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THERMAL STRESSES IN REACTOR CONSTRUCTIONS
A. Ya. Kramerov, Ya. B. Fridman, and S, A. Ivanov

Translated from Atomnaya Enetgiya. Vol. 8, No. 2, pp. 101-111,

February, 1960
Original article submitted May 9, 1960

Conditions for the appearance of thermal stresses in reactors are investigated; also their magnitude and the danger
they create are estimated. The influence of the form of the heat-generating elements (HGE) on the temperature
drop and magnitudes of thermal stresses is analyzed; recommendations are given with the aim of decreasing the

harmful effect of thermal stresses.

The methods from the theory of elasticity employed in the calculation of thermal stresses have significant
limitations. In many cases when estimating the magnitude and degree of danger created by the thermal stresses,
when combining such stresses with mechanical stresses, and also when seeking a way to decrease them, other effects
such as fluidity, creep, initial breakdown, and microscopic processes must be taken into consideration.

INTRODUCTION

In recent years the study of thermal stress hasenjoyed
great attention, particularly in connection with the known
framework of atomic reactors. Among the characteristics
of reactors we make particular note of the following:

a) the intensive neutron and y radiation at moderate
temperatures which leads to a decrease in plasticity;

b) internal radiational heat sources;

c) high thermal current (106kca1/m2-hour) and heat
production density (10° kcal/m®-hour), resulting in a
large temperature gradient (~100° C/mm-);

- d) the use of new little-studied materials (sometimes
undergoing undesirable structural transformations upori
heating) and combinations of materials with different
coefficients of thermal expansion;

e) sharply repeated changes in the temperature result=
ing in a thermal shock in the structure (for example, in
the case of an emergency stoppage of the reactor);

f) the use of new complex structures, for which there
have been neither analogies in the usual engineering
techniques, nor long-run operational tests. Significant
thermal stresses also may arise in structures associated
with long established areas of engineering (for example,
in reactor turbine construction). However the many vari-
ants and long operational tests whichhave accumulated
in these areas in many cases permit by extrapolation the
use of structures near to those tested in practice, and there-
by some of the dangers from thermal stresses may be
avoided.

The literature on theoretical questions having to do
with thermal stresses is fairly large, but it consists pri-
marily of papers treating the analytical solution of differ-
ent problems in the field of eleasticity [1], and, far
more rarely, in elastoplasticity [2=5], In this literature
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only macroscopic stresses (of the first kind) are considered.

We mention also papers {6-13}
Estimate of the magnitude of temperature

stresses
—————————

‘Basic notation: 0gyOry O, 1€ the normal stresses actirig
in the angular, radial and axial directions respectively;
is the thermal coefficient of linear expansion; E,the
modulus of elasticity (kg/cmz); v, Poisson’s coefficient;
AT=T;~Tipi¢ the deviation of the temperature from that
of the initial( Tipjt) unstressed state; AT, the average
value of AT with respect to cross ‘section; Q,the total
rate of heat generation (kcal/hour); ap the thermal flux
(kcal/mz-hrj; q the density of heat generation (kcaI/ms-
hr); a, b the in_l:.ernalland external radii of a tube; ry the
radius of a cylindrical rod; p =a/bthe dimensionlessradius
of the hole in atube; and ¥ is a form factor, equal to

~ the ratio of stress (or temperature drop) in a body of the

shape considered,to that in a circular cylinder (other
conditions being equal).

The magnitude of the thermoelastic stresses of the
first kind is estimated by the formula

(1)

In the presence of internal heat sources in bodies
with more or less smooth shapes the temperature change
in a cross section is equal to

0 =FA (aT) and 9=ExAT (for a=const).

(2)

where % 1, = $+2V/Fq is a quantity proportional to the
mean path taken by the flow of heat in the body; V is
the volume of the body (ms); qF= Qf Fq. the thermal flux;
and F,the heat transfer at the surface. , :
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If the thermal stresses reach the yield point for the
material, then the body or its individual parts enter the
plastic state and thermoplastic stresses arise. In the elastic
region the stresses at each moment are determined by
the existing temperature field, whereas in the plastic
region the stresses depend also on the past history of the
body. _

The exact temperature field, and also the thermal
stress and displacements of the first kind in the elastic
region are found from a known system of equations from
the theory of heat conduction and the theory of elasticity.
These equations differ from the usual by the additional
terms AT in the expression for the generalized Hooke's
law. In this case only mathematical difficulties are en-
countered, which however limit the possibility of obtain-
ing exact solutions in practice.

There exist approximate methods of calculating the
thermoelastic stress [2, 3, 5, 14]. Methods for calculating
thermal stresses of the second kind have also been little
studied.

In reactor construction one often has to deal with
problems relating to cylindrical bodies of revolution:
housings, heat generating elements, and their casings.

In these cases in the absence of external forces the
thermoelastic stresses of the first kind are determined,
as is known, by the relations

. b
E /1 rda . ,
Us=m<ﬁmSaA1 (T)rd?'—;-

a

2 fear oo —ar o)

(3
i R ) b
0, =0 (; i S aAT (r) dr —
— % S aAT (r) rdr) )
and
0, =0y+0,. )

Ordinarily the largest stresses occur at the inner (r=a) or
outer (r=b) bounding surface [ depending on the form of
the function AT( 1)} and equal

L ]

(08)ra = —~ X

b
& aAT (F)rdr —aAT (a)) ;
a { (6)

A
(09)r=:b =1 x

2

b

% (,72—;0— S oAT (r) rdr —aAT (b) ) :

92

Thermoelastic stresses of the first kind in a thin plate
with built-in edges or temperature field symmetric with
respect to the mean surface may be found from the formu-
la '

+6
—— <_2?6_ \ «A7 (2)dz— AT (@) -
—8

The first terms included in the parentheses in formulas
(6) and (7) represent the mean (with respect to crosssee-
tion) temperature difference or, more accurately, the
mean value of the free thermal expansion dAT.

Formulas (6) and (7) may be combined in the rela-
tion

6= L (@AT —aAT),

1—w

(®)

which permits one to find the greatest stresses in a circu-
lar rod, thin-walled tube, in a plate with built-in edges
with symmetric temperature distribution, and in certain
other cases, when the principal deformations at each
point are equal among themselves, or some of themare
equal to zero (linear and plane stressed states) and more~
over, are constant in some principal plane.* Actually
under these conditions the relative stretching in the plane
indicated may be determined by the formula

_9 (1—cwv) +GAT

. €
E

where ¢ isequal to0, 1, or 2 for the one-dimensional, two-
dimensional, or volume stress statesirespectively. Integra -
ting over the entire cross section of the body in this plane

<8F=1—cv

< §odF+§aATdF)

and using the equilibrium condition

(oar=o,

F

we find that &= { aAT dF =GAT , and, finally,
F .

we obtain the relation [8]:

E
1—ev

o= (aAT — aAT).

In the cases examined, by virtue of the linearity of the
heat conduction equations, the temperature distribution,
and consequently the thermoelastic stresses of the first
kind,may be represented in the form of a sum of a solu-
tion to the homogeneous equation (without internal heat
sources) with the actual boundary conditions (index "AT")
and the solution to the heat conduction equation

* These results for thermoelastic stresses of the first kind
may be generalized to the case of variable o(r) by
replacing the quantity aAT by the quantity A (aT).
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with internal heat sources but zero boundary conditions
(index "q™), Each of these solutions in turn may be
written in the form of the product of three- factors, express-
ing respectively the influence of the physical properties,
the density of heat generation, and the dimensions ( or
AT bdy) and shape of the body. Hence we have

0 =0,+0ar= [ 1aE 1

_eE 1771 9%
—v h][ 4]W°q—r
ol

][220 w,,,

The factor [¢E/(1—v)}(1/\) con ditionally expresses

the influence of the physical properties, Introducing the ratio
(}/OT, we obtain the factor [aE/(1~v)}(1/A0 ), condition-
ally characterizing the influence of the physical proper-
ties of the body, takmg into consideration also the margin
in attaining the yield stress.

For structural elements in the active zone, where
the heat is generated by the absorption of energy from
y rays and neutrons, the complex of physical properties
(first factor) will depend as well on the corresponding
cross sections or coefficients of absorption. Neglecting
the self-screening and the heat generation from the ab-
sorption of neutron energy, we find that the first factor
is proportional to the mean coefficient of y -ray absorp-
tion or (for elements with moderate atomic weight) the
specific weight; i. e.,the expression [aE/(1—v)1/N) may
depend on the expression [otE/(1~v)ly/ \).

' When using materials with high o and low A and

o T.it is especially difficult to avoid going beyond the
yield point and the resulting residual deformations. In
this connection uranium and stainless steel possess undesir-
able properties. Thorium, black lead, and to a lesser
degree zirconium and aluminum are better behaved as
regards the appearance of permanent deformation, not-
withstanding their comparatively low o‘B and GT. Even
if economical considerations and estimates as to the re-
sistance of the material to radiation, corrosion, etc., are
not entered into, still the estimates and comparisons of

different materials as to their resistance to thermal stress
are very complex and conditional; in the corresponding

complex coefficients there should enter characteristics
of durability, which for many plastic materials,worked
under conditions of thermal fatigue, are still unclear.
The influence of the quantity op,introduced into the set
of coefficients, is not unique, since an increase in o
may cause harmful (later release of  thermal stresses
- of plastic deformation), as well as useful effects (decrease

in the accumulated plastic deformations)[12].

The comparison of materials is still further compli-
cated in that many properties (especially oT, 6, 0,
and others) strongly depend on the working and structure
of the material. '
Comparison of HGE of different forms

In order to have a dimensional relationship to charac-
terize the HGE, it is useful to require for all forms consi-

-

at

dered that they have equal volumes per unit heat-transfer
surface. This guarantees their approximate equivalence
as regards neutron physical calculations with identical
thermal conditions at the surface (for equal volume densi-
ties of heat generation q inside the HGE), i.e., among
comparable forms, 1y =2V g/ Fq=idem.

Formulas are given below for the greatest tempera-
ture drop and for the high-temperature elastic stresses of
the first kind for four basic shapes for the cross sections
of the heat generating elements (no account taken of the
casing, and for uniform heat generation). Forconciseness,
the temperature drop qr2/ 4\ at the cylinder radius 1o
is denoted by AT, and the maximal thermoelastic stress
[E/ (1 V)X AT,/ 2)in the solid cylinder is denoted by 0.

The expressions introduced below are obtained by
substituting into relation (8) the solution of the equation
of steady heat flow (—AAT=q) for suitable boundary condi-

* tions—zero or prescribed values AT}, 4, (for a derivation

of the most complicated case, the third, see the Appendix).
" Case 1. For a tube or cylinder cooled from the out-
side,

AT, = AT ;

= €
max 0¥ AT (Og)r=1 = ‘-’o‘pgq)-

Case 2. For a tube cooled from the inside,

ATmax= ATVt (Ga) 0 = 0o Yoy

Case 3. For a tube cooled from the inside and the

outside (in this case the maximum temperature difference
is nonlmear relative to Adey)'

o 1—0*(1—Ing?
ATax= Alo—%‘(:a)‘ig‘g“),

where

R?

Y I

ln o®

and R is the radius of the circle (within the limits of the
tube’s wall thickness a <R < b), on which the temperature
attains its maximal value (T=T,..) in particular, for
Adey=T (a)~T (b)=0 we obtain

42l 7 4
AT max= qu‘ﬂﬂ;?

aIJ Ay
1—

= @ 4
g O'oqjuq_ [ GAY

max

where Omax denotes the maximum stress attained on one
of the bounding surfaces (r=a or r=b),

1 The upper indices on ¥ indicate which case is under

consideration.
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Fig. 1, Dimensionless temperature drop

¥ ATq ATpay/ AT, resulting frominter- Fig. 3. The dimensionless thermal stress

nal heat sources, in its dependence on the lI’GM,: —(,IA—T,—- , arising from the tempera-
dimensionless inner radius of the tube o ﬂy
. v 2 .
p=a/b(for cases1~4). ture difference on the cooling surfaces, in depen~
Ve, dence on the dimensionless inner tube radius
. - a
10 -\.\\, ' o= (for cases 3-4).
.
v \~\3 \\\ | ATmax= AT\Y 1/\;’17?,
- B : ‘ o
U;; ¢ 1 ‘ Cmax™ GO\]'N‘?; + a—Lv zbdm’ oAt -
,/ _ - :
/ The values of b, ‘I’AT , ‘P'g , V¥g,qaregivenin Table 1.
44 /‘ : and in Figs. 1, 2, and 3 as funcnons of the dimensionless
V4 - hole radius p =a/b.
‘2// From the figures it is evident that, other conditions
he 4 ' being equal, (for the same densities of heat generation,
,/ — material, and ratio of the volume to the heat transfer
surface), the temperature drop and thermal stresses in
0 42 a4 o8 48 10 all forms considered for the HGE is less than that in the
Py case of the solid rod. For a plate the temperature drop is
Fig. 2. Dependence_of the dimensionless thermal just half that for a circular rod, and the stress is one third
stress ¥ =% (in the presence of internal heat. less. In the case of a hollow cylinder cooled from the

outside or from both sides, when the ratio p =a/b increases
the temperature drop and stress change from the value
corresponding to a circular rod (for p=0), to the value
corresponding to a plate (atp =1). In the case of cylinders
cooled from the inside (or of massive heaters with holes
for the cooling medium), the temperature drop and the
stress are significantly less thanin elements of other forms
AT Tos <1 +5 ) (for which r, =2V/Fg). :
The data from Figs. 1-3 agree with data from [4],
‘ obtained by an incomparably more complicated means
Y 'and X is the distance fromthe for one particular case (if the comparison of the thermal
stresses in the HGE of differing forms is carried out under
comparable conditions; i.e.,for equal specific heat gener-
ation and specific volumes), and do not confirm the de-
ductions of {15], in which the above indicated comparison

sources) on the dimensionless inner tube radius
a
Q= (for cases 1-4),

Case 4. For a plate cooled from both sides,

ax =

oz 1 ATy
where =72 AT,

center of the plate (of thickness 26); to the point with
maximum temperature [T(X)= Tax]: inparticular, for
Adey—Tl TZ—O we have
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conditions for HGE of differing forms are not fulfilled.

As a consequence of the latter, the author of {15] is led
to the invalid conclusion that the best shape for the HGE
from a heat engineering point of view is that of a circular
rod.

It should also be noted that in comparing HGE's of
different shapes it is of course necessary to bear in mind
technological questions concerned with obtaining qual-
itative HGE's with shapes which will aid the maintenance
of stable cooling conditions.

Estimate of the danger in thetmal stresses¥
In the case of repeated microthermal stresses (for
example, with cyclic loading of a thin sample in aheated
fluid), cumulative micro-and macro-residual deformations

and small cracks may occur [7, 17}

For plastic materials with a small number of heat
changes a stationary temperature field ordinarily does not
lead to fracture (with the exception of the cases involving
very high deformation concentrations), since the thermal
stresses are removed or decreased. Therefore in such
cases danger is ordinarily seen only with exceedingly
great deformation or with damage to the metals from
possible overheating, Moreover,a nonstationary character
(dependence of ¢ on time) is less significant thana
cyclically repeated loading with accumulation of residual
deformations and structural changes.

The order of magnitude of the deformation € which
is necessary for complete removal of the thermal stresses
may be estimated by the formula '

£ =

S —aAT.

For example, for steel with 0=10" 1/°C and AT=
=100°C, €=10"%, or 0.1%. From this it follows that the
thermal stresses (probably microscopic as well as macro-
'scopic) are rapidly relaxed in the presence of creep or
crack formation, which also results in nonelastic deforma-
tion. This explains the small influence exerted by single
thermal loads (with the exclusion of very brittle materials)
and in many cases the small danger of thermal (in com-
parison to mechanical) stresses, if the latter are weakly
relaxed in the process of nonelastic deformation (the so-
called *liberal loading methods® [8], for example, inthe
case of steam or gas pressure on a reactor housing).

The smaller number of heat changes up to breakdown
for more coarsely grained materials {11] in comparison
with fine-grained structures is probably connected with -
the large displacements at the boundaries of the grains.

Therefore the residual deformation which is a result
of fluidity or creep is to a certain extent even useful in
that it permits stress relaxation.”*

In the case of thermal stresses, the relaxation will
proceed all the faster (other conditions being equal), the
less the thermal expansion; in the case of mechanical
stresses, the less the elastic energy of the system, the
faster relaxation proceeds [8].

96

Taking into consideration the existence of seams and
welding stresses which are only with difficulty takeninto
account and controlied, and which may harmfully inter-
act with the stresses caused by thermal and mechanical
loads, the importance of plasticity is again seen to be
important. With sufficient heating the residual stresses are
practically eliminated (Table 2).

TABLE 2. Temperature at Which Residual Stresses are

" Removed for Various Materials [6].

Temperature at which
removal of residual

Material stresses takes place,for
éXample,after 1 hour,
in °C

agnesium alloy 150—-170
luminum alloy - 220—250
ron 500550
>arbonic small-and moder=~|
ately~alloyed steel 600—650
Stainless steel 800—820

Approaches to lessening the danger of

thermal stresses

The magnitude of thermal stresses of the first kind
depends on the properties of the body (¢ E/ X), it is pro=~
portional to the heat output and dimensions, and depends
on the shape of the body, as well as on the other character-.
istics (on the yield point, for example).

There are two basic methods of decreasing the danger
of thermal fracture; by decreasing the magnitude of ther-
mal stresses arising, and by increasing the permissible ther-
mal stresses. '

A decrease in the magnitude of the thermal stresses
may be attained by:

a) using materials with low value of aE/X and join-
ing materials with values of the thermal expansion @AT)
which are near each other;

b) choosing shapes admitting free expansion to the
largest extent (compound elements, thermal expansion
joints, etc.) ‘ -

c) creation of sufficiently smooth shapes and uniform
cooling conditions, in order to exclude the appearance of

large temperature' differences between connected parts

of the body in the stationary and also the transitional
operating stages;

1 Phase stresses and microthermal stresses may weaken as
well as strengthen each other [17, 161

*+ » This was noted in [ 18]; however in the case considered
in this paper involving mechanical loading of the housing
by internal fluid pressure, the stress relaxation is less
significant than in the case of loading by gas or steam
pressure.
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d) guaranteeing operating conditions which wiil
exclude appreciable and frequent temperature fluctua-
tions, etc.

The stability of the materials with respect to thermal
stresses may be increased by satisfying the two following
conditions, which are to a known extent contradictory;

a) increasing the yield point to such a degree that

dangerousresidual deformations will not accumulate,
resulting in fatigue damage;

b) increasing the plastic properties of the material,
and theisotropicity and homogenelty of the structure, in
particular by refining the grains, in order to decrease the
microthermal stresses and increase the number of heat
changes necessary for fracture,

It is desirable to avoid cold hardening and other
processes which decrease the plasticity, in order that the
structure will be able to resist temperature shifts accom-~
panying sizeable plastic deformations [17]. Other impor-
tant factors include the quality of the welding (it should
be without microbrittleness, cracks, imperfections, etc.),
the absence of stress concentrators, deformation concen-
trators, and others.

The purity of the worked surfaces is of great impor-

" tance, since the largest thermal and mechanical stresses
occur usually on the surface, and small defects on the
surface will lead to their further growth by virtue of the
concentrations.A pure surfacehas fewer initial defects
which may serve as sources for the beginning of fracture.TT
Conclusions

The methods of the theory of elasticity applied in.
the calculation of thermal stresses, have two significant
limitations; :

a)they may be used to estimate stresses of the first
kind only in regions with dimensions of the order of
those of the body, and they do not consider microstresses

arising as a consequence of anisotropy and inhomogeneity .

of the individual grains. Microstresses in combination
with macrostresses are especially important in the beginw’
ning stages of fracture; :
b) they do not take into account the change (usually
decrease) in the stresses in the elastoplasnc regions [12].
The applicanon of different approximate estimates,
in particular the use of expressions of the type (8), show
that the elastic thermal stresses of the first kind are pro-
portional to the difference between the free thermal ex-
pansion (aT) and the actual expansion, near to the mean
value (aT). Since in the majority of materials plastic
deformation and fracture do not proceed immediately, but
rather accumulate in time during heat changes and in the
intervals between them, the danger is determined not
only by the magnitude, but also by the duration of the
action and the number of repetitions of the stress. Single
thermal loading is ordiharily not dangerous, if the shape
of the bodyis sufficiently smooth and does not include
excessive concentrations of plastic deformations.
Therefore in estimating the magnitude and degree
of danger from thermal stresses when these are taken to-

gether with mechanical stresses, and also when methods of
decreaéing them are sought, it is not pos'sible to limit one-
self to determining the elastic macrostresses alone, but it
is necessary to estimate also the degree to which they are
decreased due to fluidity, creep, and the begmmng of
fracture.

The choice of optimal shape plays an important role.
For equal volumes of the heater per unit area of heat
transfer surface, inner cooling of a tubular HGE yields the
least temperature drop and magnitude of stress in compar-
ison with external or two-sided cooling of a rod, tube, or
plate. :

In order to increase the resistance to thermal stresses
it is necessary to tend toward fine grains, high homogeneity
of the structure, to high local plasticity, increases in the
resistance to fracture in the intergrain regions, and to
decreases in the cold hardening and surface defects.

To establish a basis for durability calculations it is
necessary to engage in systematic experiments to study
the influence of the number, amplitude and sharpness of
the heat changes on plastic deformations [17] and the
fracture of samples of different shapes and dimensions and
different surface states, and under different actions from
external media, and also for changing relationships between
the mechanical and thermal loads.

It is desirable to introduce characteristics for the
material in order to obtain a qualitative estimate of its
resistance to thermal stresses; for example,a curve of

" residual deformation as a function of the number of heat

transfer cycles in a thin sample, up to the appearance of
small cracks of certain size. -

o APPENDIX .
‘Temperature drop and thermoelastic stresses of the first

kind in a cylindrical body with two-sided cooling

Here a derivation of the relations determining the
temperature drops and thermoelastic stresses of the first
kind in the most complicated case—two-sided cooling of
a cylindrical tube—is given.

From the conditions of volume equality we find the
radius of the equivalent cylinder of solid cylinder:

2y
Fq

2xn (b2—a?)

o (bta) =b(1—e)

5}

from which

and, To. - (2)

If we denote by ra(0r R, =T'e /b) the radius of the
neighborhood where a maximum in temperature Tq (v)
is attained under zero boundary conditions

Ty (a)=T, (b) =0, (3)

T T We note also the possibility of significantly accelerating
the fracture by the joint action of corrosive substances
and stresses on the surface of the body.
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then the heat conduction equation (balance of heat) under
the condition of uniformity of density of internal heat
sources q takes the form

qu (r2—r3)= —A2ar dqu 4)
from which

. . 2 __ p2
(for k:const,)Tq=——2—qx S r—ri"dr_—.

=—gx<—"‘z—.—r§lnr> +C,

or

Tq=‘—

( 1A__T B (2 — B3 In R¥?) 4-C, (5)

where

AT, = Z’}‘: and R=. (6)

- If we define R=r /b, then conditions (3) may be
written in the form

Applying condition (7) to formula (5), we find

o Q2 —1
R*— anZ ’ (8)
' AT
C=(1—-‘°T§(1—R,2g In b2)=
AT, .
(1_9)2(1 e 1nb> ©9)

Substituting expressions (8) and (9) into formula (5),
we obtain

Tq(R)=

(1

The maximum of T q is attained at R=R,:

ln R”) . (10)

max Tq=AT0‘YATq, (11)

where

) ‘ ?—1
Yar, == e>z+2(1—e) lne(’"‘“ TS > (12)

if we denote
Typ (@) =Tq, Tap (B)=T0
and consider
Tq—Tp # 0,butg=0, : (13)

then the heat balance equation will be

=0, (14)
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from which

ar
— A2qr 4

T —¢,and TAT=7i‘Tlnr+cz. (15)

Applying condition (13) to condition (15), we obtain

Ci=2n)—SF——

Ta—Tp . To—Th |
e =2 7\.———)’ Co=Ta—— o a16)

Applying the condition Ty,=0 (initial reading), we find
Cy=—T,(Inb/1n p)and, according to conditions (15),

In R '
TAT-A%CI/ Ing -~ an
The general solution will clearly be the sum of T, and
TpT. and therefore, summing expressions (10) and (17),
we shall have

_ne P—1 2
1—R In @2 InR lnR 18
=0 A%d},l (18)

The maximum temperature T will be found at the point
R2=p 2. determined from the condition

T =AT,

or
(o e =© (19,

from which

._~2_(1—@?( ATpdy 1te 20
Ri=g'= Ing@? AT, 1—o /° (20)
Substituting expression (20).into formula (18), we
obtain after transformations

19 (1—Ing?)
(1—o)* )
Using the approximate formula (7) of the main text to

determine the thermoelastic stresses of the first kind and
considering that

max T'=AT, (21)

T=Tq+Tyy (22)

(since T= Tq*t Tp ), we have, for example, on the outer
bounding surface(r =b) or on the inner bounding surface

(r=a)

0 =0q+ 0z, -

where

E = E AT,
1(I_V(TQ Tq)-——g— 011’

Gq——" v

(23)

- and

oE B Thdy,
—g 4
1—v 2 YGAT’ G

ol =g
Oar=7—y Tar —Typ)=
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and we find
¢ ¢, i
1 ~ N
=i —as STan == STd (RY);
a Q2
1 ( ar 2y
T — o ((1_pe @ 2
Tq“i'—92§2(1—g)2\1 + me lo B ) x

AT, T 1+¢° 1+
x dpz=2T0 [ ] (@5
7 la—orta=ginel = @
Comparing formulas (25) and (23) with account taken of
(3), we come to the conclusion that the form factor for
stresses on the outer and inner surfaces from internalheat
sources has the form

v _ e | 1o
¥, = = . (26)
%= —op | (T—g)lng

In an analogous manner we find
Lo¢ In R?
7 n 2
o . .

- Ade;( 2 2

-2 Ing?2 1-—g?
and the stresses on the outer surface r =b (Tb=0) and on
the inner surface r =a {T (¢ =a)=T,= Adey]:

b oFE Adey‘I,b

A==y T3 Yopp (27)
and

a oF Adeya
where

6 _ (1 | 2 (29

WUAT_ <1n9+1—e2> (2
and

o __( 1 , 2 30

WUAT_~ <lng+1——g2>‘ 39

These determine the values of the form factors for stresses
on the outer (b) and inner (a) surfaces in their dependence
on the temperature drop at the boundaries. '
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THE DEFORMATION OF URANIUM UNDER THE INFLUENCE
OF THERMAL CYCLES DURING THE SIMULTANEOUS ACTION
OF AN EXTERNAL TENSILE LOAD

A. A. Bochvar, G. Ya. Sergeev, and V. A, Davydov

Translated from Atomnaya Energtya, Vol. 8, No. 2, pp- 112-1186,
February, 1960 ‘
Original article submitted October 8, 1959

We established the fact that cyclical thermal working of uranium (CTW) in its o ~phase,under the action of a
constantly applied external tensile load,leads to a significant residual deformation which exceeds by several times
the total deformation occurring during CTW without the application of constant tension or due to creepage. The
change in size of the samples in all of the cases which we studied occurred in the direction of action of the exter-
nal force. CTW of transverse samples of sheet uranium in the temperature region of the o -phase resulted ina
shrinking of the samples when a tensile load was not applied, however the application of an external tensile load
not only did not prevent the lengthening of the samples .but led to the appearance of a deformation in the direc-

tion of the external force which was greater than the deformation due to creepage.

We have observed in uranium in a series of definite
cases a significant increase in the speed of plastic de~
formation. Papers [ 1,2] reported an increase in the creep-
age speed of uranium during neutron irradiation. The
strong influence of the thermal cycles upon the creepage
speed of uranium was also noted { 3,4}

In this paper we present data regarding the effect
of cyclical thermal working (CT W) of uranium under

- - water
. > — 7
TR
1 ; 5
g = 5
E , —3j» N
o (== F
[=] === N -
] = IR
o \
= J B
8
N
po——x k
N
3 =4 \
=
_— R Fig. 1. Diagram of the
3 Apparatus. 1) sample;
2) molybdenum heater;
- | 83) load; 4) trap for
NS TR liquid nitrogen.
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- the action of an external tenisile load upon the dimens-

fonal stability of uranium. .
Method of Investigation. The investigation was

carried out in a vacuum of the order of 10" mm of Hg

using the special experimental apparatus shown in Fig. 1.

-The temperature was controlled automatically. The

magnitude of the residual deformation of the uranfum
was studied by fneasuring the dimensions of the samples
after they had undergone three types of tests:

"~ 1) CTW without the applidation of an external load
(lightweight samples freely suspended);

2) creepage tests at a temperature equal to the
upper temperature of the cycle, this temperature being
maintained for a period of timie equal to the entire
duration of the cycle muitiplied by the number of cycles
(in addition to the tests the results of which are shown
in Table 1 and Fig. 2);- , ‘

3) CTW under the action of a load (using the same
load as for the creepage tests). '

The conditions of CTW were as follows:

Thermal cycle temperatures °C
upper ' ' 650
lower ) : 180
1. Time, minutes: '
heating 3
cooling. 4-4.5
total cycle 5.5-6
2. Time, minutes
heating . 3
cooling 4
total cycle ' 1

The temperature of the samples was controlled at
three points of the sample by thermocouples which were
welded to the samples. The drop in temperature over the
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TABLE 1. Influence of a Constant Stress upon the Residual Deformation of Uranium during CTW and
after Creepage Tests (Samples Cut Out in a Direction Transverse to the Direction in which the Uranium

was Rolled)

‘Residual Lengthening of Samples _
Constant after 40 Cycles in the temperaq after creepage tests at 550° C
Type of treatment Applied ture Interval 180-550°C * (without thermal cycles)* »
tress O ' ' ]
,S ress o sample . Al, mm | §,% sample | Al, mm )
kg/mm '
No. No.
Melt B, Rolled 80% at 0 54 -0.32 -0.8 - - -
300°C - {0.8 52 +0.67 - +1.67 53 +0.1 +0.25
Melt A*++, Rolled 70% 0 34 -0.5 =-1.25 - - -
at 300°G 1.25 36 +1.9 +4.8 37 +0.44 +1L1
Melt As+», Rolled 70% 0 31 +2.6 —1.65 - - -
at 300°C and Annealed 1.25 40 0,65 +6.5 39 +0.08 +0.2
at 575" for 2 hours '

+Heating time 1.5 min., cooling time 4 min -
+ + Test continued for 3 hours; time during wthh the samples were kept at temperatures exceeding 350°C
over the course of 200 thermal cycles

* » »Residual lengthening of the samples, melt A, indicated after 200 cycles

_ TABLE 2. Influence of a Constant Applied Stress [Jpon the Residual Deformation of Rolled Uranium during
CTW and after Creepage Tests (Samples were Cut Out in a Direction Transverse to that in which the

Uranium was Rolled)

Constant } Residual Lengthehing of Samples v
‘ applied after 140 cycles# after creepage tests at 550°G
Type of treatment, stress O, : i
2 -{ (without thermal cycles)» *
kg/mm
Al, mm 8, % Al, mm 6, %
Melt B, Rolled 85% at .0 -0.93 -2.32 - -
500°C 1 +0.82 +2.056 +0.5 +1.2
2 +3.77 +9.42 +1.1 +2.7
3 +5.32 +13.3 - -
* Heating time 1.5 min., coOl‘ing time 4.5 min, time for a complete cycle 6.5 min
= » Tests continued for 14 hours ‘

height of the sample was 5-10 °C and was practically
constant for all the samples.

