Declassified and A[‘:)pvroved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0 f"' :

) vol. 4, no. 4

april, 1958

THE SOVIET JOURNAL OF

' TOMIC ENERGY
-~ Atommas
"ASHepFHﬂ:,]

TRANSLATED FROM RUSSIAN

'CONSULTANTS BUREAU, INC.

- Déclassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0 4




Declassified and ApproVed For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0

<

—

AR - - a iomnai .. a Supplement . ‘;éi‘d é}»:‘ﬁonégraph

| : . . o . EGARDED throughout the ‘world as one of the most important journals
C ' . o in its field, THE CzECHOSLOVAK JOURNAL OF PHYsICs is originall
published in an edition containing English, Russian, Gernian and Frenc

o T“E ‘ _ articles. Unfortunately, those who cannot read all these languages have
- ‘ ’ C : " been deprived of the bulk of this invaluable information.
) cz Ec H 0 s I_ ov A K - . To ovércome this language barrier, Consultants Bureau is now under-
. i . . taking the translation of all non-English articles appearing in each issue..
o IOURN AI_ - .+ This will be done on a subscription basis, starting with the January,
oy . ' 1959-issue. Thus, every English-speaking scientist will now have these
or PHYSI cs . up-to-the-minute advances readily available for .use in his own investi-

. gative work, (Articles originally published in English are obtainable
from the Czechoslovak edition of the journal) » '

Annual Subscription to English Edition............ $50.00

THE NINETEEN original ‘papers in_this important volume may con- -~ PHYSICS AND '
veniently be divided into two sections: The first deals mainly with - - W ,
reactor physics—mathematical calculations; specialized experiments; re- - H E AT T E c HN o L 0 G Y
actor safety; and a variety of related problems. (These papers will be of - o - '
special value to the Western scientist, because’ théy encompass a wide: .- . OF REACTORS
* circle of problems which have not been studied or treated in the litera- . '

ture to any great extent) The second group is miore ‘concerned with = - Supplement No. 1, -
- engineering aspects: heat problems; obtaining the highest efficiency of . tothe1958 -
* sheat removal and the greatest utilization of the heat generated in the Soviet Journal of Atomic
core of a reactor. The intimately related probleins of radioactive load- ~ * Energy
ing of the reactor heat removal systems is also considered at length. in complete English-
: . “cloth bound; 178 poges, profasely ‘illustrated, 3$22.50 - B translation

. N THE LIGHT of recent data, the author has brought the 1953 edition
DENDRITIC s I of his work completely up to date: fresh material derived from ob-
- servations under the stereoscopic microscolpe has been- incorporated; the

C RY ST Al. LI ZATI 0 N section on steel.casting has been extensively revised, and presents a lucid
' 7 : explanation of how the various structures found -in-real castings can be

2nd Edition, Revised " fit into the author’s theory of dendritic crystallization. The approach is
and Enlarged © concrete, pragmatic and nonmathematical, and includes "col;]rious use of
- ) : * experimental observations on many-crystals—-all of which provides a

by D D. SARATOVKIN . highly. useful volume of interest to the crystal-physics or chemical crys- - ..
" tallography worker concerned with handling and producing real crystals.

translated from Russian , ; >
. . N . v?clolh ‘bound; ‘126 PP illustrated; $6,00

C.B. translations by bilingual scientists include all tabular, diagraﬁmﬁtic and
- . photographic- material integral with the text. '- . .

-

At your -bookstore, or order directly from:

| CONSULTANTS BUREAU, INC. -
227 W. 17th St, NEW YORK 11, N.Y.

- - ' . -

Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0




R R

Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0

vol. 4, no. 4

april, 1958

" THE SOVIET JOURNAL OF
CATOMIC ENERGY
ATOMNAIA ENERGIIA o
A publication of the Academy of Sciences of the USSR

Annual Subscription  $75.00
Single Issue - 20.00

Year and issue of first translation:
volume I, number 1 january 1956

TRANSLATED FROM RUSSIAN

Copyright 1959
CONSULTANTS -BUREAU, INC.
227 W. 17th St, NEW YORK 11, N. Y.




Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0

EDITORIAL BOARD
ATOMNAIA ENERGIIA

A. L Atikhanov, A. A, Bochvar, V. S, Emel'ianov, V. S. Fursov,
V. F. Kalinin, G, V, Kurdiumov, A, V, Lebedinskii, L.I. Novikov
(Editor-in-Chief),V,V.Semenov (Exechtive Secretary),V.LVeksler,
A. P. Virogradov, N. A, Vlasov ( Assistant Editor-in-Chief ). .

Printed in the United Staten

Note: The sale of photostatic copies of any portion of
this copyright translation is expressly prohibited by the
copyright owners. A complete copy of any article in the
issue may :be purchased. ‘from the' publisher for $12.50,

Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0




Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196'R000100010003-0

SOVIET JOURNAL OF ATOMIC ENERGY

Volume 4, Number 4 | April 1958

CONTENTS

RUSS.
" PAGE. PAGE
Spectra of Neutrons Produced by 14-Mev Neutrons in Fissile Materials. Iu. S. Zamiatni.n, '

I. N. Safina, E. K. Gutnikova and N. L. Ivanova . o v e d e envvocecosonnas coa 443 337
Radiation Oxidation of Tetravalent Uranium Solutions. V.:G. Firsov and B, V. Ershler . ... 451 343
Study of the Velocity of the Magneslum Reduction Process of Zirconium Production. F. G. _ ‘

Reshetnikov and E. N. OblOIMEEY « oo s e v everoonnoocsosssassnvensnnne 459 349

© Determination of the Solubility of Difficultly Soluble Compounds Using Nonisotopic

Radioactive Indicators, N. B, Nikheev.....cveveeeoeecevaasans NP 465 354
Results of Experiments in Application of Selective Gamma-Gamma Logging. G. M. ,

VOSKODOINIKOV 4 ¢ s ¢ v v vevnnnseracoeoensenssoassoannsasconanans 471 359

Letters to the Editor
Safe Reactor Start-Up From Zero Power, B, G, DUDOVSKIl s o s vosoosconseccasssrs 471 365
Use of a Direct-Flow Cycle in a Boiling-Water Reactor, Iu. N, Alekseenko . c.cecvevens 419 366
Binary Cycle in a Boiling-Water Reactor, Iu. D. Arsen’ev .. cveevecccccens ceevene 481 367
Critical Head Load for Longitudinal Wetting of a Tube Bundle for Water Heated to Satura-

tion Temperature, B. A. Zenkevich, V. I. Subbotin and M, F. Troianov .. .see . 485 370
Neutron Distribution in Media With Known Properties and Plane Boundaries, I, L.

Talanskil o vovveveneneeronasaeconsencnaaasocsasascsoosnsass 488 372
Mean Number of Neutrons Emitted in U?* Fission Induced by 14.8-Mev Neutrons. A. N.

Protopopov and M. V. BliNOV « c c v e vevevecrscsvnnorosasoacsccnscssns 491 374
Preparation of Stable Layers of Uranium, Neptunium, Plutonium and Americium by

Electrolytic Deposition. G. I. Khlebnikov and E. P. DEIgUNOV. . s e ceevacco oo« 494 376
The Number of Isotopic Molecules in Simple and Complex Substances and Their Concen- .

rations, I, GePetrenko ¢ e v seevsoscevecccassoscsasocacsnccsascsssnss 4917 3171
Application of Radioactive Indicators to the Solution of the Problem of Internal Adsorption : :

in Solids. V. I. Arkharov, S. M. Klotsman and A. N. Timofeev. . c v e c v oo asa s 501 380
A Charging Device With an Atomic Battery. G. D. Gorlovoi and E. G, Kardash. . ....... 504 382
Voltage-Current Characteristics of Boron Ionization Chambers. A.B. Dmitriev. ccooov. . 506 383
Remarks on the Two-Component Neutrino Theory of Lee and Yang., A. A. Sokolov...... 509 385

Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0




Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0

_ CON TE NTS (continued)

. RUSS.
PAGE_‘ PAGE
Scientific and Technical News

Opening.of the Atomic Power Station at Shippingport, Pennsylvania « o oo v v vivunns 513 3817

Atomchirplanes'............a.........;...............v..‘...... 516 .389.
The Fuel Element of the FR-2 Research Reactor at Karlsruhe s o oo e ve oo evenanae. 519 391
The Rebatron — A Resonant Electron Accelerator With Imprdv‘ed Longitudinal Bunchings . - 521 393
Use of Linear Electron Accelerators for Generating Millimeter Radiowaves. o v v s s v o . 523 394
ThePreparationofNewElemeﬁts We o s e ans e e sreee s e s acenes e sienn e 525 - 395

Separation of Thorium From Rare Earth Elements in a Nitric Acid Medium by an vAnlo'n |
Exchange Method . .. vieeeionrevnsnniinnnnsonnnannsonoes =~ 527 396
Data on the St™ Content of Biological Samples (England, 1956). . . cesterseteenns .. 528 396
English and American Work on Controlled Thermoniclear Reactions. s vevecennnsns 530 . 307
BriefCommunications.........'..,...............'.................. 535 400
_ Bibliography

'NewL'itérature..........._..-...................7..‘..‘.,.........v.,.. 538 - 403

Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0




Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R0001000‘1 0003-0

SPECTRA OF NEUTRONS PRODUCED BY 14-Mev NEUTRONS
IN FISSILE MATERIALS

Iu. S. Zamiatnin, I. N, Safina, E. K. Gutnikova and N. I. Ivanova

Measurements have been made of the energy distribution of neutrons
produced in the passage of 14-Mev neutrons through layers of Th*2, U8, 1%,
U?%® and Pu?®, It is shown for all nuclides which were investigated that the
secondary-neutron spectrum consists of two components: fission neutrons
and evaporation neutrons. The dependence of the coefficients in the secondary
neutron spectrum on the nuclear constants of the corresponding nuclides are
determined, thus making it possible to find these coefficients without an
experimental investigation of the neutron spectra.

The following can occur when 14-Mev-neutrons interact with heavy fissile nuclei:

a) processes involving the loss of neutrons (radiative capture, reactions with the production of charged
pasticles);

b) elastic scattering of neutrons, in which there is no essential change of the energy of the primary
neutrons; ‘ :

-c) processes involving the evaporation of neutrons from an intermediate nucleus in an excited state—
inelastic scattering, (n n'y) reactions, (n, 2n) reactions etc.;

d) nuclear ﬁssmn, which leads to the production of secondary f1ssmn neutrons.

Thus, the spectrum associated with neutrons which pass through a layer of fissile materialshould exhibit
secondary neutrons associated with the inelastic interactions given in (c) and (d) in addition to the primary neutrons
and elastically scattered neutrons.

A great deal of work [1]-[4] has been devoted to investigations of the spectrum of secondary neutrons pro-
duced in the interaction of 14-Mev neutrons with nonfissile elements,

These investigations show that the spectrum of secondary neutrons is essentially in agreement with that to
be expected for statistical evaporation of neutrons from an excited intermediate nucleus:

F (E) = C,Ee-5nm, \ &

where T is a parameter which characterizes the temperature of the residual nucleus® and Cy is a normalizing
factor.

In a number of other papers [56], [6] it has been shown that the neutron spectrum for fission in heavy elements
induced by thermal neutrons is of the following form: :

. *Suictly speaking, the (n, 2n) process should exhibit a more complicated neutron distribution because the temper-
ature is different in the evaporation of the first neutron and the second neutron; however, because of the weak
dependence of T on excitation energy of the intermediate nucleus,the change in T is small and cannot be obser-
ved experimentally, : e '
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where T¢ is the temperature of the fragment after neutron evaporation W is the mean kinetic energy of the nucleon
in the fragment and Cq Is a normalizing factor.

On the basis of these results one would expect that the passage of 14-Mev neutrons through a layer of fissile
material should result in a complicated secondary-neutron spectrum, consisting of two components:. fisslon neutrons
and evaporation neutrons.

In the present work we present results which tend to verrfy this interpretation; these results were obtained by
the authors in 1950-1956. .

Method of Measurement and Results

The secondary-neutron energy distribution was studied using I1ford C-2 and NIKFI-K photographic plates
with an emulsion thickness of 100u. The energy of the neutrons was determined from the recoil protons which
were emitted in the forward direction within the angular limits +15°.

The source of 14-Mev neutrons was a tritium-zirconium target which was bombarded by 150~kev deuterons.

The neutron source was surrounded by a layer of the material being investigated. The measurements were
performed with the following fissile nuclides: Th*®, U®3, U, U and Pu®® and with a mixture of the U and
Uesa isotopes with different concentrations. The thickness of the layer of fissile material was chosen so that the
attenuation of the 14-Mev neutron flux would be less than 30% in passage through the layer. In practice the
layer thickness was varied from 0.15 A to 0.4\ (A is the neutron-free path length for inelastic interactions,
cf. Table). Under these conditions the contribution of Vmultiple inelastic processes was small. '

To compute the background of primary neutrons the plates were exposed without the layer of fissile '
material, In subtracting of the background it was assumed that the number of background tracks was propor-
tional to the primary neutron flux,

The microscope scanning of the plates was cafrie_d out by several observers. The total number of measured
recoil-proton tracks for each material investigated is given in the Table, *

The recoil-proton distribution was used in determining the neutron spectrum, and corrections for the finite
thickness of the emulsion and the variation of the neutron-scattering cross section in hydrogen were introduced,

To analyze the neutron distribution which was obtained, F(E), a plot was made of the energy dependence
of the ratio F(E)/E in semilogarithmic coordinates, in which the distribution in (1) is a straight line; this pro-
cedure makes it possible to separate the two components of the neutron spectrum since Tg > T and the hard part
of the spectrum (E, > 3 Mev) is essentially determined completely by the fission neutrons. Extrapolation of the
fission neutron spectrum into the energy region E, < 3 Mev then makes it possible to determine the excess of low-
energy neutrons; these are taken as evaporation neutrons. As a rule, the difference between the experimental
curve and the fisslon neutron spectrum is in good agreement with the distribution given in (1). The values of
the parameter T obtained in this way are given in the Table.

In extrapolating the fission-neut:ron'spectrurn one usually uses the distribution given in (2). The values of
the parameter T (cf. Table) are determined from the hard part of the spectrum, while the quantity w is taken
as 0.5 Mev in all cases. In this connection it is interesting to note that in the energy region E,> 3 Mev the
slope of the curves, and consequently, the values of Tf obtained for Uzss U apd pu? , are in good agreement'
with the corresponding quantities for the fission-neutron spectrum for these isotopes in fission induced by thermal
neutrons, This correspondence means that the fission neutron spectrum is a weak function of the energy of the
fission-inducing neutrons; thus the fission spectr'um for thermal-neutron fission can be used for extrapolation.

The experimental results, the results of the graphical analysis, and the coefficients for the two components
of the neutron spectrum [of (the fission-neutron fraction) and oy, (the evaporation-neutron spectrum)] are shown

* To increase the statistical accuracy of the measuremeiits, additional areas of the plates were scanned in the energy
region above 2 5 Mev. ‘ ' ‘
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TABLE 1
: 4 ission- rrection | Fission - ~ _
| Investigated| Thickness of] ﬁ}fﬁii’&l cf';oorr 2?{;{;’310 heutron Temperature Temperatur%
| nuclide the layer in | Number of | fraction (ex~- |interactions| spectrum | of residual | of fragment
\ mean free | tracks -perimental |of secondary (corrected  |nucleus T, T fr
path lengths,| measured |values), neutrons values), Mev Me?v
! : A : L af af .
Th2e2 0,4 2000 0,204-0,05 0,03 1 0,2340,06 | 0,5440,05 | 1,2%)
yzss 0,45 4400 0,754-0,1 0,01 0,76+0,1 0,554-0,1 1,24-0,08 1
yzas 0,36 6700 0,654-0,05 v 0,03 0,68+0,06 | 0,44-0,05 1,0540,06
0,24 4700 0,444-0,05 0,05 0,4940,06 | 0,524-0,07} 1,2 40,1
yzss " 40,34 - 4400 0,42-4-0,06 0,08 . 0,5 +0,08 | 0,43+0,06 | 1,254+0,15
- - Average 0,49+40,05 | -0,484-0,05 —
Pu23 0,20 4600 0,740,09 0,02 { 0,7240,1 0,534-0,06 | 1,254-0,08
°The value taken for the extrapolated fission-neutron spectruim. '
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Fig. 1. Spectrum of secondary neutrons produced in tl]épas-
sage of 14-Mev neutrons through Th®® (thickness of the layer
is 0.4 \). ‘ '

T . " :

?) experimental results; —— == ) extrapolated fission-neutron
I

spectrum;&)) evaporation-neutron spectrum,

in Figs. 1-6 for the single-isotope samples which were investigated.

~ The experimental results contain corrections which take into account the distortionof of and a; due to
inelastic interactions of the secondary neutrons with the material in the layer. This effect is due to the reduction
in the fission cross section in going from a neutron energy of 14 Mev to secondary-neutron eneigies and results °
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from the fact that the probability for inelastic scattering of secondary neutrons is larger than that for primary
neutrons; hence the fission-neutron fraction of the spectrum is reduced to some extent. An estimate of this effect
shows that it must be taken into account even when small layer thicknesses are used.* The magnitude of the
correction which is introduced and the corrected values of oy are given in Table 1.

DISCUSSION OF THE RESULTS

It is apparent from the Table that the fission neutrons predominate in a material which is highly fissile
(Uzas' U™, p 12%%) while in a material which is not very fissile (Th“":“2 and U’ss) the fissior-neutron fraction is
considerably smaller, i.e., the experimental results indicate a qualitatively correct dependence between the
coefficients of and oy and the fission capabilities of the nuclei being investigated.

We now find a quantitative relation between the spectrum coefficients for the two components and the
values of the nuclear constants of the corresponding fissile elements. The total cross section for the production
of secondary neutrons is given in the form of a sum:

Veff 0, = VO’I-—{—c,-}. ’n—"{+2°'n’ 2n- . @

The last two terms in this sum are to be associated with the formation of evaporation neutrons.® * The
fission neutrons are to be associated with the first term; however, this term also contains a certain fraction of
the evaporation neutrons. This is due to the fact that at neutron energies of 14 Mev fission can occur after

* The magnitude of the correction is found as the difference of the effects due to inelastic scattering of fission
neutrons and fission induced by evaporation neutrons, taking account of the comesponding cross sections and the

mean paths of the secondary neutrons in the layer,
* *If the (n, 3n) reaction is energetically possible, Eq. (3) should contam an addgion_al term. The cross section
: for radiative capture of 14-Mev neutrons can be neglected
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preliminary evaporation of neutrons from the excited 1ritermediate nucleus — the (n, n'f) process.®* In this case
the fission cross section of ‘must be considered as the sum of the cross'sections for two processes: fission without
preliminary evaporation of neutrons o { and fission after evaporation of neutrons of, [7]. Then the term Vo§
in Eq. (3) is replaced by the sum Voog, + (¥ 1) of, ", in which the fission neutrons and evaporation neutrons
can be separated easily, Thus, the fission-neutron fraction af and the evaporation-neutron fraction o, can be
given as
Y04, + V10 +c + g
/__:ofo n and a, n _m Y m2m
Veff e Yeff 9¢

In practice, in place of ¥y, ¥y and of , it is more convenient to use the quantities ¥, af and of, which
can be obtained directly from an experiment,®* Then the expressions for af and o, assume the form

vof— (cf——-al,o) *)

a, = - ,
s Véff ¢ '
— (5=949) + 0, ny +29, 4 ' )
n Veff Sc o ‘

In the case in which 14~Mev neutrons pass through material consisting of two different isotopes the contri-
butions of the fission neutrons and evaporation neutrons can be found from the coefficients af and a;, known for

* For simplicity the treatment here does not take account of the poss1b1e (n, 2nf ) reaction since the probability
for this reaction is small. : :

LR Yf3
' o can be given as ay = V—t%fc— » . where Vs is the actual number of neutrons produced in the fission process
’ eft 9 . .
without taking account of preliminary emission of neutrons. In this case vyop=voy—(oy—ay ), i.e.,
gf—20 [+
szv— f lo:\l--'—i’l .
: of of
- 448
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each isotope individually: « fir Of, and Opys Olpg In this case the total cross section for the production of -
secondary neutrons is ’

pﬂ‘eff '1°cl.+ gz"eff 3%¢y»

where 84 and gy are the individual isotopic contents. The fission-neutron fraction is

as -+ {3
q, = TRy , (5)
1 Y1+ Ta :

where Y = Byveff OS¢, and Y2= Bay eff2%c, are the contributions for each isotope to the total number of

secondary neutrons. Similarly the evaporation-neutron fraction is

a_ + 122
s} T2"2

= \‘h+ Y2 o (53)

The values of af and "‘n calculated using Eqs. (4) and (5) generally agree with a¢ and ay within the limits of
the experimental errors,where the latter quantities are obtained from an analysis of the neutron specira for the
pure isotopes and for isotopic mixtures. The exceptions are U* and Pu®®, for which experimental values of
of are somewhat lower than the calculated values.

The authors wish to express their thanks to V. A. Davidenko for his interest in the work and discussion of
the results, toA. G Shlygin for taking part in the initial stages in the work, to Iu, A, Vasil'ev, G. S, Malkiel’
and E. 1. Sirotinin for exposing the plates in the accelerator, and to L. S. Andreev, L. V. Evseev, N. F. Nikolaev
and V. A. Chernyshov for scanning the plates. . '
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RADIATION OXIDATION OF TETRAVALENT URANIUM SOLUTIONS

V. G. Firsov and B. V. Ershler

Treatment of a sulfuric acid solution of tetravalent uranium,
containing 0.8 N HySOy, in the absence of Oy and at a concentration
of U4 ~100 mg-equiv/liter, with Co% y -radiation gave an oxidation
yield of U close to 5.0. U™ was not oxidized by the molecular
ion 1{; even with greatly increased acidity of the solution and a
decreased U™ concentration. A decrease in U*4 concentration resulted
in a lower yield mainly due to recombination of the H and OH radicals.
An equation for the relation of G to [U’""] is put forward which agrees
with experimental data,and a ratio involving the rate constants of the
three reactions H+ OH, H+ H and U + OH was found. A decrease in
the yield G was observed on increasing the U*4 concentration above
110 mg-equiv/liter. This phenorﬁenon is apparently explained by
the feduction of Ut radicals by H. We considered some mechanism by
which uranyl ions may retard U oxidation. As a result of this con-
sideration we were able to calculate the ratio of the rate constants of
the reactions UO§% + Hand H + H and a ratio. involving the rate constants '
of the reactions UO,+2 +OH,H + OHand H + H,

An equation based on the mechanism suggested for the oxidation
of tetravalent uranium in dilute solution in the presence of uranyl ion
has been deduced for the relation of G to [U“] and [UO'{_Z] and this
agrees with-the experimental data for a wide range of concentrations.

The chemical processes occurring in solutions of tetravalent uranium salts when treated with y -radiation
are of practical interest but have been studied little. Besides the old papers on photochemical reduction of
hexavalent uranium, there is only the paper byBoyleetal., published in 1955 [1], in which they reported that Ut
is oxidized to UCH? when irradiated with mixed o-, 8- and y-radiation and fission fragments, Halssinsky and
Duflo, [2] and [3], found that the oxidation yield of U4, in the absence of oxygen, had a value of G ® = 9-4equiv/
100 ev; in addition they determined the yield in the presence of oxygen in relation to a series of factors. We con-
sidered it advantageous to investigate these processes more thoroughly and to try to elucidate their mechanism,
using the quantitative data compiled by Allen [4] from the analysis of a series of papers on water radiolysis,

L .

Experimental Conditions

Sulfuric acid solutions, containing tetravalent uranium sulfate and mixtures with uranyl sulfate, were
placed in quartz ampules with a ground capillary stopper and were treated with Co® y-radiatlon in a source with
a dose strength 1,28+ 10%! ev/liter+ min [5}. The concentration was determined by titration with potassium dichro=
mate by the usual method. Deaerated solutions as well as those saturated with air or hydrogen were studied. The -
accuracy of the measurement was 3-4%.

® Fromi here on G refers to U4 ions.
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Measurement Results

"Figure 1 shows the relation of the oxidation yield G to U™ concentration in the absence of uranyl fons.
All the solutions were deaerated and contained 0.8 N HySO,. As can be seen from the Figure, with increasing
[U™] the magnitude G increases and approaches a limit but then decreases. A considerable increase in the
acidity of the solution at [U*4]= 5,33 mg-equiv/liter (Fig. 2) and saturation of the solution with hydrogen hardly
affect the yield G. In the presence of oxygen the value of G increases to 16,0 + 1.0 equiv/100 ev; i.e., within

the accuracy of the experimental data, it was found to be equal to the radiation oxidation yield of divalent iron
under the same conditions,

J, X T

-1 0 !

3 IOg[U"f

Fig. 1. The relation of the oxidation yield of Ut4to the
concentration (without UOZ%), -
0) Our data (1,09 -10?! ev/liter - min); O) our data (1.29-

" +10% ev/liter - min); X) Haissinsky and ‘Dulfo's data (0,055- -
1.07+10%" ev/liter - min); @) data of Boyle etal, (fission

‘fragrnents); ————— ) data calculated by equation (II).
6
M ~

3 TN O wr— "o

o

1

0 A B | '

N H,S0,

Fig. 2. The effect of HzSO,"_co'ncentlratior_l on ihe. oxidatio'h_ »
“yield of utt(zu = 5.33 mg-equiv/liter, U4 fraction = : o
= 80.0 % 1.6%). ' I

The value of G decreases noticeably with an increase inthe uranyl ion concentration in the absence of Oy
(Fig. 3). The total concentration of U4 and Uo;'z,which we shall denote as £U, remains constant along the curves
in Fig. 3, but the fraction of each of these components changes. ‘ :

Figure 4 gives ;he'pu;ves for the relation of G to [UOs?Jat a constant value of [U+4],

DISCUSSION

For analyzing the results obtained, we used the data given in Allen's summary [4] of .the ylelds of various
components in water radiolysis, These data may be summarized by the equation :

(n+2k) 11,0 = (m + 21) H,0 == nH -+ mOIl -+ kH, 4 /H,0,, 1)
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0 R
wo 90 80 70 60 50 40 30 20 10 0
%Ut

Fig. 3. The relation of the oxidation yield of tetravalent
uranium to the ratio of U4 and UO;? at LU = const.

A) 110 mg-equiv/liter, ©) 6.35 mg-equiv/liter, @) 1. 065
mg-equiv/liter, X) 53.2 mg-equiv/liter, O) 5.33 mg-equiv/
liter, - ®) 0.53 mg-equiv/liter, OJ) 25.9 mg- equw/llter,

® ) 4.26 mg- equiv/liter, @) 5.33 mg- -equiv/liter,

+) 10.65 mg-equiv/liter, O)) 2,85 mg- equiv/liter, U*® +

+ 0.1 M glucose.

6

-~ G

\_ ] . .
8 i, \}(2 4
~‘~\-\ . - 3 .

