10?0 eV/ml dose

Column _Nathﬂg/ml NH, solution G-value - Temperature
Pn-2 : 15.5 + 0.1  ;’f_  .29 Dry ice tenmp.
Slant 1.3 + 0.1 ‘_’_ ﬁai':, 0.024 1,>Cooling water .

temp. (~40°C)

.

_— ! 0.5 +0.1 ©0.009%  Room temp.

14

60Co Y 0.7

1+

0.1 ) . 0.013 | Room témpo.
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Flg. 5.1 Effect of 1OB(n,a)7Li reaction on 15 M amtr‘x.onium
hydroxide solution
Yield of N2H14 according toz con’cen#ration of NHhBFh_
O: 10 min Q: 20 min ®: 40 min |
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with the amount of NHMBFM added as boron compound; but it
"waé-independent of the duration of irradiation. Imn the case

H_NH,BF. H vyi ' ' ’
of 02 5N 2B however, the N2 ) yield increased up to 5 x

1021 eV/ml and then decreased as seen in Fig., 5.2. Thus,

the boron coiwmpound appears to have acted chemically as well
as rédiologically according to its chemical form., In order
1 to study ﬁhé purely chemical effects of the boron additives,
| 6000 Y-radiolysis was carried out. The results obtainéd‘
with seyeral different kinds of additives are shown in

Table 5.3. It can be seen that isopropanol, which is known

(&)

to be a strong radical scavenger , contributes particularly

to increasing the hydrazine yield. The presence of ionic T
compounds such as NHuBFu or NHuCl also contributed somewhat:

to increasing the yield, although these cOmpounds had been
reported to be either noneffective or_else inhibitive in

(1), (8)

"action for N_H yield in liquid ammonia

27
Figure 5.3 shows the yields of hydrogen and nitrogen

.

as a function of the total absorption dose for the case

with and without NHQBFM addifion in 15 M ammonium‘hYdroxide
solution in the Slant. No effect of the additive is discern-
ible for the yields in the lower dose range., In the higher
doses, fhe effect of the additive is manifested in the form

of deviation from 1inearity.. The yield ratio H2/N2 is plotted
‘against thé total absorption dose in Fig. 5.4. The valué |

. of this ratio is seen to saturate at 4.8 above 1.5 x 102l
eV/ml in the case of 15'M ammonium hydroxide solution, and.

21

at 5.2 above 2.5 x 10 eV/ml in the case of the same solu-
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| N2H; [pg/ml NHzsolution]

N,
o

Total dose (eV/mlNHgsolution) x1072

Fig, 5.2 Effect of 1OB(n,a)?Li reaction on 15 M ammonium’
| hydroxide solution

Dose dependence of N2Hlt concentration obtained

with CZHENHZBFB or NHL;BFL; as boron sourc?
Irradiated in the Slant column of KUR,
“1: [} No additive 2: C2H5NI-12BF3

3: 0 NHL;BFL; 10 min 4: Q@ NHL;BFA 20 win
5: @ NH, BF, 40 min
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Table 5.3 Effect of additives on hydrazine yield in .
v radiolysis of 15 M ammonium hydroxide

solution at 3.8 x 1020 eV/ml dose

3. 3 . . ’ T y . )
~Additdive nmol/o | | h2H4 Pg/ml NH, solution

None 7 oo
_caﬂsoH 35 - "'fi,i7' 090 .
(CH,) ,CECH , 0.25. N B
5 o ess
s . 0.0
0.25 B - o ;“V,-'o.83
3  i . ,*1.55 -‘

CHNHBFg  0.25 . [ 1.20

CClQ

_N&QBFQ',‘

3 o {,.1iia-:;  1.85
NE,CL o025 . D },F0;77:'
| - 8  _"f -'. f¥\:. :'l‘22. £
cHoH" o g
0.8 1 ens
N 2
3. | | 28,0

(CHg),

* Pile radiolysis of 15 M ammonium hydroxide solution

at 4.0 x»lOZD}eV/ml dose in the SIant column.
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~tion with NHuBFu additive. The black circles and triahgles

in Fig. 5.4 show the data obtained in the Slant and the
white symbols those from the 6000 Y-cell. The différence

in conditions of irradiation appears not.to affectrthe ratio
of Hé/N2 to any significant extent. The ratio 1s seen to
-be distinctly 1arger than the value of about 3 which was
found in the case of liquid ammonla(B). Thls indicates that
the water present in thé_System plays an important role on

the ratio.