We tested textured samples of sheet uranium (rolled
at temperatures which were within the region of the o -
phase), the samples. were cut out both along and transverse
to the direction in which they were rolled, and also

- uranium annealed at temperatures which were within the
region of the o -phase (with a disordered crystal orienta-
tion).

_ . The technological methods of preparation and the st
state of the sample for the separate cases are given later.

For all of the tests listed we used flat samples of the
same form having a total length of 100 mm (the length
of the working portion was 40 mm, the width 8 mm) and

a thickness of 2.3 mm (melt A) 2.2 mm (melt B) and
3.2 mm (melt C).

Samples Cut Qut Transverse to the Direction in
which the Uranium was Rolled. In Table 1 and Fig. 2 we

present the results of the measurements of the dimensions

. of the samples after thgy had been sub]ected to the three

types of tests described above. ,
The results of the measurement of the samples after
a predetermined number of cycles shows that CTW with-
out an applied load resulted in an insignificant change in
length, CTW with a constant applied stress resulted in a
significant residual deformation in the direction of ap-
plication of the external load. For example, sample No.
41, melt A, shrank 1.65% after CTW over the tempera-
ture interval 180-550°C, sample No. 39 stretched 0.2%

-after creepage tests, while sample No, 40 not only did

not shrink but stretched 6.5% after CTW under a constant
stress of 1,25 kg/mm?’ notwithstanding the fact that the

101

Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02 196R000100050002-7



Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050002-7

negative effect (shrinking effect) during CTW exceeds in
absolute value the positive (lengthening) creepage effect.

We made use of the transverse samples of melt B in
our study of the influence of external tensile loading
during CTW in the region of the a-phase upon the residual
deformation of uranium. The test results are shown in
Table 2. The increase in stress (tension) results in an
increase in the residual deformation of the samples after
CTWw. ‘

Samples Cut Out Parallel to the Direction in which
the Uranium was Rolled. In Table 3 and Figs. 3 and 4 we
give the results of the study of the influence of a constant
applied stress upon the residual deformation of uranium
during the thermal cycles and in the absence of thermal
cycles.

In this case the increase due to the action of CTW and
the creepage due to the influence of external tensile load-~
ing leads to a change in the dimensions of the longitudinal
samples in the same direction. However, as we see from
the data, CTW with a constant applied stress results in a
residual deformation that exceeds by several times the
total residual deformation due only to CTW (when no
external tensile load is applied) or only to creepage at a
temperature equal to the upper temperature of the cycle
and the corresponding stress. Therefore CTW results in a
0.8% increase in creepage at 550°C and a stress of 4

MeltB

Melt A

-

“ NG Aoy e

Deformation, %

J
~

[

Fig, 2. Influence of a constant applied stress
o upon the residual deformation of uranium
rolled in the region of the o phase during
thermal cycles in the interval 180-550°Cand
in the absence of thermal cycles (creepage
tests), Samples cut out transverse to the di-
rection in which they were rolled. Melt A)
200 cycles, o = 1.25 kg/mm®; Melt B) 140
cycles, o = 0.8 kg/mm’,
Residual deformation of the samples after:
SThermal cycles with a constant applied
stress;
B4 Thermal cycles without loading;
n Creepage tests at the upper temperature of
the cycle, 550°C (maintained for 3
hours),
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kg/ mm? for 14 hours (this corresponds to the duration
time of 140 cycles) and results in a residual deformation
of 8.4%, while CTW under a stress of 4 kg/mm2 results
in an increase of 63.8%. This is nearly seven times greater
than the total deformation due to creepage and due to
CTW without stress and almost 80 times greater than the
deformation during CTW without a constant applied stress.
Samples with a Disorderly Crystal Orientation. Such
samples were prepared from melt B. After being rolled
60% at 300°C the uranium was annealed at 850°C for
30 minutes. Using annealed samples we also noted that

65

50
55
50
)
40
35
30
25
20
15
10 ’/, yi
s

e t 2 3 ¢
 Stress, kg/mm?

Deformation ,%

Fig. 3. Influence of a
constant applied stress
upon the residual deforma-
tion of uranium which was
rolled in the region of the o
‘ phase during temperature
cycles in the interval 180-550°C
and in the absence. of the temp-
" erature cycles (creepage tests).
" The samples were cut out
parallel to the direction in
which the uranium was
rolled.
Residual deformation of the
~ samples after: [1-140 thermal
cycles, no loading; A-140
thermal cycles with a constant
applied load; O-creepage tests
at the upper temperature of
~ the cycle 550°C (duration
14 hours).
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TABLE 3. Influen ce of a Constant Applied Stress upon the Residual Deformation of Rolled Uranium during
CTW and after Creepage Tests (Samples were Cut out in a Direction Parallel to that in which the Uranium

was Rolled)

Constant Residual Lengthening of Samples
Type of treatment applied after 100 cycles in the temper-| after creepage tests at 550°C
stress ©, . . .
| kg/mm® ature interval 180-550°C+ (without thermal cycles)* *
Al, mm 8, % Al, mm 8, %
Melt B, Rolled at 300°C, - 0 0.33 0.8 - -
with 60% Annealing - 0.8 0.84 2.1 0.1 0.25
2.0 3.44 8.6 0.72 1.8
3.0 6.31 15.8 1.2 3.0
4.0 25.52 63.8 3.42 8.4
* Heating time 1.5 min,, cooling time 4 min,
*+ » Duration of tests: 14 hours

TABLE 4. Influence of a Constant Applied Stress Upon the Residual Deformation of Uranium Annealed in
the Region of the a-Phase during CTW and after Creepage Tests

Constant Residual Lengthening of Samples
Type of treatment satppllei after 100 cycles in the temper+ after creepage tests at 550°C
ress 2 ature interval 180-550°C» (without thermal cycles)» *
kg/mm Al, mm 5, % Al, mm 5, %
Melt B, Rolled 60% at 0 +0.17 +0.4 - -
300°C and Annealed at 1 +0.67 +1.6 +0.1 +0.25
© 850°C for 30 min 2 +1.22 +3.05 +0.12 +0.30
2.1 +2.51. +6.27 +0.36 +0.9
*Heating time 3 min , cooling time 4 min , total cycle 7 min
* » Duration of tests: 14 hours

Deformation, %

Nmﬁ‘hoi\lm
N
N

//
1L

H 2 3
Stress, kg/mm?

~

Fig. 4. Influence of a constant applied stress
upon the residual deformation of uranium

- rolled in the region of the o -phase in the
presence of thermal cycles in the tempera-
ture interval 180-550°C and without the
thermal cycles (creepage tests). Samples
cut out in a direction parallel to that in
which the uranium was rolled (reduced
0.77 times).
Samples: upper, before testing, middle,
after creepage tests at 550°C and a stress
of 3 kg/mrnz (duration of tests: 14 hours);
lower, after 140 cycles in the tempera-
ture interval 180-550°C with a constant
applied stress of 3 kg/mmz.

~0-

-]

Fig. 5. The influence of a constant applied
stress G upon the residual deformation of
uranium annealed in the region of the a~
phase in the presence of thermal cycles in
the temperature interval 180-550°C and
without the thermal cycles (creepage tests):
[)100 thermal cycles without loading;

4 100 thermal cycles with constant
applied load; Q) creepage tests at the
upper temperature of the cycle, 550°C
(duration of tests: 14 hours).

103

Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050002-7




Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050002-7

the residual deform'atlo‘n increases several times if we on the Peaceful Usesof Atomic Energy (Geneva, 1955)
apply a constant tensile stress during €TW. The results [in Russian) (Goskhimizdat, Moscow, 1958) vol. 7,
of the tests are shown in Table 4 and Fig. 5. . p. 526. '

This in all cases of the simultaneous action of a
tensile load and CTW, even when the effect of CTW has
a different sign, there is a shatp increase in the resulting

A. Roberts and A. Cottrell, Philosophical Magazine
1, 711 (1956).

change of length of the samples as. compared with the 3. R. Nichols, Nuclear Engineering 2, 18, 355 (1957).
increase in length of the samples due to creepage undet
the action of tensile loading. 4,  A. Mclntosh and T. Heal, Paper No. 49, Presented
LITERATURE CITED' by Great Britain at the 2nd International Conference
1. S. T. Konobeevskii, H. F. Pravdyuk, and V. L on the Peaceful Uses of Atomic Energy (Geneva,
Kutaitsev, Materials of the International Conference " 1958).
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' THE SEPARATION OF Pa2s3 WITHOUT A CARRIER
FROM THORIUM NITRATE PREPARATIONS IRRADIATED

BY SLOW NEUTRONS
V. L. Spitsyn and M. M. Golutvina

Translated from Atomnaya Energiya, Vol. 8, No. 2, pp. 117-120,

February, 1960
Original article submitted November 13, 1959

The article gives a method for the separation of Pa?® without a catrier from thorium nitrate irradiated by slow
neutrons. Pa®? was extracted from a thorium nitrate solution by absorption on a precipitate of MnO,, amyl acetate
extraction of the cupferron complex of protactinium with subsequent re-extraction by a citric acid solution and,
finally, decomposition of the citric acid complex by oxidation with concentrated nitric acid. During this process
satisfactory removal of ot -and-B ~radiation was achieved. The separated radioisotope was identified by determina-
tion of its half-life. The method developed is important for obtaining the radioactive isotope pa®?®, without a carrier
which can be used as an indicator for studying the chemistry of protactinium ahd also for solving problems of the
extraction of protactinium from naturally occurring raw material and the separation of Pa®? from thorium during

the preparation of U2,

Pa™? is obtained from thorium by the following reac-
tion;

TH32 (n, v) Th2 ——F
Ty y=22,1 MR

g~ . a
— 123

— Pa?® ———
T1,,~27,0 days

The activation cross section of Th®? for neutrons is 7,33 +
+0.12 barns [1]. Pa®2[2] obtained by the above-men-
tioned reaction is generally contaminated with thorium

" and various radioisotopes formed by fission of U® by the
action of neutrons. The literature contains a number of
works on the separation of pa®® from irradiated thorium
[3-5].

The present work on the separation of pa®? without
a carrier in a radiochemically pure state from irradiated
thorium nitrate was based on the method given in 6,7}

Its use was only possible after detailed investigations
which made it possible to determine the conditions for
carrying out the individual stages of the purification
process.

To separate protactinium from thorium and zirconium
its absorption on a precipitate of MnO,—a phenomenon first
described in [8]—was employed. The MnO, was obtained
by one of the following methods:

- 2KMnO, -+ 3MnSO, + 2H,0 = 5Mn0, +
' +K,S0, #+2H,50,

or

KCIO, + 3MnSO, + 3H,0 = 3MnO, +
4-KCl + 3H,50,.

" protactinium is trapped satisfactorily by MnO, and the

conditions of the precipitation process hardly affect the
sorption value of protactinium, _ but the fullest and most
selective absorption is obtained by precipitation of MnO,
from strongly acid solution. It should be noted that citric
acid and fluorides, which form stable soluble complexes
with.protactinium, hinder the successful carrying outof
the process. '

The following experiment§ were carried out to investi-
gate the absorption of pa®s by a precipitate of MnO,.
Freshly irradiated thorium nitrate was dissolved in 7 N
HNO, and the solution obtained was diluted to a specific
activity of ~5.10"* counts/ min - ml (thg measurements
were made with an end-window counterwith a mica win-
dow, - thickness 1.8 mg/cm?). 0.5 ml of a’5% MnSO;,
solution was added to 3 ml of the solution; it was then
heated on a water bath to 80°C and 0.8 ml of 0.5% KMnOy4
was added. The precipitated MnO, was coagulated by
heating for 20 min and another 0.8 ml of KMnO, was
then added. The precipitate was separated from the

.mother liquor by centrifuging and dissolved in 1 ml of 7
. N HNO, with addition of a small amount of sodium ni-

trite. The experiments showed that on the average the
precipitate acquires 97% of the initial activity. In these
experiments 1 mg of MnO, was used for 1 ml of solution.
To improve the removal of impurities from pa®®,
the precipitate of MnO, was subsequently reprecipitated
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TABLE 1. Extraction of Pa®® Cupferronate by Amyl
Acetate from 6 N Solution of HC1

B-activityof theamyl | B-activity of the aque-
acetate phase, %of the ' | ous phase, "?of the initial
value. value
107 2
113 3
111 4
76 1
80 1
116 5
Mean 100 3

three times. The MnO, content was increased to 4.4 mg
per 1 ml of solution. In this case the activity acquired
by the precipitate was 98% of the initial value.

Toseparate Pa?® from microimpurities retained by the
MnO, precipitate, the cupferron complex of protactinium
was extracted with amyl acetate, ‘The experiments. were
carried out as follows. The MnO, precipitate obtained
by the above-described method was dissolved in hot
concentrated HCl and an equal volume of a saturated
aqueous solution of cupferron containing a small amount
of hydroquinone (to stabilize the solution); amylacetate,
the volume of which was equal to the sum of the volumes
of the above two solutions, was also added and the mix~
ture was shaken. The volumes of the phases were noted
before and after shaking.

The results of the experiments are given in Table 1
As may be seen from the Table, protactinium cupferro-
nate is satisfactorily extracted by amyl acetate from 6 N
HCL.

To re-extract the protactinium an equal volume
of a 1 M solution of citric acid was added to the amyl
acetate, the mixture was shaken for 5 min and the flask
with the solution was placed on a boiling water bath for
40 min. During this process the protactinium cupferro-
nate disintegrated and the :protactinium passed into the
aqueous phase, in which it formed a stable complex with
citric acid. After the solution had been cooled it was
shaken again for 5 min, the phases were allowed to se-
parate, their volumes were measured and the activity
of each of them was determined. It was shown that 85-
90% of the activity in the amyl acetate passes into the
citric acid solution. Finally, the citric acid solution was
repeatedly treated with concentrated HNO, with heating.

During the course of the work it was established that
the majority of the operations of the process of separa-
tion of Pa®® from preparations of irradiated thorium
nitrate can be successfully carried out only at a concen-
tration of mineral acid of not less than 6-7 N. When an
attempt was made to reduce the acidity to 3-3.5 N the
results were markedly inferior, adsorption on the walls
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TABLE 2. Removal of o ~Radiations from
Protactinium in the Process of Separation
" of Pa®® from Irradiated Thorium Nitrate

(Mp_Oz precipitate) of the initial vaiue
[ 43
11 14
111 8
I 42
1t 10
Ti1 5

of the flask increased and the results could not easily
be repeated. '

Experiments were carriedout to determine the degree
of completeness of removal from protactinium of o=
radiations (thorium, uranium), present in the initialsolu-
tion. The activity was measured with a scintillation
counter with a Zn$S crystal. The data obtained are given
in Table 2. From the table it is seen that the removal
of o-radiations from protactinium has mainly taken
place already by the third stage of reprecipitation of
MnO, and is finally completed in the amyl acetate ex-
traction stage. By this time the o -activity of the amy!
acetate phase is zero.

As a result of the work carried out, the following
method of separating Pa®? without a carrier from pre-
parations of irradiated thorium nitrate was finally adopted.
A 10% solution of MnSO,4 was added to a solution of
freshly precipitated Th(NOg), in-7 N HNOs, taking 0.2
mi of the former for each of the initial solution; the mix-
ture was heated on a water bath .to 80° and a 1% solution
of KMnO,, (0.5 ml per 1 ml of the initial solution) was
then added slowly with shaking. The precipitate of MnO,
was coagulated on the water bath for 20 min, it was se-
parated from the mother liquor by centrifuging and then
dissolved in hot concentrated HNOy with the addition of
a small amount of sodium nitrite. An equal volume of

N

40

30 proe—an,

201 et

1o}
Ilnlll.lnlnlnlmjol‘l__
7 15 23 0% 39 47 55 63 w19 &

'~ Time, days

Graph of the variation with respect to time of
the activity of the separated preparation of pa®®
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T ABLE 3. Extraction of Pa®® from Freshly Precipitated Thorium Nitrate (Initial Solution 7 N with respect

to HNOa, 4.4 mg of Mnoz per 1 ml of Solution)

! Three- fold pre01p1tat10n Extraction by amyl acetate from 6 N | Re-extraction by 1 M solution of
of MnO, HCl citric acid
Activity, %
t 1| oft left on the | of the citrid| of theam left on the
: ?t?g t;fgglgiy - -o.f tt?e mothe gf:e?aet: g}y gguggus walls of acid phase | acetate 0¥ walls of
tate liquid phase 1 phase the flask phase II the flask

99 1 95 2 3 112 0 0

99 1 91 3 6 - 81 0 19

98 2 92 2 6 83 0 17

93 — 93 — — 89 — -

103 — 90 — — 86 — _

water'was added to the solution obtained and the above-
described process of precipitation of MnO, was twice -
repeated. The MnO, obtained after the third precipitation
was dissolved in hot 6 N HCI1. An equal volume of a
cupferron solution (7 g of cupferron and 0.2 g of hydro-
quinone were dissolved in 6 N HC! in such a way that the
total volume of the solution was 100 ml, and the solution
was filtered through a paper filter) was added to the
hydrochloric acid solution. The solution was thoroughly
mixed and transferred to a separating funnel of suitable
volume. The flask which had contained the solution was
rinsed successively with small portions of amy! acetate,
the total voluime of which was equal to the sum of the
volumes of the hydrochloric acid and cupferron solutions,

and the amyl acetate was then transferred to the separating

funnel. Extraction was carried out for 5 min and the
phases were allowed to separate into layers; after these
had been separated the protactinium was re-extracted
from the amyl acetate phase with an equal volume of a
-1 M solution of citric acid. The flask containing the
sotution was placed on a boiling water bath for 30 min
and was shaken periodically. After the indicated penod
the solution was cooléd and the aqueous phase, contain-
ing Pa®?, was separated. Table 3 gives the results of the
experiments obtained by the above-described method.
The relative mean square-law error of the activity
measurements was + 3%. Employing this method, up to
70% of protactinium (with respect to activity) can be
separated from preparations of freshly irradiated thorium

nitrate. The separated protactinium was identified by
the half-life. Observation of the decay of the a-activity
with respect to time gave a value of 27 days fof the half—
life T1 (see Fig. 1), The result obtained agrees well with

' literatiire data and confirms that the separated radmactive

23
element is Pa
The problem of the degree of complete separation

. of fission elements from protactinium was not the subject

of a special investigation, but the value of Ty obtained
allows the conclusion to be drawri that if these operations
are carried out appreciable capture of fission prodiicts

‘does not take place,
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DETERMINATION OF THE OPTIMUM YIELD
OF ENRICHED ORE IN RADIOMETRIC ENRICHMENT

OF URANIUM ORES
E. D. Mal'tsev

Translated from Atomnaya ﬁnergiya. vol. 8, No. 2, pp. 121-126

February, 1960
Original article submitted, March 9, 1959

In this article a method is presented for determining the optimum conditions of operation of radiometric ore-sort-
ing plants with allowance for the expenditure on gedlogical prospecting Sy, ore extraction Sy, radiometric enrich-
ment S,, hydrometallurgical reduction S;; also taken into account are the ore enrichment yield y, the uranium
content in the ore o, the coefficients of ‘uranium recovery in the radiometric enrichment of the ore € and hydro--

metallurgical reduction €. :

In order to determine the minimum cost of uranium salts Sp,, an analytical method is used; Sy, is represented’

in the form of a continuous function-

Sm=F(S1, Sp. 83, 8¢, @, ¥, €€ 7).

The relations € =f, (y) and € *=fya y€) are determined by means of approximation theory in which the experi=

mental points are chosen in analytical form. :

since Sp,=f (7) is an extreme function, then the optimum yield of enriched ore in a radiometric ore-sorting
planty opt corresponding to the minimum cost of the metal is determined from the equation dsp,/dy=0.

An example is given of the determination of the optimum yield of enriched ore.

In connection vKith‘the wide development of extrac-
tion and treatment of uranium ores, the question of lower-
ing to a minimum the expenditure on obtaining uranivm
salts from the ores is of grear importance. One of the most
efficient processes which considerably reduces the cost of
uranium salts is the enrichment of uranium ore by radio-
metric ore-sorting machines, permitting one-to control
the uranium content in the radiometric enrichment plant
dumps and the enriched ore yield.

At present, the uranium content in the dumps of these
plants, in most cases, is set at the level of the uranium
content in hydrometallurgical plant dumps. Under the
present technological possibilities of ore treatment by
hydrometallurgical re‘ductrion, this meets the task of
maximum recovery of uranium, but does not correspond
to the lowest possible cost of uranium salts which can be
obtained in the case of the optimum setting of the radio-
metric ore-sorting machines. ’

"1t should be noted that in a number of cases an in-
crease of 1-1.5% in the recovery with radiometric en-
richment results in an increase in the enriched ore yield
of 10-15%. This considerably increases the volume of the
hydrometallurgical production, the consumption of chem-

. icals, steam, electric power, etc. Thus, a very small in-
crease in the salt output leads to a considerable increase
in the cost of the entire production. '
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. In our opinion, the setting of the radiometric ore-
sorting machines to ensure the optimum yield of enriched
ore permits a lowering of the cost of uranium without
decreasing the volume of its production.

The cost of uranium salts depends on the expenditure
on prospecting and ore extraction, on the cost of enrich-
ment and hydrometallurgical reduction, the recovery
factors in the enrichment and hydrometallurgical processes.
The relation between these factors can be represented in
the form of a continuous function and expressed by the
equation

Sm —_ S14-8s+Ss+ 54y )

aeg’ - ’

where S, is the cost of uranium in the salts (rubles/kg);
Sy is the cost of prospecting for extractable deposits of
uranium ore (rubles/ton); S, is the cost of extraction of
the uranium ore (rubles/ton); S; is the cost of radiometric
enrichment of uranium ore (rubles/ ton); S, is the cost of
transporting the enriched ore from the mine to the plant
and its treatment in a hydrometallurgical plant (rubles/
ton); y is the ore yield after the radiometric enrichment;
a is the uranium content in the ore received for radio-
metric enrichment (kg/ton); € is the uranium recovery
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factor in the radiometric enrichment of the ore; € is the
uranium recovery factor in the treatment of the enriched
ore at the hydrometallurgical plant.

In order to determine the optimum cost of uranium
in the finished product from Eq. (1), it is necessary to
determine the relation between €, €', and y:

e=fi(v), &€=/ (¥)

If the points obtained experimentally are laid off
on a system of rectangular coordinates (axis of abscissas:

ore yleld in radiometric enrichment, and axis of ordinates:

the recovery factor corresponding to this yield), we then
obtain the curves shown in Fig. 1.
~ Of course, one may construct for each type of ore
-a curve dependingon itsphysical and chemical properties
contrast, adopted scheme of radiometric enrichment,
type of enrichment machinery, and a family of curves
for the entire process of radiometric enrichment.
" The equation expressing the relationbetweene and
y, based on the main features of the enrichment process,
should satisfy the following conditions; if y =0, then €=0,
i.e., a zero yield of the enriched ore corresponds to zero
recovery; if y=1, then €=1, i.e., a 100% yield of ore
corresponds to 100% recovéry; moreover, the curve € =f(y)
should pass through two selected characteristic points
with coordinates yy, €4, and yj, €4, obtained experiment-
ally. :
~ "In a special case, the equation € =fy (y ) should trans-
form into the equation of the bisector of the coordinate
axes angle € =y representing the dependence between €
and y for an ore which, owing to its properties, did not
undergo enrichment,
Investigations showed that the most suitable form of
equation satisfying the above-mentioned family of curves
is . :

e=bye— H\:Y” , (2
where &, p ,v are coefficients characterizing the physical
and mechanical properties of the ore and the conditions ..
of its enrichment. _ '

If it is assumed that y=T1and €=1, then we obtain
the first equation for determining the coefficient &:

Y
m_ =0 - 0,5 = 1,

from which we find6=1.5.
‘ Two points on the experimentally obtained curve,
i.e., two values of the enriched ore yield and the re-
covery corresponding to them, permit one to write the
equations

e=0.12—

(ot )EY
. 1 B
,Q=j1(v)= Ig v ’
YZ ’ - 1.5
1g (ea+ 1+Y:) Ig1,
Q=/z(‘_’)= . 4

lg v,

From Egs. (3) and (4) we determine the values v and
p , by a graphical—analytical method in which we
construct curves whose intersections give us the values
we are seeking.

In order to characterize the enrichment process by
means of Eq. (2) with greater accuracy, we should have
more than two experimental points. In this case, inorder
to determine the constant coefficients p and v we may
choose the most characteristic points on the curve const-
ructed from the experimental data.

In its essentials, the hydrometallurgical process is
analogous to the enrichment process, since in both cases
there is a concentration of the useful constitutent. There~
fore, the relation between the uranium recovered by
hydrometallurgical reduction € * and the uranfum content
in the ore B undergoing hydrometallurgical treatiment
can also be established from Eq. (2). It should be noted,
however, that it is not necessary to investigate the rela-
tion between €' and B in such wide. limits (from 0 to
100%), as was done in the investigation of the relation
between the recovery factor and the enriched ore yield
by radiometric reduction. We shall limit ourselves to
the study of the relation between €' and B in the range
of variation of 8 from a to 8, corresponding to some
given y,. '

The amount of metal which remains in the enriched
ore after radiometric reduction is equal to ac€; then the
content in the enriched ore 8 is determined from the
expression ’

=fo(¥). (8

Under the conditions that the relation between €'
and B will be investigated in the interval from o to By,
corresponding to yq, We obtain an equation for deter-
mining the extreme value of By: :

(6)

Bo-"—'d(&\’g——i’— 1_‘1_\.’;, )

The variation of the recovery factor by hydrometal-
lurgical reduction is represented in the graph of Fig. 2.

As already indicated, we have taken the relation
between €* and B in the form '

1109
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5 .
o — — . )
= OF 1-H3 M

The coefficients 84, p 4, vy, are determined from
three experimental points;

61=“—( +—— \ (8)

1+a”
lg(e{ -+ " ——lg(sz—}— Bl )
Ql.zj-l("\;l)'= lg a—lg Bl
(i) )
0y =fa(v4) = 14 Tga—Ig s A7 10)

Constructing the curves from Eqs. (9) and (10), we obtain
at their intersections the values of pi and v,, which we
are seeking; the value of &, is determined from Eq. (8).

since, by Ea. (5), B=f; (y), the relation between y
and €' in final form is expressed by the equation

fo (¥)

e’ =8, [fo(W" —— .
1-+-Ifo (VI

(11)

In order to determine the optimum value of y, we
insert the obtained values of € and €' into Eq. (1):

o

The plot of Eq. (12) is an extremum curve having a
minimum at the point corresponding to the lowest cost
of uranium and the optimum yield of enriched ore.

Sl+S2—{—S3+S4Y
'Y 8, Ifo
o H o (1

Sm = fo (V)

(12)
T (v)]”l]

s

ot

0 ' _ Wy

Fig. 1. Relation between yield of enriched ore
y and uranium recovery factor €.
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We determine the position Sy, of the minimum y opt
by taking the first derivative of the cost of uranium Sp,
with respect to y and setting it equal to zero.

We can solve this equation for y by a graphical=

analytical method in which it is separated  into two
equations
y=¢ee'S,; (13)
,ds de’ q -LS S L@
y=(e e )it St S+Sa). a9

The value of de/ dy is determined from the equation

de yv (1—v)+1

ay = VT Ty )

The value of de / dy is found from the differential
equation (7):

_L{rﬁ_”’__

de 38 [0t ~ U= ]

ay Y

We find the value of dB/d y by differentiating Eq.
G)

d . 4 v—1
%:a[é(g—i)'vo—k_l.. Y v)_2:| .an

14y

Before radiometric enrichment, the ore wassegregated
by screening into classes according to size, and each class
underwent enrichment separately; the relation between
€ and y for each class can be characterized by its cons-
tant coefficients p and v.

¢’ B
ﬁ’ o
o
e’ & e",
0 A

Fig. 2. Variation of the recovery factor
€' for hydrometallurgical reduction as
a function of the uranium content in
the ore B.
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TABLE 1. Coordinates of the Points p and v

|
) S e=/1(v) o=fa(V)
+2,0 0,159 0,304
41,0 0,264 0,329
0,0 0,380 0,389
—0,5 0,447 0,424
-1,0 0,500 .0,454
-3,0 0,727 0,496

1n order to determine the optimum opetatirig condi-
tions of the machine,; it is necessary to carry out.the
above calculation for all size classes and determine for
each the optimum enriched ore yield and minimum cost
of metal. Here, the cost of the ore for each size class
should be determined by splitting up:the total cost, includ-
ing expenditure on prospecting, proportionally to the
distribution of the metal according to class..

P
4750

0,500

lZaba

+0,250

v -38 -20 —w-as Ii] 10 €20 v
Fig. 3. Determination of the coefficients v
and p .

€ o

10
8 062 .
475 025
975 094 10
g25 o B
0 6% 05 [V AT 4

Fig. 4. Metal recovery in enriched pro-
duct sorted by the radiometric method
versus the product yield.
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T ABLE 2. Coordinates of the Points vy and 'P1

v, 0,=f1(v,) 0,=f2(V,)
+ oo 0,151 0,19
+1,0 0,123 0,151
0,0 0,104 0,123
-1,0 0,062 0,092
-3,0 0,040 0,046
—-5,3 0,038 0,038
—- o0 0,038 0,038
TABLE 3. Coordinates y and Y
By Eq, (13) By Eq. (14)
Y v \ y
0,1 80,3 0,1 195,0
0,3 110,5 0,3 92,4
0,5 124,0 0,5 58,4
0,7 131,5 0,7 35,1
0,9 134,5 0,9 16,6
1,0 135,0 1,0 7,2

The optimum yield of enriched ore for each size
class should be determined from the equation

Sm — Sp+S3-+Say

aee’ '

where Sy is the cost of one ton of ore of each class size,

+ including the expenditure on prospecting.

We assumie that the ore is sorted by screening into
1 classes, the amount of ore in each class being Qy, Qp,
+'+ +,Qq with a metal content oy, oy, « + +/0fe In this case

P

Q040

-y 70 50

0 4o +10

*

Fig. 5. Determination of the coefficients

Vg and,pl.
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the total optimﬁm cost of metal as a whole for all the ore
is determined by the expression

S = Qlalsml +Q2azsm2+ v 'l_ QiaiSmi
" Q10+ Qee24-. .. +Qia;

(18)

1f one of the classes does not undergo radiometric
enrichment, then the cost of the metal obtained from
the ore of this class is determined by Eq. (1) for S,=0 and
¥=1. We shall give calculation for one class: $;=20 tubles
/ton; $,=60 rubles/ton; S3=10 rubles/ton; $,=150 rubles/ton;
0=1,0 kg_/ton=0.i‘70, '
The following experimental data were obtained:

; Enriched Ores
7! P ] .1.0

‘ €g4 .1:0
Yg .. .0.62 €5...0.94
Yy »-0.25 . .0.75
. 5" ‘
10
a9
25
0500] 08934 0939
d Ot ﬁ
Uy 0130 0,200 0250
15—
ma— I e

. Fig. 6. Dependence of the_ metal recovery

* in the concentrate from hydrometallurgical

* reduction on the content of metal in the
ore (rich product sorted radiometrically).