’ N TS 3
’ n\_/f \ 2
! “ Moag.... :-\]

w0 90 60 70 60 S0 4@ 0 20 10 0, '
; o %y
" Fig, 4. The relation of the uranium oxidation yield to uranyl ion
concentration,
Curve 1) at [U’"‘] 106.5 mg- equiv/hter, curve 2) at [U*‘]= 10.0
mg-equiv/liter, curve 3) calculated by equation (III), curve 4)
. calculated by equation (IV).

in which the alphabetical coefficients denote the amount of the corresponding oomponent formed when 100 ev
is absorbed in water, According to Allen,n = 3.64, m = 2.86 k = 0.48, ¢ =0.87,

The value G is quite close to the value of the maximum in the range 26-110 mg-equiv/ liter utd (Fig. 1)
and agrees, within the accuracy of thé measurements, with the magnitude m + 21 = 4,60 given by Allen, i.e., -
with the sum of the oxidizing components formed in water on absorbing 100 ev. Apparently, this is explained
by the occurrence of the reactions

U+4+0H->U(V) +OH-, B ~ ()
,U+4+H202 —>U(V)+OI—I+OH‘, . ‘ (3)
N : . '

in which all the oxidizing components are consumed

- The elimination of U(V) ions is probably due to d1sproportionation which as is known proceeds at quite
a high rate [6] [71 :
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TABLE 1

100
The Values of ( 1 n) 2 &—L at Various ;U ‘] Concentrations

[U*‘I,g-equiv/liter- 2,85 ' 4,26 _5,33» 26,0 } 53,25 ‘ 110 .
<108 ' v ) .

A . Average 363413
1 1 .
(1_90_"> /2 Ky 1‘4 /2 277 | 300 | 382%) 320 | 357% | 350%)

*) The most reliable data.

The fact that the maximum yield comc1des with the value m + 2 shows that the Hf complex does not have
oxidative properties in the radmlysxs of U* solutlons contrary to what is assumed in the case of Fet? [81,[9]. A
considerable rise in acidity, which helps to increase the concentration of H, ions and, consequently, their parti-
cipation in the oxidation, also does not increase G (Fig. 2). Thus, in the upper part of the curve in Fig. 1, the
H radicals may be elimmated from the solution only by recombination to form Hy:

‘H+ H—> H,, : ' (4)
However, in the presence of oxygen they participate in U*4 oxidation apparently by the same mechanisms

as in the radiation oxidation of Fe'?, i.e., through the formation of the HOy radical; at least the oxidation yields
of both reactions coincide quantitatively,

Saturation of the solutions with hydrogen does not decrease the G yield, which seems to-indicate the absence
of the reaction Hg + OH —> H,0 + H even in dilute solutions, We therefore assumed that under our experimental
conditions, molecular hydrogen remains chemically inert.

Competition between the H and U*4 radicals is small in comparison with the oxidizing components of water
radlolysxs products. in the range [U“‘] 26-110 mg-equiv/liter. Apparently, competition is'possible at a qu1te
low U'4 concentration, as the fall in the curve on the left side of Fig. 1 indicates. The reaction

H+ OH —> H0 (%)
is the only reaction we will consider as competing with reactions -(2) and (3).

This approximation is justified somewhat by the fact that more than 80% of the oxidizing components, ob-
tained during water radiolysis, is accounted for by OH radicals formed directly from water and from HyO,p a5 a
result of subsequent reactions, for example reaction (3). The accuracy of this hyporhems is further confirmed by
the agreement between the equations obtained and the experimental data.

An examination of the mechanism of Ut4 oxidation using the stationary state method for reactions (1)-(5)
gave the followmg relation of G to the [U'*“] ion concentration:

100n 1/21{1(/2 ' 1, 1
( ) oK =n+2k L (126~ ) ey - @

where K,, Ky and Kg are the formal rate constants of the corresponding reactions, I is the mtensny of irradiation
in ev/liter» min, n is Avogadro's constant [U“] is the concentration of tetravalent uranium in g-equiv/liter,
100 n 1/
I K5
values of G and [U’“] and the values of m, n, %, I found by Allen. We had to corfect Allen's coefficients for our
case,as there was some difference in the value m + 21 found in our expenments and in Allen's data (5.0 and
4.60, respectively). m + 21 was taken as 5.0; the values for m, 0, k and I were multiplied by a factor of 1.087.

Table 1 gives the value of , calculated from Equation (I) by substituting the experimental

If one considers that the separate factors in the right side of Equation (I) change 20-30 fold in the [U*Y]

/100 n\2 Kle/ 2

range being examined, then the constancy of the value \ - Ky _found in the experiment should be
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considered satiéfactory. The left branch of the curve in Fig. 1 is plotted from Equation (I) using the value
3.63+10® from Table 1 for the constant. The calculated curve agrees well with the experimental data up to the
maximum region. " '

| The fall in G after the maximum is naturally explained by the redction

U+ H-s U+ H* ' : (6)

.competing with reaction (4), as apparenily reaction (5) does not occur, Allowing for reaction (6) leads to the
equation ’ : ' '

(__1_)112 K¢ n+2k—G 1 '
100n E:-/;_'—(i/ZG—k)l/Z [u*¢] - ; o (Ir)

The curve of the relation of G to [U“] plotted from this equation is shown in Fig, 1 by a dotted line; it
does not coincide so well with experimental data. One should, however, take into account the fact that to the
right of the maximum the total concentration of ions in the solution increases noticeably with an‘increase in
[U“’], If one assumes that some kind of complexes of Ut jons with sulfate ions participate in reaction (6), then
there is considerably greater agreement with the experiment. '

The mechanism of the processes occurring in U4 solutions at
[U*4 > 110 mg-equiv/liter -

should be studied In the future we propose to study the relation of the falling slope of the curve (right branch in
Fig. 1) to anion concentration and intensity of radiation. '

The fall in G with the accumulation of uranyl ions in the solution (see Fig. 3) indicates the interaction of the
ions with H or OH radicals, However, it is difficult to analyze the mechanism of this reaction as at [U“]'< 110-
25 mg-equiv/liter the reactions of uranyl ions with the radicals must compete with reaction (5). We will try to
take this phenomenon into account. ' :

The U** concentration remains above 25 mg-equiv/liter for a considerable time along the top curve in
Fig. 3,and therefore the observed decrease in G is not due to the effect of reaction (5). We can then assume that
the decrease in yield is due only to reactions of UO;? with radicals. These reactions are usually considered as
the reaction :

U0," + H— U0, +H*, : R M

which is accompanied by the process .
U0, +0H — UO,* + OH™.

Allowing for reaction (7), we obtain equation

( I )1/3 K,  n+2k—G 1 _
100n Kl (1/ZG——k)1/2 [UO;zl ! v (111)
according to which the yield depends only on [UOF2], as all the other terms are constant. This result does not
agree well, even qualitatively, with the fact that the curves in Fig. 3 for ZU _equal to 25.96; 53.25 and 110
mg-equiv/liter almost run into each other. In fact, the ratio of Ut and Uo;‘ concentrations is plotted on the
abscissa in Fig. 3,and therefore the-proximity of the three upper curves indicates that,in the ZU range indicated
above, the value of G should only be a function of this ratio. This assumption might have been possible if Ut
competed with UO,” for the same oxidizing component, formed during water radiolysis. The reaction -

U0!* - OH — UO,0H*". . e

may be considered as the Uo,*’ ion competing with u*4 oxidation,
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TABLE 2

The Valu —l
e Values of the Cnnstants(:l 00 ) —Ki-m and in

Relation to the Magnitude of the Ratio-mr]and [uosty’
R for ZU = 110 mg-equiv/liter

e 4,3213,5512.81 2,20

[U*4]/[U0s?] |2,51] 1,0]0,49 10,22

IU0aM  |30,3]53,3|71,0|87.3
g-equiv{ésterf- ’ ’ ’ »3| . Average

0,54.4+0,03

Ky

Ky 10,51 [0,5510,5810,50
- T, 9810

1(14/2

1 1/2K1 ‘ |
(100n> - (17,4|24,1133,2142,0

TABLE 3

The ] 7 _3. +dy -
e Magnitudes 10 0 —173 and —* at [U "]

= 106.5 mg- -equiv/litér, Calculated by Equations (111)
and (IV)

.G 3,42 | 2,24 | 1,19

(U*#]/[U04?) 2,0 1,00,33

(U0 2]

g-equiv/liter .10° | 53-25] 106,5) 319,5|  Average

34,145,2

(I NE, |
' (100n) K 27,2 | 33,2 | 42,0 |
4.

K 1,28 | 2,14 | 5,16
K

The unstable complex thus formed reacts much more slowly with U*4 than with the H radical. From this
hypothesis we get the equation ' ’

K, n+2k—G [U*%] ,
K, G-l o’ - (Iv)

in whlch G depends only on the ratio [U’”’]/[UO,*’] The results of calculating the constants determined by
Equations (III) and (IV), are given below. .

As Table 2 shows, the constant of Equation (IV) agrees well with experimental data. differing only by 2 7%
from the average value when the ratio [U“]/[UO{’] is changed by a factor of more than 10; the constant of
Equation (III), however, increases by a factor of 2.5 in the same range.
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One may assume that both reactions (7) and (8) affect the decrease in the yield G. In this case,with equal
values for the ratio [U+‘]/[U0;2]. as the UO? concentration decreases, reaction (8) will predominate and as it
increases, reaction (7) will predominate. In order to check this hypothesis G was m'easured. at a constant U4’
concentration equal to 108.5 mg-equiv/liter and an increasing concentration of UO;Lz fons. As is seen, reactions
(5) and (6) were excluded from this experiment. The divergence of the curves in Fig. 4, calculated by Equa-
tions (II1) and (IV),shows that at high UO'z+2 concentrations, the value G is no longer only a function of the ratio

[U*}/[U0,”].

This is also confirmed by data in Table 8 which indicate that the constant for the curve calculated by Equation
(li1) is more invariable. ' : .

At Uo;’ concentrations below 110 mg-equiv/liter retardation may be best explained by taking into account
the reaction U032 + OH; apparently at higher concéntrations the reaction UOz'u + H starts to play a large role in
the decrease of G.

Figure 3 gives the results (of up to 180 series of experiments, 7-10 points in each series) for G at [ut4
and [UO?,2 ] < 26 mg-equiv/liter. It follows from the above that under these conditions the decrease of G
must be caused only by reactions (8) and (5) and not by (7). Taking this into account, we get the equation

L(_sguogz]_‘_( I N\ Ky (126—=K)'/2 _ n42k—aG )
K, [U*] 10071,) K2K1/2 [U*4] - 61 . . v

4

‘ K
The series of curves in Fig. 3 were plotted from this equation at ?: = 0,54 and

I Y2 Ky
<100n> K2K1I2—1'363

(see Tables 1 and 2) for the values of ZU given under the figure. As can be seen, it agrees well with experi-
mental data and may thus be used as an argument for the mechanism proposed by us for the oxidation of tetra-
valent uranium under-these conditions.

Received May 20, 1957
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STUDY OF THE VELOCITY OF THE MAGNESIUM REDUCTION
PROCESS OF ZIRCONIUM PRODUCTION

F. G. Reshetnikov and E. N. Oblomeev

An apparatus is described for studying the velocity of the magnesium reduction
" process of zirconium production by the "floating-crucible™ method, in which the rise
in level of the molten MgCl, + KCl, due to the increase in weight of the reaction
crucible immersed in the melt, was measured by means of a Co® y -level gauge. The
pressure of the zirconium vapor in the reduction apparatus was measured by means of
an ordinary pressure gauge,connected by a molten tin seal to the space within the
reduction apparatus,

Measurements showed that when the vaporizer was heated to 450°C, the temper-
ature of the zirconium chloride during magnesium reduction did not exceed 330°C.

" The mean velocity of the magnesium process for the reduction of zirconium
chloride increases with increase in the temperature of the reaction crucible from
760 to 850°C more slowly than with increase in the temperature of the vaporizer
from 460 to 490°C. The deciding factors determining the velocity of the magnesium
reduction process of zirconium production are the temperature of the vaporizer and
the rate of sublimation and pressure of the zirconium chloride vapor, which are
dependent on it.

Unlike most thermal metallurgical processes, the reductionof zirconium chloride by magnesium does not
proceed at a very high rate, . For instance, in our experiments, the reduction.of 4-5 kg of chloride took 3-4 hours;
In [1] it is stated that for the reduction of 240 kg of zirconium chloride working temperatures must be main-
tamed for 14 hours, and the entire process, including auxiliary operations, takes more than 32 hours,

There is little information in the literature [1], [2] regarding the influence of the various factors on the
velocity of the process or regarding the methods of studying this question.

Application of the method described in [2] was found to be unsuccessful, particularly for the reason that
a pressure of approximately 1 atm had to be maintained in the apparatus, . This made it impossible to carry out
the process under any given conditions. An apparatus and method (conditionally called the floating-crucible
method) were developed, in which the reaction velocity of the process was determined directly from the weight
of the reacted zirconium chioride. The latter was measured by means of a Co¥ y -pressure gauge from the level
of the molten salt displaced by the floating reaction crucible.
Apparatus

Figure 1 is a general view of the apparatus for studying the velocity of the magnesium process of zirconium
reduction, It consists of an upper furnace with a thermally insulating cover 3, for the volatilization of the zir-
conium chloride; this cover is set on a thermally insulating ring, supported on the lower furnace 6, in which the
reaction crucible 8 is heated The furnace accommodates the hermetic reaction apparatus 15 (preserving the
vacuum and withstanding excess pressure), fitted with a two-way vacuum cock 11. The latter is intended for
' flushing and filling the apparatus with argon, and for releasing excess gas in the initial heating period of the
apparatus.
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Fig. 1. General view of the apparatus for determining the
reduction velocity, ‘

1) Spring pressure gauge; 2) to mercury manometer; 3) upper
furnace with thermally insulating cover; 4) vaporizer with
chloride; 5) seal; 6) thermally insulating ring and lower
furnace; 7) pot; 8) reaction crucible; 9) lead collimator; 10)
y -counter pickup; 11) two-way cock; 12) sheath for thermo-
couple; 13) ampouie float; 14) Coso; 15) reaction apparatus,

The reaction crucible is the pot 8, charged with magnesium and having a central tube (floating crucible). .

It is placed within another pot 7, partly filled with the eutectic mixture MgCly + KCl. In the central tube is a
thin-walled quartz or metal ampoule 13, with the cobalt source 14, sealed in a case of stainless steel. The
dimensions and weight of the ampoule were selected so that it floated freely in the molten mixture of ‘MgCl, +

+ KC1. The pot containing the reaction crucible was placed in thereduction apparatus. At first, the lower part
of the apparatus was heated until the mixture of MgClp + KC1 was melted, the reaction crucible with the mag-
nesium and the ampoule with the Co® floating up at the same time. The position of the ampoule was noted
from the maximum y.~radiation,by means of the ¥ ~counter 10, to an accuracy of + 1 mm. The vaporizer with
the chloride 4 was then heated, and the reduction of zirconium chloride by magnesium commenced. The weight
of the reaction crucible increased; it sank deeper in the melt, raising the Co® ampoule. The height of ascent

of the ampoule, proportional to the amount of reacted zirconium chloride, was détermined from the vertical
displacement of maximum ¥y -activity. The dimensions of the pot and reaction crucible were such as to ensure
maximum ascent of the Co® ampoule,
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- ‘ The pressute of zirconium chloride vapor at

4 S0 " B 437°C is 25 atm, which 1:d to be taken into account.
The measurement of the nartial pressure of chloride
“vapor and inert gas was i.s0 of considerable interest.
== T2 The reduction apparatus ~vas therefore fitted with a

' pressure gauge far measur.ng the chloride pressure at
high temperature (Fig. 1), comprising a molten tin

¢50

L seal 5, situated inside the reduction apparatus, and a
g mercury manometer or spriﬁg pressure gauge 1,situated
3 400y outside the apparatus and hermetically connected to

E the seal, The pressure acting on the molten tin seal

£} was transmitted from the latter through an argon-

& filled tube to the external pressure gauge. The accuracy

of pressure measurement increased with decrease in

the volume of the connections between the seal and

the pressure gauge,and with decrease in the difference

in level of the molten tin in the pot and in the internal

chamber of the seal. In our experiments the error in

the readings of the pressure gauge did not exceed 10
“mm Hg. '

i
)
\
' 300}

200+

260 Ll L | .
\ 10 20 30 60 50 50 70 80 90 100 110 120 130 140 150 160 For dimll’ushlng the reaction of the tin with the

Time, min chloride-containing volatile matter‘(COC_lz; CyClg,
B ‘ . . etc.) in the zirconium chloride, the surface of the -
Fig. 2. Temperature of zirconium chloride at different i, shouid be protected by a very fusible mixture of

points of the vaporizer as a function of time, chlorides, for example MgCly + KC1.+ NaCl.
1) Indication of the control thermocouple; 2-6) indi- '

cations of thermocouples sited in the vaporizer as The pressure of the zirconium chloride vapor
shown diagrammatically in the graph. : during the reduction process could be ascertained from

the difference in pressure during and after the reduc-

bo
S tion process.
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Fig. 3. Variation in operating conditions in the process of the .
reduction of zirconium chloride by magnesiiim, :

1) Temperature of the reaction crucible; 2) temperature of the
vaporizer; 3) variation of pressure P in the apparatus; 4) varia-
tion of weight of reaction crucible; 5) rate of reduction.
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Measurement of the Temperature of

Temperature of reaction

5- crucible = const = 800°C Zirconium Chloride in the Vaporizer.
g . =0 ‘ Supervision of the vaporizer heating temperature
E 54 was effected hy means of a thermocouple 12 (Fig. 1).
e Actually, this thermocouple indicated the temperature
.§ 4 of the furnace zone in which the vaporizer was situated,
9 but not the temperature of the zirconium chloride, In
'§ 3 production, the temperature of the vaporizer zone is
5 also supervised,
‘2 2 In our experiments, for a temperature of the
o _ . . vaporizer zone of 450-500°C, the pressure in the appa-
370 380 390 400 410 420 430 440 450 <60 470 480 490 500 ratus did not exceed 3 atm, indicating the existence of
Volatilizer temperature, °G a considerable temperature gradient between the zir-
‘ conium chloride and the peripheral-zone of the vapon-
Fig. 4, Mean rate of reduction (1), pressure of zir- zer,

conium chloride (II) and argon pressure (III) as

function of volatilizer temperature * For measuring the actual temperature of the zir-

conium chloride, five additional thermocouples were-
introduced into the vaporizer, the readings and positions
of which are shown graphically in Fig. 2. As will be

Volatili seen from the graph, the temperature in the upper part
olatilize’ teperature = of the pot vaporizer and close to its wall, indicated by

= const = 475°C

thermocouple 1, increases much sooner than at the
positions of the other thermocouples. A noteworthy
feature is the presence of deflections on the curves of -
thermocouples 3, 4, 5 and 6 in the range~310-330'c.'
i.e., approximately at the sublimation temperature of
the chloride at atmospheric pressure. From the relation
between the time of appearance of the deflection and
2 e the position of the thermocouples, it follows that,while

750 760 770 780 790 800 810 820 830 840 550 a thermocouple is situated in the chloride, its indications
Temperature, °C do not exceed 330°C. When the level of the vaporizing

. chloride is lower than the position of the corresponding
Fig. 5. Mean rate of reduction as function of the thermocouple, the latter indicates a jump — a rapid rise
temperature of Qxe reaction crucible, in temperature. Consequently, the temperature of the
chioride does not exceed ~330°C, even when the
vaporizer zone is heated to 450°C. This may be utilized,in particular,for verifying the termination of the vola-
tilization of the whole of the zirconium chloride, °

¥}

Rate of reduction, g/min

Measurement of the Velocity of the Magnesium Process of Zirconium Production

Figure 38 shows a typical record of the working conditions of an experiment to determine the velocity of
the process for constant temperature of the reaction crucible. The first maximum on the pressure curve cor-
responds to the desorption of volatile matter contained in the zirconium chloride, and the second, flatter maximum
characterizes the maximum pressure in the apparatus, composed of the argon pressure and the pressure of zirconium
chloride vapor. The volatile matter, liberated when the zirconium chloride is heated, reacts comparatively
_rapidly with the magnesium and partly also with the material of the apparatus, and subsequently does not produce
pressure in the apparatus, After completion of the reduction, the pressure in the apparatus is equal to the argon
pressure. The difference between the pressure during the reduction process and the pressure of the argon (except
during the period of desorption of volatile matter) is equal to the pressure of zirconium chloride vapor.

Figure 4 shows that the mean rate of reduction increases rapidly with increase in temperature of the vapori-
zer (curve I), while the partial pressure of the zirconium chloride varies little (curve 1I). This points-to the fact
that the deciding factors in the mean velocity of the process are the heating temperature of the vaporizer of given
constriction and the rate of volatilization and the partial pressure of zirconium chloride vapor, which depend

upon the vaporizer temperature,
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Excessive increase in the rate of sublimation of the zirconium chloride may result in an inacceptable
increase in temperature of the reaction crucible and in contamination of the metallic zirconium produced, due
to thé reaction of the latter with the material of the crucible. In the case of forced reduction of zirconium
chloride, diminution in the heating of the reaction zone of the apparatus may be recommended for lowering the
temperature of the reaction crucible, or according to the scale of reduction, complete switching off of the furnace
and even cooling of the apparatus. ' '

An increase in the rate of sublimation of the chloride may be obtained not only by increasing the temper-
ature, but also by increasing the sublimation surface, i.e., by modifying the form and dimensions of the vaporizer.
The velocity of the actual reaction of zirconium chloride vapor with the molten magnesium is evidently quite
high. .

From the dependence of the mean velocity of the magnesium proéess on the temperature of the reaction
crucible (Fig. 5), it is clear that within the limits of 760-850°C, the mean velocity varies more slowly than in the
case of increase in the vaporizer temperature from 460-490°C (Fig. 4). This is due to the fact that the limiting
factor in the reduction rate is, as was pointed out above, the rate of sublimation of the zirconium chloride. For
constant and higher concentration of chloride vapor in the apparatus, the influence of the reaction crucible
temperature on the velocity of the process may be greater, ‘ '

The data which have been given on the velocity of the process (in g/min) were obtained with an 80 mm
diameter floating reaction crucible. The absolute value of these data vary with variation in the dimensions of
the crucible, but the dependence of the velocity of the process upon the temperature of vaporizer and reaction
crucible will obviously remain the same. It does not appear possible to express the velocity of the reaction in
g/min per unit volume of crucible or of the surface on which the reaction proceeds, due to the variation in volume
of the reaction surface during the course of the experiment.

Received May 29, 1957
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DETERMINATION OF THE SOLUBILITY OF DIFFICULTLY SOLUBLE
COMPOUNDS USING NONISOTOPIC RADIOACTIVE iNDICATORS

N. B. Nikheev

We established the rules governing the transfer into solution of
a microelement, truly isomorphous with the compound of a macro-
element, with partial solution of the solid phase containing the micro-
element. A method was developed for determining the solubility of
difficultly soluble compounds using nonisotopic radioactive indicators,
- truly isomorphous with the given compound. The effect of the degree
to which thermodynamic equilibrium was attained between the whole
precipitate and the saturated solution on the character of the curves
used for determining solubility was elucidated.” We propose a method
for determining the solubility of difficultly soluble compounds in
- solutions containing similar ions. The relations found were confirmed
by determining the solubility of BasO4 with $t™ and of KyPtClg with
In their article, Korenman et al, [1] proposed a new method for determining the solubility of difficultly -
soluble éompounds using nonisotopic radioactive indicators (that were truly isomorphous with the given compound).
_This paper does not give sufficiently convincing data in support of the applicability of this method, On the
contrary, on determining the solubxhty of cadmium tetrathiocyanomercurate using Cd¥ a5 the radioactive
indicator (isotopic indicator) and Zn® (nonisotopic indicator),the authors obtained solubility data which differed
by a factor of almost four, and this cannot. be considered satisfactory. The authors of the article based their
investigations on the following assumptions: 1) when the solution reaches saturation, the thermodynamic equili-
brium between all the precipitate and the saturated solution is not yet established; 2) the ratio between the
macro- and microelements is the same in both phases. If the first assumption is accepted, then the second would
be true only in the case where the macro- and microelements were isotopes.

In the choice of components of a system of different elements capable of forming truly isomorphous solid
solutions, the thermodynamic equilibrium state is characterized by the following equation [2]:

o {l—2x) - : ‘
v =Py @

where x, y and (1 —x), (1 —y) are the micro- and macroelement contents of the precipitate and of the solution,
respectively, and D is the crystallization coefficient,

Let us examine the case when a solution is saturated with a‘compound containing a radioactive indicator that
is truly isomorphous with the given compound. B will denote the amount of the macroelement taken for saturating
the solution so that the microelement content of the sample would be A = kB, where k is a proportionality coef-
flcxent.

Using Equation (1), we get

o =P ‘ , L ®@
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Fig. 1, Determination of the solublhty of potassium chloroplatmate' '
-in ‘water,using radio-cesium. :

where a and b are the micro- and macroeIement contents of the solution. Assuming that B = nb. upon solving
Equation (2) for a, we find ' S ; -
. knb
T DGR=DF1 : ' . @)

where n = 1,

It follows from Equation (3) that the microelement content of the solution, a, depends on n and D. By
analyzing Equation (3). we establish the following 1) at D> 1,n> 1 a/b < A/B; 2)whenD< 1,n> 1,a/b>
. > A/B; 3)if D =# 1,n=1, a/b = A/B; 4) in the particular case when the micro- and macroelements are isotopes
and D = 1, when n = 1,a/b = A/B. This means that the calculated value of the solubility will be correct only in
cases 3 and 4, Case 3 is of special interest as the curve a = f(n), extrapolated to the value n = 1, will give the
magnitude a and the true solubility of the compound may be calculated from it.

First of all we must decide whether a linear extrapolatlon is‘acceptable for the curve, expressed by Equation
(3), in the region where the -value of 1 is close to unity, Substituting m =n-1 in (3), we find . '

g JBn ) R |
T T Dm+1 S , 4)
where m = 0.
It is readily seen that at Dm << 1 , _
" a=~kb[m(1l— D)+ 1]. 5y

1t follows from this that the absolute efror

[Aa]abs_—;%(m_'%“ Isb[m(l—D)+1]

By effecting the simplest transpositions we get

Dm2 (D —1 ‘ '
[Aa]abs_kb[ ; (+1 )}’ : DR - (8)

from which the relative error
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D D—1) .
- [Aa]ge; ‘_m,;‘(__pr“)“ : n

This shows that on maintaining the condition Dm << 1, we may neglect the error arising in (5) in the approxi-
mation of the curve expressed by Equation (4). In addition it is clear that the region of linear approximation
increases at values of D approaching unity,

In order to check the equations found, we determined the solubility of potassium chloroplatinate in water,

using radio-cesium,

Determination of the solubility of potassium chloroplatinate in water, using radio-
cesium

According to literature data, the chloroplatinates of potassium and cesium are isomorphous [3], [4]. The
solubility of KyPtClg in 100 g of water at 20 and 30°C is 0.7742 and 1 g, while the solubility of Cs;PtClg under
the same conditions is 0.0086 and 0.0119 g, respectively [5]. One can conclude from this that the crystallization
coefficient of cesium in the KyPtClg—CsyPtClg system is considerably greater than unity. We prepared the
potassium chloroplatinate with Cs? as indicator by treating KNO; solution containing radio~cesium with a
H,PtClg solution, The precipitate formed was recrystallized with mixing for 1 hour, after which it was separated .
from the mother liquors by filtration through a funnel with a filter bottom and washed. The washed prec1pitate
was dried at 90°C. To determine the solubility of K,PtClg, small amounts of the salt prepared were placed in
ampules, a definite amount of water, the same in each case (3 ml), was added and the ampules were sealed.
Preliminary experiments established that with small ratios of solid and liquid, saturated solutions were obtained
after shaking the mixture on a vibrator for 1~2 hours. In order to saturate the solutions, all the ampules were
shaken at the same time at a temperature of 28°C for 6 hours, after which samples were removed for measuring
the radioactivity,

The results obtained are shown graphically.in Fig. 1. As the graph shows, in the region of unsaturated
solutions (when the solid phase dissolved completely) there is a linear increase in activity (curve 1). When the
solid phase was present, the activity décreased in accordance with Equation (3) for D> 1 (curve 2).

