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INVESTIGATION OF ELECTROMAGNETIC RADIATION
FROM A STRAIGHT HIGH- CURRENT DISCHARGE

V. A, Suprunenko, Ya. B. Fainberg, V. T. Tolok, E. A. Sukhomlin,
N. I. Reva, P, Ya., Burchenko, N, I. Rudnev, and E. D. Volkov

Translated from Atomnaya Energiya, Vol. 14, No. 4,
pp. 349-352, April, 1963
Original article submitted June 9, 1962

In this work we investigate the formation of runaway electrons in the electric field of a gas discharge.
It is shown that the interaction of the runaway beam with the plasma results in the production of in-
tense coherent electromagnetic radiation at frequencies in the region of the plasma frequency. The
power of this radiation is much greater than the thermal noise power.

Among the processes that occur in gas discharges an important role is played by the interaction of charged
particle beams with the plasma. This interaction is very efficient; it evidently causes instabilities in a plasma, re-
sults in the establishment of a Maxwellian distribution in the absence of collisions, and can have an effect on trans-
port processes (conductivity, diffusion across the magnetic field).

In the present work we have carried out an experimental investigation of the electromagnetic radiation pro-
duced by a high-current discharge under conditions for which there was an appreciable current of runaway electrons
[1], yielding the possibility of beam-type instabilities [2, 3]. The radiation in this case should be considerably dif-
ferent from the radiation of an equilibrium plasma, both in intensity and spectral composition.

At the present time there are available several papers on the theory of fluctuations in a non-equilibrium plas-
ma [4-8], in particular, in a plasma in which there is a current of runaway electrons. As shown by calculations in
[4], at some critical runaway current the beam becomes unstable and the intensity of the fluctuations rises sharply
and increases with time. The critical current is given by

L XE]

v

]beam}”vglv%e 2Viro . (1)
where n is the plasma density, V, is the velocity of the runaway electrons, V5 and Vpp are the thermal velocities
of the plasma and beam respectively. In order to describe fluctuations under these conditions one must develop a
theory for an unstable plasma that is not in equilibrium. This topic has been treated in [9] for the case in which the
density of the electron beam is much smaller than the plasma density; the initial stages in the development of the
instability were treated in this work. The nonlinear theory of the interaction of a beam and plasma [10] indicates
that ¥, of the beam energy can be dissipated in the excitation of longitudinal waves. Thus, the question of fluctua-
tions caused by longitudinal waves in a non-equilibrium unstable plasma with no collisions has been studied to a suf-
ficient degree to afford a reasonable comparison with experiment.

However, a direct measurement of the spectrum of longitudinal waves excited in a plasma is difficult, espe-
cially in high-current discharges. For this reason, in the present work we have investigated the radiation from the
plasma. This radiation can be produced as a result of the transformation of longitudinal waves into transverse waves
at plasma inhomogeneities. However, as shown in [11, 12] it is also possible to have direct excitation of transverse
waves in a plasma that is not in a magnetic field or one that is in a very strong magnetic field, The spectrum and
intensity of the fluctuations caused by the transverse waves for a non-equilibrium but stable plasma can be deter-
mined from general relations given in [8]. However, the determination of the spectrum of these waves for an un-
stable plasma requires special investigation.

The excitation of plasma oscillations caused by electron beams has also been studied experimentally in [13-
16]. In these papers the longitudinal plasma oscillations at the following frequency were investigated:

o 4mne?

wO:—m ' (2)
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T _ Fig. 2. Oscillogram showing the total discharge
current in the gas (a), the current of runaway elec-
Fig. 1. Diagram of the apparatus. trons (b) and the microwave radiation signal (c).

It is the purpose of the present work to report an experimental investigation of the production of intense radi -
ation, the establishment of a correlation between the runaway current and the radiation intensity, and a determina-
tion of the spectral composition of the radiation. In addition, we have investigated the coherence of the radiation,
a characteristic which is important for an understanding of the radiation process.

In order to determine the mechanism responsible for the radiation it will be necessary to carry out further in-
vestigations of the spectrum in the region of the Langmuir frequency (under the present conditions this means wave
lengths of the order of 0.3-1.0 mm) as well as the spectrum and intensity of the longitudinal waves,

The experiments were ‘carried out with an apparatus (Fig. 1) consisting of a straight tube of aluminum 10 cm -
in diameter and 25 cm long usually filled with hydrogen to a pressure of 107% mm Hg. At the two ends of the tube
there are plane aluminum electrodes between which a condenser bank with a capacity of 15 pF is discharged. The
condenser bank is charged to 30-40 kV,

The discharge current is 100 kA. The discharge chamber is located in a magnetic field which can be raised
to 10 kG, In order to obtain reliable breakdown the gas is subject to preliminary ionization by means of a Penning
discharge. In order to improve the reproduceability of the results we took measures to obtain good vacuum condi-
tions (the joints and gaskets were made with metal seals and evacuation was carried out by means of a titanium
pump). Before operation was started the chamber was heated to 300 deg C and cleaned by discharge cleaning.

Preliminary experiments have shown [17] that in the first 3-5 usec of a high-current discharge there is a high-
ly lonized hot plasma pinch which is isolated from the walls and in which magnetohydrodynamic instabilities have -
not yet developed, The diameter of the pinch is approximately 4 cm. The charge density at the axis of the dis-
charge is. 10%5-10% cm =3 and the electron temperature is several tens of electron volts.

In the present experiment the current of runaway electrons was detected by means of a Faraday cylinder loca-
ted behind an aperture (¢ 8 mm) at the center of the electrode at a distance appreciably greater than the mean free
path of thermal electrons in the-gas, thus insuring that only fast electrons were detected.

The circuit between the current collector and the main electrode should have as little resistance as possible in
order that the voltage drop across it will not appear in the gas. The current to the current collector was recorded by
means of a Rogowski loop. :

The maximum beam energy can be estimated roughly by means of photographic films covered with aluminum
foil located behind the aperture in the electrode; this energy was found to vary from 3 to 5 kW. The electric field
measured in all experiments varied from 100 to 500 V/cm and was of the order of magnitude of the critical field [1]
at which all the electrons become runaway electrons: ’

L =1,5810"8 o ~ 103 3
o T Y T\ (deg) v/em, ©
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Fig. 3. The intensity of the radiation from the plas- Fig. 4, The discharge current, the run-
ma and the rupaway electron current as functions of away electron current and the radiation
the total discharge current at hydrogen pressures of . intensity as functions of the initial gas

2-10 "2 mm Hg and a magnetic field of 6 kG, pressure in the chamber.

The electromagnetic radiation from the plasma was recorded by means of a microwave hormn (located in line
with the porcelain wall of the discharge chamber) and a crystal detector. The signal from the crystal detector was
applied to the amplifier of an OK-17M oscilloscope. The signal at the input of the oscilloscope was proportional to
the intensity of the total radiation in the region from 8 to 14.4 mm. The lower limit of the measured radiation was
determined by the detector sensitivity and the upper limit by the cutoff wavelength of the waveguide between the
horn and the detector. ’

The radiation spectrum was investigated by using the limiting waveguide technique [10]. It was found that
the radiation peak lies in the region of the plasma frequency. However, all characteristics of the radiation were in-
vestigated at frequencies below the plasma frequency as well.

The radiation from the plasma is polarized in such a way that the electric field is perpendicular to the run-
away electron beam while the magnetic field is parallel to the beam. The radiation intensity is approximately 107
times greater than the intensity of the thermal radiation {10} from a plasma at an electron temperature' of 10 eV,
The investigations were carried out with a receiver tuned to a frequency appreciably below the plasma frequency in

which case the noise power, as shown in [18], is much less than 10710 w/ cm?.

We have also investigated the coherence of the radiation. Two horns, each of which was sensitive to radia-
tion at a wave length of 2 cm, were located at the axis of the discharge and separated by a distance of 11 cm, The
phases of the radiation picked up by the horns were compared by means of an 8-millimeter interferometer,

The experiments have shown that the radiation is coherent over the entire range of initial gas pressures and
that the intensity of the radiation is constant along the length of the discharge.

In Fig. 2 we show oscillograms of the runaway electron current, the signal from the detector, and the total
discharge current. The microwave radiation appears at a peak of the discharge current and shows good correlation
with the runaway electron current. The investigations were carried out at a magnetic field of 6 kG, which provides
plasma containment for 3-4 usec.

" Changing the magnetic field from 0to8 kG had no effect on the amplitude or other properties of the radiation.

It is of interest to investigate the dependence of the intensity of the radiation and current of runaway elec-
trons on the electric field in the plasma. A direct measurement of electric field in a plasma is extremely difficult
since placement of probes in the discharge disturbs the radiation. Hence, a Rogowski loop was used to measure the
total plasma current which is assumed to be a monotonic function of the electric field.

It is evident from Fig, 3 that there is a critical current in the plasma and, consequently, a critical electric
field, below which there is essentially no electromagnetic radiation from the plasma. Above the critical current
value the radiation rises sharply and then increases weakly with current. The-ecurrent of runaway electrons increases
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monotonically with electric field; at a critical value of the total

N 1 : current the current of runaway electrons is reduced suddenly by
T % \K‘ | 20-30% and then changes slightly. This dependence indicates that
5.8 4 s - .
> g ? N the excitation of ‘electromagnetic waves in a plasma occurs by
ZQ 3 N ; virtue of the energy of the runaway electrons.
x 8 .
. N'\ * In Fig. 4 we show the intensity of the radiation as a function

of initial gas density in relative units. The total current through
the gas does not change appreciably during the entire experiment.
At pressures below 10" mm Hg the radiation intensity increases
. sharply (by a factor of approximately 25); at high pressures it is
A I3 ] 10 12 essentially independent of the pressure.

f,ocm It is characteristic that as long as the radiation intensity re -
Fig. 5, The radiation intensity as a function mains small the current of runaway electrons rises sharply as the
of distance from the plasma boundary. pressure is reduced, in accordance with the theory given by Har-

rison [1], However, as soon as the radiation intensity starts to in-
crease the current of runaway electrons no longer increases and is indeed reduced at high radiation intensities.
This experiment indicates once again that electromagnetic radiation from a plasma occurs by virtue of the energy
in the current of runaway electrons,

In Fig. 5 we show the intensity of the radiation as a function of distance from the boundary of the pfnch. Un-
der the assumption that the pinch radius is 2 cm the power flux of the radiation shows good agreement with inverse
distance to the edge of the discharge, except for the points at the edge of the porcelain chamber, which may be ex-
plained by the effect of the chamber walls on the antenna impedance.

Thus, it may be stated that the coherent electromagnetic radiation from a plasma observed and investigated
here at frequencies close to the Langmuir frequency is excited by the runaway electron beams.

The experimental observation of transverse electromagnetic oscillations excited by electron beams is of
obvious importance,

In conclusion the authors wish to thank Acad. K. D. Sinel'nikov for discussion and for his interest in this work,
and P. 1. Blinov, Cand. Tech, sci., L. A. Dushin and K, A, Leontovich for help in carrying out the microwave measurements.
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MIKHAIL ALEKSANDROVICH LEONTOVICH

Translated from Atomnaya Energiya, Vol. 14, No. 4,
p. 353, April, 1963 :

The seventh of March, 1963, marked the passage of sixty years since the birth of one of the greatest of theo-
retical physicists, Academician Mikhail Aleksandrovich Leontovich. '

M. A. Leontovich is known for his work in the most diverse branches of physics: electrodynamics, optics, sta-
tistical physics and thermodynamics, quantum mechanics, the theory of oscillations, acoustics, radio physics, and
plasma physics. '

The start of Mikhail Aleksandrovich's scientific activity is associated with the name of the prominent soviet
physicist, L. I. Mandel'shtam, with whom Mikhail Aleksandrovich studied, and with whom he worked in his early
years. In one of their first papers, they observed the phenomenon of subbarrier transition in quantum mechanics. In

1929, Mikhail Aleksandrovich took part in developing the complete classical theory of Raman scattering in crystals. -

In 1937, Mandel'shtam and Leontovich proposed a general method for treating dissociation phenomena in sys-
tems with finite relaxation time. This method is widely used in solid state physics and-in gas dynamics..

Associated with the name of Mikhail Aleksandrovich are the so-called "Leontovich boundary conditions" for
the electromagnetic field at the surface of solids with large complex dielectric constant. These boundary conditions
turned out to be extremely useful in the study of a wide range of problems in electrodynamics.

During the war years, M. A. Leontovich turited his attention to the solution of radio engineering problems of
importance to defense, and his influence on the development and practical applications of radio physics dates from

357
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this time. In 1946, M. A. Leontovich (together with V. A. Fok) published his well known paper on the propagatlon
of radio waves along the surface of the earth. M. A. Leontovich has done much to lay the foundations of the theory
of thin wire antennas.

His profound understanding of electro-~ and thermodynamics has enabled M. A. Leontovich (together with §,
M. Rytov) to establish the mutual relation between the correlation of current fluctuations and the conductivity in
a medium.

In 1951 Mikhail Aleksandrovich became head of the theoretical work on plasma physics and the problem of
controlled thermonuclear synthesis. He has educated a school of theoreticians working in the field of plasma phys-
ics, and this school is the leading one in our country. M. A. Leontovich is an initiator and an active participant in
the majority of the researches in the new and surging development of this branch of physics.

Mikhail Aleksandrovich's ideas are always of great influence, not on the development of theory alone, but at
the same time on the experimental work in the branch of science which he has taken up.

M. A. Leontovich's services to science are generally recognized. In 1939, he was elected a corresponding
member, and in 1946 a full member of the Academy of Sciences, USSR. For his work on radio physics, he was
awarded the A. S, Popov gold medal in 1952, For his work in the field of plasma physics, M. A. Leontovich won
the Lenin Prize in 1958. Mikhail Aleksandrovich has been honored by ihany orders and medals of the USSR, On the
occasion of his sixtieth birthday, he was honored with the third order of Lenin.

Mikhail Aleksandrovich Leontovich is a man with a great soul. Among physicists, his honesty, his uncompro-
mising devotion to principle, his cordial relation to people, and his extreme modesty have become truly proverbial.
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PASSAGE OF A PLASMA BURST THROUGH A MAGNETIC MIRROR MACHINE

N. N. Brevnov and A. I. Matulis

Translated from Atomnaya Fnergiya, Vol. 14, No. 4,
b giya
‘ pp. 364-358, April, 1963
Original article submitted July 27, 1962

A study has been made of the behavior of plasma bursts as they move along the axis of an "Ogrenok”
magnetic mirror machine. The bursts were accelerated by a coaxial plasma injector. For the para-
meters chosen, the main plasma current was injected in the form of two bursts with velocities of 107
and 2108 cm/sec. In passing through the first magnetic mirror, both bursts were broken up into
streamns. This occurred to a larger extent in the burst with the lower velocity. The first burst passed
through 350 cm of machine in a time of the order of 90 psec. The luminescence from the streams

in the machine lasted 700 psec. .

Introduction

The study of plasma containment in magnetic mirror machines is closely bound up with the problem of injec-
tion and filling the machine with plasma of sufficiently high density, temperature, and degree of ionization. There
is some interest in producing a plasma of this sort by capturing bursts accelerated in "plasma injectors”. This meth-
od of filling is used in a number of physical experiments [1, 2]. In the present paper, a study was made of the pas-
sage of plasma bursts through magnetic mirrors and of the motion of bursts in a large size mirror machine,

I11' LPC ) | ![

Fig. 1. Geometry of the setup.

Setup_

The experiments were made in an "Ogrenok” machine [3]. The magnetic field configuration is give‘n in Fig.1,
The mirror ratio was 1.5. The constant magnetic field was varied from 0 to 6600 Oe*.

*The magnetic field configuration was not changed; the field values given are for the magnetic field in the mirrors.
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Fig. 2. Diagram of plasma injector; 1) Electro- Fig. 3. Energy W, given to the calorim-
dynamic hammer; 2) anvil; 3) valve; 4, §) eter by the bursts, as a function of dis-
electrodes. tance to injector (H = 2000 Oe).

The plasma bursts were produced by a coaxial plasma injector, similar to the one described in [4-6]. The
electrical circuit is shown in Fig, 2. The current change period in the injector circuit was 10 psec. The delay
time between applying the voltage to the injector electrodes and opening the valve was 400 ysec. When the valve
was open, 45 pg of hydrogen was introduced into the injector. The injector gave two successive pulses with veloci-
ties 10" and 2°10° cm/sec. The initial residual gas pressure in the chamber of the machine was 10 mm Hg.

In the experiments under discussion, a study was made of the changes in geometric dimensions of the bursts
(by photographing them with an ultra high speed camera), of the velocity of the bursts while moving in the magnet-

ic field (by means of magnetic probes), and of the energy density in the bursts (with calorimeters, provided with
sensitive thermocouples).

Results
The plasma bursts were injected along the axis of the machine. If there is no magnetic field, after the bursts
leave the injector, they quickly go to pieces and hit the walls of the chaimber. Figure 3 shows a characteristic curve

W, Joules/cm?
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W, Joules » 0 ;
300 i
200— ‘ |
/ /3
700 /
- .
0 2000 4000 0 5
/f
H, Ce 4
R, cm
Fig. 4. Energy at calorimeter as a func- Fig. 5. Radial distribution of
tion of magnetic field intensity: 1) first energy density w in first mag-
magnetic mirror; 2) center of the ma- netic mirror;: 1) H = 4400 Oe;
chine; 3) second magnetic mirror, ) 2) H = 2200 Oe; 3) H = 1100 Qe.
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of the change in energy givefl to the calorimeter as a function of the distance to the injector with a magnetic field
in the machine. The calorimeter was a copper cylinder (8 cm in diameter, 30 cm long) with a conical input. The
input diameter was 18 cm. The calorimeter was moved along the axis of the.machine. It follows from Fig. 3 that
at distances greater than 80 cm from the injector, the bursts begin to be compressed by the magnetic field. How-
ever, the rapid decrease in energy in the calorimeter in the region behind the magnenc mirror shows that the radial
divergence of the bursts is greater than the divergence of the lines of force. This is supported by Flg. 4, which shows
the energy given to the calorimeter as a function of magnetic field intensity. In the first magnetic mirror, a field
of 2000 Qe is sufficient to compress the bursts to the size of the calorimeter. The energy given to the calorimeter
does not change with increase in field, There is no saturation in the second magnetic mirror, which shows that the
bursts are of considerable size along the diameter of the chamber.

Figure 5 shows the radial distribution of the energy density of the bursts at a distance of 130 cm from the in-
jector as measured with small sized calorimeters. The energy density is a maximum at the axis for all values of
magnetic field intensity. The bursts have a dense core of the order of 5 cm in diameter. After the first magnetic
mirror, fluctuations start in the transverse dimensions of the bursts, especially at strong magnetlc fields, so that the
measurements made with small sized calorimeters become inaccurate. The data obtained with the calorimeters
show that the plasma bursts are compressed on entering the magnetic field, forming a dense core. The beams
spread out in the radial direction as they move on in the magnetic field, so that their transverse dimensions have
increased considerably by the time they get to the second magnetic mirror. "

Measured values of the velocity of the first burst at different distances from the injector for a magnetic field
of 2200 Oe are given below.

'Fig. 6. Burst shapes (type a pictures); 1) H = .
2) H= 2200 Oe; 3) H= 4400 Oe; 4) H= 6600 Oe. Fig. 1. Passage of plasma bursts through a magnetic
The time after the start-of injection is shown under mirror (type ¢ pictures); 1) H= 2200 Oe; 2) H=
each frame. . = 4400 Ce; 3)H= 6690 Oe.
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Distance from injector to first winding, cm 0 80 130 200
Velocity, cm/sec 12-10° 7-105 3.6-10° 4,4°108

The velocity was measured from the displacement between the pulses from two windings ~ 200 mm in diam-
eter, located 40 cm apart on the axis. The data show that the velocity of the plasma burst decreases several times
when it goes into the magnetic mirror, and increases several times when it comes out.

The change in velocity of the second beam was thus difficult to find because of the smallness of the signal.

The change in shape of the bursts was investigated by using the ultra high speed camera as a time magnifier.
The field of vision of the objective is shown in Fig. 1 for four types of pictures. The upper part of the figure shows
the image of the lines in the focal plane; I, C, and II are horizontal lines perpendicular to the axis of the machine
and intersecting it at the first magnetic mirror, 'in the center, and at the second magnetic mirror respectively. The
oblique lines are horizontal lines parallel to and 5 or 10 cm from the axis of the machine.

Using pictures of type d made it possible to photograph bursts coming directly out of the injector. Analysis of
a large number of films has shown that the main plasma current from the injector lasts up to 30 psec, and changing
the magnetic field in the machine has no appreciable effect on the way the injector works.

Figure 6 shows pictures of bursts taken from the end of the chamber (type a picture). In all cases where the
magnetic field is different from zero, tongues grow out in the plasma, and are clearer the higher the magnetic field
intensity. Control pictures, taken at a small angle between the axis of the machine and the optical axis of the cam-
era, show that, after 90 psec, the first burst has already reached the end window, causing it to be uniformly lumines-
cent. If the time is read from the start of discharge, the luminescence of the plasma will be a minimum for t = 70
psec, which corresponds with the arrival of the first beam in the second mirror, and of the second beam in the first
mirror. Appreciable luminescence in the chamber persists for a time of the order of 700 usec.

Figure 7 shows bursts passing through a magnetic mirror (type c picture), The first burst approaches the first
magnetic mirror in the form of a broad luminous wall, which is then transformed into a conical channel. The plas-
ma passes through the magnetic mirror in a thin stream along the axis of the machine, This evidently indicates that
the magnetic field is still not able to diffuse into the first burst, and the plasma stream probably penetrates through
the magnetic mirror by the mechanism described by Tuck [7]. It should be noted that the first burst shows inhomo-
geneities consisting of screw type exfoliation of the plasma stream.

The passage of the second burst through the magnetic mirror is different. This is clearly visible in the pic-
tures 3 of Fig. 7, which show the shape of the second burst alone. At a distance of the order of 80 cm from the in-
jector, the second burst breaks up into separate streams which behave like a poorly conducting plasma. They are
weakly compressed in the magnetic mirror, and pass through the machine with a large total luminescence.

Thus, calorimetric measurements and photographing the bursts show that there is a dense plasma stream mov -
ing along the axis of the machine (first burst), and that there are plasma streams that become displaced and diverge
radially as they get farther from the injector (second beam). The fluctuations in the data from the calorimetric
measurements are obvious, and are caused by the inhomogeneity produced by the stieams,

Discussion of Results

The grooving of the surface of the plasma bursts as they move in a nonuniform field was observed by Dickin-
son [8], and was explained by him as a manifestation of iner-
tial instability which shows up from the radial acceleration of
the plasma occurring when the burst is compressed by an in-
creasing magnetic field, In our case, the formation of the
streams is of a similar nature to inertial instability, although
the rate of increase of the magnetic field is small (108 Oe/sec),
while the radial compression rates of the burst are of the order
of the thermal velocities of the ions.

The formation of the streams may also be explained in
terms of the instabilities inherent in the plasma when it is
bounded by curved lines of magnetic force.

The configuration of the lines of magnetic force ahead of
Fig. 8. Configuration of lines of magnetic force. the mirror is that of a beam converging toward the axis (Fig. 8).
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The density of the plasma burst is 2 minimum at the axis when it leaves the coaxial injector. It maybe assumed
roughly that they are similar in shape to a hollow cylinder. At the entrance to the magnetic mirror, the external
surface of the plasma is bounded by convex lines of magnetic force, and the boundary will be stable. However the
internal surface of the plasma cylinder is bounded by concave lines of force and.trough type instabilities can devel-
op on the inside surface of the plasma, and these are capable of dividing the plasma cylinder into separate streamns.
After passing through the magnetic mirror, the external surface of the plasma may become unstable to trough for-
‘mation. The grooving of the surface of plasma bursts shows up more clearly in the second burst, which-is moving at
a lower velocity. '

~ The data obtained permit us to assume that bursts with a velocity of 107 ¢m /sec can pass through a distance
of the order of several meters in a magnetic field of several thousand oersted, and still have a compact shape. Bursts
with smaller velocities break up into separate streams as a result of instabilities and behave like a plasma with poor
conductivity in the magnetic field.

It is possible that formation of streams will favor capturing the plasma in a magnetic mirror machine.
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6.5 MeV MICROTRON FOR ELECTRON INJECTION IN A SYNCHROTRON

K. A, Belovintsev, A, Ya, Belyak, A, M. Gromov, E. M. Moroz,
and P, A, Cherenkov

Translated from Atomnaya Energiya, Vol. 14, No. 4,
pp. 359-363, April, 1963
Original article submitted June 27, 1962

A discussion is given of the possibility of using a microtron as an external electron injector in a syn-
chrotron. The construction of the equipment is described, and startup results are given for a 6.5
MeV microtron.

Introduction

In the majority of synchrotrons for energies up to 500 MeV, the electron source ordinarily used is an internal
injector, located in the acceleration chamber close to the external boundary of the working region of the accelera-
tor. Asa rule, the energy of the electrons injected in this case is 50-100 keV, which makes it necessary to give the -
electrons a prellmmary acceleration to energies of the order of 3-4 MeV (B = v/c 1), and only after this does the
actual synchrotron acceleration begin. The preliminary electron acceleration is accomplished by classical betatron
acceleration, i.e., by means of eddy current e.m.{.'s.

In synchrotrons operating above 500 MeV, use is ordinarily made of high voltage injection of electrons (with
an energy of several megaelectron volts), obtained from an external source. Here, the input magnetic fields are suf-
ficient to give the required field with the necessary accuracy. It is no longer necessary in this case to give the elec-
trons a preliminary acceleration in the betatron cycle, or to vary the frequency of the accelerating voltage in the
synchrotron. High voltage injection of course has its problems, due to the necessity of getting the injected beam
through the input channel. However, as we know, these problems are not fatal, and have been successfully solved in
all large accelerators.

with high voltage injection, the choice of the method of giving the electrons the preliminary acceleration
(Van de Graaf generator, pulse generator, linear accelerator, etc.) is determined by the effort to get the greatest
possible electron beam intensity at the output of the injector accelerator, with due regard for the other parameters
of the beam, such as the energy spread, the angular divergence, etc.,which are of great importance from the point
of view of capture efficiency.

We have made a detailed treatment of the possibility of using an accelerator of microtron type as an electron
injector, the idea of which had already been put forth in 1944 {1]. (The first successful attempt at using a microtron
as an injector was made by Wernholm [2]. However, no details of the attempt have yet been published.)

An analysis of the data showed that the relatively high electron beam intensity obtainable in already existing
microtrons [2, 3] (~ 20 mA in the pulse), the simplicity of construction, and the ease of getting a large portion of
the electrons out of the accelerator, the large faction of monoenergetic electrons, and the small angular divergence
of the beam, as well as some other properties of the microtron make this accelerator a very promising one to use as
a synchrotron injector.

In order to gain experimental verification of some of the conclusions drawn, we developed and started up a
microtron designed to accelerate electrons to 6.5 MeV (in the first stage).

It is proposed to test the microtron as an injector on the 280 MeV synchrotron of the P, N. Lebetev Physics In-
stitute of the Academy of Sciences, USSR (PIAS).

Calculation of the Efficiency of the Microtron as an Electron Injector in a 280 MeV
Synchrotron

with high voltage injection, there is a considerable reduction in the Coulomb repulsion effect of the electrons
in the synchrotron beams. This produces a substantial increase in the maximum number, N x of electrons which
can be held in a synchrotron orbit by focusing forces. :

+

ma
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It may be shown that Npax is expressed in the following way:

9

Ninax = 1082 (1—n) y (y*— 1), L

max — IR

where p is the half width of the working range, R is the radius of the equilibrium orbit, n is the magnetic field drop-
off index, and y = 1 + W/E, is the relative energy of the electrons. For the accelerator under discussion, p = 6 cm,
R=82cm, n= z/3, and the injection energy is Wj = 70 keV.

It follows in particular from this formula that going from an injection energy of 70 keV to an injection energy
of ~ 6 MeV (an energy easily obtained when using the microtron as an injector) increases Ny, by a factor more
than 6000.

The energy spread of the electrons injected into the synchrotron will be

AE o AN un |
T“*\<—L;(1-—7'L) <Y—7,)_O.3) . (2)

The beam of electrons obtained in a microtron with AE/Ey ~ 5:1072, satisfies this requirement completely, which is
a factor favoring high electron capture efficiency in the synchrotron acceleration cycle.

The angular characteristics of the electron beam accelerated in the microtron are also very favorable to ef-
ficient capture of the electrons. The maximum permissible values of angular divergence of the injected electrons
may be found from the formulas for the angle of spread in the vertical direction

LV .
O < SR
and for the angle of spread in the radial direction
2k (1—n) pAR
agp < ‘__%)__ R )

As applied to the case under discussion (assuming that the number of effective rotations during injection is
k = 5, and the spacing of the orbit directors is AR = 0.2 cm) these formulas give

(6) inj < 61072 and (an) 15 < 1072

A calculation of the same parameters for the microtron beam gives the following values:

d 10-3
(®)min W 10

7

where d is the diameter of the opening in the resonator, and X is the wave length, and

(a”)min < 1072,

which also favors a high capture efficiency n in the synchrotron acceleration cycle. Calculation gives a value of
n 50.1.

Using the data of typical presentday microtrons [2, 3] (beam current [~ 0.02 A in a pulse‘ of += 2 usec dura-
tion), it is not difficult to find the number N of electrons which can be captured in a synchrotron acceleration cycle
when using the microtron as injector. This calculation gives N = 6.25-101217‘1(A)'r usec > 2.5:10" electrons.

This analysis has shown that even at the presentday level of development of this type of accelerator, the mi-
crotron is a very efficient injector for a synchrotron. There is no doubt that further improvements in the microtron
(principally in increasing the intensity) will make it even more promising for injection purposes.

We now give a short description of the 6.5 MeV PIAS microtron, which was. started in 1961,

Magnet and Vacuum System

A general view of the microtron with the upper magnet pole removed is shown in Fig. 1. The magnet pole
(600 mm in diameter) and the plates were made of Steel 3, while the yoke was made of Armco iron, In order to in-
crease the working range of the magnetic field, ringshaped steel shims of cyclotron type were mounted on the poles,
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giving a diameter of the working range of about
500 mm. The relative irregularities in the work-
ing region of the magnetic field, as measured by
nuclear resonance, do not exceed 0.3%, and are a
maximum in the regions closest to the yokes of
the magnetic circuit.

The exciting winding of the magnet has
natural air cooling, and consists of copper wire
(5 mm diameter) insulated with fiberglass. The
magnetic circuit and the exciting winding are de-
signed with a safety factor of four times the nom-
inal rating,

The magnet power supply has an operating
rating (H =2 1000 Oe) of about 450 W. The total
weight of the microtron magnet in winding is 2
Fig. L. General view (plan) of the microtron with the upper tons. The magnet power supply is stabilized to
magnet pole removed. "~ 0,03%.

The vacuum system of the accelerator consists of a VN-1 forevacuum pump, a 500 liter M-5 oil vapor pump,
a Venetian blind type nitfogen trap with a reflector, a DU-160 vacuum cutoff, and finally the vacuum tubing and
the accelerator chamber. The trap uses up 5 litersof liquid nitrogen per 10 h of continuous operation without addition).

The vacuum chamber of the microtron is made of shut brass, and consists of a ring with nine pipe connections
sealed in (see Fig. 1). The poles of the magnets serve to close the ends of the chaniber. Wilson packing is used
where movable elements enter the chamber. The electrical connections pass through feed-through insulators made
of epoxide resin. '

There is a by-pass vacuum system for preliminary evacuation of the accelerator chamber ‘when the oil vapor
pump is hot. Here the output of the oil vapor pump is connected to the compensating volume. This evacuation sys-
tem makes it possible to get a working vacuum. (~ 2-10 8 mm Hg) in the accelerator chamber 1.3 hours after start-
ing while with the oil vapor pump hot it takes 25 minutes.