%
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”47

0 g1 6543 45

Fig. 7. Determination of the optimum yield
of a rich product sorted radiometrically.
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Hydrometatlurgical Process

Bl...O.l E'I.. .0.900
By. . .0.151 e’z. . .0.914
By . . -0.300 €y ...0.939

The coordinates p and v calculated from Eqgs. (3)
and (4) are shown in Table 1.- The curves in Fig. 3 were
plotted to determine the values of p and v.

Thus Eq. (2) takes the form

A plot of Eq. (2) is shown in Fig 4.

The values p; and v, determined by Egs. (9) and(lO)
are shown in Table 2.

The plots of p,=fy(v,) and p y=fy(v,) are shown in '
Fig. 5.

The value of & 1 calculated from Eq. (8) is 0. 98'1.
Then Eq. (7) takes the form
8’ = 0,982p"" — s +ﬁ'5 v =1 ().

The equation for f (B) is plotted in Fig. 6.
The value of tie optimum yield of enriched ore is

deteérmined from Eqs. (13) and (14). The coordinates ¥y

and y are shown in Table 3. Plots of y=fy(y) and y=fy(y)
are glven in Fig, 7.

" From Eq. (12), we calculate the coordinates of the
points and construct the curve Sy, =f(y )

XY S,,;

1 196,5
3 183,0
5 _ 199,5
7 222.0
9 - 251,0
0 267,0

250
225;

200

T
03

iy
L._ag _
. Fig. 8. Dependence of the cost of metal
in the final product of hydrometallurgical
reduction on the yield of enriched product
sorted radiometrically.
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The plot of S = f(y) is shown in Fig. 8. As seen
from this figure, there is a quite distinct region of op--
timum yield of enriched ore characterized by minimum
‘costs of the uranium salts.

In this case, if the economic parameters of extrac-
tion and ore processing permit one to obtain a cost of
uranium in the ready product considerably lower than its

" mean cost in industry, then, in our opinion, it is of ad-

vantage to shift somewhat from the optimum towards a '

higher enriched ore yield y and in this way increase the
recovery and uranium yield in the finished product. The
amount one shifts from the optimum, however, should
be governed by the cost of 1 kg of additionally obtained
metal, which should not exceed the mean cost of the
metal in industry. o ‘ :
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STRONG FOCUSING IN A LINEAR ACCELERATOR
P. M. Zeidlits, L. I. Bolotin, E, I, Revutskii,

and V. A. Suprunenko

Translated from Atomnaya Energiya, Vol. 8, No. 2, pp. 127-132,

February, 1960
Original article submitted April 27, 1959

In this paper we consider the use of strong focusing in linear proton accelerators and carry out a detailed quanti-
tative analysis of the motion of protons in the systemn. Design calculations for quadrupole lenses are given together
with the experimental results obtained with the use of strong focusing in a 5.5 Mev linear proton accelerator.

In linear accelerators for protons and heavy ions it
is impossible to provide simultaneous radial and phase
_stability without the use of supplementary focusing. At

the present time,beam focusing is accomplished in a
linear accelerator by means of grids, longitudinal mag-
netic fields, and electrostatic or magnetic quadrupole
lenses.

A grid focusing system is simple and reliable but
. is characterized by low transmission and can be used
only in short low-current accelerators.

The application of a longitudinal magnetic field
for focusing a beam at the initial stage of acceleration
is complicated by the fact that the large fields required
in this case require the expenditure of considerable power
in the accelerator. Hence, at the present time the most
extensively used focusing scheme uses quadrupole lenses
in an alternating-gradient focusing field.

APPLICATION OF STRONG FOCUSING IN
A LINEAR ACCELERATOR

The strong focusing method was first developed in
1952 by Courant, Livingston and Snyder [1]). Blewett [2]
proposed the application of this method in linear accele=
rators and gave a theoretical analysis of the quadrupole
lens. It is found that the field required for focusing is
considerably smaller than the field required by a longi-
tudinal magnetic field system; nevertheless, the field
is still quite large. In 1953 Zel'manov proposed to place
a half-length lens at the beginning of the focusingsys-
tem; if account is taken of the asymmetry of the capture
region in terms of the initial parameter of the beam for
strong focusing, we see that this naturally deforms the
input beam. The half-lens and the multiple-periodicity
scheme proposed by Ya. B. Fainberg, A. I. Akhiezer and
K. N. Stepanov allow a considerable reduction in the
field gradients required for focusing.

In focusing by quadrupole lenses the parucle is
subjected alternately to the effect of focusing and de-
focusing forces. The equation of motion of a particle
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~ focusing plane (IF). The second factor in Eq. (2) takes

in the region near the axis of the accelerating system
is of the form '

Z—;“ + Q2 (B) z =¢f (2, §), 1)

“where Q&) is a quasi-periodic function of variable sign;

€ is a small patameter;E=2z /B \'is a dimensionless longi-
tudinal coordinate; A is the wavelength B=v/c is the
relative velocity

A. A. Sharshanov has developed a method for find-
ing ‘approximate solutions of Eq. (1) which coincide with
the exact solution at the end of the period of the function
o) (5) for the case € =0.

"For a symmetric variation period for the function
Q(€) with an initial defocusing plane (iD) the amplitude
of the periodic solution of Eq. (1) can be written in the

form
. ’ 2 (0)
T = V 214 (”_J‘}) ‘/_FIF_

T | T (8 (2
where the parameter Ijpis computed numerically (values
are given in Figs. 1—3) while x, and xj are respectively
the initial deviations (in centimeters) and the initial
angle of the particle trajectory (in = radians). .

We have an analogous expression for an initial

account of the variation of amplitude with the variation
of velocity of the particle which results from the accele-
ration process.

In certain cases it is more convenient to use the
amplitude expression which has been given in [3,4]; this
expression can be written in the form '

. '57" 2 le(é))
= I/(V o + (vfm) l/r_m“—(a

(the value of y is shown in Figs. 1-3),
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NUMERICAL INVESTIGATION OF PARTICLE
MOTION IN A STRONG-FOCUSING SYSTEM
AND CHOICE OF THE OPERATING POINT

In [3,4] graphs were given for the stabilityregions
with values of the parameters y and Ijp-However, the-
formulas used for carrying out the calculations were
based on very rough approximations and cannot be used
in practical cases. Hence we have carried out calculations
for the stability regions with the accuracy required for
actual design. o

In Figs. 1—3 we show the stability regions for the solu-
tions of Eq. (1) for various combinations of focusing and
"defocusing lenses and the numerical values of the quantities
I'jr y computed for the case in which the function

. A : :
ly—a Y — a)inthedefocusing lens

Q&) = ioX — b)inthe aéceleration gap
1 '
1= ’Y - c) in the focusing lens

In this case

X2 = %k sin @g; 3
for electrostatic lenses
yro Zﬂ}%’f : (42)
for magnetic lenses
Y2 3OOZ (1—a)? eH'PA® » (4b)
: Amc? ’ :

where H' is the gradient of the magnetic field; V is the
potential difference at the electrodes of the lens; K is

a coefficient which depends on the electrodes; 2a is the
aperture of the lens; o is the ratio of the gap length to
the length of the period (ct=0. 25); Z, A are respectively
the charge and mass number; P is the s'ynchronous phase;
' E is the amplitude of the accelerating field averagedover
the length of the accelerator; G is the efficiency factor for
the accelerating field (for «=0.25, the maximum value

is G=0.9). '

The focusing systems for which the stability regions
are shown in Figs. 1—3 differ from each other by the
number of successivelenses of the same sign which follow
each other (multiple periodicity). It is apparent from these
figures that with the operating point in the center of a

stability region an increase in the number of successive
~ lenses N means that the voltage applied to the lenses is
reduced as 2 (N9

However, as is apparent from Fig. 4 an increase in N
means a considerable increase in the amplitude of the

yz
1070 2.2
: / ,ozt,‘z_ 10'r'=§
-y :%—#-——L- S
-3 g pE= -
IS e e naday by
72 L 7
i e [ =TT
*5 T =T | o
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749 " = 41 R
] 0,07 0,04 506 A*
L (] )

Fig. 1. Stability region for N=1,
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Fig. 2 Stability region for N=2.
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Fig. 3. Stability region for N=3.

115

Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050002-7




Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050002-7

oscillations in the defocusing plane, depending on the
radius of the incoming beam; the capture region is also
reduced considerably. It should be noted that the ampli-
tude of the ion oscillations (as a function of the parargieters
of the incoming beam) is determined by the sign of the
first lens. For an initial focusing plane the amplitude is
a strong function of the angular divergence of the beam;
for an initial defocusing plane the amplitude is a weak
function of angular divergence but becomes a strong
" function of the diameter of the input beam. In Fig. 5 we
" show the capture region on the phase plane as a function
of lens voltage for N=2. 1t is appatent from the figure
that capture is maximized for a paraxial beam. In this
case the operating point lies at the lower boundary of the
stability region. As the lens voltage is increased, the
capture region is sharply reduced because of the increased

oscillation amplitude in the initial defocusing plane (¥
grows sharply). Calculations show that the amplitude of
the radial oscillations increases with increasing B since -
the quantity Ijp (£) in Eq. (2) is reduced with an increase
in ion velocity for a fixed gradient along the system. A
numerical investigation of the amplitude ratio at the
beginning and end of acceleration as a function of lens
voltage shows that the increase in amplitude is a minimum
for the voltage close to the lower boundary of the stability
region. If the increase in ion velocity is accompanied by
a corresponding change in lens voltage, so that the quantity
TiR( € remains constant, there is no increase in amplitude.
The mean-squate increase in the amplitude of the
radial oscillations due to inaccuracies in the elements
can be computed approximately. As has been shown in
[3], the basic effects on oscillation amplitude are due to

g
1

48}

ID g2l 4
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" Fig. 4. Capture region as_determined from the parameters of the input beam for various values
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displacement of the axis of the zeroth field, a deviation
in the angle of intersection of the transverse axis from
90 deg, and fluctuations in the field distribution in the
lenses.

CALCULATION OF A FOCUSING SYSTEM
FOR A LINEAR ACCELERATOR '

The design of a focusing system starts with the choice
of the number of successive lenses of the same sign inthe
drift tube. Then, from the stability region (cf. Figs. 1-3)
for a given value of x% we determine Y? which, for a
given lens aperture, determines the requ1red focusing
voltage.

Investigations of strong focusing have been carried
out in a linear proton accelerator with an energy of 5.5
Mev. The parameters are as follows; A=2.18 m; E=20 kv/
/ cm; B4=0.0328; B =0.1; ¢ =16; K=1; G4=0.5; X¢=0.141.
We choose an aperture 2g=1. 5 cm and N=2. From the
stability region we choose Y 2=0. 4;y=2, r(0)=107%,

The required lens electrode voltage'is 8 kv. The
parameters of the ellipses in the phase plane (cf. Fig. 5)
are as follows: for an ID plane

’
wm

_'“..'__1___ Y. — Y — _,_
a vy _(_.)f5’. _va,—ﬁT—ZS 10
for an IF plane
Tin T I
T_'1, ___F_~14 102

where x* is the angular divergence ot the input beam. Thus,
the diameter of the injected beam cannot exceed 0.75
cm while the divergence cannot exceed 2.1°10" ? radians.
Because of inaccuraciesin the fabrication of the system
these parameters must be reduced.

"As an example we may take the following require-
ments; )

1) The displacements of the ends of the lens from
the axis of the accelerator are 0.01 cm;

2) The inaccuracy in the alignment of the OX and
OY axes is of the order of 0.02 radians;

3)The spread in the characteristic lens parameters

AV
2 =5~ =0,05.

Taking the number of drift tubes to be n=20 from
Eq. (4) we obtain the mean square increase in amplitude
8 x=0.32 cm. Consequently, for the present tolerances
the effective aperture of the lens is teduced to approxi-
mately 3mm, i.e., 2 G, ¢~ 1.2 cm. From these we candeter~
mine the parameters of the inputbeam which can pass
through the accelerator without loss; 2X¢=0.6 cm, 2xp=
=1°1072~0,5°,

DESIGN OF THE LENS
An alternating gradient field canbe produced by
electrostatic or by magnetic quadrupole lenses. In order

to use electrostatic quadrupole lenses in the small volume
of the drift tube it is necessary to use electrodes which
are at potentials of 10—20 kv.

Two lens designs have been developed -one with an
aperture 2¢=1,5 cm and a voltage of 15 kv and the other
with-an aperture 2.¢=3.0 cm and a voltage of 40 kv, The
construction of a drift tube with a lens characterized by
the aperture 2.a=3,0 cm for the 5,5 Mev accelerator is
shown in Fig. 6. The lens electrodes are made from dural
and are attached to a frame made of plexiglas. Special

" measures are taken to protect the inner plane of the drift

tube and the lens from penetration of the accelerating
radio -frequency field, which tends to reduce the elec-

- trical breakdown strength of the vacuum gap between

electrodes, In the investigations of these electrostatic
lenses we have used electrodes of hyperbolic shape (K=1,
2a=1,5 cm); in the electromagnetic lenses the electrodes
were of cylindrical shape,

The system for controlling the position of the axis
consists of two parts; an upper unit and a lower unit. The
upper unit makes use of four micrometer screws and a
locking nut to align the center of the drift tube with the
axis of the accelerator. The lower unit consists of a
spherical joint with micrometer screws and makes it
possible to align the lens axis with the accelerator axis.
The position of the lens axis is monitored by means of
a precision leveling instrument NA-1 and markers in

. the space between the electrodes. The accuracy of ad-

justment is £0.1 mm. The adjustment of the gaps between

‘the drift tubes is made by means of a mechanical indi-

cator.

EXPERIMENT AL INVESTIGATION OF THE
FOCUSING SYSTEM IN THE 5.5 MEV
LINEAR ACCELERATOR

The design and construction of the system were
carried out at the beginning of 1955.  The first experi-
mental results were -obtained at the end of 1955.

The current at the input of the accelerator is meas-
ured by means of a Faraday cylindet,which is located
directly at the input to the accelerating system. The

“current at the output of the accelerator is also meas~

ured by means of a Faraday cylinder, which is located
at a distance of 2 m from the accelerating system. It
was not necessary to provide beam focusing between the

- accelerator output and the cylinder. The current at the

accelerator output as a function of lens voltage is shown
in Fig. 7. At optimum adjustment of the accelerator,
the maximum current is obtained at a lens voltage of
8 kv, corresponding to the lower boundary of the stability -
region, in good agreement with the calculation. It is
apparent from this figure that a change of 20% in the lens
voltage does not cause any substantial reduction in the
current at the output of the accelerator. '
With voltages applied to the lenses the current at the
output of the accelerator is increased by a factor of 3
or 4 as compared with acceleration without the lenses;
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the current is a strong function of the divergence of the
input beam. The relatively small increase in current is
explained by the small length of the accelerator. When
the lenses are switched on the ratio of input current to
output current is increased from 1:30 to 1:7 and depends
strongly on the intensity of the accelerating field. For a
lens aperture of 15 mi the diameter of the captured
beam is approximately 6 mm, in good agreement with
the calculations. : ' :

with grid focusing the current ratio is 1:20. Thus,
the use of strong focusing requires good focusing of the
beam at the input to the accelerator.

These calculations and the experimental investiga-
tion indicate the practical possibility of using strong
focusing in linear ion accelerators with drift tubes. The
tolerances on fabrication and assembly of the accelerat-
ing system are technically possible with appropriate choice

dy W A

” A | L
|

©e

A ,

7

’
\ ]

250 | .|

755

of lens diameter. The lens voltages can be reduced consi-
derably by using longer wavelengths (since V~1/)\2) and
by reducing the mean strength of the accelerating field.

PULSED MAGNETIC LENSES FOR LINEAR
PROTON ACCELERATORS

In certain cases, for example for very high currents
of accelerated particles, it may be desirable to use
magnetic quadrupole lenses. Calculations which have
been carried out indicate that a power of approximately
250 kw is required to supply a magnetic focusing system
with an alternating gradient field for a 30 Mev linear
proton accelerator with an injection energy of 4 Mev.
It is obvious that the installation of lenses of this kind
in drift tubes together with the required cooling systern
would be a technically difficult problem. However, in-
asmuch as most linear accelerators are pulsed it is

\ . 44

6
- ,6'5__ -
12
&
3
§

[
[ D
A

Fig. 6. Construction of the electrostatic lenses with drift tube: 1) ring diaphragm; 2) cool=
ing turn; 3) body of the drift tube; 4) lens electrodes; 5) lens insulator; 6, 7) control screws;
8) adjustment disc; 9) cable; 10) height control nut, '
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feasible to use a pulsed power supply for the magnetic
quadrupole lenses. Calculations for alternating-gradient
systems [ cf. Eq. (4b) ] show that the required field
gradient in the lens is determined from the relation

”; . AmcPy Y2
= T Ze300lgns (5)

In the case being considered Y2=0.4. The induction of
the magnetic field in the plane of the pole piece can
be computed approximately as B=H'a. The number of
ampere-turns on one pole piece required for producing
this gradient, neglecting the magnetic reluctance of
the pole pieces and the yoke, is determmed from the
formnla

al ~01H’ (2a)2 G

The frame of the lens is made from transformer
fron which is 0.35 mm thick. The winding is made from
three turns of pEV-2 conductor, 2 mm in diameter,
covered by a layer of BF-2 cement which is inserted
into grooves on the pole pieces and baked. This winding
is capable of sustaining the dynamic shocks which are

‘produced when currents of the order of 2 ka are switched

onl

3t //\\\ .

N

¢ 5 0¥ kv
Fig, 7, The output current of the accelerator
as a function of lens voltage. ‘

In the 5.5 Mév proton accelerator the required field
gradient in the first lens is H'=1.42: 10 oe/cm. The
number of ampere~-turns on the pole piece ni=1000av,

" i.e,, for a three-turn winding a current of ap-.

proximately 300 amp is required; approximately 600 amp
is required for a lens with parallel-series connection of
the windings and approximately 12 ka for parallelsupply
of twenty such lenses.

The current pulse required for exciting the windings
is obtained by discharge of a line with a capacity of
60 ufd through a step-down transformer with a turns

‘ratio of 100; 1. The field gradient in the lenses is meas-

ured by means of pick-up units which make use of the
Hall effect in bismuth. Measurements show that asmall

* asymmetry in the windings does not cause. any substantial

disturbance of the magnetic field distribution in the
lenses. The mean powet consumed in the first lens at a
pulse rate of one per second and a pulse length of 500
psec is approximately 15 w; the mean power require;d
by the entire system is approximately 250 w. :

Experience with this system in a linear proton ac-
celerator with an energy of 5.5 Mev has shown that the
operation of the system is similar to the operation with
electrostatic lenses. _

In conclusion the authors wish to take this oppor~

“tunity to thank Acad. AN SSSR K. D. Sinel'nikov

and Cand. Phys.-Math.Sci. Ya. B. Fainberg for their
continued interest in this work and fot valuable discuss=
ions. :
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STABILITY OF PLASMA BUNCHES IN
A WAVEGUIDE
M. L. Levin

Letters to the E‘ditor

Translated from Atomnaya ﬁnergiya, vol. 8, No. 2, pp. 134-135,

February, 1960
Original article submitted June 20, 1959

In order to realize the method of accelerating plasma
bunches which has been proposed in {1},it is necessary to
investigate the stability of such bunches in the field pro-
duced by an accelerating wave. We shall limit our analy-
sis to bunches which are small compared with the
wavelength. In this case the field in the region occupied
by the bunch is quasi-stationary and the electric field
causes an electrostatic expansion of the bunch. On the
other hand the magnetic field produces contraction forces
in a conducting bunch. From this point of view it is desir~
able to accelerate a highly conducting bunch by using
fields of symmetric TE modes in circular waveguide in
which the only nonvanishing component at the axis of the
tube is the longitudinal component of the magnetic field
[2]. Having this purpose in mind we consider here the
problem of deformation of an ideally conducting bunch
in a quasi-stationary uniform magnetic field.

The following simple model is used. We first assume
that the bunch remains a uniform sphere throughout the
time considered and the axis of this sphere is parallel to
the external field. As generalized coordinates we take
the volume of a spheroid V and the ratio of the polar
semi-axis to the equatorial axis a. Using the well-known
solution of the problem of an ellipsoid in a uniform field
[2] we can find the "magnetic” part Wy,(V.q) of the
potential energy of the system. The hydrodynamic part
of the potential energy W (V) is determined from the
Poisson equation pV7 =const. Finally, making the assump-
tion that the spheroid is uniform we can easily express
the kinetic energy K in terms of V, q and V, and a:

(v )
r

K =95 4nq>/3{(2+2)v2+4(q 1)—/__'

2_rv
31—M(q)’

PV

Wy = Wp=

+2(2q=+n§§} ,

where P=3‘H§/16n‘ is the magnetic pressure averaged over
the surface of the sphere (H, is the effective amplitude of
the external field); M (q) is the diamagnetic factor (for

a sphere M=1/3); Ve=4w a®/3 is the equilibrium volume
for which p=P; m is the mass of the bunch. There is no
equilibrium shape for the bunch since Wy is a2 monoto-
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nically decreasing function of g. The model which has
been assumed is physically meaningful only as long as
the velocities are small compared with the velocity of
sound in plasma. Hence we can analyze only the initial
stage of the deformation of the bunch. For example, let
us assume that at the initial time the bunch is at rest and
assumes the form of a sphere of volume V,. Takingq=1+
+1,V=Vy(1+x) and solving the linearized Lagrange
equations for small values of 7 and x we have

N O IO

Under these conditions the radial velocities of the polar

‘and equatorial points of the bunch are respectively

v (GvTY—

P vp=cv (v Y—

8) < e (@

where c=(PVe/m)JZ’ is the isothermal velocity of sound;
T=a/c; v=Vy/ Ve.Egs. (1) and (2) obviously apply when
t<«r. When t~1, acoustic oscillations are produced in
the bunch and these have an important effect onstability.
Since the field in the waveguide is not uniform in
the transverse direction, when the bunch is deflected from
the -axis,radial forces appear which act on the bunch as
a whole. Let the transverse displacement'r be small com~
pared with the cross sectional radius of the waveguide
but large compared with the dimensions of the bunch;
then the external fields (electric and magnetic) in the
region of the bunch may be assumed uniform and we find
the forces which are of-interest to us by the change inthe
quasi~static potential energy of the bunch in these fields.

For a spheroid this force is

VH} x*-+Mk?

Fr=-7- dn 1—M?

r’

where k is the wave number and k is the cut~off wave
number. Thus, in the field of a symmetric TE mode the
position of the bunch at the axis is unstable and an additi-
onal focusing field is required for radiation acceleration.
At small values of r the defocusing force Fy is large com-

paredwith the focusing forceF,,For example, for aspherical
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bunch of radius a, F, /f, = 0.18 rRYa® (R is the waveguide in this field there is an electrostatic expansion force

radius).

We may note that in the field of a symmetric ™
mode with an effective amplitude E; at the axis
C VE} (14 M) % —2M%

Ir=— —ra—my "

so that with k? < [ + M)Y/2 M%)k 2 (for a sphere k <
< Y6k) the force becomes a focusing force. However,

which acts on the bunch
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SELF-REPRODUCING SOLUTIONS OF
THE PLASMA EQUATIONS
B. N. Kozlov

Translated from Atomnaya Energiya. Vvol, 8, No, 2, pp. 135-137,

February, 1960
Original article submitted June 4, 1959

Electromagnetit containment of a completelyion-
ized singly charged neutral plasma can be described by
the following system of equations

rot]g:-%‘:—’, div D=0, D=¢,E,
rot B=14{, divH=0, B=p.H,

i=H1—2[HVP], divd+%=0» (e
FH)
g=n e,

P=2NkT, VI'=0, HVDP=H0,

where
o2
m=f—H, V= ¢ IaV y
m mp,oT/z
90 ml/2
;.L(Z""‘__“"( >A A=1n Zmax ~ 2,
23 e2x%2 \Ame Pmin

The plasma temperature T is assumed to be a given
function of the time T(t).

The boundary conditions at the plasma surface & are
written in the form

N|y=U, H|y=H). ()
It follows from Eq. (1) that

VP+VQ=(HV)B, ‘ (3)

where
Q= % HB.

The problem of electromagnetic containment of a
plasma expressed by Eqs. (1) and (2) does not have station-
ary solutions or solutions with stationary density distribu~
tion, but does have seif-reproducing solutions. Generally
speaking, there are self-reproducing solutions for the sys-
tem in (1) for a cylindrical plasma pinch. However, the
most interesting case is the one in which the field is con-
centrated in a thin surface layer of the plasma so that the
thickness of the electromagnetic surface layer is much
smaller than the radius of the pinch. Under these condi-
tions the curvature of the field is unimportant and the
problem can be formulated as follows. We consider a
plasma semi-space x= !, which is in contact with a
vacuum at the plane x= ! and is contained by an electro-

‘magnetic field which partially pepetrates the surface layer

of the plasma and vanishes at— « inside the plasma. All
quantities depend only on the coordinate x. We wish to

find the distribution of plasma and field as a function of

time. This problem reduces to the single equation
@ ll’_:_"_i’_. 2 '2 (H2 \b"z) 4)
| (Favr ) @—vh | 41 =0

* The meaning and notation of the vectors H and B are
reversed as compared with the usual meaning: in a medi -

um the intensity H is the average value of the microscoptc
intensity.
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with the boundary conditions

P (—o0, 1)=0, ¢ (—oo, )y=0, V' (I, t)==H, (1) (5)

(H; is the given value of the magnetic field H at the
plasma surface).
We use the function ¢= S H (x,t)dz (®quasi-poten--

—00

with the boundary conditions

p(—o0)=0, ;=9 (1) =q, } 1
%—tv(—-oo)-, ol =¢ (1)=1. 1y

The subscript "0" denotes values of the quantities inside
the plasma for §=§ ;== while the subscript "1" denotes
values at the surface of the plasma with §=§;=1.

The following expressions are obtained for the

tial ofthe field") to express all quantities which character~ quantities which characterize the plasma and the field

ize the plasma and the field:

Hy=hy (0¥ (2, 1), Hi=hs (1) ¥ (& 0)s )

Ey= _(hz (t) \p (Z‘, l)).a

L= (hy (0¥ (@, 0)° 5 ()R (=1, (6)
B ==, S=—p¥s i=pgb”.

The primes are used to denote differentiation with
respect to x while the dots denote differentiation with
respect to t; S is the x-component of the Poynting vector.

The solution of Eq. (4) is written in the form

ve=r0e( 75 )=10e®

where £=x/1(t) while 1(t) is the coordinate of the plasma
boundary, which varies with time.

There are self-reproducing solutions if the plasrha
temperature T and the magnetic field at the plasma
surface Hy vary according to a power law (p-1.) or an
exponential law (e.l.):

— T — Yy
T=Cpt'T, H,=Cgxt#, (p..l,)} 7

T=Cp', H =CgeH'. (el.)

In these cases the dependence of 7 and fon t is ex-
pressed by the formulas

-1 .
H=Cyt"q, | =CiCut"™" (yEe—v,9)

C Y Y
=g SN g,

41,
S=pClCy T (yEe—vi@) e (Pel)
1 2 .
P=—plyt P (1—0d)

1 Ch 2vg-v '
Ne= o pgme i H T (g2,

4 " Cr
s oy _ 1. 1
1 CYy Ya— 3 Y13
= p,oa——g—/— X
.

[ Gr(vay g >C%i;/2] (=%

H=Cue"l'o, E|=CiCre™ (MEe— o),
CH (A'H M)tQ,

> (12)

l—p'ﬁ C y
A+t
S=pCiCye M (Mg —M9) @,
2% 7t
P—ppChe T (1— 0¥,
2
1 Cy eag—apt ,
N=pog - (1—e%, (e.l)
1 C2 (27\-H”'—Z KT)t
J=— Wol — X
C, C /2

D) e

1=ct, f=CiCyt't, 1=CeM, f=CiCre™’,
L s L s (p.1.) ‘ . ) (e.l.) (8
YIL‘?—'TYT, 'Yf:?—‘z 'YT““'VH’ }v1=-——z Ar, 7\4;:—? Ap Ay,

while the function ¢ (§) is defined by the equation

(I— ¢ ¢’ o"—(1+oP) e +b(1—9") g+ (9)
+c(14-9) " =0,

Here we have introduced the function

(&) =9 (8. . (13)

A qualitative analysis of Eq. (9) and the boundary
conditions in Eq. (11) verifies that the functions ¢ and
p are monotonic, In the vicinity of §=1 we have the only

 b=(hg—hr)

03/201

’

(e.ly) (10)

c_<——7~T+?\H>C ,

where
b=( >C¥2Gl
=(Y,;—Y )
s ! ~3 /92 (p‘l )
t_3 O’
c= 'E‘—’[TYT+'V1{ PR
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regular solution of Eq. (9) which, with the boundary condi~

tions given in (11), is expressed by the following expan-
sion: :

p=a—(1—8) 5 ac (1 — )5 (0—) (1 — ) —

1 b2—c21 2022 (3b—c) . il
388 s (1=&) ...
« » » for ¢ 550, (14a)

. .

q)=a_(1'—*9)+l—8b(1—-g)3__

L5 ; (14b)
—g =8 for ¢=0.

The special class of solutions given in Eq. (14b) can
be written in exact form by means of quadratures, These
solutions describe the expansion of the plasma in the case

. in which the following condition is satisfied:
15 (15)
o 17 °
which means that particles at the surface of the plasma
move with the electromagnetic drift velocity. From Egs.
(8), (12) and (15) (with £=1,p =1) it follows that y 0,
xf=0; this result together with Eqs. (8) and (10) leads
to the condition ¢=0. '

Under these conditions Eq. (9) becomes a condition

in the equation forp =¢"

(1—e®ee"+(1+e) e +b(l—e) =0 (16)

where .
1 L cieye
b= g (Yr—=2)—— (p.L)
| . (A7)
1., &b )
b=§ Ay Z {e.l.)

. We introduce the variables z=p2,y=( 1/b)+p "%and Eq.
(16) is transformed i\nto the equation

(J-z)z—-:'_(1—1--3)_1/--;;(1_3);:0. (18)

The points z=1, y#0 become ordinary points for this
equation and the single solution z=1 passes through these
points; it has no physical significance. The solution
being sought passes through the singularity point z=1,
y=0 (saddle point) where one of the solutions is z=1 and
is devoid of physical meaning. The solution of the Eq.
(18).which passes through the point z=1, y=0 is the
function

Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050002-7

ex 3. (19)

whence

do - o T . 1 3
E=] b j—%" ‘/29"—]11 e QJ‘—'—Z— . (20)

Here we take the positive sign in front of the radical
because from the boundary conditions and the fact that
P is a monotonic function it follows that the derivative
d p/d & is always positive. Since the function 2p 2--ln;_{z—
— P4/2..3/2 is positive over the whole range of variation
of p

O<e<) _

it follows that b>0. Together with Edgs. (8), (10) and (17)
this result gives

Y, > 2 vy <—2 vp <—2 v=0 (pl, )
7\.[ >0, 7»1.[ < 0, 7\,‘(* < 0, 7»/:0 (e‘l. e

The special solution in Eq. (14b) thus describes the ex-
pansion of the plasma with a reduction of the magnetic
field and cooling of the plasma.