Taking the above into consideration, we extrapolated curve 2 until it intersected curve 1. The intersection
- point corresponds to the value of a2 when n = 1, from which we can readily calculate the solubility of potassium
chloroplatinate, knowing the specific activity of the salt. ,

The solubility of potassium chloroplatinate at 28°C, which we found, was 0.93 g per, 100 ml, which agrees
with the literature data. : '

It should be noted that in these experiments thermodynamic equilibrium was not attained between the solid
phase and the solution, In connection with this, it is necessary to examine the effect of the degree of equilibrium
attained on the character of the curve for calculating solubility,

The effect of the degree of equilibrium attained between all the precipitate and
the solution on the character of the curve for calculating solubility.

As indicated above, Equation (3) was derived on the assumption that a state of equilibrium had been
reached between all the precipitate and the solution, In‘the case where there is equilibrium only between a part
of the precipitate and the solution, Equation (3) becomes

_ kbin .
= Dn—D +1° . (8)

where thé coefficient i indicates the degree of reaction of the precipitate with the solution. It follows from
Equation (8) that the approach to equilibrium should be indicated by a steeper slope of the curve of activity of
the solution against the amount of the solid phase.

To check this we carried out experiments on the determination of the solubility of BaSO4 in water ,using
® with various reaction times for the phases.
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Fig. 3. The changes in the character of curves a = f(n) in relation to
the increase in the concentration of similar isotopes in the solution.

According to the literature data [3], BaSO, and Sréo‘ are. fsomorphous. However, the solubility of BaSOy is
considerably less than that of SrSO4 At a temperature of 25°C, 1 liter of a saturated solution contains 0,00246 g
of BaSQy, while at 30°C, the SrSO, content is 0,114. g/liter [61.

One would expect from these data that the crystallizauon coefﬂcient of strontiurm in the BaSO‘—SrSOA
- system would be considerably less than unity.
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The precipitate of (BaSr)SO, was prepared by reacting a BaCly solution containing Sr* with excess sulfuric
acid, while it was stirred. ‘For recrystallization the precipitate was left overnight in the mother liquors and then
carefully washed with water, The washed precipitate was dried at 100°C and used in the experiments on the
solubility determination. The specific activity of the precipitate was determined by measuring the radfoactivity
of a small sample (0.23 mg) under the same conditions as those used for measuring the samples of saturated solu=
tion. The amount of (BaSr)SOy used for saturating the solution was changed from experiment to experiment, while
the volume of water was 50 ml in each case. The suspensions prepared were shaken on a vibrator at a temperature
of 28°C, Samples were removed from the solutions after 12 and 24 hours of shaking, but the radioactivity was
measured only after 15 days, i.e., after the radioactive equilibri‘um had been reached between St and Y%, The
results obtained are shown graphically in Fig. 2 and they show that when curve 1 (12 hour saturation) is extrapola-
ted to the beginning of the coordinate, it converges with curve 2 (24 hour reaction of solid phase and solution).
From this one can conclude that in both cases the solution had reached saturation, The steeper slope of curve 2 is
due to the more complete reaction of the phases and, consequently, to the greater value of the coefficient i, .

The value of 2 at n ® 1 may be determined from the data obtained,and then the solubility of BaSO4 may
be calculated, knowing the specific radioactivity of (BaSr)SOy The solubility of BaSO4 at 28°C which we found
was 2.6 mg/liter £25%, which agrees with literature data. - ’

Determination of the solubility of a salt in the presence of similar ions

As shown by the calculations,-the method of nonisotopic radioactive indicators rﬁéy be used for determining
the solubility of a salt in the presence of similar ions, In a state of thermodynamic equilibrium between the pre-~
cipitate and the solution, the following relation is maintained: -

A—a : a . . . . -
57— = D5+ (9)

where gb is the macroelement content of the solution due to foreign salts,

Ratner [7] and Polesitskii [8] established that

D=D(F) 10

where Dj is the true fractionation coefficient, y'and y are the activity coefficients of the macro~ and micro=
element salts in the solution and ¥ is the number of ions into which the salt investigated dissociates. Considering
Equations (9) and (10), we find ’

nb

a= _k
- Y
Do)

g+1

(n—1)+1- an

As can be seen, Equation (11) is analogous to (3). To test (11) experimentally, we determined the solubi-
lity of KpPtClg in 0.1 and 0.2 Nsolutions of KC1 with radlo-cesium, The same (KCs)PtClg precipitate was used
in this work as was used in determining the solubility of this salt in water. The procedure’was analogous to that
used previously, The experiments were carried out at 28°C. The precipitate reacted for 6 hours with the golution,
and in this respect one can assume that the coefficient i has similar values in all the experiments,

Figure 3 shows graphically a = f(n) for (KCs)zptCIG solutions in water (curve 1), and in 0.1 and_ 0.2 N KC1
(curves 2 and 3, respectively). For all the curves we assumed thatap =1 = 1. ’ '

As the KC1 concentration of the solution increased, there was a decrease in the magnitude .D0<~YI,~ ) / q+1

in Equation (11); this is reflected in the shapé of the curves of a = f(n) given in Fig, 3. In addition, Fig. 3 shows
that as the value of - : :

o3 Yt
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approaches unity. there is an increase in the accuracy of the determination of the solubility of the salt.

The values we obtalned for the solubility of KyPtClg in o0, 1 and 0.2 N solutions of KCI at 28°C were 110 and
33 mg per 100. ml of solution, respectively, According to literature data [5], the solubility of KyPtClg in 0 2N
KC1 at 20°C is 23.6. mg per 100 ml,

The author is grateful to Corresponding Member of the Acad. Sci. USSR, V. I, Spitsyn.and his fellow sclentist
at the Institute of Physical Chemistry of the Acad. Sci. USSR, V. P. Smilg, for their comments on the work.
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RESULTS OF EXPERIMENTS IN APPLICATION OF SELECTIVE
GAMMA-GAMMA LOGGING

G. M. Voskoboinikov

Results of laboratory and field studies of dependence of the intensity
of soft scattered y -radiation in rocks on the content of elements with high
atomic numbers are given, Tests confirm applicability of selective gamma-
gamma logging to the search for heavy metals, It is shown that the
anomalies caused by ore zones are of the same order of magnitude as those
previously obtained by the author on theoretical grounds.

INTRODUCTION

In a previous paper [1] the author showed theoretically the possibility of using selective gamma-gamma
logging by registering the intensity of very soft scattered y ~radiation for discovery and investigation of ore zones
in boreholes in deposits containing elements of high atomic number when the density of the enclosing rocks is
either equal to the density of the ore or is not sufficiently sharply differentiated from it. Sharp anomalies in the
form of minima of intensity can be expected theoretically on the log when the sonde passes ore bodies contain-
ing as little as a few tenths of one percent of a heavy element.

v -In order to check the approximate theoretical conclusions and extend them to the more com’plex geo-
metrical conditions of gamma-gamma logging of boreholes, the author has conducted laboratory and field tests
whose main results are given below,

Laboratory Investigations

Two models of boreholes were used in laboratory investigations: No, 1, 30 mm in diameter, and No. 2,
70 mm in diameter, The enclosing rock was moist sand, the ore, the same sand with an admixture of lead
acetate in amounts corresponding to the content of 0.5 to 1.5% of metallic lead. The density of the "ore" and
of the "enclosing rock'was constant for each model — 1, 63 g/crn for model No. 1 and 1.80 g/cm for model
No. 2. :

Measurements were made by means of a sonde consisting of a tungsten counter V8-4 in an aluminum case,
a source of radiation and a screen in the form of a massive lead cylinder 30 mm in diameter, placed parallel to
the axis of the borehole, so that the entire space between the source and the counter was filled by the screen.
The length of the sonde was taken as the distance from the source to the center of the cathode of the counter and
could be adjusted from 20 to 40 cm. The intensity of radiation was registered by counting impulses by means of
the recorder "B”. :

Figure 1 presents results of the invesugatlon of the relation between the intensity of scattered radiation and
‘the content of lead in the sand, - The sources of radiation were Co¥, gm’ and Se™ in amounts corresponding to
0.3, 1.8 and 1.0 millicuries, respectively, having average energies of 1.25, 0.28 and 0.26 Mev (according to the
data in [2]).

In model No. 1, no space was left between the screen and the walls-of the borehole, and the measurements
were interpreted as if made in a homogeneous medium (as if the borehole were absent), The theoretical curves
calculated by the formulas given in [1] for the Co® and Hg203 radiations are also given in Fig, 1, It will be seen
that the experimental values agree well with the theoretical,
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) experimental data; — —— —) theoretical values;
1) radiation from Co®, length of sonde r = 21.9 cm; 2) Co®,
I = 40,1 cm; 3) HZ, r = 23,5 cm; 4) Hg?", 1 = 38.4 cm; 5)
Sem, r =219 cm; 6) Sem, r=30.2cm; 7) Se’s, r =.40.1 cm,

Se™ is the most suitable material for selective logging since, as compared with other sources of soft radia-
tion, it has a relatively longer half-life (127 days) and a high y -activity. It.also gives a clearer fecord of
the dependence of intensity of radiation on the content of the heavy elements in rocks than the other sources.

Figure 2 shows the results of point-by-point selective logging with the Se™ source and sondes of different
length in a wide borehole near the bottom of an ore body.

The area of the cross section of space between the walls of the borehole and the sonde, which determines
essentially the intensity of the parasitic rays spreading along the borehole ("borehole rays”), was 31 cm® and
“cotresponded to that existing in actual boreholes when sondes of practicable size are used (for example, a sonde
of 78 mm diameter in a 100 mm hole). ' '

The object of the experiment was to study the dependénce of the change in amplitude of an anomaly on the
method of screening of borehole rays. Logging was done in a dry and in a water-filled borehole. Curves 1 and
2, Fig. 2,were obtained with the usual 30 mm sonde; curves 3 and 4, with an auxiliary absorber of borehole rays
placed over the sonde and consisting of a brush of lead rods on a spring frame ("counter screen”), The average
density of lead created by this screen in the space between the sonde and the borehole walls was 0.28 g/cm’.

The arrows marked '6' on-the diagram indicate limits of the level of intensity of radiation observed in
' case the ore and the enclosing rock had the same density; arrows marked '5' indicate analogous levels obtained
in media with density of 1.63 g/cm’ in experiments with model No. 1. '

To show the results more graphically, smoothed curves based on relative values of intensities (diagram on
the right) have been constructed by the side of the curves drawn on the basis of the absolute values of intensity
(diagram on the left). :

In all tests the ore with a moderate content of lead (1.5%) is marked by a sharp anomaly whose amplitude
increases substantially with introduction of auxiliary absorbers of borehole rays, such as water and the lead brugh;
with sondes longer than 30 cm, the use of a lead brush in a borehole filled with water results in a perfect coin-
cidence of the upper and lower branches of the diagram with the limiting levels '6°, which indicates that the
effect of the borehole rays has been completely removed.®

* A certaln increase in intensity of radiation in the upper parts of the diagram is explained by the effect of the
edge of the borehole as the counteinears its opening.
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Fig 2. Records of selective logging with Se™ as the source, obtained from a model
borehole with 70 mm diameter in a medium with density of 1.80 g/crn near the
bottom of an ore body.
I) Sand containing 1.5% of lead ("ore"); II) pure sand ("enclosmg rock™);h is the
"depth of the center of the counter; at left: Iisthe intensity of radiationin thousands of
counts per minute; the points indicate observed values;at right: I is the relative :
intensity in percent of its value in the enclosing rock; ;risthe length of the sonde; 1) logging
with a 30 mm screen in a dry hole; 2) same, in a water-filled hole; 3) logging with
a lead brush screen in a dry hole; 4) same,in a water-filled hole. The arrows
indicate intensity of radiation in homogeneous media of similar composition in the
absence of a borehole: 5) density of the medium 1.63 g/cm 6) density, 1.80 g/cm ;
) bottom of the ore body; ————) position of the center of the counter in the
sonde at the moment when the source of radiation passes the boundary of the body.

Characteristics of the Sondesfor Some Applications of Selective Logging

The basic elements of the sonde determining its effectiveness in work with a given complex of rocks are its
length and the energy of the quanta emitted by the source, which depends on the nature of the source.

In comparing measurements in rocks of substantially different densities it is more convenient to use the
product of the length of the sonde by the density of the rock, called the "adjusted length of the sonde," rather
than the length of the sonde itself. Other conditions being the same, the adjusted length determines, by use of
the formula given in [1], the intensity of scattered radiation and the mathude of the anomaly,.
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© Fig. 3. Records of selective gamma=-gamma logging in boreholes in ore
bodies,
1) Albitized granodiorite; 2) limestone; 3) jasperoid; 4) arenaceous shale;

- 5) quartz-jasperoid and jasperoid-limestone shale breccia; 6) nests, vein-
lets and disseminations,of ore minerals: a) scheelite, b) galena, c) cinnabar,
d) stibnite, e) molybdenite; h is the depth, m; I is the intensity of scattered
gamma-radiation in arbltrary units, Ore zones determined by logging are
shaded.

The experimental data reviewed above indicate that for relatively rich ores a sonde with the adjusted
length of 65 g/cm’ and Se’® as the source of radiation may be recommended. The sonde gives an anomaly of
about 10% of the intensity of radiation per 0.1% of lead content, If it is assurmed that for a clear-cut result the
. anomaly should have an amplitude not lower than 20% of the intensity, the sonde with the above dimensions
may be used successfully for logging deposits of metals with atomic numbers near 80(tungsten, mercury, lead,
bismuth, uranium) if their content in ore is 0.2% or more, and also for metals with atomic numbers near 50
(antimoay, tin) if their content in ore is. 0 6% and higher.

For logging in rocks with normal rad1oact1v1ty, it is sufficient to have a source. of 10millicuries. - If the
counter VS-4 is used, such a source guarantees an intensity of scattered radiation of about 800 mc/hour in the
rock and an intensity of about 200 mc/hour in an ore containing 1. 5% of metal (recalculated to the radium
emanation in air) and permits logging without correction for the natural radioactivity of the rocks.

In selective logging of boreholes (for direct determination of their uranium content independently from their
radium content), to diminish the confusing effect of the high background: produced by the radioactivity of rocks,
the intensity of the source should be increased to 1-2 curies; at the same time, the sensitivity of the counter
should be reduced but with preservation of response to the soft radiauon.

Results of F'ield Tests

The method was tested under working conditions in a number of localiues in Central Asia by the author
and the workers of the "Sredaztsvetmetrazvedka™ trust.*

* An organization searching for colored metals in Soviet Central Asia — Publisher,
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A sonde with a lead-covered cylindrical steel screen was used. The sonde was 25.5 cm long, the screen.
73 mm in diameter. To reduce the effect of borehole rays, the sonde was pressed against the wall of a borehole by
a spring. The source of radiation, a plexiglas vial containing 10 mc of Se'®, was held in an eccentric cutout in the
screen on the side pressed against the wall of the borehole, and screened on the opposite side by a plate of iron 40
mm thick. The counter, VS-4, was placed in an aluminum case ‘with 6 mm walls and screened over a 240° sector
by a layer of lead 9 mm thick.

Recording was done by means of the logging recorded KRT.

Figure 3 shows characteristic portions of some of the logs obtained in boreholes 110 to 130 mm in diameter.
The curves a and b are from dry upper parts of the boreholes, which had numerous cavities. The normal radiation
bac kground of the barren parts of the boreholes without cavities is marked on the logs by interrupted lines; it
corresponds to the minima of intensity repeatedly recorded in those parts of the boreholes which were known to be
-dry and without ore and, in most cases, lay beyond the portions of the boreholes represented in the logs. Cavities
are recorded on the diagrams by sharp increases in intensity of radiation, anomalies due to ore by decrease in
intensity below the level of the normal background. The rest of the logs were recorded under more favorable
conditions, in relatively smooth boreholes filled with water, and show an even background and sharp anomalies,

The ore zones, shown by the anomalies of the logs, are shaded and correspond to the following metal content
in the ore; a) 8.3% tungsten, b) 1.7% lead (lower zone), c) 0.2-0,4% mercury, d) 2% antimony, e) 1.8% molyb-
denum. The upper anomaly on diagram b is from the depth of 18.9-20.3 m, an interval which did not yield a
drill core. This interval is interpreted as an anomaly due to an ore zone missed during geological investigation,

Anomalies on logs a, b and ¢ were obtained from ores with different content of metals with comparable
atomic numbers giving anomalies of like magnitude. Comparison of these anomalies makes it possible to judge
the resolving capacity of the method in distinguishing ores with different metal content, As can be seen from
the logs, the anomaly increases from 25 to 77% of the intensity corresponding to the change in metal content
from about 0.3 to 8.3%, providing a scale with 4 to 5 graduations for determinmg the metal content in ores; a
finer differentiation is possible with lower metal content.

It should be noted that in all cases reviewed here, except for that shown in log a (Fig. 3), density logging
carried out at the same time with a 40 cm sonde did not record perceptible anomalous effects. In the case of log
a, recording a very high content of tungsten, the density log showed a slight anomaly with an amplitude of
about 25% of the intensityof radiation,

SUMMARY

1. Experiments have confirmed the theoretical results given in [1] on the possibilities and limitations
of the method of selective gamma-gamima logging.

2. Laboratory and field tests proved the applicability of this .method of locating ore zones with mezal
content of 0,2-0,3% and more in deposits of lead, tungsten and mercury, and of ore zones with 0.6~1.0% of
metal in case of antimony and molybdenum. It is recommended that experimental-production selective gamma-
gamma logging be done in those deposite of the elements mentioned above and of the elements near them in
atomic number, where the content of these elements in the ores of economic value is within the limits given
above. In case of deposits with ore pockets, the metal content averaged over the exp101table thickness of the
deposit may be far below the limits given above. :

3. The necessary condition for application of selective gamma-gamma logging is careful screening of
borehole rays. Some methods of screening (brush, eccentric sonde) were tested in the field and gave satisfactory
“results,

‘ Received November 27, 1957
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LETTERS TO THE EDITOR

SAFE REACTORSTART-UP FROM ZERO POWER

B. G. Dubovskii

" By zero power we are to understand the power of a reactor in the subcritical state,

In this case the power of the reactor is determined by fissions induced by spontaneous neutrons or by
neutrons from a source, neutron multiplication in the subcritical reactor, delayed neutrons, and g decays of
fission fragments produced as a result of prior operation of the reactor at high power levels.

" As is well known, the excess reactivity of a reactor may be greater than 10%; this is significantly greater
than the reactivity introduced by the delayed neutrons. After reactor shutdown the excess reactivity may be
changed by factors which are as-important as the delayed neutrons (large temperature effect, xenon poisoning,
change in uranium loading, introduction of strong absorbers into the reactor, removal or addition of water, etc.).

Let us consider the subcritical state of the reactor at the first Soviet Atomic Power Station {1]. The large
change in excess reactivity requires the total insertion of all the boron rods atshutdown, Under these conditlons
the reactor power, due mainly to spontaneous uranium fission, is W = 10-7 watt . The monitoring instrumenta~
tion is of no use at such low power levels since the apparatus is insensitive at power levels below 200 watts,
‘Without proper monitoring instrumentation it is dangerous to increase the reactor power in the region 10-7-200
watts.because even the introduction of supercriticality by an amount Ak = 0.7% can lead to a runaway situation.

It is difficult to monitor the reactor in this power region using sensitive instruments since the earlier
operation of the reactor at high power levels means that the instruments will record the residual y -radiation or '
be put out of operation altogether. Automatic introduction of sensitive pickup units into the core is also useless
for short shutdown periods because of the strong y ~background,

For these reasons it must be assumed that the preliminary estimates of excess reactivity are very inexact
and that an error in the estimate can lead to runaway in reactor start-up, The difficulty lies in the fact that in
bringing the reactor up to controllable power levels, the amount by which the power is increased over the original
zero power is a factor of order ~2+10°% : -

To facilitate start-up of a reactor power station (these considerations also apply for other reactors) from zero
power level,a slab Sb + Be-source was placed in the reactor stack. Because of the antimony activation this slab
‘becomes a photoneutron source with an intensity of approximately 4- -10" neutrons/sec. The introduction of this

- source into the reactor reduces the uncontrollable power region by approximately a factor of 5+ 105,

The essence of the method, which provides a safe permissible rate for increasing the reactor power up to
levels at which it can be controlled, lies in the uniform (step-by-step) withdrawal of sections of the boron rods
which are equivalent in effectiveness.

. Let us consider the uniform step-by-step removal of reactivity by an amount Ak = 4.5+ 1074 in one minute.
At any instant of time, because of the increase in kggf the reactor becomes critical (or slightly supercritical), i.e.,
Ak = 0 (this instant is not recorded by the instruments). A further uniform increase in reactivity (due to withdrawal
of the boron rods) leads to a subsequent increase in Ak and, consequently, an increase in reactor power. In the
Table on page 478 are the appropriate power increments (these data are to be considered descriptive). In com-=
puting the values of the period for doubling the power T due to Ak,the neutron lifetime in the reactor lattice has
been taken as T~ 3+107% sec.
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As is apparent from the Table, after the sixth withdrawal operation the reactor power increases by approx«
imately a factor 5-10° (for Ak = 31.5-1074 = 0.31%) and a controllable power level is achieved with a safe rate
- of rise (the doubling time is 0.1 min). Before activation of the Sb, a Po + Be-source with an intensity of ~10°

neutrons/sec is placed in the reactor; in this case, for the sake of safet

operations is increased to 1,5 min,

TABLE

Increase in Reactor Power

y the time between two rod withdrawal

Rod with-~ ak- 108 Power doubling Power increase | Total increase in
drawal period, T (in in one minute power from the
minutes) ). instant at which
’ criticality is
- achieved
1 4.5 2 Ky =205 K; = 20.5
2 9 1. ) Kz_= 2 Kle = sz =21.5
3 13.5 0.5 Kg = 2 PgK = 2%5
4 18 10.33 Ke=2° PK = 288
5 22.5 0.2 Kz = 2 PgK = ol1+5
6 21 0.13 Kg=27F Pk =21
7 31.5. 0.10 K, =2" P,K = 22°

The fact that a safe increase in reactivity can be obtained in passing through the uncontroliable region,
using only ordinary monitoring instrumentation, means that a sub-critical reactor can be automatically brought
to useful power levels. The step-by-step increase in reactivity is replaced by a continuous increase where the
rate of rise of reactivity is chosen in such a way as to provide a safe rate of rise of power in coming up to con-
trollable power levels. A similar method for automatic start-up fromzero power levels is described in [2].

Experiments carried out together with S. A. Ogorodnikov on automatic startup from zero power levels,
using the reactor at the Atomic Power Station, have shown that this procedure is completely safe. It should be
noted that the time required for coming up from zero power levels for a given maximum rate of rise of reactor
power is determined by the intensity of the neutron source and the sensi_tivi;y of the monitoring instrumentation
.o neutrons and the ability to discriminate againét Y -rays. ' ’

'The method described here for safely increasing the power through the uncontrollable region was proposed
and tried by us in 1950, The application of this method in automatic startupof reactors was suggested together
with A, K. Krasin in 1954, ' ‘

The author is indebted to V. S. Fursov for suggesting this problem and for valuable comments, to E. N,
Babulevich for participating in the discussions and for valuable advice, and to A. K. Krasin for his continued
interest in the work.

Received October 29, 1957
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'USE OF A DIRECT-FLOW CYCLE IN A BOILING-WATER REACTOR

Iu. N. Alekseenko

Boiling-water reactors have received a great deal of attention in recent years, Studies carried out at the
BORAX* reactor show that the experimental boiling-water reactor has a self-regulating characteristic because of.
the negative reactivity coefficient of the steam and that it can be operated under stable conditions with a mean
steam volume of 20-25% in the core, Under these conditions the radiocactivity of the steam used in the reactor is
rather low and the steam can be used directly in the steam turbine, In this connection there have appeared in
the literature many papers devoted to considerations of various flow schemes in boiling-water reactors.

In particular, Leyse (Nucleonics, 6, June, 1955%has considered the possibility of a system which operates in
accordance with the scheme shown in the figure (p. 480),

In the author's opinion the chief danger is the possibility of overheating of the fuel elements which are
located above the level of the water and are cooled only by the steam. However, on the basis of experiments which

. have been carried out he indicates that there is a marked reduction in the density of thermal neutrons as a function

of height in the upper part of the core as well as a reduction from the ceriter to the periphery because of the high
vapor porosity of the moderator; thus overheatmg of the fuel elements is not to be expected ' '

We have carried out a more detailed analysis of this type of reactor. In order to mvestlgate the nature of
the drop in neutron density in the upper part of the reactor and to determine the nonuniformity in heat generatlon
through the volume of the core, a calculation has been made of the behavmr of this type of reactor, '

The calculation indicates the following:

1. The drop in neutron density from the center to the periphery in the upper part of the reactor, due to the
low density of the moderator in this part of the core, occurs very rapidly. Because of this situation it is reasonable
to expect that there will be no overheating of fuel elements which are located above the water level.

2. The nonuniformity in the neutron density over the volume of the reactor is very high (mainly because
of the axial componentjand reaches a value K, = 5.50 for K, = 3.60 in a reactor 500 mm in diameter with a core
800 mm high,

For most reactors the nonumformlty factor will be still higher because of the relatively weaker effect
of the reflector,

3. The region of maximum neutron density over the height of the reactor coincides with the region in
which the temperature of the water is equal to the saturation temperature, or very close to it, and in which
boiling has not been initiated. .

‘With a high nonuniformity factor, this situation pfesents a serious danger, In a reactor of the type being
described, high water flow rates are not possible in the core since the water flow is determined by the steam
capacity or power of the reactor,

Using reasonable ratios between the reactor dimensions and power, based on the practical possibilities of
extracting heat from a reactor with an energy density of 50 kw/liter in the core, the water velocity is several
centimeters per second, This situation sets up conditions favorable for a transition to film boiling in the region
of maximum heat generation, '

‘*The Russian text seems to be mistaken here. The references seem to be, respectively, to the SPERT reactor and

to the issue of Nucleonics of July, 1956.
479
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The literature contains no data on critical heat loading for heat removal in a liquid which moves at slow
velocity in which the nucleate temperature is close to the saturation temperature. However, on the basis of ex~
perimental data concerning critical loading for required temperature conditions and water velocities for W = 0.5 .
m/sec and higher, obtained at the Power Institute of the Academy of Sciences, USSR, some notion of the danger

involved in the above-described conditions can be gained. In this work the following values of the critical heat
loading are given: ‘ ‘

W.—:O,S.m/set_: W=1,0 m/sec i
| der | | .qcr
Faim | U0 e | et
28| 0,65 2sv o2
100 R i 100 2,4
_..180 | 1,15 . 180 | 1,5
20| 0,4 20| o1

The data obtained at other water velocities also indicate a maximum Qe 3P ® 100 atm.