In case of sudden loss of vacuum in the chamber to pressure above 10™* mm Hg, an emergency switch is pro-
vided which automatically disconnects the chamber from the oil vapor pump.

High Frequency System

In the first experiments, the high frequency system of the microtron was made up according to the circuit
generally used [3] consisting of the following elements: magnetron oscillator, phase rotator, three-way in the E
plane, accelerating resonator, and stabilizing water load.

The 10 centimeter band magnetron oscillator gives pulses of 3 usec duration with a repetition frequency of
50 c.p.s. The rectangular wave guide has a cross section of 72 X 44 mm? and operates on the fundamental Hy; mode.
The construction of the plain cylindrical resonator is similar to that described in [3]. The resonator and the T- -junc-
tion are insulated from the atmosphere by diaphragms  (made of teflon, 2 mun thick), mounted in standard
choke connectors ahead of the T-junctiononthe same side as the water load and the phase rotator. With this form
of high frequency system, it was possible to start the microtron., The ﬂﬁoropiast diaphragms did almost no harm
to the standing wave ratio in the wave guide circuit, but required some treatiment at low power levels in the high
frequency oscillator to prevent breakdowns on the surface.

It should be noted that it is important with this form of high frequency circuit for the length of wave guide
from the resonator to the characteristic cross section of the T-junctionnotto be equal to a whole number of half
wave length, If this condition is not fulfilled, when the resonator is detuned, the energy does not get to the stabi-
lizing water load, and the standing wave ratio in the guide from the magnetron to the T-junctionexceeds the per-
missible limit for the operation of the magnetron oscillator, :

Later on, when tuning the wave guide circuit of the microtron, it turned out to be possible to do away with
the water load, and use a ferrite valve [4] as the decoupling element, which made it considerably easier to tune the
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high frequency system. In addition to giving good matching of the oscillator to the circuit, the ferrite valve per-
mits smooth control of the power flow by simply changing the direct current in its magnet windings. The losses in
the ferrite valve corresponding with maximum damping in the reverse direction are about 25% of the power supplied.
This change in the high frequency circuit permits a reduction by a factor of about 2 in the power requirements on
the magnetron oscillator for a given accelerator electron level.

Preliminary experiments show that the new high frequency system in the microtron is distinguished by sim-
plicity and convenience. However, it will take further study to make a complete analysis of the system,

The power indicating systems in the load and the resonator, as well as the system giving the envelope of the
high frequency voltage pulse on the resonator are similar to those described in [3].

Injecting and Taking Out Electrons

A special type of cathode construction was developed for injecting electrons into the microtrons (Fig. 2), The
cathode material used was lanthanum boride, LaBg, pressed into a tantalum tube. The heater is a conical spiral of
tungsten wire (0.3 mm in diameter). In order to reduce the
energy loss from thermal radiation, the spiral is surrounded by
two tantalum reflectors.

The cathode provides a steady emission current of 400
mA with the emitting surface at a temperature of 1450 deg C.,
The heating current under these conditions is about 6 A, and
the power consumed by the heater is 35 W.

7 The cathode is insulated from the resonator case with
— ' %\ 0123 n fluoroplast packing. The cathode is fastened to the resonator
e in such a way that it may be quickly replaced without taking
Fig. 2. Cathode construction: 1) lanthanum bo- the resonator apart or changing its position in the microtron
ride; 2) molybdenum rod; 3) spiral of 0.3 mm di- chamber,
ameter tungsten wire (spacing of spiral, 0.6 mm);
4) porcelain rods,

The cathode construction used, which provides normal
operation at comparatively small heater current, prevents the
magnetic field of the heater current from having any effect on the electron acceleration cycle in the microtron,
such as was observed in [3].

An indication of the current in the orbits is obtained by oscillographic observation of the signal from a brass
probe, movable over the diameter of the chamber, as well as by means of a television system showing the brightness
and shape of the luminous spot on a luminescent coating on the probe. A simple system of two mirrors, one of which
is fastened directly to the probe, makes it possible to project the 1mage of the beam from any orbit onto the televi -
sion pickup tube with practically no distortion.

In taking the electrons out of the microtron, use is made of a magnetic channel consisting of a conical tube
of soft steel with an input opening 7 mm in diameter. In order to get the optimum angular and energy parameters
of the beam taken out, provisions are made for taking the electrons out of any of the last three orbits.

The magnetic channel is moved about in the vacuum chamber by remote control from the control panel. A
special device was provided so that the channel could be set in the optimum position relative to the orbit. An in-
dication of the position could be obtained in two ways: from the minimum in luminescence at the input into the
channel (covered with luminophor), as shown by the television circuit, or from a minimum in amplitude of the
pulse of current from the beam electrons incident on the walls of the channel.

The magnitude of the electron current taken out was measured with a graphitized brass Faraday cylinder.

The system used permitted taking out 90% of the electrons from the last orbit of the microtron, The extrac-
tion losses, amounting to 10%, are due to the fact that the extraction equipment distorts the uniformity of the mag-
netic field of the accelerator, which produces some displacements in the centers of curvature of the previous orbits
and causes the equilibrium phase to slip down.
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Fig. 3. Microtron beam intensity as a func-
tion of magnetic field with other parameters
constant. The dotted curve gives the cath-
ode emission current.

Accelerator Operation

All control of the operation of the accelerator is concentrat-
ed at a control panel and is done remotely. The control panel of
the microtron is separated from the microtron room by a demount-
able wall 1 meter thick, put together with concrete blocks.

The microtron is adjusted for optimum operation by regula-
ting the cathode heater current and tuning the resonator frequency.
Here the magnetic field of the microtron, the current through the
magnet winding of the ferrite valve, and the high frequency oscil-
lator power are set on the basis of calculations and the data from
preliminary experiments.

Measurements have shown that the maximum current in the
last, eleventh orbit of the microtron reaches 22 mA for a pulse
length of about 2 psec, and, after the first two orbits, is practical-
1y constant.

Figure 3 gives an experimental curve of the probe current at the eighth orbit of the microtron as a function of
the magnetic field. In these measurements, for each value of microtron field, the cathode emission current was ad-
Justed to give maximum beam intensity at the probe. The remaining parameters remain constant, The curve has a
definite maximum. The maximum comes at a value of magnetic field where the microtron is operating on auto-
electron emission (the accelerated auto-emission electron current was, in our case, 0.5 mA per pulse).

The beam diameter in the last orbit is 4 mm on the average; however, by changing the equilibrium phase,
the beam may be deformed considerably in both the radial and the vertical direction.

In conclusion, the authors use this occasion to express their gratitude to the following workers in the Institute
of Physical Problems, Academy of Sciences, USSR: S. P, Kapitsa, V. P, Bykov, and V. N. Melekhin, for their valu-
able advice in developing the design of the microtron, as well as to V, I. Gridasov, V, S. Malofeev, and A, G, Bor-
isov for their help indevelopingvarious partsofthe accelerator, and to N. G. Kotel'nikov for aligning the vacuum system.
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EFFECT OF SINGLE CHANNELS AND SLITS ON REACTIV[T_Y»

Ya. V. Shevelev

Translated from Atomnaya Energiya, Vol. 14, No. 4,
pp. 364-370, April, 1963
Original article submitted May 31, 1962

The change in reactivity due to the change in transport cross section in an inclusion in the form of a
cylinder or a plain layer is expressed as a perturbation of the neutron flux at some distance from the
inclusion, where the diffusion approximation holds. By using the results of flux calculations in the lay-
er medium, and in the cylinder, a relation may be found between the change in reactivity and the
characteristics of the inclusion (such as transport cross section, volume, shape, where it is located,
etc.). The effect of shape shows up in the coefficients By and B, being different from unity. These
same coefficients are what determine the average diffusion coefficients D, and Dy. An interpolation
formula is constructed for B, based on the various limiting expressions.

Introduction

A large amount of work has been devoted to the question of the effect of channels and slits on reactivity. A
study has been made of a lattice of channels in [1, 2], as well as of a lattice of cylinders consisting of a material
different from that surrounding them [3-7]. A discussion has been given of a single channel [8, 9] and of a slit [10],
but the formulas obtained hold only for the case where there is no resultant neutron flux in the transverse direction.
We shall throw off this limitation and at the same time discuss the effect of cylindrical and plane inclusions where
the transport cross section Iy, differs from the transport cross section of the surrounding medium (Z,) by any arbi-
trary amount (in a void, Zi; = 0). '

We shall assume that the change in reactivity, p, from the change in Z; is small in comparison with k_—1,
so that we can limit ourselves to the first approximation of perturbation theory, and shall further assume that the
cross-sectional dimensions of the region where Z,. is changed are small in comparison with the longitudinal dimen-
sions. If a is the half width of the slit (layer) or the radius of the channel (cylinder), and H is the length of the chan-
nel or the characteristic dimension in the plane of the slit, quantities of the order of (a/H) ln (H/a) in the case of the
channel and 1/In (H/a) in the case of a slit will be neglected (in comparison with unity).

Taking part of the material out of the active zone so as to form a void produces the following effects (the
same effects are produced by introducing another kind of material):

1) There is a change in the number of neutron transitions from one energy group to another (moderation), as
well as in the number of new neutrons bom (if there was fissionable material in place of the void), and in the num-
ber of neutron captures (if there was an absorber in the material removed);

2) there is a change in neutron flux at the void, since the material is removed which formerly produced neu-
tron scattering, i.e., there is a change in the number of neutron transitions from places with one neutron value to
places with a different neutron value.

All this leads to a change in worth of the neutrons and correspondingly to a change in reactivity. However,
we shall concentrate our attention solely on effects of the second kind, since for them, in contrast with effects of the
first kind, it is impossible to write the simple formula of perturbation theory in the diffusion approximation directly.
As a matter of fact a formula of the type

i 8%,
o=\ & { av vy (vO) D S/ vy M
tr
(D = 1/3%y; is the diffusion coefficient, & is the flux, " is the conjugated flux value and VEN is the total value of

the fission neutrons formed in the reactor per unit of time) assumes IE"I—ZUI = I‘Sztrl <« Z¢p. But formation of a

void, is a large local perturbation (6Zy; = —Zy;). Further, the diffusion approximation does not hold in the vicinity
of the void. '
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Nevertheless, in order to get simple and visualizable formulas of type (1), we go out a distance of the order of
Mr = 1/Z¢; from the surface of the void, and there draw aneffective boundary separating the region containing the void
(internal region) from the rest of the reactor (external region). The results of a calculation made on the nondiffusion
approximation [11, 12] may be used for the internal region. The diffusion equations hold for the external region.
The desired change in reactivity comes from the change in flux (and in the flux gradient) at the effective boundary.

Perturbation Theory Formulas

The external region is the reactor, where, at a part of the boundary (the effective boundary) the flux @ (and
the gradient V@) are given by homogeneous conditions of special type. The presence of the void changes the prop-
erties of the internal region and thus changes the boundary conditions. The reactivity changes accordingly.

By using the ordinary procedure of pertwrbation theory, we obtain
0= S dE S dV (O'VDVYD — D'V DYDY/ VEN, @)

where
Q' =D+ 6D (3)

is the "perturbed” flux. It is normalized in such a way that the VFN is the same in either a "perturbed” or an "un-
perturbed” reactor.

On the external surface, * and &' are equal to zero, since the Gauss formula converts (2) into an integral
over the effective surface (dS is the element of surface with its normal turned toward the void):

o= a8 $ as D(@vo — vy vex. @

In the unperturbed reactor, where &' = &, the reactivity is equal to zero. Accordingly &, with any constant
multiplier, may be subtracted from @', and formula (4) will remain correct. In particular,

0= S dE (j‘; dS D (D78 — 8DVD*)/ VEN. (5)

The effective surface may be chosen arbitrarily, as long as it doesn't get too close to the void. The VFN is
determined for a reactor with no internal region. But if the internal region is not too large, the VFN may, without
appreciable error, be thought of as an integral extending over the whole unperturbed reactor, including the internal
region, where the void is then formed,

The value % may be determined for the whole unperturbed reactor. In the vicinity of the void, @* is a smooth
function of the coordinates, and the change in ¥8* may be neglected at distances comparable with the transverse di-
mensions of the void, writing in (5)

®* (r) > @* (ry) +(r—r,) Vq)"(rv), (6)

where 1y is a point in the void, which only moves when 1 is displaced in the direction of the axis z of the channel, or
in the plane z, y of the slit. lLet

ds = dFyds, (N
L _faz for a channel;
where dFy = { dzdy for a slit. } ®)
Then
o= dE(@, +Ty + 1)/ vFN ®
where ‘
7= ar, Do (r) Voo as \I
7y = =\ dF DV (r,) o0 ds; (10)
T, — S ar, DY (r,)  (r— 1, ) (V8D ds).
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Choice of the Effective Surface

‘The only source of flux perturbation will be taken to be the change in scattering power of the medium, while
the rest of the effects (particularly the change in neutron moderation) is neglected. Here, the component of 6&
which owes its origin to the flux renormalization may be neglected (see derivation of formula 5). Then the part of
5@ that we are interested in will be determined solely by the gradient of the unperturbed flux at the point where the
void is formed, and its symmetry will not be lower than the symmetry of the system (the void plus the vector V).
Note that if v® = 0, a change in £ cannot affect the flux.

Divide v& into two components perpendicular and parallel to the axesof the channelorthe plane ofthe slit, i.e.,
VO=V, D4 V,;D. (11)
The x coordinate goes from the center of the channel (slit) in the direction v 1%

Obviously, the flux perturbation produced by ¥ & will be a symmetric function of x (if we neglect the compo-
nent coming from the renormalization). In exactly the same way, V@ produces an antisymmetric component of 8¢,

As the effective surface we take the assembly of the two planes
X=Xp; X= —Xg.

It may be shown that this choice of the effective surface is iﬁcompatible with formula (6) for the case of the chan-
nel, but as a matter of fact & is small at large distances from the channel where formula (6) is inaccurate, With
the choice made for the effective surface, the symmetric component of & cannot make a contribution to the inte-
grals T, and T, while the antisymmetric component makes a contribution to T;. Therefore

7y =\ af, DO (r,) § VOO ds;

Ty =—\ dF, DVO (r) 00 ds; (12)

|
|
(
TU=S dF, DV®* (rv;q”j (r—x, ) (VoD ds), J

where 8 & is the perturbaﬁon produced by v,®, while 8% is produbed by v, ®.

Inthe integral for Ty, symmetry conditions permit us to drop the component of the vector -1y, perpendicular
to the x axis. After this '

- oD+
T,= S ar, D 22 ) 2VOD ds,
o N 0N 0
1104:&‘ d]’\,D((W‘ZxO-a—I-O'S 6®_L_dS.

o

13)
x=xp

We shall see later on that [6&,ds is independent of the absolute value of X0,~ so that Ty = 0.

The Transverse Flux Gradient :

In a layer medium with weak absorption, for the transverse flux gradient we must use the diffusion approxima-
tion, since the problem of the flux in a nonabsorbing medium may be reduced to the problem of the flux in a medi-
um with constant scattering cross section{13}, if instead of the x coordinate we introduce the "optical thickness" /2 dx.
In particular, the diffusion approximation is applicable to a slit. The flux in the slit does not vary in the x direction,
since D' = « and forming the slit produces the following flux perturbation (see figure): - ’

o =z

échz—an. (14)
Correspondingly VoD, — d; T0.= 0;
T, = —S dF, D(V®*) (VD) 2a.
If we imagine 2a dF, to be the element of void volume dVy, (9) may be written as;
0= — S dE 5 dv,, (V") (VL @) D/ VEN. 15)
371

Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5




Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5

Note that in this case formula (1) gives the same results, since
¢- ¢/7 . 0%,

N2 5, — b (16)

Similar calculations for an arbitrary change in Iy leads to a
formula identical with (1).

The expression for 62, in the case of the channel of circu-
lar cross section is derived in [12]. Far from the channel

z o0
where B, is a function of the ratio of the channel radius to the
transport length, A simple interpolation formula is given for it:

a?
Flux perturbation by a slit. 0Py = —— B an

B =142 =2 M
L=t =2 o (18)
Integrating (17) along the length x = const, z = const, we obtain
2 v d 19
: —_ 2 p 9 { _zdy _  ma oD =z (19)
S 0D, dy = — 5By 5 3 ary = T Bl
Hence -
T) = — & dF, D (YO*) (V@) naB . 20)
Since (19) depends only on the sign, but not on the magnitude of x, Ty = 0, as in the case of the slit.
The element of volume will now be ﬂazdFv, so that
o= — S dE SJVV (VO*)(V, D) DB | VEN. 1)

Formula (1) no longer gives the correct result except for the case where B, = 1 (extremely small channels,
where a/A « 1), For large channels (a/A¢; > 1) formula (1) givés values for the effect which are too small by a
factor of two, Since the diffusion approximation holds in this limiting case, an explanation of the effect may be
given in the language of the diffusion approximation; a cylindrical void draws the neutron flow lines together, while
formula (1) is based on the assumption that the flow lines are not distorted.

It is not difficult to derive a formula on the diffusion approximation for the more general case: Zj = 0. In-
stead of (17) we obtain

8%, a2 . 2D'. z D
0 =5 5 XD FELE (22)
from which, setting for this case
D'—D 2D’
BL=1+D'+~D;D’+D’ (23)
we arrive at the formula
o= {az { av, o) (v, By T Dy vrw, 24
.. ) T

which may be regarded as a generalization of formula (1).

There is one more special case, easily amenable to calculation, where the following inequalities hold simul-
taneously: ' '

M€ a L g

Here the total scattering cross section of the cylinder is equal to 1/4 of its external surface, so that the effective mac-
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roscopic scattering cross section is equal to 1/2a, and the relative increase in Zy; is equal to

1 N
— 3 S
Za tr _ My 1=RB 0%, g
2y 2a L2 0
. Hence
Atr
B~ o (25)

By using (18), (23), and (25), an interpolation formula may be derived which is good in'the limiting cases.
For example,

/ 7‘-01‘ ) < }"fr A"1' >
B, = ; . 26
1= k Mr—[—-2a Air +Za Mr _ (26)
For a plane layer, B, = 1 always.

The Longitudinal Flux Gradient :
The symmetric component of 6® owes its origin to the neutron leakage into the channel or slit. From the bal-
ance equation on the diffusion approximation, which holds at the effective surface, we obtain

— dF, D ¢ Vo® ds = dF, div 8], @

where 6] is the additional flux vector along the void (the flux due to the formation of the void). Thus
7= { dr@ (r) v83 = { v(0°8)) ar, - \ 8IVQ* dF, .

At the edges of the void, either & = 0 (reactor boundary), or §J= 0 ("dead end"), so that the first 1ntegra1 after
Gaussian transformation, vanishes, and

Ty= — S dF, IV D", | 28)
The additional flux in a plane layer with Zi, # I, and, in particular, in a slit (Zf; = 0) may be found by using
the results of [11]. In a layer system, the neutron flux in the plane of the layers may be calculated on the diffusion

approximation, as long as the boundaries of the layers are displaced in a definite way, by thickening the layers with
small transport lengths. The required displacement is equal to:

da= 2 (D —D')(1—1). | @9

The function ftabulated in [11] approaches zero exponentially with increase in "optical™ thickness of the lay-
ers, In the case under discussion, the layers surrounding the "perturbed” layer are thick, and f reduces to the function

1 .
— 2a B
=gy ( _7”t—r> where@,1 (1) = 4S (1—u®)ue—v/vqu, (30)
0
If A1, > 2a, it is necessary to use the expansion

‘Pvl(ll)=1——-u—'-2p 111——1— (31)

In a layer of effective thickness 2(a+ 6a), there is the additional neutron flux

= —-V,®D" —D)2{a-+08a) = VHCDD'E?:' B\2a, | (32)
where, from (29), (30), and (32), .
D’ a _ D’ g D’
BH:TOJFT =D [ 16 a ( )] — ) - (33)
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From (32), (28), and (9) we obtain the formula

. 0%
o= g dE S av,, (VO*) (V@) By 52 D/VEN, 34y -
which is entirely similar to (24). We give values of function ¥y [11]:

| |

2a/A;, 0,0 | 0,1 | 0,2 l 0,3 ‘ 04 | 0,6 | 0,8 | 1,0 | 1,5 ‘ 2,0 l 3,0 | 4,0 l © {

l !

vi } 1,000 { 0,790 | 0,640 I 0,525 | 0,434 | 0,305 l 0,217 | 0,157 | 0,074 | 0,035 l 0,009 0,002 (),0001

. . i

In order to go to a slit, we substitute the expansion (31) and (33). This gives
. D a Ar

This expression converges logarithmically as Ay, approaches infinity. But it is clear from physical considerations
that increasing A}, beyond the longitudinal dimensions of the layer will not affect the neutron flux. Accordingly,

By—1
for a slit (A}, = «) we obtain, with logarithmic accuracy (with an accuracy up to the term of order L )

T
i a H
By =14 555 (36)
In the other limiting case (M, < a)
D’ 9 D'—DY\ .

For a cylinder, the effective displacement of the boundary is given by the formula °

9 D-D’ 2a ™
(1215 25 [ )] (38)

where

1

oo 1

2 o ___ _

a0 =21 ap{ au VI murvizmn | (39)
1 0

This function has been tabulated by N. 1, Laletin. For small arguments

3.1
, oW =1—gptgw—nrt. (40)

while for large arguments, in contrast with ¢y, ¢, does not decrease exponentially but as 1/242. The additional
neutron flux due to the formation of the cylinder with the effective radius a+éa, is equal to

83 = —V®(D' — D) n(a+ 8a)* = V, @B, o2 Dra?,
tr

(41)
where, from (38) to (41),
D’ da\2 D’ 9 D D
Bu=% (1+5) = F[t-s o (t-7)t-a) ] (42) \

Equation (34) follows from (41). The function ¢, given below is from N. L. Laletin's data.

[
2a/Mi, \ 0,0’ 0,1 0,2 0,3 0,5 0,7 \ 1,0 ‘ 1,5 2,0 3,0 \ 5,0 | foe} |
P : i1.000]0,880 0,787 0,698\0,552 0,'443)0;322'0,200 0,130 | 0,062 | 0,021 l 0,000 i

374

Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5



Declassified and Approved For Release 2013/09/25 : CIA-RDP10-_02196R000600100003-5

In going to a channel, we substitute the expansion (40) and (42). This gives

. DN\ 2a ' a 5 Mo 43
where the logarithmic term is a small correction. For an empty channel (D 2 00)

By=1+-

2a
3D (&4
with an accuracy up to terms obtained by substituting H for D' in (43), i.e., with an accuracy up the term of order

a

H .
L (p,-1).

In the second limiting case ()‘:‘.r. « a), we have

BH‘:%“-.E_D'—D (1_'91)’2)] . (45)

8 a 8a?

Conclusion
| The effect on reactivity of cylindrical and plane inclusions with a transport cross section different from the
surrounding medium, is given by the formula

Q:SdESd%(V@WUﬁﬁl®+l%W@»x%%ﬂyan 46)
tr

The coefficients B, and By may be calculated from Egs. (26), (33), and (42) and the tables of the functions ¢ ; and
¢c given above [see also Egs. (36), (37), (44), and (45)]. The reactivity changes due to change in neutron worth with-
out being moved spatially, are not taken account of by Eq. (46) and must be calculated separately.

| ~If the material of the inclusion is located in a region large in comparison with the transverse dimension of the
inclusion, but small in comparison with the reactor, Eqs. (1) and (11) give

? = {ar{ av, v (7, 0+ vy@) 3 Dy ven.

Zy
Accordingly, a departure of B, or By from unity means that the shape of the inclusion is not without importance. A

pure effect of shape N i
Gshape = S dEg av, (VO YBL—1)V, D+
o

2t DJ VEN. S
Zir

+(By— 1)V, @

can show up, if thermal expansion causes the slits to close up without producing any substantial mean displacements
of material with respect to the center of the reactor,

If, in some region of the reactor, there is a group of cylindrical or plane inclusions, arranged more or less reg-
ularly, and sufficiently sparsely (the volume fraction ¢ is small), the smoothed out flux in the region may be calcu-
lated from the anisotropic diffusion equation. Applying the perturbation theory method to these equations, we obtain
by analogy with (1)

53 63
1
5. Vi®+D Ztlr‘VH(D),/'VFN.

Q=SdEgde®wx<D

For this equation to give a correct result in agreement with (46), we must set
.1 ’

| —3D—:L=ZJ_=2tr+EB_L52tr;

1 : “8)
—:;-D-ll—l- = Z“ = Ztr + aB“(’)Ztr.

For the special case of transverse diffusion in a2 medium with large cylindrical inclusions (a > Ay + Aip), where
B, is given by Eq. (23), this result has already been obtained by other methods in [6], and then again in [5]. However,

the derivation in the present paper makes clear the parallelism inherent in the effect of an inclusion on the average

375

Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5




Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5

diffusion coefficient and on the reactivity: both quantities may be expressed as a perturbation of the neutron flux.

For the case of cylinders, the relation between the quantity €B,8%;; and the effective change in transport cross sec-
tion, i.e., with the diffusional resistance to the neutron flux, is most easily seen by comparing Egs. (14) and (19). A
row of cylinders set along the y axis produces the same jump in the neutron flux as a plane layer of the same mate-
rial, if the volume of the cylin_ders, multiplied by the coefficient By, is equal to the volume of the layer. If there is
a series of layers and of rows of cylinders equivalent to them, the mean diffusion coefficients in these cases will be
the same, since it is determined by the ratio of the neutron flux to the average gradient, i.e., the ratio of the gradi-

ent in the space between the layers to the sum of the flux jumps and the flux changes between layers.
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BOUNDARY CONDITIONS FOR THE SOLUTION OF BOLTZMANN'S

EQUATION IN PERIODIC LATTICES

G. Ya. Rumyantsev

Translated from Atommnaya Energiya, Vol, 14, No. 4,
pp. 371-374, April, 1963,
Original article submitted May 31, 1962.

A generalization is made of the methodological approach to the solution of the transport equations in
heterogeneous periodic lattices, which was presented in the diffusion approximation in [1]. The bound-
ary conditions at the outside surface of the cell are derived for making an accurate solution of the one
velocity Boltzmann Kinetic equations, which permits considering a single cell of the heterogeneous
medium. A short discussion is given of methods of solving the problem with these boundary conditions
and of the question of eigenvalues,

A general solution for the whole heterogeneous medium in accurate and macroscopic (averaged)
form is made up of the special solutions found for a single cell, using the same principle as in [1].

The boundary conditions formulated for a plane one dimensional lattice may be extended to a
two dimensional lattice.

Introduction
The approach described in [1] to a solution of the diffusion equation in periodic lattices and the rules for ho-

mogenizing lattices derived from it are quite general. However, the diffusion approximation there used for simplic-
ity does not always lead to satisfactory results, which is especially true in calculating the effective macroscopic dif-
fusion coefficients for different directions. In these problems, diffusion theory does not give a correct representation
of the transition to a homogeneous medium, with the resulr that taking account of the heterogeneity. as is done

in the diffusion approximation,may lead to an even greater error than simple homogenization without taking any ac-
count of the detailed neutron distribution, if the lattice spacing is small in comparison with the mean free path,

In the present paper, the methodological idea of [1] has been developed to apply to the accurate (one velocity)
Boltzmann Kinetic equation, and as a result accurate boundary conditions have been found which make it possible (as
in the diffusion approximation) to limit the problem to the solution of the equation within a single cell.

Because of the generality of the boundary conditions, the methods of solving the kinetic equation may be cho-
sen at will, depending on the accuracy required and practical convenience. The special solutions found for a single
cell are used to obtain a general solution in the whole medium, and to calculate the characteristics of the homoge -
nized medium in exactly the same way as was done in [1].

Derivation of Boundary Conditions

Consider a plain one dimensional lattice with spacing 2a. let x be a coordinate read from the center of some
cell in a direction perpendicular to the layers in the lattice, and let Q be a unit vector in the direction of the neutron
velocity. We shall look for the boundary conditions for the one velocity kinetic equation

e 2y, 0 DFE@)F (2, Q)5 (7) \ F oz, Q)W (1) dQ =0, a

.
At
which will permit limiting the discussion to a single cell of the medium.

It is not difficult to see that if F(x, Qy) is a solutio: of the equation, F(-x, -£,) and F(x+2na, Qy), where n is
a whole number, are also solutions (we will recall that p, = 2-Q% + QyQy + Qz05). On the basis of this we can look
for a solution in each cell of number K in the piece representation®:

]‘(’L px) (1’1‘:+§ Q ) ‘A/»'Fs (Ei Sz.v)—{_Bh'Fas (E” Q\) @)

* The notation and terminology are the same as in [1].
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The functions Fg and F,q are partial solutions with the following symmetry properties:

FS(—g’ _Qx)=Fs(§’FQ:)’ -
Pl =8 —Q)= —Fu(5 Q). ‘3’
It is now necessary to write the conditions for the continuity of the neutron flux at the boundary of two neigh-
boring -cells with the numbers k and k+ 1. It is more convenient to write the continuity conditions for the function

F(x, Q) + F(x, -Qy) and F(x, Q4) = F(x, -Qy) in the range 0 = Q = 1, which is equivalent to the continuity condi-
tion of the function F(x, Qy) in the range -1 = Qy = 1, '

Using Eq. (2) and the properties (3), we write these conditions for the pbint £=a:

Ah [Fs (Q )+Fs(_Qc)]+Bk [F.;s (Q;)+ Fu.c(—-Q,;)] =AI:+1 [Fb('—g) —}_

+Fs (Q )] - Blul [1:::§ ( - Q‘) + F.,s (Q_)]v Ak [Fs(Qu) - FIS( - Qu)] +Blt [F(,.s (Qx) -
_Fas('—Qx)]= Alnl.'[Fs(”'Qx)_ _
—F QI — By [F s (— Q) — Fo (1.

By comparing the conditions (4) with the conditions written in [1] in the diffusion approximation, it is a simple
matter to see the analogy between them, if the functions Fy(Qy) + F(-Qx), Fa(Qy) + Fag(-Qy), Fy(Qy) — Fy(-Qy), and.
Fas(S2x) — Fa5(-Qx) are compared respectively with the functions ®g, ®,5, @3, and ®}¢. Thus, the results of [1] hold
in the present problem. They consist of the following,

4)

The equations of continuity are satisfied for any k, if we set Ay = C(xy) and By = aC'(xy), where C(x) is the
solution of the equation

)
"(ETC(L)—}—MZC (’I):O, (5)

and the following boundary conditions are satisfied simultaneously at £ = a;

Fos () Fog (— Q) =22 (F,(Q)+F, (—~Q)],
F(Q)—F(—Q)= ©
= —vatgxalF, (Q)—F (—Q).
The equation (6) can only be satisfied for definite values of u, i.e., this parameter is an eigenvalue of the ho-
mogeneous problem. Replacing the solution Fag by F3g, which differs from the former in the normalization

ra

F:fs(gv Qx)_ Fu.s (g’ Q.c)? M

T tgua

we write the boundary conditions (6) in the form

-F;':s (Q\) '}" Fjl‘s ( - Qx) = ]J.s (Qx)—*_ F‘s ( - Q,c)v (8)
Fo(Q)—F(— Q) =MFa (Q,)— Fi (— Q)]
where A = -tan*xa,

It is obvious that in solving the system of equations (8) the eigenvalues may be found as values of A, which
then give the values of x.

Eigenvalues and the Form of the General Solution

For practical purposes, the kinetic equation is always solved by some approximate method. Here, the conditions
(8) must be satisfied to the same approximation in which the functions Fg and F3g are found. We shall consider the
most useful methods of solving the kinetic equation.