The solution of Eq. (20) is of the form

Vi ' (21)

T (29)
0 ('|——CL‘)V-—111(1——15)——'113——4)‘3’2

The values of I(p) are given in the table. The integral
in Eq. (22) is given approximately by the expression

I(@)~VG(1—0),

which gives a fairly accurate dependence for I[(p) up
to p=0.5, and, in conjunction with Eq. (21), gives the

value o= % b(} —&)2, which is in agreement with the

expansion in Eq. (14b) . A comparison of the expansion
in Eq. (14a) with the results of an accurate numerical
calculation shows that it gives an accurate solution of
Eq. (9) up to p =0.5.

1 am happy to thank V. N. Klimov for a number of
valuable discussions and N. I. Kozlov for help in the
mathematical calculations.

Values of the Function I (p)

0 } 1 0,9 0,80 l 0,70 I 0,60 ‘ 0,50 ‘ 0,40.' 0,30 ‘ 0,20 l 0,10

1(o) ‘ 0 0,70 1,02

1,26 I 1,53 } 1,76

2,55

2,96

2,00 l 2,25

S

* Xk ¥k
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COMPLEX FISSION OF URANIUM BY 2.5-MEV NEUTRONS

Z. I. Solov'eva

Translated from Atomnaya Energiya, Vol. 8, No. 2, pp. 137-138,

February, 1960
Original article submitted June 29, 1959

Complex fission of heavy nuclei with the formation
of a long-range o -particle under the effect of slow or
thermal neutrons has been studied by a number of duthors.
However, complex fission due to high-energy neutrons
is essentially unstudied. The negative result obtained in
[1] has been taken as an indication of the fact that this
fission is characteristic of UP® and is related to the low-
lying excitation levels of the fissionable nuclei. How-
ever, more recently complex fission has been observed
in uranium under bombardment by 2.5-Mev neutrons
(2] and 14-Mev neutrons.[3].

In the present note we investigate complex fission
of uranium nuclei by 2.5-Mev neutrons.

A P-9 emulsion (with good discrimination for differ-
ent charged particles) was saturated with uranium sait -
[4% water solution of UO,Na(CyHyOp)y— with a natural
isotopic abundance} and exposed to neutrons. In order
to eliminate the slow-neutron background the plates
were placed in a cadmium cylinder with a boron cover.
The exposure time was chosen to make the background -
of secondary patticles easy to scan.

In scanning the plates we recorded cases of complex
fission in uranium and the total number of binary fission
events. In all, fifty cases of ternary fission were found
for approximately 30,000 binary fission events, i.e. the
probability for complex fission with the formation of a
long-range o -particle is 1:600 with respect to bmary
fission. .
Comparing the value withthe corresponding values
for complex fission of uranium by thermal neutrons (ap-

)

' v t 3 -
50 70 90 110 10 50

Fig. 1. Angular distribution
of o -particles with respect
to the direction of emission
of the light fragment.
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proximately 1:350) and for 14-Mev neutrons (approxi-

_mately 1:1100) [3] it may be concluded that an increase

in excitation energy causes a reduction in the probability
for this rare process. It should be kept in mind, however,

that U fissions under the effect of thermal neutrons

and in the experiments with fast neutrons the fissioning '

nucleus is principally uZs.

A control experiment was carried out to determine
whether there is any change in the probability for ternary
fission with a change in the isotopic composition of the
uranium. The plate was saturated with uraniumsalt con-
taining U™S in an amount approximately five times
smaller than in a-natural fsotopic mixture and was ex-
posed to 2.5-Mev neutrons. No noticeable difference in
the probability for ternary uranium fission was found for
a different Uz’5 content; from this result it may be con-
cluded that the cases of ternary fission which were ob-
served are due to UZ®

The general data for the complex f1ss1on process for
2.5-Mev neutrons is not essentially different from the
data for neutrons with other energies:

- a) The fission is asymmetric; the mean range ratio
for the heavy and light fragments is R;/Ry= 1.3;

b) The angulat distribution of the ¢r-particles with
respect to the direction of emission of the light fragment
shows a small departure from 90° in the direction of
the light particle (Fig. 1);

c) The distribution of ot-pérticles in range in the
emulsion shows a wide maximum at R,=130pt (Fig, 2)
corresponding to an energy of 16 Mev,

N
101 r=1
-
.1 O ’ r----—'-'“—-"
- e
3 =1
- -t
it
2l '
1

/] ] 1
130 150 170 150 210 230 250
"Tha

i ] H [
30 56 70 %0 n

Fig. 2. Range distribution for o ‘particles formed in
fission of uranium by 2.5-Mev neutrons:__ _) tracks
which end outside the emulsion.
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In conclusion the author wishes to thank N. A.
Perfilov for his interest in this work.
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FISSION CROSS SECTIONS FOR Th220,

Pu240’ Pu241, and Am?241

BY NEUTRONS WITH ENERGIES OF 2.5 AND 14.6 MEV
M. 1. Kazarinova, Yu. S, Zamyatin, and V., M. Gorbachev

' Translated from Atomnaya Energiya, Vol. 8, No. 2, pp. 139-141,

February, 1960
Original article submitted August 8, 1959

Measurements of fast-neutron fission cross sections
carried out in recent years have made it possible to
establish an empirical dependence for the relative pro-
bability of fission for a nucleus f=o¢/o . as a function of
the parameter Z 2/A {1,2]. This emplrlcalrelanon indicates
that f falls off monotonically as the mass number 4 in-
creases for each of the fissioning elements, and increases
rapidly with increasing Z.

However, the dependence of f on A (for constant Z)
has been investigated in adequate detail only in uranium.
For this reason we still do not have a complete picture of
the dependence of f on Z. We have reason to believe that

the relation of f on Zis weaker than a function of the form

zZ%/A [1,3). In order to investigate this question and in
_order to obtain a more accurate dependence of f on A for
thorium and plutonium, we have carried out measurements
of the fission cross sections in Th®®, pu’, pu*! and Am®
for fission induced by neutrons with energies of 2.5 and
14.6 Mev. These neutrons were obtained from deuterium
and tritium targets which were bombarded by a deuteron
beam with an energy of 150-200 kev. The fission events
were recorded by means of a fission chamber with elec-
tron collection. :
The isotopic composition of the thorium and americium
was determined by a mass-spectrometer method while the
content of the Pu® 1sotope in the pu*® layer was deter-
mined by "weighing” the layer in a thermal neutron flux.
The amount of Am®! formed in_the Pu?! layer as are-
sult of B decay was determined by the known accumu-
1at10n time. There were no other isotopes present in the
Am* layer. :
The amount of the isotopes Th®, pu™ and Am™**
in the layers was determined by counting the a particles
- emitted by these isotopes. In addition, the Pu® content
in the layer was determmed by the number of spontaneous
fission events while the pu™! content was determined by

Th?? | the measurements of the cross sections for Pu

counting the e particles from Am?L, py?4! layer wasalso
*weighed” in a thermal neutron flux. In this case the

cross section for fission of pu?! by thermal neutrons was
taken as 1025+ 10 barns. The results of the measurements
of the weight of Pu* and pu! by both methods coincided
to within the limits of the experimental accuracy. The
isotopic composition of the layers and the values of the
weights are shown in Table 1 whete we also give the
values of the decay periods which were used-in deter- -
mining the weights. :

The cross sections for fission by 14.6 -Mev neutrons
were measured by an absolute method. In this case the
neutron flux was determined by counting the a -particles
produced in the T (d,n) He reaction and the scattered.
neutron background was measured by carrying out measure~
ments at various distances between the chamber and the
neutron souce. All measurements were catried outseveral
times; a statistical accuracy of at least 2—3% was obtain-
ed in each measurement. :

Absolute measurements of the cross sections for fission

~ by 2.5 -Mev neutrons could not be carried out because of

the slow counting rate. Relative measurements were carried
out in a double fission chamber in which, in addition to
the layer of material being investigated,there was alayer
with a known cross section for fission by neutrons with
this energy. The measurernent of the cross sections for
fission in Th®® were carried out with respect to tha;Az'or
’

Am™! and Pu?* were carried out with respect to UZ%, For
control purposes, measurements were also made of the
Am®! cross section with respect to uZs

A long counter was used to monitor the 2.5-Mev
neutron flux.

The values of the cross sections for the 2.5-Mev
neutrons were also determined with respect to the known
fission cross section for a given isotope for fission by 14.6-
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TABLE 1. Characteristics of the Layers of the Investigated Isotopes

Isotops Effective weight, | Half-decay period, years Isotopic composition
P micrograms
Th230 (18704-40) 8-10% [4] (354-1)% Th230; (654-1)% Thse
Pu2o (345+15) 6,6-10% [4]; T1/spont= 15% Pu39;” 85% Pudto
= 1,2.1011 [5)
Pu®t (50,6+4:1,6) 13,2 [6) 12% Am*1, 889% DPu®
Am2 (8972) 4584-0.5 [6] 100% Am241
TABLE 2, The Fission Cross Section O ¢ for Neutrons with Energies of 2.5 and 14,6 Meyv, barns,
2,5 Mev » 14.6 Mev
Isotope results of the data reported by |resultsof the pres- | data reported by se
present work other authors ent work | other authors 01,
Th280 0,414-0,08 — 0,7240,15 — 0,90
Py2e0 1,6 10,3 1,54-0,15 [7} 2,4 10,3 2,6 +0,2¢ [7] 2,55
Pu2tt 1,2 +0,2 — 2,0540,1 — 2,15
Am?2t 1,9540,2 1,35 [4}] 2,954-0,15 2,3540,15 [8] 2,85
* Fission cross-section for 15— Mev neutrons,
* * Fission cross section at the second plateau computed from Eq, 1.

Mev neutrons. In these measurements use was also made
of the ratio of the fission cross sections for the material
and the monitor for neutrons with energles of 2.5 and
14.6 Mev in which case the fission cross section for Th®%
was taken as 0.13 and 0.34 barns while the fission cross
section for U™ was taken as 0.58 and 1.1 barns respect-
ively (4]

The cross sections for fission by 2.5-Mev neutrons as
obtained by both methods were found to be the same
within the limits of experimental error for all the isotopes
which have been investigated. The cross sections are shown
in Table 2 (the measurements of the fission cross sections
for Pu** were carried out in conjunction with 1. M.

" Izrailev). This table also contains the results of the meas-
urements of o carried out by other authors.

In estimating the accuracy of the measurements,
special attention was given to an analysis of possible
errors in the determination of the fission .cross sections
for Am*!, which do not agree with the results obtained
by other authors. However, no significant measurement
errors were found.

Discussion of the results. A comparison of the fission
cross sections for Th®®, pu® and Pu™' for fission by 2.5
Mev neutrons with the analogous cross sections for other
isotopes of the same elements verifies the tendency which
has been observed earlier for a reduction in the fission
cross section and the ratio of f with an increase in mass
number of the isotope (for fixed Z). This variation inthe
relative fission probability is associated with a reduction
in the neutron binding energy in the nucleus and corres-
ponds to an increase in the probability for neutron evapo-
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ration in the compound nucleus; this process competes
with the fission process. From this point of view it issome-
what strange that there is no noticeable odd-even effect
_in the funtion f (A) since it is known that the binding
energy E, depends on whether A is even or odd.

The vaiues of the cross sections which have been
obtained show also that f is not a unique funtion of the
parameter Z%/ A since the values of f for each element
lie on their own curve (cf. Figure). Attempts to choose
another parameter of the type Z"/A which would be a
weaker function of Z than Z%/A in order to obtain a

4 {2
29
08 e\{ﬁ - l 5
253 A
737 5] o
06 % /’/? =T
' i /4] 22
_ s Ass ﬂ"E_b"L'a Am
P L /23/ IVp' 1P
s
04 /\4; > = fIH]
A AL Pu
1
02 zaa,‘:/;;%” :
& I )
zsz_;%’ll
L ~
35 355 3% 36,5 37 24

Dependence of the relative probability for fission f

on the parameter Z%/A:O) Neutron fission; x photofission
(the points O and x are taken from [1] and are corrected
for newly published data on fission cross sections); $ s
data of the present work. The dashed line shows measure-
ments of f (Z%/A)for various values of the bindingenergy.
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TABLE 3. Dependence of Neutron Binding Energy in the
Nucleus on Z for a Given Z*/A, Mev.

42/A
35,25 | 855 | 962 | 36,0
— — {Th28} 701 — — | U 7.1
TH2e | 6,7 | Pa®®| 6,6 | UMY 6,7 |Np®7p 6,7 |
pazs| 63| — Np| 6.3 |Pux2| 6.2
_— _ Ues) 6,0 | — — — —
vl 58| — | = — | —| = | —

single dependence for all isotopes of all elements have
not been successful. It is found that different elements
require different values of n. For example, in order to
get the same curves for thorium, protactinium and
uranium the index n must have the value 1.7; to get
agreement between uranium, neptunium and plutonium
a value of 1.2 is required while to get the same values
of f for Al‘nz‘2 and plutonium a value of 0.8 is required.

It should be noted that the weak dependence of f
on Z is apparently due to the fact that f, which is a
function of Z?/A, which characterizes the fission process
is affected by the probability for neutron evaporation
from the compound nucleus which, in turn, depends on
the neutron binding energy. For a given value of Z¥/A
and a given odd (even) nuclide an increase in Z causes
a reduction in binding energy (Table 3) and consequently
an increased probability for neutron evaporation; the
relatively small relative probability for fission ofisotopes
of elements with large Z thus becomes understandable.
Whence it follows that by considering nuclides with the
same values of E, we can eliminate the effect of neutron
evaporation and the dependence of f (2%/A), s deter-
mined only by the fission process (cf. Figure).

The values of the fission cross sections for 14.6-Mev
neutrorns obtained in this work can be compared with the
expected magnitude of the fission cross section at the
second plateau {1}

i [+

The values of 9f, computed from this formula are
given in Table 2. If in making this comparison,we take
account of the possibility of the appearance of a new
channel which leads to fission of the nucleus, the (n, 2nf )
reaction, whose energy threshold lies somewhat below
14 Mev, and the possibility of slope in the plateau be-
cause of a different rate of increase of the fission with
T¢  and the neutron with 'y, with energy, the agree~
ment may be considered quite good. The more marked
difference in the case of Th®® may be attributed to the
lower accuracy in the determination of the fission cross
section for this case. '

We wish to express our gratitude to B. V. Kurchatov,
M. 1. Pevzner, G. N. Yakovlev, E. P. Dergunov and S. K.
Sokolov fot furnishing the isotopes and for fabrication of
the layers; 1. A. Tishchenko and G. M. Kukavadze for
carrying out the mass-spectrometer analysis; Yu. A.
Vasil'ev and E. 1. Sirotin for making the measurements
at the accelerator. The authors are also indebted to M.
S. Shvetsov, Yu. A. Barashkov and E. D. Beregovenko for
help in carrying out the measurements.
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ANALYSIS OF NEUTRON INTERACTION WITH He4, Ct2,
AND 016 NUCLEI USING AN OPTICAL NUCLEAR MODEL
£. va. Mikhlin and V. S. Stavinskii
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February, 1960 '
Original article submitted May 30, 1959

The analysis of low~-energy neutron interactions
with He?, G'2, and O'® nuclei holds great interest not
only from the point of view of light-nucleus theory, but
also because it has great practical value in calculating

the transport properties of the most effective moderatots
for certain heavy nuclei.

The first application of the optical model using low
energies and a complex potential was limited to heavy
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TABLE 1, Values of Ry, Vo, @

bt > >
4 T () z
EES Lo 2| = | = Experimental data used
ge2Eg <61 ¥ | ¢
s 2.46] 38,5 For low enérgies 0;=0.8 barn, phase analysis
Hed — - — -
P3/y }3 o225 5, Py, -resonance for E = 115 + 0.05 Mev; 1' = 1.4 + 0.2 Mev
Pryy 15,0 ' Phase analysis ‘
s 2,75 70 For low energies 6,=4,7 barns, binding energy of the 2s-state 1.86 Mev
P3,, 37,5 Level %/, with excitation energy 3.69 Mev considered asan "unfilled gap”
Py, }3'0 33,0 3,0 Binding energy of the ground state pl/ 4.95 Mev; phase analysis
Cis
A5y aa| 8 | 4, Binding energy of the d; ,-level 1.09 Mev
s,y } ) ’ ' dy j,-resonance for £ = 3765 Mev; T = 1.2 Mev
' Position and shape of the cross section maximum for 20 Mev
firs | 3,71 29 _
s 4,0 | 37,6 Binding energy of the 2s-level 3,27 Mev; for E=0,1 Mev; 0,=3.5 barns;
s-resonance for E=2,44 Mev
Level %, with excitation energy 7.6 Mev considered as an *unfilled
o | 3 } 4.0 29,6 35 gap”; phase analysis
P, |[J7 | 24,4 | T8 | Level Y/, with excitation energy 3.06 Mev considered as an "unfilled
gap”; phase analysis
ds/s 34,01 Binding energy of the ground state dg ) 4.14 Mev
d3,y }4’0 25,88 3,25 d3/2 resonance for E = 1,00 Mev, I = 0.1 + 0.01 Mev
| an . 1.2 Bind‘ing energy of the f-,/z-lgvel 0.29 Mev, maximurm in the cross
_ section for 20 Mev

and intermediate nuclei [1]. In the present work we have
tried to use the optical model for a detailed descnpnon
of elasnc neutron scattering by the light nuclei net, c?
and 0% for energies up to ~20, ~10, and ~6 Mev,respect-
ively. The smallness of the incident neutron absorption
cross section in the energy region under investigation
permits us to use-actual potentials.

The average potential acting on the neutron from
the ta:get-nucléus direction appears as a function de-~
creasing smoothly toward the nuclear boundary. Within
the energy interval under investigation we can replace
the actual average potential with an effective rectangular
potential function in order to simplify the calculations.
This substitiution is justified because the wave length
of the incident neutron is long with respect to the dimen-
sions of major potential changes in this energy region.
Furthermore, the spm-orbltal interaction was accounted
for as a constant term a; (l S) which increased the depth
of the rectangular potential well.

In using such a simplified calculation scheme one
must bear in mind two important circumstances. Firstly,
the average potential may not be identical for various
partial waves. Secondly, within the region of the centri-
fugal force barrier the neutrons having large angular
momentum 1 will tend to be displaced toward the outer
edge of the nucleus, and will thus spend a greater portion
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of their time in the potential "tail." This leads to de-
crease of the depth of the effective rectangular potential
well with increasing 1, and to increase of the radius. The
latter circumstance is however only valid for light nuclei,
whose dimensions are comparable to the region of rapid
potential change. One of the main results forthcoming
from our analysis is the fact that for a satisfactory de=
scription of elastic neutron scattering by the nuclei
mentioned above it was necessary to abandon the idea
of a single rectangular potential valid for all partial
waves involved in the scattering phenomenon.

The rectangualr potential parameters for each partial
wave were selected in such a way as to give not only the
position and width of the single-particle resonances ob-
served in the total cross section #, but also the binding
energy of the corresponding single-particle bound states.

For the case of a rectangular potential well (radius
Rg. depth Vy) the scattering phase is a known function

L
of Ry and V. O 1/y="01,1,, @ X),
« We shall denote by the designation "single-particle™
those states of the compound nucleus which correspond
to motion of the external nucleon in the central field of
the residual nucleus in its ground state. The reduced
width of such a level must be of the order of a Wigner
single-particle range.
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where

V 2ME o

l/ (B+Vo) Ry

p is the reduced mass of the system neutron-target nucleus;

E is the kinetic energy of this system in the center-of-
mass coordinate system.

On the other hand, the width of a single-particle state
is likewise a function of x and X: INESEITEY 1 (%,X) By
knowing the position and | width of the observed single~
particle resonances, we can obtain two conditions needed
to determine the two parameters Vy and Ry. Futhermore
we can easily obtain additional information regarding
the values of Vy and R from the known magnitude of
the cross section at low energies and from the position
of the bound single-particle levels, since both these
quantities depend in a simple manner on the parameters
of the rectangular potential well. :

Table 1 gives the values obtained for V,, Ro anda;
and also the experimental data [2,3] used to obtain these
values. These values of R, and V, were used to calculate
the scattering phases, and further to calculate the total
cross sections and the angular distribution for elastic
neutron scattering by the nuclei under investigation. The
Breit-Wigner formula was used to calculate the contri-
bution due to non-single-particle resonances.

The calculation reproduces the general run of total
cross sections quite well. The angular distribution shows
certain deviations from the distribution measured for
carbon and oxygen. This deviation is attributed to in-
accuracy in determining V, and R, for the p-wave, since
in the absence of other information these parameters
were determined from the positions of the corresponding
"unfilled gap” levels [4]. In such a case there could be
large deviations for individual particles from our model,
thus causing errors in the determination of these para-
meters.

As can be seen from Table 1, the values of the para-
meters V, and Ry differ greatly for various partial waves.
Furthermore, each pair of values of V, and R, permits
us to describe both the position of the bound states and
also the scattering within a wide energy range.

The latter circumstances permitted us to calculate
the angular distribution of elastic neutron scattering by
C" and 0 for those neutron energies for which experi~
mental data is lacking. On the basis of the angular dis-
tribution there was obtained the mean cosine of the scat-
tering angle ( <cos-©3 and the mean logarithm of the
energy loss £ , shown in Table 2,1 Calculations of the distance
required in water for neutron deceleration, made on the
basis of the data in this table, agree satisfactorily with
the experimental results of [5].

Thus, the above analysis shows that the optical model
using the effective potential does satisfactorily describe
elastic scattering of neutrons of suff1c1ently low energy
by the light nuclei He*, C'%, and 0. This is obviously
related to the unusual stablllty of the nuclei in question.

¢

TABLE 2, Values of <cos 6> and §

o016 c12

Epy Mev| <cosp.- | & |EpMev | <coso> [ &
0,40 |—0,09 10,136 0,55 | 0,11 |0,148
0,435 | 0,276 10,001| 1,0 0,13 [0,145
0,48 | 0,49 10,064{ 1,5 0,19 {0,135
0,7 0,15 [0,106] 2,0 0,16 |0,140
0,9 0,079 |0,115| 2,07 7| 0,09 [0,15!
1,03 | 0,059 [o0,118| 2,5 0,16 0,140
1,1 0,037 |0,120{ 2,9 0,18 {0,137
132 | 0,42 {0,013] 3,0 0,27 10,122
1,40 | 0,16 [0,105| 3,3 0,13 |0,145
2,0 0,12 {o,411| 3,66 | 0,06 |0,156
2,4 0,14 |0,108| 4,1 0,30 |0,117
2,9 0,19 |0,101] 4,5 0,49 0,085
3,1 0,25 |0,094| 5,0 0,5 |0,077
3,3 0,18 10,103{ 6,0 0,69 |0,052
3,5 0,27 0,091 6,3 0,75 {0,042
3,8 0,39 {0,077 6,6 0,5 (0,083
41 0,35 [0,081] 7,2 0,15 0,141
4,4 0,51 |10,061] 7,4 0,32 |0,113
4,7 0,37 |0,079| 8,0 0,50 }0,083
7,0 0,23 [0,096] 9,0 0,50 |0,083]
14 0,37 [0,079 10 0,51 [0,082

14 0,21 (0,132

In fact, the nucleon binding energy in any of these nuclei
is greater than the binding energy of the extra neutron

in He®, C® or O Therefore the incident neutron being
scattered by He', Cn, and O™ interacts with these nuclei
relatively weakly and deforms them only slightly. Thus
we can speak of the interaction of an incident neutron
with the target-nucleus as an interaction with the whole
nucleus; this justifiesithe assumption of an optical poten-
tial for these nuclei.

The authors wish to express their thanks to A. S.
Davydov, L. N. Usachev, and V. N. Neudachin for the
interest they have shown in our work, and for their critical
comments.

Tt must be noted that the values of <cos © > for oxygen

calculated in [6] on the basis of experimental data in
{7] are in obvious disagreement with these. In fact, the
curve in [6] showing dependence of <cos 8 > ‘on E, gives
a negative value of <cos 8> for Ey ~2-2.5 Mev, while
it follows from [7] that <cos © > cannot be negative for
these energies.
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EXPERIMENTAL INVESTIGATION OF HEAT TRANSFER
IN SLIT-TYPE DUCTS WITH HIGH HEAT-TRANSFER RATES

Yu. P. Shiykov

Translated from Atomnaya ﬁnergiya, Vol. 8, No. 2, pp. 144-145.

February, 1960
Original article submitted May 21, 1959

Heat-exchange equipment with narrow slit-type
ducts (plane or annular) enjoy wide application in the
various branches of technology. Among such types of
equipment are found, for example, water=water reactors
with plate-or tube-type heat-withdrawal elemients. The
abundance of experimental and theoretical papers on
heat transfer in plane ducts is well known. The majority
of these are devoted to studying heat exchange in relat-
ively broad channels with small heat-transfer rates.

In nuclear reactors and reaction technology the
heat-transfer rates can attain a value of 5-10° kcal/m’hr
and higher. Calculation of high-energy reactor equipment
with narrow ductsaccording to the familiar equations for
convective heat exchange in round tubes, using the equi~-
valent diameter d_ as dimensional criterion, without

appropriate experimental verification does not yield any

convincing results.

The problem of dimensional criterion, i.e., the
possibility of applying the indicated equations to narrow
ducts, has been discussed in any variety of ways, but
still stands unresolved. In a number of experimental
papers on heat transfer in narrow annular ducts ['1-4],
containing generalizations with the application.of dg,
equations were obtained, which differed from the equa-
tions for round tubes. In this light a reduction was noted
in the heat transfer in an annular gap as compared with
the heat transfer in a round tube. With thegeneralization
of the experimental data on heat exchange in plane ducts
a contradiction was-also found in the choice of a dimen-
sional criterion. Taken together, these facts encouraged
the work of the present paper, the purpose of which was
to verify the applicability of the usual equations for con-
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vective heat exchange to the analysis of plane narrow
ducts with high heat-transfer rates and to more precisely
define the problem of a dimensional criterioh.

The procedure of the investigation was based on ap=
plication of direct heating with a low-voltage current of
the working section of the duct (1Kh18N9T steel), which
is water-cooled. The principal arrangement of the experi-
ment is shown schematically in Fig. 1, the structure of
the experimental assembly in Fig. 2. The tests were carried
out on narrow ducts made from flattened tubes. A series
of tests were performed on the apparatus whose crosssection
is shown in Fig. 2.

Fig. 1. Diagram of experimental setup; 1) working
section; 2) heat exchanger; 3) circulation pump; 4)
feed pump; 5) volume compensator; 6) deaerator;

T) flow valve; 8) discharge metering disk; 9) step-up
transformer; 10) control transformer; 11) hot junctions
of thermocouples; 12) potentiometer.

'
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The experimental conditions were varied by chang-
ing the water flow rate in the duct and the heat-transfer
rate. The flow velocity of the water was varied from 5
to 12 m/sec, the heat-transfer rates from 3.6 to 5.7 10°
kcal/m?%hr,The water temperature at the inlet to the
duct was varied within the limits 45-80°C. A pressure of
50 atm was maintained in the loop.

A total of 65 tests were made on the heat-transfer
to nonboiling water, from which 35 of the tests were
performed on a duct with a gap width of 1 mm, the rest
on a duct with gap width of 1.5 mm, with a constant
duct width of 23 mm. The length of the working section
of the duct was 200 mm. In view of the completely
identical nature of the results of the measurements under
the same or nearly identical working conditions, the re-
sults of 17 tests were processed.

The following formulas were used:

Nuy =0,027 Re0:8 p; 0,33 B N\%'* Zider and Tate

Mt /

formula.for a round tube; - (1)

Nuy =0,023 3610.8 p,.10.33»<ﬂ_ ¥,14  the same formula
L p’st :

with the coefficient corrected [3] for an annular gap;(2)

Null =0,023 Re(l)'8 Prlo’[‘ Mc Adams formula for a
round tube; PrN0.25 (3)
Nuy=0,021 Rei"8 prii3 (P_rl> "“"Mikheev's universal
formula; st 4)
Nuy =0,0274 Rel8 prd:36 %)0'“ Yakovlev's
[5] formula for a round tube. st (5)
The averaged (over duct length) heat-transfer co-
efficients, processed according to the dimensionless
criteria from the various formulas in the form of depen=

d Nuy
ences ki=gl=1 (Re,),

where A representsthe right-hand sides of Eqs. (1)-(5)
without the factor Re; 8, are shown in Figs. 3 and 4.

In every case the equivalent diameter de=4F/1r was
taken as the dimensional criterion (F is the cross section
of the duct, 7, the perimeter wetted).

A A—————|
47 RN §\

Water inlet

| S

e

Fig. 2. Experimental assembly and cross section of the working section; 1) working section; 2)
thermoelectric insulator inserts; 3) pressure rellef plates; 4) electrical insulator inserts; 8)
current-conducting busses; 9) contact sockets; 10) current-conducting sleeves; 11) inlet and
outlet chambers; 12) mixer; 13) calibration plates; 14) steel foil; 15) displacer.
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s
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,z
36 2 A
45 6 47 8 49 50 lgke

Fig. 3. Dependence k:f(Re-l). According to the formulas:
o —(1); 0 —(2); x —(3).
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i . ;ﬂ}" /,:: h
/*/l/‘/a 3
3 ‘ /.;{‘ﬁox“ t
r7 7/ //
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g LN
3,6 7 b3
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Fig. 4. Dependence k=f(Re,). @ and o according to the
formula (4) for ducts with 1-"and 1.5-mm gaps, respec-
tively; X according to (5).
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The experimental results are generalized best (with
a + 5 spread) by Eq. (4), which was verified with 4-10*
sRalslor’,»-a heat~transfer rate up to 5.7'10',; kcal/ mz-hr.
and with 1.8< Pr;/Pr, €3.

Close results are also given by Ed. (2), which is
assumed for annular ducts [ 3]

The author expresses his indebtedness to Z. P.
Medvedev and A. I. Evstaf'eva for the great assistance
they rendered in conducting the experiments.
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AN INVESTIGATION OF THE ALLOYS OF

THE URANIUM-GERMANIUM SYSTEM*

V. S. Lyashenko and V. N, Bykov

Translated from Atomnaya Energiya, Vol. 8, No. 2, pp. 146-148

February, 1960 .
Original article submitted October 7, 1959

Manufacture and heat treatment of the alloys. There -

are no data available in the literature on the structure of
alloys belonging to the uranium-germanium system. Some
information on the existence of an intermetallic com-
pound UGe, [1,2] has been since confirmed by one of

the present authors and others [3]. '

Source materials for the alloys in our study of the
phase diagrams of the uranium-germanium system were
99.86% pure uranium and 99.99% pure germanium in
ingot form. A melt was produced in a vacuum induction
furnace in beryllium oxide crucibles at a pressure of
10-% to 10~* mm Hg. Agitation of the melt and subse-
quent decantation eliminated any possibility of liquation.
To facilitate the investigation of the phase diagram for
the uranium-germanium system, 30 alloys of differing
compositions were prepared, and the high-temperature
region of the phase diagram was furthermore studied by
using alloys obtained by extrusion. The composition of
all of the alloys was monitored through chemical analy-
sis. Any deviations from the desired compositions were
insignificant. Prior to the tests, all of the alloys were
subjected to a homogenization anneal in a vacuum
furnace for 150 hours at 900°C. Alloys with 40-75 at.%
germanium were annealed further at 1350° for 25 hours,
followed by standing at 1000°C for 100 hours.