It follows from these data that the maximum critical loading falls off rapidly with reduction in water
velocity; although there is no direct data on these loads at low velocities, it is reasonable to expect that these
will be still lower. Hence, from the point of view of obtaining feasible power, the direct-flow boiling-water
reactor is much poorer than a multiple-circulation
boiling-water reactor, since the latter is characterized
by higher water velocities in the core and lower non-

uniformity factors, because of the smaller steam content
| _ in the water.
" : Even if the construction of a direct-flow reactor
BEEEEE /' : : is feasible, it will still require a highly‘ developed heat-
AN MR NN o j removal surface, At the same time, this surface and the
oolo]e10]o] ;:‘ nuclear fuel will be used inefficiently because the high
JERREE ' o nonuniformity in the reactor will mean a high value for '
-7 ¢ the maximum heat flux at a low average value of
: ' specific power, Any attempt to equalize the heat genera-
— e 5. " tion, for example by using fuel with higher enrichment
k'_/ _ m S in the upper part of the core, may lead to overheating
6 T\ of the fuel elements located above the water level.
' o Moreover, a system of this kind would have the dis-
Diagram of the boiling-water reactor. o advantage that it would require continuous partial re-
1) Reactor; 2) steam output; 3) turbine; 4) condenser; loading of the lower part of the core and replenishing
5) pump; 6) water input; 7) reflector. _ of the fuel in the upper part. :
Recelved November 4, 1957
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BINARY CYCLE IN ABOILING-WATER REACTOR

Pl

Iu., D. Arsen'ev

In heterogeneous boiling-water reactors it is possible to use a so- -called binary cycle, i.e., a cycle in which
the turbine recelves steam directly from the reactor as well as steam, at intermediate pressure, which is genera~
ted by the heat of the water which circulates through the reactor [1]. The secondary steam generator can be either’

a heat exchanger or a flash tank.

These two versions of the binary cycle are shown in Fig. 1. For convenience, the analysis is ¢arried oiit
using the parameters described in [2] for a large boiling-water reactor with an electric power capacity of approxi- :

mately 180 megawatts.
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Fig. 1. a) Heat-exchanger cycle; b) flash-tank cycle.

1) Reactor; 2) turbine; 3) generator; 4) condenser; 5) pump;
6) deaerator; 7) regenerator; 8) separator; 9) flash tank; 10)
secondary steam heat exchanger' 11) circulation pump; 12)
throttle valve.
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CTABLE 1

Heat-Exchanger Cycle at Regeneration Temperatures 212 and 104°C

ty = 212°C t, = 104°C
© Secondary steam pressure (Phee.:

" atm) ' 36 36

~ Steam flow in the heat exchanger ‘ :
(Gh.e.» ton/hr) - 1 58 15 324
Pressure differential in the circulaung v
pump (ApC .p. (h.e ),atm) _ v 6- 6
Circulation pump power B
MNe.p.(h.e.) megawatts) 3.3 . © 3.3
Eleciric power of the station N -

- (Nge » megawatts) | ss2 © . 178
Station efficiency (n oa »%) » '28.2 217
Relative pump power (£ p (h.e.)s %) .8 . 185
Ratio -of primary and secondary flows . _ ‘

(GS/Ghe) : . - 1,09 1,97
Improvement with regeneration ' '

(An , %) ' 1.2 0
TABLE 2

Flash-Tank Cyele at Regeneration Temperatures 212 and 104°C

t, = 212°C t, = 104°C
Flash-tank pressure (pf,q ., atm) 55 6l
Steam flow in flash tank : ‘ .
(Gg,p.» ton/hr) - - -603 ‘ © 367
) Pressure differential in circulation ’ : _
* pump (AP p, (£,t.) M) .20 -
Circulation pump power :

(Ne,p, (ft.)y megawatis) . 10.2 _ 7.3
Electric power of the station ‘

(Nge, megawatts) 188.1 186
Station efficiency (1 ge» %) - ’ 28.7 28.2
Relative pump power (& p. _(f.t.)'%) ‘ 5.4 | ' 3.9
Ratio of primary and secondary flows . _

(Gs/Gg 1) : v 1,06 1.74

. Improvement -with regeneration ’

QAn ,%) . 0.5 = . 0

As has already been noted [3], from the point of view of heat balance and mass balance, the operation of a
b0111ng water reactor is umquely détermined by several parameters: 1) the pressure in the reactor p, = idem =
=171 atm, 2) the amount of steam at the reactor output G, = idem= 637 ton/hr, 3) the number of circulations
through the reactor K, = idem = £ 18.3, 4) the reactor loading factor B=idem = 0.593. With these parameters the
thermal power. of the reactor is 658 megawatts. : ,

For simplicity we will carry out the calculation of the cycle only for the case in which a two-stage regenera-
tive water superheater is used (Fig. 1a); the pertinent parameters are as follows: p1 = 8.5 atm, t; = 212°C, 1, =
= 212 kcal/kg, td =104°C, p, = 0. 085 atm, and py = 1.2 atm.

In the heat exchanger, steam is generated at a pressure py o = 36 atm [2] In calculatmg the power of the
circulating pump- the following parameters are assumed: efficiency is 0. '72 res1stance of the reactor Ap, = 2 atm,
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, atm _ .
Pf.t. resistance of the piping Ap. = 2 atm, resistance of the
b2 \ S . - heat exchanger Apy o = 2 atm. The results of a calculation
58 \\\\\\ \\\‘ Y ' of lt)l;ne llleal-exchanger cycle with t. = 212°C are shown in
< .
. %\ N e Table L. : | o
| 54 ‘\\\\ NG In the flash-tank cycle (Fig. 1b) the number of cir-
| \ _ \ \ .« cuits through the reactor K, is connected with the number
| 50 N N nﬁ‘=25 - ~ of circuits through the ﬂash tank Ky ; by the relation
. . \ \<Kr ,20
r IS NN 11'r=1+Kr-«f~1= 1+3—i-“5f-1~. (1)
$2 e N \ ‘ , s
& : r —_at 3t
’ iy “?“ \ \\\\ : where Aig =if - if.t." Big =iy —if . |
‘ A \ \\\ The loading factor for the reactor is determined by
‘ 3 N R\ the equation [3]
1 HANEENN R |
05 05 058 062 066 07 0% Q8 082 E‘— Aiy '
B 3 :

(1+('f Yoot (52 o 1)—%!4 @

Fig. 2. Flash-tank pfessure Ps .., as a function of
reactor loading factor g and various numbers of cir-

. cuits in the reactor 'Ky and various regeneration where Aiy =i§ —i,, Alp =iy —17. From Egs. (1) and
temperatures ty, (2) we have
The three curves (taken from below) are plotted for ' 1
K, equal 1o 10, 15, and 18.3. B= Aiy
— = 219°C; —— — ), = 104°C, Ay

[1+(Kr —1) %—%]liri-(’(r Z1) (1——)m4 |

Assigning the various pressures in the flash tank p¢ . ,we plot the curve g f(Pf ‘. ) shown in Fig. 2. The
point on this curve which corresponds to the present value 8 = 0,593 determines the operation of the flash tank:
Pr,¢, = 54.75 atm ~ 55 atm. In this case the steam flow rate from the flash tank is G ¢ = Gw/Kf t. = 603 ton/hr,

It should be pointed out that not only is steam of higher quality obtained from the flash tank (pf . Ph. e.)
but also that a greater amount of steam is obtained (Gf.r.> Gpe,) since the heat of evaporation is reduced as the
pressure is mcreased

A companson of these two cycles with t = 212°C (cf Tables 1 and 2) shows that the heat-exchanger cycle,
‘which is more ‘complicated than the flash-tank cycle, has no thermodynamic advantage.

The effect of the numiber of circuits through the reactor K, on the change of pressure in the flash tank can
be understood by plotting the curves ps , = f(8) for various values of K;: 10, 15, 20 and 25. It follows from the
curves shown in Fig. 2 that an increase in Ky makes it possible to increase pg , and thus to vary the pressure dif-
ferential in the pump over a wide 'margin. The increase inthe hydraulic resistance of the core under these con-
ditions need not be important since the main pressure differential in the pump is associated with the flash tank.

It is also interesting to consider the effect of the regeneration temperature t; on the efficiency of the cycle
in the case of the heat exchanger and in the case of the flash tank, taking account of the fact that the higher t,
the more it is necessary to apply step-by-step regeneration and the more complicated the installation must be.

In the flash-tank cycle of a change of t; with g =idem leads to a change in the parameters of the steam
taken from the flash tank, In this case when t, is reduced, if the temperature of the inlet water is kept constant,
it is necessary to increase the water temperature in the flash tank, thereby increasing the steam pressure in the
flash tank.

For this reasdn itis lmpéftant to understand the way in which the introduction of regeneration changes the
efficiency of the cycle. If the improvement in the efficiency due to regeneration is large,the regenerative
heater = may be limited only by the level which is required for thermal deaeration of the water.
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The curve 8 f(pf p,) for the flash-tank cycle with t; = 104°C, obtained from Eq. (3), is shown in Fig. 2;
this curve shows that with no change in the operationof the reactor itself (8 = 0.593), with a reduction in t, the
pressure in the flash tank is increased from p X 55 atm to pf = 61 atm for the same K =18,3. The data
for the flash-tank cycle calculation with L= 104°C are shown' in Table 2. For the heat- exchanger cycle with
t, ="104°C, we have used the same temperature differential at the output and, consequentiy,the same pressure of
the secondary steam py o = 36 atm (cf, Table 1),

It is apparent from the Table that the reduction in efficiency due to a reduction in tr for the flash-tank
cycle is con.nderably smaller than for the heat-exchanger cycle. :
" SUMMARY

1. Replacing a heat exchanger by a flash tank not only simplifies design but also makes possible certain
- improvements in efficiency in spite of the fact that the flash-tank cycle means high power consumption for
internal requirements and a large pressure differential in the circulation pump.

2. A feature of the flash-tank cycle is the small reduction in effimency with large reductions in t., due to
the fact that,with no change in the operation of the reactor, a change in t; means an increased pressure in the
flash tank p, . . Hence in the flash-tank cycle it is feasible to reduce the temperature of the water regenerative
superheater, thus allowing a reduction in the number of regenerator stages and a reduction in the pressure
differential in the circulation pump.

‘Received December 7, 1957 . B
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CRITICAL HEAT LOAD FOR LONGITUDINAL WETTING OF A TUBE
BUNDLE FOR WATER HEATED TO SATURATION TEMPERATURE

B. A. Zenkevich, V. I, Subbotin, M. F. Troianov

The purpose of this work is to study the critical point in the boiling condition with longitudinal wetting of
a tube bundle (one of the possible alternatives for a heat-dissipating element) for water heated to saturation tem-
perature.

The experimental apparatus described in reference [1] was used for the experiments, However the con-
struction of a contact column with the working part consisting of a tube bundle was carried out in conformance -
with the problem of the present paper. :

The tube bundle consisted of 7 or 19 heat elements (the two alternatives were used). The design of the heat-
dissipation element is shown in Fig. 1. In both varieties the tube bundle-seen in transverse section, is disposed in
triangular array with 6 mm spacing. The upper ends of the copper tubes are passed through a copper current
supply cone to which they are brazed (Fig. 2) and below, the ends of the copper rods of the tube bundle, amalga-
mated with mercury, fittightlyinto a stack = of eight copper spacers. The working part of the bundle is
inserted in sleeves of stainless steel between whose butt joints are placed centering spiders of heat-resistant
micanite, protecting the outer tubes of the bundle from bending or warping. The space between the outer tubes
of the bundle of the inner wall of the sleeve was 1 mm. In the lower and upper sleeves were windows for entry -
.and outlet of water passing over the outside of the tube bundle (the water moves from bottom to top). .

" In order to determine the critical condition in the boiling state (the method is the same as that in reference
" [17) the central and three peripheral tubes carried chromel-alumel thermocouples, whose hot junctions went
through an opening drilled in the walls of the tubes 20 mm below the point where the stainless steel pipe is joined
“to the copper. The hot junction is arc-welded and is shielded so as not to project above the outer surface of the
stainless tube, The lead from the cold junction of the thermocouple passes out of the contact column through a
special connector.

The working part, after assembly, is introduced into the contact column (Flg 2). The copper spacers which
make up the lower end of the assembly enter the mercury cup which is tightly enveloped by a copper current
supply bus, The copper cone used at the upper end of the assembly is mounted in a tapered hole in the upper
current supply bus and tightened with a screw. Thus the tube bundle can freely sustain temperature stresses.

The body of the contact column was. electrically insulated from the mercury cup and from the upper current
supply bus,

The upper part of the contact column was provided with a gas cap whose internal cavity was insulated from
the flow segment of the column by an appropriate gas pressure. Compressed nitrogen at a pressure equal to the
pressure in the flow segment of the column was fed into the ‘gas cap from pressure compensators of a B-200 ap-
paratus [1]. Since the inside of the tubes is contiguous with the cavity in the gas cap, the pressure inside and out-
side the tubes was maintained practically equal, and the tubes were relieved of stresses due to the external pres-
sure of the water. Provision is made in the gas cap for the outlet connector for the thermocouples.

Simulauon of heat dissipation in the tube bundle was obtained by passing an electrical current.

In carrying out the experiments, the same basic measurements were made as in [1].
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Fig. 1. Heat-dissipating element..
1) Copper current supply tube 5 X 1 mm;
2) heat-dissipating tube 5 x 0.27 mm of
stainless steel; 3) copper current supply rod.

The moment of reaching the critical point.in the
boiling state,marked by a sharp increase in the temper- {
ature of the wall of one of the tubes which were provided ‘d}'
with thermocouples (in some cases the critical point was '
noticed simultaneously in two or three tubes),was fixed . @‘
by indications of the instruments, . é*

i
&

oo |

electrical power and verified by the heat balance of the - 4

—

The critical heat loading was determined by the

water,

Ui

At the very beginning of the experiments it was

discovered that the first two or three times the critical Fig. 2. Contact column with working parts,
point was reached in the boiling condition, obtained with 1) Body of the contact column; 2) heat-dis-
one and the same parameters in a new (not having been sipation element of the tube bundle; 3) mer-
in'use) bank, gave a lowering (of 3 to 4 times) of the cury cup; 4) lower current feed bus; 5) cop~
value of qep in comparisoti with subsequent ones. After per spacers; 6) sleeve; 7) centering ring;
several successive occurrences of the critical condition 8) copper cone; 9) tightening screw; 10) ther~
the magnitude of qc; became stable. It was also estab- mocouples; 11) thermocouple outlet assembly;
lished that a previous heating by an electrical current of : 12) gas cap; 13) upper current feed bus;
‘the tube bank in the contact column, -at a water pressure 14) upper outlet window in the sleeve.
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of 220 atmos abs and with tube wall temperatures of 600° to 650°C,also gave at once stable values of Qcr- The
results given below were obtained on bundles after prior heating,

Experiments for determining the value of qcp Were carried out in the pressure range 180 atm to.210 atm
and with water velocities of 0.65 to 4.65 m/sec and heated to temperatures less than that of saturation by 10° to
40°C. At a pressure of 220 atm, as was the casein reference [1], 2 degeneration of the critical point of the boiling
state was discovered. ’

Ger -
. - i o
[+]
. .a __&___'_______.S-——
: I R - o
I e ° ©

¢(x,)

Fig. 3. Experimental data for q., for tube bundles in dependence on

K —={ (K,)

0,65 {1 0,32-10° ) -
Kl (1 +Ri,i+2,6K1+0,9K2 .

The straight line corresponds to the theoretical equation; @) bank of 19 tubes; O) bank of 7 tubes.

In Fig. 3 are shown the data obtained for qc, for tube bundles in comparison with the theoretical equation
(Note: symbolism same as in reference [2]):

0,32-108 inos
‘K=K?'6?(95+42QK2) (H‘ RIITZ.6E110,9 Kz) 107, -

- where. . k=la) kL k=l
: : . r ogWy'! -~ m r

w ‘/,—c—‘;
Y V=1

1ay:

As is seen, satisfactory agreement is obtained with the equation, although some deviation of the experimental
points is noted, relative to the banks of 7 and 19 tubes. This is probably connected with the differing disparities
for both banks between actual determined temperatures of the water and the average temperature of the outflow of
the water at the output of the bank, taken as the determined temperature,

R=

Engineer V. 1. Krotov took part in carrying out the experiments. Calculations and graph-making were
carried out by engineer Z. F. Deriugina and technician N. A. Gushchina.

The authors express their gratitude to Academician A. P. Aleksandrov for setting the problem and Doctor
of Phys, and Math, Sciences, A. K. Krasin,for attention and constant interest ln_ the work.
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NEUTRON DISTRIBUTION IN MEDIA WITH KNOWN PROPERTIES
AND PLANE BOUNDARIES

4

I. 1. Tal'ianskii

In formulating a theory of neutron logging, and in certain other cases, one must know the neutron spatial
distribution function in media with different neutron properties, which are divided by a given boundary, in the
presence of apoint source of fast neutrons,

In Ref, [1] this problem has been solved for the case of two media with a cylindrical boundary, correspondlng
to a well in an infinite stratum, .

In the present w0rk we consider a plane boundary -between two media; this analysis ean be used to study the
behavior of a neutron flux in pas.'sage from one stratum to another, Just as in Ref. [1] the problem is solyed by the
two-group method, with the introduction of fictitious . sources at the ‘boundary. Thus, let a plane boundary divide
~ an infinite space into two parts, filled with media having different neutron properties (cf. figure on page 490).

In what follows these media and all characteristics pertaining to them will be denoted by the subscripts "c” and
"r". Further, suppose that in medium c there is a point source of fast neutrons at a distance a from the boundary.
Quantities referring to the fast-neutron group and the slow-neutron group (thermal) will be denoted by the sub-
scripts "1" and "2" respectively. We introduce a cylindrical coordinate system with origin coinciding with the
point at which the source is located (cf, figure),

The equations for the neutron flux ¢ for fast and slow neutrons in both media are of the form

a

L= —(b () —bple, :
S “4-7‘Prr ’ @)
L*qg,= '—*fec‘Fl-c - {”‘P;c, ) . @

Lo = "“-"‘lzzr?lr - 47‘?;: ) - : ) 4

where

Z,; 1is the macroscopic slowmg -down cross section, E,l is the macroscopic thermal~-neutron absorption cross
section, Dy; is the group diffusion coefficient [2], pu is the density of fictitious sources at the boundary, Q =
= N/ch.andN is the number of fast neutrons emitted by the source per unit time (i =1,2; L =c,I)

The functions pil (r, z) are written as follows

pit (r, 2)=aj1 ()3 (z—a),

where a;; is a function of r..

<

488

Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0




Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0

Next &(z —a) is e',xpand'ed‘ln a Fourier integral while o(r) is expanded in a Fourier-Bessel intégrai:

1 o«
b (z—a)=o— S elh —9) gy,
e T S )

ay (1) = S Yy (0o (1) ndn,
0

Flnally. after carrymg out calculations similar to those in [1], we obtain the followlng expression t‘or the
fast-neutron flux: , ,
g o

=Y et [;e—m

T

el (6)
+2m1i () =010 ] g (),

o

o

' —Zirjz—al o
o, )=25 1 () e o) 1dn
where o .0 ' -
116 (1) =2 ﬂmc_lc_—_%‘—t o

le _ 8n? - chC1c+D1rC1r

Q . 2chclr. e—_—!, a

1c

Trr (M =g5 Dt Dt ¢ ' )
CiI#IVﬂ2+*%t|-

The slow-neutron flux eXpressions are of the form:

o .
—_ _ﬁ‘*"’_ 1 Q —ticlz)
P20 (7, 2) = § { 2o—nd, Gic [E ¢ +

+ontip (e izl ] 4

U ot
210 () e ‘ez “_‘} Jo () n v,

(8)

$er (7, z)—\{ s _Z"er("])e_c"‘z_a‘-f‘

T ——

2010 () o V0L g ()
2r - J

where

Czce clc \

Yac (V)= <
2 4n? (-chclc ~+ Dyerr) (chtzc'i‘Dzrtzr)
X{ 21‘120 (DzrDlrclr—Dnchrwr)‘}“

g0

_}_;%T%gx—z—— DlnDzr (t21’ CIT)}
Q. Eape 108 ' P )
Tar (M) = s (chCm+Der1r) (Dslac +D2rtzr)

{'x. 12‘; ch(D1rC1r+D1cczc)—,

2
- —x—lg-r-'—‘ ch (ngtgr "*‘ Dartlr)}

2
Koy —

Eq. (8), together w1th Egs. (7) and (9), yleldsthermal neut.ron distribuuon over the entire space,

Only one of the integrals which appears in Eq. (8) can be calculated analytically:
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P Lo L@ (.:|z| . .
i Boun, : coeTle s 1 g VT
medgary between | ” To () ndn= A el ezt
R ) E . . h ) ritz
4 .

ol lo ot ool otto ettt ettatoall The remaining integrals can be found by numerical
oo Nl oo )
R RN : methods for each individual case.
A AR AKX o ST
AN L0 e A :

~ The épplicatlon of these results to the theory of
neutron loggirig will be considered elsewhere.

i

The authors are indebted to A, E, Glauberman for

' Neutron a discussion of this work.
source T : v
Diagram showing the arrangement of the neutron " o Received Novémber 21, 1957

source and the boundary between the media.
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MEAN NUMBER OF NEUTRONS EMITTED IN y2ss FISSION INDUCED BY
14.8- Mev NEUTRONS

A. N. Pvrot'opo_p‘ov and M. V. Blinov

Method .

A determination of the mean number? of prompt neutronsemitted , in a fission event by various isotopes
of uranium and plutonium is of considerable interest, both from the point of view of nuclear energy considerations-
and from that of understanding of the fission processitself. As the energy of the neutrons which induce fission is
increased,the measurement of ¥ becomes more and more complicated. Among the factors which make such
measurements difficult are the effect of secondary neutrons in (n. n) (=, 2n0) and (n, 3n) reactions and the large
background due to primary neutrons,

The use of a coincidence method in which coincidences are 'recorded between fragments and neutrons,
creates the most favorable conditions for excluding detection of neutrons which do not arise in the fission process
itself. Such a method has been developed by Kalashmikov, Lebedev and Spivak [1] for measuring v in U,
and Pu?® fission induced by neutrons with energies characteristic of a fission spectrum. The detectors used by the
authors in Ref. [1] were several boron counters located in a paraffin block. The resolving time of the coincidence

“circuit was 2+107% sec. In cases in which measurements of v are made in a fast-neutron flux in which the back-
ground is large, it is necessary to reduce the resolvmg time of the comcidence circuit,and the use of boron counters
in paraffin becomes impossible.

In the present paper measurements have been made of ¥ for U fission induced by 14.8-Mev neutrons. The
neutron detector was insensitive to y -rays, had almost constant efficiency over the entire fission=neutron spectrum
[21. [3], and also could be used with a fast coincidence circuit; this detector was an ionization chamber with a
layer of U?% applied to the highwoltage electrode. Since this detector has a very low efficiency, it was necessary °
to keep it as close as possible to the chamber used to detect fission fragments. In practice, both chambers were
combined into one double ionization chamber on the high-voltage electrode of which were placed two identical
layers of U*®, The layers were deposited on discs of thin aluminum foil which were held from the back. Each
chamber served as a detector for primary fission events and as a detector for neutrons originating in fission events

_which took place in the other. chamber.

The number of coincidences for fission fragment pulses when the chamber is placed in a neutron flux is
given by

N .
Nc—- 1V=2+N2V51——1V1V53<1—|—Ni :; >’ ‘ = . )

where Nj is the number of recorded fission events in the layer in the first chamber; €y is the detection efficiency -
in the second channel for a neutron emitted in fission induced by primary neutrons in the layer in the first
chamber; and N, and €4 have corresponding values. The primary neutron flux is the same on both uranium layers,
so that(Ny/ Ny)fe y /ep)= 1 whence,from Eq. (1) we have '

N :
2N " . ' , v , (2)
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The mean number of neutrons emitted in a single U fission event induced by 14.8-Mev neutrons was
measured with respect to the mean number of neutrons emitted in thermal-neutron-induced fission. From Eq.
(2) we have '

No

S oMo .

vT IX; €3 ’ - (3)
A |

(quantities relating to thermal-neutron fission are denoted by the supersciipt "T ");

‘The chamber was first exposed in a flux to 14,8-Mev neutrons and then in a thermal-neutron flux. Inboth

cases a determination was made of the ratio of the number of coincidences to the number of fission events in one
channel. In calculating the ratio ¥/ UT, in addition to the experimentally determined quantities N./Nj, one must
determine the efficiency ratio. This quantity is not fixed because of the differences in the fragment angular
distribution [4], which result in a difference in the fission-neutron distribution, Inasmuch as the ratio eT/e is
very close to unity, it is not necessary to compute the absolute value of the efficiencies and only an estimate of
the ratio is sufficient, C

Apparatus and Experimental Conditions

In order to increase the fission-neutron detection efficiency the uranium layers were made fairly thick
(~ 2 mg/ cm?). The layers were prepared by precipitation from a-suspension of UgOg powder in alcohol and were
deposited on aluminum foil 0.1 mm thick. The uranium contained 97.5% U?*, The diameter of the uranium
targets was 20 mm. The distance between the high-voltage electrode and each collector electrode was 2.5 mm,
The chamber was filled with a mixture of highly purified argon ( 97%) and CO, (3%) at atmospheric pressure.

TABLE’

Results of the Measurements

Number Nurpé;er o{ Nfurnber .
umber laccidental | of true
Number of coinci-|coinciden-| coinci- Nic 108 Ne | Nic
Neutrons of frag- dences, |ces, N dences, Ny Ny T
: ments, Ny ’ "Tac | N ' N
Ne - . tc ,
14.8 . Mev : 327 059X 64 1427 382 1045 ’ . 5,00 | 1,8340,13
Thermal 407 727X 64 1137 423 714 2,73
| . ) .

_ After amplification and shaping,the pulses, 0.4 microseconds in width, were fed to a coincidence circuit
with a resolving time of 1 £ 0.05)* 10~7sec. The resolving time was checked periodically during the course of the
experiment. With a counting rate for true coincidences of 10-15 pulses/hour, the background of random coin-
cidences was less than 30-50%. :

The neutrons used to irradiate the uranium were obtained from an accelerator, using the T (d, n) Het
reaction by bombarding a thick tritium-zirconium target with 175-kev deuterons. The total neutron flux was
kept at a level of (1-2)- 10® neut/sec throughout measurement; this flux corresponds to a counting rate of 3000 o0
6000 pulses/sec in the channels. ' ‘

In making the fast-neutron measurements the chamber was set up along the axis of the deuteron beam in
such a way that the uranium layers were perpendicular to the incident beam of 14.8-Mev neutrons at a distance
of 5.5 cm from the tritium target. Under these conditions the neutron flux over the area of the uranium layers
was uniform within 4%. The chamber was covered by cadmium to providé shielding against thermal neutrons,
Under these conditions the background due to fissions caused by scattered neutrons is 3%. ‘

In carrying the thermal-neutron measurements the chamber was placed at.a distance of 30 cm from the
target. The chamber and target were surrounded by paraffin. The uranium layers were shielded against the fast-
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neutrons beam by a lead cylinder 20 cm in length, Using this arrangement the number of fission events caused by
supercadmium neutrons was less than 5%.

Results

The results of the measurements are shown in the table. In order to obtain the relative number of neutrons
v/vT, in accordance with Eq. (3) it is necessary to multiply the experimental value of the ratio N /Ny: 1N, /N,
which appears in the last column of the table by the efficiency ratio €'/e. Taking account of the anisotropy in
the distribution of fission fragments in U** fission induced by 14.8-Mev neutrons, the efficiency ratio may be
estimated as 1.04 10.02. Then we find that V/l}r is 1.90 10, 17. However, certam corrections must be introduced,

First of all account must be taken of the effect of background fission events due to scattered neutrons in the
fast-neutron measurements, Using the data reported by Leachman [5], the background due to scattered-neutron
fission events increases U/UT by 1.4%. In the thermal-neutron experiments no correction was made for the super-
cadmium neutrons because of the small change in ¥ for small increases in neutron energy.