Spherical Harmonic Method. In the Py approximation of the spherical harmonic method [2-4], equations (8)
must first be multiplied by Qy, and then solved approximately by means of spherical moments of order up to N inclu-
sive in the segment -1 = Q4 = 1 (the need for multiplying by Q is shown in [5]).

It is obvious that for the first conditon of (8) multiplied by Qy, only odd moments are nontrivial, while for the
second condition, conversely, only even moments are nontrivial. As a result, each pair of moments of the functions
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QyF; and Q4F, will satisfy only one condition, -depending on the parity, It may be shown in exactly the same way
as was done in [5] that the system of conditions (8) in the Py approximation will consist of N equations for N even,
and of N+ 1 equations for N odd. Half of these will contain the parameter A. Accordingly, the determinant of the
system is a polynomial in A of degree N/2 or (N+1)/2, depending on the parity of N, i.e., the number of eigenvalues
will be the same as for a homogeneous medium.

_ The set of eigenvalues, %j (the sign is of no importance) is determined by the set of special solutions
F(g)(é, Q) FgJS)(E, Q) and the functions G corresponding to them. It is understood that each of the special solu-
tions in the Py approximation is the sum of spherical harmonics of order 0 to N inclusive, with the zero harmonic —
the scalar neutron flux — being even in the F(g) solutions, but odd with respect to £ in the ng) solutions.

Discrete direction methods. In some numerical methods, such as for example Karlson's S, method [2, 3], the
wick-Chandrasekhar method [3, 4] et al., the distribution function is only calculated for several discrete values of
Qx. In this case, the conditions (8) need only be written for these values of Q. It is obviously necessary for the seg-
ment -1 = @, =1 to be divided symmetrically, i.e., each point Q4 must correspond with a point -Qyj. If 1 takes
on N values, the conditions (8) become a system of 2N equations. :

In solving the kinetic equation, only the distribution of the neutrons incident on the medium can be fixed, in
the present case, the set of values Fs(a, —Qxl) = my, and Fa(a, =Q41) = g, The following reflection conditions hold
in the central plane of the cell:

]’s (O' Qx) = Fs (O’ - Q\)*
F(LS (O’ Q\):: '—F(.',s (0’ —Q\) C)

The distribution of neutrons leaving the cell, i.e., the set of values Fy(a, Q1) and Foq(a, Q1) is expressed line~
arly in terms of the assembly of values of m; and n. Thus, the conditions (8) will contain 2N unknowns, as many as
there are equations. The determinant of the system of equations in. A will be a polynomial of degree N, and thus the
number of eigenvalues of A is also equal to N. Each value, )‘j’ has its own set of values of my; and 5 its own value
of j, and its own form for the function Cj(x).

Of all the eigenvalues w4, an especially important one is %y, having the smallest modulus and corresponding to
the asymptotic solution. There is some reason to assume that this is the only value for which all the values of my,
and my, are positive, ' :

It is probable that w; may be found by an iteration method, based on the fact that in practice we almost always
have ]%1| a <« 1, Naturally, the schemes discussed do not exhaust the possible methods of solving the kinetic equation
in the present problem.

On the basis of the analogy between an homogenized medium and a truly homogeneous medium, it is to be ex-
pected that except for the asymptotic value %, which may be either real or imaginary, all the other values %y will
be imaginary and will have moduli much greater than %;. The conditions in the form (8) are not entirely convenient
for finding these values, since the corresponding values of A j will be only slightly different from unity. This difficul-
ty may be eliminated in the following way.

Let » = i€, and

f(g’ Q\) = Fs (g’ Qx)—*_SaFas (EY Q:c)‘

Then conditions (6) may be written in the form
f(—a’ Qx) = 6—28(1]‘ (a’ Q;c)’
, —1<Q, <1 (10)
In this form, the boundary conditions are a generalization of the conditions used in [6, T].

The even and odd solutions are constructed from the solution f(§, Q) in the following way:

Fy(E, Q)= (8, Q) +7(—E —Q)I,

1 (11)
Fog (B Q) = e [ (B, ) — f(— &, — Q).
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After having found the complete set of eigenvalues and solutions, the general solution for the entire hetero-
geneous medium may be written in the form:

F (@, Q)= 31C; () ) FO (5 Q)+
-;—aCJ(x,,)F ', Q1

where F(g) and ngs) are, depending on the method, represented as a sumn of spherical harmonics, a set of discrete val-
ues, or in some other way. Each of the functions C;(x) contains two arbitrary coefficients, the values of which are
determined by the conditions on the external boundaries of the medium, the requirements of boundedness, symmetry,
etc., in other words, by the macroscopic properties of the solution,

(12)

The integral of the expression (12) over the total solid angle gives the global neutron flux as 2 function of the
x coordinate:

D ()= 216 (@) B () +aCj () V2 () (13)
The macroscopic dependence of the flux on the x coordinate is of the following form:

® (@)= D (W)

i

sin %@ (x) (14)

where <<I>(g)> is the mean value of the function @@(&) on the segment -a < § < a,

In a similar way, exact and macroscopic expressions may be obtained for the other spherical moments of the
distribution function, from a comparison of which it is possible in principle to find the various homogemzed charac-
teristics of the medium, including those which do not occur in elementary diffusion theory,

Generalization of the Results

So far, the homogeneous problem has been under dlscussmn but the basic relationships obtained also hold for
the problem with a sowrce, under the condition that the distribution function for the sources in the medium is repre-
sented in a form analogous to (12)., The transition to the inhomogeneous problem is described in [1]. Using the ex-
act kinetic equation does not introduce any essential difficulties in this respect. It may be pointed out once again
that in the special solutions of the inhomgeneous equation, the parameter % is fixed. The system of equations to
which the conditions (8} or (10) reduce will be inhomogeneous, so that the question of finding the eigenvalues does
not arise here. The results are readily applied to two dimensional lattices, if the cells are rectangular,

Let the lattice spacing in the x and y directions be 2a and 2b respectively. A solution may be looked for with
macroscopically separating variables, i.e., in the form
Fe, g, Qo Q) =X (1) Y (5,.) Foo -+ aX" (2:) Y () F1g+ 06X (2,) Y (y,) Foy
abX’ (Tn) Y’ (ym) Fll’
where x, and y_, are the coordinates of the center of the cell of number nm, while Fog, Fyo, Foy, and Fy; are special
solutions having the following symmetry properties:

Fo(8, m, Qi Q)=Fop(—8 n, —Q, Q) =F0E —n Q, —Q),
Fio(€ M Qo Q)= —F(=E, M, —=Q, Q) =F,E —m, Q, —Q),
Fo € Qo Q)=Fo (=8 M —Q, Q)= —Fy(E —n, Q, —Q),
Fy@om Q, Q)= —Fiu(—§ 1, —Q, Q) =—Fu(, —n Q, —Q). (16)

Here £ and 1 are the running coordinates read from the center of the cell in question. The functions X (x) and Y (y)
are solutions of the equations

(15)

X($)+GZX( ) =0,

() +B%Y () =0

(I:c2

an

The solution in the ‘form (15) makes it possible to formulate the conditions on the cell boundaries according to
the same principle as was used in the present paper for the one dimensional problem.

In solving the two dimensional problem, there are, in the majority of cases, some simplifying conditions:
1. Rectangular cells are usually square, i.e., a = b.
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2. The most interesting solution is most often the asymptotic inhomogeneous solution, for which the values
of cta and Bb are nearly zero.

3. It is sufficient for many practical purposes to find only the effective macroscopic parameters of the homog-
enized medium, so as to proceed to a macroscopic discussion of the problem. It is sufficient for this to have simply
the averaged values of the functions Fyg, Fyg, Fog, and Fyy at the sides of the cell. If a Py approximation of not very
high order is used here, it is comparatively easy to solve the two dimensional problem. An example of a calculation
for nonabsorbing cells in the P, approximation is given in [8].

Something, in particular, that can be reduced to finding the solution in the form (15) is the problem of the ef-
fective macrscopic parameters when neutrons are diffusing at different angles to the axes of the lattice.
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CORROSION RESISTANCE OF STAINLESS CHROME — NICKEL STEELS
IN SODIUM AS A FUNCTION OF ITS OXYGEN CONTENT

Georgi Ilincev

G. V. Akimov State Scientific Research Institute for the Preservation -of Materials,
Prague, Czechoslovak Soviet Socialist Republic '
Translated from Atomnaya E:nergiya, Vol. 14, No, 4,

pp. 375-382, April, 1963 _

Original article submitted May 9, 1962

The article describes an experimental apparatus for studying the corrosion resistance of construction
materials in circulating liquid sodium, as well as methods for the continuous removal of oxides from
the sodium by means of porous metal filters and for the determination of its oxygen content. It de-
scribes the results of corrosion experiments and measurements of mechanical properties performed on
six brands of stainless steel, specimens of which were placed in sodium containing 310 %% and
(4-5)*10"% oxygen at a temperature of 550°C, The flow rate was 1.5 m/sec. The results of the
corrosion experiments indicate that the corrosion rate of Type 18Cr8Ni stainless steels in sodium
containing as much as (4-5)'10'2% oxygen does not exceed 21.3 mg/dmZ per month; these steels are
not subject to intergranular corrosion, and their mechanical properties remain virtually unchanged.

One of the basic problems in the use of liquid metals, particularly sodium and potassium, as coolants is the
prevention of corrosion in the structural materials., The effect of alkali metals on structural materials at high tem-
peratures and the factors which influence the corrosion of these materials have not yet been completely explained.
Metals in liquid sodium are adversely affected by certain impurities present in the sodium, particularly oxygen and
carbon., Oxygen, even in very small quantities, increases the solubility of the structural materials and accelerates
the mass transfer [1, 2]. Thus, for example, the solubilicy of iron is considerably increased as the oxygen content
increases [3]. Practically no data exist concerning the solubility of other elements found in steel (chromium, nick-
el, etc.). Carbon may cause carburization of the surfaces of these materials, which results in poorer mechanical
properties [4, 31,

Most of the corrosion studies on structural steels in sodium containing various amounis of oxygen which are
described in the literature were performed under static conditions [1,6], and the corrosion resistance of the materials
was determined only on the basis of weight changes and metallographic analysis of the specimens. Reference [5]
describes a study of the changes in the mechanical properties and structure of specimens of two brands of stainless
steel (1Cr18Ni9Ti and Crl8Nil2Mo2Ti) after corrosion tests under dynamic conditions in sodium containing
(7-8)-10"%% and 2+10 %% oxygen. The authors of that study found that the mechanical properties of the steels after
the corrosion tests were considerably worse, especially after tests in sodium with a high oxygen content, while the
elongation per unit length of the specimens in tension was practically zero.

The purpose of the present study is to obtain experimental data on the corrosion resistance of stainless chrome-
nickel steels in liquid sodium as a function of its oxygen content, For this purpose we performed dynamic corrosion
tests under conditions approaching those found in the operation of power stations,

Experimental Apparatus for Conducting the Dynamic Corrosion Tests

The corrosion tests on the stainless steels investigated were made in the high-temperature loop of a pilot in-
stallation (Figs. 1 and 2) with forced circulation of sodium [7]. The loops and all parts in-contact with the sodium ‘
were made of brand 17246 stainless steel (1Cr18Ni9Ti), The working volume of the loop is approximately 10 liters.
The apparatus includes a low-temperature loop (4) and a high-temperature loop (12); the heat transfer between
these is effected by means of a countercurrent heat exchanger (11). The low-temperature loop is connected to an
overflow tank and a tank for filling the loop (1), a main expansion tank (6), a filtration loop (8), and an analyzer ‘
(15) to measure the Na,O content, This loop also includes an electromagnetic pump (9). The high-temperature

382

Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5



Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5

4 4 ) 2
T RI T B

N IDNTTE
- 2 8

= 16

Fig, 2. Experimental sodium loop.

loop consists of a heater (12), a small auxil'iary expan-
sion tank (13), and a segment (14), in which the test
specimens are placed.

1

Fig. 1. Diagram of the experimental sodium loop for

. . . ) The apparatus was operated for a long time at a
studying the corrosion resistance of structural materials:

1) Overflow tank and tank for filling the loop; 2) filters;
3) and 5) valves; 4) low-temperature loop; 6) expan-
sion tank; 7) overflow tank; 8) filtration loop; 9) elec-

temperature of 550 + 5°C in the high-temperature loop
and 400-420°C in the low-temperature loop. The rate
of circulating sodium in the loop containing the test

specimens was kept at 430 liters/hour (a velocity of 1.5
m/sec), and the rate in the low-temperature loop was
kept at about 1000 liters/hour. The oxygen content of
the sodium was 3-10 %, The sodium flow in the two
loops was regulated by a valve (5).

tromagnetic pump; 10) electromagnetic flow meters;
11) regenerative metal-metal heat exchanger; 12) and
13) heater and small expansion tank of high~temperature
loop; 14) segment containing the specimens; 15) NayO
analyzer; 16) cup for overflow of sodium; 17) cup for
taking sodium specimens; 18) mercury extractor; 19)
level indicators; 20) argon-vacuum lines; 21) slots for
placing experimental specimens.

The corrosion tests using high oxygen content
(4-5)-10"%% were made on 2 similar apparatus but with-
out a high-temperature loop; moreover, the basic low-
temperature loop was connected to an expansion tank
through which all of the circulating sodium passed [8]. The loop was also connected to a small loop containing the

test specimens. The circulation rate and temperature of the sodium were 1.5 m/sec and 550 + 5°C, respectively, as
in the previous case.

For added safety, the two experimental installations were operated from control panels in adjacent rooms.

Removal of Oxides from the Sodium

After the internal surfaces of the loops were degreased and cleaned, both test setups were charged with sodium,
Before charging, the sodium was kept at 400-450° C for several days and was passed through porous filters made of
stainless steel, with pore dimensions of 5-10 y at a temperature of 130-150°C to remove the oxides and carbon.

During the corrosion tests the required concentration of nxygen was maintained by continuously-operating fil-
tration loops. In the unit with a 3-10 307, oxygen concentration in the sodium the filtration took place at a tempera-
ture of 150-200°C. In the second unit, with the higher oxygen concentration, (4-5)-10'2%, the filtration of the sodi-

um took place at 390-430°C, and sodium peroxide was added periodically, so that the cold trap always contained a
sufficient amount of oxides.
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The tests showed that the flow rate should not exceed 3-4 mm/sec, and a considerable amount of oxides will
also be removed from the trap [9].

During the corrosion tests, especially in the case using high oxygen content, a small amount of carbon was
also deposited on the filters; this had been formed by the interaction of the sodium with the surface of the steel.

Determining the Oxygen Content of the Sodium

The task of obtaining exact results in the study of the corrosive effect of sodium on structural materials is
made more difficult by the necessity of precisely determining even small amounts of oxygen present in the sodium,
The oxygen content in both units was checked by the amalgamation method [10]. The sodiwm samples were taken
and extracted by means of a special analyzer, which is schematically illustrated in Fig. 1. Maximum accuracy in
the determination of very low percentages of oxygen in the sodium requires the establishment of an absolutely pure
inert medium when the sodium samples are taken and amalgamated. For that reason the small amount of oxygen
(about 0.01%) was removed from the industrial argon by means of a refining apparatus in which the reaction medium
was sodium heated to 400-420°C. A reaction column 1500 mm high was filled with sodium, using a metal wire
rammer, to two-thirds of its height. The upper, unheated, part of the column contained a sodium vapor separator,
consisting of a perforated sheet iron cylinder about 150 mm high, also filled by means of 2 metal rammer and hung
from the cover of the column. The argon was purified at a pressuresof 0.2-0,4 atmospheres; when the analyzer was
charged, the argon flow rate varied between 0.4 and 0.6 liters/minute. Before we took the samples, the unit was
evacuated four or five times and washed with purified argon. The samples were taken at a low argon pressure after
a certain amount of sodium (50-100 cm®) had overflowed into a metal cup (16). The purity of the inert medium
was considered satisfactory if, after the overflow, the metallic luster of the surface of the drop was retained for sev-
eral minutes. A 1 gram sample of sodium was taken in a small glass cup (17); after solidifying, the sample was
transported by a special mechanism to the glass extractor (18). The amalgamation of the sodium was carried out at
a very slow rate. We then added 40-50 cm® of mercury; the extractor containing the amalgam was heated to about
60°C, and a rod with a perforated stainless steel plate attached to the end was used to stir the amalgam until it was
completely dissolved. In most cases, after five or six such extractions all the oxides were removed from the sodium.
The amounts of sodium and oxygen were determined thereafter by the usual analytical methods [1, 10]. The results

of our measurements of the solubility of oxygen in sodium at various temperatures are in good agreement with data
published earlier [1, 2]:

Temperature of Oxygen content of
filtration loop, °C the sodium, % by weight
160 2.8+1073
170 2.9+107%

180 3.4°107°
400 4.9:107
420 5.3:1072
440 6.0°107

The accuracy in determining small percentages of oxygen is about  5-10 %,

Corrosion Resistance of Stainless Steels

We investigated the effect of chromium, nickel, and other elements (carbon, molybdenum, titanium, niobium,
and manganese) on the corrosion resistance of chrome-nickel stainless steels; the chemical compositions are shown
in Table 1, The stainless steel of type 1Crl8Ni9 investigated included two brands with differing carbon content
(0.08 and 0.12%;,

TABLE 1. Chemical Composition of Chrome-Nickel Stainless Steels Tested

iNumber Elements, %

Pf spec  Brand of steel c l Mn \ st Cr Ni Mo Nb Ti Na
imen

1 1Cri8Nif(17241) 0,08 | 0,28 | 0,33 | 18,15 | 8,50 — — — —
b2 1Cr18Ni9Ti (17246) 0,09 0,56 0,45 18,4(_) 8,59 — — 0,17 —

P 3 1Cr18Ni9(17241) 0,12 | 0,45 | 0,42 | 17,67 | 9,70 — — — —
I 4 Cr18Ni12Mo2Ti(17347) 0,07 0,44 0,36 | 16,93 9,45 | 2,60 — 0,71 —

5 Cr18Ni9Nb(N7247) 0,08 0,95 0,43 | 17,40 | 10,00 — 0,88 — —

! 6 Cri18Ni10Mo2NDb(N7348) 0,08 | 0,50 | 0,75 | 18,17 | 10,10 | 2,65 | 1,06 — —
% 7 1Cr18Ni5SMn7(AKM) 0,07 8,20 1,00 | 17,48 5,00 — — — 0,15
i : .
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Specimens of all the test materials, in the form of well-polished

)
) < ips 0.6-0.8 ick, laced in the slots (21)(see Fig. 1) of th
—'——\[/ { \/_____‘_ strips mm thick, were placed in the slots (21)(see Fig. 1) of the

) ISR | S — test loops. By using these specimens, we were able to perform a complex
= 78+ i determination of the corrosion resistance of the materials both by the
bl method of weighing and metallographic study of the structure and by de-
Raet — 40 termining the mechanical properties. Welded seams were tested on thin

sheet metal specimens welded by electric arc using a special electrode or
in an inert medium with an electrode of the same material, On one side
of the sheet the welded seams were polished until a smooth surface was
obtained, while on the other side they were only cleaned superficially,

Fig. 3. Specimens for determining
mechanical properties.

The original structure and mechanical properties of the materials and seams were determined after heat treat-
ment at 550°C for 750 howrs in an inert medium. The mechanical properties of the steels tested, before and after
the corrosion tests, were determined for flat rupture-test specimens (Fig. 3).

Corrosive Effect

The weighing and metallographic estimates of the corrosive deterioration of the chrome-nickel steels tested
in sodium containing 3-1073% oxygen indicated (Table 2) that the corrosion of these materials at 550° C is very
slight (maximum 4 mg/dmz'month). All the specimens retained their original luster, except for a specimen of
1Cr18Ni5Mo7 steel, the surface of which became somewhat dull and in which a relatively high corrosion rate
(11.2 mg/dm?-month) was observed.

TABLE 2. Corrosion of Steels in Sodium Containing 3+107%% Oxygen at 550° C after 1280 Hours

Nump er of Brand of steel C°”°51§’“ rate, Results of tests
specimen mg/dm* month
1 1Cr18Ni9(0.08% C) 3.2 No corrosion observed. Surface of specimen
retained its original luster
2 1Cr18Ni9Ti 4.0 Same
3 1Cr18Ni9(0.12% C) 3.8 Mazximum depth of corrosion: to 5 p. Sur-
: face of specimen retained its original luster.
4 Cr18Nil2Mo2Ti 2.9 No corrosion observed., Surface of specimen -
, retained luster
5 Cr18Ni9Nb 3.2 Same,
6 Cr18Nil0Mo2Nb 3.0 Same
7 1Cr18Ni5Mn7 11,2 Depth of corrosion: to 10 p. Surface of
‘ specimen became somewhat dull,

* Corrosion tests lasted 2030 hours.

A change in rate was found in the steel specimens after corrosion tests in sodium containing (4-5)-10 2% oxy-
gen (Table 3), The weight was found to have increased in specimens of steels containing a relatively large amount
of chromium or manganese. The high chemical affinity of these materials for carbon produced a very small degree
of carburization of the surfaces,

In steels alloyed with molybdenum or containing a smaller amount of chromium (specimens 3-6), we found a
decrease in rate approximately five to ten times as great as after the corrosion tests in sodium with a low oxygen
content. No carburized layer was formed on the surface of these specimens.

The corrosion of the steels tested at the indicated oxygen concentrations in the sodium was quite small (maxi-
mum 5-10 p), and none of these steels exhibited intercrystalline corrosion (Fig. 4). It can be seen from Fig. 5 that
corrosion accompanied by a decrease in weight follows an almost linear law.

The effect of individual alloy elements (molybdenum, titanium, niobium) on the corrosion resistance of the
materials tested in sodium at 550° C is not sufficiently clear, and the corrosion was approximately the same for most
of the steels,

The estimate of weight changes and the metallographic analyses indicated no substantial difference between
the corrosion rate of welded seams and that of the basic materials tested in sodium containing oxygen at concentra -
tions up to (4-5)+10 'Z%. However, seams welded in an inert medium with an electrode of the same material were
corroded less than seams obtained by using a special electrode,
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Fig. 4. Microphotographs of steels after corrosion tests in sodium containing 3-107°% oxygen for
2030 hours (1) and in sodium containing (4-5)-10_2"70 oxygen for 1880 hours (2) at 550° C (electro-
lytically etched with 10% HyCpO,4 (X250); a) 1Cri8Ni9Ti; b) Crl8Nil2Mo2Ti.

Change in Mechanical Properties

The mechanical properties of the steels were tested on flat rupture -test specimens. The resulting values of
oy, the ultimate strength, and &, the elongation per unit length, for the materials tested after heat treatment and
corrosion in sodium having different values of oxygen content are shown in Tables 4 and 5, from which it can be
seen that the effect of sodium containing either 3-10 3% or (4-5)+10 % oxygen has practically no effect on the

TABLE 3. Corrosion of Steels in Sodium Containing (4-5)-10"2% Oxygen at 550° C after 1150 and 1880 Hours

Number of

Brand of steel

Corrosion rate, mg/dm*month

Results of tests

specimen After 1150 hrs, | After 1880 hrs.
1 1Cri8Ni9(0,08% C) +10.8 +7.1 No corrosion observed, A lustrous brownish-
black coating was found on the surface of
. the specimen
2 1Cr18Ni9Ti +12.6 +10.0 Same
3 1Cri8Ni9(0.12% C) -0.6 -1.0 No corrosion observed. Surface of specimen
gray, slightly dull
4 Cri8Nil2Mo2Ti -21.3 -19.4 Depth of corrosion: to 5-10 p. Surface of
specimen was pale gray, slightly dull
5 Crl8Ni9Nb ~14.,17 -117.0 Same
6 Crl8NilOMo2Nb — -11.8 Same
7 1Cr18NisSMn7 - +6.9 No corrosion observed. Surface of specimen
was brownish-black and lustrous
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TABLE 4, Mechanical Properties of Steels after Corrosion Tests in Liquid Sodium Containing 3+107%% Oxygen

. After hegt treat- After tests in circulating sodium at 550°C
Thickness{ ment in inert me-
Number of dium at 550° C for
of Brand of steel . 750 hours 1280 hours 2030 hours
. specimen| 750 hours :
| specimen mm) |5 - - 5
| b’ P b? 6. b’ s, ’ 5,
‘ kg/mm? |’ T kg/mm?| "’ T kg/mm? T kg/mm? e
\ 1 1Cr18Ni9 (0,089 C) 0,63 63,1 61,7 63,7 61,0 64,0 58,6 64,7 57,8
2 {1CrI8Ni)TI 0,72 65,6 60,6 67,6 57,3 68,2 56,6 63.4 54,2
’ 3 ICri8NI9 (0,129 C) 0,70 65,5 54,6 69.3 | s0.00 69,9 [45,5] 70,7 44,5
| 4 |CrisNiamoezTi 0,86 | 65,7 | 46,3 f 66,2 ) 45,00 65,5 |45.5) 63,8 444
5 Cri8N1OND 0,73 60,8 51,9 60,9 49,6 60,8 48,0 60,9 50,3
6 Cri8NilONo2ND 0.73 69,0 47,2 — — — — 6.4 42 .0
7 ICrI8NISMN7 0,78 80,4 44,0 — — — — 73,5 40,3

mechanical properties of stainless steels. The most noticeable changes in the mechanical properties are observed in
1Cr18Ni9 steel with a high percentage of carbon (0.12%) and in 1Crl8Ni5Mn7 steel, It may be that even these rela-
tively small changes in mechanical properties are caused not only by the effect of the sodium but also by changes

‘ in the structure (chiefly separation of Me,3Cg carbides at the grain boundaries) resulting from the fact that the tested

Duration of tests, hours

Fig. 6. Corrosion of steel in sodium containing (4-5)°
.10 "%, oxygen at 550°C, as a function of tirne.
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materials were subjected to longer heat treatment than

the calibration specimens.

Conclusions

The results of a general survey of the above men-
tioned corrosion tests on chrome-nickel steels at 550°C
indicate that:

1) If the oxygen content of the sodium does not ex-
ceed the solubility limit, there isno intergranular corrosion.

2) The corrosion rate in the steels calculated from
the loss of weight in sodium containing 3-10 3% and (4-5)°
10" %% oxygen is relatively slow and does not exceed 1
and 4 p/year, respectively.

3) The considerable deterioration observed earlier
(5] in the mechanical properties of stainless chrome-
nickel steels under the effects of sodium, especially with
high oxygen content (2:10 ~2;), was not corroborated. The
tests indicated that the deterioration in mechanical prop-
erties of 18Cr8Ni type stainless steels after corrosion in

TABLE 5. Mechanical Properties of Steels after Corrosion Tests in Liquid Sodium Containing (4-5)+10 "%, Oxygen

After heat treat- o . . o
) . .| After testing in circulating sodium at 550°C
Numb Thickness| ment in inert me-
umber
f di at 550°C fi
of Brand of steel e O, um:l ™ 730 hours 1150 hours 1880 hours
. specimen|750 hours
specimen (mm) Cpy s ) &, % Oy, s , 5, % Ops 5, %| Op» 6, %
kg/mm kg/mm kg/mm? kg/mm?
1 1Cr48Ni9 (0,089, C) 0,63 63,1 61,7 64,0 61,2 62,6 61,5 63,3 60,0
2 1Cr18Ni9Ti 0,72 65,6 60,6 65,8 | 97,8 64,3 58,8 65,6 96,3
3 1Cri8Ni9(0,12% C) 0,70 65,5 54,6 — — 66,1 51,9 67,6 50,4
4 Cri18Ni12Mo2Ti 0,86 65,7 46,3 — — 65,4 45,0 [ 67,3 43,3
5 Cr18Ni9Nb 0,73 60,8 51,9 51,3 | 51.4 60,8 52,0 | 61,77 }50,7
6 Cr18Ni10Mo2NDb 0,73 69,0 47,2 — — — — 69,9 46,3
7 1Cr18NidMn7 0,78 80,4 14,0 — — — — 81,3 135,7
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sodium containing up to (4-5)-10"% oxygen is relatively small and cannot cause damage in stainless steel units in
which sodium is used as the coolant, ' :
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COMPLEXING REACTIONS IN URANIUM CHEMICAL TECHNOLOGY

I. I. Chernyaev and G, V, Ellert

Translated from Atomnaya Energiya, Vol. 14, No. 4,
pp. 383-394, April, 1963
Original article submitted May 19, 1962

On the basis of current data on the chemistry of uranium coordination compounds, the present article
discusses complexing reactions employed in the principal chemical processing operations on uranium-

_bearing materials, It is shown that the overwhelming majority of dissolution, precipitation, and ex-
traction reactions involving uranium compounds are reactions involving the formation of uranium
complexes. New ideas are expressed on the mechanism involved in some dissolution, precipitation,
and extraction reactions involving uranyl compounds.

The scope of this article is restricted to a discussion of the complexing reactions employed in the principal
chemical processing operations.

As is widely known, the overwhelming majority of major chemical operations in the processing of uranium-
bearing products takes place between aqueous solutions of salts or between aqueous and organic phases, with the par-
ticipation of water molecules. In uranium production technology, a group of pyrochemical techniques (fused-metal
and fused-salt extraction, oxidative slagging, etc,) are also employed, Although the decisive factors in many stages
of pyrochemical processes are complexing reactions, e.g. in the interaction between uranium salts and fused salts of
alkali metals and alkali earths, they will not be under discussion in the remainder of the article.

The chemical reactions in uranium technology (predominantly in the technology of hexavalent uranium) be-
longing to the class of "wet processes™ may be subdivided into two principal subclasses: reactions involving precipi-
tation of uraniwm compounds and dissolution reactions; despite the already known analogy of the processes, e.g. of
dissolution and extraction, the chemical processes inherent in extraction and sorption will be dlscussed apart from
dissolution and precipitation reactions in the further discussion,

Complexing Reactions in the Dissolution of Uranium Compounds

An analysis of uranium dissolution reactions reveals the high propensity of uranium to form complexes and
bonds, preponderantly with oxygen-bearing molecules. The first consequence of this complexing proclivity is the
fact that wanium metal, uranium oxides, and other uraniuin compounds difficultly soluble in water become subject
with relative ease to the effects of not only oxygen-containing inorganic acids, but also such solvents as neutral and
even basic oxygen-containing reagents. A second factor, not always given its due, is the exceedingly prominent
role of water as a neutral ligand in the formation of uranyl complexes. With the foregoing discussion taken into ac-
count, we now consider several examples of uranium compounds going into solution.