The alloy specimens were oil-quenched from temp-
eratures of 720, 950, 1200, and 1300°C in a cooled oil
bath, in investigating the high-temperature regions of
the phase diagram, and the solubility limits of the com-
ponents. :
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Methods used in the investigation, and results ob-

tained. Thermal analysis of the alloys was conducted in
a vacuum furnace with a tungsten heating unit. A thermo-
couple was inserted in the centrally placed bottom tube
of a specially shaped crucible (Fig. 1) i.e., actually in-
side the alloy ingot, thus enhancing the sensitivity of the
technique. A molybdenum cap was used to protect the
junction of the platinum to rhodium-platinum thermo-

" couple. A vanadium ingot subjected to conditions equi+

oo vend

P
3

Fig. 1. Beryllium oxide crucibles used
in the investigation. a,b) for thermal
- analysis; c) for pouring off alloys.

= Study completed in 1955.

Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050002-7




Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050002-7

valent to those affecting the alloy test ingot was used
as a control.

A tracing of the simple and differential cdoiing
curves was obtained on a self-recording pyrometer by
N. S. Kurnakov. The simple curve was recorded con- '
currently on an EPP-09 recording compensation potentio-
meter. The potentiometer scale was calibrated to match
the. melting points of the pure metals and was employed

The cooling curves of alloys having melting points
above 1450°C were recorded by means of a tungsten-
molybdenum alloy thermocouple on a high-sensitivity
Speedomax self-balancing unit. Average solidification
temperatures and phase transformation temperatures of .
the alloys are indicated by horizontal lines in the phase
diagram (cf, Fig, 3).

Dilatometric analysis was carried out using a dilato-

meter similar to one described earlier [4], with a sensitivity
of 2:10™° cm. Readings were taken at temperature inter-
vals of 2-3°C while the specimen was being heated at a
rate of 4-5°C/min. The values of the thermal coefficient
of linear expansion of the alloys are entered in the table
below. 3

As-cast, annealed, and quenched alloy specimens
were analyzed microscopically. The microstructure was
revealed by electroetching and chemical etching in the
reagents commonly employed for treating uranium alloys.
A study of the microstructure with microhardness measure='
ments taken made it possible to find out the single-phase

for automatic calibration of a sheet of photographic
paper in the pyrometer at the exact momentthatthe
data was recorded, by moving the potentiometer scale
divisions up with the aid of a flying light spot. Heating
in the course of thermal analysis was accompanied by
constant evacuation to keep the pressure down to 107
mm Hg. The alloy was allowed to stand at maximum
temperature for 10 min, after which the furnace was
filled with purified argon to a pressure of 350~-500 mm
Hg. The curves were recorded only during the cooling
_phase, with the rate of cooling set at 15°G/min by a
compensation control device. '

i

c -d
Fig. 2. Microstructure of alloy, 12.5 at.% germanium: ‘a) quenched from 1000°C, left to stand 6 hr ;

b) quenched at same temp®, left to stand for 126 hr ; ¢) quenched at same temp’, left to stand for
366 hr ; d) quenching and standing same (sintered alloy).
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Values of the Coefficient of Thermal Expansion
(a'lOG) of Some Alloys Belonging to the System
Uranium~Germaniummn.

Temperature range, °C
Composition o o o o o
of alloy, at, % 3 2| 38 2 S
Ge d1d1d e e
(=3 (=) < (=] <
™ = o © S
Uranium — |22,6!34,076,5] 26,2
1,0 27,0 1'29,0- 33, 0 79,0 | 33,0
5.0 9100 | 22,5 | 20.0 | 605 | 27,5
12,5 1 24,0 | 23,0 22,0 34,01 21,0
37,5 21,81 19,5 19,5 21,5 | 21, 0
57,14 10,2 | 10,5} 10,0 { 10,0 | 10,0
66,6 12,0 { 12,0 | 12,0 | 11,0 | 11,0
75. 0 21,0 | 19, 0 23,0 23 0 2(')
Germanium 7,5 7,7 7,3 7,3 7..3

1670°C
11600 \
\ o,
1450°
L'U‘GB.,V w/"
1400 '*M °‘T
1200
L*UGE"
931°C
1000
Yy ol BEYE B
o <D O )
200 3 > I8 I8
600 0 -0~ —-0~§
o | Ua Ué'e
vU,6e|UGe*UGe, Usbeyetybel 2 e UGeyt Ge
' GET I U TR ¥ 0

10 20 30 40 50 60

720 80
v . at. % Ge

90 ge

Fig. 3. Phase diagram of alloys belongmg to
the uranium-germa.nium system.

composition of alloys having 37.5, 57.14, 66.6, and 75 at.
% germanium, which were assigned the formulas UgGe;,
U;Gey, UGey, UG,. Furthermore, an investigation of the
microstructure of the alloy with 12.5 at.% germanium, .

quenched from 1000°C and left standing for 6, 126, 246,
366 hours, respectively prior to quenching, revealed a
successive dissolution of high-melting grains UsGe, in
the eutectic with 3.5 at.% germanium, with the subse-
quent formation of a chemical compound to which was
tentatively assigned the formula U;Ge. An alloy of the
same composition (12.5 at.% germanium) was obtained
by sintering and a quench from 1000°C, with a similar
single-phase microstructure resulting (Fig. 2).

An x-ray phase analysis based on the powder method
with a breakdown of x-ray diffraction photographs and
evaluation of line intensities provided confirmation of
the existence of the intermetallic compounds in this
system. The x-ray structural analysis made it possible
to ascertain the crystalline structures of four compounds
£33 '

On the basis of data secured by the above methods,
a phase diagram was plotted for alloys in the uranium-
germanium system (Fig, 3). It is readily seen from the
phase diagram that uranium forms five chemical com=
pounds with germanium, of which two crystallize out of.
the melt, one forms by the peritectoid reaction; congruence
and the peritectoid reaction. were tentatively assumed for
the remaining two intermetallic compounds.

From a study of changes in the lattice constant and
in the microstructure of the quenched alloys, it was
learned that the solubility limit of germanium in o=
utanium and 8 -uranium is~1%; up to 3% germanium goes
into solution in y «uranium. Uranium is virtually in-
soluble in germanium.

The investigation thus filled out the overall picture
of the interaction of uranium with elements in the fourth
group of the Mendelevian periodic table, manifesting a
remarkable similarity between the phase diagram of the
uranium-getmanium system and the phase diagrams of
the systems uranium-silicon and uranium-lead [5].
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COPRECIPITATION OF Pu (IV) WITH ORGANIC

COPRECIPITANTS

V. I. Kuznetsov and T. G. Akimova -

Translated from Atomnaya Energlya. Vol. 8, No. 2, pp. 148-150

February, 1960
Original article submitted September 24, 1959

Organic ‘coprecipitants have proved feasible as
collectors for the coprecipitation of many elements [1-
3]. The theoretical tenets elaborated enable one to choose
combinations of ingtedients of coprecipitants suitable for -
the coprecipitation of almost any element, with nospecial
difficulties. '

Coprecipitation of plutonium from highly dilute
solutions of plutonium with simulaneous separation from
other elements may be realized by any of several avail-
able techniques. o

The "nitrate™ method. In acidic solutions containing
the nitrate ion, Pu (IV) forms a characteristic weakly
ionized complex ion, Pu(NOs)g- [4). As a result, plutonium
may be coprempltated in the form of salts of this nitrate
anion Pu(NOs)c with precipitdtes of the nitrates of heavy
organic cations, as, e.g., with the butyl ester of rhodamine
B (buty! rhodamine): :

" (Hr.Cz)zl\] 0 N(CyHg) 7 +
NSNS NSNS
NN\ ‘
G NOs3.
| GOOC H,
N\ o
L | N/ J

Since similar weakly ionized nitrate anions are formed
by only a very few elements aside from Pu(lV), viz.,
U(IV), TH[ 5], Ce(1V), coprecitation of plutonium in the
form of salts of this anion is a highly selective process.
To bring about the coprecipitation, we add, to 200
m] of a 3N solution of HNO; containing Pu(IV), the
following: ~ 130 g NH,NO;, 1 g of powdered phenolphthal-
ein (the latter to facilitate filtration of the precipitate,
which evinces a tendency to adhere to the walls of the
flask) and 40 ml of a gently heated 1% solution of butyl
rhodamine. The crimson-colored precipitate which settles
out collects the plutonium, and is filtered off and washed
with a ~50% solution of NH;NO; in~1.8 N HNOj, to
which is added a solution of butyl rhodamine in the a-
mount required for the formation of a small but rather
appreciable precipitate, which is placed together with
the paper filter in a crucible. Following this, 2 ml of
saturated (NH,),SO; is added (as aphlegmatizer),. the
specimen is lightly dried and ashed, with the tempera-
ture raised slowly to 500°C. (Ashing of a precipitate con-
taining nitrates without the addition of (NH,),SO, may be

_TABLE 1. Coprecipitation of Pu(IV) with
Nitrate of Butyl Rhodamine

Dilution of Pu Pu. copgfcipitated,
' 0

1:2.108 100
1:1-100 100
1:2.10° 97; 100
1:1-1010 89; 90
1 :2. 40t 76; 82

accompaﬁigd by explosions.) The coprecipitated plutonium
is contained within the residue. The completeness of
coprecipitation of the plutonium may be appreciated from
Table 1. Results of coprecipitation of plutonium with
simultaneous separation from other elements are given

in Table 2 (the other elements, other than those indicated,
were introduced in nitrate form, 100 mg for each element;
a single element or the sum of the elements involved was
taken in each run).

It may be readily seen that the nitrate method assures
rather complete coprecipitation of the Pu(IV) even when
it is. diluted 1: 1-1010,‘ with separation from all elemerts
except thorium, for practical purposes. Precipitation of
Ce(IV) may be eliminated with ease by first effecting
the conversion Ce(IV)~Ce(Ill). The conversion U(IV)—>
U(VI) has the effect of greatly reducing the amount of
uranium carried down. Plutonium may be separated from
U(VI) by repeated ptecipitations. For example, four
successive coprecipitations producea yield of 80% pluto-
nium, with only 0.0025% of the original amount of uranium
present carried down from the original mixture of pluto-
nium and uranium in-the ratio Pu(IV): U(VI)=1; ;107,

Coprecipitation of Pu(IV) in the form of cyclic

salts. At appropriate pH values, Pu(IV) forms soluble cyclic

salts with many organic reagents which contain sulfo
groups. In this form, the plutonium may be coprecipitated
with low-solubility precipitates formed by the organic
reagents used and by basic dyes. These precipitates are
organic salts in which the cation is provided by the organic
cation of the basic dye, while the anion is the anion of
the reagent employed. The latter must bind the plutonium
in a stable complex compound.
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TABLE 2. Cbprecipitation of Pu(lv) with Simultaneous Separation from Other Elements

Weight of ashed Pu coprecipitated,
Other elemerits present residue, mg %
No other elements added — ~99; 100
Me (I Li+Na+K+Rb+Cs 1 95
D Everywhere
Cu; Be (BeSOy); Mg; Ca & 1-2 93; 100; 100; 80
Me (II): _
 Sr+Ba; Zn 4 Cd; Pb; Mn; Co + Ni Everywhere 4, | 95; 92; 90; 96; 97
Rare-earth elements Bi; Sb (ShCly) &ty ~7; ~15 101; 103; 96
I11):
Mo (I1h , Everywhere e
B (NayB40,); Al; Cr; Fe & 1—2 90; 85; 93; 95
Ce; Th; U (UCH) ~20, ~43, ~43 87; 55; 54
Me (IV):
. Everywher
Zr; Sn(SnCly); V (VOSO,) ywhere 1—2 92; 90; 100
Me (V): P (NagHPO,) €1 86
Me (VI): U; Mo [(NH,)sM0;05] ~T; €1 94; 90

Since Pu(IV) catfons hydrolyze even in acid solutions,

complexing of plutonium also occurs in acid solutions.
To effect the coprecipitation, we add, to 200 ml of
acid solution containing Pu(IV), 100 mg of a complex-
forming reagent in the form of an aqueous solution, bring
the pH to the value necessary for complex formation, let
the solution stand for 10-20 min, and then introduce,
while mixing, 5-7 ml of a 1% solution of methyl violet
or methylene blue. The precipitates are then gently dried
and ashed as the temperature is slowly raised to~500°C.
When the Pu(iV) s diluted 1:2:10° (or 0.1 g in 200
ml) and the: pH=1-4, plutomum is coprecipitated at 95~

100%, if the reagents used are arsenazo, stilbazo, chromo-
trope 2B, or others of the type. A coprecipitation of pluto-

nium more complete than that obtained by the nitrate
technique, albeit less selective may be effected from
more dilute solutions. Pu(IV) is separated from only those
elements whose cations hydrolyze with much greater
difficulty than the Pu(IV) cations; i.¢., from the alkali
metals, doubly charged cations, including U(VI), and
several trivalent elements, including the rare earths.

At pH=~5-17, the same method may be used to
coprecipitate Pu(III) from highly dilute solutions. Inthat
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case, the selectivity of the coprecipitation is inferfor to
that achieved in the coprecipitation of Pu(IV).

L

4,
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CONTRIBUTION TO THE PROBLEM OF ELECTRON INJECTION

TO A BETATRON
V. P. Yashukov

Translated from Atomnaya ﬁnergiya, Vol. 8, No. 2, pp. 150-151,

February, 1960
Original article submitted Match 16, 1959

Despite the large number of papers which have ap-
peared on the problem of electron capture in betatron
operation, no quantitative theory has yet been elaborated
to explain theprocess. As well, neither has progress of any
kind been registered in increasing the intensity of y-
radiation in betatrons.

The question of the effect exerted by the injection

- pulse shape on intensity has been probed by various authors
[1-5]. No clear answer to the question has been forthcom-
ing as yet, however, in view of the contradictory results

" reported.

The effect of the injection pulse shape of maximum
Y ~intensity was verified, under conditions otherwise
optimal, on the synchrotron of the Leningrad Physics and
Engineering Institute, a 100 Mev machine with betatron
injection. A square-wave generator producing rectangular
pulses of 2-10usec duration, a sinusoidal-wave generator
producing pulses of basewidth 1.2 and 12 usec, a pulse
generator producing pulses of 2 psec duration witha vari-
able leading edge in the capture region (this waveform
is obtained by superposing a pulse close to sinusoidal in
shape on a rectangular pulse), and a pulse~train generator
generating pulses of about 8 psec width and three pulses
per train were used in the investigation.

All of the measurements were conducted with the
synchrotron tuned to optimum performance conditions
and with injection voltage at 30 kv. The intensity of
y-radiation was measured with a "Cactus® instrument.
The sensor employed was a one-liter ionization chamber
positioned at 2m from the target.

Peak intensity remained practically unaffected by
any change in waveform in the case of a single injection.
Peak intensity was in all cases reached in the region of
the pulse top or in the region of the angle between the
leading edge and the flat top of the rectangular pulse.
The y-radiation was lowet at other portions of the injec-
tion pulse. No greater intensity was successfully obtained
either with a pulse of variable leading edge in the capture
region, or with a pulse of gently sloping leading edge and
steep trailing edge [ 3] (such a pulse was obtained by vary-
ing the ratio of the amplitudes of the rectangular and

- sinusoidal pulses in the generator used to generate pulses
with variable leading edges). It should be emphasized
that the injection emission cutrent must be varied as a
function of injection pulse width to obtain peak intensity
(e.g., the mean emission current for a pulse width of 12
usec is 100 ua, and 28 pa for a pulse width of 1.2 psec).

The pulse repetition rate was 50 cps.

" In our experiments, oscillograms of the current at
the instant of beam capture were used to arrive at the
deduction that the optimum number of particles circu-
lating in the chamber during a single revolution reaches
10-25% of the theoretically predicted limiting charge.

The impossibility of increasing y-radiation intensity
by means of injection pulses of different waveform, and
the variation in injection current as a function of pulse
duration point to some collective interaction between
the particles at the time of beam capture. The proper
choice of injection waveform in operational service
should therefore be arrived at with due consideration
for simplicity in generator design and stability of particle
acceptance. From this standpoint, preference might be
given to an injection pulse of sinusoidal form with base-
width of 8~10 psec.

The number of particles reaching the target at the
end of an acceleration cycle is two orders of magnitude
less, at least, than the predicted limiting charge value
per cycle. This value was arrived at on the basis of data
from calorimetric measurements of the y -ray flux [6]
and calculations based on an earlier contribution [7].

The material accumulated permits us to draw an
inference as to the possibility of increasing y -radiation
intensity both by approximating the optimum number of

particles per single revolution to the predicted limiting

value, and by retaining a large number of particles in
their orbits after the beam has been captured. What is
involved is the creation of new injection conditions, ot
a repetitionof the pld conditions in a single cycle[8,9).

Data presented in an earlier paper [ 9] are available

" on the adding of y -radiation intensity from two injec-

tion pulses during a single acceleration cycle. The sup-
position of linearity in the adding of the intensities was
checked in three injection pulses. To reduce the slope
of the rise of the magnetic field, the permanent mag-
netization was increased at the time of injection. While
a peak intensity of y-radiation equal to 25 relative units
was obtained in working with a single injection pulse

at an injection voltage amplitude of 32 kv, work with
three injection voltage pulses in a single cycle with
pulse amplitudes of 24, 28, and 32 kv resuited in an
intensity equal to 48 relative units, i.e., almost twice as
high. The intensity of y =radiation from each pulse was
10, 15, and 25 relative units, respectively.

Peak intensity for repeated injection was obtained
in the region of the tops of the pulses.
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The intetvals between pulses may be assigned arbi-
trarily with no important effect on y -radiation intensity
resulting, That this is true may be seen from the fact
that the particle oscillations diminishes rapidly (in less
than 1 psec) owing to collective interaction. '

Now, taking into account the linear increase in
intensity of y -radiation with anincrease in injection volt-
age, it would appear feasible to initiate the injection
from a voltage yielding an intensity 20% of that corres-

ponding to peak injection voltage. Supposing that the
linear relationship observed in the adding of the intensities
of y -radiation upon repeated injection remain valid, a
substantial increase (by a factor of four to six) in y -radia-
tion intensity in betatrons is within reach. At a slower

tate of change in the magnetic field, or with the use of
time-invariant magnetic fields, there exists the distinct
possibility of an even greater increase in intensity of

y -radiation obtainable in betatrons.
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SOME DATA ON THE DISTRIBUTION OF‘RADIATIONS
EMANATING FROM THE SYNCHROCYCLOTRON OF
THE JOINT INSTITUTE FOR NUCLEAR RESEARCH*
M. M. Komochkov, and V. N. Mekhedov
Translated from Atomnaya Energiya, Vol. 8, No. 2, pp. 152-153,

February, 1960
Original article submitted April 20, 1959

Measurements were carried out while the machine
‘was being operated to generate neutrons by bombarding
a beryllium target with protons ranging up to 680 Mev,
with a particle beam current of 0.2-0.3 pa in the neighbor-
hood of the peripheral orbits. Radiation detectors were
placed in the orbital plane of the accelerated protons.
One of these was a rate meter.

The detector used to record neutrons of energies
above 50 Mev was an ionization chamber which recorded
pulses from fragments of bismuth fission. With a view to
eliminating any possible electric and magnetic field
effects on the recording equipment, the latter was posi-
tioned 10-13 m from the target. The chamber with the
bismuth was shielded by a lead layer 15-20 cm thick to
prevent recording of fast neutrons. The chamber back-
ground, i.e., the count from aluminum plates not coated
with bismuth, was 1.5%, Carbon detectors were also used
in performing measurements. This type of detector, pos-
sessinga recording threshold in the neighborhood of 20
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Mev, allowed the particle flux to be determined at such
points where recording by fission chambers was impossible,
owing to the effects of the electromagnetic fields associa-
ted with the accelerator on fission chambers.

The results of the measurements obtained by means

- of the chambers with bismuth and the carbon detectors

placed around the circumference of the of the synchro-

_cyclotron are indicated in the accompanying diagram.
.Numbers appearing near measuring positions denote:

number of the position as numerator; particle flux in

relative units as the denominator.

Measurements conducted with an-air ionization
chamber and carbon detectors essentially confirmed the
results appearing in the diagram. Only at positions 2,3,
and 21, where the flux of scattered protons emerging

* A description of the accelerator shielding may be found
in earlier work [1, 2].
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from the synchrocyclotron are appreciable, was any signi-
ficant increase noted in the readings on the detectors.

Data obtained by means of the three enumerated
forms of detectors provide evidence of the presence of
a sharply directed cone of radiation in the angular dis-
tribution. For neutrons of energy E,, >50 Mev, this cone
is of regular and almost symmetrical shape. The half-
width of the angular dlstribution of the cone of neutrons
is 29+12°.

It is obvious from the diagram that the background
of neutrons of E, >50 Mev, flying in different directions,
does not amount to more than 11% of the peak flux
value. Special measurements served to show that the
neutrons flying off in directions opposed to the direction
of peak flux were formed predominantly outside the tar-
get. o

The flux of neutrons emerging from the beryllium
target was evaluated by means of the carbon detectors.
The measurement positions were located at a distance
of 14 meters from the target in the collitnated beam.
The flux of neutrons of energy En >20 Mev was (3-T) 10t
neutrons /cm® sec. The neutron flux at E, >50 Mev, found
by integrating the angular distribution, is ~410" neutrons/
fsec. The flux of neutrons attributable to scattered protons
fs~3-10% neutrons/sec. There is thus about one neutron

of energy >50 Mev for every ten protons in the circulat-
ing beam outside the synchrocyclotron chamber.

Photographic plates, type K-200, were used as a
neutron detector to sense neutrons of energy E;>50 Mev,
in view of the low intensity of radiation beyond the
shielding walls. The neutron flux was estimated from the
number of stars having two or more rays. Conversion of
the data to absolute units was performed on the basis of
calibrated measurements of the number of stars on a
photographic plate exposed-to a neutron beam with known
flux. The neutron spectrum at all measurement positions
was assumed approximately uniform. The plates were
exposed for 200 hr . It was shown that, under the condi-
tions of the experiment, regression of the tracks in the
photographic emulsion was negligibly small.

Neutrons of energy E,>0.5 Mev were recorded by
a scintillation counter, in which a wafer composed of
a mixture of plexiglas and zinc sulfide functioned as
detector. ‘

The distribution of the radiations in the rooms of
the accelerator building used by personnel (laboratories

+ 1,2,3) are indicated on the right half of the accompany-

ing diagram. The following notation is used: the numerator
gives the number of the measurement position, the first
number in the denominator gives the neutron flux for
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Distribution of radiations about the 6-meter synchrocyclotron; x-measurements by fission chambers with
bismuth; ®-measurements by carbon detectors.
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neutrons of energy E >0.5 Mev and the second numtber
in the denominator g1ves the y ~radiation dose rate in
ur/sec.,

The neutron flux for neutrons of energy E >50 Mev
in laboratory 4 while the collimators of the neutron
beams near points 28 and 35 are open was ~ 5 neutrons/
/cm?secata distance of ~ 20 cm from the neutron beam,
Measurement instrumentation was placed in this labora-
tory. There were no personnel present either here or in
the synchrocyclotron room, while the experiment was in
progress.

In laboratories 1, 2, and 3, where the recording
equipment was located and where workers associated

- with the experiment were present while the accelerator
was in operation, radiation levels were ascertained for
the most unfavorable case: that of penetration of 2neutron
beams with total flux of ~10" neutrons/sec through the
laboratory. Neutron fluxes at the spots where the expéri-
mental researchers were working ranged from 0.1 to 1 of
the maximum allowable dose. For the conditions under
which the accelerator was operated, where the neutron
beam was not directed through laboratory 2, the neutron
fluxes for neutrons of energy E >0.5 Mev dropped to as
low as ¢0.2 neutrons/ cm? sec in those quarters.

The presence of a rather high level of neutrons was
detected outside the accelerator building, when measure-
ments were taken there. At points where the thickness of
the shleldmg walls do not exceed 2 m, neutron levels
for E, >50 Mev were 15-45 neutrons/cm sec, and
ranged from 500 to 750 neutrons/cm? sec for neutrons
at E, >0.5 Mev.

Comparison of the neutron fluxes at E >50 Mev in
front of and on the outside of the 2m thick wall enabled
us to establish the half—value thickness of the concrete

*

DOSE FIELD OF A LINEAR SOURCE

V. S. Grammatikati, U, Ya. Margulis,

and V. G. Khrushchev

Translated from Atomnaya Energ1ya, Vol. 8, No. 2, pp. 154~ 155

February, 1960
Original article submitted May 4, 1959

A rod-shaped source, which proves particularly feasible

in the design of movable y . facilities, hias been success=-
~ fully used for several types of industrial and experimental

radiation facilities, This has stimulated interest in an ap-
proximate, but satisfactorily accurate method for comput~-
ing the dose field of such a source.

It is known that a dose rate P, 4t a point A enclosed
within an irradiated object at a depth h is established by
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for neutrons at those energies: it was found to be 41-43
cm. The neutron intensity distribution outside the build-
ing, with respect to height, was almost symmetrical about
the otbital plane of the beam of particles, this plane
being located at a height of 5 to 7 m from ground level.

On the roof of the acceleratoi building, neutron flux
at E >50 Mev was <0.2 neutrons/cm sec, and at Ey >
0.5 Mey was 20-40 neutrons/ cm? sec.

Now in summing up the results of the measurements
performed, it is safe to assert that the accelerator shield-
ing is perfectly adequate to protect the health andsafety
of the personnel, for lowering the background levels of
scattered radiation, and suitable to accomodate various
types of experiments with beam particles, More compact
variants in the arrangement of the shielding walls, cap-~
able of achieving the desired effect with reduced expendi-
ture of materials, are to be recommended for the build~
ing of similar accelerator-housing facilities in the future,

The authors wish to express their thanks to V. P.
Dzhelepov for his kind assistance and unflagging interest
in the work, and for his valued advice.

LITERATURE CITED

D. V. Efremov, M. G. Meshcheryakov, A. L. Mints,

V. P. Dzhelepov, P. P. Ivanov, V. S. Katyshev t

E. G. Komar, 1. F. Malyshev, N. L. Monoszon, L

Kh. Nevazhskii, B. M. Polyakov and A. V. Chestnoi,
Atomnaya Energiya 4, 5 (1956). ¥

V. P. Dzhelepov, V. P. Dmitrievskii, V. S. Katyshev, ¥
M. S. Kozodaev, M. G. Meshcheryakov, K. L.
Tarakanov and A. V. Chestnoi, Atomnaya Energiya

4, 13 (1956) 1

1.

T Deceased
1 Original Russian pagination. See C. B. translation.

a linear source of length L (Fig. 1) in cotrespondence to

- the formula

(pO
Ty RBc—ph sec @ i, (1)
; .
where ¢, is arctan h/H; H is the distance from point A
to the source; k, is the ¥ constant of the isotope; m is
the linear activity of the source in mC/cm (where m is
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expressed in terms of mg equiv Ra, sothat k., =8,4 r/hr=0,14
r/min); B is the Fano dose build-up facior, taking into
account the contribution of multiple scattering in the
process of attenuation of the radiation as it traverses the
material (1,2]); p is the linear coefficient of attenuation
for a narrow pencil of y rays.

Making use of the analytic expression of the build-
up factor

B:A.l e-——(llllh+Aze—-C!2Hh’ (2)

the dose rate P, will be expressed in the form of a sum
of Sievert integrals which may be found from a Table[3]:

kom $o —Mh (a,41) sec .(pb
— [A, S e do-+

Ay S P (u"’-+1)sc_cwd<p] ; 3
) .

Here A,=1—Ay; o and o are constants whose values
for different absorbers and different radiation energies are
cited in the literature [4,5]).

Formula (3) is valid for the case of infinite geometry
and, to a sufficient degree of accuracy (~10%), holds for
barrier geometry.

.Computation of the dose field has been carried out
for Go® radiations, Co® being widely used at present as

radiation source in irradiation facilities. Water wasselected

as absorbing medium. The following viaues were assumed
for the constants in our calculations: coefficient of attenu~
antion for a narrow pencil of y tays from co® traversing
water 1 =0.063 cm™; o;==0.095; 0,=0.060; A,=8.88A,=
=1—A,=~7.88. '

Figure 2 shows a family of curves allowing us to
compute the dose rate (in r/min)at several distances H
from a linear source and at different depths h within the
irradiated object, which is of density p=1 g/cm®. The
relative distance H/L is laid off on the abscissa, while
the quantity € is plotted on the ordinate;

kL
H

e
A

— L v
Fig. 1. Diagram for computing the dose
rate from a linear source.

)
6= [Al S ‘g—p,h(al+1)sc(:(pdq)+
0

Py
+ A, \ e~uh (““~'+”S°°q’dq>:] ' (4)
0
Accordingly,
p = e 5
Pp= T €. )

The dose rate in air Py at point A, for a predetermined
H/L, is found along the curve h=0 (cf. Fig. 2). An analysis
of the curves for the change in relative value of the dose
rate P,/P) in a medium, for different H/L, shows that the
dose rate in water may be expressed accurately to an

accuracy of 10-15% by means of the following empirical
formula;

Py=PpPyme %05 (h=0), (6)
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Fig. 2. Nomogram facilitating computation of the
dose rate in water, for radiation from a linear source.
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Values of Constants in Formulas (6) and (7)

Range of Calc. accord:
H/L values to Eq. (1)
: for following
" A g .
values of g.
cm
0.01—0,1 |(d—2:40-3m)| 5 | © <10
0,2—-0,6 1 8 3 <15 ]
0,7—1,0 1 12 3 <20 '
2,0—10,0 {(14-4-10-3h)] 15 5 <20

where Py is the dose rate in air at the given point,7 and
A are constants varying as functions of the relative distance
H/L. ’

The formula cited holds for h >10 cm at H/L €
forh> 15 cm at 0.6 >H/ L 20.2 and for h=20 cm at
10>H/L>0.17. For lower values of h

Pa=P,[1—2-10-2 (h—0)]. %)

Values of constantsb, A,o are entered in the Table.
When the density of the irradiated object is p, then

*

the dose rate found from Flg 2 or from Eqs. (6) and (7)
for a given H/L at depth h' in the medium will be the
same as in water, but h must be taken equal to '

The curves cited and the empirical formulas make
it possible to simplify the calculations of the dose field
set up by a linear Co® source in water and in air-equi-
valent media, retaining reasonable degree of accuracy.
‘They may also be used in calculating the dose fields
for sources of other configurations, viewed as a sumn of
linear sources.
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EXPERIMENTAL INVESTIGATION OF SCINTILLATION

COUNTER EFFICIENCY
V. P. Bovin

Translated from Atomnaya Energiya, Vol. 8, No. 2, pps 155-158,

February, 1960
Original article submitted February 13, 1959

The efficiency of a scintillation counter is defined
as the ratio of the niumber of y photons recorded to the
total number of y.-photons corresponding to that energy
interval which traversed the volume of the scintillation
" phosphor. ‘
" Several theoretical research efforts [1-5] have ad=
dressed themselves to a study of the efficiency of NaK(T1)
phosphors with respect to y radiation, in narrow, broad,
and diverging beams. The efficiency of a scintillation
counter phosphor depends on the y -radiation energy, the
density, and the mean atomic number of the phosphor,
and on the geometry observed in the measurements. The
efficiency of cylindrical NaI(Tl) crystals irradiated by
point sources, isotopes T1? Hgma sn 18 , Cs 7 Co ,
calibrated in an air-equivalent iomzauon chamber by -
comparison with a standard radium preparation (0.1 mg)
has been subjected to investigation. In that case, efficien--
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«cy in the general form is expressed, in a spherical system
of coordinates, by the relationship

{§§ (A—e~¥) sin 072 dr dp d0

o §§§ sinbr2drdedd

1)

where p is tiie radiation absorption coefficient for absorp-
tion within the phosphor, dependent on the energy of
radiation; x is the distance traversed by the y “photons

inside the phosphor.