It is also necessary to introduce a correction to take account of the error which has been introduced earlier

in Eq. (2) by assuming that%z- ?1— 1. The quant_tty Ny/N; is equal to the efficiency ratio for the chambers for
1

14,8-Mev neutrons while ¢ y/eq is the effimency ratio for neutrons characteristic of a fission spectrum. In practice
these ratios are not the same,since the channel efficiencies vary in different ways as the neutron energy is varied,
because of the thick uranium targets and variations in the channel parameters. This effect leads to a 1.5% reduc-
tion in v/ T,

No corrections were introduced to take account of a possible difference in the secondary-neutron specn'a.
The errors associated with this effect are certainly less than 1%. Also, no correction was introduced to take account
of nonuniformities in the thickness of the uranium layers. In view of the uniformity of the thiermal-neutron flux -
‘and the fast-neutron flux over the surface of the layers,and the fact that only relative measurements were made,
this correction should.be less.than 1%, The effect of any apparatus instability was kept to a minimum by making
alternate measurements. No corrections were introduced to take account of apparatus instability.

Taking account of all corrections we find ll/l;r 1.90 £ 0.18. Using the value o = 2.47 + 0.03 [6],we find
that v in U is 4.7 + 0.5 for fissions induced by 14.8-Mev neutrons. The error in ¥ is determined basically by
the statistical errors in the measurements. :

In Refs. [5, 7 and 8] it has been noted that the experimental values for v for fast neutrons are in good
agreement with the calculations carried out by Fowler (cf. [5]) for a fragment excitation temperature T = 1.4
Mev, If the calculated curves are extrapolated [5] to the value E;, = 15 Mev, as has been done in the survey
made by Erozolimski [7], good agreement with the results of the present work and Fowler's calculations is obtained
with T =1 Mev.

In conclusion we wish to express our gratitude to I. A. Baranov and Iu. I. Belianin for operation of the
accelerator and to L. I. Radaev for other help.

Received July 8, 1957
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PREPARATION O,F'STABLE LAYERS OF URANIUM, NEPTUNIUM,
PLUTONIUM AND AMERICIUM BY ELECTROLYTIC DEPOSITION

G. I. Khlebnikov and E, P, Dergunov

A number of investigations in nuclear physics, in cyclotrons and other ‘equipment, require relatively thin
(from 0.1 to 0.4 mg/cm?) layers (targets) of various chemical elements, among them uranium, neptunium,
plutonium and americium. Besides mechanical stability, these targets must withstand long periods of bombard-
ment with intense beams of heavy charged particles (N%, C2, 0% 18) as well as sharp changes in the tempera-
ture: from room to 500-700°C. ' '

There are several methods known for preparing thin layers: electrolytic, cathode sputtering, _depoeition
with organic bonding agents etc. The electrolytic method is the most widely used in practice.

A substantial difficulty in the electrolytic preparation of stable layers of uranium and transuranium elements
is that the elements are deposited on the cathode in the form of a hydroxide of complex composition and not as
the metal :

The conditions described in the literature for preparing electrolytic deposrts have a series of disadvantages.
They do not ensure a quantitative yield of the element {1]-[3], [5], [7] or do not form sufficiently stable layers -

[4]. [6].
The preparation of the starting 'comp:o'unds - anhydrous chlorides (PuClgetc.) f3] — is a complicated problem,

In this work we chose the best electrolysis conditions for obtaining high yieldé of the elements in very stable
thin layers. The electrodeposition can be carried out from nitric acid and hydrochloric acid solutions of the
element in any valence state. .

* This article gives practical details for preparing the layers,

As is known, in electrolysis from aqueous solutions, the most stable layers are obtained by adding complexing
agents to the electrolyte [5], [7]. We used ammonium oxalate dissolved in water (0.05-0.07 M) and, in some
experiments, formic acid as the complexing agents. The electrolyzers used in the work were similar to those
described in the literature [5], [6]. '

To prepare 0,5 X 1.2cm targeté with a layer thickness of 0.15-0,25 mg/cm an ammonium oxalate solution
(1.5-2.0 cc) was placed in an electrolysis vessel in which the distance between the electrodes was equal to
1.5-2.6 cm. Then a nitric acid or hydrochlonc acid solution (~0.2 cc) with the element to be electrolyzed
(U+s, pr" Pn *+y was added with careful stirring, in a sufficient amount to give the required layer. The pH of
the solution was brought to 8-9 with several drops of concentrated NH,OH.

The electrolysis was carried out at room temperature and a cathode current density of 100-150 ma/cm?,
Changes in the current density within this range did not affect the yield of the element or the quality of the
layer. With higher current densities the hydroxide layer became very uneven and friable. With lower current
densities the yield of the element became low even after prolonged electrolysis. Regardless of the initial amount
of element (calculated for a layer not greater than 0.4 mg/cm ), after 2-2.5 hours about 50% of it separated on
the cathode and after 5-6 hours it had deposited quantitatively (95-98%).

Numerous experiments showed that an increase in the electrolysis time to 12-14 hours resulted in the
formation of a dense, stable layer and a fuller yield of the element (99-99.5%).
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- There was intense gas evolution at the given cathode current density so that a revolving anode or special
mixing of the electrolyte was unnecessary, :

After the experiment the electrolyte was remdved with a pipette, the target washed twice with distilled
water (free from CO,) with ammonia added,and dried in air at room temperature for 2-3 hours. This stage of
prolonged drying was especially important for the preservation and strengthening of the layer. Then the target
was dried in a drying cupboard at 80°C or in a desiccator. If the material of the’ backing was suitable, the target
could be fired to produce the oxides of the corresponding elements,

The stability of the target was tested by rubbing the layer with a dry cotton pad. With a layer thickness
of about 0.2 mg/cm , the decrease in weight was 5-10%. i

The yield of material on the cathode was found by weighing the target and by measuring the o-activity
of the electrolyte layer and the wash water. Nickel, platinum,aluminum- and copper alloys in the form of a
foil of 2.5 p to 1 mm thickness were used as cathode materials. * The ‘cathodes of aluminum and copper and its
alloys were found to be unstable in the electrolyte used (pH 8-9). A thick foil had to be used, the pH lowered
to ~7,and the electrolysis time reduced to 2-3 hours, without attempting to reachcomplete deposition, when
using aluminum or copper cathodes.

The anodes were made of platinum, graphite and nickel, Under the conditions developed by us for the
electrolysis, the graphite crumbled due to the oxidizing process that occurred at the anode. A diaphragm, made
of No. 3 glass filter, had to be used in experiments with a graphite anode.

Before the electrolysis the cathode, anode and electrolyzer were degreased with alcohol, benzene or tri-
chlorethylene; this considerably improved the quality of the layer (increased the evenness, stability and yield of
element), :

 An oxalate electrolyte could not be used in preparing thin americium layers-due to the formation of in-
soluble americium oxalate. We therefore used an electrolyte consisting of a hydrochloric or nitric acid solution
-of americium in 0.2 M formic acid and 0 2 M ammonium formate [8].

The electrolysis was carried out for 3.5 hours with the initial medium pH equal to 3, the cathode current
density 100-150 ma/cm® and t = 20°C. The materials used for the electrodes were platinum (anode) and nickel
and platinum (cathode). The conditions of treatment of the cathode deposit were similar to those described for
the oxalate electrolyte. The experiments showed that in the use of an electrolyte containing formic acid, a -
considerably more stable layer was formed than that obtained from an alcohol—acetone mixture [4]. '

From the formic acid electrolyte in additionto americium, we obtained quite good layers of plutonium and
neptunium hydroxides with the conditions described above.

We should note that for uranium, neptumum plutonium and americium, the stable layers obtained in one
stage were not thicker than 0.4 mg/cm?, Quantitative deposition was attained if the starting concentration of the
element was such that the layer thickness would not exceed 0.4 mg/ cm®, This was established in numerous
experiments with different starting concentrauons of the elements examined,

Received November 27, 1957
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THE NUMBER OF ISOTOPIC MOLE.CULES IN SIMPLE AND COMPLEX
SUBSTANCES AND THEIR CONCENTRATIONS

. I. G. Petrenko

In the study of various physical and chemical processes using stable isotopes and in exact and rapid analyses
of complex gas mixtures, various types of mass spectrometers are used very frequently and their main operating
principle is based on the separation of the components of the gas mixture by their molecular weight. In con-
nection with this it seemed very interesting to develop a method of calculating the number of isotopic molecules
and their concentrations (without considering the isotope effect) in simple and complex chemical substances.

A study of the molecular isotopic oomposition of simple and complex substances is valuable both theoreti=
cally and practically,for example in mass-spectrometric investigations, molecular spectroscopy, problems of
~ isotope separation etc., However, the literature does not give any methods for’ calculatmg the molecular isotopic
composition of various substances.

The bask principles of mathematical statistics may be used for solving the problem of the number of iso- -
" topic molecules in the composition of any simple or complex substance.

Investigations showed that the total number of isotopic molecules Ni of any simple substance may be
established using the method of combinations [1]:

o (r-m—1) :
Nl""mn ‘ (1)

The number of isotopic molecules of complex organic and inorganic compounds may be determined using the
equation .

o (amy =) (ryfmy =) (riemy— 1)
YT onl g — 1) gl (mg—1)1 7T il (my—1)1 77
H ("1+m1_1)' . : 2

il (ms—1)l ’

where n is the number of atoms of the given element in the composition of a molecule, m is the number of iso-
topes in the composition of the given element.

The number of terms in Equation (2) is limited by the number of elements in the molecular composition
of the substances being studled :

The stable isotope content of elements varies from one to-ten,but is not greater than four for " most of
the elements. The number of atoms of different elements in the composition of an inorganic compound is also
relatively small and usually does not exceed ten, Organic molecules may consist of a large number of carbon
and hydrogen atoms,but these elements have only two stable isotopes each. '

Equation (2) may be simplified considerably for calculating the number of isotopic molecules in separate
classes of complex compounds, Thus, for example, Equation (2) would become

Ni=(ny+1) (na+1) - - 3
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TABLE 1

The Number of Isotopic Molecules in Some Simple and Complex Substances

Substance I V Hy | 0 | CO | CO, | HyO | SO, | 8Oy | CH, | Gyl | CeHy | C,H 0 l H,80,
Number of isotopic :
molecules 3 6 6 12 9 24 40 10 24 49 |. 63 180 ‘

TABLE 2

Isotopic Molecules of Carbon Monoxide and Dioxide and Their Concentrations

28 29 30 M n Le,, %
,CO\»\L\ - | 2 ()
c120 Cr0o cuon 08 3 98,892
. 98,654 3,659.10-2 2,017-107 : ’
C1%0 cBQe G017 (;13018_ 3 1,108 -
1,105 4,099.40—4 2,26-10-3 :
Iny, | 2 2 | '
Te,, % | 98,654 1,142 20211071 2,26.10-3 100,000
4 44 45 . 46 | 41 48 .49 tny | Zcp, %
CO, : . ,
Cc120, V C”Oéc GrzQeQ17 CrzQ1eQ18 Clzoliole 0120%8 v 6 98,892
498,416 7,3-1072 | 4,025-1071 | 1,493-10% | 4,115-10~¢
) 012()%7 .
1,354-10-8
C‘3Oq C”Oz“’ 013016.017 C13016018 C13017018 C130218 6 1,108 |
- 1,103 8,179.10-% | 4,509-10-3 | 1,673-107% | 4,611.10"°
C13047 v
1,517.40-7
T, 1 2 '3 3 2 1 12
Yoy, % 98,416 | ‘ 1,176 4,.034_-10—1 4,658-10-3 | 4,132.10°% | 4,611.107¢ 100,000 | .

for a large number of aliphatic and aromatic compounds with the general formula of Cn,Hp,.

. Thus, in using Equation (2) practically no supplementary calculation methods are required,as it is simpli-
fied due to the fact that the values of n and m are usually limited to the first ten natural numbers and that
these terms are reduced to numerators and denominators.

As an examiple, Table 1 gives the number of isotopic molecules of simple and complex substances,

The mass numbers of the 1sotopic molecules of complex substances vary over amuch smaller range. There-
fore, isotoplc molecules form isotopic groups, whose number is determined by the limit within which the mass
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TABLE 3

Isotopic Molecules of Methane and Their Concentrations

\ A 48 21
— 16 17 .18 19 20 21 Tny | Te, %
CII. \\\ . . - ’ .z
Cr, - Cl2H} |  CrHIH® CZHLHE ©| - ClPHMHZ C12[2 5 | 98,892
98,835 | 5,733.107% | 1,247.10° | 4,206.107 | 4,371.40°13
CH, - carm CISHIH® | CWHAHZ | CIHUHZ - C19H3 5 | 1,108
1,107 6,424-10-1 | 1,397-10-7 | 1,351.10-11 | 4,898.10 -1
tn, 1 2 l 2 2 2 R 10
Zer, % 98,835 1,164 ‘ 6,549-107% | 1,409.107 | 1,355-10-1! | 4,808.107¢ 100,000 |

numbers of isotopic moleciiles of the given substance vary and is established by the use of the simple equation

N = (An— )i i, )
i
_ where Ap and A, are the mass numbers of the limiting isotopes of the given element in the composition of a
complex substance's molecule,

This equation is applicaBle to a large number of cases.

It is also very important to be able to establish by calculation the concentration of the isotopic molecules
of simple and complex compounds. In order to establish the concentration of the isotopic molecules of any
simple substance by calculation (without considering the isotope effect), the following equation of polynomial
analysis may be used [2]: .

(814054 ... 4 Bm)m. ®)

In order to calculate the concentration of isotopic molecules of complex inorganic and organic substances,
the following equation is used:

(611-}‘91.2—}-—...+01m)"1(921+022+__.+62_m)n2

- Bi it - Oim) =T (Oia - Big + ... - 6

n,
+ 6im) v

where n is the number of atoms of the element in the composition of the molecule, 6 is the concentration of
isotopes of the given element in the composition of the molecule, expressed in fractions, i.e.,643 +04s + ...+
+ 0 ym = 1. The number of factors in Equation (6) corresponds to the number of elements in the composition ‘
of the given compound and the number of integrated terms in each factor corresponds to the number of isotopes
of the given element,

On solving the polynomials (5) and (6), we obtain magnitudes which characterize the concentrations of
isotopic molecules, expressed as fractions of unity.

The calculations are based on the latest data [3] on the concentration of isotopes in chemical elements.
As examples,Tables 2 and 3 give the isotopic molecules of carbon monoxide and dioxide and of methane and
 their concentrations; the isotopic molecules are divided into groups (vertical columns) and classes (horizontal
columns). The isotopic groups include all the isotopic molecules which have equal mass numbers (A), while the
classes include all the isotopic molecules which have the same elemental isotope. The tables also give the
concentrations of isotopic molecules (without considering the isotope effect), the number of isotopic molecules
by groups and by classes (Zn ), and their total concentration (Zc).
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If the molecule of the complex compound being investigated includes only one atom of one of the elements,
then the total concentrations of the isotopic molecules of each class (Icg) will correspond exactly with the con-
centrations of the isotopes of the given element. This may be seen in the tables glven. o

. 'When complex substances-are formed under natural conditions at a very low temperature they become
enriched in one of the isotopes due to the influence of the isotope effect. It seems to us that the calculated
value for the-concentration of isotopic molecules, obtained for the balanced. statlonary_dir_s't_rrbunon of isotopes,
could be the basis for characterizing the enrichment of a complex substance with one or another isotope.

' -Received June 26, 1957 .
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APPLICATION OF RADIOACTIVE INDICATORS TO THE SOLUTION OF
THE PROBLEM OF INTERNAL ADSORPTION IN SOLIDS

‘ V. 1. Arkharov, S. M. Klotsman and A. N. Timofeev

One of the most important factors affecting the physical properties of technical materials is the internal

adsorption of certain impurities at various structural inhomogeneities [1-3]. The excess energies of these latter
. (as compared with regions of the undistorted crystal lattice) are partially lowered by the production at these

places of nonuniform concentrations of certain soluble impurities. This effect appears most strongly for sufficiently
large differences of the orientations of crystallites meeting each other at joints (boundarieg between crystallites,
The enrichment of the transition zones between the crystallites with soluble adsorption-active ("horophilous”™) '
impurities has important consequences,particularly in cases in which, because of temperature changes that are
not sufficiently gradual, the concentration of the horophilous impurities in the adsorption zones does not have time
to follow these changes, and a local supersaturation of the solid solution occurs in the adsorption zones. The local
disintegration that occurs on this account causes a situation in which the polycrystalline alloy has running through
it very thin interstitial layers which lie along the grain boundaries and have decidedly altered properties. This
evidently provides the explanation of many cases of the appearance of intercrystallite brittleness of alloys [4-6].

, For practical purposes it is important to make detailed studies of the phenomenon of internal adsorption.
The zones of altered concentration, however, are very thin (according to indirect -estimates their maximum
thickness is some hundreds of Angstroms), and it is very hard to study them.

‘It is natural to use the method of marked atoms for the solution of this problem. Direct observation of the
effect of intercrystallite internal adsorption by the method of autoradiography does not, however, turn out to be
'very easy, since the thicknesses of the enriched layers are so small.

As is shown by qualitative considerations and special calculations [7], the detection of the effect requires the
existence of definite relations between the increase of concentration of the active constituent in the adsorption
zones and the scattering of its radiation, which depends on the energy of the radiation and the properties of the
main constituents of the alloy. When these conditions are unfavorable, the effect "washes out” and will not be
detected. For example, in the optimal case of the adsorption of P2 (which emits a-particles of energy about
5 Mev) in an alloy based on lead,the maximum width of the blackened region is 43 p [8].

" Therefore, the first work done in our laboratory had as its purpose not the direct detection of adsorption
irregularities in the distribution of "marked” impurities in polycrystalline alloys, but the study of internal
adsorption through a secondary effect — its influence on the degree of abruptness of the intercrystallite diffusion

_of the indicator constituent in the alloy. In carrying out such studies by ordinary metallographic methods it
was noted, for example, that the diffusion of silver into copper with small amounts of admixed antimony gives
an irregular front with salients reaching far into the copper along the boundaries between the crystallites [9-12].
Since it was also found that in solid solutions of antimony in copper with large concentrations of antimony the
volume diffusion of silver is considerably more rapid than for silver diffusing into pure copper, it was assumed that
the metallographic pattern found for the diffusion front of silver inan alloy of copper with asmall amount of anti-
mony is due to adsorption of the antimony between the crystallites.

When an autoradiographic study was made [18],it confirmed the results previously obtained by the metallo-
graphic method: when a small amount of antimony is present in the copper the diffusion of silver from the outside
into such an alloy gives a front which reaches far into the copper along the grain boundaries, with intrusions much

. more sharply marked than in the diffusion of silver into pure copper. '
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It must be remembered, however, that the autoradiographic picture of the diffusion (like that obtained by
metallography) does not reproduce in its pure form the effects arising from the joints between the crystallites (the
transition zones), since it is complicated by the effect of "lateral” diffusion into the grains, in directions normal
to the zones between the crystallites, which gives a broadening of the wedge-shaped intrusions on the diffusion
front. 1f the diffusion along the actual boundaries between the crystallites run definitely ahead of the volume dif- .
fusion front (i.e., the diffusion through the volume of each grain), then the wedges detected in autoradiographic
or metallographic studies are formed through both true intercrystallite diffusion and also lateral diffusion, which
is essentially a volume effect, the same as goes on on the main parts of the front, which passthrough the interiors
of grains. Furthermore, the first of these contributing effects, that associated with the narrow boundary between
grains, is not accessible to direct observation by autoradiographic or metallographic methods, and is not manifested
separately from the second effect, " ) :

The possibility of autoradiographic‘detAection of salients on the diffusion front depends on the ratio of the
coefficients of volume and intercrystallite diffusion.

A more detailed study of the effect of internal adsorption on intercrystallite diffusion can be made by
calculations based on a model proposed by Fisher [14]. The basic quantity which must be obtained from experiment
is the total amount of the diffusing component with the radioactive indicator which penetrates during a given time
of diffusion to a depth y from the surface of the specimen. This quantity is proportional to the specific radio-‘
activity i, measured at different depths by grinding off successive layers from the specimen.

 In the case in which intercrystallite diffusion predominates,as compared with volume diffusion, Ini is a
linear function of y, and the slope of the straight line In i = ky gives the quantity D%?l /6Dgr, where D, is the
coefficient of volume diffusion, D, is that of intercrystallite diffusion, and & is the effective thickness of the
transition zone between two neigh%oring' crystallites, ' C

Radiometric studies [15, 16] have shown that in the diffusion of Aglm into pure copper or into copper con-
taining a small amount of antimony or beryllium there is-a linear relation between Ini and y. Control experi-
ments with single crystals.of copper and of an-alloy of copper with 0.4% antimony showed that there s little
difference between the coefficients of volume diffusion in the two cases (because of the small concentration of
antimony). From this it follows thatfadmixture of antimony or beryllium causes considerable changes of the dif-
fusion permeability of the zones between crystallites (& Dy, ), which indicates the presence of an effect of inter-
nal adsorption of the impurity. Here an important fact was brought to light: addition of antimony decreases the
value of 8 Dgr in copper. At first sight such a result is in contradiction with the metallographic and autoradio-
graphic data. One must, however, remember the complex origin of the metallographic and radiographic pictures
of the diffusion front, in which the actual penetration of the diffusing element along the true intercrystallite zone
escapes observation (because of the extremely small value of &.).

According to metallographic data,large concentrations of berylliumslow down the volume diffusion of silver
into“copper. According to the radiometric data, an admixture of 0.1% beryllium considerably alters the value of
6 Dg; in copper, which indicates that the beryllium is internally adsorbed at the joints between crystallites, Also,
there is an increase of the rate of intercrystallite diffusion of silver.

It must be remarked that although the model taken as the basis for Fisher's method gives an improved
approximation for the separate estimates of the diffusion in the joints between crystallites and that through the
actual grains themselves (in the regular lattice), it still uses a very simplified concept of the intercrystallite
‘zone as a layer of definite thickness, sharply distinguished from the grains themselves and differing discontinuously
from them in its value of D.. Actually, however, this zone merges continuously with the two grains between
which it lies, and in it there is a smooth transverse gradient of the lattice distortions, and also of the value of D
and the concentration of the adsorbed impurity, Therefore, the speed of diffusion in the intercrystallite zone can
change in a complicated way under the influence of adsorption of an impurity; in the central, most distorted
part of the zone the effect is different from that in the parts located nearer to the undistorted lattices of the
adjoining crystallites, i.e., it varies across the transverse section of the intercrystallite zone. The result fo_und by
the radiometric method gives a value of the diffusion averaged through the entire cross section of the inter-
crystallite region. Nevertheless,this result gives 2 more detailed account of the effect than the results obtained by

the metallographic or autoradiographic methods.
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It has also been found [16] that the change of the value of 8D . in the alloy Cu + 0.1% Be depends on the
temperature of the preliminary annealing. This indicates that the eifect of internal adsorption of beryllium in
copper depends on the temperature, Regarding these results as preliminary evidence, we can conclude that the
method of radioactive indicators will make it possible to obtain more accurate ideas about the mechanlsm of
1intercrystallite diffuslon.

Received January 9, 1958
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1

A CHARGING DEVICE WITH AN ATOMIC BATTERY

G. D. Gorlovol and E. G. Kardash

One of the most convenient individual dosimeters used in work with radioactive materials is the pocket
direct-reading dosimeter DK~0,2. Dosimeters of this type are chaiged from a charging device fed by a battery.

The main disadvantage of this instrument is the necessity of frequent changes of the battery. In the
Central Scientific Research Laboratory of the State Inspectorate of Mining Technology of the U.S.S.R. there has

been developed a charg'ing device for dosimeters of this type which uses as its source of voltage an atomic battery,
or, speaking more precisely, an atomic cell, ' "
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Fig, 2. Diagram of the construction

' of the atomic cell.

Fig.; 1. Outline sketch of the charging ' 1) Plane g-ray emitter; 2) insulator;

device. ~ 3) collector; 4) lead cover.
1) Charging jack; 2) atomic cell; 3) dis- ‘ : oo
charging button; 4) discharging resistance. An outline sketch of the charging device is shown

in Fig. 1. The atomic cell 2 is connected to the charging

jack 1. The sleeve of the charging jack is connected to the negative electrode of the cell and the case of the

" charging device. The dosimeter to be charged is inserted in jack 1. The capacity of the cell is larger than
that of the charging jack and dosimeter. Since the potential across the electrodes of the cell is somewhat larger-
than needed to charge the dosimeter DK-0.2, at the. first moment the dosimeter filament goes off scale to the
left. To set the filament at zero one presses the button 3, so that the charge leaks off through the resistance 4
and the filament moves slowly to the right. When the filament reaches the zero one releases the button and
removes the dosimeter from the jack, With this procedure less than 15 seconds are required to charge the dosi-
meter. If the atomic cell has been -discharged, the time for charging 2 dosimeter depends on the capacity of the
cell. In this case a full displacement of the filament across the scale requires about 30 sec, i.e., about the same
time as with the use of the ordinary charging device. The charging device described here makes it possible to
charge practically any number of dosimeters at intervals of not more t(hanvl minute.,

To observe the position of the filament during charging and to determine the dose that has been received
the instrument is held with its window to the light, and the use of ordinary batteries can be gompletely dispensed
with, ’ '
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Fig, 3. Outside view of the atomic cell." RN S R )
' C ‘ Fig, 4. Outside view of the cha'rging' ‘devi(:e.

- A diagram of the construction of the atomic cell wiuch we have developed for the chargrng device is
shown in Fig, 2. oot ‘

In our first models we used sr¥® and T12% for the pray emitter 1, although in general one can use any
long-lived g -active isotope. It would be preferable to use a radioactive material consisting of elements of small
atomic number emitting g -particles of low energies, since it is.desirable that the,energy and intensity of the
secondary bremsstrahlung radiation be at minimum values. On these considerations the isotopes pmi?, H®, A%
would be preferable, and studies are now being made with thern. The thrckness of the g -ray emitter 1s chosen
SO as to mmimrze self—absorpuon. ‘ , S :

The insulator 2 between. the radiator and thé collector is a polyethylene : film of ‘thickness 15 ¢ and high
. electric resistance. For the collector- 3 in which the stopping of the g -particles occurs,the material used is
magnesium, one of the lightest metals. The thickness of the collector is made approxrmately equal to the
maximum range of the g ~particles in the collector metal; for example,. when Sr -is used the thickness of the.
magnesium collector’is 4 mm,, : :

.

To cut down the intensrty of the x- -rays produced by the stopping of- the B -partlcles in the collector the
cell is inclosed in the'lead cover 4 of thickness 3 mm. As was found- by measurements, a layer ‘of lead of this
thickness weakens the bremsstrahlung radiation by a factor of about 500. The intensity of the bremsstrahlung
at the surface of a chargrng device with a cell without the lead shield is less than 2 pr per sec. In order to
Aehminate the possibihty of dispersal of the radloactive ‘material, the lead’ cover is made arrtight ‘The current
sttength from an atomic ‘cell with'a radiator (Sr¥) of activrty 10'mC is found by measurements 0 be about 10710

"amp at voltage 300° v; the capacrty of the element is about 100 ppf ‘

' ) Sd

. Outsrde views of the atomic cell and the chargrng device are shown in Figs. 3 and 4

s

The charging devrce that has been described is consmerably smaller in 51ze than the usual chargrng device,
"1t is essenually a pocket apparatus. The charging device is convenient 1o use, “has no parts that can fail or get-
out of order (tubes, batteries), and has a long service life — twice or three times the half-value’ period of the
isotope used. “The advantages of the chargrng devrce wrth the’ atormc cell will show up ‘most clearly in- workv
under actual field condit.tons. R - o : ’
Received December 25, 1957
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VOLTAGE-CURRENT CHARACTERISTICS. OF
. BORON IONIZATION CHAMBERS

A. B. Dmitriev

The voltage-current characteristics of chambers of types KNT-49, KNT-50, and KNT-52 have been
determined with the chambers under 1rrad1auon by slow neutrons in a reactor channel.

a8 )___’_l____ ; 16

. 171 g

. 06 12
5 7
>y |- s

0 %" e i %

02 - (1A

.or

vomnenn' S I
- | U,>2000v
|

- 250 500 750 1000 1250 - 1500
. oA . o - U' v
Fig. 1. Voltage-current characteristics of chamber KNT-49.
Working gas; air under pressure 600 mm Hg (curves I and 1)
and 400 mm Hg (curves III and IV). The values of the cur-
rent density for curves I, II, and III are shown on the left-

hand scale, and for curve IV on the rlght-hand scale.