The first stage of primary and secondary chemical processing is, as a rule, the dissolution of the uranium-
bearing products (ores, uranium and thorium rods from plutenium reactors, various types of power-reactor fuel ele-
ments, solid by-products of the productlon of uranium and other materials) in sulfuric, nitric, hydrochloric, and hy-
drofluoric acids, sometimes with F~ PO4 » Hg(NO3), eic. as admixtures. As an example, consider in detail two re-
actions: the dissolution of uranium tnox1de in sulfuric acid and the dissolution of uranium metal in nitric acid. The
most common form, encountered in almost all monographs on uranium technology, for writing down these reactions
is the following:

U0; - H,80, = UO,S0, + H.0, (1)
2U 4 30, + 4HNO; == 2H,0 4- 2U0,(NO,),, @)

L.e. as a result of the interaction between uranium trioxide and uranium metal with aqueous salts of sulfuric and ni-
tric acids, uranyl sulfate anhydrate and uranyl nitrate anhydrate are formed. This formulation of the reactions does
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not conform to the reality even in the case where Egs. (1) and (2) are assumed to total. The trouble is that uranyl
sulfate anhydrate may be obtained, e.g. by drying out the trihydrate at an elevated temperature, or else by evapora-
ting the sulfate solution with concentrated sulfuric acid, In all the remaining cases, crystals which contain 3 gram-
moles of water are formed, as a rule,

The job of isolating uranyl nitrate anhydrate is even more difficult. There are no entirely reliable indications
or information (in fact, proof of the individuality of the product is even lacking) on the possibility of isolating
UOy(NQO;), anhydrate by forming the intermediate compound UOy(NO;),°2N0,. Under ordinary conditions, the hexa-
hydrate salt crystallizes out. At the present time, a fairly large body of experimental evidence has accumulated to
justify the irrefutable statement that the so-called simple uranyl salts U0,50,4"3H,0, UO,(NO3),*6H,0 (and several
others: U0,Cly*3H,0, UO,Br,*3H,0, UO,C,0,:3H,0, UO,(CH;CO0),+2H,0, etc.) are typical complex compounds (e.g.
[11). For the hydrates of uranyl sulfate and uranyl nitrate, we may assume the existence of several genetically rela-
ted complexes:

1. [UO,(H,0),)'S0, 1. [UO,(H,0),] l?*(NO)

2. [UO,(H,0),(30,)1° 2. [UOK(H,0),(NO,)}*(NO,)
3. [UO4(SO)(H,0)51% 3. [UOy(H,0),(NO),J°

4. [UOLSO,)(H;0),0° 4. [UO,(H,0),(NO,). ]

5. [UO,(SO,)(H,0)18

Among these compounds, there are the cationic complexes A-1, B-1 and B-2, the neutral complex A-2, A-3, A-4,
A-5, B-3 and B-4. For some of them, the analytic coordination number of which is not six, we assume not a chain
configuration rather than a backbone configuration. The preferential formation of one complex or the other is de-
cided by the concentrations of uranium and of the corresponding acid, and by the temperature, In dilute solutions
of uranyl sulfate (Ysg), the uranium is found preferentially in the form of the cation complex hexaaqueuranyl sul-
fate [UO,(H,0)¢]SO,, which, for instance, is evidenced by the fact that the molar electrical conductivity of its aque-
ous solutions and, under conditions where the trihydrate crystallizes out, in the form of a neutral chain-configuration
triaquo sulfato uranyl salt [UOy(SO4)(Hy0)3],. Under intermediary conditions prevailing in aqueous solutions, the for-
mation of both cationic and neutral mononuclear and polynuclear aquocomplexes is possible, For nitrate (and other
"simple™ uranium compounds), these points are fully applicable, The number of water molecules included in the
inner coordination sphere, in the case of complexes having inorganic acid residues of complex structure, as for example

0 o O
V4
\ and —O——N</.
s \\ NQ
0 0

is related, aside from anything else, to the possibility of their attaching in different ways to the central atom, the
acceptor; in other words, the possibility of their having different coordinating powers.

Taking the foregoing into account, the dissolution reaction of metallic uranium in nitric acid of medium con-

centration may be recorded as: 2U -+ 30, +- 4HNO, -+ 10H,0 =
=2 [Uoz(H20)<i](N03)2- @)
The reaction of the dissolution of uranium trioxide in sulfuric acid is probably more complicated, but its equation
U0, + H,80, -+ 3H,0 = [U0,30,(H,0),] )

will be more accurate a representation than (1). Eqs. (3) and (4) describe the formation of aquocomplex nitrate and
sulfate compounds of the uranyl ion, and emphasize the complete equivalence of the aquo groups on the one hand
and the nitrato and sulfato groups on the other, These divergences in the expression of the equations for reactions
(L), (2), and (3), (4) are of a fundamental character, and must be given due attention not only by research workers,
but likewise by chemistry instructors in the classroom. The importance of this point comes out with particular
sharpness, for example, in the discussion of extraction, sorption, back-extraction, eluting, salting-out mechanisms,
or in the study of various processes for the dehydration of uranium compounds. As mentioned above, various addi-
tives are employed when dissolving uranium-bearing materials in acids on occasion, principally in order to speed up
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the reactions. For example, the addition of fluoride compounds when uranium-zirconium alloys are being dissolved
accelerates the reaction and averts any mild explosive effects. Several other uranium alloys are also rather stable

to attack by nitric acid. In these cases, they are brought into solution more rapidly by the addition of small amounts
of phosphate, sulfate, or fluoride ions. The effect of the ions mentioned is determined by the formation of more sol-
uble homogeneous or mixed complexes, with the uranyl ion and the accompanying elements, than those pure aquo-
nitrate complex compounds which form when the alloys are dissolved with no additives.

The role of complexing in the dissolution of uranium-bearing materials stands out with unusual sharpness in
the discussion of reactions with salts (preponderantly salts of the alkali metals) of inorganic acids, such as carbonic
acid, hydrofluoric acid, sulfuric acid; with salts of various organic acids, such as oxalic acid, acetic acid, citric ac-
id and various other acids, and with peroxides of the alkali metals. The most characteristic trait of these dissolution
reactions, important in the removal of impurities from uranium, is the high degree of selectivity. Of the non-acid
solvents enumerated, the carbonates of the alkali metals and ammonium carbonate have acquired unusually wide-
spread application [3, 4]. The dissolution reaction of uranium trioxide by sodium carbonate in an aqueous solution
is usually recorded as follows:

L0, -+ 3Nap00; = — Nay[U0,(CO,)] + 2NaOH. (5)
After treating the uranium trioxide with a solution of sodium carbonate, the uranium is found to enter a compara-
tively readily water-soluble complex known as sodium tricarbonato uranylate. The complex nature of this com-
pound is proved most convincingly, and the coordination representation of its formula Na,[UO,(CCs)3] has won gener-
al acceptance. However, Eq. (5) is a total formula, and does not reflect the involved nature of the processes occur-
ring in the dissolution of uranium trioxide in carbonate solutions. It would be of interest to make a complete run-
down of the reactions taking place in carbonate media which have been studied to a reasonable extent at the present
time, and which present compelling illustrations of the importance of the study of the reaction of ligands within
the coordination sphere in the chemistry of uranyl complexes:

200, -+ 4H,0 = 2| UO,(OH),(H,0)], 2[U0,(0H),(11,0)] + 2Na,CO, -+ 4H,0 (6)
= 2Na[UO,(OH )(CO,) (H,0),] - 2NaOH ,2Na[UO,(OH)(CO,)(H,0);] + Na,CO, N
= Nag| (UO,)(OH)(CO,)5(H,0);1 + NaOH -+ H,0, (8)
Na,[(LO,),(OH)(CO,),(H,0),] + NayCO, = 2Na,|UO,(CO,)o(H,0),] 4 NaOH + H,0, €)
2Na,[COL(COL)5(H0)] -+ Na,CO, = Niig[(UO0,),(CO,),(H,0)5] 4+ 2H,0, (10)
Na,{(U0,),(CO,).(A,0),] + Na,CO, = 2Na,[UOy(CO,),] + 2110, (11)

900, + 8H,0 4 6Na,CO, — &NaOH -+ 61,0 - 2Na,[U0,(CO,), ]
U0, + 3Na,CO, + H0 = Na,[UO,(CO,),] - 2NaOH, (12)

Reaction (6) of the interaction of uranium trioxide with water, leading to the formation of the monoaquo dihy-
droxo uranyl complex (a neutral hydroxo complex) is the first stage of the process. The gist of the subsequent reac-
tions (7 to 11) is the transition from a neutral uranyl complex containing aquo and hydroxo groups in its coordination
sphere to an anionic complex containing carbonate ions in its coordination sphere, by means of successive substiti-
tions of OH™ and H,O by COj groups. The formation by this process of several compounds: triaquo hydroxocarbonato
uranylate, pentaquo hydroxocarbonato uranylate, pentaquo tricarbonato hydroxo diuranylate, diaquo pentacarbonato
diuranylate, and tricarbonato uranylate, all of sodium, has been proved by various methods.

The total equation (12) of the reactions is entirely satisfactory for performing calculations and for describing
the processes at work in dilute solutions (e.g. in ore leach solutions). However, when pure uranium trioxide or vari-
ous other uranium-rich materials are being dissolved, the stepwise nature of the process asserts itself with particular
clarity (thickening of the solution, liquefying, color changes, etc.), and an understanding of these steps cannot be at-
tained by a simple knowledge of Eq. (12). Changes in the physical properties of the precipitates and of the solution
are satisfactorily explained by the difference in the composition of the intermediary compounds. Soda leaching, as
Eq. (12) will demonstrate, will result in the formation of NaOH, which may have the effect of greatly slowing up the
dissolution process, or even causing a process of partial precipitation of the uranium either in the form of sparingly
soluble aquohydroxo carbonates, or aquohydroxo complexes. Sodium bicarbonate should therefore be added to the
leach liquor, to neutralize the alkali,
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NaOH + NaHCO, = Na,CO, + H,0. : (13)
The dissolution of uranium trioxide in ammonium carbonate, potash, or other carbonates of the alkali metals will be
characterized by the same equations as those applying to Na,COj, so that there is no need to run through them all in
this survey. In some technological operations, the need arises to introduce the tricarbonate complexes, e.g.
Na,[U0y(C0s)3], K[UOK(CO3)3] or (NHy)[UO,(COs)3] into other compounds, in accord with subsequent processing
steps in the flowchart; these are most commonly aquonitrate complexes, This is accomplished by decomposing a
dry nitrate (or its aqueous solution), The decarbonization reaction proceeds in stages, as does the reaction of the
formation of sodium tricarbonato uranylate. In solution or in precipitate form (depending on the uraniwm concentra -

tion), several compounds, similar to those described above, are formed in succession;

2Na,[UO,(CO,)3} + 2HNO, -+ H,0 = Nag{(U0,),(CO,)5(FH,0),] -+ 2NaNO, 4 CO,, (14)
Nagl (T0,)y(CO4)5(H,0)] + 2HNO, + H,0 = 2Na,[UO,(COy),(H,0),] 4- CO, + 2NaNO,, (15)
2Na,[U0y(CO,),(H,0),] + HNO, + H,0 =  Nay[(UO,)y(CO,)5(OH)(H,0),] -+ NaNO, -+ CO,, (16)
Nag[(L0,)5(CO3)(OH)(H,0)5] -+ HNO, + H,0 = 2Na[UO,(CO,)(OH)(H,0);] + NaNO, -+ CO, an
2Na[UO,(CO,)( OH)(H,0), + BHNO,; + 2H,0 = 2{UO,(H,0),)(NO,), 4 2NaNO, - 2CO,, (18)
 Na,[UO,(COy)] + 6HNO, + 3H,0 =1 UO,(H,0)g}(NO;), + 4NaNO, + 3CO,. (19)

Equations (14) to (18) reflect, probably inadequately, the actual process occurring, but it may be stated with
confidence that we are dealing in this case with the successive transition from an anionic uranyl complex to its cat-
ionic counterpart, by gradual substitution reactions within the coordination sphere of the carbonato groups on hydroxo
and aquo groups.

Uranyl peroxide complexes are very similar in their properties to the uranyl carbonate complexes. From the

* point of view of industrial production, both carbonates and peroxides exhibit some prized properties: they react with
comparative ease with sparingly soluble uranium compounds, to form stable solutions (in alkaline media containing
an excess of peroxide); they have the ability to transfer uranium to precipitate form quantitatively under certain
conditions, and may be transformed, without any particular trouble, into any desired uranyl compound which would
simplify the flow diagram [4, 5]. All of this accounts for the high selectivity of the operations involved in the use
of hydrogen peroxide. The specificity of the formation of uranyl carbonate and peroxide compounds may be com-
pared, in this respect, to the gold cyanide complexes.

The reaction between uranyl salts and alkaline peroxides has not been studied as extensively as the reaction
involving uranyl carbonates, but there is every reason for interpreting the peroxide reactions to be complexing reac-
tions, In articles and monographs on uranium technology, the coordination approach in the discussion of such reac-
tions is unfortunately distinguished by its conspicuous absence, and even the information available on the dissolution
mechanism is highly contradictory. One typical example of the usual manner in which the dissolution reaction is
depicted may be seen in the following equation:

0, - 2H,0, -- 2NaOH —> Na,UO, - 31L,0, 20)

from which we see that uranium dioxide, on interacting with hydrogen peroxide and caustic soda, forms a soluble
compound of composition Na,UQO;5 containing, in all likelihood, one peroxo group. Now this is only partly true. Sta-
ble uranyl peroxide solutions are obtained in the presence of an excess of hydrogen peroxide and alkali,” But then the
uranyl ion must attach to itself the maximum possible number of peroxo groups (OO™). Investigations have revealed
[6, 7] that the uranyl ion is capable of coordinating no more than three peroxo groups (compare the carbonates) and
of forming compounds of such composition as;: NaJUO,(0O);]. The reaction of uranium dioxide going into solution
is stated more correctly, therefore, as:

U0, +H,0, =U0, + 1,0, (21

U0; + 2H,0 = [UO,(OH),(H,0)], 22)

- H,0, +2NaOH = Na,0, -+ 2H,0, ©3)
LUO,(OH)y(H,0)] - 3Na,0, = Na,[UO,(00),] ‘

' -+ 2NaOH 4+ H,0. @)
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Reaction (24), like reaction (12) for the carbonates, is a total reaction. The total picture of the dissolution,
given the present level of knowledge on this process, is difficult to sketch out, but we may feel safe in assuming, to
a fair degree of certainty, the formation of the following intermediary complexes:

Na,[(UO,)5(00),(H,O),1,
Na,[U0,(00)4(H,0),]

as well as others containing in their coordination sphere, in addition to the peroxo groups, also aquo groups and hy-
droxyl groups.

In technological practice, the need may arise to bring into solution not only uranium oxides but also some
other difficultly water-soluble uranium compounds such as [U0,CO;], [UF,], and others. When they are dissolved
with the aid of alkali peroxides, an important role is played by the formation of mixed uranyl complexes contain-
ing, along with the peroxo group, other acidic residues, CO5, F°, sOF, and the aquo groups [UO,(00)(COs)(H,0),17,
[UO,F,(00)(Hp0),T", [UO,(00)(SO.)(Hz0)]", ete '

Acid-free dissolution of uranium metal and uranium compounds is not exhaustively covered solely by the two
cases discussed: carbonates and peroxides. We might also cite many examples of an essential enhancement of the
solubility of comparatively difficultly soluble uranyl compounds as a result of complexing reactions with neutral
salts. We shall limit our survey to a consideration of some of these reactions. As will be demonstrated bélow, pre-~
cipitation of the neutral complex triaquo oxalato uranyl [UO,(C04)(Hp0)3] is sometimes resorted to in operations
based on affinity. Its solubility is ~0.5 g in 100 ml solution. The interaction between triaquo oxalato uranyl ion
and ammonium oxalate through the reaction

[U0(C50,)(H30),] - (NHy),C04 = (NH,),[U04(C10,)5(H,0),] - H;0, (25)

results in the formation of ammonium diaquo dioxalato uranylate, possessing the very high solubility ~500g in 100
ml, i.e. the solubility is improved about 1000 times. Approximately the same solubility values characterize the re-
actions of triaquo oxalato uranyl with sodium fluoride and ammonium carbonate, which take place with the forma-
tion of the chemical compounds sodium monoaquo trifluoro oxalato uranylate and ammonium diaquo carbonato ox-
alato uranylate [8, 91 '

[U0L(C,0,)(H,0),] -+ 3NaF = Nay[UO,(C,0,)Fy(H,0)] -+ 2E1,0, 26)
[UOZ((l204)(Hf_,O)3] +v (NH};)ZCO:S = (NH4)2[U02(C204)(CO3)(H::O)z] -+ Hzo- .(27)

An interesting example illustrating the possibility of complexing reactions as a tool for obtaining uranyl compounds
of the most varied properties and highly specific compositon is the interaction of the practically water-insoluble
monoaquo dihydroxylaminedihydroxo uranyl ion and potassium carbonate [10]:
[(COL(OH),(NH,OH),(H,0)] -+ 2K,CO, == K [ UO,(OH)(CO,).(H,0)] -+
1-KOH + 2N HQOH.
The potassium monoaquo dicarbonato hydroxo uranylate then forming has very high solubility and stability in
alkaline solutions.

(28)

In concluding this section, we may cite the comparatively well knownreaction invelving diaquo diacetato uran-

yl and ammonium acetate: [UO,(CH,CO0" “H1,0),] 4 NH,CH, COO —
= NH,[Ut , JH,CO0),} + 2H,0. (29)

The solubility (in 100 ml solution) of the ammonium triacetato uranylate formings is about 50 g, and the solubility
of the original compound, in contrast, is 7.7 g. '

Complexing Reactions in the Precipitation of Uranyl Salts
Precipitation reactions of various uranyl compounds are widely used in the chemical processing of uranium-
bearing materials, even though mastery of extraction and sorption techniques has somewhat narrowed down their
sphere of applications. It is therefore feasible to discuss the mostcharacteristic precipitationreactions involving uran-
yl compounds in use at the present time.

In processing uranium concentrates containing significant quantities of phosphorus, vanadium, iron, and silicic
acid, recourse is sometimes had to the reaction of precipitating a complex salt which is virtually insoluble either in
water or in dilute acids, viz, ammonium triaquo phosphato uranyl complex [3]; .
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[UO‘A(HZO)G](NO:B)‘z +NHH,PO, =
= [UO,(NH,PO,)(H,0),] - 2FINO, -+ 3H,0. (30)
The complex so forming is a neutral complex, The central acceptor ion, the uranyl ion, is surrounded by aquo
groups and residues of singly substituted phosphoric acid. The ammonium ion is bound solely to the phosphoric acid.

On account to the low pH value at which this complex precipitates (1.9-2.5), satisfactory purification of the urani-
um from many elements is achieved.

In the previous section, we discussed reactions leading to a solution of uranyl carbonate complexes, Under
certain conditions, viz, in the presence of an excess of alkali carbonate (most often ammonium carbonate), the ura-
nium is successfully converted, to an adequately complete extent, into a precipitate in the form of a crystalline eas-
ily filtrated powder. The combination of the dissolution and precipitation steps of uranyl carbonate complexes makes
it possible to rid the latter of most of the accompanying impurities, The reaction of the formation and precipitation
of ammonium tricarbonato uranylate, e.g. from an aqueous solution of hexaaquo uranyl nitrate, is a multistage pro-
cess and may be represented by the following equations;

[UO,(H,0)6}(NOy), 4 3(NH,);CO, = 2NH,[UO,(OH)(CO,)(H,0);] -+ 4NH,NO, + CO, -+ 51,0, (31)
2NH,4[UOy(CO,)(OH)(H,0);} + (NH,),COp= (NH,);[(U0,),(CO,),(OH)H,0),] + NH,OH+H,0, - (32)
(NH,)s[(UO,),(COp)g( OH)(H,0);] -+ (NH,),CO, = 2(NH,),[U0,(CO,),(H,0);] +NHOH +H,0,  (33)
2(NH,),[UOy(CO5)o(H;0)al - (NH,),0; = (NH,)6[(U0,),(CO4),(H,0),] +- 2H,0, 34)
(NH,)e[(UO,)  CO5),(H,0)] +(NH,),C0, = 2(NH,),[U04(CO,),] - 2H,0, (35)
2[UO,(H,0),](NO,), -+ T(NH,),CO, = 2(NH,),[U0,(CO;),] 4 4NH,NO, + 2NH,0H -+ CO, + 11H,0. (36)

The reaction of the precipitation of ammonium tricarbonate uranylate is usually represented as:
UO,(NOy), 4- 3(NH,),CO, = (NH, ,{U0,(CO,),] -+ 2NH,NO,. 37)

Clearly, Egs. (36) and (37) are essentially different. From Eq. (36), the formation of one mole of ammonium tricar-
bonato uranylate requires 3.5 moles of ammonium carbonate, whereas, according to Eq. (37), only 3 moles would be
required. According to Eq. (36), we must also anticipate a vigorous release of carbon dioxide gas from the solution
as the first portions of ammonium carbonate are added. Experiments have shown that vigorous evolution of carbon
dioxide actually takes place in the first stages of the reaction, in amounts of ~0.5 mole per gram-mole of uranyl ni-
trate, and that more ammonium carbonate than 3 gram-moles per gram-mole of nitrate are required for the reaction
to go to completion, Consequently, the total equation (36) not only takes into account all the phenomena observed
in practice and occurring in the solution when these reactions are carried out, but alsc justifies the higher amount of
carbonates consumed over that computed from Eq. (37).

As pertains to the precipitation of practically water-insoluble aquo-hydroxo wanyl complexes, this process is
not a selective operation, but it is very widely employed, e.g. in producing concentrates after leaching uranium-
bearing ores, The comparatively widespread use of aquo-hydroxo complexes is due primarily to the fact that they
are very sparingly soluble in water, are readily decomposed by mineral acids, and in the case of ammonium com-
plexes, uranium oxides may be obtained by directly calcining the precipitate.

The reaction of precipitation of "ammonium diuranate™ from aqueous solutions of uranyl nitrate should be pre-
sented as follows: i
[UO,(H,0),1(NOg), - 3NII4()1'f = NH,[UO,(OH),(H,0);] + ‘ 2NH4N05; -+ 3H,0. (38)
The reaction, and most other reactions involving the uranyl ion, is the terminal stage of the stepwise formation of
the compounds in question. As intermediary steps, we may consider those reactions ending in the formation of the
following series of genetically associated complexes

[UO,(OH)(H;0),INQ,,
[UO,(OH),(H,0))
and
NH,[(UO,),(OH)5(H,0),].
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The real "diuranate®™ with which the chémical engineer works is most often a mixture of two compounds: am-
monium hexaaquo pentahydroxo diuranylate (NH,)[(UO,)a(OH)5(H,0)s] and ammonium triaquo trihydroxo uranylate
NH, [ UO,(OH)4(Hy0)s1 with the first predominating.

In operations involving affinity, in uranium purification, precipitate of uranium oxalate compounds is frequent-
ly resorted to. For example, isolation of uranyl triaquo oxalato complexes (containing free HNO;) from uranyl ni-
trate solutions makes it possible to free the uranium from several impurities, in particular from many rare earths.
The equation of the reaction has the following form:

[UOL(H,G )51 (NOy), -+ FaCy0, = [U0,(C,04)(H,0),] + 2HNO, + 3H,0. (39)

The solubility of the product forming as a result is ~0.5 g in 100 mi. Many available data testify to the fact
that triaquo oxalato uranyl is a typical neutral complex in which the aquo groups are coordinated around the uranyl
ion, In the operations of refined chemical purification of natural uranium, and likewise in the processing of any
number of irradiated materials, peroxide precipitation is frequently employed. This reaction is highly specific for
uranium, Its selective action makes it possible to rid uranium of many impurities. The precipitation reaction of
tetraaquo peroxo uranyl complex corresponds to the following equation;

U0.(11,0),}(NO3), + H,0, = [UOL00)(H,0),] +
' + 2HNO; + 2H,0.

The solubility of peroxo uranyl complex [UOy(O0)(H;0),] (or U0, 4H,0) in water amounts to ~8 mg/liter at 20°C
This product constitutes a neutral complex in which the peroxo and aquo groups act as ligands [2].

(0

The enormous significance of neutral complexes of various elements in the production of ultrapure materials
is a long established fact in the chemistry of coordination compounds. Because of the absence of any electric charge
in the external sphere (cation or anion), these complexes rarely take up foreign impurities. In this context, it is in-
teresting to point to one more reaction of the uranyl ion, viz. to the reaction consisting of the interaction between
the uranyl ion and hydroxylamine hydrochloride and alkali:

[C0,(H,0)}(NO,), + 2NH,0H.- I-IC‘! -+ 4NaOT1 = '
— [UO,(OH),(NH,0H),(H,0)] + 2NaCl 1
4 9NaNO, -+ TH,0. ’ 1)

When caustic soda is added to a solution containing a mixture of uranyl nitrate and hydroxylamine hydrochlo-
ride, crystallization of the practically water-insoluble neutral monoaquo dihydroxylamine dihydroxo uranyl complex
is observed at pH ~6.0-6.5. This reaction is specific for uranium and, thanks to the formation of a precipitate which
is readily filtrable and readily convertible to oxides, may find suitable application in the production of pure metal
preparations. There are literature references to the possibility of satisfactorily separating uranium and thorium from
their fluoride solutions with the aid of hydrogen peroxide, by isolating from the solution the mixed aquo peroxo fluo-
ride solutions with the aid of hydrogen peroxide, by isolating from the solution the mixed aquo peroxo fluoride complex:

Nag[UO,F,} - H,0, 4 3H,0 = Na[UCO,(00)F(H,0),] 4- 2HF 4- 2NaF. 42)

The sodium triaquo fluoro peroxo uranylate so forming is readily passable through filters and is practically
water -insoluble,

In conclusion, consider still other reactions leading to the formation of comparatively difficultly soluble uran-
yl complexes of specific composition: '

NH,[UO,(CH,CO0),] 4 NH,F = |NH,[U0,(CH,C00),F] 4 NH,CI1,C00, @3
[UO,(H,0),1(NOy), -+ 3NaCH,CO0 - = | Na[UO,(CH,CO0),] - 2NaNO, +- GH,0, (44)
[U0,(SO,)(IL,0),] 4+ KF =] K[U0,S0,F] 4 3H,0, 5)

(NH,),[G0,(CO3)5] + 2[Co(NH.),1(NOy); = [Co(NHy)],[UO,y(CO,)3)(NO;), + 4NTL,NO,. (46)
Reaction (46), used in analytical chemistry, displays the possible applications of compounds having complex
cations and anions in the extraction and purification of uranium. Reactions (43) and (45) describe the formation of
mixed uranyl fluoride acetates and uranyl fluoride sulfates, while reaction (44) describes the formation of sodium tri-
acetato uranylate, a familiar compound in analytical chemistry. The examples mentioned embrace virtually all the
most important reactions involving precipitation of uranyl salts as used in chemical technology. The compositon of
the complexes forming are complicated, as a rule, by the fact that their internal sphere (and, in some cases, even

Jrj
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the external sphere) consists of unlike substituents, It is precisely this variety in the compositions of the possible
compounds, due to the nature of the uranyl ion, which allows us to rely on the production of new complexes with in-
teresting and valuable properties for chemical processing practice.

Complexing Reactions in Extractive Processes

In the technology of processing of uranium-bearing materials, extraction processes have maintained a firm
place through the years. These processes are based on the properties of various organic reagents to selectively form,
with tetravalent uranium salts or uranyl salts, complex compounds which are soluble in an excess of extractant or
other organic products which do not mix with water. Extractants in question are various alcohols, simple and com-
plex ethers, ketones, aldehydes, organophosphorus oxygen-containing compounds, organic amines, etc, [11, 12].

These extractant may be either neutral, acidic (organic acids or inorganic salts of organic acids) and basic (as
a rule, the salts of inorganic acids with organic bases). In this connection, all extraction reactions in use at the pres-
ent time in chemical processing of uranium materials may be divided into three basic types.

1. Reactions involving neutral organic reagents, occurring for the most part in line with the following scheme:

[UOJ(H,0),45] - 2R — [UO;R,(H,0)._d,] -+ 2H,0, @7

where A is the univalent residue of a mineral acid, and R is an organic radical.

n-2

2. Reactions involving acidic organic reagents (or inorganic salts of organic acids);
[UO,(H,0),4,] + 2HR —> [UO,R,] - 2HA - nH,0, (48)
[UOy(H,0),, 451 + 3BR —> B[UO,R,] 4 2B_1 -+ nH,0, (49)

where B is an inorganic univalent cation,

3. Reactions involving alkaline organic reagents (principally salts of inorganic salts and organic bases):

(UO,(H,0),4,] + RHA —s RH[UO,4,] - nH,0. . (50)

Combinations of these reactions are possible, e.g. in the extraction by a mixture of neutral and acidic organic
extractants (synergistic mixtures, or extraction, e.g. by alkylphosphates). The equations mentioned above for extrac-
tion reactions are given in their general form, The interaction occurring between neutral organic reagents may en-
sue not only with neutral uranyl complexes, as demonstrated in reaction (47), but also with the cationic and anionic
forms of the complexes. In addition, one, two, or all the water molecules present in the inner sphere of the complex
may be displaced, thereby bringing about a direct linkage to the uranyl ion of a different number of moles of extrac-
tant. However, the gist of these reactions remains the same; displacement of water molecules from the inner sphere
of the complex and attachment of neutral organic molecules with the formation of a complex compound of new com-
position, dissolving in an excess of extractant. The gist of the second type of reaction consists in the complete dis-
placement of inorganic acidic residues and the formation of new neutral (possibly, chelating) or anionic uranyl com-
plexes with organic ligands, soluble in an excess of extractant or, what would amount to the same thing, in any other
organic liquid suitable for these purposes. The third type of reaction is characterized by the formation of an anionic
‘uranyl complex (with inorganic inner-sphere substituents), having, in the outer coordination sphere, a large organic
cation soluble in an excess of extractant or other organic reagent. All of these reactions involve complexing of the
uranyl ion and organic ligands. An important consequence is the subordination of these reactions to the laws govern-
ing reactions involving the formation of uranyl complexes in general, as confirmed by available factual information,

Consider in brief various typical complexing reactions employed in extraction operations in the processing of
uraniferous materials.

Of the neutral organic extractants for uranium, we note two; diethyl ether (C,Hs),O and tributylphosphate
(C4Hg0)3PO. The diethyl ether extraction processes; at the present time, extraction by diethyl ether is carried out
on a small scale primarily because of the extensive 'danger of explosion on the part of the extractant. In operations
involving affinity in the processing of natural uranium, processing of any number of nuclear reactor by-products and
wastes of gaseous diffusion plants, solvent extraction of uranium by tributylphosphate or, rather, by solutions of TBP
in inert organic diluents (e.g. in the high-boiling fraction of saturated hydrocarbons) is fre quently resorted to.

As a large fund of experimental data has shown, extraction by diethyl ether and tributylphosphate proceeds
successfully not only from solutions of uranium containing ligands situated in the second half of the series arranged
by displacing power:
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€O~ > 00* » OH" >.F~ » CH,CO00™ > >C,07" > S0; > H,0> NO; >
- Cl” > CNS™ > Br™ etc. ,

For example, diethyl ether is very efficient in extracting uranium from nitrate, chloride, thiocyanate, and
other solutions. On the other hand, extraction virtually comes to a standstill in the case of solutions containing ions
which are the first terms of the series: carbonates, peroxides, hydroxides, fluorides, acetates, oxalates. This fact is
a direct indication of a relationship between the extractive power of a neutral organic reagent and the stability of
the initial uranyl complex. One of the most reliable classical techniques for estimating the relative stabilityof com-
plex compounds is measurement of the molar electrical conductivity of the complexes in aqueous solution. If we
consider the molar elecirical conductivity of a series of the simplest uranyl salts situated with respect to the series
of displacing power of the ligands, then the electrical conductivity values will enable us to present the formulas of
these compounds in the forms: :

[UO,(CO,)(HL0)1°,  [UO5(00)(IT,0), 1%, [UOF(H,0),1°,
[UO,(CH,COO0),(H,0),1", [U0,C0,(H0),1°%, | [.‘:()25()4(]?120)3] ,
| [U0,(H;0)6/(NO,)s, {UO,(IT,0),] Cl,, [UOL(H,0)(CNS), ete.

