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GROWTH IN WORKS ON 1SOTOPIC POWER.

IN THE USSR

G, M. Fradkin, N, Ye, Brezhneva,

2. V, Yershova, N, I. Bogdanov,

V. M. Kodyukov, A. N. Voronin,

A, G, Kozlov, Yu. A. Malykh,

B. V., Niklpelov, A. I. Ragozinskly,
V. V. Fedorov, and Yu. V, Chushkin

State Committee on the Use of Atomic
Energy of the USSR

Given 1in this report are data concerned with the cereation
in the USSR of 1sotopic thermoelectric generators intended for
the power supply of oceanographic and navigatlonal derlces,
hydrographic stations, automatle radiometeorological statlons,
magnetic variation stations, high-mountain stations of cosmie
reys and other scientific research astatlions and devices of ground-

vased purpose,

S¢ientific«technical bases for the creatlon of such power
sources are examined, and characteristics of some models of
the generators are glven.
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Radlolsotope Fuel ;

Today more than 1000 radioactive isotopes are known., 1In
order to sele¢t the fuel for the isotoplec thermoelectric generators
correctly, a detailed study of their nuclear physical properties
is necessary, in the firgt place, the rate of the gchange in the
number of initlial nuclei (burning rate) and ocontent of energy
released at one event of the decay. The most sultable as a
radicactive fuel are lsotopes with a half-life <T1/2) within
limits of 100 days~100 years (~50 1sctopes), from which 12~15
isotopes can be obtained in large quantiltles,

Yo

T - BEREN A T )RS - T

TR R

The major advantage of ¢{-radicactive lsotopes is the high
value of the enhergy release for the event of the decay, whereupon
its basic part turns into the kinetic energy of the &-partlcle
and the recoll nucleus whose path completely fits into the volume
of the radicactive preparatlion and in walls of the shell of
the lsotopic element. PFor some radlocactive lsotopes (which are
the parent materials of the ochaln of radlcactive conversicns =-
227Ac, 228Th and 232U) the total energy release for one event
of the decay of the parent isotope 1s 30-4C MeV, which 1s
commensurable with the fisslon energy of heavy nuclel, Also
the fact that with of-decay the majority of the transitions occurs
at the main level of the daughter 1lsotope, and when there is
considerable probabllity of transition to the excitation level,
the excitation energy 1s small, With B-radiocactive decay (as a
rule, the mean energy for decay EB < I MeV) there is an accompany-
ing braking and J’-— emission, but the B-radiocactive isotopes
are more available.

BT T T e O | L e Tt R S T I oy

Pogslble sources and methods for the obtalning of isotopes.
On the basis of radiation and physical properties of isotopes, and :
also the possible sources and methods for obtaining them, it is 3

FTD=MT-24-2140-71 2 !




possible to produce the selection of the irotopes most suitable
as a fuel [or the lsotople sources of electrical energy (see
Table 1). . )
The bulk of the fragmentation radiolsotopes, including the
most widely utilized strontium-90, are obtained as & result of
the treatment of the discharged radloactive solutions. To ease
the problem of the isolation of radiochemical pure elements, in-
cludins strohtium-Qo. the method for group concentration based
on the depositlon of the calcium of oxalate is used. The use
of the indicated method makes it possible to divide all the radio= , o
active fission-product elements into two groups: one = containing .
strontium, yttrium, rare-earth elements and americium, and the
other - containing cesium, ruthenium, zirconium, niobium and
ballast impurlties, '

L Most promising today 1s the extraction separation of alkali=-
= | earth elements with the isclation of pure strontium. In this
case extracting agents are used - di-2-ethylhexachlortophosphoric
acids 1in kerosene from a nitric acid medium and a solution of
3alicylaldoxym (SAO0) [Translators's note: this compound not
found] in tributylphosphate from an alkaline (sodium hydroxcde

or ammonia) medium, 3

When evaluating the selection of a radiocactive isotope as /
& source of thermal energy its cost 1= of great significance, ‘i
which is especially for isotopes which rapidly decompose. For 1
the cost of the latter, for example, use of the express method
for the extraction, at which the rate of treatment reducesg the
losses of productlion for decay is of decisive importance. Thus,
for polonium-210 the express method of the extraction of 1t by i
distillation from enriched bismuth with repeated recycling of the -
bismuth can be appliled.

FTD=MT-24-2140-71 3
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The obtaining of thermally stable compounds of polonium from
the vapor phase in this case ensures the high degree of the safety
of the production and operation of the generator.