The electrode system of chamber KNT -49 consists of two coaxial cyhnders of diameters 30 and 40 mm,
The central electrode is coated with boron carbide. . The chamber was connected by a dural tube 3. 5 m long to
a vacuum system, so that the chamber could be pumped out to pressure 10 "2 mm Hg and filled with various gases.
The intensity of the neutron flux was varled by stepped changes of the reactor power.

The electrode system of chamber KNT-50 consists of three coaxial cylinders of diameters 12, 24, and 36
mm. The largest and smallest cylinders make up the high-voltage electrode, and the middle cylinder is the
collector., The outer surfaces of the cylinders of diameters 12 and 24 mm are coated with boron carbide.

The electrode system.of chamber KNT-52 is a set of plates of diameter 43 mm, coated with boron car-
bide,and with the odd-numbered ones forming one electrode and the even-numbered ones the other,

In the experiments with the chambers KNT-50 and KNT-52 the intensity of the irradiation was varied by
displacing the chambers along the channel while the reactor power remained constant,

The voltage-current characteristics of the chambers are shown in Figs. 1-3. The values of the ionization
current per unit area of the collecting electrode are plotted as ordinates; Uy, is the breakdown voltage of the space
‘between the electrodes.
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TABLE

Comparative Characteristics of Boron Ionization Chambers

v -d, | Workin Pressure P U, i
Type of chamb g satr ¥ Isats 1 ,
7P chamber mm gas . : pa/cm? pa crsng
Air 660 mm Hg 1000 0,20 | 0,05
' 410 mm Hg 1000 0,30 0,07
Neon | at3 atmos 400 0,20 0,31
_ 5 : ' 3 aumos . 300 _ 0,10 0,28
KNT-49 ) ' :
; 2 atmos 750 0,46 | 0,07
; | 600 mm H. 500 0,15 0,15
| Argon 820 mm Hy 250 0,06 | 0,28
: 320 mm Hg - 300 0,11 0,30
KNT-50 .~ | 6 |Argon 600 mmHg 350 | 046 | 0,33
. ‘ i . . :
o . 6 atmos 300 0,46 1,3
KNT-52 (1st sarnple) 1,6 | Argon " - 450 0,92 1,2
. : : 950 . 1,6 1,3~
KNT-52 (2nd safnple) ‘| 1,6 | Argon 6 atmos 800 ) 5,4 2.1
o : : _ 300. | . 0,76 2,2
- Remarks: Ug,, is the experimental value of the saturation voltage; i ,, is the experimental value of
the saturation current density; igy¢ 500 is the value of the saturation current density at voltage 500 v; d is
the gap between electrodes; and p is the pressure of the working gas.
The neon and argon used to fill the chambers were of high purity (impurity content less than 0.001%)

In the comparison of the electrode systems the most interesting quantity is the maximum saturation current
at a potential of 500 v (the voltage at which these chambers are used). This quantity was computed from the
. relation Ugyy » isatz . A comparison of the characteristics of the chambers is given in the table on this page.

As can be seen from the table, the chamber KNT-52, which has a small interelectrode distance and is filled
* 10 a high pressure, has decidedly higher values of igy; 500 than the other chambers. When the chamber is filled
with neon,saturation is attlined at lower voltages; this is due to the larger mobility of Net 1on§ (4.4 cm’/ v esec)
as compared with that of A* fons (1.6 cm®v-sec). Because of the small breakdown voltage"ofﬂ the discharge. gap

the possibilities for using neon are limited. ' '

20

4o y o
0.5/ |

T2 s 70 o000 500
Uyv
Fig. 2. Voltage-current characteristics of chamber KNT-50.
Working gas: argon at pressure 600 mm Hg.

\
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Fig. 3. Voltage-_currént characteristics of chamber KNT=-52
(1st sample). Working gas: argon at pressure 6 atmos.

The smaller value of i;at 500 for.the chamber KNT~49 filled with argon to pressure 600 mm Hg, as
compared with the chamber KNT-50, is explained by contamination of the argon during the filling of the
chamber. The KNT-49 chamber was pumped out to the pressure 1-107 mm Hg before filling, whereas the
chambers KNT-50 and KNT-52 were pumped to pressures 1+ 10~5t0 1-107% mm Hg during prolonged baklng-out.

In conclusion the writer expresses his gratitude to L. G Kosmarskala M G. Vorob'ev. and the reactor
operating crew for aid in performing the experiments.

Received May 21, 1957
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REMARKS ON THE TWO COMPONENT NEUTRINO THEORY
OF LEE AND YANG

A, A_ Sokolov

In the construction of their new theory of the neutrino, Lee and Yang have used a two-component. formulism
‘ [11 ¢cf. also the papers of Landau [2] and Salam [3]). As we have already shown [4], a new theory of the neutrino
(ko = 0) can also be constructed by using the Dirac equation with oriented spin [5] The present paper gives a
compatison of the results obtained with the two theories.

In the theory of Dirac particles with oriented spin,the wave 'functioh ¥ obeys not only the Dirac equation
ho R | P - -
(*TE—CT(“V)—Pakom)‘P:O ' : @

but also the supplementary equation

(“‘%)9’20?, B @

where the quantity s = 11 characterizes the doubled value of the spin component in the direction of motion.

In this case in calculating the matrix elements of the spinor functions one must use not the Casimir
formula, in which the states are separated only according to the sign of the energy (€ = £1) and there is an
averaging with respect to the spin states, buta formula in which there is an explicit separation of the states both
according to the sign of the energy (€ = 1) and according to the sign of the spin component (s = + 1). Ashas
been shown in reference[4], this formula, as applied to particles with different masses (kg 5= k) takes the form

'<1’, x)z-ii6 Tr ‘Y'<1+p1._e's —tpge’ ) <1+s'((Tk,.> (1+ples LTI ><1+ (alc)>

where the quantity echiK = ech \/ K2 gives the energy of the particle, and € = +1 the sign of the energy. As
has been shown in reference [5],the momentum elik of the particle depends on the value of the quantity €, so that ~
in the theory of Dirac particles with oriented spin we choose for the neutrino €s = 1 and for the antineutrino

es =—1* From here on we shall use unprimed quantities for the neutrino, In order to obtain the Casimir formula
from Eq. (3), we must carry out a summation over the spin étates_s and s'.

The matrices y and y ' that determine the character of the interaction can conveniently be taken in the
form (21.13) of reference[5](from now on we shall use the notations of that paper).
o N :

*If the mass of the particie is zero (kg = 0), then the value of the mé.trix element (3) will depend only on the
product €s. The results of Lee and Yang can be obtained from Eq. (3) if we assume that for arbitrary € = 11 one
has for the neutrino s = 1 (right-hand screw) and for the antineutrino s = —1 (left-hand screw).
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As can be seen from Eq. (21.17) of reference [f] in the nonrelativistic case with the scalar ('y = ps)s
tensor (7 ps 0), vector (y © =1), and pseudovector (yA = ¢) interactions,the coefficients characterizing the
polarizauon properties of the electrons emitted in g~decay will be proportional], respectively, to the quantities
(e'= 1)

RS T pas
‘RUA

- 10 U )
}=1:Fess-:s_c— E (4)

Pad

(quantities relating to the electron are distinguished by primes; the mass of the neutrino ko( ti/c) is taken to be

zero; o = E)' From this we find for the longitudinal polarization the expression

ST__pvia_Fa—Ra v
P —PpP =R, TR, s — . | (5)

Since according to the experimentaldata [6]P=—-}. we conclude that in our theory in the case of S, T-inter~

actions a neutrino (€¢s = 1) must be emitted along w1th an electron, and in the case of "V, A-imeractions an anti-
neutrino (€s =—1),

On the other hand in the theory of Lee and Yang (see Eq. (13) of reference [1} it is the other way around;
for electron emission S,T-interactions are associated wnh the antineutrino, and V A-interactions with the
neutrino, :

Furthermore, to describe the polar asymmetry of emission of the electrons from the spontaneous decay of
neutrons, using Eqs. (21.17) and (21.18) of reference[5]we can get the following expression, in the caseofa pure
interaction type: ' v .

" R=1+c¢sa -‘c’—cos 6,

where 6 is the angle between the directions of the spin of the neutron and the momentum of the electron. In
this last formula we must put ‘

The experimental data [7], however, give for the coefficient in question the value esa =—0.37, Therefore,
in the case in which an antineutrino is emitted along with the electron (es = ~1) it is best to take the combination
of the V and A interactions, which is in agreement with the polarization experiments [6], whereas for the case
of a neutrino one takes the combination of § and T interactions.

Finally, in the &ecay of a stationary spinless m -meson into a p-meson and a neutrino (or antineutrino), the
interaction must be the pseudoscalar one (yP = pg), and therefore the cotresponding spin part of the matrix
element will be propornonal to the expression

. , kl kk'
R:pn:“:(‘l—ese's 7{—;><1+ ss’ (kk' > v (6)

where ko = 0 and the primed quantities refer to the y-meson. Taking into account the law of conservation of
momentum (ek = —e'k’, we find that
R= (1—535 s’ )(1—-5.95
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i.e., if the spin_of one particle is directed along its momentum (e ‘s’ = 1), then the spin and momentum of the
other particle must be in opposite directrons (e's' =—1).

Thus,if from the decay of a charged T -meson a y-meson is produced with its spin parallel to its momentum
(es = 1), then according to our theory an antineutrino (es = —1) is emitted along with it.

It is interesting to note that if in one system of coordinates the doubled component of the spin of a neutrino
along the direction of motion is equal to unity (s = 1), then in any other coordinate system (including a Lorentz
transformation which can change the direction of motion) the quantity s for a free particle will also be equal
to unity. Therefore for the neutrino (ky = 0) we can regard this component as prescribed in any system of coordi-
nates,

If, for the antineutrino,experiment reveals the opposite picture of violation of symmetry, then we shall have
every reason to suppose that the asymmetry of our world as a whole is due fo the overwhelming predomrnance of
the number 'of nucleons over the number of antinucleons.

Received January 16, 1958
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SCIENTIFIC AND TECHNICAL NEWS

OPENING OF THE ATOMIC POWER STATION AT
SHIPPINGPORT, PENNSYLVANIA

On December 22, 1957,an atomic power station, in which a pressurized-water reactor (PWR) is used, was
put into operation at Shippingport (Pennsylvania, USA). It was originally intended to complete construction in
* July 1957. This is the third operating power reactor of five ‘which are planned under a five-year program of the
- United States Atomic Energy Comimission.

There are now five nuclear reactors in the world which are producing electrical power: the reactor at the
first atomic power station (USSR, 1954), the reactor at the Calder Hall station (England, 1956), the experimental
boiling-water reactor at Argonne National Laboratory (USA, February,1957), the experimental sodium-graphite
reactor at Los Alamos (USA, April,1957) and finally, the reactor at Shippingport.

According to various estimates, the cost of the Shippingport power station varies from 70 to 110 million
dollars {1], [2], considerably exceeding the original estimated cost (48 million dollars).

The heat source of the atomic power station is a reactor, the core of which is a right cylinder [3-7] con-

" sisting of two parts: a part with enriched uranium, in the form of slabs which are covered by a layer of zircalloy-2,
and a breeding zone, the fuel elements of which are zircalloy tubes (10,5 mm in diameter and 0.7 mm wall thick-
ness) containing dioxide of natural uranium. Each fuel assembly consists of 100 tubes, The slabs with enriched
uranium are also installed in assemblies. In the initial operation of the reactor the enriched-uranium zone will
generate about 40% of the heat and, as the plutonium accumulates, the heat generated in the breeding zone will
increase. In order to make maximum use of the fuel in the breeding zone it is intended to recharge the enriched.
uranium zone about twice as frequently as the breeding zone.

The problem of controlling the reactor is simplified considerably because of the negative temperature coef-
ficient —3.6 x 104 deg™, In order to reduce the number of control rods, the slabs containing enriched uranium
contain an absorber (boron), the poisoning effect of which will be reduced gradually as a result of neutron capture
during the operating of the reactor. The control rods are made from crystalline graphite,

The coolant-moderator is ordinary water of high purity, at a pressure of 140 atm. The water enters the
reactor through thé base; 90% of the water flows upward through the fuel slabs and control rods, while the remainder
cools the walls of the reactor frame and the heat shield. The heat obtained by the water in the core of the reactor
is transferred in heat exchangers to the water in the secondary circuit and wet steam is produced; the steam is then
fed to a separator. The dry saturated steam from the separator is then used to drive the turbine. Three of the cir-
culation loops are in constant use,while the fourth is kept in reserve,

The core is enclosed in a steel cylindrical frame with a hemispherical bottom and a removable hemispheri-
cal top. The reactor frame, in turn, is placed in a spherical steel shell (diameter 11.6 m) which has a cylindrical
housing in its upper part (5.5 m in height) in which the driving mechanisms for the control rods are located. Two
other cylindrical steel shells (diameter 15 m, length 30 m) are located around the first shell and are used for the
circulation loops, with two loops in each shell. The fourth shell (diameter 15.m, length 45 m), contains the aux--
iliary equipment. All four shells are mainly below ground level and are surrounded by concrete. With this
arrangement it should be possible to contain radioactive fission products in the event of an accident at the reactor
(failure of the primary cooling system and melting of the core, with the subsequent loss of fission products).

According to a preliminary estimate, the personnel at the station will amount to 130 people, approximately
twice the number of people required at an ordinary electrical power station of the same capacity.

513

Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0



Declassmed and Approved For Release 2013/09/13 : CIA-RDP10- 02196R000100010003 0

Lnaractensucs O Tne PWK

Thermal power .. .oose.

20 * ¢ 6 0 0 e s 0 0 e a0 e

Electrical power o « c e s s s o 00 v s
Internal power requirements ...
Core height . o . v v v evoausnn
Core diameter «e.oeovvsoss
Enriched uranium charge ......
Natural uranium dioxide charge
Number of conrol rods. . « o's + « &
Core Water Pressure o o s o o 0 0 ¢ o +
Water flow through the core . ...
Water temperature at core inlet . .
Water temperature at core outlet .

e e s 0 v e s a s e e

e o0 0 a8 00 s e

Velocity of cooling water in enriched-uranium zone.
Velocity of cooling water in breeding zone .« « v o v oo v+

_Pressure of dry saturated steam at input to steam turbine . . ..

Temperature of dry saturated steam at input to steam

Height of frame ......e0v.0
. Internal diameter of frame ... ...
Frame thickness v . e o e 0o s 060 s
Roof thickness «.o s oo v e oo s ess
Base thickness . .cceeeiooeces

Fig. 1. The core being placed into
the rector frame.
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Fig. 2. View of the core from above.

The actual start-up of the reactor, on December 2, 1957,
marked the fifteenth anniversary of the first nuclear chain
reaction in the world, : :

At startup the reactor was run at a level of 25 kw
(thermal) [8]. During this time numerous experimental tests
‘were made to determine the nuclear properties of the core and
to test the operation of the individual elements of the system.,

A picture of the 58~-ton core being loaded into the 10 m
frame of the reactor is shown in Fig. 1; Fig. 2 shows the assembly
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of the upper lattice which contains the fuel elements and the graphite control rods.

On December 22 the Shippingport atomic power station first supplied current to the electrical power network
of the Duquesne Light Company.
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ATOMIC AIRPLANES®

Unlimited flight duranon the presence of radiation and concentration of weight: these are the pr1nc1pa1
specific features of an airplane powered by atomic energy. :

_ The two latter factors lead to considerable design difficulty, but are more than compensated for by the
tremendous advantages of the fizst factor. For instance, an atomic airplane may be used as an automatic television
relay station, remaining in the air for long periods of time without any operating personnel In England plans
are being made for creation of an atomlc seaplane as an aerial tug [1].

In the opinion of a group of American specialists, a civilian atomic alrplane can be realized in 15 to 20
years, although "the perspective for creation of a military atomic airplane is good"* * (2}

The more cornphcated design problems for an atomic airplane originate from the presence of radlatlon

© emanating from the reactor, Crew shleldlng will require between 0.8 and 8 kg of shleldmg materials for each
cubic decimeter of crew compartment. It is possible to achieve a decreased crew cornpartment volume; however,
this will restrict motion of the pilots and will make emergency ejection from the compartment more difficult,
Shielding also restricts visibility, as the radiation scattered by the air forces the placing of shields around the
forward side of the crew compartment. Even the windshield must be made of some transparent shielding material
of considerable thickness. Residual radiation from the reactor complicates maintenance of the airplane on the
ground, particularly when a divided shield is used, Remote handling mechanisms may do away with the danger
to maintenance personnel, However,the length of time required for maintenance increases by five to ten times,
even when direct visual observation of the operation is possible. Because of this,several plans for a "disassembly”
airplane [3] have been advanced; this airplane‘s reactor,together with its biological shielding,is removed from
the airframe at the airport, thus creating favorable conditions for servicing the rest of the airplane's equipment,
but consideration must still be given to induced radioactivity. It is also necessary to consider the effects of
radiation damage on the structural materials. It is also possible that the air about the airplane, ionized by the
radiation, will interfere with propagation of radio signals [4]. . However the level of ionization that would affect
radio transmission is not known. At the present time studies are being conducted in the U.S.A. on the behavior
of various electronic equipment under conditions of high temperature and intense radiation [5].

The concentration of weight is a result of the heavy biological shielding required in the airplane. Figure 1
shows the weight of an aircraft reactor as a function of its thermal power; the curve was obtained on the assumption
that the shield is made of ideal materials without consideration of their cost [6]. It is possible to obtain a consider-
able weight saving by utilizing the divided shield concept; it is not necessary in this case to shield the reactor
equally on all sides. However it is possible to predict beforehand that the weight of the reactor, of the shields,
and of the engines will add up to more than half the weight of the fully equipped airplane minus the crew, Be-
cause of its great weight, the reactor must be located near the center of gravity of the airplane. The engines must
be located near to the reactor in order to minimize the flow path of hot gases, Any jettisionable weight must
also be located near to the center of gravity, in order to minimize center-of-gravity shift. In contrast to a con-
ventional airplane which has a low Iandmg weight and a ‘high takeoff weight (because of the chemical fuel), the
atomic airplane will have virtually constant weight, and this will require stronger structure. The atomic airplane
does have some design advantages which consist of low center-of-gravity shift in flight and a decreased effect of
increases in useful load, An increase in useful load or in equipment of one kg will increase the ‘design weight and
-weight of fuel by 1.5 to 4 kg in contrast to 3 to 10 kg for a conventional airplane.

*See "Atomic Energy” I, No. 5, 157 (1956) [Ongmal Russian pagmauon]

* * Translated from the Russian — Publisher.
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It is presupposed that the first atomic airplanes
will use turbojet engines, The calculated weight of :
such an airplane for various temperatures of the working fluid and various flight speeds are shown in Fig. 2 [6].

Work on an atomic airplane has been done with the greatest intensity in the U.S.A. The United States
Department of Defense recently created a new program for development of an atomic airplane [71. Details of -
the program have not been made public, but aécording to some reporté, first flight of the airplane is planned for
the mid 1960's ,

Over fifteen organizations and private firmsare participating in the atomic airplane program.

A number of companies in cooperation with the Atomic Energy Commission and the U. S, Dept. of Defense
are operating and equipping research laboratories having experimental reactors.

At Oak. Ridge (November, 1954) an aircraft shield test reactor went critical for the first time [8]. The fuel
was enriched uranium tetrafluoride, Height of the reactor is 91.5 cm, diameter is 84 cm; design power is 1.5 Mw,
but the reactor has already operated at a power of 2.5 Mw.

Three reactors are being operated at Fort Worth, One of these reactors was instalied in an airplane 91,
but was not used as a propulsion power plant.

The General Electric Co. has decided to build a new laboratory at Danville, California, dedicated to design
of atomic power installations for aircraft and guided missiles [10]. This company has conducted ground tests with
a conventional turbojet engine driven by a reactor [11, " 12]. ) ' '

At Dawsonville, Georgia, a new experimental facility is being set up, consisting of two reactors of 10 Mw
each [13], [14]. Another facility including a zero-power reactor is being set up at Palo Alto, California [15). In.
the reactor hall, located 4.4 m underground, variations of reactor core and reflector design will be investigated,-
In one case the core will contain uranium foil (85% enrichment) that will be installed between two layers of
metallic beryllium and will be divided into two cylinders of variable height. The reactivity of the system will
depend on the distance between these two cylinders. Control rods are located along the cylindrical axis. '

Towards the middle of 1958, construction is scheduled to be completed on a large nuclear facility at
Wright-Patterson air base; this installation,costing 12 million dollars, was designated for engineering tests in the
general area of atomic aircraft construction [16]. This facility has a 10 Mw reactor for testing the equipment
for an atomic airplane. It will be equipped with chambers in which conditions of flight at great altitudes will
be reproduced. The construction of another large laboratory for aviation atomic power plants is under completion
at Middletown, Conn, [17]. In1960 completion is scheduled for a reactor of Sandusky, Ohio {18]. Highly en-
riched uranium will be used for fuel in the reactor. Cost of construction of this reactor is five million dollars.
Investigations associated with development of new types of rubber and rubber devices that possess satisfactory pro-
perties even under irradiation, including tires and other rubber parts for atomic aircraft, are being conducted in
radiation laboratories in Akron [19]. ‘
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A special group of experts is studying the possibility of construction of atomic seaplanes [20]. The pos-
sibility of installing an atomic power plant on the Seamaster-type seaplane or on one of its versions is not exclu-
ded. The possibility of using nuclear power plants on helicopters is being investigated [21]. The research program
includes work aimed toward creation of a helicopter of 450 tons gross weight, A longer range program is studying
the possibilities of utilizing ionic propulsion power plants in interplanetary rockets [22]. It is proposed to install
in a rocket weighing 1.5 tons an atomic power plant that will create an electric field by means of which ions
at a speed of up to 197 km/sec will be expelled from the tail of the rocket.

In England the best possibility for atomic aircraft is considered to be offered by a fast reactor [23], It is
proposed to use liquid sodium as coolant, circulating the sodium through a plate-type heat exchanger located
directly within the "combustion chamber.,” Liquid sodium temperature at exit from the reactor must be 750 to
800°C, thus ensuring a high reactor efficiency with low reactor size,resulting in a decreased frontal aerodynamic
resistance. In France it is proposed to begin operation during 1960 of a high-temperature reactor that will utilize
20% enriched uranium as the fuel and beryllium as the moderator, while the coolant will be air [24]. Air tem-
perature at exit must be no lower than 600°C. This reactor may be the prototype for an aviation power plant.

V. Artamkin
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THE FUEL ELEMENT OF 'fHE '1=VRA—__2 RESVYI'SARCH..REACTOR AT kARLSRUHE.

Recently there has been made public- considerable detailed information [1] on the heavy-water research
reactor FR-2. The core of the reactor consists of 158 fuel elements (5,0 ions of uranium) whose centers (diameter
' o L 32 mm, length 2160 mm) are made of alloyed, heat-

treated uranjum, The top and bottom of this fuel rod

" has a special shape which minimizes resistance to coolant
flow (DyO). The design of the fuel element (FE) [2] is
shown in Fig. 1. The FE is made in the experimental
shops of the Dehusse Company [3] which has made use
of Swedish experience in reactor building. To improve
heat transfer the uranium rod is clad with a special non-
‘neutron-absorbing aluminum cover 1 mm thick which is
soldered to the fuel rod. The ends of the aluminum cover

* are welded shut with an argon shielded arc, To increase
corrosion resistance of. the cladding in the presence of
D,O, its surface was subjected to a Special electrochemical
treatment. The solder is corrosion resistant,and in case of
‘damage to the cladding it reduces the corrosion of the
uranium rod. The surface of the uranium is also treated
(oxidized) to decrease corrosion-in case of damage to the
cladding. The water(t=35°C)enters the cooling channelsata
velocity of 2.5—10 m®/hr, depending on the position of
the FE within the core. The velocity of the water is
measured by a Voltman rotometer through an electro-
magnetic recorder. The flow is regulated so that the exit

| B>
a

AT(r)=T1r}-T,[°¢]

Fig. 1. Fuel element.

1) Coolant plenum chamber; 2) fuel
element locating hole in grid plate;
3) uranium rod; 4) coolant channel;
5) circular gap forcoolant flow in
channel; 6) reactor cover plate; 7)
Voltman rotometer; 8) recorder of

rotometer signals; 9) DyO sampling : ' Fig. 2. Temperature distribution in the
tube for control of damaged cladding uranium rod for various positions of the
10) fitting for temperature measure- FE within the core.

ment; 11) fitting for measurement of 1) Uranium rod; 2) cladding with'locating
coolant flow. projections; 3) coolant channel,
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water temperature, measured by a chromel-alumel thermocouple within an MgO sheath, is equal to 45°C (no
higher than 60°C). Samples for determination of radioactivity are automatically taken from the exit water;
any dppearance of radioactivity means damage to the aluminum cladding and the introduction of fission
products into the coolant.

Figure 2 shows temperature distributlon along the cross sectlon of the uranium rod. At-a reactor power
of 12 Mw the maximum temperature within the FE. uramum located at the center of the core, is 350°C (when
exterior temperature is about 100°C), The average temperature of the cladding is 80°C, and the maximum
power density is 90 watts per cm?®, " At a reactor power of 24 Mw maximum temperature at the center of the
uranium rod reaches 550°C. |
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THE REBATRON — A RESONANT ELECTRON ACCELERATOR -
WITH IMPROVED LONGITUDINAL BUNCHING®

The principles of operation of the rebaton are similar to those of the klystron.

The rebatron consists of two cavities A and B(see Fig 1).Inthe ﬁrst cavity (low-voltage) we have preliminary
weak bunching of the electron beam;.in the second cavity the electron beam is accelerated to 13 Mev and be-
comes highly bunched,

After moving through a distance h the phase of an
: electron Gh is -

h
9h=ee+“’S'd—x,
U .

0

" .where ee' is the electron phase on entering the cavity B
(x = 0), w is the angular frequency, x is the distance and

© v is the electron velocity. If the following condition is
satisfled for all Bei

Fig. 1. Diagram of the rebatron; A and B) cavities; . eh = const,

EG electron gun.. . ... . L : . 1)
) gu o ' : : o - v(h, Oe) = const, ' ,

at the point at which electrons leave cav1ty B the time dependence of the current and the velocity distribution

in the beam are described by & -functions.

The problem of designing a rebatron is essentially that of findihg a relation between the parameters 64, 6},
Bes Bhs V and h, such that the relations in (1) are satisfied. We may note that g, and g, are the relative values

of the electron velocity (] =% » where c is the velocity of light)vwhile V is the peak voltage across cavity B.

The equation of motion of an electron along the axis of a cavity which is excited in the fundamental TMyy,
mode (Ex = E, sin 0) is

© . dmy P i B V. ,
wW~cEOSIn?—e—Esxn0, o (2)
where m and e_ are the mass and charge of the electron.
Finally we can write
"
2k - .

T=\rena, C®
. 0y :

*P. D. Coleman, J. Appl. Phys. 28, 9, 927 (1957).
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where (8, V) is the solution of Eq. (2). The solution of Eq. (3) consists of finding the upper limit of integration
6}, for a given set of values of V, h, 6, and .. It should be noted that at certain values of the parameters Eq,
(3) cannot be solved.