5-4 Discussion

The formation of hydrazine during the radiolysis'of 55

(3), () e

liquid ammonia has been exten51vely dlscussed

ma jor source of N H formation has been thought to be the

2L

dimerization of NH2 radicals in the particle track:

In an aQerus solution of ammonia, it has been reported that

‘the yields of N2 ), as well as of NH2 radical depend on the

concentration of ammonia. Hence, it is naturally considered
that hydrazine is produced by the dimerization of NHé radi-

cals. As for the mechanism of formation of the NH2 radical,

the results hitherto reported can be summarized as follows

(9) ~ (11),

".OH ¥ NH3 —> NH, + H)0, | (2)
"H o+ NHy —e> NH, o+ Hp, (3)
H2O+ + NH, —> NI, + H30+,_ ()
NHu+ + e — NH, + Hy, - GB)



NH.T + e  —» -NH. + -H. (6)
On the other hand, the hydrazine molecules once formed
dﬁring their diffusive wmovement, can be destroyed by reac-
tion wiﬁh radiﬁals or electrons. The major}decomposition

reactions that have been suggested are

e”  + N,H, —> -NH, + NH2‘, (7)

*H + NZHh —[: 'NH2 + ,NHj L (8)

N _H + H

273 2°
-NH2 + NgHu —_— °N2H3 + NHB. (9)

.Thus, the hydrazine concentratioh»evéntually reaches satu-
ration at a certain dose-level. The calculation of the G-

value of hydrazine presented in Table 5.2 is based on fhe o

o

concentration of hydrazine formed at a dose of 1 x 102 eVﬁml,

The saturation value of hydrazine concentration depends not
only on the LET and other irradiation parameters but also
on the type and amount of additives, such as radical scaven-.

gers. In the case of Y-radiolysis with 3 mol/o NHABFA or

NHACl added, the NZHA yield increased to a value several

times that of the case without additive (cf. Table 5.3).

Ionic salt such as NHMBFM or NHuCl is a strong electrolyte
and furnishes ammonium ion, The ammonium ion thus formed -

is neutralized with an electron b?.the reaction (5). . This
reaction accentuates the decrease of e , though this electron
reacts with NHh+ about 100 times more slowly than with N2Hﬁ 
(1¥)° On the other hand, in pile-radiolysis, the hydrazine

yield frem 15 M awmmenium hydroxide 'selgtiank,with NHHC;L was

. reduced to zero.



The efféctive electron or fadical scavenger may compete .
rwith hydrazine for the diffusing radicals and protect a
hydrazine molecule from decomposifion; thus increasing the
NZthyieid. The presence of isopropanol has a marked pro—
tecting effect as seen in Table 5.3. Isopropanol pro-
duces a hydrogen molecule ffom the reaction with a hydrogen

- radical. In this case, the high LET radiation favors the

(15)

hydrogen atoms With increasing concentration of the
additive, the hydrogen radical will also increase in pile-
'radiolysis; thus to a decrease of the NZHM yield, as indi-

cated in Table 5.3, The results_obtained from 10B(n,a)7Li

radiolysis in the presence of NH#BFQ show that the'N2Hﬁ RN

4

yield for a constant concentration of added NHﬁBFq is inde-
pendenf of the duratibn of irradiation (cf. Fig. 5.1)., An

- explanation for this can be given when considering that a
boron compound such as Lewis acid of tpe type BF3 or their
'NHé—adduct is formgd by the hot atom effect of thé.lOB(n;a)
7Li reaction in the system. It has been reported by.Stacklin
et al.(8) on the radiolysis Qf liquid ammonia in the preéence
~of a Lewis compound NHBBFB that this compound exhibitsvak
strong protecting effect against fadiation deéomposition of
hydrazine. If the added boron coﬁpound transforms intq.a
Lewis type cémpound by the energy of the loB(n,a)7Li radio~
lysis and if the product has a life so‘short_as to be present
Amin the system in constant amount during the irradiation, the

NéHa yield can be independent of the duration of irradiation.