Carbonate, peroxide, fluoride, acetate, and oxalate complexes in aqueous solution are dissociated to an insig-
nificant degree and may be regarded as nonelectrolytes, a fact which is reflected in the manner of representing their
formulas, whereas nitrate, chloride, and thiocyanate complexes are practically completely dissociated, i.e. they ex-
ist in the form of cationic aquo complexes in aqueous solutions of intermediate concentration. Uranyl sulfate is not
completely dissociated, and in solution it probably exists in the form of both cationic and neutral complexes. The
dependence of extraction efficiency on the degree of dissociation of uranyl aquo complexes is quite obvious. It dem-
onstrates that a necessary element of the extraction mechanism in the case of neutral organic reagents is the substi-
tution of aquo groups by these reagents in the inner coordination sphere of the complexes. The interaction between
hexaaquo uranyl nitrate and tributylphosphate may be conceived as occurring in two stages.

The first reaction, occurring in the aqueous phase saturated with tributylphosphate, tentatively corresponds to
the following equation:

HO OH, 1 - H,0 OH,
- \.
HZO< UO0s >01:~12 (NOy); + 20P (C,H,0); —> (C4HQO)3PO< vos SOP (GH,0) | (NO): +-2H,0. (51)
0 OH, _ H,0 OH,

The conversion of the tetraaquo ditributylphosphate uranyl nitrate complex to the organic phase is probably accom-
panied by the following reaction (as terminal stage): '

0
|
- N _
11,0 OH, 07 No
NN ] — e, N\ TBP
TBP \I\{_Uoo_g_jaTBP J(NO3).3 i TBP\O uog_o/ TBP ¢ 1 4H,0. (52)
,0 OH,
B - \N/
1
0

As for the values of the coordination number of uranyl in the last compound, there are different views in currency,
but it may be considered proven (by measurements of the electrical conductivity of the compound in the organic
phase) that nitrato groups are included in the inner sphere of the compound. For the diethyl ether extraction process,
the reactions are depicted by similar equations. For the water-ether phase:

H,0 OH, H,0 OH,
H,0 Uo2>0H2 (NOg), +2C,H,,0 [ CaHLOC wos >0Hmc4 (NO;), + 2IT,0. (53)
H,0 OH, | : H,0 OH,

* The values of molar electrical conductivity for carbonate and peroxide were not determined because of the neg-
ligible solubility, although indirect data point to a low value in each case.
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And for the ether-water phase;

H,0 OH, NO, OH,
C4H,OO< 10s >0ch4 (NO,), = C4H100< vos SOH,C, [+ 211,0. (54)
H,0 OH, H,0 0,N

Because of the slight difference in the stability of the uranyl-water bonds and the organic molecules selected
as examples, the compositions of the compounds may vary somewhat depending on conditions prevalent.

The reactions discussed here render possible,at least qualitatively,a displacement of TBP and diethyl ether in
series of displacing power for ligands. They will fall somewhere in the immediate vicinity of water in the series.
In complex compounds where the position of the aquo groups is strengthened by ligands which are among the first
members of the displacement series, organic molecules will not be able to displace water from the inner sphere, and
no extraction will occur, On the other hand, such ligands as NOs, C17, CNS”, Br~, etc. which under ordinary condi-
tions are incapable of competing with water contribute to extraction. In essence, in compounds of the [UO,(H;0)¢]X,
type, organic molecules need compete only with coordinated water molecules, since the acidic residue is found in
the outer sphere and fails to exert any appreciable influence on the strength of the attachment of the aquo groups.

Now let us attempt, on the basis of what has been said here, to account for some specific phenomena observed
in the course of extraction, For example, in TBP solvent extraction of uranium, the distribution coefficient varies
inversely with the concentration of metal in the aqueous phase, dropping sharply as the concentration is increased.
At 10 g/liter uranium content, the distribution coefficient is ~5.7, while it is only 0.39 at ~40 g/liter uranium con-
tent. Bearing in mind the fact that uranyl nitrate is markedly associated at high concentrations, we might find one
satisfactory explanation for that phenomenon. The association of uranyl nitrate means that molecules of neutral
compounds, e.g. [UOZ(H20)4(N03)2]°, are found in the solution together with the cationic aquo complex of composi-
tion [UO,(H;0)s](NG;),. The stability of the inner sphere and, consequently, the stability of the bond linking the
aquo groups to the central atom, increases slightly, while the capacity of organic molecules to compete with water
molecules decreases correspondingly.

The effect contributed by salting-out agents (some nitrates) is readily accounted for in that they depress the
concentration of free water. The stability of the inner sphere of aquo complexes is diminished, while the extracting
power of neutral organic reagents increases. The effect of the nitrato groups as ions of like sign in these cases (in
the first stage of the reaction) is of no essential significance, although the role is enhanced nevertheless depending
on conditions (large concentrations of NOJ). Properly speaking, this is a possible explanation for the complex rela-
tionship between the distribution coefficient and the concentration of various salting-out agents when, e.g. the acid-
ity of the solution and the concentration of metal in the aqueous phase are varied. The abrupt increase in distribu-
tion coefficient as acidity is heightened, particularly near the neutral point, is readily explained by the existence of
aquohydroxo complexes, possibly of the type [UO,(OH)(NO;)(Hp0), T at comparatively high pH values., The presence
of hydroxo groups in the inner coordination sphere of complexes adds significantly to the stability of the complexes.
The mobility of the aquo groups islowered, and with it the extraction efficiency.

Extractants having a high distribution coefficient for uranium are relied upon in the extractive processing of
clarified slurries or pulps in the acidic extraction of uranium from ores. A necessary requirement imposed on these
extractants is the possibility of extracting uranium from sulfate solutions, and sometimes from solutions containing
appreciable quantities of phosphates, These requirements are satisfied by the two groups of extractants which are
best known at the present time: alkylphosphates and alkylamines.

The chemical mechanism involved in extraction by alkylphosphates consists in the formation of mono- and
di-alkylphosphoric acids of highly stable complexes with uranyl ions and the dissolution of complexes in the organic
phase (in a mixture of extractant and diluent). It may be assumed, to a satisfactory degree of reliability, that the
chemical mechanism behind the interaction of these acids and the uranyl ion will prove similar to that involved in
the interaction between the latter and the customary singly and doubly substituted ortho- and pyrophosphates. Al-
though uranyl phosphate compounds have been studied only to a slight extent so far from the vantage point of coor-
dination theory and the position of the phosphato groups in the series of displacing power of ligands has not been es-
tablished with any precision, it is possible to place PO3" and P,O} " between the first members of this series, At least,
they are capable of readily displacing such groups as Hy,O, C1~, NOj, SOj, etc. from the inner sphere of uranyl com-
pounds, completely converting them to phosphate compounds. The reactions involving interaction between alkyl-
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phosphoric acids and uranyl salts may be written only in the most general form, since the complicated structure of
the acids (at the basis of which lies, probably, the oxygen tetrahedron with a phosphorus atom at the center) and their
high basicity allow the widest variety in variants of reacting, in particular, the formation of mono-, di-, ui- and
tetranuclear compounds, as well as products of polymeric structure,

The reaction involving hexaaquo uranyl nitrate and dialkylorthophosphoric acid proceeds in line with the

[LO (H,0),] (NO,), - 2R,HPO,
= [U0, (R,PO,),] 4+ 2FINO, + 5,0, (55)

but the neutral complex forming a di-dialkylorthophosphato uranyl is probably not a monomer. The reactions be-
tween uranyl salts and alkylpyrophosphates does not differ in pnnc1ple from those described above.

. Back-extraction of uranium, as might be expected in view of the great stablhty of the resulting uranyl com-
plexes with alkylphosphoric acids, proceeds only under rigidly fixed conditions. As back-extractants, 10 M hydro-
chloric acid, hydrofluoric acid, or solutions of the alkali carbonates are used, Readily water-soluble chloride, fluor-
ide, or-carbonate complexes, respectively, are formed in the back-extraction.

Extraction by means of organic ammonia derivatives, i.e. by alkylamines, has also met with applications in
industry in recent years, as for instance in the processing of clarified sulfate solutions after sulfuric acid treatment of
uraniferous ores. Most of the tertiary aliphatic amines with a normal chain and high molecular weight are extrac-
tants of a most satisfactory nature for uranium. They feature high distribution coefficients and slight solublhty in
the aqueous phase,

For the organic amines, as well as ammonia, the proton attachment reaction is quite typical;

R,N 4~ HX = [R,NH] X. 6
In the case of sulfuric acid and a tertiary amine
2R,N - 1,80, = (R,NH), SCy. (57

Any further interaction between an amine sulfate and uranyl salts will not differ in any way from the well
known complexing reactions:

(NH4)2804 + [UO2 (804) (H20)3] = (NH4)2 [Uoz (804)é (H20)2] =+ H2O: ’ : (58)
(R;NH), S0, 4 [UO, (SO,) (H,0),] = (ReNH), [UO, (SO,),] + 3H,0. (59)

Taking into account the nature of the cation which stabilizes the complex, as well as data available on the
number of amine moles required per mole of uranium in the organic phase (frorn 4 to 6), we may logically suppose
that a complex richer in sulfato groups than the disulfato uranylate

2 (R,NH),50, 4 (U0, (S0,) (HL0),} = (B,NIT), [LO, (S0,),] +- 211,0 (60)

enters the organic solution. And, taking into account the possibility of opening up the SOF group in this cycle, and,
consequently, having it occupy a single coordination site

| \ a
O o/ No 0
| T |
0-5-07 w: S0—¢_0
! 0 0 ;
0 Ng O |
07 No |

we are also free to assume the probability of such a reaction as;

3 (B;NH);S0, + [UO, (S0,) (H,0),] = (R;NH), [UO, (SO,),] + 2H,0. (61)

The trialkylamine sulfato uranylates then forming dissolve in excess of amine in the organic diluent. For ex-
traction mixtures containing up to several percent amine in the diluent are employed, As in the case of any other
complexing reactions involving the uranyl ion, the reactions with amines are stepwise in nature, and the direction of
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the reactions depends on many reactors, chief among which are the concentrations of the reagents, the acidities of
the solutions, and the temperature (cf., e.g. [13]). The best back-extractants for uranium in solvent extraction by
means of amines are aqueous solutions of soda and nitric-acid solutions of ammonium nitrate.

Back-extraction reactions of uranium, from an organic phase, are illustrated by the following equations;
back-extraction by soda:

(Ry;NH),[U0, (80,), (H,0),] + 4Na,CO, = 2R,N'+ Na, [UO, (CO,),] - 2Na,S0, + CO, ; (62)
back-extraction by aqueous nitric-acid solutions of ammonium uitrate:
(RaNH), [U0,(S0,)y(H,0),] - 4NH,NO, -+ 4H,0 =[UO, (H,0)61(NO,), -+ 2R,NHNO, 4- 2(NH,),S0,. (63
The complexing reactions (62) and (63) are quite involved and reflect-only the terminal stages of these processes.

In concluding this final section, it would be fitting to state one further remark on the synthesis of new uranium
extractants., At the present time, great efforts are being centered on researches into the extractive power of a series
of organic ligands containing phosphorus and nitrogen in their composition. By taking into due account the great af-
finity of the uranyl ion to fluorine ions, it might be possible, in all likelihood, to find extractants which are highly
suitable in their properties from among the well-populated class of organofluorine compounds.
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AN INVESTIGATION OF THE REACTION OF UO,(NO3);
WITH Na,HPO, IN AQUEOUS SOLUTION

I. V, Tananaev and G. V, Rodicheva

Translated from Atomnaya Energiya, Vol. 14, No. 4,
pp. 395-399, April, 1963 .
Original article subimitted June 6, 1962

The system UO,(NOgJ, — Na HPO, —H,O was investigated by determining the solubility, pH, electrical
conductivity and apparent volume of the precipitates. It was found that the reaction in this system
takes place in three stages, with successive formation of (UO,)3(POy,, 2 mixed sodium uranyl acid
phosphate UO,HyNay PO, and, finally, NaUO,POy nH,0,

Conclusions are drawn regarding the possibility of titrimetric determination of the uranyl ions
and the free acidity in its salts, also the conditions for obtaining the most closely compacted uranyl
phosphate precipitate.

As a result of their low solubility, uranyl phosphates are of practical interest in the analytical chemistry and
processing of uranium, The following phosphates are described in the literature: (UO,)3(POgyXnH;O (n = 4 and 6),
UO,HP O +4H,0, U0 X (HaPOpynHyO, MUO,PO, nH, O (M = K, Na, NHy, MUO02(POgp nH;0, M(UO,POY,nHO (M =
= Mg, Ca and other metals), some information on these being given in [1]. But, in general, only data (sometimes
incomplete) on the composition of phosphates obtained by the preparative method are given. But this gives no in-
dication of the conditions of formation of the individual compounds and the limits of their existence: concentration
and ratio of the reagents and the role of the acidity of the mediwm, This is not altogether true for [2] and the in-
vestigations of Victor . Spitsyn and his co-workers[3], but even in these the emphasis is on the individual stages of
the reaction between UO3' and PO} ions.

This article gives the results of an investigation of the precipitation of uranyl phosphates in the system
UO,(NO;), —Na,HPO, —H,0 by determining the solubility, pH, specific electrical conductivity and apparent volumes
of the precipitate, Our aim was to obtain more detailed information on the characteristics of formation of solid
phases in this system and their mutual conversions.

The initial components were used in the form of aqueous solutions of UO,(NO;),*6H,0 and NaHPO,. All the
investigations were carried out at 25 + 0.1°C, and measwrements of the precipitate volumes at room temperature,
The mistures used (100 ml) contained 0,025 M UO,(NQ3), and gradually increasing amounts of NazHPOy. The mix-
tures were stirred in a thermostat at 25 deg C until equilibrium was established (6 hours). The molar ratio of the
components in the initial mixtures was n = Na,HP Oy : UO,(NGOy), between 0.1 and 6.0

Uranyl (by precipitation with ammonia), phosphate (by precipitation of MgNH4PO, 6H,;0) and sodium (by flame
photometry) contents in the equilibrium solution were determined respectively. Since the composition of the initial
mixture was known exactly, that of the solid phases formed could be determined from the analytical data of the sol--
ution, with the exception of the hydrate water whose content was determined separately.

The results of an investigation of the system UOy(NOjz); —Na,HPO, ~Hy O by the solubility method are given in
the table and Fig. 1, which show that the compositon of the precipitate is not the same in all cases, but depends on
the ratio of the reacting components. Three reaction stages in the system may be noted:

1. n= 0-0.67, In this section the system is characterized by an excess of the uranyl ion in the solution; phos-
phate is not detected. The reaction takes place with formation of normal uranyl phosphate:

3U0Q, (NO,), -+ 2Na,HPO, = (UO,),(PO,), -+ 4NaNO, - 2HNO,, @

2. n=0.67-1.0, The UOZ" concentration decreases systematically, POS ions are absent, The PO;": UO? ra-
tio increases steadily from 0.67 to 1.0. The process with formation of a solid phase of mixed composition takes place
via two successive reactions;
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Fig. 1, Variation of the concentration of UO%+ @,

PO;” (2), and Na* (3) ions in the system UO(NOy); ~

BazHP 04_ Hzo.

(UO,), (PO,), + 2HNO, -+ Nu,HPO, = 3U0,HPO, - 2NaNO
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Fig. 2. pH variation in the system UQ,(NOy)p—
NazHPO4_ Hzo.

UO,HPO, |- = Na* = UO,Na,_ H,_, PO, 4 +1*,

Where n = 0,67-1 the solid phase is a mixture of (U0p)3(POy,nH,0 and the mixed sodium uranyl acid phos-
phate, with a gradually increasing proportion of thelatter, At n = 1, normal uranyl phosphate is no longer present;
the composition of the solid phase may then be expressed by the formula UO,H, 54Na 4PO,X nH,0,

ar

@
&)

Data on the Determination of the Solubility, pH, Specific Electrical Conductivity and Volume of the Precipitate
in the System UOy(NO;); —NagHPO, —H,0.

Found in the equilibrium so- ) 'Spec1f- Vol. of ppt.
: Ny Solid phase ic elecq after 24 his.,
Na,HPO, lution, grion/liter , ) »
i the trical ml, Composition
0| initial ) . N pH co‘néuc- Per g- | of the solid
mix- | UGB e Na* PO}"/ | Na /+ H/ | tivity | | -ion of | phase (an-
4 /U0% | /U0t /uok #-10°, UOE" | hydrous).
ture, M. -1 served; |
ohm™ in pre-
.em™, cipitate
0.1 | 0.0025 | 0.0214 | Notde-| 0.0050 | 0.69 | 0.0 [0.0 | 2.60| 5.67 | 1.3 | 14560
tected :
0.3 | 0.0075 | 0.0139 | same 0.0150 | 0.68 | 0,0 0.0 | 2.30| 7.03 | 2.0 | 17264 | (UOy3(POy,
0.5 0.0125 | 0.0064 " 0.0252 | 0.67 0.0 0.0 2.10 8.64 | 2.7 5832
0.67| 0.0168 | 0.00143 " 0.0337 [ 070 | 0,0 |o0,20 | 1.90] 9.65| 4.0 | 6400
0.75( 0.0188 | 0,00113 " - 0.785 | 0.16 [0.29 | 2.08 | 9.20 | 3.4 | 5440 | (UO,)3(POy, +
0.9 0.0225 | 0,00098 " 0.0378 | 0.94 0.30 |0.51 | 2.12 8.64 | 3.1 4960 | +UO,HyNay_4PO,
1.0 0.0250 | 0.00079 " 0.0387 { 1.02 0.46 ]0.54 | 2.25 7.79 | 2.9 4640
L1 | 0.0275 | Notde- | 0.00309{ 0.0435 | 0.98 | 0.46 |0.54 | 2,30 | 17.54 [ 2.9 | 4640
tected
1.5 | 0,0375 | Same 0.0135 | 0.0565 | 0.96 | 0.74 |0.26 | 2.60 | 6.84 | 2.9 | 4640 | UOxNa1-xPO,
1.8 | 0.0450 " ~ 0.0670 - 0.92 10,08 | 2.85| 6.82 | 4.6 | 17360
2.0 | 0.0500 o 0.0257 { 0.0757 | 0.97 | 0.97 {0.03 | 5.35| 6.89 | 6.1 | 9760
2.1 0,0525 " - 0.0796 - 1.01 (0.0 5.80 7.33 | 5.7 9120
3.0 0.0750 b - 0.1247 - 1,01 [0.0 6.70 | 10.20 | 4.2 6720
4.0 0.1000 * 0.0750 0.1739 | 1.0 1,04 {0.0 6.90 | 13,50 | 4.0 6400 NaUOPO,
6.0 1 0.1500 " - 0.2739 - 104 10,0 117.201 1790 - -
402

Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5




Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5

X

10 3
‘ 7 /
| .
19 pe
\ ; /
| :
8 :
| .
’ H
! i
b ! ;
! : l
0 067 10 2.0 3,0 w0

Fig. 3. Change in specific electrical conductivity in the sys-

tem UOz(NO3)2 - NazHPO4 - Hzo.

3. n=1-2, The process of replacement of hydrogen ions by

sodium ions in the solid phase continues:

UO,H,_.Na PO, + (1 — z) Na*= NaUO,PO, + (1 — z) H*. (3"

=)

Volume of precipitate, ml,

At n = 1, phosphate ions (more accurately, H,PO; ions) ap- 7 71, > 30 4,0n
pear in the solution.

Fig. 4. Change in the apparent volume of the

At n > 2 the composition of the solid phase (NaUO,POp is precipitate in the system UOy(NO;);—Na,HPO,~

practically constant.

ble and Fig. 2) showed that the pH of the equilibrium solution de-

—HyO0 att = 18-20°C, settling time: 1) 15
min; 2) 30 min; 3) 1 hour; 4) 2 hours; 5) 24
hours; 6) 48 hours.

creases initially (to a minimum at n = 0.67) and then slowly increases, But at n = 2 there is a sudden increase of 3 in
the pH, after which its variation is asymptotic. This pattern of pH change agrees exactly with the above reactions.
Thus, the increase in hydrogen ion concentration in the first section of the curve is due to reaction (1), which leads to
formation of free nitric acid, Then at n > 0.67, in accordance with equation (2) the hydrogen ion concentration de-
creases as a result of formation of insoluble sodium uranyl acid phosphate. Reaction (3), which takes place in the sol-
id phase, does not lead to an appreciable increase in hydrogen ion concentration because these ions are neutralized by
disubstituted sodium phosphate; HPOE’ +H = HoPO,. After this process, which is completed at n = 2, the excess

An investigation of this system by pH measurement (see ta-
\

12000

ml

10000

8000

Volume of the precipitate

4000

Fig. 5. Volume of the precipitate, calcula-
ted per g-ion of UOZ" in the solid phase,

§000

I\

N

v,

0

0671

2 J

Settling time 24 hours.

4n

NayHPO, causes a marked increase in the pH of the solution.

The results of an investigation of the specific electrical con-
ductivity show (see table and Fig. 3) that at n = 0.67 the curve has a
maximum, due to maximum hydrogen ion concentration. The subse-
quent decrease in conductivity is due to the ion-exchange process in
the solid phase, discussed above. Atn > 2 another increase in conduc-
tivity is observed, increasing in proportion to the excess Nay,HPQ, con-
centration, because no further chemical reaction takes place,

The results obtained by measuring the volume of the precipitate
in the solution are given in the table and Fig. 4. The procedure was
the same as in [4]. The results show that two distinct maxima are
present when the volume of the precipitate changes (at n = 0.67 and
2.0), corresponding to the formation of normal uranyl phosphate by
reaction (1), and NaUO,PO, by reaction (3). The section of the curves
with minimum values of the precipitate volume correspond to solid
phases with ion-exchange functions,

Investigations of the reaction in the system UOZ(NO3)2—Na2HPO4—
—H,0 by different methods gave the same results. We noted above that
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normal uranyl phosphate is formed in the first stage of the reaction, despite the increasing acidity of the solution. Dur-
ing this stage, precipitation of uranyl ions is not complete; about 4% of the initial uranyl content remains in solution.

Since phosphate ions are not detected in the solution, the precipitate evidently contains an admixture of the ac-
id salt, UO,HPO,'nH,O. It is only when this stage is completed that all the added phosphate reacts, with formation of
UO,HPO, and NaUO,PQ, simultaneously, We did not determine the nature of the mixed sodium uranyl acid phosphate,
but we consider that in this stage of the reaction the precipitate is not a mechanical mixture of the two compounds
and is probably not a solid solution with the general compositon (UO,HPO,)4(NaUO,PO,) ¥ but a compound.of variable
composition UO;HxNa;.xPO,'nH,0 in which the H' and Na% ions can undergo mutual substitution. To solve this prob-
lem, further physicochemical investigations of the corresponding solid phases must be carried out, But if our conclu-
sion is correct, it follows from the data of the table that the strength of the hydrogen ion bonds in the molecule of the
mixed salt is considerably greater than that of the sodium ions. This follows from the fact that at n = 1 the Na* con-
centration in the solution is five times greater than that of H*, but that the content of the latter in the precipitate is
higher (H*: Na*= 0,54:0.46). Further substitution of H* by Na* ions in the precipitate does not take place by an in-
crease in Nat concentration, but as a result of the marked reduction in the HY ion concentration (to 6:10 % atn = 92).
Therefore, this ion-exchange reaction must be interpreted as a consequence of ion exchange. Considered separately,
this phenomenon depends on the pH of the medium, which is typical of ion exchange in general.

Be that as it may, at n = 2 the precipitate corresponds exactly to the formula NaUO,PO, nH,0* and the compo-
sition does not change with a six-fold excess of Na,HPO,, The pH change at this point is so appreciable that it is pos-
sible to carry out titrimetric determination of UOS* ions by means of Na,HPO,, and at a certain UOS" content the free
acid in a solution of a number of uranyl salts can be determined. Where free acid content is not very high, the urani-
um and acidity determinations can probably be carried out in the same sample by either potentiometric (see Fig. 2)
or conductometric (Fig. 3) methods, because either method allows one to determine the primary equivalent point cor-
responding to the uranyl ion content of the solution. '

As was stated above, the curves of the change in volume of the precipitates (see Fig. 4) indicate the existence
of the same equivalent points, but, as regards the compactness of the precipitate, which is of practical interest, Fig. 4
gives only a partial idea, In this connection however, the curve of the change in precipitate volume, calculated on
the same amount of precipitate (Fig. 5),is more informative. This curve was calculated for a series of precipitates
settling out in 24 hours, but the general picture is the same for any settling time. It should be noted that the least
compact precipitate is not NaUO,PO, (as might be expected from Fig. 4), but (UO,)3(POy),. But the apparent specific
volume of the latter decreases rapidly with an increase in the amount of added Na,HPO, as a result of the increase in
acidity, which increases markedly the solubility of the precipitate.

The marked increase in the volume of the precipitate as one approaches complete substitution of HY ions by Na*
ions (NaUGQ,PQ, solid phase) is due to the substantial increase in the pH of the medium, as a result of which the solu-
bility of the precipitate and its particle size decrease.

Minimum volume is obtained in the region of existence of mixed sodium uranyl acid phosphate, where the curve
of the change in precipitate volume is table shaped. From the practical aspect, precipitation of uranyl ions by phos-
phate would be most effective under these conditions (n = 1-1,5; 'pH =~ 2.5),

LITERATURE CITED

1, V. M. Vdovenko, Chemistry of Uranium in Transuranium Elements [in Russian], Goskhimizdat, Moscow (1960)

page 171,
2. A, Chretien and G, Kraft, Bull. Soc. Chim., 5, 373 (1938},
3. Investigations in the Field of Uranium Chemxstry, Symp, of Articles, Edited by Victor 1. Spitsyn [in Russmn]

Izd-vo MGU (1961) pp. 233, 240,
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«

. awe did not determine the exact water content in the solid phases, and literature data on this subject are not clear.
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SPECTRA AND INELASTIC SCATTERING CROSS SECTIONS
OF NEUTRONS IN THE 0.2-1.2 MeV ENERGY RANGE
SCATTERED BY NUCLEI OF Vv, Th, Hg, W, sh, Cd, Mo, Nb, Fe

N, P. Glazkov

Translated from Atomnaya ]énergiya, Vol. 14, No. 4,
pp. 400-402, April, 1963
Original article submitted June 18, 1962

To measure the spectra of inelastically scattered neutrons in the 0.4-1.2 MeV range we used a simple spherical
chamber of small dimensions (¢ 40 mm), filled with He® to 40 atm. The energy resolution of the chamber (~100-
150 keV) was mainly determined by the recombination effect, which was very noticeable at this pressure. Experience
has shown [1] that the He® spherical chamber is as good as the proportional counter in energy resolution; it is isotrop-
ic and a more effective neutron detector. In the present work the inelastic scattering of neutrons was studied by the
method of inverse spherical geometry. The scattering specimens were prepared from substances with a natural con-
tent of isotopes in the form of spherical layers of 30 mm thickness (external and internal diameters 100 and 40 mm
respectively), For most of the scatterers the initial material was selected in the form of powders which were poured
into specially prepared containers of thin (0.2 mm) steel. The neutron source was a tritium target bombarded by a

B

Cross Sections of Neutrons Inelastically Scattered by Various Nuclei, b

i Partial cross se¢. corr, to ' ] Partial cross section corresponding to var- 5
\Energy of|var. energies of excited | Total Energyof ious energies of excited residual nucleus Total |
Ineutron, iresidual nucleus crass i neutron, - cross
MeV (6,26—0,30) | (0,56—0,62) | section ”Mev ' 0,20 0,53 (0,66—0,75) | section
i Cd Mo 0 o
; 0,4 | 0,1140,01 | 0,1040,01 0,4 | 0,1040,02 0,14-0,02
0,6 | 0,249£0,02 0,2440,02 0,6 | 0,10F0,02 | 0,0340,01 0,1540,03
0.8 | 0,45%0,02 | 0,3740,03 | 0,5040,05 0,8 | 0,30£0,02 | 0.1640,02 _ 0,45+F0,04
1,0 | 0,122£0,01 | 0,7840,10 | 0,9040,10 1,0 | 0,104+0,02 | 0,1040,02 0,74:0,1 |0,904-0,10
1- 0.15 | (0,50—0,57) (0,16—0,20) | —(0,38-0,43) ~0,90
/
Sh H
0,4 | 0,1040,02 0.104£0,02 | 0.4 | 0,4240,02 | , 0,124-0,02
| 0,6 ]0,0920,02 ~10,1030,02 0,6 | 0,45+0,02 | 0,424-0,04- 0,3540,05
. 0,8 | 0,08%0,02 | 0,2040,02 | 0,304-0,03 0,8 | 0,15F£0,02 | 0,48+0,05 0,600,053
| 1,0 | 0,0790,02 | 0,200,02 | 0,3040,03 1,0 | 0,15%£0,02 | 0,48F£0,05 | 0,27+0,03 |0,9040,10
| —
(0,05—0,12) | (0,210, 26) 0,044 0,145 0,300 | ~0,700
W v 1,154-0,10/0,20-4-0,04 1,35+ 0,15
0,4 | 1,03+0,10 | 0,1040,05 | 1,1040,15 0,4 |1, 1010, , ' ;3o U,y
0,6 1,01$0,‘10 0,2040,05 | 1,20-£0,15 0,6 |1,5040,15/0,35+4-0,04/0,104-0,05 1,954 0,20
0,8 | 1,604+0,15 | 0,254-0,05 | 1,85-4+0,20 0,8 |1,20-+0,20/0,35--0,07|0,154-0,05 0,30i0,0§ 2,0Qi 0 ,?O
1,0 | 1,80%F0,20 | 0,7040,20 | 2,5040,30 1,0 |0,80%0,10/0,30F0,0(0,154-0,02(0,7040,07| 1,95+ 0,20
«0,74 ~(0,8-0,99) . 0,055 0,17 0,30 l ~0,8
Nb Th o
0,4 <0,1 0,4 |1,254-0,10[0,304-0,20 1,54-0,3
0,6 <0,1 0,6 [1,204-0,10|0,404-0,20 '1,(_>~}_—0,§
0,8 | 0,2040,02 0,20-40,02 0,8 |1,234-0,100,4540,20] - | 1,740,3
1.0 | 0,15F0,03 | 0,50+0,05 | 0,6540,06 1,0 11,2370,10[0,504-0,20(0,1040,05/0,65--0,20| 2,4+0,3
1,2 | 0,3540,04 | 0,8540,10 | 1,2040,10 i
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Fig. 1. Spectrum of neutrons with an energy
of 0.8 MeV inelastically scattered by cadmi-
um; 1) with scatterer; 2) without scatterer.

proton beam from the EG-2.5 Van de Graaf accelerator,
The energy scattering due to the target was ~ 60 keV. The
distance from the target of the accelerator to the scatterer
was 350 mm. The chamber was covered by a cadmium o .
hood (thickness 0.2 mm) for protection against thermal /K__\\
neutrons. After amplification, the pulse spectrun of the “
chamber wasrecorded by a 128-channel amplitude analyzer.

5,0
& \ 2 (MeV)

To obtain the effect of inelastic scattering we meas-  Fig. 2. Spectra of neutrons inelastically scattered by
ured the neutron spectra in turn; without a scatterer and various nuclei. ‘
with a scatterer. The difference between these spectra, ‘
standardized from the maximum in the hard part, is due to inelastic scattering, =The spectrum of inelastically scat-
tered neutrons n'(E) was obtained by numerical subtraction separately for each channel with a correction for the ef-
ficiency of the He®-chamber as a function of the energy.

The form of the obtained spectrum was determined by the position of the energy levels of the nuclei of the
scatterer and their partial excitation cross sections during inelastic scattering of neutrons and the energy resolution of
the chamber, By a simple summation for all channels or some of the channels of the spectrum n*(E) we can obtain
the total or partial effects of inelastic neutron scattering respectively; these are related to the corresponding cross
section op:in the following way:

‘gnl—_ 1 _e—nun,l
ZKN{+Zn"

?

where n is the density of nuclei in a given scattering specimen; Z is the mean path of incident neutrons in the speci-
men; Z(KNj) + Z(nn") is the standardized total flux of the incident neutrons.