The energy of the electrons at exit from the acceleration cavity is givenby the usual formula

W,,::moc. [1/1—1:—3—;1— 1] . _. | 4)

From Eq. (3) it is possible 10 find a number of relations between 6y, and the input phase 8, while Eq. (4)
allows us to obtain the electron energy as a function of 64 for various values of e and h, An analysis of these
relations indicates that close to 8, = 0 there is a region of 0 for which 6y and g, vary over small ranges.

We may consider the following example. Let gy be the relative velocity of the injected electrons, Vj the
voltage across cavity A, a the length of cav1ty A, b the distance between the cavines Aeh the spread in phase.
24 2:_0.0124, fl‘ﬁxo 185, 2_"_’1_2 222, _‘3‘1—_4 262, zlh_z 332, we have gy =
c A ) ™M oc? % Fh

= 0.9687 + 0,07%, while &0}, = 0,004 rad.

If Bp=0.272,

Good bunching can be achieved simultaneously with acceleration only when the accelerated particles be-
come relativistic, It is only in this case that the solution of Eq. (2) satisfies the requirements imposed in this
problem,

It can be shown that the rebatron is relatively insensitive to small changes in the radio-frequency power
supplied to cavity B (allowable variation is +20%) and the voltage Vy (up to +5 %). The uncertainty in the value
-of By is compensated by a change in phase shift of the oscillations between cavities A and B. The highest accu-
racy is required in the pheslng system between the oscillations in these cavities. The phase shift muist be main-
tained with an accuracy of 0.002 A/ 2, where A is the wavelength associated with the oscillations in cavity
B. Typical parameters for an existing rebatron are as follows: Injection voltage in the electron gun 20-25 kv,
injection current 1.3-amp, beam radius at injection, 0.5 mm, modulation amplitude in cavity A 5 kv, radio-
frequency power required for the accelerating cavity, 0.8 megawatts, wavelength for the accelerating field
10.75 cm, length of cavity B 4 cm, radius of cavity B 4.115 cm. Using these parameters, electrons have been
accelerated to 1 Mev and a current of 0.035 amp has been obtained. The experimental results are found in
agreement with the theory,

G. 1. Zhileiko
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USE OF LINEAR ELECTRON ACCELERATORS FOR GENERATING
MILLIMETER RADIOWAVES

One of the problems which faces present-day radio physics is the generatién of electromagnetic waves in
the wavelength region 5-1 mm and below. The use of millimeter waves would make it possible to increase the
number of messages which could be transmitted simultaneously over transmission systems, would increase the
resolving power of radar systemsand would yield new information about extra-terrestrial radiation. Methods of
generating and amplifying millimeter waves have not yet been developed and the use of centimeter-wave
generators and amplifiers (klystron, traveling-wave tube, backward-wave tube, magnetron) is not feasible at
wavelengths shorter than 3-4 mm [1]. The most promising approach would seem to be in the radiation obtained
from electrons which move with accelerated motion. This radiaticon is found in synChrotrons. betatrons and micro=
trons and is often called the "radiating electron” effect. However the use of a cyclical accelerator for generating
millimeter waves is not as convenient as the use of linear accelerators, Ginzburg [2] has shown the theoretical
basis for the possibility of generating millimeter radiowaves by a beam of fast electrons which are subject to
magnetic or electric fields which act in a direction perpendicular to the direction of motion of the beam.

In a system consisting of periodic magnetic or electric fields, which is called the undulator, the electron
trajectories are periodic curves somewhat reminiscent of sinusoids, Because of acceleration the electrons emit
an electromagnetic spectrum which is'predominantly at the fundamental frequency.

Because of the Doppler effect, the wavelength X at the fundamental radiated frequency, observed in the
direction of motion of the electrons, can be shown to be [1], [3] o

x=d(i_1), |

AN

where d is the period of the transverse electric or magnetic field, ¢ is the velocity of light and v is the velocity of
the electron. It is apparent from this expression that higher values of v mean shorter radiated wavelengths. The
radiated energy is a maximum when all the electrons radiate coherently and is observed when the electrons form
bunches whose linear dimensions are smaller than a half wavelength of the radiated wave (the radiated power is

proportional to the square of the number of electrons in a bunch). This method of generating electromagnetic
radiation has been realized by Motz and his co-workers [3] [5]. ‘

Using a linear accelerator with an electron energy of 100 Mev-these investigators were able to obtain
radiation in the visible region, Electrons of relatively low energy, approximately 2-5 Mev, are sufficient for
generating millimeter and sub-millimeter waves. The buncher of the 630-Mev Stanford University accelerator
(Mark I1I) was used for this purpose. After bunching the electron energy was 4-5 Mev while the length of a
bunch (in angle) was approximately 20° (linear dimensions 5.5 mm). Using this buncher, millimeter and sub-
millimeter waves were obtained at a power level of 1 waitt, '

An accelerator designed for x-ray research has also been used (electron energy 2-3 Mev ). Because the
electron bunching in this accelerator was not satisfactory, a special pre-bunching system was used; this pre-
buncher consists of two low-voltage resonators which bunch the electrons and a single high-voltage resonator
which accelerates the electrons to v = 0,5 c. The pre-buncher compresses the electrons into a bunch with an.
angular duration of 30° and the accelerator compresses this bunch to a few.degrees. This system consisting of the
pre-buncher and accelerator has been used to investigate the generation of millimeter and sub-millimeter waves,
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The theoretical and experimental work indicate that in order to increase the radiated power it will be
necessary to reduce the bunch dimensions and to increase the number of electrons in a bunch, i.e., to increase
the current of accelerated particles,

G. 1. Zhileiko

, . LITERATURE CITED
[1] G. 1. Zhiletko, Electrosviaz® 12, 27 (1956). .
[2] V.L.Ginzburg, 1zv. Akad, Nauk SSSR, Ser. Fiz. 9, 165 (1947),
[3] H. Motz, J. Appl. Phys, 22, 527 (1951).
. [4] H. Motz, J. Appl. Phys. 24‘, 826 (1953).
[5] M. Motz, Trans. IRE AP-4, No. 3, 374 (1956).

524

Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0




Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0

THE PREPARATION OF NEW ELEMENTS

In addition to the 88 elements found in nature, at the present time 14 elements have been prepared artifi-
cially, Of these, four — 43 (technetium), 61 (promethium), 85 (astatine) and 87 (francium) — fill vacancies in
the appropriate groups in the periodic system. The remaining ten (over 80 isotopes) are transuranic and were

. prepared exclusively by man, though it was discovered that extremely small trace amounts of neptunium-and

plutonium are formed as a result of the action of scattered neutrons on uranium.

It is well known that the synthesis of new transuranic elements is possible in accelerators giving beams of
charged ions of high energy, in nuclear reactors —intense sources of neutrons —and in the explosion process of
a hydrogen bomb [1], which is a short-lived, but »exnemelyli‘ntevr;se source of neutrons.

The first transurani¢ elements, neptunium and plutonium, were prepareéd by bombarding uranium with
a-~particles in a cyclotron, Later they were prepared by the irradiation of uranium in a reactor (Fig. 1,a). Com-
bining irradiation in a reactor with bombardment of the heavy elements obtained with a-particles made it pos-
sible to prepare successively all the new transuranic elements up to fernium (element 100). It was also shown
that elements 99 and 100 were obtained during the explosion of a hydrogen bomb, due to rapid and successive
neutron captures by U%3® (Fig. 1,b).

However, the possibility of further preparations of new transuranic elements in nuclear reactors is exhausted,
as close to element 100 in the table su'ch’shdrélived oi-emitters appear that these elements decay during the
formation process and the chain is broken. Irradiation with a-particles leads to a jump through one atomic
number. Thus in the reaction ES®® (a, n) Md®*® element 101 (mendelevium) was obtained [3]. Bombardment with
heavier ions (of carbon, nitrogen and oxygen) gives morehopeof success. In this case it is possible to effect a jump
through several atomic numbers, equivalent to a reaction chain occurring during neutron irradiation, Thus, in the
bombardment of Cm®* with C® ions, the last new element, 102 (nobelium) {4],was obtained (Fig. 1,c, curve 1).
‘We must bear in mind the fact that actually the jump which occurs is more complicated. For example, in the
bombardment of U with C® jons (Fig. 1,c, curve 2) there is first formed the excited compound nucleus G,
which ejects several neutrons and is converted into a lighter isotope of californium, The whole process proceeds
so rapidly that it can be considered as one jump. The difficulty of realizing this procedure consists of choosing
the direction of the jump. It is always such that it proceeds (the longer it is,the more so) somewhat to the left of
the region of the most stable nuclei, which form a diagonal band in Fig. 1, a, b, ¢, Therefore, for the irradiation
the heaviest stable isotope lying in the stability region as far as possible to the right. should be chosen. The
direction of the jump may be controlled ‘to a small degree by selecting a heavier ion, for example CB, and even
Cn, instead of C2, . :

In the next few years one may expect the accumulation of Cm™®, of heavier curium isotopes,and Ccf® in
nuclear reactors,and the use of heavy ions up to neon for bombardment. Under these conditions, the possibility
of obtaining new elements will depend on the rates of radioactive decay (a-, 8 -, electron capture etc.) and
especially the rate of their spontaneous fission, which increases rapidly with an increase in atomic numbers over
100. Nevertheless, it will probably be possible [2] to synthesize another six or so elements from eka-lutecium
and eka-hafnium (elements 103 and 104) to eka-osmium (element 108), before instantaneous radioactive decay
will impose a limitation on further preparations of new elements,

G. Z.
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SEPARATION OF THOR<IUM FROM RARE EARTH ELEMENTS IN A
NITRIC ACID MEDIUM BY AN ANION EXCHANGE METHOD®*

. The distribution of Th?* and rare earths was investigated on a column with a charge cross section of 1 cm?
and 5 cm high, The anion exchanger used was Dowex~1 with 8% divinylbenzene and a grain size of 50-100
- mesh. ‘ -

‘In the first stage of the experiments, the distribution of indicator amounts of Th (IV) and Pr (III) was
examined. Onto the column was placed about 2 ml of a solution of TH* and P in 5 M HNO,. The elution
was carried out with acid of the same molarity at a flow rate of 0.4 mi/min, The P was completely removed
from the resin with a volume of acid equal to three times the volume of the column. This did not desorb the
TH*, This element was washed from the column with 2.4 M HCl. ' ' '

In the separation of milligram amounts of Th (IV) from microgram amounts of Sm (III), the latter was
removed from the column with 7.3 M HNOs. The thorium was desorbed with 2.4 M HCL. '

Experiments with La (III), Nd (III), Eu (Iil) and Y (11I) showed that these metals were readily removed
from the column with 5-8 M HNO; and, consequently, could be separated from Th (IV).

A complete separation of Th (1V) from Ce (IV) in nitric acid could not be achieved in one stage. The
addition of hydrogen peroxide to the nitric acid lowered the absorbtivity of cerium and facilitated its separation.
into the filtrate. :

*7. Danon, 1. Inorg. Nucl. Chem. 5, 3, 237 (1958).

’
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DATA ON THE s:”" CONTENT OF BIOLOGICAL SAMPLES
(ENGLAND 1956)°

Due to the very immediate 1mpoitance of problems related to the pollution of the earth’s surface with the
radioactive products of test explosions, the data given below on the radio-strontium content of soil, grass, milk
and the inhabitants' bones in England in 1956 is of great interest. -

Due to the chemical similarity and identical behavior in biological processes of strontium and calclum, the
strontium. content of biosubstrata is referred to in so- ~called "strontium units” (s,u.). This unit-is equal to 1072
curie of Sr™ per 1 g of calcium.,

The data obtained in 1956 from 13 points in England give the following st® contents of soil, grass and sheep
bones (see Table 1).

TABLE 1

sr¥® Content of Soil, Grass and Sheep Bones "

‘ Sample . - | Srg’n content

Minimum Maximum

" Soil (a 10 mm layer):

absolute values 1.9 mC/km? 10.0 mC/km?
relative values 0.15 s.u, 8000 s.u.
Grass ' 26,0 s.u. 2100 s.u.
Sheep bones 8.7 s.u. 160 s.u.
TABLE 2
_ st Content of Blological Samples in 1956
Sample Location from which the sr® content, s.u.

material was collected maximum minimum average

Grass Acid soils on hills 2100 91 130
' Normal soils 71 11 317

Sheep bones Hilly pasture 170 24 57

Level pasture 15.6 7.8 13.7
Milk Somerset county 5.1 2.9 4.4

Other regions 10.3 3.9 6.7
Human bones: :

. Up to 5 years 1.55 0.15 0.70
From 5 to 20 0.38 0.15 0.26
years
Over 20 years 0.13 0.06 | The average valuesare notgiven
. asonly two samples were inves-
tigated

*E. 1. Bryant, A. C. Chamberlain, A, Morgan, G. S. Spicer, J. Nucl. Energy 6, 1/2. 22 (1950,

528

Declassified and Approved For Release 2013/09/13 : CIA-RDP10- 02196R000100010003 0




Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0

A detailed analysis of the data given indicates a regular decrease in the relative Sr™ content with increasing
PH of the soil. The maximum value for S* content in soil, grass and sheep bones was found in acid soils with
pH = 4.3-5.6,and the minimum value was found at a pH of the soil equal to 6.8-8.0. The Sr® content of sheep
bones varied with the nature of the pasture, Onlevel pastures it varied over the range 7.8-15.6 s.u. (average
14 s.u.), in hilly pastures over the range 24-160 s,u. (average 57 s.u.).

A comparison of the Sr® content of sheep bones and of grass gave a coefficient of transfer of $1® from the
food to the bones of the sheep, equal to 0.2;’3 on the average, with fluctuations from 0,09 to 0.42, An investiga-
tion of the relative content of stable strontium gave close values: 0.24 (0.15-0.31).

The S1™ content of cow’s milk was higher in the northern than in the southern sections of the British Isles
and reached 10 s.u., which is due to the large amount of precipitation in the northern regions,

Milk is the main source from which the inhabitants of England acquire Sr™ in their organism. Calculations
show that only 0.002 s,u. of Sr¥ penetrates the organism by inhalation and is deposited in the bones., The amount
of St® absorbed through the drinking water is likewise negligible. The amount entering with vegetables is also
relatively little,as the exterhal, mechanical pollution of the vegetables is removed to a great degree during
culinary treatment, : :

Investigation of the Sr™ content of human bones showed that the maximum amount was contained in the
bones of children up to § years old (0.15-1.55 s,u.,with an average value of 0.7 s.u.) and the highest st® content
was found in the bones of children from the northern and north-eastern regions of the country.

Table 2 illustrates the above in a summary form,

The amounts of Sr” reported in children's bones indicate an irradiation of the organism with a dose of 2-4
mr per year, which is about 1/30 of the level received from natural sources.

The highest St content of children's bones (1.55 s.u.) cotresponds to a level which is 1/60 of the level

‘permissible for the whole human race according to the recommendations of the Medical Investigation Committee,

and is only 1/6 of the level above which immediate measures are required to limit the peneuation of radio-
active material into the human organism, according to the same recommendations,
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ENGLISH AND AMERICAN WORK ON CONTROLLED
THERMONUCLEAR REACTIONS‘

Seven papers by English and American authors which describe the results of research into the possibility
of realizing a controlled thermonuclear reaction in a high-cuirent discharge in deuterium gas [1-7] were published
in January, 1958, in the journal "Nature," ‘The possibility of thermalizing a plasma and heating it to a temper-
ature sufficient for thermonuclear reactions in straight discharge chambers had been investigated in papers
published earlier [8-15]. In this work it was established that the contraction of a discharge in deuterium by virtue
of the self-magnetic field is characterized by heaung to temperatures greater than one million degrees and that
the emitted neutrons are formed as a result of the D+ D reaction. However, an analysis of the results shows that
the pinch is not stable and that the neutron radiation is not due to thermal heating of the plasma but rather to some
ion acceleration mechanism which is connected with the instability..

Photograph of "ZETA." -

*This report is a short survey of papers published in the January 25th, 1958, edition of the English journal "Nature.”

A complete translation of these papers has been published in the journal "Foreign Nuclear Technology™ No. 2 and
No. 4, 1958.
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There are two possible means of circumventing
the difficulties which arise as a result of the instabi-
lity of the pinch. The first approach is to achieve
the required temperature in a time shorter than the
time required for the instability to develop. Attempts
along this line have been carried out by American
‘workers and the results obtained in this work are pre- _
sented below. The second approach lies in increasing the stability of the pinch by means of a longitudinal
magnetic field which is set up in the chamber before the discharge is initiated. A discharge of this type has
been studied in Ref. [16]; a theoretical analysis of the stability of a discharge in a magnetic field has been car-
ried out in Refs. [17] and [18).  Another method of increasing the stability of the discharge is the use of a
. chamber with highly conducting walls: when the discharge pinch deviates from the axis of such a chamber,

' eddy currents are set up in the walls,and these currents produce a magnetic field which forces the pinch to
return to its initial position [18]. ' E

By using both methods of stabilization simultaneously it has been possible to achieve a relatively long-
lived discharge in a toroidal chamber; this work is described in two papers by English authors [1], [3}: The
results'obfained by these English' investigators are extremely interesting and indicate that significant progress
has been made in this work. - ‘ .

A large machine hasbeen built at the Atomic Energy Research Establishment at-Harwell by Thonemann,
ny, Thomson, et al. and is called the Zero Energy Thermonuclear Apparatus (ZETA). This machine consists
of a toroidal aluminum chamber with a mean diameter of 3 m and a cross sectional diameter of 1 m. The gas
in the chamber, which is at a pressure of approximately 1074 mm Hg is ionized by a radio-frequency discharge
and becomes highly conducting. The cold plasma which is thus produced becomes the secondary winding of a
large pulse transformer; the primary of the transformer is connected to a bank of condensers. On discharge this
bank can furnish an energy of 5« 10° joules. The bank can be discharged every ten seconds and provides a maxi-
" mum discharge current of 200 ka in  the toroid. The discharge lasts for several milliseconds. In order to
increase the stability of the discharge,a constant magnetic field in the direction of the circular axis of the toroid
is set up by coils which are mounted on the apparatus. The strength of this field can be varied from 0 to 400
gauss, A general view of the machine is shown in Fig. 1. Measurements made with magnetic probes, Langmuir
' probes, and photographs of the discharge, taken through a window in the chamber wall, show that the current
channel is quasi-stable and stays away from the walls of the chamber for the greater part of the discharge (2-3
microseconds); at maximum current the diameter of this channel is 20-40 cm, Microwave measurements show
that the electron density is greater than 6+ 10® cm™3, thereby verifying the assumption of a completely ionized
plasma. Using scintillation counters,it has been established that neutrons are emitted during the discharge.- The
neutron yield as a function of maximum current in a discharge in a mixture of deuterium was 5% nitrogen (pres-
sure 1.2-1074 mm Hg, stabilizing field 160 gauss) is shown in the table; in Fig. 2 is shown the dependence of
neutron yield on discharge current. In the third column of the table are shown the temperatures of ions in the
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plasma computed under the assumption that all the neutrons are produced as a result of a thermonuclear reaction
and are emitted uniformly for one microsecond from a current channel 20 cm in diameter. The ion temperature
was also determined spectroscopically from the Doppler broadening of the nitrogen and oxygen spectral lines. A:
comparison of the ion temperatures obtained by both methods is shown in Fig. 3. The mean ion energy is esti-
mated as 300 ev at an ion density of 10"-10% cm-%, The maximum ion temperature in ZETA is approximately
five million degrees K.

TABLE

Total Neutron Yield and Plasma Temperature as a Function
of Peak Discharge Current

Current,

K Total neutron yield per T, °K:106
a pulse (calculated)
84 0,4-10% 2,4

117 3,1 2,9

126 9,2 3,3

135 14,2 3,6

141 26,5 3,8

150 41,6 4,0

. 177 108 4.5

178 125 4,6

187 134 4,65

It should be pointed out that the use of the term temperature in this case requires special explanation.
In the ordinary sense a temperature characterizes the mean energy of the chaotic motion of particles with a
Maxwellian velocity distribution, In attempts to determine the temperature of a plasma from the neutron yield or
from the Doppler broadening of spectral lines the physicist obtains information on the kinetic energy of particles;
on the other hand, it cannot be maintained that there are no collisions between parallel currents of particles which
are produced by virtue of instabilities and possible accelerating mechanisms in the plasma.

The American physicist Spitzer, who is in charge of thermonuclear work at Princeton University, has analyzed
the results obtained with ZETA and indicates [2] that the observed velocity associated with the heating of the ions
cannot be explained by an electron-ion collision mechanism; to explain the rate of increase of the temperature
and the degree of thermalization of the plasma it is necesséry to invoke other, as yet almost entirely uninvestigated,
mechanisms to explain the heating of the plasma (oscillation, shock waves, hydromagnetic turbulence, etc).

Hence, in order to show that the observed neutrons are of thermonuclear origin it is necessary to investigate
the relation between neutron energy and emission direction over the entire plasma (cf. below the results obtained
with the American machine "Columbine II"). However, because of the small intensity of the neutron flux it is
impossible to carry out such measurements with ZETA at the present time. Nonetheless, it should be noted that
the observed neutron yield is compatible with the assumption that these neutrons are of thermonuclear origin.

The machine called "Sceptre II1" built at the research laboratories of the Associated Electrical Industry
in Aldermaston under the direction of Allibone and Ware is similar to ZETA but is smaller in size and is cha-
racterized by the following parameters: 1) energy in the condenser bank, 40,000 joules; 2) mean diameter of
the toroid, 115 cm; diameter of the tube, 30 cm; 3) maximum axial magnetic field, 1,000 gauss;. 4) maximum
pulse current 200 ka; chamber . pressure 9° 1074-7- 10"% mm Hg. The results obtained in this work lead to
the following conclusions, The current channel is isolated from the walls throughout almost the entire discharge,
which lasts for approximately 400 microseconds. The neutron yield is a maximum (8 10% neutrons per discharge)
at a pressure of 2 103 mm Hg and an axial field of 500 gauss. The maximum kinetic temperature obtained
with this system is four million degrees K. ' '

Several papers by American authors were pubiished simultaneously with the English work; these papers
report on the results of investigations of very fast discharges at Los Alamos.

In a paper by Honsaker, Karr, Osher, ’Phillips and Tuck [7]resultsare reported of experiments carried out with
a quartz toroidal chamber "Perhapsatron §-3" (mean diameter 32.4 cm, tube diameter 5.3 cm, axial magnetic
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field up to 5,000 gauss, discharge current 200 ka , duration of the discharge 600 microseconds) built'in the
middle of 1957. The first neutrons detected with this apparatus were found in December of 1957. The neutrons
(approximately  10° per discharge) appear in the form of a pulse approximately two or three microseconds after
breakdown. A considerably smaller neutron pulse was detected after ten-fifteen microseconds at the tail of the
neutron distribution. The observed neutron yield corresponds to a temperature of six million degrees K. No
measurements were made to determine whether or not these neutrons were of thermonuclear origin.

In a paper by Hagerman and Mather a description is given of a straight ceramic chamber "Columbine II"
[5] (started up in the summer of 1957) which yields 3+ 10® neutrons per discharge at a maximum discharge cur-
rent of 800,000 amp , which is reached in two microseconds. The neutron yield is reduced by 55% in an axial
stabilizing field of 125 gauss and is increased by a factor of 2.3 when the pressure is changed from 0.07 to 0.2
mm Hg,and by a factor of two when the voltage is increased from 40 to 50 kv. In order to verify the degree of
thermalization of the plasma, photographic plates were exposed at the ends and along the walls of the chamber.
An analysis of the plates showed that the spectrum of neutrons emitted in the direction of the cathode is shifted
toward higher eénergy by 170 kev compared with the spectrum for neutrons emitted in the direction of the a_ndde.
Furthermore, the number of neutrons emitted in the cathode direction is considerably greater. These findings
- show that there is a directed deuteron motion charactetized by an energy of approximately 12 kev in the direction
of the cathode; this motion arises as a result of some unknown acceleration mechanism. Within the limits of
accuracy of the expenment the neutron yield in the radial direction is uniform along the axis of the chamber,
with the exception of a narrow region (approximately 5 cm) near the anode.

A paper by Burkhardt and Lovberg is devoted to an investigation of a discharge in a straight discharge chamber
"Columbine $-4" which differs from "Columbine II" only in size and the capacity of the condeuser bank [6].

In a apaper by Burkhardt, Lovberg and Phillips [4] reports are given of an investigation of the time dependence
of the radial current distribution in the "Columbine” discharge chamber described earlier in Ref, [15], The
measurements were made by means of small magnetic probes (coils consisting of 40 turns wound on a form 1 mm
in diameter).

It may be noted that the papers reported by the American investigators contain no new theoretical knowledge
which has not been presented in the results published by Soviet physicists in 1956, Hence greatest interest attaches
to the work carried out by English workers who were successful in isolating a plasma with a particle density of 10%-
10¥cm 3 ata temperature of several million degrees from the walls of the chamber for several milliseconds. These
workers were successful in maintaining a completely ionized plasma for a time sufficient for the investigation of the
complicated and little-known mechanisms which are characteristic of high-temperature plasmas, Although it has
not been conclusively demonstrated that the observed neutrons are of thermonuclear origin,the results of this work
represent a step forward on the path toward realizing a controlled thermonuclear reaction. However, it is well
worth pointing out that there are still many difficulties to be overcome before this goal is reached. To build a
reactor with a positive energy balance it is necessary to initiate and maintain a plasma at a temperature of the
order of four hundred million degrees for a time of several seconds. The energy evolved as a result of the D + D
reaction in ZETA is smaller than this energy by a factor of 10%,

Nevertheless, the diversity of approaches to the problem of controlled thermonuclear reactions and the
results which are presently available all indicate that the idea of using the energy evolved in the formation of
helium nuclei from nitrogen as a means of obtaining electrical power will be realized in the not too distant
future.
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BRIEF COMMUNICATIONS

USSR. The Committee on Lenin Prizes in the field of science and engineering at the Council of Ministers
of the USSR announced that the following papers have been submitted on atomic energy in the competition for
the 1958 Lenin Prize: ~

1, L. A. Artsimovich, A. M, Andrianov, O. A. Bazilevskaia, S. 1. Braginskii, I. N. Golovin, M. A. Leon~-
tovich, S. Iu. Luk'ianov, S. M. Osovets, I. M. Podgornyi, V. I. Sinitsyn, N. V. Filippov, N. A, lavlinskii "Investi-
- gation of Powder Discharge in a Gas for Obtaining High-Temperature Plasma.” (Presented by the Atomic Energy
Institute of the Academy of Sciences of the USSR)

2. V.1, Veksler, V. A. Petukhov M S. Rabinovich, L. P. Zinov' ev, D. V. Efremov. E. G. Komar, N, A.
Monoszon, A, M. Stolov, A. L. Mints, S. M. Rubchinskii, G. M. Drabkin F. A. Vodop'ianov "A 10-Mev
Synchrophasotron. ™ {Presented by Academician D. V. Skobel'tsyn and the Atomic Energy Institute of the Academy
of Sciences of the USSR). :

USSR, In February, 1958, a working conference was held at the Consolidated Institute for Nuclear Research
on the spectroscopy of neutron-deficient nuclei and on the application of radiochemical techniques to the study of
nuclear reactions. 5 review articles and over 20 scientific communications were reported out.

USSR A nuclear research reactoris being installed at Sverdlovsk for the Ural branch of the Academy of
Sciences of the USSR, :

Australia. 244 tons of U,os were produced during the year 1957 at the Rum Jungle site in the Northern
Tetritory.