Fig. 1 shows the dependence of the efficiency of Nal
(T1) crystals, computed using the Monte Carlo technique

" [5], on energy of radiation upon bombardment by a parallel
" broad beam of gammas (curves 1 and 3), and upon bom-

bardment by a divergent beam of gammasemitted by a
point source placed at a distance of 10 cm from the surface
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of the crystal (curves 3 and 4)[3}. For the latter case,
Eq. (1) lends itself readily to simplification;
8o

% (t—c¢"™) sin 0 db,

0

€= Eig—z (2)
where Q=(1—cos 6,)/2isthe relative solid angle 84=arctan
a/h (cf. Fig. 1). '

- It is clear from the characteristics shown that the
efficlency of crystals of uniform size is less when emissions
from a point source are recorded, because of the lesser
mean distance traversed by the radiation within the crystal.
The dependence of the efficiency on the distance separat-
ing the crystal and the point source of radiation has been
investigated both theoretically and experimentally, with
results reported in the literature [3,4,6,7). Calculations
demonstrate that, for energies ranging up to 0.1 Mev,
efficiency is virtually independent of the distance, while
within the range 1-2 Mev it may vary by as much as one
and a haif to two times, particularly when large crystals
are employed. Experimental characteristics obtained for
crystals of different sizes show good fit with theoretical
predictions. Measurements were carried out with geometry
unaltered under conditions allowing for practically 100%
recording of photons originating in the crystals (a photo-
muitiplier tube of low noise background and high gain,
with good optical contact, optimum discrimination level,
etc.). . '

The use of different filters exerts an important effect
on the efficiency of scintillation counters. Figure 2 shows
plots of curves of the efficiency of NaI(Tl) crystals with

£,%
100

% \

ol —\ N\ [

\ 6‘\6" !
(/)
’?20) _
: 'tho
40 b "
. o3, =
2],y
a;-20 L :
20 f

h+100 ThIm
]

bl

0 05 10 1.5
hv, Mev
Fig. 1. Predicted.curve of dependence
of efficiency of NaI(TL) crystals of
different crystal sizes on energy of
radiation.

filters placed at the end of the crystal, while Figs. 3,4,
and 5 show curves for crystals enclosed in lead, fron, or
aluminum filters of different thickness, with radiation
acting from the side of the crystal (the source was placed
at a distance of 10 cm from the lateral surface of the
crystal). : .

Upon inspecting the diagrams, it becomes evident
that the screening action of the iron filters is less thorough
than that of lead filters of like thickness (in g/c_m"‘). The
explanation lies in the high efficiency of crystal phosphors

E%
75—

50

25

S 3
a5 ! 14/

™ 50" o™ c0®
" Fig. 2. Curves showing efficiency of Nal(T1)
crystals of 30 mm diameter and 15 mm height,
plotted using lead filters of different thicknesses
(in mm): 1) 3.0 mm; 2) 2.0; 3) 1.5; 4) 1.0;
5) 0.5; 6) no filter.

15 hv, Mev

€%
0o

75t

501 74

25t
T Sn Cs V co

i PRI P! vl | ' ! ) L 1

0 01 02 03 04 0506 07 08 69 40 11 12
' hv, Mev

Fig. 3. Curves showing efficiency of NaI(T} ) crystals
of different size: 1) 40x50 no filter; 2) 20%20 no .
filter; 3)40x 50 with lead filter (0.2 mm); 4) 40x 50
with filter of aluminum and lead (3 and 0.2 mm);
5)20 X 20with aluminum and lead filter (3 and 0.2

. mm); 6)20%20 with lead filter (0.27 mm). _
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Fig. 4. Plot of dependence of efficiency of a Nal(T1.)
crystal, 40x 50 mm, on thickness (in mm) and on
material used in screening filters: 1) no filter;
2,3,4,5, 6) lead filters, thickness 0.2 mm, 0.5,
1.0, 1.5, 2.0 mm, resp.; 7,8,9) iron filters, 1.0,
2.0, 3.0 mm thick, resp.; 10) aluminum filter

(5.0 mm).
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Fig. 5. Curve showing efficiency for Nal(Tl) and"
CsI(T1) crystals: 1,2) no filter; 3,4) iron filter,
1 mm diameter.

with respect to soft scattered (Compton) radiation, formed
after traversal of the iron filters by radiation, while photo~
absorption is the predominant mechanism in lead filters,
for energies of radiation up to 0.5 Mev. By means of
screened filters of moderate thickness (0.2-0.3 mm lead
or 1-1.5 mm iron), it proved possible to achieve some
similarity in the efficiency curves for crystals differing

in size and type. Figure 5 shows curves for Nal(Tl) and -
CsI(T1) crystals, and shows that when lead filtérs 0.2-0.3
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Fig. 6. Plot of scintillation counter efficiency curves
for counters using NaI(T1) crystal 40x50 mm, as a
function of the discrimination level of the input
signal. »

mm thick are used, the efficiency curves become closély
similar. Figure 5 also gives the characteristics for five differ-
ent NaI( T1) crystals of the same size (+ 1 mm). The differ-

. ence seen ifi the behavior of the efficiency curvesamounts to
. 5-10%, and this difference may be reduced to 2-3% by
. using iron filters 1 mm thick.

The differing dependence of scintillation counting
efficiency on energy of radiation evinced by different
phosphors makes it practically impossible to employ

- unshielded scintillation counters for quantitative measure-

ments. The similarity observable in the efficiency curves
of the scintillation counters greatly facilitates the work
of standardization and handling the fnstrumerits.

In Fig. 6 we see a plot of curves giving the efficiency
of a scintfllation counter using NaI(T1) crystals as a
function of the discrimination level of the input signal.

The accompanying diagrams show that the efficiency
of a scintillation counter is to a rather large extent deter-
mined by the mode of operatlon of the photomuluplier
tube and the sensitivity of the circuit, more so than by
any change in the quality or size of the crystals used.
For that reason, any comparison of the response (sens1tivity)
or adjustment of various instruments incorporating scin-
tillation counters should be accompanied by particular
attention extended to the judicious choice of mode of
operation for the associated circuitry. The purpose of
identification of phosphor characteristics will be served
reasonably well by shielding the phosphors with lead
filters 0.2-0.3 mm thick, or iron filtérs 1-1.5 mm thick,
in some cases using even thicker filters, since the scin-
tillation counter will then become still less sensitive to
circuit behavior.

The author avails himself of this opportunity to ex-

press his gratitude to V. L. Shashkin for his valuable ad-

vice and interest in the research.
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A MOBILE NEUTRON MULTIPLIER UNIT

T A. Lopovok -

[

Translated from Atomnaya ﬁnerglya, vol. 8 No. 2, pp. 158~ 159, o

February, 1960
Original article submitted ]uly 17, 1959

The techniques of nuclear physics are winning an
increasing large number of applications for themselves
both in geological research work and in prospecting and
exploration work. One of the most effective methods is
that of activation analysis. '

with a view to developing the method of activation
analysis of rocks in the prospecting and exploration of
minerals, a method requiring the presence of rather power -
ful neutron sources, the Atomic Energy Institute of the
Academy of Sciences of the USSR, in collaboration with
its sister body, the Institute of Petroleum, began work in
1958 on the design and building of a small-size facility
known as a neutron multiplier. '

The neutron multiplier (Figs. 1-3) is a small-sme
transportable uranium-water heterogeneous system mounted
‘on a ZIS-151 truck capable of hauling a load of 4 tons. .

The maximum multiplication factor of the facility
Keff=0-997. The primary neutron source, of initial power

Fig. 1. Neutron mult1p11er in use under field
conditions.

~5+10" neutrons/ sec, is provided by a mixture of polonium
and beryllium. The nuclear fuel employed is uranium

- enriched to 10%, placed in vertically arrayed aluminum

tubes each accomodating~7.2 g U, with ordinary water

‘used as both moderator and reflector. The core of the

multiplier unit is of close to cylindrical shape; it measures-
~45 cm in height and ~42 cm in diameter. The optimal
lattice pitch is 18 mm, and the core geometry renders
the system safe in the event that the truck gets into an
accident. The multiplier is charged with ~2.8 kg of Uy
isotope.

The multiplier unit has five experimental channels,
each 52 mm in diameter, which( are situated within the -

Fig. 2. Layout of multiplier unit: 1) upper shield-
ing tank; 2) lateral shielding tank; 3) boron carbide
layer; 4) iron layer; 5) layer of paraffin and boron
carbide; 6) test specimen; 7) neutron source ; 8)
control rod; 9) iron slab; 10) fuel element; 11)
ionization chamber; 12) water reflector.
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Fig. 3. Control system of multiplier: 1) core; 2)
‘fonization chambers; 3) neutron source; -4) control
rod; 5) two-channel dc amplifier; 6) first lead;

7) second lead; 8) channel battery; 9) anode battery;
- 10) galvanometer No. 1; 11) galvanometer No. 2;
12) signal-light battery; 13) signal unit; 14) signal-
unit battery; 15) tumbler switch; 16) check switch;
17) step~-down transformer; 18) switch serving ion-
ization chamber batteries; 19) chamber batteries;
20) voltmeter. '

reflector. Experiments based on thé (n,7) and (n,p) re-
‘actions may be performed éimultaneously in both channels.
A fast-neutron converter, a thin-walled cylinder made
of enriched uranium, is provided, to vary the neutron
spectrum in either of the channels. One of the channels

is cadmium-plated on the outside. The overall effective
volume of the channels is about 2 liters, for a flux of
3-4-10% neutrons/cm?sec in the channels. The multiplier
power is controlled by positioning the control rod, which
is made of boron carbide, and has the polonium-beryllium
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source attached to its lower end- When the source is
shifted to the center of the core, the control rod is com-
pletely withdrawn from the pile; this position corresponds
to full power on. At peak power level, the fluxes in the
test channels are two orders of magnitude larger than the
fluxes obtainable from the source without the use of the
multiplier.

The multiplier power is sensed and recorded by two
ionization chambers placed in the reflector section and
connected up to the circuit containing the galvanometers.
The curtent from the ionization chambers is amplified
by a special two-channel dc amplifier with two gain co-
efficients (200 and 2,000) assuring proportionality between
the current at the output and the input signal. Conventional
dry cells are used as power supplies for the recording and

_signal equipment. One interesting feature.in the design

of the neutron multiplier is that all of the parts and
assemblies are portable, the weight of any one unit(in-
cluding shielding layers) not exceeding 80 kg. Thisfacil-
itates disassembly and reassembly of the facility under
field conditions, should the need arise.

Experience acquired in working with the neutron
multiplier, in tests conducted during October 1958 under
field conditions, shows that this new facility is a conven-
fent tool for activation analysis work (determination of
content of vanadium,indium, chlorine, manganese, alumi-
num, silicon, sodium, potassium, cobalt, and other ele-
ments). However, this by no means exhausts the range of

‘possible applications for the device: it may be employed

under any conditions for activation analysis based on
activation using short-lived isotopes.

The small size of the facility (~1.5 m high and ~2
m in diameter) and its safe handling, not requiring spe-
cially trained personnel to service it, aswell as the ease
of control, place the successful operation of this facility
within the reach of any research institute.
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News of Science and Teclmology

THE PRODUCTION AND USE OF STABLE ISOTQPES

IN THE USSR
S. P. Potapov

Translated from-Atomnaya Energiya, Vol. 8, No. 2, pp. 160-164,

February, 1960

The basic method in the production of enriched
stable isotopes for scientific research work is the electro-
magnetic method. Electromagnetic separation facilities
developed in the USSR are capable of producing enriched
stable isotopes of most elements in amounts from several '
milligrams to several kilograms. In those cases where
large quantities of particular isotopes are required, a
variety of physical-chemical techniques capable of
quite large productivity are often resorted to: fractional
distillation, chemical exchange, low-temperature dis-
tillation, diffusion in a vapor stream, etc. Facilities

"have been built for separating isotopes of boron, carbon,
nitrogen, oxygen, and several other elements by tneans
of those techniques.

The current outstanding task, in line with the develop-
ment of new trends in the applications of stable isotopes,
is to further improve the methods of separating isotopes,
with the idea of developing processes suitable for in-
dustrial-scale use [1}.

The increase in the production and deliveries of
stable isotopes for scientific research may be appreciated
by examining the following data covering the past
several years: *

1955 1956 1957 1958
Number of isotopes o
delivered 55 136 170 222
Number of deliveries 130 230 250 350
Quantity of isotopes '
delivered, g 2500 14000 20000 - 25000

A listing of enriched stable isotopes made avail-
able in quantities larger than a single gram, and their
characteristic data, is given in Table 1t.

The most widespread application found forstable
isotopes is their use as labeled atoms. Stable "tags”
feature several advantages over their radioactive counter-
parts: research involving their use is free from any time

. restrictions on 'that account, and is in fact no different
from conventional chemical operations; the absence of
radiations makes it unnecessary to build or provide spe=
cially equipped radiochemical laboratories. The use of
stable isotopes also smooths the way for appreciable
improvements in the method of radioactive labeled

_atoms through the production of "pure® radioisotopes
{3) having the required mode of radiation and half-life

(Table 3) from the enriched raw material. In addition
to improved radiochemicat purity, these isotopes also
exhibit greater specific activity. In those cases where
point sources of radiation with high specific activity
are specified, this is of paramount importance.

When stable isotopes are used as labeled atoms,

~ they play an auxiliary role, functioning solely as a

means of investigation. Along with the rapid develop-
ment of work in the study and systematization of the
properties of isotopes, the use of stable isotopes in the
capacity of materials of varied isotopic composition is
occupying a prominent place. The use of such materials
is of the greatest practical interest in connection with
electron physics equ1pment and nuclear radiation tech-
niques.

With respect to equipment used in the study of
electron physics, differences in the nuclear properties .
of stable isotopes are used primarily in devising new
radiation detectors, e.g., highly sensitive neutron
counters which are finding applications not only in
research work, but also in the solution of practical
problems, particularly in prospecting for minerals [4].

“Another, and may we note, most important area in
which differences in the nuclear properties of stable
isotopes are of great importance is the field of nuclear
radiation engineering [1]. Of course, in view of the
relative complexity involved in the production of en-
riched stable isotopes in large yield, it is still early to
speak of any widespread industrial use of these substances
as méte_rials with varied isotopic composition. However,
the present level of production of stable isotopes allows
for a detailed study of the opportunities open to their
use in that direction, requiring first of all the measure-
ment and systematization of the fundamental nuclear
constants of stable isotopes. Accurate knowledge of
those constants is important for the elaboration of a
quantitative theory of the nucleus, for the design of
reactor facilities and for determining which stable iso-
topes will be promising for industrial-scale use. Up to
the present, these constants have been measured primarily
in milligram amounts of enriched stable isotopes, al-

« The production and use of hydrogen and uranium iso-

topes are not included.
+ More detailed data on available stable isotopes may

" be found in a catalog [2].
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TABLE 1. Stable Isotopes Supplfes in Quantities Larger Than 1 Gram

COﬂtefit in ' Content in en-
tura » .
Isotope r,:;;:ure_- Mode of production Chemical compound | Class* “Che?,/opr”d““'
(]
Bto 18,83 Fractionation BF, v 85
H,BO, 75
KBF, 5
CdBF; ;g
. } (amorphous ,
Nos 51,37 ical g Eamorghous; 111‘17 ?3
N? 0,38 | Chemical exchange N1E | HyNO, and 15 compounds
Q18 0,204 Fractionation HgO and other compounds 1V to 40
K39 93,08 B : KCt 1 99,1
Kat 6,91 * KcCl 11 27,2-98,9
Ca4? 0,64 Electromagnetic CaCO,, 111 49 8§52, 4
Ca4 2,06 Same CaCO, 111 88,9—-93,4
Cat 0,0033 - CaCO, i . 4,8
Cass - | 0,185 . CaCOy 1. 63,1
Titanium — » Ti or TiO, I1—111 —
isotopes _
Voo 0,24 . Vo054 1 16,2—28,5
Crbo 4,3 » CryOy O BaCrO, 111 87,7
Cré? 83,76 . Cr or Cr,0,BaCr0O, v 91,1— 99 4
Crs3 9,55 » Cr,03 or BaCrO, 111 84 3—92,8
Crb4 2,38 » Cr,0, or BaCrO, 11 60—78
Fesd 5,84 Electromagnetic Fe,0, I 70,5—84,8
Fess 0,31 Same Fe,0, 1l 25,2—40,1
Njss 67,76 - NiO v 90,2—97,6
Nioo 26 16 » NiO 111 92,6—95,4
Nje1 1,25 . NiO 11 22,8
Nie2 - 3,66 . Ni or NiO 111 36,5
Nis4 1,16 . NiO 11 83 -
Cu¢s 30,9 > Cu 111 94—97,4
Cu®s 69,1 » Cu 117 89,2—96,4
Zn®4 48, 89 » Zn or ZnO 111 . 85—98
Zn®s 27,81 .. Zn0Q 11 89,2—90,4
Zns? 4,1 ® ZnO I 33,2—40
" Zn% 1 18 56 » Zn0 11 86—~92 3
. Zn™ 170,62 » Zn0 11 34,7—44,5
Germanium — n Ge or GeO, 1 —
isotopes - IfI 26,2—40,9
74 0,87 » Se —
ggw 9,02 » Se 11 62—86 1
Ses8o 49 82 » Se 111 92——-94
Ses? 9,19 » Se 1 59,2
Rubidium 0.86 ». RbCI 11 —
isotopes 9 o
Grée 82,56 » SrClg I 78—86
Sres . SrCO, ) 98—99,8
Zro1 111,23 R 7t0, 1 61,6
Zrv4 17,40 ) 72104 111 87,0—94,0
YA 2.80 .. ZrO, 11 ‘ 31,0
Molybdenum o Electromagnetic Mo or MoO, 11 -
is es . v
ot glso1 51,35 Same Ag I 98
Agloe 48.65 e Ag 1 99
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Content ' Content in en-
Isotope | in matural IMode of production Chemical compound Class* rich%Id product,
: miéture . o :
(]
Cadmium | — Electromagnetic : cd or CdO : 11 .
i es - oo ) o
'ISOtg i 28,86 same Cd or CdO - T 88,5—94,9
Sni12 0,95 » " &n 11 60,6—66,2
Snie 0,34 > "Sn 1 9,6—17,6
Snlls 14,07 » Sn I 86—98
Snlt7- . 7,54 " : Sn 1 49—85,6
Snlts 23,98 . Sn . 111 . 70,8-82,0
Sni1o 8,62 » © Sn 1 50,7—174,8
Snt2 33,03 » Sn 111 86,5
Sni22 4,78 » Sn 11 73,9
st | 6,11 s " sn : 11 78,0
Tot20 0,089 w TeO, _ 11 5,9
Tet2e 18,72 S : TeO, 11 76,3
Tetdo 34,46 : L TeO, IV 87,8—94,2
wies 26,4 ’ e W or WO, 111 71,5—178,9
Wiss 30,6 - » W o WO, 1 79,4—89,4
Wiss 28,4 » "W or WO, I u 90,0
Tiz08 29,50 e Tl or Ti,CrO, 111 76,8—90,2
T) 206 70,50 - » o . Tl or TI,CrO, 111 94,3--95,6
- Pb 1,48 : Pb or PbSO, 1 6,6
Pp20s. 52,3 . ~ Pb or PbSO, 111 63,6—75,4
* Class signifies the quantitative range within which the stable isotope may be supplied: class I: up to 3 g;
class II: up to 30 g; class III: up to 300 g; class IV: up to 1 kg.

TABLE 2. Isotope Targets

l Characteristics of isotope layer

Element® Mode of application®* » ‘ Thiékness, g Remarks

H :Saturation of zirconium or titanium foil 0,6-—50 Molybdenum or tungsten
S - overlaid on metal substrate T used as substrate

Li Vacuum evaporation © e : -
Be - | Same P C1=2 . Ty
M . . . : LETS —
A "Electrolytic precipitation o B —
K - | Vacuum evaporation : - 15 T
Ca Same C 1—5 waee
Ti Thermal dissociation of titanium iodide 1—10 oo v
v Thermal dissociation of vanadium chloride .| . s —
Cr . Thermal dissociation of chromiumiodide | A—15 QRN
Fe Electrolytic precipitation : 410 . - | ik
Co Same 1—10 Hkk
Ni [ : 1—20 ok
Cu o i . 1'5_-_10 . A FETYY
7n . o—10 _ *ann
Ga _ . ) _ ¥+ | On metal substrate
Ge Vacuum evéporation S R —
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TABLE 2. (continued)

Charactetistics of isotope layer
lements ; '
Element Mede of application* = Thickness, g Remarks
Se Same .
Rb » P .
Sr . ek i
Zr Tnermal dissociation of zirconium iodide 1—10 Eakh
o Thermal dissociation of molybdenum chloride o —
Ag Electrolytic prec1p1tauon 5—10 *HAR
G Same 5--10 ek
In yon wx | on metal substrate
Sn » T —_—
1 Rare-earth Vacuum evaporation e -
elements
Hf Same *Ek _
w Thermal dissociation of tungsten chloride kK —
Ti Electrolytic precipitation it on metal substrate
Pb Same ok , —

“« Targets with multifsotope elements may be prepared from the element or its enriched stable isotopes.
* * Isotope targets composed of several elements, e.g., B, N, O, noble gases may be prepared by the
diffusion method in the electromagnetic separation of stable isotopes
* & s prepared in experimental order
* » + » the target may be made on a metallic substrate or in the form of free foil. Moiybdenum, tungsten,
tantalum, and several other products serve as good target materials. 5

TABLE 3. Radioactive Isotopes Produced from Enriched

Raw Material

|Radioactive Ori‘glinail Natural | Content in en-|
stable iso- | content, | riched product

Isotope tope b a,f
pss g32 0,74 Experiment
Catb Ca%t 2,06 90—93
Ca¥? Cat® 0,0033 4,8
Crbt Cr60 4,49 90,6—91,8
Fetb Feb4 5,81 82 3 84 8
Feb? Feb8 0,34
Nis® Niss 67,76 90 97 6
Nije3 Nis? 3,66 86,9
Cut4 Cut3 69,09 89, 2——96 4
Zn% Znst 48,89 8598’
Zn®® Znts 18,61 86-92,3
Asg?t Ge™ 7,8 Expenment
Se?® Se™ 0,87
Srsb Srsd 0,56 31 46
Y d Srss 8256 99,5
Zr% Zr%. 17--40 87,2—93',-8
Snlid Snii? 0,95 60,6—66,2
Sn!23 Sn122 4,11 63,8—77,2
Cd1s Cdue 28,86 88,5—94,9
Tel2? Tel?e . 18,72 76,3
Juit Tet30 34,49 87,8—94,2
Balsl Bat30 0, 101 Experiment
Bal3¥ Bal3? 0 097 -8
Sm!s3 Sm?1s? 26 63 54,8—84,2
Eutse Sm1se ‘22, '53 94,1
Wiso Wisd ' 30,6 76 9—96,3
Wis? Wise 28,4 ,1—92,3
T 204 T]203 29,5 84 9—-90 2
Pb20® Ph0s 52,3 73 2
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though samples weighing up to several grams and even
tens of _giams have been required in some procedures

[5). Therefore, in the case of thermal neutrons, not to
speak of intermediate-spectrum and fast neutrons, not

all of the fundamental nuclear constants of stable iso-
topes (total cross sections, resonance level parameters,
radiative capture cross sections, etc.) have been measured
with adequate precision. Systematic data on stable iso-
topes with charged pérticles are not available at all at
present.

Other promising research work on the uses of stable
isotopes in reactor design should also be taken note of,
as for instance on the use of stable isotopes as minor
additives or component parts of alloys, illustrated in
the case of BY. In reactor design, conventional boron
is used as an additive in steels to enhance refractory
behavior and at the same tme to increase absorption
of thermal neutrons. A rather high boron concentration
in the steel is desirable if the object is to increase ab-
sorbing power, but the boron content must be small (1-
%) to avoid deterioration in engineering properties.
This contradiction may be sidetracked by using the
light isotope B”[G] as additive, since it has a large
(~4000 barns) thermal neutron capture cross section.
Other conditions being equal, this property of B makes
it possible to reduce the relative content of the additive
required to less than five times.
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CONFERENCE ON THE USES OF LARGE RADIATION SOURCES
IN INDUSTRY AND PARTICULARLY IN CHEMICAL PROCESSES

V. L. Sinitsy and G. I. Grafov

A conference on the uses of large radiation sources
in industry, with emphasis on their applications in chem-
ical processes, was held in Warsaw, Séptember 8-12,
1959, organized by the International Atomic Energy

" Agency. Over 200 scientists and representatives delegated
by industrial organizations of 27 nations participated in
the conference. The largest delegations were those from
Britain, Poland,USSR, USA, France, and Japan. More than
60 papers were read at the gathering,

Papers dealing with large radiation sources and
techniques for using them discussed the design of mobile
facilities built for irradiation of potatoes to delay germi-
nation, and the engineering data of equipment for radi-
ation polymerization of ethylene on an industrial scale
(Canada). :

At a panel session discussing "The uses of cobalt-

60 and other radiation sources,"” designs of large facilities
incorporating cobalt sources were discussed: also fa-
cilities for performing research in the field of the radi-
ation technology of rubber and plastics (Czechoslavakia)
with a source of 250 C activity, and a setup engineered
by the Japan Atomic Energy Research Institute for the
study of the chemical effects of radiation on organic
compounds, the radiation effects on high polymers and
nonmetallic materials (Japan) using an irradiatior of
10,000 C activity; a cylindrical irradiator unit in this
facility is assembled from 110 cobalt slugs, whose ac-
tivity was accurately established by calorimetric means.
Techniques in the design and building of facilities for
radiation-chemical experiments were also discussed at
this session (Denmark, Hungary, USSR, France),

D, Géorge and D, Gregory (USA) presented a de-
scription of the y facility at the research center of the
Atomic Energy Commission of Australia; the radiation
source utilized in this device consists of spent fuel ele=

‘ments recovered from the HIFAR experimental reactor.
After withdrawal from the reactor, the spent fuel ele-
ments are allowed to decay for 40 days in a water-cool-
ed storage chamber. The mean activity of the fuel ele-
ments ranges about 10° C; they are kept upright in

48 bays along a square grid of pitch 178 mm. A 228
mm diam.thimble surrounded by eight symmetrically
arranged fuel-element bays is placed at the center of
the facility. The volume available for irradiation has

a diameter of 178 mm and is 762 mm high.

A sample to be irradiated is mounted in a shielding
plug and inserted into and removed from the thimble by
means of a special vertical charging device.

Several tubes are passed through the shielding plug

_ for heating or cooling of the irradiated sample, for

temperature readings, removal of reaction products, and
other purposes. :

Expenditures in outfitting the irradiation chamber
directly within the storage room were insignificant, and
irradiation costs were practically negligible, since ir-
radiation took place during the time the spent elements

‘were undergoing storage as per regulations.

A report by A. K. Breger et al. (USSR) described
the operating principles and gave a picture of the over-
all characteristics of an indium-gallium radiation cir-~
cuit developed for application to an IRT type nuclear
reactor. Circulation of the substance to be activated in
this loop takes place between the zone of activation
(inside the reactor) and the irradiator (just outside the
reactor). The approach makes possible effective use of
short-lived isotopes.

Research conducted in the USA on the utilization of
B radiation of fission products was reported on by J.
Silverman, who pointed out that this radiation opens up
new perspectives for the use of 8 radiation on an indus-
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trial scale, especially for surface modification of
plastics and textiles by graft copolymerization. The
measurements of absorption of B -radiation pointed up
the possibility of designing nonpoint sources of rather
high radiation efficiency (up to 20% efficiency). Accord-
ing to an analysis of production cost data,8 -emitting
fission products are competitive with other radiation
sources.

A study of the parameters of large slab irradiator
units of Co®, Na*, and cs¥, including such constants
as source size, activity distribution, geometry of the
source -target system, were carried out at Brookhaven
National Laboratory to provide data on the size of the
specific dose and dose distribution in the target. Several
absorbers were considered in the study, at various positions
between target and source.

At the panel session devoted to "Studies of fission
fragments and recoil energy in chemical processes,”
questions pertaining to the use of microporous nuclear
fuel as a means for utilizing the kinetic energy of decay
processes in chemical synthesis processes, the use of '
decay products in chemical engineering processes, and
the use of nitrogen oxidation in reactors were discussed.

H. Heyns and V. Desreux (Belgium) devoted their
paper to the use of radiation in chemical industry, deal-
ing with the effects of y radiation on samples of poly-
ethylacrylate with different molecular weights, both in
bulk solid form and dissolved in benzene and carbon
tetrachloride. These effects may be detected in concen-~
trated solutions and in the solid material by measure-~
ment of viscosity and sedimentation.

The nature of the chemical changes in methacryl-

" amide, the physical-chemical properties of the product,
" and its infrared spectrum were studied by Polish scientists
A. Orszagh and associates at the Institute for Nuclear

_Research. _
In the process of studying the physical properties

of polyvinyl chloride with copolymer crosslinking,
British scientists (S. Pinner and associates) succeeded in
obtaining products with firm linkages, in response to
relatively low doses of fonizing radiations on a previous-
ly prepared mixture of polyvinyl chloride with diallyl
and triallyl ethers. Verification of the physical proper-
ties of these products showed that they are not simple
graft-copolymers, generally containing long branched
chains, but copolymers with chains crosslinked with
allyl bonds.