Data on the transport cross sections oy, used for the calculation of I were mainly taken from [2], These data

- are not very accurate (~15-20%); the indefiniteness in Tand oy therefore reaches 4-5%, The aécuracy of oy also
depends on the accuracy in the measurements of this effect. We will analyze certain errors in the measurement of
the total and partial inelastic scattering effects. Since the absorption of neutrons in the material of the scatterer was
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not recorded and therefore not taken into account in the total flux of incident neutrons, the cross section oy due to
this effect will be approximately 1% high. The presence in the scattering specimen of a hole to take the chamber,
occupying about 8.5% of the total volume of the scatterer leads to a reduction in the measured effect. A cormection
to 7 should therefore be introduced into the calculation formula, In the case of incomplete resolution of the close -
lying neighboring levels their partial excitation cross sections were determined by the method of successive subtrac-

_tions, The mean accuracy in the separation of partial effects by this method is ~10%. The partial inelastic scatter-

ing cross sections may be determined with less accuracy than the total inelastic scattering cross sections.

- Additional difficulties arise in the separation of partial effects of inelastic scattering with excitation of levels
with an energy < 0.1 MeV, since in this case it is essential to allow for the effect of softening of the incident neutrons
due to elastic scattering, This effect was allowed for but the errors can be large. The statistical error in one meas-
urement of the inelastic scattering effect was less than 3%, '

The analysis and evaluation of the above errors and corrections makes it possible to obtain total inelastic scat-
tering cross sections with an accuracy of 10% and partial cross sections with an accuracy of 10-15%. By way of illus-
tration; Fig. 1 gives the results for the measurement of the spectrum of neutrons with an energy of 0.8 MeV inelasti-
cally scattered by cadmium. The difference spectrun n'(E) with a resolution of 110 keV is the spectrum of inelasti-
cally scattered neutrons (without a correction for the efficiency of the chamber). Figure 2 gives the spectra of inelas-
tically scattered neutrons. From the obtained spectra, with an allowance for the energy resolution of the chamber, we
determined the inelastic scattering cross sections shown in the table. When the effects of inelastic scattering with ex-
citation of separate levels were well resolved experimentally, the table gives the partial cross sections corresponding
to them. In the case where, due to the closeness of the levels, the effects of the latter were not resolved, the table
gives partial cross sections for the whole group of unresolved levels with an indication of the assumed excitation ener-
gles of these levels according to [3). The last column of the table shows the total inelastic scattering cross sections

Oy a8 the sum of all partial cross sections. :

As a control experiment we measured the cross sections of neutrons with energies of 1.0 and 1.2 MeV, inelasti-
cally scattered by iron. The cross sections obtained for iron, equal to 0,28 + 0,04 and 0.55 % 0,05 b, agree well with
the data of other papers within the limits of the errors.
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A METHOD FOR CALCULATING THE NEUTRON FLUX IN A

SHUT - DOWN REACTOR WITH A PHOTONEUTRON SOURCE

L. V. Konstantinov and B, I. Kochetov

Translated from Atomnaya Energiya, Vol 14, No. 4,
pp. 402-404, April, 1963
Original article submitted June 9, 1962

Repeated starts of nuclear reactors involve difficulties in the measurement of the neutron flux in the subcriti-
cal state, caused by the influence of y-radiation of fission fragments on the instruments recording the neutrons, In
repeated starts artificial neutron sources are therefore used to increase the neutron flux to a value needed for reli-
able operation of the apparatus.

Po-a - Be-sources should not be used because the preparation of these sources with an intensity of 10%-10% neu-

trons/sec is complex and expensive. These sources with an intensity of 107-10® neutrons/sec are only used for the in-
itial physical starts of reactors,

Another type is the photoneutron source in which beryllium or heavy water are used, The y-quanta sources
can be radioactive isotopes Na%, Sbm, Mn?, etc. The decay of these sources after the reactor has been shut down
will be compensated by their activation by thermal neutrons during further operation of the reactor. A fault of pho-
toneutron sources is the fact that they introduce an additional negative reactivity into the reactor; this can be re-
duced by the (y, n) reaction for beryllium or heavy water due to y-quanta of fission fragments.

A method is given below for the calculation of a photoneutron source, the y-radiator of which is provided by
fission fragments formed during operation of the reactor. Photoneutron sources using radioactive isotopes are calcu-
lated from analogous formulas but with an allowance for the relative arrangement of the beryllium and source of y-
quanta. Furthermore, corrections must be made for the additional yield of neutrons due to the y-radiation of the fis-
sion fragments.

The essential amount of beryllium is calculated for a point source of neutrons placed in the active zone of a
cylindrical reactor in which the effect of the reflector is allowed for by effective additions.

According to [1), the neutron flux in the active zone of a subcritical reactor in the presence of a neutron

source will be represented in the form of an expansion in eigenfunctions of the reactor using the notations used in [1]:,

nng —

O Amado (ayr) cos e Py (Bhn) L
D, (r; 2)= — '
n{ ) mE 2, (1 —=Kmn eff) (1 ‘B%,mL')
., n

where He* = Hy+ 26 is the extrapolated height of the active zone (@ is the effective addition of the reflector); Cm
= §p/R* (here the &y are the roots of the zero order Bessel function; R* = Ry+9 is the extrapolated radius of the
active zone),

The coefficients Amp are determined in the expansion of the function of a source placed at the point with co-
ordinates rj, z; in the active zone, from the eigenfunctions of the cylindrical reactor:

[ea] [esl

Q _nnz
Sub(ry; 2= Z 2 Amnd o (@mr) cos FiE @)
mz={

n=1

where Sy is the intensity of a point source of neutrons (neutrons/sec). Later we will only consider the first approxima-
tion; according to the evaluation conducted for the reactor of the First Atomic Power Station for Ak = 2%, this ap-
proximation gives an error in the determination of the coefficient Ay, of not more than 2%.

408

Declassified and Approved For Relea.se 2013/09/25 : CIA-RDP10-02196R000600100003-5




e |
Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5

To determine the power of the subcritical reactor the flux is integrated over the whole volume of the ac-
tive zone:
K,
p=pn= { ooz 55
Va.z.

(3)

where P is the power of the subcritical reactor; Py is the nominal power of the reactor; w = 3.1:10 " fissions/ W-sec.

Substituting the value ®(r;, zy) in formula (1) and integrating, we obtain

‘ T\MEI (1_[‘ ff) “/J (‘-l) 11/ [l

» S, =
‘ | . L - -, | @

Y% N . . 5 T3

b]\eff /'U‘Il &g] 7&,") Sin )//* .]., \ = ‘/.‘4> cos }jj-

| This expression determines the intensity of the pomt neutron source placed in the active zone needed to in-
crease the power of the reactor in the subcritical state to the required quantity P, depending on the subcriticality of
| the reactor,

By similar discussions, we can obtain formulas for the intensity of a linear source of neutrons, the volume source e
of neutrons distributed according to the eigenfunction of a cylindrical reactor, and for other cases.

The formula for the calculation of intensity of a volume source distributed according to the eigenfunction of
the reactor (which corresponds to uniform arrangement of beryllium over the active zone) has the simplest form

eff
Having found the required intensity of the neutron source we determine the required amount of beryllium. In
the calculation we should allow for the decay in time of the flux of y-quanta with energy above the threshold of the
(y, n)-reaction for beryllium (Ep :1.67 MeV). According to [2, 3] the flux of y-quanta with energy greater than E,
is split up into three energy groups: 1.8-2.2 MeV, 2,2-2.6 MeV, and 2.8 MeV. In the center of the active zone of
the reactor at time t after its r™it-down, according to [2], the y-quanta flux

Pygidy, (O3
(DYR ((':/)—_— RN ’ (6)

R S/, Ry Lo
ARGR**T (\;17;’;/) st »)//, Ly, a.z.k

where Ey Is the energy of the k-th group; yx is the self-absorption coefficient of the y-quanta of the k-th group in
the fuel, (The other notations are given in {2].) The neutron intensity due to beryllium being carried into the cen-
ter of the active zone of the reactor is determined by the formula

Sap (ryz 1)—(1)y (V) o (v, 1) Nyt y = kﬂ j ; ) COR ——, / (N

/47

where N is the total number of beryllium nuclei and oy(y, n) is the effective cross section of the (y, n)-reaction by
beryllium. Substituting the value of the y-quanta flux in formula (7), from formula (8) we qbtain

) o/ . T , s 3 -
o P (8 Fe et I 2 T, (0
= 4 < ) ®)
AR R*H*JT, K“ ﬁ;) sin %’1—{2— = Pz

where k is the number of groups of y-quanta able to cause a photoneutron reaction,

Substituting the values of Sy, in expressions (4) and (5), we .obtain formulas for the calculation of the reactor
power with an artificial neutron source and given subcriticality in its active zone:

1) for a point source

” o r 2: . —_
p  HefiVpelo <§17{l*"> cost Tt 2 o) Ty, (v
! TPy mvoRFIT (1—Keff) I3 (&) ;éi EleMa.z.k ’ )
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2) for a linear source

Hy | H* @\ _
_p_.: 2K eff \/BC‘] kEl 1’4: > < + P 2_/[* > - op (yn) JVk {t) Y_k\ (10)
Py ORI (T~ K 1) T (&) 15 ,

n= :
Lh“a.z.k

o N

=1
where H, is the length of a linear source placed symmetrically with respect to the central plane;

3) for a volume source distributed according to the eigenfunction of the reactor,

> . 3
Kot Npe Or (Y") Yy (t)

P
N=—5-== T ) . (11
Po vV, 2k (I —Keg) ~ ) E’i“a.z.k : :

The method for the calculation of the photoneutron source was checked with the reactor of the First Atomic
Power Station. Before the routine start-up of the reactor at subcriticality AK'= 0.093, 8 kg of beryllium oxide was
introduced into one of the central cells in the form of a rod, The neutron flux in the experiment was measured by
an instrument with a sensitivity of 10™% A/fission; a high-sensitivity compensated KNK-54 ionization chamber and
a fission chamber were used as the detectors. '

Introducing beryllium oxide into the active zone of the reactor increased the neutron flux by a factor of 2.3-
2.9; the difference between the calculated and experimental data did not exceed 10%, To increase the efficiency
of the photoneutron source the beryllium is best placed in the active zone at the points of maximum flux of the y-
quanta of the fission fragments, '
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THE ENERGY DISTRIBUTION OF SCATTERED NEUTRONS IN WATER

V. A, Dulin, Yu. A. Kazanskii, and I,'V, Shugar

Translated from Atomnaya ﬁnergiya, Vol, 14, No. 4,
pp. 404-405, April, 1963 '
Original article submitted July 18, 1962

This article deals with the experimental determination of the neutron spectrum in water at distances of 20-90
cm from a neutron source with an energy of ~15 MeV,

The neutron source was the reaction H3(H?, n)He? with a deuteron energy of 400 keV. The measurements were
made along the direction of the deuteron beam under conditions of infinite geometry. We used a single-crystal scin-
tillation fast-neutron spectrometer with discrimination of the y-radiation during fluorescence [1], During measure -
ments at greater distances from the source the ratio between the neutron flux and y-radiation flux reached 0.02. To
ensure satisfactory statistics in the measurement of neutron spectra it was essential to have a pulse count rate of not
less than 50 cps. The pulse count rate from the y-radiation was ~2.5'1030ps. The established and periodically
checked level of discrimination was such that the degree of attenuation of y-radiation with an energy of ~2.5 MeV
was ~3:10™, The spectroscopic threshold was then 1.9 MeV,

The amplitude distributions were measured with a 128-channel analyzer [2]. The measurements were conduc-
ted for two different amplification factors, The energy scale of the spectrometer with low amplification was estab-

709_ / 703 fﬁi_-
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Histograms of Measured Energy Distributions.
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lished from the amplitude distribtuion of neutrons with an energy of 15 MeV and for high amplification from the y-
radiation of ThC"(E,, = 2.62 MeV), which corresponds to a neutron energy of 6.1 MeV. For various amplifications
the neutron spectra agreed within the limits of the errors.

The measured amplitude distributions ®[V(E)] were converted to the neutron spectrum N(E) from the formula

Ly ar

o )
NE)= — L 7o 2
En) ===y a CaE {(D VN G oy,

where Z(Ep) is the macroscopic neutron cross section for scattering by the hydrogen of the crystal; d is the thickness
of the crystal; V(E) is the dependence of the pulse amplitude on the energy.

The amplitude distributions were measured four to six times for all values of the distance R;. The figure gives
the neutron spectra related to unitary energy range, multiplied by (Ri/20)? (histograms). The mean-square errors are
shown. For comparison, the results are given for calculations by the method of moments for the energy spectrum of
neutrons from a point isotropic source with an energy of 14 MeV [3] (sinooth cwve), The calculation curve and the
results of the measurements are standardized over the area for R = 20 cm. As can be seen from the figure, the meas-
ured spectra agree well with the calculated spectra. The difference in the absolute value extends beyond the limits
of error in the measurements; it may be due to the different primary energy of the neutrons.

From the measured spectra we can determine the relaxation length for a group of neutrons with energies of 14-
16 MeV. At distances of 30-60 and 60-90 cm it is 15.0 + 0.8 and 14.7 + 0.9 cm respectively, which agrees well with
measurements of the relaxation length by the indicator Cuss'(n,b 2n)Cu®, performed by B, I. Sinitsyn.

The authors would like to thank S. G. Tsypin for useful discussions and V. G. Dvukhsherstnov for helping with
the work.

LITERATURE CITED

1. V. A, Dulin et al., Pribory i tekhnika éksperimenta, No. 2, 35 (1961).

2. L. A, Matalin et al., Pribory i tekhnika éksperimenta, No, 1, 64 (1957).

3. The shielding of Atomic-Powered Transportation Units [Russian translation], Collection of translations edited -
by V. V. Orlov and S. G, Tsypin, lzd. inostr. lit., Moscow (1961).

All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover- to-
cover English translations appears at the back of this issue.

412 -

Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5



Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5

THE BREMSSTRAHLUNG RADIATION OF B-PARTICLES
AND SHIELDING AGAINST IT

V. S. Eliseev

Translated from Atomnaya ﬁnergiya, Vol, 14, No., 4,
pp. 405-407, April, 1963
Original article submitted July 7, 1962

In various branches of industry extensive use is made of 8-radiators, the activity of which often reaches hun-
dreds of millicuries., The operating personnel are protected against radiation by screens of plexiglas, aluminum,
glass, plastics, and other materials, with a thickness equal to the path length of the 8-particles in the material,
However, this does not take into account bremsstrahlung radiation which occurs when 8-particles are absorbed by the
protective screens.

At present certain authors [1, 2] recommend the following formula for the determination of the yield of brems-
strahlung radiation :

B= 1.23-107%Z + 3) B} MeV/B-particle,

where Eg is the maximum energy of the B-particle, MeV; Z = ziz‘}/zizi is the effective atomic number of the re-
tarding material (i is the fraction of atoms of the retarding material with atomic number Z; of the total number of
atoms); 3 is a number which takes into account the internal bremsstrahlung radiation.

However, this formula does not provide a complete eval-

0 Z ; uation of the spectral distribution of bremsstrahlung radiation
5 NI\ E with energies up to 100 keV,

X \ . From an overall evaluation of the spectral distribution of
g [l intensity of bremsstrahlung radiation obtained from this formu-

|\ - 1a, it follows that the energy of much of the radiated quanta
L will be up to 100 keV, Experimental investigations of the ef-
: fect of the material of the protective screen on the energy of
the maximum of the bremsstrahlung radiation yield in the 0-
200 keV range will therefore be of considerable interest. For

e
./'/

oy
Lt

(/

§ 5 \\ . this purpose, quanta radiated by particles during slowing down
g \ \ in the screen were recorded by a standard scintillation spectro-
:3 . I 4‘/ L metric Nal(T1) crystal (30 mm in diameter and 14 mm in
=Ml \ N height) in combination with the FEU-29 photoelectron multi-
5 P N\ L plier, the signal from which was passed to an AADO-1 ampli-
[ /4\‘]1 \i ! 5
W % R
,/ \. \\ = ;i.g // 19}
,
1 AN 3 1ol— A
2 120 //
| | g "y
78 52 7491100 133 18 S o
Energy, kev ' 250 500 750 000 1250 1500
Fig. 1. Bremsstrahlung radiation spectra Energy, kev
of sr*-Y%, formed in targets of various Fig. 2. Ratio of the yield of bremsstrahlung radiation
materials with thickness equal to the path from a lead screen to the yield of radiation from a
length of the B-particles; 1) Plexiglas; plexiglas screen (for screen thicknesses equal to the
2) aluminum; 3) copper; 4) tin; 5) lead, path lengths of the B-particles),
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200 L"‘ tude differential analyzer and fed to a PS-5M scaling device. As the source
) of B-particles we used Sr-Y* with an activity of 5 pCi with respect to

190 — strontium, applied in the form of a 3-mm dia, spot on cellophane by the
780

evaporation of strontium chloride. In order to make the cellophane rigid, it
170 ,: was glued into a plexiglas frame (1 mm thick with 5-mm dia. holes over
160 " the source), placed in a 1-mm thick cardboard support. The distance be-

tween the source of B-particles and the lower plane of the crystal in all ex-

~
-+ 0
S D

@ ;
57 N J periments was 50 mm along the central axis of the source and crystal., The
I 730 RN 5 accuracy of the experiments was 2-5%.
S 720 \-7
g 110 In the processing of the curves an allowance was made for the absorp-
8 100 tion coefficient of the y-quanta in the Nal(T1) crystals [3].
QO
50 Figure 1 gives curves for the spectral distribution of intensity of brems-
80 strahlung radiation in the protection of a source by uniform targets of vari-
701N ous materials with a thickness equal to the path length of the B-particles.
60 ~2 The curves show that the maximum of intensity of the radiation is inversely
50-\ 3] proportional and the energy of the maximum of intensity is directly propor-
46 T~ 4 tional to the atomic number of the material of the protective screen.
JoL i . '
7 g j ile?élglas Materials with high atomic numbers give several intensity maxima,

the energy of one of which corresponds to the calculated value (4], For ma-
terials with low atomic numbers a characteristic feature is one intensity max-
Fig. 3. Dependence of the intensity ~ imum corresponding to the calculated value of energy. The appearance of

Screen thickness, mm

of bremsstrahlung radiation on the additional maxima may be due to the characteristic radiation and to impur-
screen thickness: 1) Plexiglas; 2) ities in the materials of the screens. A certain reduction in the intensity
lead; 3) compound screen (lead + maximum of the radiation with a plexiglas screen is due to the absorption of
+ plexiglas); 4) combined screen low-energy quanta (18 keV) by the 1lid of the container.

lexiglas + lead). . . . : .
2 8 ) When screens of materials with low atomic numbers are used for shield-

* ing against B-particles there is therefore very intense radiation of low-energy quanta; the use of heavy materials in-
volves the formation of quanta with higher energies but lower intensity.

Figure 2 gives the dependence of the spectral distribution of intensity of brermsstrahlung radiation on the atomic
number of the material of the screen for quanta with energies higher than 250 keV. It follows from these data that
with increase in the atomic number of the material of the screen there is an increase in the yield of quanta with
high energies,

Consequently, for shielding against B-particles we must use compound screens for which the material with the
low atomic number is placed near the source and the material with the high atomic number is placed behind it. In
this case quanta with low energy, formed in the first material with a thickness equal to the path length of the 8

900————— : r 1 5
f' \ R 8.200 : _
8o : ! 9 ' )
/ i 8200
700 - + © M
! / 81700 | ! Ooms
o 600 2 3 L
J / © - .
5 500 . T3y 79 1 1315 17 19 21
o 450 / \ l 18 7% 100 186 Amplitude
E /| \ /C/\\ ' Energy, keV of pulse, V
S 309 | Mg 2
/ \>\<( Fig. 4. Spectral distribution of intensity of bremsstrahlung
/ \ A Z, radiation in protection by compound screens: a) Lead is
2 ———— — = 7 placed near source [1) 1 mm lead + 3 mm plexiglas; 2)
| 2 mm lead+ 6 mm plexiglas; 3)3 mm lead + 9 mm plexi-~

i i I j
g 17 13 15 17 19 21 glasl; b) plexiglas is placed near source [1) 3 mm plexi-

18 7% 100 786 Amplitude las + 1 mm lead; 2) 6 mm plexiglas + 2 mm lead; 3) 9
Energy, keV of pulse, V. & ’ plexig ’

mm plexiglas + 3 mm lead].
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particles, are absorbed in the material with the high atomic number. Experiments showed that the intensity of

bremsstrahlung radiation behind compound screens is almost a half of that behind uniform materials of the same
thicknesses (Fig. 3), Curves of the spectral distribution of intensity of bremsstrahlung radiation using compound
screens (Fig. 4) show that the intensity is mainly reduced due to absorption of the low-energy quanta,
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CERTAIN DOSIMETRIC CHARACTERISTICS OF THE SBM-10
SMALL~SIZE COUNTER

A, M. Panchenko

Translated from Atomnaya Fnergiya, Voi. 14, No. 4,
pp. 408-409, April, 1963
Original article submitted July 11, 1962

In measuring the intensity of y-radiation which has a complex spectral-angular distribution, the sensitivity of
the radiation detector, as a rule, must not heavily depend on the radiation energy (the "behavior with hardness® with
respect to intensity must be absent), and the detector must have isotropic sensitivity and small dimensions.

We have investigated the possibility of using as a detector of y-radiation the SBM-10 small-size halogen B-
counter with a screen, which has been recently developed by the industry. The schematic diagram of the counter
and its basic dimensions are given in Fig. 1. The counter's rated operating voltage is 400 V, the Geiger plateau is
not less than 100 V, the natural background level does not exceed 8 pulses/min, and the thicléness of the steel cath-
ode is 40 mg/cm? (~50p).

The best results with respect to the behavior with hardness (Fig. 2) were obtained for a counter with a screen
selected on the basis of data from [1, 2], which consisted of three layers: tin (0.12 mm), aluminum (1 mm), and
lead (0.22 mim).

The counter's mean sensitivity was determined experimentally; it was equal to 8.2:10° pulses'cm?MeV + 11%
in the energy range from 0.1 to 1.25 MeV,

For sources of y-radiation, we used the following isotopes: Hg203 (0.28 MeV), Crt (0.33 MeV), Cs¥7 (0.661
MeV), Cs™* (0.72 MeV), zn® (1.12 MeV), and Co®® (1.25 MeV), and also filtered x-ray radiation.

The intensity of the incident y-radiation was determined by means of a Bakelite iomization chamber, the in-
side walls of which were covered with a conducting layer. It was assuimed that such a chamber with air-equivalent
walls is not characterized by behavior with hardness with respect to intensity. The chamber was calibrated by means
of a standard Co®® source.

The investigation results given above pertain to the case of the normal incidence of y-quanta. The angular
dependences of the counter's sensitivity with and without the screen are shown in Fig. 3. The values of the ratio of
the counting rate n(¥) for the incidence of y-quanta at the angle ¢ with respect to the counter's axis to the counting
rate n{¢= 90 deg) for the normal incidence of y-quanta are laid off on the axis of ordinates. The maximum differ-
ence in the counting rate was equal to 11% for y-quanta with the energy Ey = 0.28 MeV. The asymmetry of the
counter hardly affects the angular sensitivity.

Thus, SBM-10 counters with screens can be considered as sufficiently isotropic detectors without the behavior
with hardness with respect to intensity in the energy range under consideration, so that they can be used for measur-
ing the intensity of y-radiation characterized by a complex spectral-angular distribution.

. n { I
— 7 0,015~ —
0 0,008 ‘\\ : _J
N : : BaSN - ” 0,008 »\W R —C—— o !
— 0,007 - J
— — 0 0.25 0.5 075 7 7,25
E), , MeV

Fig. 2. Dependence of the counter’s sensitivity on the y-
2

Fig. 1. Diagram of the SBM-10 counter with radiation energy (I is the radiation intensity (MeV/cm“sec);
the screen. ‘ n is the counting rate (pulses/sec)].
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Fig. 3. Dependence of the counter's sensitivity [a) without the screen; b) w1th the screen] on the
angle of incidence of y- quanta.

The author hereby expresses his gratitude to O, I, Leipunskii for:the valuable remarks he offered in discussing
this paper.

LITERATURE CITED

1, V. N, Sakharov, Atomnaya Energiya, 3, No. 7, 61 (1957).
2. B.P. Bulatov, Atomnaya Energiya, 6, No. 3, 332 (1959).

All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations. as given in the original Russian journal. Some or all of this peri-
odical literature may well he available in Engiish translation. A complete hst of the cover-to.
cover English translations appears at the back of thxs issue. :

417

Declassified and Approved For Release 2013/09/25 CIA-RDP10-02196R000600100003-5




Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R0006001 00003-5

DETERMINATION OF THE CONTENT OF a —RADIATORS
WHOSE ENERGIES ARE CLOSE TO EACH OTHER
IN ISOTOPE MIXTURES

L. S. Gorn and B. I. Khazanov

Translated from Atomnaya Energiya, Vol. 14, No. 4,
pp. 409-411, April, 1963
Original article submitted May 31, 1962

The determination of the isotope composition by using the method of o -spectrometry constitutes one of the
interesting problems in the practice of radiometric analysis,

The similar intensities of the lines of isotopes which are in equilibrium and the well-defined correspondence
between the amplitude of the electric signal and the radiation energy constitute definite advantages of the described:

method in comparison with y-8-measurements. In particular, this method can be used for determining the ratio of
the isotopes of elements of the natural radioactive series [1, 2],

For the el_emehts lound at the beginning of the uranium and thorium series, the o -decay energy lies within the
range from 4 to 5.7 MeV, while individual lines are spaced at several hundreds of kiloelectron volts. Therefore, re-
quirements for a sufficiently high energy resolution (of the order of 1%) are imposed on spectrometric o -detectors.

The recent development of the technology of semiconductor detectors [3, 4] made it possible to design o~
spectrometric instruments for laboratory and industrial mass inspection which do not require complex vacuum de-
vices and whose resolving power exceeds the resolving power of ionization chambers. However, detectors with a
small transition area, i.e., with low efficiency, have the best spectrometric properties. This is very important if one
takes into account the low specific counting rates in measuring natural radioactive specimens.
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Fig. 1. Uranium spectrum obtained by means - Fig. 2. Increase in the measurement time in de-
of a semiconductor detector (a) and the dia- pendence on the intensity ratio of lines and their
gram of the position of energy channels (b). overlapping.
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Fig. 3. Block diagram of the measuring device.

The increase in the detector area as a consequence of an increase in its volume and the deterioration of the
signal-to-noise ratio unavoidably leads to a deterioration of the spectrometric properties, so that the distributions of
the amplitudes from two lines begin to overlap. This seen in Fig. la, which shows the uranium spectrum (UI and UID
which was obtained by means of a semiconductor detector with an area of about 0.8 cm?, Moreover, if the ratio of
the isotope percentages differs considerably from unity, even the overlapping of lines which are relatively far re-
moved from each other begins to play a considerable role, as it introduces errors in measurements,

In connection with this, it would be of interest to devise a simple mathematical operation (calculation of spec-
tral distributions) with the aim of effectively improving the resolution and increasing the sensitivity and accuracy in
using semiconductor o -detectors for isotope analysis. This method will be considered here for the case of two over-
lapping lines. Obviously, it would not be difficult to extend this method to the case of several overlapping distributions.

The measurements were performed in two energy channels, Iand 11 (see Fig. 1b). If Iyand I are the numbers
of pulses recorded in channels I and I, I, and Ig are the actual numbers of pulses due to the corresponding radiators
(the areas under the peaks A and B), and the coefficients aj, oy, 3, and a, are the shares of peaks that contribute to
the count in the corresponding channels, then,

Iy=olp4-aolp;
Iyy=0sl s+a,lp. ey

The values of Iy and I, are determined experimentally, The values of the o coefficients can be found from
measurements with monochromatic lines, However, if the specimen under investigation is sufficiently thin, the
shapes of the lines approach the normal curve of errors with a sufficiently high degree of accuracy, so that the coef-
ficients o can be calculated, This is the case if the broadening of the lines caused by the specimen’s finite thickness
is much less than the dispersion due to the detector, i.e., d/R « o (where d is the specimen thickness, R is the range
of ac-particles and o is the line’s dispersion). In the 'opposite case, the symmetry of the curve is disturbed, and the
coefficients o must be determined experimentally.

By solving system (1) with respect to the unknowns [, and Ip, we find

Qg Q2

I4= I, — I.n
4 Q10— o0y L 00y — Oally 1

—ay . o @

Ip= I 4
B ay— sty 7

00y — Qally D1
If the energy difference E;—E, is small in comparison with the E; and E, values, the dispersions of both lines are prac-
tically the same, and the shape of each line can be described in analytical form.

1 AE2

I(y=—tl ¢ 207
() 1 2ng ¢ 3

where I, = 1(Ep) is the line intensity at the maximum, and AE = Ey—~E (E, is the probable energy value). For conveni-
ence in further calculations, we shall introduce the dimensionless energy € = E/o; then, the difference AE = E;—E,
between the energy values of both lines, expressed in o units, will be Ae = AF/o.
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For the symmetric position of the channels shown in Fig. 1b, thevalues of the o; coefficients can be written thus:

| —(D<A8>_a
€/2

1
; 1 — 5§82
(11:(14:'_) % —— ¢ 2 (Igz Uy = (13_ L <A__ Ag '—(D<A8>] L ((l—‘a . (4)
Y 2a
0
where
p l _lE‘; 2
2 S T o)y o 2 ae ) =a
2V a N 2 /

The values of the ®(x) function are tabulated and can be used in calculations. The factor o in the above equations
characterizes the degree of line overlapping.

The ratio of the percentages of both isotopes in the mixture can be found from the relationship

ry el Ii—5 '_1>1u I —ky

T —ayl - a‘[” _M< 1) 'y Y Y S

, N
where 7{:—,1)- L) isa factor which depends only on the overlapping of lines.

o J
For instance, in determining the concentration of U%® (E = 4,18 MeV) and U (E = 4.38 MeV) with a spectrom-
eter resolution of approximately 3%, the values of the coefficients will be oty == 0.93; a,=0a4=0.035and k=0.038,

In principle, the above method makes it possible to resolve any lines, no matter how close to each other théy
are. However, this cannot be done in practice for a number of reasons, In order to achieve the same statistical ac-
curacy as in recording separable lines, it is necessary to increase the measurement time, which becomes so large if
the lines are sufficiently close to each other that the measurements become a practical impossibility.

The root-mean-square error in determining the value of I, is

ALAP=[A (e T [A (el )2 = G 3,
where

. a, d s
0 = e Coy == — - )
ooy A0 T T a0 — o

or

ALy =V ¢ (ayl 3 ~F ol ) -} c5 (uyd g ayl ).

For the criterion, we shall use the factor m = I&/AI&, which makes it possible to estimate the necessary amount by
which the measured quantity should exceed the level of statistical fluctuations., Consequently, in order to achieve
the required accuracy, the measured value of 1, must satisfy the relationship

oS I ==mAI =m V1% (o, —F cjuy) -1, (cida - c3ey) -

Hence, we find

2 .
P Cy 1 3/ c3
It ==mict [(a~~ as\-z——i a4 2a, )] =
) 51 / 14 51 /

where B = IB/I Al Thus, the Ig value depends on the requlred statistical accuracy (factor m), the factor o of line
overlapping, and the ratio 8 of line intensities, By substituting in the latter expression the values of the coefficients
o from Egs. (4), we shall determine the form of the functional dependence f(a, B):

162 [ , (a—a)? N (” —ar )r)

/(@ f)= (a—{—u 24 (Ba-fa)? U 8a2 A ®)

It is readily seen that, in the particular case where a = 1, i.e., where the lines are separated, we also have f(o, By =1,

i.e,, we obtain the ordinary result Ig = m?,
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Figure 2 shows a family of the curves f(A¢g, £), which characterize the increase in the measurement time (8 is
the parameter). It is obvious from these curves that, for equal line intensities, the separation of lines which differ
by Ae = 2 (i.e., AE = 20) requires that the measurement time be doubled in comparison with the time necessary for
measuring separate lines. If Ag = 1, the measurement time increases by a factor of about 17.