Britain. At Harwell construction and repair work has been started on the "ZETA" thermonuclear instal-
lation. In the course of the reconstruction work, the transformer winding will be improved upon and a more
powerful condenser battery will be set up.. The English scientist J. Cockeroft announced that the increase in the
power of the condenser battery will make it possible to obtain plasma at temperatures of 15 million *K.

Britain. Harwell will be host during June, 1958,to a conference on nuclear reactor technology, at which the
attendance of about 200 representatives of British indusrry is anticipated.

Venezuela. The research reactor being designed for Venezuela in the USA has a special shielding device
which, on rece1vrng radio signals reporting the beginnings of earthquake tremors from seismographic stations
serving the reactor, will immediately scram the reactor.

Denmark. The first research reactor in the country, DZEF, reached its critical state. This homogeneous
reactor employs as fuel a solution of uranyl sulfate (uranium enrichment of 20%). The reactor power, with the
coolant loop shut off, is 5 watts, and reaches 500 watts with the coolant loop turned on.

Italy, -The USA has delivered 7000 kg of U™ (in a mixture with U”B) to Italy for two atomic-powered
electric pow power stations with American PWR-type reactors of 136 and 130 Mw thermal power, and also about 6 kg
of uranium, 90% enrichment, for research reactois. In addition, Italy will receive the blueprints and designs
for five research reactors of different power levels, which will be set up in Milano (two of them), Pisa, Frascati
and Cagliarr.

, Canada. The Canadian branch of the Westinghouse Corp. has proposed a design for 2 heavy water-
moderated HPTR reactor (a pressurized reactor with horizontal piping). It is suggested that, with an electric
power delivery of 311 Mw ., it will be able to provide electric power costing from 1.2 to 0.65 cents per kilowatt-
. hour, and, with subsequent technological refinements, less than 0.65 cents per kilowatt-hour. The high

savings will be secured due to the high fuel burn-up, using natural uranium moving in horizontal piping against

other flows of fuel, so that the low reactivity on account of the spent fuel will be compensated for by the high
_ reactivity on the part of the fresh fuel.

Canada, According to the evaluation of a commission responsible for a study of economic perspectives in
Canada, need is seen, towards the end of the seventies or the start of the eighties, for no less than 50 atomic-fuel
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electric power plants for the country, each power plant delivering 100 Mw .. The bulk of the power statlons will
be needed in the southern portion of Ontario province, the remainder in the Maritime Provinces and possible in
southern Manitoba.

Norway. A group of scientists headed up by E. Jansen and S. Rosseland at the Norwegian Institute
of Atomic Energy and the Astrophysical Institute has worked out a plan for work in the field of controlled ther-
monuclear processes. The plan calls for the construction of a "ZETA™ type installation.

USA. At Princeton University, under the direction of L. Spitzer, Jr., a large "Stellarator” thermonuclear

installation costing $25 million is under construction, with temperatures of 50 million °K aimed at. Construction
will be completed in 1960. Thermonuclear work will also be carried out in other scientific institutions under the
leadership of J. Tuck (Los Alamos laboratory), S. Colgate and R. Post (University of California), E. Shipley (Oak
Ridge Laboratory), N. Rosenblatt (Institute of General Mechanics in San Diego), E. Teller (Livermore laboratory).

USA, Construction is proposed for an experimental atomic power installation at Hanford with a reactor using
a slurry of plutonium-enriched uranium in heavy water as fuel. The projected output of the plant will be 84.5
tons of steam per hour, At the Oak Ridge and Los Alamos laboratories, different invesﬁgations are in progress on
the applications of plutonium; in particular, the Los Alamos laboratory is doing development work on equipment.
using tantalum capable of standing up to the corrosive effects of fused plutonium.

USA. Three American firms have designed a high-temperature power reactor of, 188 Mw thermal power
with gaseous heat exchanges. The temperature of the gas (He) at the reactor outlet will be 815°C. Channels
running through the graphite moderator section of the reactor are filled with spherical fuel elements (measuring
25 mm in diameter), made from a homogeneous mixture of enriched-uranium carbide and graphite. A reactor
of a similar type is being planned in West Germany.

USA. At Fort Greeley (96 km south of Fairbanks, Alaska), installation work has been proposed on an APPR-2
_ (Army Packaged Power Reactor) delivering 1700 kw electric power. This reactor is similar to the APPR~1
reactor set up at Fort Belvoir, Virginia. .

USA. Lockheed Aircraft, by agreement with the Atomic Energy Commlssion, has begun a study of the
effect of earthquakes on the following reactor types: pressurized-water, boiling-water, sodium graphite, fast-
neutron breeders, gas-cooled and homogeneous, Recommendations will be made after the investigations are
compieted.

USA. The atomic submarine "Sea Wolf" will be remodeled in 1958. The intermediate-neutron sodium-
cooled reactor will be replaced by a pressurized-water reactor,

USA. The firms "United States Industries,” "Columbia National™ and "Carborundum Chemical” propose
the production, in 1958, of 900, 360 and 680 tons, respectively, of reactor-grade zirconium sponge.

USA. The AEC amnounced that, for 1957, the yield of UsO4 amounted to 8,640 tons, of which 146 tons
were produced as a by-product in the processing of Florida and Illinois phosphate rocks, and also from euxenite
ores, UgOq imports for 1957 amounted to 11,826 tons.

USA. The Atomic Energy Commission for the first time issued a license to one of the industrial research
laboraries for the use of four spent fuel elements from the MTR reactor. 3, 9, and 300 days following their with-
drawal from the reactor, these fuel elements will provide a dosage rate of the order of 2,500,000, 800,000, and
216,000 r/hr, respectively.

USA. At the Inland laboratory, Morton Grove, Illinois, a cobalt emitter of 62,100 curie activity, obtained
from Canada,was installed, The unit, intended mainly for verifying the radiation stability of lubricants may be used
used for other purposes as well. In the chamber, measuring 4.8 X 4.8 X 4.6 meters, there are also other openings
for admission and withdrawal of air, an observation window, manipulators and an overhead crane,

France. At the Saclay atomic research center, under the supervision of P. Yvon, thermonuclear units with
linear and doughnut chambers, in which temperatures of 1 million °K have been obtained, have been set up. A
linear discharge chamber is under construction in another French research center located in the  vicinity of
Chatillon (in Fontaine~aux-Roses).

France. The International Conference on Nuclear Physics will be held in Paris, fromJuly 7 to July 12, 1958,
on the theme "Low-Energy Nuclear Interactions and Structure of the Nucleus,” The draft program of the Conference
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contains three sectiqnsi 1) nuclear reactions, 2) models of the nuclei, 3) weak interactions. Each section of the
program has.scheduled the reading of several review papers embracing all the original meterial relating to the
question under discussion which will have been presented at the Conference. The proceeding of the Conference
will be published. Reports and discussions will be published in French, English and Russian, The address of the
Conference Organizing Committee is Paris, rue P, Curie 11, Radium Institute (Comité d'Organisation du Gongrés
International de Physique Nucleaire, Institut du Radium, 11, rue Pierre Curie, Paris 5%).

West Germany. L. Bierman of the Max Planck Institute of Physics has announced the commencement of
work on thermonuclear processes. The work is being conducted by Kiel, Aachen and Bonn universities. The
work will be under the supervision of W. Fuchs, G. Ecker, S. Weizsacker, A. Schliiter, L, Bierman and W. Lochte-

- Holtgreven. -

West Germany. The Commission on Atorhic Energy has approved an eight-year program for atomic power
developmient in the country. The realization of this program will require an appropriation of 2. 2 to 2.4 billion
mark.. .

Switzerland. From June 30 to July 5, 1958, the annual International Conference on the Physics of High-
Energy Particles will be convened at Geneva. The organizing committee of the Conference will be headed up
by the General Director of CERN, S, J. Becker. The following problems will come under discussion at the Con-~
ference: structure of nucleons; collisions between nucleons and r -mesons, photons, nucleons and antinucleons;
fundamental theories of particles; formation and interactions of sttange parucles principles of invariance and
selectionrule; weak interactions.

The agenda of the Conference will undergo a change this year. One or two reporters will report out all
of the material referable to a given problem that is presented at the Conference. Time will then be made avail-
able for discussion and additional communications, The materials should be presented to Geneva no later than
June 1. : :

Sweden., K. Ziegbahn has announced that a large doughnut chamber unit similar to the English "ZETA" unit
has been build at Uppsala University, and that a unit twice the size of the "ZETA™ will be installed in the spring
of 1958. K. Ziegbahn is heading up thermonuclear work at the university. Work is also going on at the Royal
Technical College in Stockholm, under the supervision of H. Alfvén,

Sweden. The Atomic Energy Corporation (atomenergiaktiebolaget) has announced the development of an
economic technique for uranium extraction from Swedish shale deposits., The firm has two uranium ofe proces-~
sing plants: one is located in central Sweden for the production of uranium concentrates of from ~10% uranium
up. from schists containing 0,02-0,03% uranium; another in Stockholm, for the production of metallic uranium,
Sweden’s total uranium needs by 1960 are antiéipated at 20 tons, and, for 1970, upwards of 200 tons.

Japan. A group of physicists, headed by I, Arata, announced that they achieved a temperature of 1 million
°K in a discharge in a linear chamber, with 10® neutrons per discharge observed. The research unit was built
at Osaka University, and the experiments were conducted under the supervision of M, Okada.

Japan. A consortium of 56 firms has been organized to coordinate the efforts of various 1ndustr1al groupings
for the construction, in the immediate future, of a small experimental vessel powered by an atomic engine. The
plan of the Ministry of Transportation for the construction of a large atomic-powered ship during a 10-year period
(starting from 1956) has not met with full approval A pressurized-water reactor imported by the Japanese Atomic
Energy Commission is being suggested for the experiments.
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Books and Symposia

K. K. Aglintsev, Dosimetry of Ionizing Radiations. 2nd edition. Gostekhizdat, 1957, 504 PP, 18 rubles,
60 kopeks.

The -second edition of this monograph is considerably expanded and rounded out (the first edition was
published in 1950). Chapters devoted to scintillation, chemical and calorimetric techniques of dosimetry are
introduced, as well as chapters on radiochemical methods used in counting radiations,” A description is provided
of techniques for measuring the activity of radioactive preparations. The monograph is intended for scientific
workers and engineers working in the field of dosimetry. .

Transactions of the Fourth Session of the Commission on the Determination of the Absolute Age of Geologi-
cal Formations, Publ. by the Academy of Sciences of the USSR, 1957, 297 pp. 13 rubles, 85 kopeks.

The symposium contains reports throwing light on the results of the determination of the absolute age of
rock strata. Part of the reports is devoted to the techniques used in determining absolute age (radiochemical,
mass-specirometric,and other research techniques), The symposium is intended for scientific workers: geolo-
gists, radiogeologists, radiochemists and geochemists.

Radiometry Handbook. For geophysicists and geologists, Edited by V. 1. Baranov. Gosgeoltekhizdat, 1957,
199 pp, 9 rubles, 40 kopeks. ' '

The handbook compiles information relating to radioactive decay and to the properties of radioactive
radiations. Tabular and numerical material is checked by reference to the latest published sources. Brief
information is supplied on radiometric equipment, radiometry techniques, methods for determining absolute
geological age, abundance of radioactive elements in the earth's ' core. The handbook is written for engineer-
geophysicists, geologists and students in the corresponding special"fields. ‘

Uranium in South Africa, 1946-1956. A two-volume symposium, Vol. 1, 546 pp with illustrations; vol. 2, .

483 pp with illustrations, Publ. by the South African Institute of Mining and Metallurgy. Johannesburg (in
English) .

Articles in the Periodical Literature

Akchufin I. A., Development of the Physics of Antiparticles,. Voprosy filosofii No. 6 (1957).

Arifov U. A. et al., Water-shielding Unit for Gamma Radiation Research Using a Co® source With Actlvity
up to 1000 C,, Doklady Akad. Nauk of the Uzbek SSR, No, 10 (1957).

Belikov I. F., The Technique of Labeled Atoms in Scientific Research (studies of the biology of agricultural
plants). Sov. Primor’e, No, 23 (1957).

Bogoiavlenskii A. F. and Vedernikov A. P, Use of Radioactive Isotopes in Studies of the Kinetics of Accu-~
mulation of Electrolyte Ions (SO4=) in an Al,Og Anode Film (brief communication), Zhur. pri_kladnoi khim,
vol, XXX, No. 12 (1957).

Bromlei N. V., On the Use of Radiophosphor Isotope in Protein Synthesis and Turnover Studies, Trudy
Mosk. vet, akad., vol. 21 (1957),

Burov B. M. et al., Neutron-Neutron Logging Technique in Studies on the Geological Cross Section of
Drillings, Geologiia neftiNo. 12 (1957).

538

Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0

S U RPN




Declassified and Approved For Release 2013/09/13 : CIA-RDP10-02196R000100010003-0

Vdovenko V. M., Use of Radioactive Methods ln Analytical Chemistry. Vestniki Leningradsk Universiteta.
Seriia fiziki i khimii, No. 4 (1957).

Vedenov A. A., On Some Solutions for Equations of Plasma Hydrodynamics (letter tothe editor), ZhETF,
vol. 33, No. 12 (1957).* :

Voikovskii B. A. et al., Photometric Traces of Charged Particles in a Photoemulsion, Pribory i Tekh.
" Eksp. No. 6 (1957),

Volod’ko L, V., Electron Spectra of Uranyl Salt Solutions, Trudy Instituta fiziki i matematiki, Academy
of Sciences of Beilorussian SSR, No. 2 (1957).

Wolfgang R, Use of Nuclear Recoil for Segregating Uranium From Fission Products, Khimiia i khim.
tekhnol. (Special translations from the foreign periodical literature) No. 12 (1957).

Golitsyn G, S., Staniukovich K. P., Some Questions of Magneto-Gas Dynamics Taking into- Account Finite
Conductivity, ZhETF, vol, 33, No. 12 (1957),* : '

‘Grigor'ev E. P, et al, Hol® Conversion Spectrum , Doklady Akad. Nauk SSSR, vol. 117, No. 1 (1957).

Zhuk E. G., Observation on the State of Higher Nervous Activity in Persons Working Under Conditions of
Radioactive Exposure. Voenno- -meditsinskii zhurnal, No. 11 (1957) : :

Kazarnovskii M. V., Space- energy Dlstribution of Neur.rons in a Heavy Gaseous Moderator, ZhETF vol.
33, No. 12 (1957).*

Kalita A. P., On the Composition of Obruchevite in a Hydrated Uranium—Yttrium bearing Variety of Pyro-
chloride, Doklady Akad. Nauk SSSR, vol. 117,No. 1 (1957).

. Mandzhavidze Z. Sh., Chikovani G. E., Rectangular Double Cloud Chamber for Observations of Unstable
. Heavy Particles, PriboryiTekh., Eksp.No. 6 (1957). '

Ostroumov V. I., Filov R. A., On Angular Correlation Between Fragments and Charged Particles Emitted
upon Fission of Uranium Nuclei, ZhETF vol. 33 No. 12 (1957T).* ‘

Portnoi K. I. and Samsonov G. V. , A Property of Ternary Alloys of Titanium, Chromium and Zirconium
Diborides, Doklady Akad. Nauk SSSR, vol. 116, No. 6 (1957).

Pushkarev V. V. et al.,Protection of Water Reservoirs Against Contamination by Radicactive Substances,
Gigiena i sanitariia, No. 11 (1957). '

Sergeev S, N., Effect of Physical Training on the Development of Compensatory and Adaptive Reactions
on the Part of the Organism (to Radiation Sickness), Voen.-med. zhur.,No, 11 (1957).

Stepanov B. A, Desorption of Some Fragmentary Radioelements from Certain Deposits, Gigiena i
sanitariia, No. 11 ¢1957). '

Tret'iakov E. F. et al., Toroidal Beta Spectrometer For Investigating Conversion Radiation Accompanied
by Alpha Decay, Pribory i Tekh. Eksp., No. 6 (1957).

Finkel'shtein Ia. B. et al., Experiment in Using Tritium as an Indicator in Studies on the Dynamics -of Under-
ground Waters, Doklady Akad. Nauk SSSR, vol. 116,No. 4 (1957). '

Fioletova A. F., On an Express Luminescent Determination of Uranium in Solutions, Zhur. analit. khimii,
vol. 12,No. 6 (1957). '

Shcherbina V. V.,Behavior of Uranium and Thorium Under Conditions of Sulfate-Carbonate and Phosphate
Media of Hypergenesis Zone,. Geokhimiia No, 6 (1957).

Elg L. S., Chaikovskii V. G., On the Lifetime of Argon-Methylal-filled Radiation Counters, _Pribory i
Tekh. Eksp., No. 8 (1957),

°J. Exptl.-Theoret, Phys. (iJSSR).
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From Foreign Periodicalse

_Aten A, H. W. Jr., Beers M, J. and de Groot D. C., 1. Inorg. and Nucl. Chem. 5, 3, 159 (1958). The
Szilard-Chalmers Reactions and Assoclated Processes in Oxides-1. Chemical State of U” in U304, Exposed to
Neutron Irradiation, :

Aten A, H, W. Jr., Schenck P. A. and Ohm H., . Inorg. and Nucl, Chem. 5,3, 161 (1958) Szilard-

Chalmers Reactions and Associated Processes in Oxides~II, Chemical State of Neutron-lrradiated Metastable PH™4

in PbyOy.

Danon J., J. Inorg. and Nucl. Chem. 5, 3, 237 (1958). Separation of Thorium and Rare Earth Elements in
a Nitrate Medium Using the Anion Exchange Method,

Engineer 205, 5319, 5 (1958). Atomic Energy in 1957,
Engineer 205, 5319, 8 (1958), Critical Review of Nuclear Power Installations.

Francois C. A., Analyt. Chem, 30, 1, 50 (1958). Rapid Spectrophotometric Method for Determining .
Milligram Quantities of Uranium. '

Fried S., Westrum E. F., Baumbach H. L. and Kirk P, L., J. Inorg. and Nucl. Chem. 5, 3 182 (1958).
Micrometallurgy of Plutonium and Production of the Metal on a Micro Scale,

Hellstrand E., J. Appl. Phys. 28, 12, 1493 (1958). Measurements of Effective Resonance Integral of
Metallic Uranium and Uranium Oxide for Different Geometric Conditions.

Hurotoshi Sano and Reiko Shiomi., J. Inorg. and Nucl. Chem, 5, 3, 251 (1958). Niobium and _Z.i:conlum
Separation Process Using Cation Exchange. ) ‘

Klemm A., Angewandte Chemie No. 1, 21 (1958) Lithium in Nucleonics,

Willoughby R. M., Burton A., Nuclear Power 3, 21, 30 (1958). On Possibilines of Working with Miniature
Cyclones.

* The titles of these papers have been retranslated from the Russian. For this reason the wording may vary from

the original — Publisher,
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SIGNIFICANCE OF ABBREVIATIONS MOST FREQUENTLY
ENCOUNTERED IN SOVIET PHYSICS PERIODICALS

AN SSSR Academy of Sciences, USSR

FIAN Physics Institute, Academy of Sciences USSR
GITI Stare Scientific and Technical Press

GITTL Stare Press for Technical and Theoretical Literature
GOI State Optical Institute

GONTI State United Scientific and Technical Pre.u
Gosenergoizdat State Power Press

Gosfizkhimizdat State Physical Chemistry Press
Gozkhimizdat State Chemistry Press

GOST ' All-Union State Standard

Goztekhizdat State Technical Press

GTTI Stare Technical and Theoretical Press
GUPIAE State Office for Utilization of Atomic Energy
IF KhI Institute of Physical Chemistry Research
IFP Institute of Physical Problems

IL Foreign Literature Press

IPF Institute of Applied Physics

IPM Instisute of Applied Mathematics

IREA Institute of Chemical Reagents

ISN (Izd. Sov. Nauk)

Soviet Science Press

I YaP Institute of Nuclear Studies

1zd Press (publishing house)

KISO Solar Research Commission

LETI Leningrad Electrotechnical Institute

LFTI Leningrad Institute of Physics and Technology

LIM Leningrad Institute of Metals

LITMiO Leningrad Institute of Precision Instruments and 0ptzc.c
Mashgiz State Scientific-Technical Press for Machine Construction Literature
MATI Moscow Aviation Technology Institute

MGU Moscow State University '

Metallurgizdat Metallurgy Press

MOPI Moscow Regional Institute of Physics

NIAFIZ Scientific Research Association for Physics

NIFI Scientific Research Institute of Physics

NIIMM Scientific Research Institute of Mathematics and Mechanics

NII ZVUKSZAPIOI

Scientific Research Institute of Sound Recording

NIKFI Scientific Institute of Motion Picture Photography
OI'Yal Joint Institute of Nuclear Studies

ONTI United Scientific and Technical Press

OTI Division of Technical Information

OTN Division of Technical Science :
RIAN Radium Instituté, Academy of Sciences of the USSR
SPB All-Union Special Planning Office

Stroiizdat Construction Press

URALFTI Ural Institute of Physics and Technology

NOTE: Abbreviations not on this list and not explained in the translation have been transliterated, no
further information about their significance being available to us.—Publisher.
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Just pubhshed in complete translatlon from Russ1an ”.

" THE GEOLOGY =~ -
" OF URA NIUM

’.. o . '» ‘ - - o ‘i o
‘ :

l

i

l

ODAY, WORLDWIDE INTEREST in ﬁssmnable rQaterlal has fociised more attentwn o - o
than ever on uranium-—the origin of its deposits, its mineralogy, and methods o -
" of investigation. As a result, the Soviet J ournal of . Atomic Energy devoted an entire -
.supplement (No. 6) to current problems on the geology of uranmm, whlch was
pubhshed December, 1957 in Russian, .

= F
’
.

"« Now this collection -of twelve important T CONTENTS ,.
~ papers by leading - Soviet specialists- is ) ' : A L -
available, in- English, for those Western . Metamorphism of Uranium Ores, V.S. Karpenko .
- scientists who must keep abreast of the C

¢ The Nature of Sedlmentary-Metamorplnc ‘Uranium Mmeral-

. latest developments in the field by their ization, RV. Gotseva o

" Russian counterparts. Here, in well writ- . §
ten and concise style, are graphic exposi- § ¢ Originof Uranium Mineralization in Coal, Z. A Nekrasova
_tions of the main “problems encountered in ’

. New Data on Nenadkevnte, V.A. Polzkm*pova N o
current investigations, with attention

directed mainly toward the study of '} * The Hydrous Uranyl and Ammonium Phosphate (Uramphlte) E

wranium- deposits which formed contem- ¥ NH4 (UO02) [PO4] - 3H20 2.A. Nekrasova

poraneously with sedimentary rocks. The - - . Ursnhte—A New S:llcate of Uranium, A. A Chermka'v, ov..

important role of diagenesis and of sub- Krumetskma and V.D. Sidel'nikova . . -

sequent _emg.enetw and meta,morplfzc Phg- d‘- Condmons of Formation of Natroautumte, A. A Chermkov -

nomensa, which have produced redistribu- N

tion and concentration of uranium under § Hydrothermal Synthesm of Urammte, G.P. Sidoerov, RP -7
" favorable geologlcal conditions, is clearly ] Rafalskii . - o

illustrated by actual occurrences; proc-

¢ Thermal Investlgafions'of Some Uranium Miherals, Ts. L.
esses which lead to formation of epige-

; ) Ambartsumw,n e e - .
: .- netic infiltration uranium deposits in coal " :
basins are keenly analyzed::and various { ° Radiometric Methods of Determmmg Uraniim Conteht in
hypotheses, reported in Soviet and foreign . § - Assays, V.L. Shashkin, L.P. Shumilin '
literature, on the origin of such deposits ¢ The Ratio of Beta and Gamma Radxatxon in Natural Radlo- . -
,are dlscussed in detail. : i . N active Elements, V.L. Shashkin, 1.P. Shumilin, M.I. Prutkina = § -

o Methods and Techniques of Aerogeophysical Prospecting for
oL Addltlonany » thls new work covers a com- Uranium Deposits ianot:eig’n Couitril::sffa. G. Ter?Oganisov,
prehensive survey of aerial geophysical .T. 1. Gvaima, Iu. V. Roshchin, V.L. Zubove )
methods in various countries; methods ’ ; - o U - -
for mdwmet'rw study of uranium in three- - - ;
component ore containing radioactive eie-
ments of the uranium and thorium series; Case-Bound 124 Pages, Profusely Illustrated -$6.00
a descrxptwn of several new minerals (in- - .
cluding recent data on nenadkevite, described earher in the journal Atomw Energy) ;
and the results of thermal mvestzgatzons coriducted on a-number of uranium min-
erals, which, on the whole, open the door to the possibility .of determmmg other»
- minerals difficult- to analyze. In short, this rlchly-authorltatlve volume not only . T
reveals the most up-to-date Soviet progress, but also adds new knowledge to out - >
growing storehouse of information and stlmulates incentive for further investiga-
tion into THE GEOLOGY OF URANIUM. 2 T

. . - > or
K B

| o CONSULTANTS BUREAU, INC. - . -
g - S 227 W. 17th St, NEW YORK 11, N. Y.

f . o -
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- . . - -

Announc in g A NEW expanded program for the translation
- - andpublication of six leading Russian physics
journals. Published. by the American Institute of Physics with the
: cooperatlon and support of the National Science Foundation, -

SOVIET PHYSICS — TECHNICAL PHYSICS. - A translation of the "Journal
of Techmcal Physics" of the Academy of Sciences of the U.S.S.R.” 12 issues

) per ‘year, Vol. 3 begins .July. 1958 approxunately 3,000 Russ1an pages "
Annually $75.00 domestlc

SOVIET PHYSICS ACOUSTICS A translauon of the "Journal of Acous-
tics" of the Academy of Sciences of the U.S.S.R. Four issues per year,

L » “Vol. 4 begins July 1958, approx1mate1y 400 Russian pages. Annually $12 00
« domestlc

fSOVIET PHYSICS DOKLADY A transIatlon of all the "Physms Section™
of the. Proceedmgs of the Academy of Sc1ences of the U.S.S.R. Six issues

- per year, Vol. 3 begins July 1958~ approxnnately 800 Russian pages o
) Annually $35.00 domestlc

SOVIET PHYSICS — JETP A translauon of the "Journal of Experimental ;
and Theo;etlcal Phys1cs" of the Academy of Sciences of the. u.s .S.R. Twelve

issues per year, Vol. 7 begins July 1958, approx1mate1y 3,700 Russian
pages Annually $75 00 domestic

SOVIET PHYSICS — Crystallography Atranslatlon of the journal "Crystal-

. lography" of the Academy of Scierices of the U.S.S5.R. Six issues per year,

. VolL2 begins July 1958, approx1mate1y 1,000 Russian pages. Annually .
$25.00 domestic. .

SOVIET ASTRONOMY "— Aj_; ‘A translation of the "Astronomy Journal® of
" the Academy of Sciences of the U.S.5.R. Sixissues per year, Vol. 1 begins
July-1958, approximately 1,200 Russian pages. Amiually $25.00 domestic.

- Back issues are avallable elther in’ complete sets or smgle copies..

,AII Journals are to be complete translanons of the1r Russmn counterparts
"~~~ The number of pages to be published represents the best estimate based on
all available information now on hand

Translated by competent, quahﬁect scientists, the pubhcatlons w111 provide -
all research laboratories and libraries with accurate and up-to-date mfor-
mation of the’ results of research in the U.S. S R

Subscrlptlons should be addressed to the
AMERICAN' INSTITUTE OF PHYSICS

4
~

335 East 45 Street - ) New York 17,N.Y.