The Japanese scientists S. Onishi and co-workers
measured the electron spin resonance spectra of y -
irradiated polymers in a study of the radiation-chem-=
ical processes affecting several polymers.

since electron spin resonance spectra may be quite
complex, identification of trapped radicals was found
to be difficult in many cases. For such irradiated po-
lymers as nylon, polyethylene, and polyvinyl alcohol,
the spectra of the specimens were found to differ from
one another.
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Radiation polymerization of ethylene in the gaseous
phase in solutions of organic substances was studied in
research by Soviet scientists . S. Medvedev, A. D.
Abkin, and P. M. Khomikovskii, studying several pro-
petties of the polymers formed. It was demonstrated
that the polymerization of ethylene in response to
nuclear radiations shows promise as a technique both
with respect to reaction rate and radiation-chemical
yield, and with respect to the engineering propetties
of the resulting polymer. Radiation polyethylene is
superior to polyethylene obtained by other methods in
a number of its properties (degree of purity, density,
crystallinity). The reaction rate of polymerization for
ethylene in solutions of heptane, cyclohexane, methyl
alcohol, and acetone, at a pressure of 5 atmos, temper-
ature of 25" C and dose rate of 98 r/sec is 10~15 times
faster than in the gaseous phase. The polymers so
formed have mean molecular weights ranging from
20,000 to 40,000. The polymerization process in the
gaseous phase proceeds during the initial stages at an
increasing rate, later tapering off to a constant rate.
The polymerization rate is observed to taper of f during
later stages of the reaction. The radiation-chemical

- yield at pressure of 300 atmos, temperature of 25°C,

and dose rate of 72 r/sec amounts to 4300 to 6500 mole=
cules of ethylene per 100 ev of energy absorbed. When
pressure is raised from 100 to 300 atm, . the character-
istic viscosity of the polymers increases from 1 to 4

(at earlier stages). .

G. Oster (USA), in a report entitled "The role of
electron excitation in the chemical effects of radiations
on plastics, " showed that there exists some similarity
between many of the chemical results produced by
photochemical and ionizing radiation. The differences
reside primarily in the different distribution of the
products due to chemical effects, for example in the
different mutual arrangement of amorphous and crystal-
line zones.

The study of the effects of radiation on polyvinyl
alcohol, carried out by M. Matsumoto of Japan, showed
that the process of degradation of the molecular chain
in respoﬁse to a dose of the order of 10" r is independent
of dose rate. At large doses, the results depend appreci-

- ably on dose rate; the introduction of polyvinyl alcohol

with the formation of crosslinks is facilitated by increas-
ing the dose rate. Irradiation in the absence of air
causes gelation for small dose rates and a lower over-
all dose, than required in an air medium to produce the
same effect. These studies show that oxygen exerts a
great effect both in irradiation of the solid material and
in irradiation of an aqueous solution of the material.
The problem of radiation-initiated graft polymeri-

‘zation was dealt with in several papers presented by S.

Okamura and associates (Japan) on a study of vinyl
acetate polymerization in aqueous medium under gamma
bombardment. The authors succeeded in obtaining a
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highly stable pure cationic emulsion of polyvinyl acetate
in an aqueous solution of cationic detergent. Measure~
ment of the rates of cationic and anionic emulsion poly-
merization of vinyl acetate in response to y -ray bom-
bardment demonstrated that anionic polymerization
proceeds at a more rapid pace than cationic polymeri-
zation.

The British sclentists F. Dalton and R. Roberts con-
ducted an investigation of graft polymerization of poly*
acryl nitrile and dimethyl siloxane, initiated by means
y radiation; the dependence of reaction rate on mon-
omer concentration, radiation intensity, andtempera-~
ture was determined, and a kinetic interpretation of
the observed phenomena was given.

Under bombardment by y rays, nylon fibers began
to gel in a nitrogen atmosphere, with degradation of
the molecular chain taking place in air. Following ir-
radiation, the nylon fibers were immersed in an aqueous
solution of acrylamide and again irradiated. S. Okamura
and associates (Japan) observed, upon carrying out that
treatment, that graft polymerization took place solely
on the sutface of the fibers. In studying the effect of
concentration of a solution of formamide in methanol
(used as a solution for swelling) on increase in weight
of the fiber (viscose rayon or artificial silk), they found
that maximum grafting took place when a 5% solution
was used in preliminaty processing.

In an effort to improve the properties of motion
picture film and film made from polyvinyl alcohot,

. the Japanese Association for Polymer Radiation Research
undertook investigations on graft copolymerization of
various vinyl monomers with motion picture film made
from polyvinyl alcohol, under exposure to y radiation,
at their Kyoto and Osaka laboratories. They also found
that the effects experienced by methyl methacrylate
when grafted with polyvinyl alcohol film are similar
to the effects experienced by styrene, while a small
amount of water exerts a substantial effect. The effi«
ciency achieved in grafting of methyl methacrylate at
any given dose of irradiation is usually higher than the
grafting efficiency of styrene.

J. Sutherland and A. Allen (USA) studied radiolysis
of pentane occluded within the crystal lattice of de-
hydrated synthetic zeolites (Linde molecular sieve). The
yield of hydrogen (amount of hydrogen forming per unit
of energy spent on the entire solid plus pentane) for
sodium zeolite varies little as the amount of pentane is
varied.

Under exposure to radiation, chlorine dissolved to
saturation in one of its liquid derivatives displaces one
hydrogen atom in the carbon chain. As in radiolysis,
this reaction is of a radical type and assumes the nature
of a chain process. Radicals are formed in the radiolytic
decomposition of the liquid medium, while chlorine is
the causal agent responsible for chain propagation. F.
Traynard and P. Verrier (France) found that weak irradi~

ation renders the initial reaction rate proportional to the
square root of the radiation dose rate. However, as the '
latter is increased, this relationship fails, as a rule. At
the most, chlorination may be carried out to the extent
of displacing five hydrogen atoms in the carbon chain
and even to the point of forming the acid chioride of
pentachloropropionic acid, which leads to the formation
of a whole series of individual and often crystalline sub-
stances.

As shown in papers submitted by E. Taylor and
associates, reporting on work performed at the Oak
Ridge National Laboratory, radiations may be used to-
effect a drastic modification in the activity of catalysts
in heterogeneous catalysis. For instance, under exposure
to y bombardment, the activity of zinc oxide inethylene

"hydrogenation processes is lowered, while it is increased

in hydrogen-deuterium exchange. Emphasis is 1aid on
the fact that the perspectives of using irradiation to
improve catalysts are still basically remote at the present
state of the art, since this effect disappears in most
instances when the catalyst is heated to those tempera-
tures 'at which most processes of industrial interest occur.

A. Henglein (USA) stated that nitric oxide acts on
organic liquids as a radical scavenger. He succeeded in
oxidizing new nitro compounds through reactions of
free radicals with nitric oxide. Trichloronitromethane
(chloropicrin) was formed from mixtures of CCl;—NO,
and dichioronitromethane, never before synthesized,
was formed from mixtures of CHCl3—NO.

F. Balestic and M. Magat (France) determined the
factors effecting reaction yield as a result of an investi-
gation of the synthesis of several colorants (particularly
Lauth purple) in response to radiation.’ _

A special session of the conference was devoted to
the genetics of plants, the suppression of virus activity
and sterilizaﬁon, and to methods for coping with harm-
ful insects.

Studies were carried out at Brookhaven National
Laboratory on the effects of radiation on a large number
of species and varieties of plants. This research done on
varieties of plants exhibiting comparatively high radio-

. sensitivity showed that the range of sensitivity varies by

about 1000 times in highly developed plants. These vari-
ations are affected by chemical composition, size and
amount of chromosomes, and other factors. Modifications
were also observed in many species of plants accompanied
by pronounced stunting or growth stimulation.

Removal of sources of infection from foodstuffs or
drugs, and extraction of vaccines from viruses with anti-
genicity retained and with the elimination of infectious
properties may be achieved by means of ionizing radi-
antions. E. Pollard and W. Guild (USA) plotted inactiva-
tion curves for several plant, animal, and bacterial
vituses, and determined the required source activities
to obtain different degrees of activation. The authors
came to the conclusion that the method of combining
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moderate heat processing and y inactivation makes it In reports delivered at the session devoted to the
possible to produce a vaccine which is antigenfcally economics of radiation processing, comparisons were
potent while at the same time noninfectious. ' made of the use of cobalt radiation sources and spent
fuel elements, estimates were made of the costs invotved
A method for sterilization of pharmaceutical pre- in chlorination of polymers under irradiation, and results
parations, sutures and hospital supplies by ionizing radia- of a study of the economic aspects of the use of electron-
tions was discussed in a paper submitted by C. Artandi beam frradiation on a production basis-were made avail-
and associates (USA). The advantages of this methodlie able.
in the possibility of sterilizing the product while still in A paper by P. Aebersold (USA) was devoted to a
the package, in the use of new, cheaper and more con- review of developments of fundamental forms of industrial
venient packing materials, and in ease of adaptation radiation applications, and to the program outlined for
to a continuous technological process. radiation processing on an industrial scale in the USA;
this prbgram envisages, in particular, expansion of re~
Eradication of the screwworm fly by y sterilization  search in the field of radiation chemistry and verifica~
. of the males provided the stimulus for research in the tion of the basic reaction constants in reactions induced
USA on the use of such apptoaches to eliminate other by irradiation, as well as development and research work
insect pests, such as fruit flies, which jeopardize truck on the design and manufacture of radiation sources, uses
and crop farming. of nuclear reactors and fission product applications.
* ok %

TASHKENT CONFERENCE ON THE PEACEFUL USES
OF ATOMIC ENERGY
A. Kiv and E. Parilis

A conference on the peaceful uses of atomic enérgy, S. V. Starodybtsev, Vice President of the Uzbek
convened under the auspices of the Academy of Sciences  SSR Academy of Sciences, delivered an extensive re-
of the Uzbek SSR and the State Science and Engineering view paper at the same session, on investigations of

Committee of the Council of Ministers of the Uzbek changes in the properties of matter, and intense nuclear
SSR, met September 28 to October 3, 1959, in Tashkent. radiation fields. -The report included a balance sheet
The conference call was timed for the commissioning of studies in the field of the physics of radiatfon effects
of the nuclear reactor of the Nuclear Physics Institute conducted in laboratories of the Uzbek SSR Academy
of the Academy of Sciences of the Uzbek SSR, which of Sciences.
was started up on September 10, 1959. The rest of the procéedings of the Conference was

About 1,000 persons participated in the conference, heard in panel sessions.
these including 400 persons from other republics. About Nuclear and radiation physics: 50 papers were
270 papers were read on nuclear physics and various delivered. The papers on nuclear physics dealt primarily
aspects of the peaceful uses of radioactive isotopes and with nuclear reactions and neutron scattering of neutrons.
nuclear radiations. The conference took on the appear- Some papers were devoted to reactions between o
ance of an all-union congress, judging by the scope of particles and deuterons, as well as radiation from fission
the subject matter, the number of participants, and the fragments.
composition of delegations from scientific institutions. Some of the papers contained an exposition of

A report by the Director of the Nuclear Physics studies on photodisintegration of nuclei. Papers were
Institute of the Academy of Sciences of the Uzbek SSR, also read on fnvestigations of excited fragments and
U. A. Arifov, dealing with the perspectives of develop- conversion-electron spectra,
ment envisaged for scientific research at the Institute Most of the papers on radiation physics were de-
was delivered at the first plenary session, followed by voted to changes in the optical, electrical, magpetic,
a report from representatives of the Main Control Board elastic, and adsorptive properties of crystals bombarded
attached to the Council of Ministers of the USSR, P. by y rays. Radiolysis of hydrocarbons under y -ray bom-
S. Savitskii andV. L. Sinitsyn, on the opportunities for bardment was discussed in other papers delivered at
peaceful uses of atomic energy in the USSR. this sessfon. A separate panel heard a discussion of the
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procedure followed in the investigations, particularly
in physical investigations using radioactive isotopes.
Mass-spectrometric techniques, the use of nuclear
magnetic resonance spectroscopy, applications ofradio-
active isotopesinnuclear and molecular physics and

in electronics, were discussed.

Radioactive isotopes and nuclear radiations in
industry and geology: 29 reports and 10 short communi-
cations were heard at this panel. Some of the reports
at the first session of the panel dealt with applications
of radioactive isotopes and nuclear radiations in instru-
ment design and metrological work. Descriptions were
given of automatic control devices, level gauges, flow-
meters, high-sensitivity radioactive relays. These reports
were supplemented by papers delivered at the second
session which contained the results obtained by using
radiations for measurement of density, moisture, and
volume, and in studies of wear on machine parts.

Papers heard at the third session of the panel dealt
mostly with y radiography and y -flaw detection of
metal parts and reinforced concrete. A report on appli-
cations of radioactive isotopes in the cotton textile
industry was also delivered.

The fourth session was devoted in its entirety to
high-level y facilities. Problems in the design, const-
ruction, vse, and economic efficiency of such radiation
facilities were discussed. A report on a general-purpose
facility using a Co™ source of 60,000 gram equivalents
Ra activity, in use at the L. Ya. Karpov Research Institute
for Physical Chemistry, and a paper on a facility incorpo-
rating a Co® source of 160,000 gram equivalents Ra
activity, under construction at the Nuclear Physics
Institute of the Uzbek SSR Academy of Sciences, were
heard with intense interest.

The two remaining sessions were reserved fornuclear
geophysics and nuclear geology. The reports given touched
on radioactive techniques in the determination of the
content of different elements in rock épecies and studies
of moisture transport, density, and moisture of soils.
Papers on radiometric methods in petroleum and gas
Pprospecting in various districts, especially in Central
Asia, stimulated much interest.

Radioactive isotopes and nuclear radiations in
chemistry: 44 papers and 5 communications. The papers
ranged over a variety of problems in radiochemistry,

- radiation chemistry, uses of radioactive isotopes in
chemistry, chemical arialysis of radioactive isotopes.
Radiation-chemical techniques for producing pure subs-
tances, studies of chemical reaction kinetics using the
effect of nuclear radiations on the physical-chemical
and engineering properties of preparations, the use of
spectral analysis in the production of radioactive isotopes
were discussed. Further discussion centered on problems
in y spectroscopy, production of doubly-labeled com-
pounds, and many other matters. The session set forth
a series of problems as the most important problems
requiring probing in coming work.

Radioactive isotopes and nuclear radiations in medi-
cine: 60 papers and 2 communications. The use of radio-
active jodine in determining the functional state of the
thyroid gland and in goiter therapy teceived the most
detailed attention. The formation of iodized substances
in the organism when radioactive iodine is used was
discussed. Various instances of the use of labeled atoms
in the study of turnover processes in the organism were
discussed in the reports presented, as well as problems
of functional changes in different human and animal
organs exposed to nuclear radiations.

Particular emphasis was given to the problem of
changes induced in the organism by light doses of x-
radiation. Some of the papers undertook an evatuation
of the functional state of the vascular system by radio-
isotope techniques. Problems discussed included shield-
ing of skin against radiation injury, cases of successful
cures of radiation sickness, and methods of research on
radiation sickness. The efficacy of radioactive cobalt
emissions in the therapy of malignant tumors was demon-
strated.

Panels devoted to the use of radioactive isotopes and

- huclear radiations in studies on animal and plant biology.

The subject matter of the 59 reports and 6 communica-
tions dwelt primarily on the characteristics of various
functional changes occurring in biological objects in
response to radiation effects.

The outstanding importance of the initial functional
state of the organism for the distribution of the radio-
active isotopes employed in a biological experiment was
pointed out. »

A communication was received on the effect of
radioactive isotopes on the immunobiological reactions
of the organism, as well as on changes in the response
of the nervous system of the progeny to single exposure

_and partial exposure of pregnant animals.

The turnover of various substances in animals
suffering from radiation $ickness and healthy animals
was discussed.

Research on translocation of mineral substances in
plants and the transformation of those substances, as a
function of external and internal factors, was discussed.
A clinical study of the features of chlorophyll biosynthe -
sis in plants, based on the radioisotope method, was
discussed. The sperific features of the response of plant
tissues to exposure to jonizing radiations were noted.
Data provided on the effects attributable to several
factors (nutrition, water and light environment) on
phosphorus turnover in the cotton plant demonstrated
the possibility of varying the content of phosphorus com-
pounds by changing the vegetative conditions of the
cotton plant. A communication was read on the use of
the radioisotope technique in studying the effects of
microfertilizers on the rate of photosynthesis in the
white mulberry tree. An analysis was made of the physio~-
logical and biochemical effects of ionizing radiations
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on plants, as well as other questions related toradiation
effects on biological objects.

Radioactive isotopes and nuclear radiations in agri-
culture: the general trends in the use of ionizingradia=
tion in agriculture were duscussed. The possibility of
obtaining new wheat mutants and improving the quality
of cotton plants by yirradiation was indicated. Uptake
of phosphorus and sulfur via the roots and via pathways
bypassing the roots during the period of fruit-bud forma-
tion and translocation of phosphorus and sulfur in the
cotton plant were discussed. Results were given on a
study of the efficacy of various methods of introducing
phosphates into the cotton plant, using labeled atoms.
The use of radioactive isotopes to establish the pathways
by which plants make use of nutritive substances from
subsoil layers proved interesting. The same may be said

. for the use of stable oxygen and hydrogen isotopes in
soil science and agronomical research. The use of

- labeled atoms in animal husbandry and veterinaryscience
was discussed. A proposal was voiced on working out a

STANDARDS

TmiT0 Gamma Sources ] .
' The achievements in flaw detection and materials
testing arrived at by the use of gamma-radiation sources
based on artificial radioactive isotopes have been given
-wide publicity, The simplicity, portability, and ease of
handling of gamma-ray flaw detection devices have
opened up a broad range of applications for them in qual-
ity control of castings, weldments, etc.

The sources which have won greatest populatity in
such applications are those based on the radioactive iso-
topes -Coﬁo_'_, Csm, Ir'%, These sources emit comparatively
hard gamma radiation, and are consequently good for
quality control of steel parts of not less than 8-10 mm
thickness. For the radioscopy of light metals and alloys,’

Characteristics of Tm!" Sources of Soviet Manufacture

standard method of irradiating seeds of agricultural
plants prior to sowing, and on the need for introducing
statistical techniques into the processing of expetimental
data in work using nuclear radiations.

The following reports were read at the concluding
plenary session: "Production of radfoactive isotopes in
the USSR" (E. E. Kulish, G. M. Fradkin), "The present
status and the perspectives for the use of radioactive
fsotopes in turnover studies in healthy and pathological
states” (Ya. Kh. Turakulov), "A well-logging neutroh

- generator and new techniques for investigating wells™

(G. I. Budker). The transactions of the conference will
be published in a special edition in 1960.

While the Conference was in session, the city of
Tashkent was host to an "Atoms for Peace™ exposition
organized by the Main Control Board on the Use of
Atomic Energy attached to the Council of Ministers of
the USSR, the Health Ministry of the USSR, and the
Academy of Sciences of the Uzbek SSR.

and of thin items made of steel and other heavy metals,
the quality of the shots taken with such sources deterio~
rates in short order. This has opened the-way in recent
years for broader use of sources based on the isotope
Tm'™, which can be successfully employed to take ex=
cellent shots of steel parts of thickness of the order of
1-2 mm, and of thin sheet of light metals,

The Tm'™ nuclide has a haif-life of 129 days and a
fairly simple decay scheme, containing two B -lines with
energies 0,968 Mev (76%) and 0.884 Mev (24%), and a
single y -line at 0.084 Mev coinciding with a 8 -line at
0.089 Mev. There also exist traces of weak positron radi-
ation (not more than 0.01%). However, the over-alldecay

17 "] Source capsule size, - | size of active portion
Source activitys | Radioactive mm of source, mm e
g-equiv Ra impurities _/ Price, rubles
diameter | height diametet height
© 0,002 4,540,5 5-40,5 1,5 1,5 55
0,004 Not detected 4,540,5 9+0,5 1,5 1,5 100
0,02 7,5140,5 8+40,5 4,5 4,5 200
0,10 7,540,5 84-0,5 4,5 4,5 700
0,50 i2¥0)5 | 10E0)5 9'0 6.0 2500
* Arrived at by considering external radiation.’
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scheme {s measurably complicated by the presence of
intense conversion-electron emission, the composition of
which still awaits adequate investigation.

The softness of the gamma emission and the rather
large effective activation cross section (~116 barns) .
creates considerable difficulties in the preparation of
Tm'™ sources. ' B

Experience shows that sources of fairly high activi-
ty are required to cut down the exposure time in gamma
radiography. The usual approach to improvéments in this
direction is by increasing the amount of material irradi-
ated, which however fails to yield positive results in the
case of interest. The reason is intense self-absorption of
gamma radiation by the source material and self-shield-
ing of the source, resulting in absorption of the buik of
the neutrons by the outer layers of the source material,
so that the inner layers remain virtually unactivated.
Furthermore, an increase in source thickness results in
the appearance of intense bremsstrahlung at an effective

energy of 300-400 kev, impairing the quality of the shots.

For a predetermined neutron flux, this establishes
the only feasible way to produce high-activity sources,
namely by lengthening exposure periods.

"BRIEF NOTES

USSR, In December 1959, the Physics and Engineer-
ing Institute of the Academy of Sciences of the USSR
compleied construction on a low- power atomic reactor,
a water-cooled, water-moderated reactor rated at
10,000 kw, with thermal neutron flux intensity of 10%
neutvrons/cmz sec, and started it up. »

The reactor will be used for a broad scope of in-
vestigations in the fields of nuclear physics, solid-state
physics, radiochemistry, metallurgy, nuclear power,
use of radioactive isotopes in industrial applications,
and research on a number of problems in.the area of
biology and agriculture.

Thulium oxide containing not less than 95% of the
basic substance is used in preparing Tm'™ sources. Prior
to irradiation, the thulium oxide is inserted into double
aluminum capsules with tightly crimped lids. The leak-
tightness of each capsule is carefully checked. The pile-
irradiation time for the capsules at a given neutron flux
is determined by the amount of thulium oxide inserted
into the pile, and the required source activity. This ir-
radiation period does not exceed three to four months
for any of the types of sources fabricated in practice,

At the present time, fabrication of a large number
of different types of Tm!™ sources (cf. accompanying
table) has been put on a steady basis in the USSR.

LITERATURE CITED
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(catalog) [in Russian]. (Atomizdat, Moscow, 1959),
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clopedia, [in Russian] (Moscow, 1958), Volume 51.
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China. A small Van de Graaff electron accelerator,
built for 2 Mev with a beam current of 100 p a, has
been commissioned at Na-Kai University. The machine
was placed inside a steel tank under 15 atmos pressure.
It is expected that the accelerator will be employed
for scientific and industrial research projects. ‘

Yugoslayia. In December 1959, the research re-
actor at the Boris Kidri¢ Institute of Nuclear Physics
in Vinc (near Belgrade) was started up. The reactor
was built with the aid of the Soviet Union. -
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NEW LITERATURE

V. L Gol'danskii, A. V. Kutsenko, and M. L. Podgo-
retskii, Statistika otschetov pri registratsii yadernykh
chastits [ The statistics of counts in nuclear particle re-
cording]. Moscow, Flzmatgiz 1959 411 pages; 12 rubles;
25 kopeks.

This book examines the problems of processing the
results of measurements expressed in the number of counts
recorded by nuclear radiation counters. The related sta-
tistical problems are based on discrete distributions.
Poisson's law is explained in the first two chapters. The
third chapter offers a2 description of statistical problems
encountered in radioactive decay. The fourth chapter
takes up the performance of particle counters with dead
time. The operation of scalers and coincidence circuits
is analyzed in the last two chapters. The book is written
for experimental physicists working in the field of nuclear
physics and the physics of elementary particles.

_ B. Price, C. Horton, and K. Spinney. Radiation
Shielding, Translated from the English (Pergamon Press,
London). (Zashchita ot yademnykh izluchenii) Moscow,
Foreign Literature Press, 1959, 490 pages.

This book is the second special edition on nuclear
radiation shielding published in Russian translation in the
USSR in recent years. The contents of the first such trans-
lation, Reactor Shielding Design Manual (Zashchita ya-
dernykh reaktorov, Foreign Literature Press, 1958; edit.

T. Rockwell), could be gleaned from the title. The mon-
ograph by B. Price et al. takes up not only problems of
reactor shielding but also shielding for charged-particle
accelerators, The authors devote a good deal of attention
to problems involving the passage of radiations through
shielding material, where the bulk of the data presented
is taken from the records of British and American labo~
ratories. Shielding design problems, especially where
concrete and metal wire shielding materials are used,

are discussed in no less detail. Graphs, tables, and cal- -
‘culations are liberally appended to the text. The charac-
teristics of new shielding materials specially designed
for thermal shielding materials, such as boron steel, boron,
boron graphite, are of unquestionable interest.

The book was written by research scientists employed
at the British Harwell Atomic Energy Research Establish-
ment.

P. Ageron, M. Gauzit, A, Bonaldi, and T. Reiss,
Technologie des Réacteurs Nucléaires. Vol. L Matériaux,
Eyrolles et Gauthier, Villars, 1959, 568 pages.

This French publication constitutes the first volume
of a projected five-volume series devoted to nuclear re-
actor technology. This first volume contains nine chap-
ters: I. Fundamentals of reactor physics; II. Radiation ef-
fects on materials; III. Fissionable materials and second-
ary nuclear fuel; IV, General requirements for nonfission-
able nuclear materials; V. Reflectors for slow reactors.
Moderators; V1. Coolants; VII. Neutron absorbers; VIIL
Shielding materials; IX. Structural materials.
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Information and szlzography

The contents of the chapters are basically a com-
pilation of American and British work published up to
1958, plus some lesser known French work. In contrast to
previous works on the subject, the description of proper-
ties of materials is unified with a systematic approach to
materials requirements as pertains to nuclear physics. The
book also contains some useful reference material. How-
ever, the book is based primarily on obsolete material,
with much new and important data conspicuous by its
absence. This volume would therefore be of scant interest
to specialists working in atomic industry.

ARTICLES FROM THE PERIODICAL LITERATURE

I. Nuclear Power Physics

Vestnik Leningrad. univ. 16, seriya fiz. i khim, No. 3

(1959) }

Yu. M. Kagan and V. L Perel’, pp. 49-50. On the
effect of finite lifetime on the shape of ion lines in a
positive discharge column.

Vestnik Moskv. univ., seriya matem., mekh., astron.,

fiz., khim., No. 2 (1959)

Yu. I. Remnev, pp. 43-47. Symmetric deformation
of a sphere in the presence of cubic dilatation (in neutron
frradiation). _

V. N. Tsytovich, pp. 135-141. On the effect of the
resonance properties of a plasma on the propagation of
electroacoustic waves.

Doklady akad, nauk SSSR, 127, No. 6 (1959)

D. V. Sharikadze, pp. 1183-1186. Self-similar flow
and point explosion in magnetic gas dynamics, for infi-
nite gas conductivity.

Doklady akad. nauk SSSR, 128, No., 4 (1959)

V. L Kogan, pp. 702-705. On the role of impurity
emission in the energy balance of a plasma pinch.

Doklady akad. nauk SSSR, 128, No. 5 (1959)

B. M. Gokhberg et al., pp. 911-912, Effective fission
cross section of Th¥®,

Zhur. tekhn, fiz., XXIX, No, 11 (1959)

Yu. V. Vandakurov, pp. 1312-1316. On possible equi-
librium configurations of a thin annular plasma conductor
immersed in a magnetic field.

A. N. Lebedev, pp. 1339-1345. Conmbutlon to the
theory of particle injection in cyclic accelerators at high
currents,

D. P. Ivanov and Yu. S. Korobochko, pp. 1414-1415.
Contribution to the problem of the effectiveness of some
portions of the mjection pulse in betatron capture of electrons.

Z,hur eksptl, 1 teoret. fiz. 37, No, 4 (10), (1959)

L.I1. Guseva et al., pp. 973-977. Production cross sec-
tion of Cm?? in the irradiation of Th?%2by C*? and C*ions.

V. D. Shafranov, pp. 1088-1095. On the equilibrium
of a plasma torus in a magnetic field.

B. B. Kadomtsev, pp. 1096-1101. On convective
instability of a plasma pinch.
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V. D. Kirillov, pp. 1142-1144. Energy losses due to
radiation in a gas discharge plasma. '

N. A. Perfilov and Z. L Solov'eva, pp. 1157-1159.
Angular distribution of long-range o-particles associated
with fission.

G. S. Golitsyn, pp. 1062-1067. Some problems of
dynamics and heating of a conductive medium in a
magnetic field.

Izvestiya akad. nauk Arm. SSR, seriya fiz. -matem.

nauk 12, No. 3 (1959)

M. L. Ter-Mikaelyan, pp. 95-99. Radiation of a
relativistic electron moving on a circular path in a
plasma.

Izvestiya akad. nauk Latv. SSR, No. 6 (1959)

R. Ya. Damburg and V. Ya, Kravchenko, pp. 87-92.
Excitation of magnetohydrodynamic waves in a plasma
by a moving charge.

Trudy fiz. inst. akad. nauk SSSR, 11 (1959)

M. V. Kazarnovskii, pp. 176-223, Theory of a non-
stationary elastic slowmg down of neutrons in a heavy
medium.

Atomkernenergie 4, No. 10 (1959)

O. Allkofer, pp. 389-395. A new pulse height ana-
lyzer for cosmic radiation. '

Brit. J. Appl. Phys. 10, No. 9 (1959)

——-~— , pp. 383-391. Review of papers presented at
the high-vacuum symposium (London, April, 1959),

Helv. phys. acta 32, No. 5 (1959)

K. Meyer et al., pp. 423-444. Absolute intensity
measurements of radioactive emissions, using the coin-
cidence technique.

J. Appl. Phys. 30, No. 10 (1959)

R. Hill and S. Tetenbaum, pp. 1610-1611. Harmomc
generation in a cyclotron resonant plasma,

Nucl. Instrum. and Methods 5, No. 3 (1959)

D. Robertson and D. Elliott, pp. 133-141. Magnetic
losses in cores of different geometries.

W. Parker, pp. 142-147. Equipment for vacuum de-
position of radioactive substances.

J. Rosenblatt, pp. 152-155. Design of alternating-

_gradient quadrupole lenses.

J. Thirion and J. Saudinos, pp. 165-169. Magnets
for focusing and -analysis of particles, in the Saclay cy-
clotron.

S. Bjornholm et al., pp. 196-198, A method of fab-
ricating cyclotron targets of rare-earth oxides by electro-
phoresis.

Nucl. Instrum. and Methods 5, No. 4 (1959)

D. Chick et al., pp. 205-210. A Van de Graaff ac-
celerator tube of very low retrograde electron current.

M. Barbier and A. Schoch, pp. 211-233. A study of
two-dimensional linear oscillations with the aid of an -
electromechanical model applied to particle motion in
cyclic accelerators.

W. Brown, pp. 234-241. Use of a Van de Graaff
electron generator in semiconductor research.

C. Vincent et al., pp. 254-258. Modification of the
nuclear resonance technique to measure inhomogeneous
magnetic fields.

D. Luckey, pp. 266-268. Use of an electrostatic.
generator as an injector for an electron synchrotron.

Nucl. Sci. and Engng. 6, No. 2 (1959)

G. de Saussure and E. Silver, pp. 159-160. Measure-
ment of the temperature dependence of the transport
mean free path of thermal neutrons in beryllium.