AT

k.
&

Radinactive isotopes are used as a fuel in the form of the
special preparations placed into a hermetically sealing shell,
From the viewpoint of radiation safety they should be a closed
source of thermal energy with an activity of up to several hundreds
of kilocuries with a high degree of airtightness, and should
possess meéchanical, thermal and corrosion resistance.
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Since the radiocactive lsotopes are potentially bioclogically
dangerous, the fuel has special requirements, The radiocactive
: preparation must be in the form of a solid, whieh is non-crumbling, L
i . practically indissolvable in sea and fresh water, not sublimating g
1 and not entering into reaction with air, water and the material |
of an ampoule of the substance, whicech alsc should have a high .3
radiation and thermal resistance.

i From the viewpoint of radiation characteristics, the prepa-
§~ Lo ration should contaln the smallest possible quantity of admixed )
radioactlve isotopes with a hard neutron and J= radlation, and ?
the stable lsotopes, which enters into the composition of the F
chemical compound or being the carrier, should consist predominantly
of elements with small (in the creatlon of fuel on the basis of

. o= radioactive isotopes) and with large ? (in the creation of

! fuel on the basls of P-gradioactive isotopes), The latter

requirement makes 1t possible to decrease the yield of the braking
and neutron radiations of the isotopie unit. The fuel material
should also possess suffilicliently high thermal conductivity and

not contain large quantltles of admlxed radlioactive isotopes

with a half-life differing significantly from the baslc isotope.
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The low thermal conductivity of the preparatlon gives rise to
| @ considerable temperature difference inside the thermal element
? and to the possible disturbance of 1ts. heat resistance, the con-
§ tent of a considerable quantity of short-lived isotopes -« to &
. ! oonuiderable decrease in the initial power and of long-lived
| | isotopes =« to a reduction in the specifilc activity.

; The requirements for the design and material of the ampoule
; proceed from the fact that the constructlon of the radliolsotope
| - -element would ensure its ccmpleteness and safety not only under
f operatling conditions but alse *n emergency situations, which

f; g can take place both during the operation and transportation and
1 : with storage (Fig. 1).

& :

‘% i Fig. 1. Radiolsotope elements on the

3 . basis of Osr,

4 Today there are created elements with an activity of deozens
§ and hundreds of kilocurles on the basis of lL“"C:e (20,000 curies),
90gn (9000-100,000 curies), ~37Cs (50,000-150,000 cur'ies), and

Q : also elements on the basis of 238Pu, 210?0. 2I',“'Cm and Co, which

satisfy the enumerated requlrements. The heat power of these
elements lies In the range of 1-1000 W,
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Energy Release in Isotopic (Thermal)
Element

% .

It is evident that the total energy of decay @ is added from
. . m
the energy of & ~ particles Ex, the recoil nucleus ﬁﬁ%égfhi and

T e

(when there 13 a thin structure) the energy of the emitted
F quanta. When P" decay and spontareous ission occur, 1t is

- gty o G

necessary to copslider the energy of the fission products (En.l.).
P»-particles and J*- quanta;

o 5 g
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The calculation of the spatial distribution cf absorbed k
energy 1n the isotopic element and the subsequent integration of ’
this distribution in volume in general cannot be completed ana-
lytically and requive the use of bulky methods of numerical inte- _
tration. However, in connection with the fact that the paths & , 3
g -particles and the recoil nucleus 1n solid radloactive fuel
are very small (fractions of a millimeter), in practice all :
their entire kinetic energy 1s absorbed in the fuel itself (the .
leakage with bremsstrahlung is < 1%). The energy absorbed inside :
the isotoplc element 1s equal to the total energy of radicactive

¢ decay, and the specific heat release with sufflclent accuracy can
E ' be taken as being in volume,

4
%
:
tj
]

The most difficult problem is the determination of the specific
f or full heat release from J'-radiation, gince the path of J~ -quanta

e dans e N L

is commensurable with dimensions of the isotopic element, Feor
such lsotopes as 137Cs and 6000, this gives rise to a noticeatle




leakage of the energy. The calculation of the distribution of
the speclfic heat release which appears as a result of the inter-
action of Jo -radiation with substance at different points of the
thermal unit, 1s connected with the numerical integration by
several variables. Such a calculation is made for the thermal
element on 13705 in the form of the equivalent sphere.