A two-channel device (Fig. 3) was constructed for checking the above method. This device was designed for
the separate determination of the percentages of two isotopes whose energies were close to each other (with overlap-
ping amplitude distributions), The fact that transistors were exclusively used in constructing the units of the device
made it possible to use it in field laboratories.

In the semiconductor detectors which we used, the signal level corresponding to an energy of 5 MeV was equal
to 100 uV, The transistor preamplifier was designed so as to secure the minimum noise level, which, when reduced
to the circuit input, was equal to 2-3 uV [5], After preamplification, the signals are transmitted to the discriminat-
ing device, after which only the pulse peaks that exceed a certain given threshold are additionally amplified (the
range from 0 to 3-3.5 MeV is thereby excluded).

The discrimination levels of the two differential discriminators Dy and D, were set so that the maxima of the
amplitude distributions coincided with the channel centers. The pulses were recorded by means of two difference re-
corders, where the signals to the summation inputs of both recorders were supplied directly from their own discrimi-
nators, while the signals transmitted to the subtraction inputs were supplied from another discriminator after addi-
tional scaling. '

In order to adjust the system for recording the intensity of two certain radiators, the additional scaling factors
K; and K; must be secured in correspondence with the calculated values. If one of the recorders is used as the master
recorder, i.e., if it stops recording after completing a certain count volume Ny, the other recorder can be used for
directly determining the ratio of the isotopes under investigation. The coefficients in the equations relating the num-
ber of pulses recorded to the actual number of pulses that correspends to the peak area are taken into account in
choosing the Nj value. '

It should be noted that, in principle, the above method can be used for the separate determination of not only
two, but also a larger number of isotopes in a mixture. The measurements must be performed by means of several
single-channel discriminators, followed by a very simple computer. This method may also be convenient in using
scintillation o -detectors (thin CsI(T1) crystals), which, although their energy resolution is worse, make. it possible to
secure a high counting efficiency due to their larger area [6]. The curves given in Fig. 2 make it possible to deter-
mine the scope of a certain detector in solving actual problems with the aim of reducing the measurement time to
a minimum.

In conclusion, we hereby express our gratitude to V, L, Shashkin and Yu. A, Yuzvuk for their continued interest
/in the work, and also to M, L Krapivin, B, V. Fefilov, and Yu. R, Nosov, who kindly supplied the semiconductor «-
detectors for the experiments,
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DEVICE FOR RADIATION-CHEMICAL INVESTIGATIONS

IN THE CHANNEL OF THE IRT—-2000 REACTOR

A. A, Akhundov, G, 8., Karumidze, G. M. Krasavtseva, and V, T. Popov

Translated from Atomnaya Energiya, Vol. 14, No. 4,
pp. 412, April, 1963
Original article submitted June 11, 1962

A continuous-flow device for radiation-chemical investigations in gaseous, vapor, and liquid phases at tem-
peratures of 400-600 deg C and under pressures of 1-30 atm, designed for the IRT-2000 reactor of the Institute of
Physics, Academy of Sciences, Geor. SSR, was comnstructed in collaboration with three institutes—the Institute of
Petroleum-Chemical Synthesis (INKhS), Academy of Sciences, USSR (Moscow), the Yu. G. Mamedaliev Institute of
Petroleum-Chemical Processes, Academy of Sciences, Azer. SSR (Baku), and the Institute of Physics, Academy of
Sciences, Geor. SSR-(Tbilisi) —and brought into operation in February, 1962. The design of the device is based on
the engineering calculations performed at INKhS, Academy of Sciences, USSR, in collaboration with the INKhS
Special Design Burear (SKB). The experience gained in the construction of the devices described earlier [1-6] was
also used in this design. This device considerably differs from those described in the literature by the design features
of the loop that is introduced in the nuclear reactor channel and by the fact that the pressure created by the vapor of
the substance under investigation can be maintained in the loop and that the work can be performed in a wide range
of temperature and pressure values, '

Legend

- Process channel for
the organic liquid
~ Blow-through line

—D<}— - Valve
—{>— - Reducing fitting
"—f }— - Electric plug

-~--—— - Grounding conductors

Fig. 1. Techndlogical layout of the device. 1) Reactor core; 2) B,C filter; 3) electric furnace; 4) reaction zone;
5) current-conducting evaporator tube; 6) thermocouples; 7T) reactor channel; 8) electric supply; 9) and 24) stan-
dard pressure gauges (p = 1-60 atm); 10) reducing pressure regulator (from 0-150 to 0-60 atin); 11) breather; 19)
flowmeter with capillary (p = 100 atm); .13) capillary; 14) tank with raw material (1,5 liters); 15) liquid pump;
16) thermometer (0-50 deg C); 17) to ventilation system; 18) 1-GSB-400 gas meter; 19) line for conveying sam-
ples to KhT-24 chromatograph; 20) U-shaped differential pressure gauge (p = 600 mm of water); 21) hydroseal (p =
= 600 mm of water); 22) water; 23) “check” presswre regulator; 25) cooler; 26) gas separator; 27) scavenging.
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Any type of radiation-chemical investigation with gases, vapors, and liquids which are not corrosive can be
performed in this device. Automatic temperature and pressure control and automatic sampling and analysis of
gaseous samples are provided.

! . .
The device has been tested and used in a series of experiments (80) on the radiation-thermic cracking of va-
pors of petroleum hydrocarbons.

The technological layout of the device is shown in Fig. 1. Liquid hydrocarbon from the small tank (14) which
contains the raw material is conveyed by means of an adjustable pump (15) to a current -conducting stainless-steel
communication tube. As it passes through the tube, the liquid evaporates and is overheated as its temperature rises
to that of the tube walls, and the vapor enters the electrically heated reaction zone (4). From the reaction zone,
the reaction products are conveyed through the current-conducting stainless-steel tube to the "check” pressure regu-
lator (23), which is installed in the hot line, making it possible to create a higher pressure in the system with the
hydrocarbon vapor itself without adding inert gases.

Beyond the pressure regulator, the reaction products are conveyed to the gas separator (26) through the cooler
(25), which is cooled by running water. The gaseous reaction products are led off to the drum gas meter (18), then
‘ conveyed to a KhT-2M chromatograph through the unit for automatic sampling, and finally expelled through the
ventilation system. The liquid reaction products are conveyed from the gas separator to calibrated containers, after
| which they are measured and analyzed.

in work with hydrocarbon gas, the gas is conveyed from the tank through reducing pressure regulator (10) to
the flowmeter with capillary (12), after which it passes through the system described above. Standard pressure gauges
(9 and 24) are provided at suitable points in the device for measuring the gas supply pressure and the vapor pressure
ahead of the pressure regulator.

The temperatures of the walls of the communication supply tube, of the vapor inside the reactor core, and of
the core walls are measured by means of chromel-alumel thermocouples (6) and recorded automatically by means
of an EPP-09 potentiometer. The temperature of the core walls is automatically maintained by means of an EPV-11
device.

Carbon dioxide from a cylinder is discharged into the raw-material line between the pump and the supply tube
for removing air and remnants of the product from the system. ‘A drainage line is also provided in the device.

Many of the device's structural elements were determined by the parameters of the horizontal channel of the
IRT -2000 reactor at the Institute of Physics, Academy of Sciences, Geor. SSR. The channel length is 320 cm, and
the diameter is 100 mm.

The characteristics of certain units >f the device are the following:

P 1. The adjustable liquid pump, desighed at SKB
/\ INKhS, makes it possible to vary the feed rate of the liq-
" uid raw material from 50 to 3000 ml/hr by means of a reg-

! ¥ ulating sleeve.
~220V Al

) J\AI' 'i 2. The "check" pressure regulator, designed at SKB
7 TEC‘_, N INKhS, which has a membrane made of special thermo-
1 :é _‘ g and benzine -resistant plastic, makes it possible to regulate
] g : in a reliable manner the pressure of hot vapors of organic
\L I liquids (up to 300 deg C) in the pressure range from 1 to
= — J 30 atm.
: izo

3. The electrically insulated disconnection plugs, de-
~220V signed at SKB INKhS, are capable of operation under pres-

Fig. 2. Wiring diagram of the device. 1) Electric sures exceeding 30 atmand attemperatwesofup to 300 deg C,

furnace; 2) two parallel-connected transformers_; 3) 4. The communication tubes (the supply tube, which
10-A group switch; 4) thermocouple leads; 5) elec- = has a 6X 1-mm cross section and a length of 6 m; and the
tronic self-recorder; 6) electric plugs; 7) welding outlet tube with a cross section of 8X 1-mm and a length
transformer; 8) ammeter; 9) voltage regulator; of 5.5 m) are made of 1IKh18N9T stainless steel, Current
10) ammeter. from an ST-120 welding transformer is transmitted through
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Fig. 3. Diagram of the loop elements in the reactor channel. 1) Plane of the reactor core; 2) reactor channel;
3) biological shield; 4) protective shell; &) rod.

these tubes (Fig. 2). The over-all ohmic resistance of the tubes up to the joints is equal to 0.51 @, With the allow-
ance for the heat loss to the surroundings and the loss due to the overheating of vapor, a power of 1.8 kW with a cur-
rent of up to 60 A is required for heating the tubes (the supply tube is heated to 480 deg C, while the outlet tube is
heated to ~350 deg C). Both communication tubes are insulated by means of a double layer of asbestos rope and
several layers of glass tape. The tubes are fitted into the helical groove of the rod (Fig. 3) and are rigidly connected
(through the electrical joints) to the supply panel, while their other ends are connected to the reaction zone,

5. The reaction zone is made of 1Kh18N9T stainless steel; it has the shape of a coil with an inside volume
of 200 cm®, On the outside, the coil is wound with insulated nichrome wire with a diameter of 0,8 mm, which has
an ohmic resistance of 4 2. This electric heater uses a power of 300 W for a current of 9 A, In order to reduce the
heat loss, the coil is insulated on the outside with several layers of asbestos rope and glass tape. A protective alumi-
num shell whose end is provided with a boron carbide filter with a thickness of 256 mm for the complete absorption
of thermal neutrons is fitted on the coil, The shell is fastened on a threaded aluminum tube, which is fitted onto
the end of the rod.

6. The rod is made of duralumin; on the outside, it is provided with two helical grooves, one of which serves
for fastening the communication tubes, while the other is used for the thermocouples and the cable (insulated with
porcelain) which supplies the reaction zone with electric power, The length of the rod is 1,6 m, while its diameter
is 98,5 mm; the rod is rigidly fastened to the supply panel, and it can be moved in the horizontal position through
the required distance in the reactor channel on a special trestle bridge. The supply panel moves on small wheels
along rails which are mounted next to the trestle bridge.

The rod serves as a good biological protection from the direct radiation from the reactor. An additional bio-
logical shield consisting of lead and paraffin blocks is provided between the supply panel and the downstream end of
the channel for a more reliable protection from scattered radiation in work with the device.

By testing the device in operation, it was found that experiments can be performed while observing all the
safety rules,

The authors are deeply grateful to the SKB INKhS staff for the development of the initial version of the de-
vice, to the collaborators of the Institute of Physics, Academy of Sciences, Geor. SSR, V. M. Likholetov, B. G. Buda,
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and M. E, Tinikashvili for their help in adjusting the device, to L. S. Polak for the organization of work and over-
all supervision, and to E. L. Andronikashvili and M. M. Melik-Zade for their interest in the work.
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DETERMINATION OF THE RELATIONSHIP BETWEEN THE
COEFFICIENTS OF THE TURBULENT TRANSFER OF HEAT

AND MOMENTUM

V. I. subbotin, M. Kh. Ibragimov, and E. V. Nomofilov

Translated from Atomnaya Energiya, Vol. 14, No. 4,
pp. 414-416, April, 1963
Criginal article submitted July 9, 1962

In this paper, we used the results of the processing of temperature fields in turbulent flow of liquid metal (Pr
= 0.025) for Re = 20,000-450,000, The experiments were performed with a 34x 2,35-mm tube. The design of the
experimental section and its basic characteristics were described in [1]. The results were obtained by means of the
graphical differentiation of time-averaged experimental data concerning the temperature distribution in turbulent
flow of a liquid metal '(mercury).

We found the values of the coefficient e, of turbulent heat transfer as a result of the measurements and pro-
cessing of temperature fields in a flow of liquid metal according to the method described in [2]. The maximum &,
value along the tube's radius in the range Re = _2'104—4.5'105 can be approximated by the formula

([ Ea_ —7.5.10-5 2
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Fig. 1. Relative variation of the coefficients
of turbulent transfer of heat and of momentum
along the tube's radius. ——) Curve which
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eqla
(ea/ O)max
Fig. 1. For Reynolds numbers Re = 2+10%-4,5-10°, this ratio can be described by a unique dependence with a sufficient -
degree of accuracy; certain deviations are observed only for low Reynolds numbers (~20,000).

The ratio , that characterizes the variation of turbulent heat transfer along the tube's radius, is shown in

The results of the further processing of experimental data depend on the accepted velocity distribution in the
turbulent core of the flow. Therefore, for the sake of comparison, we used two expressions for the velocity distribu-.
tion in the turbulent core in our calculations:

1) the expression proposed by Prandtl [3]:
yu*
uL;=5,5+2,5 In ‘/T and @

2) the expression proposed by Reichardt [4]: ‘
%:2,51n[(1+0,4y+)1%_§_12i§2§)J+7,8 [1—cxp<-—i/—1>——%—1exp<——%> C 3)
By using these formulas for the velocity distribution, we obtain different values of the coefficient &y.of turbu-
lent transfer of momentum. The variation of the & coefficient along the tube’s radius is shown in Fig. 1. The max-
imum values of ev/v for both velocity distribution formulas are observed for the relative radius £ = 0.5; however,
these values considerably differ from each other: according to Prandtl's formula, we have

(Ey/V) = 11072 Re0,878, . “)

while according to Reichardt's formula,
(8y/VImax=0,75+10"2 Jt¢0,875, TG

It should be mentioned that the velocity. distribution in the flow given by Reichardt’s formula is more reliable
than the distribution given by Prandtl's formula, since the latter used data by Nikuradze, who performed measure-
ments not inside the tube, but in the free stream at the tube’s outlet, The maximum values of €4/a are observed for
£ =0.2-0.3. This indicates that there is apparently no complete similarity between the turbulent transfers of heat
and of momentum over the entire flow cross section. A comparison of the maximum values of £4/a and e/v, ob-
tained by using formulas (1), (4), and (5), indicates that the relationship between the coefficients of the turbulent
transfer of heat of momentum depends on the Re number,

The value of the coefficient of dissimilarity between the turbulent transfers of heat and of momentum can be
expressed in the following manner:

— (ea/ta)max (Ba) max
(ey/Eyhmax (&y) max , _ ®

The first factor in this formula is a function of the coordinate and is independent of the flow velocity of liquid metal
for Re > 2-10* (see Fig. 1); the second factor is a function of only the Re number; its value can be determined by
using formulas (1), (4), einc_l (5) and choosing a suitable Pr value for the liquid metal's average temperature under the
given experimental conditions (= 30 deg C).

In using the velocity distribution given by Prandtl's formula, we have
ﬁ‘%ﬂ.max =0,3Rcs; N
(&y)max
in using the distribution given by Reichardt's formula, we have
(almax g 4Res. ®)
(ey)max

It is obvious from formulas (7) and (8) that the turbulent transfer of momentum and, consequently, the € values de-
pend on the velocity distribution formula used. At the same time, the velocity distribution does not greatly influence
the variation of € along the tube’s radius (Fig. 2); larger deviations are observed only in the boundary region (£ > 0.8),
where the accuracy with which the experimental data can be processed is relatively low due to the small values of
€q and &. The obtained experimental data indicate that the value of € varies appreciably along the tube's radius,
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Isakoff and Drew [7] have observed the maximum values of € for & = 0.8, while Brown et al. [8] have found that the
value of € remains approximately constant throughout the entire turbulent core of the flow, The cause of these dis-
crepancies in the variation of € along the tube’s radius has not yet been explained.

As is known, the region § = 0.5-0.9 determines the heat exchange in liquid metals (Pr « 1). Therefore, the
weighted mean values of ¢ in dependence on Re numbers were calculated for this region:

g“s_d
0.5
- 0,9

{ Ba

0,5

(A
&t
.

The results obtained are shown in Fig. 3. The value of € also depends on the velocity distribution: according to
Prandtl's formula, €= 0.205 Rel/s; according to Prandtl's formula, € = 0.254 Rel/s.
!
Figure 3 shows the values of ¢ obtained in [7, 8], which were averaged in a similar manner. It should be men-
tioned that the authors of these papers used their own data on the velocity distribution in the turbulent core of the

flow, which were in good agreement with Prandtl's law [2].

Although the experimental data differ from each other, a general tendency of the e value to increase with an
increase in the Re number is observed. For large Re values, the value of € becomes larger than unity, which indi-
_ _ cates that the coefficient of turbulent heat transfer is
i v higher than the coefficient of the turbulent transfer
7 of momentum.
7

The quantity € plays an important role in semi-
empirical heat exchange theories, since it makes it

15 i L«"H I{ i | [" L i possible readily to determine the temperature field
r4 6 § 1w’ C2 4 & 107 using the known velocity distribution. Experimental
ke determinations of the & value make it possible tocheck

Fig. 3. Values of €, averaged along the radius (§=0.5- the validity of the assumptions used in semiempirical
~0,9), in dependence on Re numbers. —) Our data (1 theories. However, the physical nature of the heat ex-
and 2 — for velocity distributions according to Reichardt’s change process cannot be thereby explained. In our
and Prandtl’s formulas, respectively); — —) data borrowed opinion, the semiempirical theories of heat exchange
from [56]; —.—) data borrowed from [6]. for liquid metals [7-9] where the value of € assumes

the maximum value (equal to unity) only for Pe —> =,
although it-is assumed that it depends on velocity, and also those theories [10-12] where it is assumed that the value
of € does not depend on the velocity are not entirely substantiated, The satisfactory agreement between experimen-
tal data and some theoretical solutions that is observed in a certain range of Re and Pr numbers indicates only the
validity of the formulas derived for calculating the heat transfer, but the mechanism of turbulent heat transfer that
is assumed in these theories is thereby by no means confirmed. A heat exchange theory which would be substantiated
from the physical point of view could be postulated only on the basis of direct investigations of the quantities that
characterize turbulent heat transfer, i.e., it can be postulated by mvesuganng velocity and temperature fluctuations
and their statistical relatlonshlps. :
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SPECIFIC HEAT OF HEAVY WATER AT HIGH TEMPERATURES
AND PRESSURES

S§. L. Rivkin and B, N, Egorov

Translated from Atomnaya ﬁnergiya, Vol. 14, No. 4,
pp. 416-418, April, 1963
Criginal article submitted September 1, 1962

The results obtained in measuring the specific heat of heavy water in the liquid phase under pressures of up to
100 kg/cm2 and at temperatures of up to 300 deg C were published earlier [1]. The present article provides the re-
sults of further investigations of the specific heat of heavy water in the liquid and vapor phases and in the supercriti-
cal region of the state parameters. The measurements were performed by means of a continuous-flow adiabatic cal-
orimeter in a closed-loop circulation systemn, using a new experimental device, the diagram of which is shown in
the figure*. In contrast to the device described earlier (1], liquid thermostats with very accurate (£ 0.01 deg C) tem-
perature regulation were used for the temperature control of the calorimeters in the new device. Along with other
improvements, this made it possible to simplify to a considerable extent the measurement technique and to increase
the accuracy.

Specific Heat of Heavy Water, kcal/kg-deg

Temper- , Pressure, kg/cm® |
ature, ' i |
o e 50 100 150 175 200 225 240 250 | 2060 275 I 300 :
! ' |
f 20 1,002 3,959 0,996 0,995 0,993 0,991 0,990 0,989 | 0,988 | 0,988 | 0,986 ;
| 40 1,000 0,997 0,995 0,993 0,992 0,991 0,990 0,990 | 0,989 | 0,988 | 0,987 |
60 0,997 0,994 0,992 0,991 0,989 0,988 0,988 0,987 | 0,987 | 0,986 | 0,985 !
80 0,996 | 0,994 | 0,991 | 0,90 | 0,989 | 0,988 | 0,988 | 0,987 | 0,987 | 0,986 | 0,085 :
i 100 0,996 0,993 0,991 0,990 0,988 0,987 0,987 0,986 ; 0,986 | 0,985 | 0,984 |
P20 0,997 | 0,99% | 0,992 | 0,991 ! 0,990 | 0,988 | 0,987 | 0,987 | 0,986 | 0,986 | 0,985 |
| 140 1,001 0,998 1 0,995 0,993 0,992 0,990 0,989 0,989 | 0,988 | 0,987 | 0,986 ; |
160 1,006 | 1,002 | 0,999 | 0,997 | 0,995 | 0,993 0,992 [ 0,992 | 0,999 | 0,990 | 0,080 ° !
180 1,016 1 1,011 1,006 1,004 1,002 1,000 0,999 0,998 1 0,997 | 0,996 | 0,904 i
D200 1,082 | 1,027 | 1,020 | 1,017 | 1,014 | 1,012 1,010 | 1,009 | 4,008 | 1,007 | 1,004 | ‘
|22 1,058 | 1,048 | 1,039 | 1,035 | 1,031 | 1,028 1,026 | 1,025 | 1,02 | 1,022 | 1,020 ' <
| 240 1,090 1,078 1,068 1,062 1,057 1,052 1,049 1,048 1 1,046 | 1,043 | 1,040
i 260 1,139 1,123 1,108 1,100 1,003 1,086 1,081 1,079 1,076 | 1,072 | 1,065
280 — 1,182 1,161 1,149 1,142 1,131 1,126 1,422 0 1,119 | 1,114 1 1,106
: 300 — 1,300 1,251 1,233 1,216 1,200 1,192 1,186 | 1,180 | 1,172 | 1,160
310 -— — I 1,320 1,292 1,268 1,246 1,234 1,226 1,220 ) 1,209 | 1,194
C320 — 0 1.418 1 1,374 | 1,339 1,308 1,292 | 1,280 1 1,270 | 1,254 | 1,234
! a30 — — | 1,576 1,500 1,442 1,395 1,369 1,353 1 1,337 | 1,316 | 1,287
340 — — ! — — 1,610 1,529 1,486 1,460 1,437 1 1,406 | 1,364
350 — — 1,807 — 1,936 1,757 1,672 1,624 | 1,582 | 1,530 | 1,462
360 — — 1,450 2,374 3,220 2,250 2,035 1,920 1,826 | 1,730 | 1,620
370 — — 1,240 1,730 3,160 6,148 3,232 2,720 1 2,425 | 2,143 | 1,890
i 380 — — 1,142 1,422 2,018 3,905 10,88 12,20 5,28 3,310 | 2,418
I 390 - — 1,014 1,241 1,588 2,293 3,220 4,27 6,35 8,565 | 3,960
i 400 — — 0,939 1,114 1,348 1,755 2,144 2,490 | 3,030 | 4,055 | 9,775
410 — — 0,882 1,019 1,199 1,470 1,700 1,875 | 2,095 1.2,528 | 3,580
420) — — 0,837 0,949 1,090 1,286 1,431 1,545 1 1,675 | 1,920 | 2,485
430 — — 0,802 0,894 1,007 1,150 1,260 1,345 1,435 | 4,593 | 1,930
440 — — 0,774 0,852 0,947 1,062 1,146 1,208 1 4,277 | 1,393 | 1,627
450 — — 0,750 0,819 0,903 0,997 1,061 1,109 1,162 | 1,250 | 1,415
|
|

*This device was also used for measuring the specific heat of ethyl alcohol in the supercritical region of the state
parameters. The measurement results with a detailed description of the method used were published in [2].

430

Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5



Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5

Diagram of the experimental setup for investigating the specific heat of heavy water. 1) Circulation pump; 2)auto-
clave; 3) water thermostat; 4) and 9) coiled tubes; 5) contact thermometer; 8) calorimeter-flowmeter; 7) heat
exchanger; 8) saltpeter thermostat; 10) measuring calorimeter; 11) regulating heater; 12) regulator data transmit-
ter; 13) mixer; 14) cooler; 15) automatic temperature regulator; 16) piston pressure gauge; 17) thermal booster;
18) mercury trap; 19) mercury lock. :

Three series of experiments were performed on the new experimental device. In the first series, the specific
heat of heavy water in the liquid phase was measured on five isobars: 100, 150, 200, 225, and 250 kg/cm? (58 ex-
perimental points); in the second series, the specific heat of heavy water in the vapor phase was measured on three
isobars: 150, 175, and 200 kg/cm2 at temperatures of up to 450 deg C (42 experimental points); in the third series,
the specific heat of heavy water in the supercritical region of the state parameters was measured on six isobars: 225,
240, 250, 260, 275, and 300 kg/cm? at temperatures from 330-360 to 450 deg C (137 experimental points).

The new measurements of the specific heat of heavy water in the liquid phase on the 100-kg/cm? isobar agreed
with the previous measurements [1] within 0.2-0.7%, i.e., within the limits of the previously determined measure -
ment error. However, in connection with the higher accuracy of the specific heat measurements with the new ex-
perimental device, the new experimental data were .used in further processing,

According to our estimates, the maximum error in the experimental data on the specific heat of heavy water
lies within the limits from 0,35% for the liquid and the vapor phases at a certain distance from the saturation line to
1-2% near the saturation line and the specific heat maximums on the supercritical isobars (with the exception of a
few points near the maximum on isobars close to the critical isobar, where the error may be somewhat larger).

The table provides the values of the specific heat of heavy water for rounded-off pressure and temperature val-
ues, which were obtained as a result of the graphoanalytical processing of experimental data,

The data given in the present article constitute the only data presently available, and, therefore, we cannot
compare them with the results of other independent measurements,
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NEW TYPE OF NOMOGRAMS FOR y—-FLAW DETECTION *

Slavcho Popov

Laboratory for the Applicafion of Radioisotopes in Machine Construction, Sofia, Bulgaria
Translated from Atomnaya énergiya, Vol. 14, No. 4,

pp. 418-419, April, 1963
Original article submitted July 31, 1962

Nomograms where the relationship between the thickness d of the part under investigation in millimeters and
the exposure in g-eq Rahr for the given values of the distance F in centimeters from the radiation source to the pho-
tographic film is given in a Cartesian coordinate system are most often used for determining the x-raying time in y-

flaw detection [1-3].

This type of nomogram cannot be used for directly reading the x-raying time t and determining the necessary

activity Q of the radiation source.

In connection with this, we suggest the use of a new type of nomogram for determining the x-raying time t for
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Fig. 1. Nomogram for determining the x-raying time
for the assigned part thickness and focal length when
Co® is used as the radiation source.

* Translation from the Bulgarian,
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the assigned thickness d of the part under investigation,
the activity Q of the radiation source, and the distance
F from the source to the photographic film.

Figure 1 shows such a nomogram for determining
the necessary parameters for the inspection of parts made
of steel or cast iron by means of the Co®® radioisotope.
The nomogram is intended for material thicknesses in
the range from 0 to 250 mm. The heavy solid line on
the scale of thicknesses in the nomogram marks the range
of part thicknesses for which the sensitivity of inspection
with this source [4] is at the maximum (50-250 mm).

This nomogram was plotted on the basis of the data
found in the existing nomograms [1-3). The values or
the source’s activity in the range from 0.1 to 10 g-eq Ra
are laid off on a logarithmic scale on axis I, the focal
lengths F in the range from 10 to 120 cm in divisions of
5 cm are laid off on axis II, and the x-raying time t in
the range from 0.1 to 100 hr is laid off on axis III,

The nomogram key is Q dn; nFt. The nomogram
is used in the following manner: for the assigned values
Q = 0.6 geq Ra and d = 70 mum, the point of intersection
between the lines of these values is found, From this in-
tersection point, a line parallel to the diagonal is drawn
until it intersects with the line corresponding to the as-
signed value F = 35 cm. The second intersection point
determines the x-raying time t = 42 min = 0.7 hr (see
Fig. 1).

Moreover, a scale, every division of which cor-
responds to the logarithm of the annual reduction in the
source intensity, is given in the upper right corner of the
nomogram. Thus if the initial source intensity and the
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™2, Tul™, Eu®®2, Cs¥7, and Co®® radiation sources are used.
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0

time that has elapsed from the initial
measurement of the intensity of this
source are known, the given scale can
be used for determining the intensity of
the source at a certain moment and
using the ‘actual source intensity-in
-determinations.

Nomogramnis for the If
Eu'®?, and cs radioisotopes, which
are’used most-often in'the y-détection

192y f0

of flaws.in steel and cast irop, can also

‘be plotted:in a manner similat to that
used in plotting the nomogram for Co%

In practice, flaw-detection meth-
ods are most widely used for inspecting
parts made of ferrous metals and ‘alu-
‘minum, Therefore, for practical pur-
poses, it is convenient to use a single
combined nomogram (Fig. 2),
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PHOTOGRAPHIC HEALTH MONITORING WITH RESPECT
TO B— AND y-IRRADIATION

V. F. Kozlov

Translated from Atomnaya Fnergiya, Vol, 14, No. 4,
pp. 419-422, April, 1963
Original article submitted October 11, 1962

Data which indicate the possibility of introducing the dosimetric monitoring of B- and y-irradiation and of
thermal and fast neutron fluxes are given in papers [1-8], which are devoted to the investigation of the physical char-
acteristics of domestically-produced photographic emulsions. However, the problem of the mixed action of B- and y-
irradiation on the photographic emulsion was not considered in these papers. Although it is often necessary to per-
form photographic health monitoring with respect to comparatively soft and very soft y-radiation with quantum en-
ergies of over 20 keV, the spectral sensitivity of photographic emulsions in the range from 20 to 110 keV was not in-
vestigated in the above papers. In comnection with the use of these photographic emulsions for the simultaneous
measurement of B-irradiation doses, it is absolutely necessary to know the spectral sensitivities of the emulsions in
this region.

The present article describes a method which supplements the presently used photographic health monitoring
with respect to y-irradiation (IFK-3) with the measwement of the soft y-radiation (20-110 keV), which is also of
great importance for determining 8-irradiation doses in mixed fields of B- and y-radiation. For this, we first investi-
gated the dependence of the blackening of x-ray films on the y-radiation energy. Films which were rolled in two
layérs of lightproof black paper with a thickness of 14 mg/cm?® were placed in special holders and irradiated by means
of standard devices at the D. I, Mendeleev All-Union Scientific Research Institute of Metrology. These holders (Fig.
1) have a 156X 20-mm opening and three filters whose thicknesses are 400 mg/cm2 (micarta), 860 mg/cm2 (aluminum
and micarta), and 1300 mg/crn2 (lead and micarta); the last filter is identical to that presently used in IFK holders.
The results of a theoretical consideration of the action of smoothing-out filters [1, 9, 10] are in sufficiently good
agreement with the behavior of the curves given in Fig. 2. Four sections with different photometric densities can be
separated on an irradiated and developed film. The experimental curves of Fig. 2 correspond to these sections.