F. Valente and R. Sullivan, p. 162. Age of neutrons
from a Pu-Be source in water.

R. Vernon, p. 163. Effective resonance integral for

“uranium carbide,

Nuovo Cimento, Vol. 14, No. 1 (1959)

G. Cortini et al., pp. 54-61. Photoneutrons eJected
from aluminum.

Phil. Mag. 4, No. 44 (1959)

E. Silk and R. Barnes, pp. 970-972. Study of fission
fragment tracks with the electron microscope.

II. Nuclear Power Engineering

Elektrichestvo, No. 10 (1959)

V. L. Bershadskii et al., pp. 50-56. Elecirical power
machinery of the propeller propulsion system on the
atomic icebreaker "Lenin.”

AtomKernenergie 4, No. 10 (1959)

A. Kirchenmayer, pp. 395-397. A method for calcu-
lating the thermal utilization factor in heterogeneous
reactors,

A. Kirchenmayer, pp. 397-398. The use of thermal
neutrons from a heterogeneous reactor, in the light of
two-group diffusion theory. ‘

H. Baehr and W. Strewe, pp. 398-402, Calculation
of coolant temperature in reactor channels.

A. Weber, pp. 417-418. The Belgian nuclear center.

W. Braunbek, pp. 418-420, Measurement techniques

in nuclear physics.

Chem. and Process Engng. 40, No. 9 (1959)

]. Baxter, pp. 327-329. Nuclear power in Australia.

Chem. and Process Engng, 40, No. 10 (1959)

B. Harbourne, pp. 347-351. Sodium as reactor
coolant. '

J. Appl. Phys. 30, No. 10 (1959)

H. Smets, p. 1623. On Welton's stability criterion
for nuclear reactors.

J. Brit. Nucl. Energy Conf. 4, No. 3 (1959).

H. Rose and J. Syrett, pp. 179-183, Variations in
reactivity with reactor period.

S. Lewis, pp. 184-188.Theory of fuel cycling with
continuous loading and unloading of fuel elements.

~ 1. Balfour et al., pp. 189-197. Effect of fuel cycling

on perturbations of axial reactor flow.

P. French and C. Lowtian, pp. 198-202. Optimiza-
tion of fuel cycling. L

P. Grant et al., pp. 203-209. Optimization of fuel
cycling. IL
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J. Stewart and N. Franklin, pp. 210-216. Performance

problems associated with fuel cycling.

A. Harwood et al., pp. 234-249. Design of electro-
mechanical equipment for power reactors.

J. Brit. Nucl. Energy Conf. 4, No. 4 (1959)

N. Mackay and E. Hardwick, pp. 263-281. Electrical
equipment of the Calder Hall nuclear power station.

J. Binns and W, Qutram, pp. 282-300. Electrification
of plants of the Industrial Group of the United Kingdom
Atomic Energy Authority,

D. Watt, pp. 301-311. Design of electromagnetic
pumps for liquid metals,

J. Cockeroft, pp. 348-3517. Recent developments in
nuclear engineering.

Nucl. Engng. 4, No. 42 (1959)

. pp. 383-385. Fuel element with transverse
coolant flow,

G. Gunnill and G. Kinchin, pp. 386-393, The "Ze-~
nith" high-temperature zero-power reactor.

D. Barnard et al., pp. 394~ 399. Investigation of
heat transfer by a gas.

P. Robinson and J. Taylor, pp. 400-403, Thermal
instability from graphite oxidation.

A, Miller, pp. 404-405. Monitoring humidity in the
design of steam raising units.

P. Froggatt, pp. 406-407. Filters for reactor gas
channels.

—~——, p. 411. The Westinghouse Corp. nuclear
power station,

E. Gorlett and E. Hawthorne, p. 412. An organic-
moderated reactor for cargo ships.

Nucl, Instrtum. and Methods 5, No, 4 (1959)

G. Neyret and J. Parain, pp. 259-265. Correcting
circuits for the "Saturn” synchrotron.

Nucl. Sci. and Engng. 6, No. 3 (1959)

C. Maynard, pp. 174-186. Rod transparency theory
and transparency factors for slab geometry.

L. Holway, pp. 191-201, Use of perturbation theory
to solve reactor diffusion equations.

L. Tonks, pp. 202-213. Theoretical fundamentals of
the method of "absorption area”; use of this technique
to evaluate the efficiency of uniformly spaced control
elements.

J. Hanna et al., pp. 214-221, Elastic response to
internal blast loading of containment shell models.

J. Wilkins, pp. 229-232. Minimum total mass of a
reactor.

W. Kimel et al., pp. 233~237. Determination of
time behavior of neutron density and reactivity in the
" Argonaut” reactor,

_ T. Harris, pp. 238-244. Study of coolant expansion
in pressurized-water power reactors, resulting from loss-
of -coolant accident,

V. Schrock and L. Grossman, pp. 245-250. Local
pressure gradients in evaporation with forced convection,

Ch. Kelber and Ph. Kier, p, 251. Some remarks on

-Bell's approximation to the resonance integral,
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J. Davis et al., pp. 251-252. Solution of Pg-equations
in the one-dimensional and two-dimensional cases.
C. Truman, pp. 252-253. Use of nondimensional

_variables in reactor kinetic equations.

G. Melese, pp. 253-254. Fission counter sample disk
holder and slide.

Nukleonik 1, No. 8 (1959)

R. Schulten et al., pp. 277-286. Physics of the"”Brown
Boveri-Krupp consortiumi’ high-temperature reactor.

E. Kern, pp. 286-290. Determination of temperature-
of a neutron gas.

A. Kirchenmayer, pp. 290-295. Determination of
steady-state distribution of neutron flow by analog simu-
lation.

A. Ziegler, pp. 295~- 305 Fme structure of a hetero-
geneous reactor.

111. Nuclear Fuels and Materials ~

Doklady akad. nauk SSSR 128, No. 3 (1959)

T. G. Aminov et al,, pp. 533-535. Magnetic sus-
ceptibility of some oxalate complexes of tetravalent
uranium.

Zhur, prikladnoi khim. 32, No. 9 (1959)

A. T. Davydov and Yu. A, Tolmacheva, pp. 1979~
1984. Comparative characteristics of somne anion ex-
changers.

Zavodskaya laboratoriya 25, No 10 (1959)

V. F. Luk'yanov et al., pp. 1155-1157. Photometric .
assay of thorium in zircons, using the new arsenazo III
reagent.

Zapisi Vsesoyuz. mineralog, obsh., Part 88, No. 5

(1959)

G. Yu. Epshtein, pp. 564=570. On molybdates. of
uranium, moluranite, in iriginite.

Zapisi Kirgiz. otdel. Vsesoyuz. mineralog, obsh.,

No, 1 (1959)

S. D. Turovskii, pp. 5-11. Contnbutxon to thorium
geochemistry.

P, I Chalov et al., pp. 113-124. Estimate of the
comparative migrating power of UX,(Th?*) in the hyper~
genetic zone of uranium deposits.

Izvestiya akad. nauk SSSR, seriya fiz. 23, No. 9 (1959).

N. P, Ivanov, pp. 1154-1156. Spectral assay of
uranium by isotope dilution techniques.

Radiokhimiya 1, No, 4 (1959)

A. I, Moskvin, pp. 430-434. Investigation of com~-

plexing of plutonium and americium (II) in aqueous’

solutions by the solubility and fon exchange techniques,

M. N. Yakovleva and M. A, Shurshalina, pp. 445-
449, On a field technique for determining the forms of
uranium rnigration in natural waters.

V. P. Shvedov and Sh, A, Musaev, pp. 465-474,
Coprecipitation of La'®, Pm!¥, and Y®! with iodates of
tetravalent cerium.

E. S. Pal'shin and Yu. A. Zolotov, pp. 482-4817.
Extraction technique for isolating neptunium-239 from
irradiated wranium.
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K. F. Lazarev and S. M. Grashchenko, pp. 493-496.
On the concentration of radioelements from large vol-
umes of natural water.

Trudy Sverdlovsk. gorn. inst., No. 34 (1959)

A. S. Vershinin, pp. 165-172. Radioactive equilib-
rium in uranium minerals as an indicator of their time of
formation and of migrationdirection of radioactive ele-
ments.

A. S. Vershinin, pp. 172-182. Field techniques for
quantitative assay of radioactivity of ore deposits by
radiometric techniques.

Khim. nauka i prom. 4, No, 4 (1959)

N. P. Rudenko, pp. 441+448. Methods for isolating
carrier-free radioactive isotopes.

Yu. B. Gerlit et al., pp. 465=472. The chemistry of
the new elements: technetium, promethium, astatine,
and francium.

Ya. M. Varshavskii and S. E. Vaisberg, pp. 498-509,
Current techniques in heavy water production.

P, 1. Dolin, pp. 516-521. Effect of ionizing radiations
on aqueous solutions of inorganic compounds.

B. K. Preobrazhenskii, pp. 521-526. Applications of
ion exchange chromatography for the separation of trans-
uranium and radioactive rare-earth elements.

V. L Baranov and T. V. Malysheva, pp. 526-530.
Current radiometric methods. ‘

Amer. Ceram. Soc. Bull. 38, No. 10 (1959)

B. Schaner, pp. 494-498. Fabrication of UO, pellets
for fuel elements.

Aromkernenergie 4, No, 10 (1959)

R. Reiter and H. Ziehr, pp. 409-415, Results of meas-
urements of air radioactivity in the region of development
of uraniferrous brown coal.

Atomwirtschaft 4, No. 10 (1959)

R. Gain, pp. 435-439. Testing of reactor materials
by pile-irradiation fast reactors.

Canad. Mining J. 80, No, 10 (1959)

_ E. Joubin, pp. 110-114, Development of the uranium
industry in Canada.

Chem. and Process Engng. 40, No. 9 (1959)

D. Harries, pp. 313-316, 319. Production of zirco-
nium and its alloys. L

Chem. and Process Engng. 40, No. 10 (1959)

D. Harries, pp. 363-368. Production of zirconium
and its alloys. IL

J. Appl. Phys. 30, No. 10 (1959)

C. Houska and B. Averbach, pp. 1525-1531. Neutron
irradiation effects in a copper-aluminum alloy.

J. Brit. Nucl, Energy Conf. 3, No, 4 (1959)

D, Hull and I. Mogford, pp. 230-233, Effect of a
brittle shell on the transition of unirradiated and irradiated
steel from the brittle to the plastic state, in impact
strength testing.

P, Cotterill and H. Axon, pp. 250-251, Composition
of the alloy Bi=U in the range 0-35 at. % U,

J. Brit. Nucl. Energy Conf. 4, No. 4 (1959)

K. Meredith and M. Waldron, pp. 328-334. Nonmetal~
lic impurities in uranium metal.

J. Stephenson, pp.’ 335-341, Vacuum casting of ura-
nium. '

P. Pfeil et al., pp. 342-347. The uranium-niobium
system in the solid state.

J. Inorg: and Nucl. Chem. 10, No. 3/4 (1959)

C. Hardy and D, Scargill, pp., 323-327. Investigation
of mono- and dibutyl phosphoric acids. I. Separation of
mono-~ and dibutylphosphoric acids by selective extraction
and paper chromatography.

J. Inorg. and Nucl. Chem. 11, No. 2 (1959)

T. Sato et al., pp. 84-90. Neutron irradiation of
various phosphates in a vacuum.

B. Weinstock et al., pp. 104-114. Vépor pressures
of NpF¢ and PuFg Thermodynamic calculations for UFg,
NpFg, and PuFg.

C. Hardy and D. Scargill, pp. 128-143. Investigation
of mono- and dibutyl phosphoric acids. II. Solubility and
distribution of mono- and dibutyl phosphoric acids be=-
tween aqueous solutions and a series of organic solvents.

D. Cohen et al., pp. 159-161. Half-life of Np*®,

J. Duncan, pp. 161-163. Determination the solubility
product by means of radiometric titration; a new method.

Mining Congress J. 45, No. 7 (1959)

W. Lennemann and F. McGinley, pp. 59-63. Devel-
opment of processes for reprocessing uranium ores,

Mining Congress J. 45, No. 8 (1959)

A. Quine, pp. 79-81. Uranium mining in Wyoming.

G. Sidhu and E. Oberbillig, pp. 82-83. Flotation of
monazite.

Mining Congress J. 45, No. 10 (1959)

J. Borden, pp. 94-96. Uranium mining on the Colo-
rado plateau.

Mining Engng. 11, No. 7 (1859)

W. Overstreet et al., pp. 705~714. Thorium and
uranium reserves in monazite placer deposits in the
Western Piedmont (USA).

Nucl. Sci. and Engng. 6, No. 3 (1959)

L. Prus et al., pp. 167-173. Dispersion of enriched
boron in titanium.

S. Zegler and M. Nevitt, pp. 222-228. Some pro-
perties of uranium-fissium alloys.

IV. Nuclear Radiation Shielding

Vestnik akad. med. nauk SSSR, No. 9 (1959)

A. V. Lebedinskii and Yu. I. Moskalev, pp, 3-16.
On some problems of current radiobiology.

OKkhrana truda i sots, strakhovanie, No. 10 (1959)

S. Gurvits and E. Chitov, pp. 65-66. Determination
of radioactive contamination of air.

Atomkernenergie 4, No. 10 (1959)

H. Wilski, pp. 402-403. A new method of dosage
measurement in the megarad range.

K. Sommermeyer and H. Opitz, pp. 404-408. Beta
dosimetry in shielding.
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Mining Congress J. 45, No. 10 (1959)

R. Musgrove, pp. 48-50. Measurement and moni-
toring of radiation in uranium plants.

Nucl, Sci. and Engng. 6, No. 3 (1959)

N. Ketzlach, pp. 187-190. Study of safety conditions
in storage of fuel elements in iron shipping containers.

Nukleonik 1, No. 8 (1959) )

G. Hermann et al., pp. 305-314. Critical remarks
on the discussion of the problem of radicactive contami-
nation.

W. Kern, pp. 314- 319. Measurement of radioactivity
of air using an electric filter.

A. Dannecker et al., pp. 319-324. Measurement of
low-level alpha and beta radioactivity in water.

V. Radioactive and Stable Isotopes, Uses
of Nuclear Radiation

Avtomobil. prom., No. 9 (1959)

D. I Vysotskii et al., pp. 24-26. A laboratory on
wheels for studying wear on automobile parts by means
of radioactive isotopes.

Bumazhn. prom., No. 9 (1959) fPaper and Pulp Ind.]

A. A. Gusev, pp. 9-12. Determination of the amount
of condensate in drying calandria of paper and pulp
making machines, using radioactive tracers.

Vodosnabzhenie i san. tekhnika, No. 10 (1959)

[water Works and Sewage]

A, A, Gusev, pp. 37-38. Radioactive tracer for
sanitation equipment.

Gaz. prom., No. 10 (1959)

D. Yu. Gamburg, pp. 17-20. Use of heat from
nuclear reactors to produce synthesis gas and hydrogen.

Doklady akad. nauk SSSR 128, No. 4 (1959)

. \B. L Bruk, pp. 709-712. Application of Cc! isotope
to determination the solubility of carbon in alpha-iron.

Izvestiya vyssh. ucheb. zaved. Pishchev. tekhnolo-

giya, No. 4 (1959) [Food Technology]

N. V. Romenskii and A. D. Chmyr’, pp. 29-3L
Effect of Co® gammas on fatty substances in corn during
storage.

Izvestiya vyssh. ucheb. zaved. Pishchev. tekhnolog.

legkoi prom., No. 4 (1959) {Light Industry]

V. N. Borodina et al., pp. 85-93. Effect of ionizing
radiation eon the structural and mechanical properties of
polyvinyl chloride.

Izvestiya Sibir. otdel. akad., nauk SSSR, No. 3 (1959)

V. K. Mel'nikov, pp. 112-113. Radioactive phospho-
rus as a tracer in studying the physiological state of wood
plants.

Pochvovedenie No, 10 (1959) [ Soil Science]

M. V. Preobrazhenskaya, pp. 105-109. Results of
using gammas to study the dynamics of soil moisture
reserves in the Pakhta-Aral sovkhov.
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Razvedka i okhrana nedr, No, 9(1959)

E. M. Filippov and G, A. Kuznetsov, pp, 38,40, De-
termination of densities of rock and ore in outcroppings and
mine workings,using the method of scattered gammaradiation,

Stroit. i dorozh. mashinostroeme, No. 10 (1959)

[Highway and Civil Engng.Machinery]

M. L. Smorodinov, pp. 28-29. Tracer studies of
wear on stone cutting tools.

Trudy Arkt. i Antarkt. nauchno-issled. inst. 225 (1959).

N. N. Aleksandrov, pp. 113-122. Tracer applications

in the determination of atmosphere turbulence.

Trudy Tsentr. nauchno-issled. inst. rechnogo flota,

No. 41 (1959) [Proc. of River Transport. Res. Inst.}

D. G. Tochil'nikov, pp. 56-73. Calculation of radi-
oactivation of specimens and parts in electrolytic
steeling. '

Khim. nauka i prom, 4, No. 4 (1959)

A. K Lavrukhina, pp. 472-478. Radioactive isotopes
in the earth’s crust.

Elektrichestvo, No. 10 (1959)

N. G. Drozdov and V. N. Egorov, pp. 63-67. On the
ptoblem of neutralization of charges of static electricity,
by radioactive radiations.

Atomwirtschaft 4, No. 10 (1959)

H. Goétte, pp. 408-413. Uses of radioactive isotopes
in industry, medicine, and agriculture.

E. Pohland and K. Frenzen, pp. 415-426. Uses of
radioactive isotopes in West German industry.

L. Dolle, pp. 426-429. Study of radiations, and
nuclear engineering.

K. Peter, pp. 439-443. Charged -particle accelerator
for industry.

8. Jefferson, pp. 444-447. High-level radiation
sources in industry. t

D. Trageser, pp. 447-449. Techniques of electron-
irradiation of wires and cabling.

J. Brit, Nucl. Energy Conf. 3, No, 4 (1959)

S. Burgess and A. Green, pp. 217-229. Uses of radio-
active isotopes for the study of the performance of fa-
cilities used to process sewage water. :

Nucl. Engng. 4, No. 42 (1959)

R. Roberts, pp. 408-409, High-level radiations
sources for industry.

Nuova Technika, No. 10 (1959)

A. Krcima, pp. 509-511. Uses of atomic energy in
the textile industry.

Research, Vol. 12, No. 10/11 (1959)

B. Giletti and R, Lambert, pp. 368~373. Uses of
radioactive fsotopes for determining age of geological
and archeological processes.

F. Hurley, pp. 417-423. Industrial separation of
uranium isotopes.

Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050002-7




Declassified and Approved For Reléase 2013/02/19: CIA-RDP104'62196R000100050002-7

A MESSAGE FROM THE CENTRAL COMMITTEE OF THE
COMMUNIST PARTY OF THE SOVIET UNION AND
THE COUNCIL OF MINISTERS OF THE USSR

The Central Committee of the Communist Party of the Soviet Union and the Council of Ministers of the
USSR announce, with profound sorrow, the sudden death on February 7, 1960, in the 58th year of his life, of the
country's outstanding scientist and physicist, member of the Presidium of the Academy of Sciences of the USSR,

director of the Atomic Energy Institute of the Academy of Sciences of the USSR, member of the Communitst Party
of the Soviet Union, deputy to the Supreme Soviet of the USSR, three times decorated as Hero of Socialist Labor,
Academician Igor' Vasil’evich Kurchatov.

CENTRAL COMMIT TEE COUNCIL OF MINISTERS
CPSU ‘ USSR
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ACADEMICIAN IGOR' VASIL'EVICH KURCHATOV

Academician Igor’ Vasil’evich Kurchatov, leading
Soviet scientist, Communist, thrice named as Hero of
Socialist Labor, deputy to the Supreme Soviet of the USSR,
member of the Presidium of the Academy of Sciences of
the USSR, director of the Atomic Energy Institute of the
Academy of Sciences of the USSR, died suddenly in the
58th year of his life, on February 7, 1960, in Moscow.

In his person, our country and the world scientific
community have lost one of the most prominent scientists
and physicists of our time, a man who was working on the
solution of problems of wide scope in harnessing the inex-
haustible reserves of energy within the atom, for the bene-
fit of mankind.

L V. Kurchatov was born on January 12, 1903, in the
village Simskii Zavod of the Ufa district, in the house~
hold of a land surveyor. In 1923, he completed the physics
and mathematics curriculum of the University of Crimea.
He manifested exceptional interest in scientific work dur-
ing those years, From 1925 on, he began work at the Len-

- ingrad Physics and Engineering Institute,

While still a young scientist, L V. Kurchatov achieved
remarkable successes in research on dielectrics, on which
little research had been done up to that time. At that
young age, he laid some of the foundations for the theory
and initiated work on an encompassing experimental
study of a new category of materials, the ferroelectric
materials, which have since assumed great practical sig-
nificance.

In subsequent years, I V. Kurchatov became engaged
in research on the physics of the atomic nucleus. In 1935,
he discovered the extremely important phenomenon of
nuclear isomerism. :

In 1940, investigations leading to the remarkable
discovery of spontaneous fission on the part of uranium
nuclei were completed under the guidance and on the
initiative of I V. Kurchatov.

During the Great Patriotic War, I. V. Kurchatov
placed all of his efforts. and knowledge at the service of
strengthening the defensive might of our Motherland.

For his outstanding scientific services, the Academy
of Sciences of the USSR elected Lk V. Kurchatov as an
Acting Member of the Academy in 1943.

In his later work, all of his activities were related to
problems involving the harnessing of atomic energy, and
to the end of his life he unstintingly directed this work
in the Soviet Union. Under his able scientific leadership
and with his direct participation, atomic studies were be-
gun'in our country and raised to a new high in the investi-
gation of the atomic nucleus, work was developed on
controlled thermonuclear fusion, ways were explored for
employing atomic energy in various branches of the na-
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tional economy. I V. Kurchatov educated countless cadres
of scientists and engineersin this new field of nuclear
science. Academician Kurchatov was not only a great
scientist, but a most prominent activist in public affairs,
a passionate fighter for peace. He was elected on more
than one occasion to the post of deputy to the Supreme
Soviet of the USSR. His contributions at the XX and XXI
Congresses of the Communist Party of the Soviet Union
and at the sessions of the Supreme Soviet of the USSR
for the prohibition of nuclear weapons, for the use of
atomic energy for peaceful purposes, for peace through-
out the world were acknowledged by the Soviet people
with great satisfaction.

T aking the floor at the January 15, 1960 session of
the Supreme Soviet of the USSR, Igor* Vasil'evich stated:
"I am happy that I was born in Russia and could devote
my life to the atomic science developing in the great
country of the Soviets. I profoundly believe and firmly
know that our people, our government will devote the
achievements in this science solely to the good of man-
kind." _ ' ’

The brilliant capabilities of the scientist, his enors

‘mous energy, his outstanding organizing ability, and his

exceptional efficiency were happily combined in L V.
Kurchatov with rare spiritual qualities. He won the sincere

-respect and warm love of all those who were fortunate

enough to have the opportunity to work alongside him
and under his guidance. . o

Igor® Vasil'evich was a responsive and sensitive per-
son, with a relationship of real concern and attentiveness
toward his companions in work.'I. V. Kurchatov'sstraight-
forward and buoyant personality, his unflagging and lively
interest in his work inspired all those around himtocres
ative work in the name of Soviet science and our Mother-
land.

For his outstanding services to the Motherland, I.

- V. Kurchatov was awarded on three occasions with the

honors of Hero of Socialist Labor, the Lenin and Stalin
prizes, and was decorated with five Orders of Lenin, two
Orders of the Toiler of the Red Banner, and other medals.

The whole glorious life of this true son of the Commu-
nist Party, Academician Igor' Vasil'evich Kurchatov,

. serves as a shining example of selfless and unrestrained
~ service to one's Motherland. Our people will cherish his

memory forever. :
Presidium of the Academy of Sciences of the
USSR
Main Control Board on the Uses of Atomic
Energy, attached to the Council of Ministers
of the USSR
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Division of Physical and Mathematical Sciences Institute of the Academy of Sciences of the USSR, recipi'-

of the Academy of Sciences of the USSR ent of the Lenin Prize, four-time recipient of the Stalin
Divisfon of Technical Sciences of the Academy . . prize. The Acddemy takes this occasion to express its
of Sciences of the USSR . ‘ condolences to the family of the deceased, -
Atomic Energy Institute of the Academy of THE MAIN CONTROL BOARD ON THE USES OF ATOMIC
Sciences of the USSR ENERGY, attached to the Council of Ministers of the USSR,
Leningrad Physics and Engineering Institute of expresses, in the name of all workers in atomic industry
the Academy of Sciences of the USSR and scientific institutions, its profound grief motivated
by the untimely end of the outstanding Soviet physicist,
A MESSAGE FROM THE ACADEMY O Academician IGOR' VASIL'EVICH KURCHATOV.
SCIENCES OF THE USSR o : Igor® Vasil’evich Kurchatov was the scientific leader
The Academy of Sciences of the USSR announces, in charge of the building of atomic industry and nuclear
with profound grief, the sudden death on February 7, 1960, engineering in our country.
in the 58th year of his life, of the three-time Hero of The untimely demise of I. V. Kurchatov is a heavy
Socialist Labor, Academician IGOR' VASIL'EVICH loss for nuclear science.
KURCHATOYV, the outstanding physicist and scientist, We take this occasion to express our profound condo-
leading activist in public affairs, member of the Presidium lences to the family of the deceased.
of the Academy of Sciences of the USSR, deputy of the Main Control Board on the Uses of Atomic Energy,
Supreme Soviet of the USSR, director of the Atomic Energy attached to the Council of Ministers of the USSR
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MIKHAIL MIKHAILOVICH KONSTANTINOV

Translated from Atomnaya fnergiya, Vol. 8, No. 2,

February, 1959

On January 19, 1960 Mikhail Mikhailovich Konstan=-
tinov, Candidate of Geological and Mineralogical Sci-
ences, who served as an author, reviewer and scientific
ed1tor on the editorial board of the journal Atomnaya
Energlya and Atomizdat since their foundation, died
after a long and serious {llness.

Mikhail Mikhailovich Konstantinov was born at
Irkutsk in 1907, his family being professional revolution-
aries who had been imprisoned for their beliefs. In 1921
he joined the Komsomols and entered the Party in 1930,

In 1931 Mikhail Mikhailovich compieted hisstudies
at the Moscow Geological Prospecting Institute and was
directed by the Central Committee of the Party to work
in The Supreme Economic Council, USSR.
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Mikhail Mikhailovich was one of the organizers of
the rare-metal industry in the Soviet Union. He worked
as the chief engineer of the Trust and as its director and
chief geologist; he took part in prospecting operations
for rare-metal ores in Yakutiya, Transbaikal, the Caucasus
and the Far East. Many newly discovered deposits are
associated with his name.

Mikhail Mikhailovich devoted the latter part of his
life to scientific work. More than 40 scientific investi-
gations were described in his writings, 16 of these ap-
pearing in print.

Mikhail Mlkhallovlch had a well deserved reputation
in scientific circles. All his scientific colleagues sincerely
mourn his early death.

Declassified and Approved For Release 2013/02/19 : CIA-RDP10-02196R000100050002-7




Declassified and Approved For Release 2013/02/19 : CIA-RDP10-0_2196R0001000500(/)’2-7

/ “

[fegseutf@[b il

«

OF @R@&NU@M o

A collectlon of ten papers from the Consultants Bureau
_ translations of the Soviet Journal of Analytical Chemistry
and the farnous "Doklady" of the Academy of Sciences
(1949-58) ... This collection will acquaint the analytlcal
chemist workmg in this field with Soviet techmques for
the determination of uranium in solutions, in ores and the
products of their treatments, and in accessory minerals,
plus methods for the determination of impurities in uranium.

heavy paper covers . illustrated L $|0.00
_ CONTENTS ] ’
e Extraction of Uranyl a -Nitroso-8 -naphtholate and Sepa-
ration of Uranium from Vanadium and Iron. _ N

e The Composition of Uranyl Selenite. A Volumetric Method
of Determining Uramum ) ‘ ' "

, ® The Composition of the Luminescence Center of Sodmm

Fluoride Beads Activated by Uranium.
Pl
° Rapld Lumineséent Determination of Uranium in Solutlons :

® Preparation of Shghtly Soluble Compounds of Quadnvalent '
Uranium Using Rongalite. .

o Investigation of Complex Compounds of the Uranyl Ion
Which are of Importance in Analytical Chemistry.

¢ Uranyl and Thorium Selenites.

& The Evaporation Method and Its Use for the Determmatmn
of Boron and Other Impurities in Uranium.

] Spectrograpmc Determination of Uranium in Ores andthe
* Products Obtained by Treatment of These Ores.

'@ Determination of Uranium in Accessory Minerals,

CONSULTANTS BUREAU

227 WEST 177 STREET, NEW YORK 11, N. Y.
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Now available . . .- an insight into  the Soviet !
problems and achzevements n... "

PRODUCTION of |SOTOPES |

-

The eighteen papers which comprise this volume were
"~ originally read at the All-Union Scientific and Tech- 4
nical Conference on the Application of Radioactive ) -
Isotopes, Moscow, 1957. The reports -consider the _.
problems and achievements of Soviet scientists in the -
production of radioactive isotopes by irradiation of
. . targets in Soviet reactors and cyclotrons. Not only- .
is this work of signiflcance to producers of isotopes, - -
but many of the papers will prove useful to isotope ) SN
users as well. '

" The Development of Isotope Production in the USSR.
Certain Aspects of the Production of Radioactive Iso-
topes in a Nuclear Reactor. . -
Production of Radioactive Isotopes in a 10-Mev Deu- .
teron Cyclotron.
Determination of Product Yields in Nuclear Reactions. :
Spéct;'ochemieal Methods of Analyzing High-Purity -
- Materials Used in Reactor Construction and for .
the Production of Radioisotopes. - o
Quantitative Spectral Determination of Impurmes in
( ‘Radioactive Preparatlons A
- The Production of Alpha-, Beta-, and Gamma-Sources
Using Oxide Films on Aluminum and Its Alloys.
Stable Isotopes Enriched by the Electromagnetic -
Method. . »
Ultrahlgh-Temperature Ion Source for Electromag- ‘y_ -
netic Separation of Isotopes of Elements in the
Platinum Group. -
Inhomogeneous-Field Mass- Spectrometer for Analy-
sis of Light- Element Isotopes. -
The Relative Abundance of Palladlum and Germanium
Isotopes. | Co :
Some Problems in the Theory of Isotope Separanon._
Separatlon of Isotopes of Light Elements by Diffusion - ‘
in Vapors g ~ :
A Diffusion Column for the Separatlon of Isotopes.
A Fractlonatmg Column for Preparing BF; Ennched
in the Isotope B“’ ;
. -An Investigation of the Separation of the Stable Iso- ‘ N
' topes of Light Elements.
The Separation of-Carbon Isqtopes.
Low- Temperature Methods for Separatmg Helium
" Isotopes (He® - He ). .

i959 ‘durable paper covers 136 pp. $50.00

CONSULTANTS BUREAU

227 WEST 17TH STREET. NEW YORK 11. N Y.
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