In the case of C_H NH2BF

2y 3 as additive, the N_H yle;d

27
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: 21 '
has a wmaximum value at 5 x 10 eV/ml as shown in Fig. 5.2.

At comparably low doses, CZHSNHZBFB is expected to be rup-

. tured to form a hydrazine precursor -NH, BF afterﬂohé of

2 3

the two series of reactions

C_H_NH,BF + oH —sC_H_+ NH BF (10)

2'5 7273 25 : 3 3

H_BF ‘H . B
and N3 5 ¥ — H, + -Ni, FB (11)

H NH BF_ Aawvw-+C H .NH_BF_.
or 02 5 NH, BF C,Hy + 5 F3

Equation (10) expresses not only the Lewis nature of CZHsNHg_

H5 (bond

(12)

BF,. because it takes up +H to exchange with- «C

3 2
energies: N-H 93.4 Kcal/mol, N-C 69.7 Kcal/mol) but also the

formation of the Lewis acid NH_ BF

33
(11) which takes up another +H radical. This repeated up-

as shown by the reaction

© take of <H radical is revealed clearly on comparing the
oufves 2 and 3 in Fig. 5.2 which have been obtained under
the same experimental conditions CZHBNHéBFj and NH&BFq.
The 'NHéBFB radical thus formed may produce some adduct of

hyrazine :
. B + . . . -
NH,,BF NH, —> FBB NH2 NH,, , (13)
NH_BF. + «NH BF_ -——» F_B.NH_:NH_-BF ‘ 1
2 3 2 3 3 2 2 3 (14)
The radical *NH,BF, is heavier than -H or -NH,, so that it
has smaller chance to diffuse out of the track. Thus, C_H -

2 5

_NHzBFj or the accompanying -NH2BF3 radical eliminates the - H

or -NH2 radical which promotes the decomposition of the

hydrazine (cf. reaction (8) and (9)), meaning an increaso of
H i .
',tFe N2 I yield

‘On the other hand, in the higher doses, such as in the

descending part of curve 2 in Fig. 5.2, radiolysis of the.
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added CZH5NH2BF3 may lead to a rupture of the C-Hrbond,vgiv—'

ing rise to an excessive increase of <H concentration which
can no longer be scavenged by the above mentioned Lewis ef-
fect. The surplus +*H radical decomposes the hydrazine to. -

decrease its yield.

5-5 Conclusion

The yield of hydrazine upon radiolysis of 15 M ammonium
hydroxide solution was found very small but strdngly depend-
eﬁt on the t&pe of drradiation. In the case of 60Co Y-radio-

lysis, the N H yield was smaller than in liquid ammonia .

2L

. When an ionic boron compound NH#BFA was mixed in ammonium e

hydroxide solution, the NZHh yield increased but still did

not equal the corresponding value in liquid ammonia. The
molecular boron compound CZHBNH2BF produced the'same-effect‘
~as the ionic compound. In piie;fadiolysis can be expected

to prévidevthe combined effects of both Y—radiolysisband-

neutron radiolysis. A boron compound present as additive

could produce two results: (a) the hot atom effect of 10B

‘(n,a)7Li reaction and (b) the radical scavenging effect 6f

"the resulting lewis type acid. The NHQBFM appears to provide

the Lewis acid in the form of NH,BF . The C_2H§NH2BF3 is dit-

self originally of Lewis type, which, by exchanging its.
-02H5 for-+H, produces another Lewis acid NHjBFj, thus ex-
hibiting a double scavenging action to protéct hydrazine

. decomposition. On the other hand, at comparativély high

doses of dirradiation, the free radical -+H produced from

L
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Chapter VI. Summary

Concerning so far mentioned behaviors of recoil atoms.
associated with a-decay and reactions of 10B(n,a)7Li with 
chemicai matrix are summarized as follows, |

In chapter I, the brief overview on recoil‘chemistry.
and hot atom chemistry is given, before the standpoint of
the present study is explained. Gaseous eléctro—deposition,
solid state track detection and chemistry influenced by
recoil emergy are three main parts, first of which is in
chapters II and III, the second and third are in chapter IV
and V'fespectively. | |