[ ]

The experimental check of the heat release was conducted
with the help of calorimetric installations developed by us in
conformity with the working conditions 1n a hot chamber. The
obtained results were coordinated sufficiently well with the ¢al-
culated.,

Biological Protection

"In the development and creation of isctopic sources of elee-
trical energy which contain kilocurie quantities of radiocactlve
fuel, the problem of the calculation of biological protection is
very important. One of the features of such a calculation 1s the
fact that the dimensions of the lsotoplec unit, on the one hand,
are commensurable with the mean free path of J-—quanta in the
material of fuel (in connection with which 1t 1s necessary to
consider the effect of self-absorption In the source); on the
other hand, its dimensions are much less than the distance at
which the allowed value of the dose rate 1s limited, Therefore,
in point approximation it 1s posslible to assume that

P l-—Q'z- 3
R
Here FuZ/:,‘;]’. e""'a lwef); in the case of bremsstrahlung

)
F"’/‘J—Z{"/g(é)f(f)e"dBCw)a'f; where Kj - differential #*-constant;
B <~ bhuildup factor;'f - the self-absorption factor; M- linear

attenuation factor.




Energy Converslon Radloactive Decay

= § One of the important problems which must be solved when

1 ; developing the lsotoplc energy sources 1s the converslon of energy
i & of radloactive decay into electriocal energy. In the range of

- - power from one to several hundreds of watts the most acceptable

? method for conversion is thermoelectric, which combines high

é' % reliabllity, acceptable effectiveness and prolonged service life.
3 . . .

Thermo~-emmission and machine methods can be used in the

© b AT B RRIE R T

produeing of ‘generators of high power (kilowatt range); the ’ 4
' development of atomlc batterles 1s advantageous (in separate 3
3 ; cases) in the producing of sources of electrical power supply in ;

il

the micromilliwatt power range.

; - Today the thermoelectric method is the most developed:
obtained are low~-temperature semiconductor materials (up to 300°C),
which possess sufficiently high effectiveness (5-8%), and mean
temperature (300-700°C) and high-temperature materials (more than
700°C). The combination of different materials in the form of
cascade elements now makes it possible 1n experimental models to
achieve an effectiveness of conversion of 12-15%.

i it ooy 21 R o i

In the producing of 1sotoplec thermoelectric generatoers
there have been developed engineering methods of the calculation i
of single and multistage converters, and the radiation stability .
of thermoelectric materlals In the fleld of neutron and J--radia—

ot i,

tion has been studled. The high concentration of recombination
centers glves rise tc a ¢onslderable reduction in the lifetime

of the electron-hole pairs. As a result of this the influence

of the lonizing effect of éﬁ-quanta on preoperties of thermo-

L i

electrlic materials ( o, ¢,&, 2 ) proves to be unimportant. The

estimate of the quantity of defects which appear in the transit




of neutrons (106-107 neutrons/cmz's) for a long period of time
ClO5 h) shows that even without allowing for the effect of annealing

the quantity of the radiation det'ects 1s two or three orders less
than admixed.

Selection of the Thermal Circult and
Caleulation of Thermoelectric Generator

The isotopic thermoelectric generator is a system with an
internal source of heat release, the temperature fleld in which
is determined basieally by processes of thermal conductlivity or
radiation inside the system and convective and radiant or con=- ‘
tact heat exchange with the environment.

The isotoplc thermoelectric generator (Fig. 2) is a heat
source = radlolsotopic unit 5, on part of the surface of whieh
elements of the thermionie converter 3 or structural connectlons
4 ure located; the remaining surface 1s surrounded by heat
insulatlen 6. Heat transfers are connected with structural
elements of the generator 2, whica scatter the unconverted heat
through the system of heat discharge 1 into the surrounding space.

fuing
eninm -
/. 1430 v E

o Fig. 2. Diagram of an iso-
N\, * topic thermoelectric genera-
" tor.
. ]
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The basic problem Iin the selection and calculation of a
thermal circuit 1is the provislon for maximum heat flux to the
thermionic converter and the producing on it of a temperature
drop which corresponds to the optimum temperature range for the
selected simiconductor material. Speclal attention is given
to the producing of a uniform heat flux through elements of the
thermionic converter and toc a decrease in the parasitlc thermal
resistances on 1ts path., The abundance of the factors which in-
fluence the thermophysical characteristics of the generator gives
rise to the necessity for their detalled calculation and experi-
mental Investigation, ' '

Isotople Thermoelectric Generators

hboe, 137pg, 9055 2385, uny
]
¢u20m(210P°)
14y 90a
From an analysis of propertles of isotopes Ce and Sr,

the degree of the development of technology and the production
potentialities of the obtalning of these isotopes, it 1s possible
to draw the conclusion about the advisability of the producing

on thelr basls of 1sotopic thermcelectric source generators

of the power supply of automatic radlometeorological stations
(APMC) [ARMS] and other devices of ground-based purpose, whereupon
generators based on luuCe can have a service life of 0.5=1 years

and generators based on 9°Sr - 1=10 years,

From calculations of the radliation yleld and heat release
in an 1sotoplc element, it 1s evident that the basic contribution
in them is glven by daughter 1isotopes (luuPr and 90Y), and
selected as the chemical ferm of fuel are CeMo0Q) and SrTiOu.
The thermal converter is made from low-temperature alloys on
the basis of B8,,7g +8/,58; &nd 54",39,4-53‘7‘93, which possess

11
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the best thermoelectrle properties 1In the range of temperatures

of 200=-600°K at wvery hlvh relilability, The system of the switching
of elements is fulfilled in the form of a single battery, which
substantlially simplifles the technology ol assembly of the generae
tor and replacement of the battery. The heat insulation is
completed 1n the form of a system of screens, which ensure the
minimum heat losses and make 1t possible to use a sufficlently
aimple circuilt of the sontrol of the heat discharge when using
relative short-lived 1&409 isotopes (Fig. 3).

ig. 3. Generator "Beta-l"
!
on the basls of lL”Ce

On the bkasls of 9OSr, during 1963-1970 a series of isotopic
thermoelectric generators were developed: "Beta-2", "Beta-3",
"Reta=C" (Flg., U4) for the power supply of various types of ARMS,
the installations "Ether" and "Penguin" for the power supply of
1ight radio beacons and magnetic variation stations (Filgs. 5 and 6),
and the dual=purpose installation "Angara" for the supply of

thermal and electrical energy of a high=mountaln station of
coamlc rays.
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Fig. 5. Generator "pPenguin" on the basis
of 2%n, :
1
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i : //; on the basis of 9OSr.

4

At

P

g
P
5

PRI PP

The selec¢tlion of 137Cs for the producing of sources of
electrlcal power at various hydrographic stations 1s conditioned
primarily by the presence of 1ts industrial production in large
quantitles, the sufficiently long half-1life, and the possibility
in operating condltions of using sea water as a biologlcal pro-
tection. Among the deficiencies of 13703 it 1s possible to nﬁte . )
the presence of assoclating j~-radiation (13705 - 660 keV, 13% - E
1.367 MeV) and the relatively low value of the specific heat
release (0.123 W/cm3). The working form of the fuel in the in-
stallations of the purpose indlcated above 1s accepted in the

3

4

form of cesium-lead-silicate glass as belng a less soluble i

4 compound of cesium, L
The distinctive feature of the fuel on the basis of +3/Cs :

is that 70% of energy of radicactive decay i1s included 1in the

kinetic energy of J-auanta, which caused the necessity for the
introduction of a massive thermal element. The location of this
element inside the effective heat insulation makes 1t possible to i
create the directed heat flux in the direction of the thermionie ;
§ converter and raise its density 5-6 times.

FTD=-MT=-24-2140471 14
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‘The develcpment of isotoplc sources of electrical energy on
the basis of 238?\1 was started in connection with the necessity
for producing portable power sources of different purpose.

5 4
g

¥ Requirements of minimum welight and overall dimensions and

4 ‘H5‘ also the low background of the assoclatling neutron and Jh-radiation
= lead to the necessitlies for the use of isotopic fuel on the basis

: . of of -~radiocactive ilsotopes. The most fuliy indicated require=

x %' ments are satisfied by 238?u; which is actually a single & = radioc-
%'" P active lsotope with sufficiently large T /2 (86.4 years) and low

level of the assoclating radlation.

The producing of portable generators of the MIG-67 type
(Pig. 7) on the beais of 238Pu required the sclution of a number
of the problems both in the region of the produclng of an isotopic
g element and in the reglon of a mlcromodule thermionie converter.
] ' Limited dimenslons of the generator substantlally affect the
heat losses through the structural elements: wilth small lengths
of strong ocoupllings the heat losses through them become commen-
surable with losses through the heat insulation, and therefore
preference 1s given to the location of the isotopilc {(thermal) :
element of low power elther directly on the thermoplle or between j
two thermoplles.

The unique propertles of 2u2Cm and 210pg (high specific

energy release, sufficlently low intensity of &r -radiation),

and also the potentlal possibility of obtalning them in considerable

gquantitlies open up wide prospects for the use of 2u20m and 210?0 3
for producing sources of electrical energy with high specific i
power. The development of isotopic generators on radioactive :
~fuel with a high specific energy capacity made it possible 1
to create 1sotoplc thermoelectric generator on cascade converters $
with an efficiency equal to 8-10% in the range of temperatures ;
of 300-850°K (Fig. 8). :
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Fig. 7. GOenerator MIG-67 on the basis
of 238Pu.

Fig, 8. Generator using
cascade converters,
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The positive experience of the development and operation of
lsotoplc generators in different reglons of the country and
increasing possibilitles of the obtaining of radiocactive isotopes :
in large quantities make 1t possible to hope that 1sotopic power
in the USSR wlil obtaln further extensive development.
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