In chapter II, selective gaseous eleétro—deposition of  ~.
decay nuclides of thorium is taken up. Measurements on the
active deposits obtained at the target indicate that; when
no potential is applied to the target, the deposition pro-
cessvchiefly depends on one of the daughter nuclides, 220Rﬁ
while ﬁnder‘negative potential appliea to the target, it
mainly depepds on the recoil atoms with positive charges
produced by a-decay. In the experiment using a cabsule withv:
.three electrodes under normal pressure starfing from the
"same sourceA212Pb deposited omn the.grid net, and 208T1 on
the target selectively. The mechanism of the electro-deposi-
tion process under electric field with and without a‘grid
is explained by the decay pattern shown by each nuclide.

In chapter III, behaviors of recoil atoms in the electro—k

deposition under pressure below atmospheric are explained.

-The results obtainéd are summarized as follows. (l) The
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active deposits obtained on the target under pressure except

208Tl. (2) Under pres-

208

-whefe a discharge happens is mostly
sure range of 10 ~ 760 mmHg, the deposition of T1 depends
on the electric field, accordingly an experimental equatién
between the critical electric potential and the pressure is
obtained. (3) In the case where the range of a-reéoil atoms
is large enough to travel from sourcé to target for the mass~
transfer, the recoil is prior to the applied potential. (h)»
In discharge condition, the pattern obtained on the targetv
is identical with that of the source, indicating the evépo~
b'ration by electron irradiation and the transference along
electric field line. | | ; -

In chapter IV, the interactions of a- and Yfrays with
celluloid film,which is‘one of the wmost senéitive polymers
to the radiation damage, are examined from the point of solid
state track detector. The results obtained with this film .
using a-particle from several o—-emitters are summarized as
follows. (1) The alpha spectrum is easily obtained asla
curve‘of track number versus absorber thickness. (2)‘The
alpha track pattern obtained by thick source or solutionﬁl‘
drop of radiocolloid is easily obtained without the influ-
ence of sun light, 8- and 7-rays. |

The results obtained invregard to the effect of V-~irra-
‘diation of éelluloid on ad-track registration are summarized.
as follows. (1) Gamma—irradiation'produces_radiation damage,
' 6

i.e. the latent tracks in the film at the dose above 2 x 10

rad. (2) The optimum etching condition examined by weighing

- 99 -



a piece of the film before and after etching is found to be
6 M sodium hydrbxide»solution at 5000; agreeing wifh that

of g-track., (3) The activation free énergy of the Y-pre-
tréated film increased slightly with the V-absorption ddse;
(4) The UV-light absorption curve of the film shifts towards
the longer wavelength side with the increase of Y—absorption
dose. (5) Both the gravimetric and the optical methods sug-
gest the péssibility of applying the celluloid film to dosi~
metry of a high VY-dose, (6) The critical'energy decreases
with thé increase of absorption dose in'Y-pretreatment, warn-
ing thaﬁ its variation should be taken into account when
régistering charged pérticles under hign ¥-réy baekggound;,.

In chapter V, the effect of boron compound additives

such as NH&BFu and CZHSNHZBFB on hydrazine formation in the
radiolysis of an aqueous solution of ammonia is examined.
The results are summarized as follows. (1) The yield of
hyérazine upon radioiysis of 15 M ammonium hydroxide solu-
tion is found to be very small but is-strongly dependent on
the typé of irradiationmn., (2)fIn the case of NHMBFM addéd;
the yield of hydrazine depends on the boron concentration
but does'not depend on the irradiation time. (3) Hydrazine
formed in the presence of CZHSNHZBFB has a maximum Value at
about 5 x 1021t eV/ml absorption dose. (4) The characteris;
‘tics of the added boron compounds afe’explained by the hot‘
atom effect of loB(n,a)7Li reaction and the protecting ef-
féct of the resulting Lewis type acid, which inhibit the;-

decomposition of hydrazine by scavenging the H ahd. NH2 
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"radicals.

The application of the energy of nuciear transformation
to a chémicél preparation is hopeful to be developed. In
particular, in the case of an active nuclide which cpnsists.
in a molecule o? a compound, we should Ee taken into account
that there are not only an energy source in situ but also aﬁ
effective centfe of hot atom or protecting effect>de80ribed

in chapter V,

44
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