It is obvious from the shape of the curves that the energy of y-radiation that acts on the holder can be esti-~
mated with respect to the ratio of the film blackenings in the four sections. Thus, for instance, if the blackenings of
~ all sections are almost equal, the radiation energy is over 300 keV, In the energy range from 60 to 300 keV, the
blackenings of the first, second, and third sections are practically equal to each other, while the blackening of the
fourth section is appreciably weaker than that of the first three. In order to estimate the radiation energy in the 20-
60 keV range, it is necessary to use the above filters'as radiation absorbers and to determine this energy with respect
to the ratio of blackenings of the first, second, and third sections.

It was shown in [3] that, with an accuracy to +20%, the sensitivity of Roentgen XX films with respect to allow-
able B-radiation doses does not depend on their energy in the region from 0,2-2,0 MeV. This fact greatly simplifies
the use of photographic film for dosimetric monitoring, since the necessity of introducing a correction for the spec-
tral composition of B-radiation is thereby eliminated.

A correct estimate of the B-radiation dose is possible only if the contribution of y-radiation to the blackening
formed under the holder's window is known accurately, This difficulty can be successfully eliminated by using the
above three filters,

By measuring only B-radiators whose B-particles have a maximum energy of 3.5 MeV, it can be shown that the
blackening of the third and the fourth sections of the film is due mainly to y-radiation. This constraint is entirely
admissible in the case of irradiation with B-particles of fragment-origin isotopes and in many other cases. By using
tabular values [11] of the material thicknesses required for the complete absorption of B-particles, it is seen that the
third filter is penetrated by B-particles whose energies exceed 2,2 MeV, while the fourth filter is penetrated by par-
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Fig. 2. Dependence of the blackening $ of Roentgen XX film on the y-radiation energy for an irradiation dose of 0.1-0.3 r.
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holder. 1) Lead filter; 2) standard IFK hold- = =S N
er; 3) aluminum filter; 4) new holder IFK-2, 3. I -
ticles whose energies exceed 3.0 MeV. However, it is well i
known that the number of particles with high energies is i o
small in the continuous spectra of 8 -radiators. Moreover, J i g
by using the equations given in [12], it can be shown that, i // 3
for the hardest B-radiator, the dose absorbed in the photo- §
graphic emulsion in the section covered by lightproof pa- E
per is more than ten times as large as the dose absorbed in 2
the section beyond the third filter, and even more so in the E
case of the section beyond the fourth filter, ;
For determining y-radiation doses, it is necessary to "’?&7 (1 g
irradiate several holders by means of a standard source of - T~ &
y~-quanta and to plot control dependences of the photometric e NN S‘
densities of all film sections on the y-radiation doses D,,. ] &
We shall denote these densities by 83(Dy), Sp(Dy), S3(Dy), ' S
and S4(D),), respectively (Fig. 3). After measuring the pho- [ﬁ] S
tometric density of the operating film, the y-irradiation i
dose is determined with respect to S, and the control curve i ©
54(D),) by using the ordinary IFK method. Then, the photo- ‘ g
metric densities Slf, sk, and s¥ that correspond to the found 7/ >
y-irradiation dose are determined with respect to the control y 3
curves 53(Dy), Sp(Dy), and S3(Dy). VA é
These data make it possible to determine approxi- | , §
mately the y-radiation energy in the following cases: A ‘:'
1. If the ratio of the photometric densities S,, S;, and / =
84 of the operating film is close (within + 10%) to the ratio LL 8
of the Slz<, 813(, and SI4< values that are determined with re- L L1 | - E
spect to the control curves, the y-radiation energy lies in §§“§~ =
the range above 300 keV. D =
2. If the ratio of the photometric densities S, S, and “ S NG G NN w v IS IT S @
S of the operating film is larger than the ratio of the values
that are determined with respect to the control curves, the
y-radiation energy is equal to 45-300 keV, In this case, in
order to determine the energy more accurately, it is neces-
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sary to use the standard curves of Fig. 2 and to determine the
radiation energy with respect to the ratio of the photometric

5 - densities Sy, Sg, and S, of the operating film and the ratio of
/ 1 S8, S8, and S§ of the standard curves that correspond to the
26 A ,aé found dose. In this, if the fogging blackening S of the con-

/ %;2 trol curves does not coincide with the fogging blackening S}

of the standard curves, a correction for this difference is in-
troduced into the measured blackening values (in our case,
S§ was equal to 0.24).

3. If the blackening S4 of the operating film is equal
to the fogging blackening SO , irradiation in the energy range
from 20 to 45 keV may have occurred. By comparing the
ratio of the blackenings S, and S; of the operating film and
the ratio of the blackenings S§ and S3 of the standard curves,
the energy and the dose of x-ray radiation can be found,

4, If the blackenings S, and S3 of the operating film
are equal to the fogging blackening SIO(, the energy of the x-
ray radiation is lower than 25 keV. In this case, the x-ray
radiation dose is determined with respect to the blackening

- Sy of the operating film by comparing it with the blackenings
8 of the standard curves.

U 05 10 15 2,0 2,5
Irradiation dose, 1, rad

Fig. 3. Dependence of the blackening S of Roent- 5. If the blackenings S,, S3, and S, of the operating
gen XX filim on the y-radiation dose (curves 1, 2, film are equal to the fogging blackening So, the blackening
3, and 4) and on the B-radiation dose (curve 5). S; of the operating film is caused only by 8 -irradiation.

In order to increase the accuracy in determining irradiation doses due to soft x rays (20-45 keV) when using
the method where the blackenings of operating films are compared with the corresponding standard curves of Fig. 2,
it is necessary to reduce the effect of the development factor. For this purpose, the manufacturer's recommendations
concerning the conditions under which the operating films are processed must be strictly observed. Doses larger than
0.3 r in the energy range from 45-150 keV cannot be measured by means of Roentgen XX films, since these doses
cause such a high degree of blackening that densitometry cannot be applied.

The following formulas must be used for estimating 8 -irradiation:

7B

in the presence of accompanying x-ray radiation with E,, values lower than 300 keV;

Y
Dy=51=5u10)

B
- in the presence of accompanying 8-radiation with E, values in excess of 45 keV.

Here, Dg is the B irradiation dose in rads, Sy is the photometric density of the operating film, measured under
the holder's window, s¥ 7 is the photometric density caused by the determined y-radiation dose under the holder's
window, i is the photometric density under the holder’s window which is due to the found dose of x-ray radiation
whose energy has been more accurately determined (determined with respect to the standard curves); 6 = Slf—sl3<;
and B is the blackening factor, the value of which corresponds to a B-irradiation dose of 1 rad.

» This formula is used in order to simplify the calculation of the B-irradiation dose in the presence of soft y-radiation
(in excess of 45 keV) without using calculations with respect to the standard curves. In this case, it is necessary to
use only the control curves and introduce the correction 8 = SK SK_
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For determining the factor B, the dependence of the photometric density S, of the film due to the B-irradiation
dose is plotted (curve 5 in Fig. 8). This curve can be plotted by means of standard strontium 8-sources, which pro-
duce the required integral doses within a certain time. The slope of this curve, determined by the SB/DB ratio, de-
fines the value of the B factor, If the dose curve can be obtained by means of the B-radiators actually used in work,
this possibility should be used [13].

In the case of soft B-radiators (with the maximum energy of the B-spectrum below 0.5 MeV), the value of the
factor B must be determined with respect to the B-radiation dose curves which are obtained by meansofsuchradiators.

The control curve of y-irradiation can be used for the approximate calculation of Dy, For this, its slope I' =
= S4/Dy is determined first and then the slope B = 5g/Dy of the dose curve for B-radiation, after which their ratio
I/B = P is calculated. Considering, with a certain error, that P is constant, the quantity T/P can be used instead of
the B factor,

The accuracy with which doses of B-radiation in the absence of y-radiation in the energy range from 0.2 to
3.5 MeV can be measured is + 20%; in the presence of y-radiation, it is necessary to take into account the error in
determining the y-radiation doses, which added to the above error, yields a value of 40%,

In conclusion, the author hereby extends his thanks to Yu. V. Sivintsev and M. F, Yudin for their help and col-
laboration, to K. K. Aglintsev and K, S, Bogomolov for their remarks in discussing the paper, and to V. S, Merkulova
for her help in the measurements. ’
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NEWS OF SCIENCE AND TECHNOLOGY

WORKING CONFERENCE ON WEAK INTERACTIONS

Translated from Atomnaya Energiya, Vol. 14, No. 4,
p. 423, April, 1963

In December 1962, a working conference on weak interactions was held at the Theoretical Physics Laboratory
of the Joint Institute for Nuclear Research. Physicists from the socialist countries were inattendance at the conference.

On the first day of the conference, the questions discussed included the effect of form factors in hyperon and
kaon decays and in reactions of the type v+ N=> N+ /+.,... It was noted, in the discussion, that, in view of the
low statistics in the experiment performed at Brookhaven on the discovery of the p-meson neutrino, there apparently
exists a possible alternative viewpoint to the effect that the neutrino alone exists in nature, while the large number
of j-mesons detected in the experiment are due to the large contribution of the pseudo-scalar form factor. Experi-
ments were proposed to verify this hypothesis. Selection rules in the decay of strange particles were discussed. The
view was expressed, in the course of the discussion, that the presence of the selection rules AS = + AQ in their total-
ity with data on the measurement of the mass difference between K° and X° apparently clash with the representation
of the Hamiltonian in the form of the product of the current with itself (Gell-Mann, Feynman).

Considerable attention was devoted to the cosmological role of the neutrino; a report was heard on a new the-
ory of the evolution of the universe, one in which, in contrast to the Gamow-Alpher theory, the formation of the
light elements is forbidden: (The formation of the light elements at an early stage of the evolution of the universe
is in contradiction with experimental data.)

A lively discussion was stimulated by a report on a four-component representation of the two-neutrino theory
(electron neutrino and muon neutrino). The view was expressed that both formulations of the theory (both the two-
component and the four-component) are equivalent and not subject to differentiation in experiments which do not
utilize the gravitational field,

In the discussion of radiation effects in weak interactions, it was demonstrated that radiation corrections do not
alter the correlation and polarization properties of decay when terms of the order of am/M are neglected. The role
of matrix elements dependent on energy in the radiative capture of muons on nuclei was also established,

V. Belyaev
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INTERNATIONAL CONFERENCE ON SECTOR CYCLOTRONS

Based on D. Clark, Physics Today, 15, No. 8, 32 (1962)
Translated from Atomnaya Energiya, Vol. 14, No. 4,
pp. 423-425, April, 1963

The first conference on spiral-sectored cyclotrons was held in February 1959 at Sea Island (Georgia, USA). In
the time elapsed since, interest in these machines has increased, and the need for organizing a subsequent conference
was felt. In April 1962, one such conference was organized in Los Angeles, under the auspices of the International
Union of Pure and Applied Physics and the University of California, jointly.

178 scientists and engineers from fourteen nations were present at the conference, to hear approximately
60 papers.

G. Richardson described a spiral-sectored proton accelerator in operation since November 1960 at the Univer-
sity of California, The machine had pole diameters of 125 cm, and is designed for 50 MeV energy. The design of
the dees is quite interesting in this cyclotron, being situated in the "valleys" of the magnetic field; the design of
the dees was discussed in a paper by K, MacKenzie, Because of the design employed, the gap between "ridges” was
successfully reduced to 2.5 cm, and a field of 25 kG, averaging at 19 kG, was successfully produced at those points.
A high energy for that magnet size was thereby secured, but the energy can only be regulated within 10% limits.

W. Powell reported on a 100-centimeter cyclotron of the Thomas type, built in Birmingham, and capable of
accelerating protons (to 11 MeV) and heavier particles. Ions are injected through an opening in the armature at 10
keV energy. At the present time, beam current is about 50 uA. This injection approach is fully applicable to the
task of accelerating polarized ions. Powell also rendered an account of phase measurements on the beam,

The tentative operating characteristics of the 224-centimeter spiral cyclotron at Berkeley were reported by E.
Kelly, The building of this facility was inaugurated in January 1958, The beam was produced in December 1961,
Protons of as much as 50 MeV energy may be produced, and deuterons of up to 60 MeV energy, as well as heavy ions.
During the tune-up operations, the intensity was maintained at a level of 10 pA, An interesting peculiarity of this
machine, later described by B. Smith, is the retuning of the frequency by means of movable panels rather than by
displacing a shorting bar along the dee system. G. Richardson mentioned several experiments on beam extraction
from this cyclotron. The beam was completely extracted with no losses in the axial direction by means of coils
causing a sinusoidal perturbation of the magnetic field, but the smearing-out of the beam in the horizontal plane
proved to be excessive, since the coils were not placed at the optimwm radius, and magnetic channels were not used.

R. Worsham described an Oak Ridge facility. This machine is a 193-centimeter spiral-sectored cyclotron with
‘adjustable energy designed to accelerate various particles, and producing protons of energy as high as 80 MeV, Care-
ful preparatory work made it possible to obtain, almost immediately, a beam at maximum radius and current ~ 250
pA. The threshold voltage across the dees was 13 kV, which indicates excellent adjustment of the magnetic field,
plus the fact that the particles make at least 430 circuits, Worsham noted that this accelerator has a vertical mag-
netic gap, so that the dees feature great mechanical rigidity. However, as pointed out by D. Judd, this design suffers
from the drawback that the external beam becomes smeared out in two planes (instead of just one plane) after pas-
sing through the deflecting magnets,

Then followed a description of the Colorado 132-centimeter spiral accelerator with control of energy. In this
machine, protons of 30 MeV energy and deuterons of 20 MeV energy are to be produced. J. Kraushaar described the
first stage of the starting-up operation, noting that the beam was brought out to the maximum radius with only two-
fold loss of intensity. The peculiarities of the second stage were the subject of remarks by M. Rickey. The beam of
negative ions of 1 pA intensity was accelerated to the maximum radius, where it was stripped of electrons on an alu-
minum foil and proceeded out of the magnetic field. R. smith displaced the device blocking positive ions together
with the source, to obtain more comprehensive information, Some calculations of the electron stripping process per-
formed by Wright in 1956 at the University of California showed that the acceleration of negative ions to modest en-
ergies is entirely possible. The Colorado team was the first to carry out this task in practice. Results depend, in par-
ticular, on the chamber vacuum, which should be held at 107% mm Hg or better,

The last-mentioned paper stimulated a lively discussion among the participants, with its promise of an appre-
ciable simplification in the techniques of beam extraction, since difficulties accompanying beam extraction have a
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tendency to increase with energy and beam intensity. The one apparent limitation in principle affecting this beam
extraction technique is the break-up of H -ions brought about by Lorentz forces, which are considerable at high
speeds and high field strengths. For example, calculations by D, Judd showed that break-up, at 25 kG, will take
place at approximately 50 MeV, For the energies required for meson generation, the critical field would be quite
small and, consequently, maguet size would have to be very large. However, for most of the spiral-sectored cyclo-
trols now in operation or being designed, break-up of ions should not be a great problem.

N. Verster described.a controlled-energy accelerator (for various particles) which is being built for completion
during 1963, at the Saclay laboratory. It will provide protons of up to 25 MeV energy. The magnet median surface
was determined to an accuracy of 1 mm by a floating wire technique.

K. stnading told of his method of "red hot" shims intended for field adjustments in the Manitoba cyclotron.
The shims on the poles are to be made of invar. Each group of shims will be heated to several hundred degrees by
means of interior holes, This will vary the magnetic permeability and, accordingly, the magnetic field in the given
region. In the author's view, this device will be more effective than the usual correcting coils carrying current.

G. Lawson told of several aspects of the design of the 180-centimeter controlled-energy cyclotron at the Ru-
therford laboratory in Harwell. Peak proton energy will be 50 MeV. The possibility of electrostatic beam extraction
has been under study.

Several papers dealt with the theory of orbits, and computer methods.

Two sessions were devoted to meson production. R. Haddock presented current data on meson formation, He
took note of several experiments requiring an intensity characteristic of a cyclotron with azimuthal field variation.

L. smith compared the possibilities of accelerators of various types. At first, he noted that, from the stand-
point of generation of 7~ -mesons, 800 MeV energy would be much more convenient than 400 MeV, and that interior-
target work would require an intensity of 10 pA, The reporter then presented a highly interesting comparison of ac-
celerators which stand good chances of competing with azimuthal-field-variation cyclotrons as meson generators.

He noted that FM cyclotrons are capable of yielding 10 pA current at 600-800 MeV energy, with the effective duty
cycle increased 100%, if a stochastic acceleration mechanism is resorted to. However the problem of beam extrac-
tion still presents some bugs to be ironed out. A strong-focusing 700 MeV synchrophasotron (proton synchrotron)
yields 10 pA at 10% effective cycle time, and costs $7-8 million. Beam extraction is comparatively simple in that
case. A constant-field strong-focusing accelerator would give as high as 100 pA, A machine of this type, acceler-
ating to 750 MeV, would cost $10-12 million, but beam extraction would be a difficult matter. A cyclotron with
azimuthal field variation will provide 100-1000 pA at 100% effective duty cycle, but beam extraction here again
will meet with severe difficulties. The cost of such a cyclotron would hover around $5 million, for 400 MeV energy,
and around $10-12 million for 800 MeV. Finally, Smith mentioned a linear accelerator which, in his view, could
provide 100 pA at 1-10% duty cycle. Beam extraction would be very simple, of course. Of the entire group of ac-
celerators under discussion, the linear accelerator would be the most expensive machine, and would cost $15-17 mil-
lion for 800 MeV,

R. Wallace discussed the problem of shielding and residual radioactivity in facilities designed for meson gener-
ation, In his calculation, he assumed that the intensity of the external proton beam would be 100 pA at 600 MeV
energy. In order to reduce the activity during operation to a tolerable level at a distance of 15 meters from the tar-
get, a wall of concrete about 10 meters thick would be required. The problems associated with the residual activity
of the machine itself and of the surrounding equipment would be resolvable, although serious.

J. Blaser told of plans considered by the ETH firm in Zirich, In collaboration with the AEG concern, they pro-
pose to construct a 6-sector cyclotron, 430 MeV, in West Germany. Two dees of 90° each, operating at the second
harmonic of the frequency of revolution, will be employed. N, Fogge-Nielsen told of work at CERN on designing a
sex-sectored machine designed for meson generation. The meson generator project at Oak Ridge, an 800 MeV ma-
chine, was presented by R. Livingston. The energy in this machine is so chosen that resonance v; = 2 will be a-
chieved at the maximum radius, and the beam may be readily extracted by means of a magnetic deflector.

W, Miiller told of the AEG firm’s work on a 400-450 MeV accelerator. It is desirable to use 6 sectors for this
energy range, since a choice of three or four sectors for energies 190 and 240 MeV, respectively, would lead to an
undesirable resonance. A transition to three sectors may be included in the design near the center, in order to in-
crease the field modulation factor, The cost of the machine is estimated at $5-6 million,
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J. Richardson told of his views on the choice of accelerator parameters. The field at the center should be 6
kG for a 700 MeV machine, Dees lying in the "valleys" of the magnetic field and extending to the region of field
maxima in the central region should be employed. One interesting feature of the project is the absence of a return
path in the magnet yoke, ’ '

The Oak Ridge electron analog of the 800 MeV proton cyclotron has been in operation since August 1961, This
" machine has been described by J, Martin, The field (41 G)is produced by a system of iron-free coils. A special diffi-

culty encountered in running the machine up to speed is the problem of getting the beam over the'resonance"vi*‘éfZ“.’
2600 particle circuits were obtained, while only 800 circuits were required in the simulated proton facility. R. Johns
told of an interesting experiment carried out on this machine. 29 circular and 8 sectored coils were arranged ran-
domly. After this, an attempt was made to adjust the cyclotron by means of control levers, while monitoring a
beam current indicator, The beam was extracted at maximum radius in eight hours, whereupon it was proved that
the cylotron could be adjusted even without benefit of computer techniques,

Experiments to be carried out on new sectored cyclotrons were discussed at a special session. Many experi-
ments belonging to the 10-100 MeV energy range were discussed. These include investigations of nucleon-nucleon
interactions, including the p-p and n-p scattering reactions, as well as various experiments on polarized beams,
which fall within the realm of practical possibility at the expected high beam intensities. Discussion turned later to
elastic and inelastic scattering of nucleons on nuclei, and to nuclear reactions, particularly those involving heavy-
ion experiments. Great significance is attached to papers on nuclear spectroscopy as well, particularly from the
standpoint of accurate energy level determinations.

Toward the end of the conference, the general view became current among the audience that a huge amount
of work has been done on the design and development of sectored cyclotrons, but that there is still quite a lot to be
done. 41 machines were discussed at the conference; of these, 11 are already in operation, 12 are under construc-
tion, and the remaining ones are in various stages of design and planning.
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A TWO WEEKS' VISIT TO BRITISH PHYSICISTS

Translated from Atomnaya E‘nergiya, Vol. 14, No. 4,
pp. 425-421, April, 1963

In the fall of 1962, a delegation of Soviet specialists on nuclear physics and charged-particle accelerators, in-
cluding authors, visited research centers and physics laboratories of several universities in Great Britain.

During their stay in the country, the delegation visited the Atomic Center at Harwell, the National Nuclear
Research Institute (Rutherford High Energies Laboratory), and also familiarized themselves with research on nuclear
physics being conducted at universities in Oxford, Birmingham, Manchester, Liverpool, and Glasgow.

Of, course, two weeks cannot possibly present opportunity for detailed acquaintance with the status of nuclear
physics and accelerator techniques throughout an entire nation. However, we did obtain some idea of the basic
trends in this research, and will render an account of them in this brief note,

At the present time, the level of research in the field of nuclear physics is determined to a considerable ex-
tent by the development of accelerator technique, so that we shall start off with a concise description of existing and
planned charged-particle accelerators.

The largest accelerator is the proton synchrotron at the University of Birmingham. This machine was made op-
erational in 1953, and can accelerate protons to 1 GeV, deuterons to 650 MeV, The beam intensity is 10 particles/
/burst, at six bursts per minute.

The second largest accelerator is the synéhrocyclotron at the University of Liverpool, with a peak energy of
400 MeV for the accelerated protons. The intensity of the extracted proton beam is 3+10% particles/cm?ssec, or 10
particles/cmz-sec and 3.5°10° particles/cmz'sec respectively, for 77~ and 7~ -mesons,

Since 1954, an clectron synchrotroh (400 MeV) has been in operation at the University of Glasgow,
The basic material of the research conducted onthese three accelerators isrelated to elementary particle physics.

The fourth largest operating accelerator is a synchrocyclotron at Harwell, employed to accelerate protons to
166 MeV, ; )

In speaking of operating accelerators, we must take note that laboratories in the United Kingdom are well
equipped with accelerators of energies ranging to several tens of millions of electron~volts, making it possible to
perform research on the physics of the atomic nucleus on a broad scale.

Since 1960, a 50 MeV proton linear accelerator has been in operation at the National Nuclear Research Insti-
tute, Energies of 30 and 10 MeV may be produced by shutting off individual sections of the accelerator. A source of
polarized protons, whose operation is based on separation of a beam of hydrogen atoms in a nonuniform magnetic
field (degree of polarization: 32%, intensity: 5+107 particles/sec) is present in this accelerator system.

An extensive research program involving the use of electrostatic accelerators is in progress. There are several
6 MeV accelerators and some less powerful ones, as well as tandem accelerators of 12 MeV energy (Harwell, Liver-
pool, Aldermaston).

At the University of Birmingham, the 10 MeV "Nuffield” cyclotron is being used to accelerate protons, deuter-
ons, o -particles, and He® ions. In addition, this university has a varied-field cyclotron (100 cm pole diameter) with
an external ion source. Ions from an RF source are focused by lenses, and enter the cyclotron chamber through an
opening in the magnet pole. A source of polarized ions will be installed, according to a proposal now being considered.

Of the operational accelerators, we may also note a 27 MeV linear electron accelerator at Harwell with ~1 A
current per pulse. At low current values, the electron energy is 35 MeV. Pulse duration varies from 2:107% t0 5-10°°
sec. The accelerated electrons generate a beam of gamma rays in a mercury target, and the beam is directed to a
subcritical U%® with multiplication factor 10, placed alongside the facility., The neutron flux is 104 neutrons/pulse,

At the present time, new accelerators of charged particles are being constructed in Great Britain. We shall
mention, first of all, the Nimrod accelerator at the National Nuclear Research Institute: a weak-focusing 7 GeV pro-
ton synchrotron. The accelerator is to be commissioned in August 1963,
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A varied-field cyclotron (1778 cm pole diameter) is being designed at the National Nuclear Research Institute,
Protons will be accelerated to 50 MeV on this machine, deuterons, ¢ -particles, and heavy ions to 12 MeV. Currents
of about 100 pA are expected for the protons, deuterons, and o -particles. For heavy ions, the extracted beam should
exceed 1 pA. The variation of the magnetic field will be achieved by means of three shims on each pole. The
magnetic field at the center will be 13 kG for protons, deuterons, and o -particles, and 16-17 KG for ions. The cy-
clotron will have a single dee at the termination of a coaxial line. The voltage across the dee with respect to ground
will be 100 kV in the frequency range 6.5-21 Mc. The principal function of the machine is to facilitate research in
the fields of radiochemistry and solid state physics. Plans also call for utilizing the cyclotron for nuclear research.
The machine must be built and ready for final adjustments by 1965.

At the present time, Oxford University is constructing a building to house a three-stage tandem accelerator.
The basement room will contain a 12 MeV two-stage tandem generator, while the third stage, 8-10 MeV energy, to
be fabricated by the university itself, will be set up vertically; the total proton energy will be 24 MeV.

By late 1962, work is to be completed on a three-stage linear heavy-ion accelerator at the University of Man-
chester. The ions accelerated in the first stage will pass through a thin graphite film into the second accelerator
stage (the ion charge being augmented in the process). The second stage will be a linear accelerator operated at

| 75 Mc frequency. The energy of the ions, after passage through the second stage, will be 4.5 MeV/nucleon, The
ions from the second stage will proceed to the third stage (Linear accelerator operating at 75 Mc frequency), where
the energy will be 10 MeV/nucleon after acceleration. Currents of argon ions and heavier ions at an intensity of
several microamperes will be obtained with the accelerator.

At the University of Liverpool, the magnet, vacuum chamber, and other components of a new electron cyclic
accelerator, 4 GeV and strong focusing, are in the design stage. Centered around this accelerator, which is to be
built in 1966 in a low-population region between Liverpool and Manchester, will be a second laboratory of the
National Nuclear Research Institute,

Design work has been commenced at the Rutherford laboratory on a proton linear accelerator using supercon-
ducting resonators, and accelerating protons to 600 MeV,

At the present time, investigations relating to the study of the structure of the nucleus, the mechanisms of
nuclear reactions, and the physics of elementary particles, are underway in physics laboratories throughout Britain.

Research on elementary particle physics is related to a significant degree to processing of plates obtained fron
bubble chambers at CERN, and to the processing of photoemulsions obtained at CERN and at Brookhaven.

Automatic facilities for processing bubble-chamber plates are available at the laboratories of the universities
of Oxford, 'Birmingham, and Glasgow. At present, plates obtained in a hydrogen bubble chamber with a beam of K-
mesons and antiprotons are being processed.

The nuclear emulsion team of the Oxford University is devoting serious attention to the study of decay of
hypernuclei,

Experimental research conducted on synchrocyclotrons and on the electron synchrotron include the study of nu-
cleon scattering on nucleons and on nuclei to determine the basic characteristics of scattering amplitude; the study
of meson production in nucleon-nucleon interactions at 1 GeV; the study of the capture of y™-mesons by hydrogen;
measurement of the differential photoproduction cross section of 7" -mesons on hydrogen near the reaction threshold;
measurement of the ratio of photoproduction cross sections of 77~ and 7t -mesons; measurement of the angular dis-
tribution of m¥-mesons in photoproduction; measurement of proton polarization in deuteron photodisintegration.

At the present time, an intense preparative labor is underway to set up future experiments on the Nimrod pro-
ton synchrotron. Work in this direction is proceeding ahead both at the Harwell laboratories and at various universi-
ties. In particular, universities are pooling their efforts in the fabrication of bubble chambers.

The study of the structure of the nucleus, as well as mechanisms of nuclear reactions, is being conducted by
teams working with electrostatic accelerators, linear proton accelerators, electron accelerators, the synchrocyclotron
at Harwell, and the Birmingham cyclotron.

A considerable fraction of the work being carried on with electrostatic accelerators is related to the study of
scattering of charged particles with correlation of the data obtained and results yielded by the optical model of the
nucleus. Experiments with polarized particles are also being conducted. Stripping and knock-on reactions with sub-
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sequent data analysis by the method of perturbed waves is an important subject of study. Research on coulomb ex-
citation of nuclei, and accurate determination of nuclear mass values from the (pn) reaction thresholds is being per-
formed on the tandem generators.

Electrostatic accelerators operated in pulsed modes are being applied to the study of neutron spectra from var-
ious reactions, inelastic scattering of neutrons, and lifetimes of isomeric states.

Pick-up and knock-on reactions and radiative capture of protons in the giant resonance region are being studied
on the linear proton accelerator, along with elastic scattering of protons.

The electron linear accelerator is being used primarily in neutron spectroscopy in the energy range from sev-
eral electron-volts to severaltens of kiloelectron-volts. The research program here includes measurement of total
cross sections and fission cross sections for heavy nuclei, gamma-ray spectra in the resonance region, the effective
number of neutrons emitted in neutron capture by U235, cross sections of (y, n) reactions, mass spectra of fission
fragments.

Experiments on the study of (p, p"), (p, 2p), (p, pn), (p, p), (p, 3n) reactions are being carried out on the Har-
well synchrocyclotron.

In carrying out these experiments, extensive use is made of the technique developed in measuring particle
spectra from time-of-flight determinations.

Silicon charged-particle detectors are being employed in practically all the research laboratories. Experi-
menters find that the use of n-silicon with its resistivity to 17,000 ohm-cm enables them to devise surface -barrier
detectors with a large depth of sensitive layer, sufficient to record high-energy protons. In addition to deep-layer
detectors, British experiments are also successfully fabricating thin detectors (100-microns thick) convenient for use
in measwing the specific ionization of particles.

In speaking of the advances in technique, we must mention use of acoustic spark chambers in which the site
where particles impact is determined by the time it takes for sound to propagate from the spark to an ultrasonic de-
tector. At the present time, work on building chambers of this type for subsequent use in magnetic spectrometers,
replacing photographic plates in that application, is underway at Harwell,

It is also worthwhile to note the intensive use of available accelerator techniques. As a rule, work on a par-
ticular accelerator is attended to not only by the staff of the laboratory in question, but also by guest scientists from
other research centers.

S. M. Polikanov and E. S. Lazutkin
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BRIEF COMMUNICATIONS

Translated from Atomnaya Energiya, Vol. 14, No. 4,
 p. 428, April, 1963

USSR
The research institutes of the State Committee on the Uses of Atomic Energy of the USSR are’ developing var-

ious devices for use as sources of ionizing radiations. For example, in the coming year plans call for fabricating ex-
perimental models of 5 MeV linear accelerators, small-size neutron generators, and powerful cascade generators,

The 5 MeV linear accelerator producing a gamma dosage of up to 200 r/min is designed for therapy of malig-
nant tumors. The accelerator design will facilitate both stationary and rotatory therapy.

A small neutron generator of 160 kV voltage and beam current of accelerated particles ~100 pA will be used
to carry out activation analysis in the production of pure and ultrapure materials,

~ The powerful cascade generator, for the production of electron beams to 2.5 jA at a current of 10 mA, is in-
tended for use in the chemical processing industries, Radiation-chemistry research has demonstrated the feasibility
of such generators for polymerizing polyethylene, modifying the properties of polymers, vulcanization of rubber, etc.
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Atomizdat Releases

Plasma v magnitom pole i pryamoe preobrazovanie teplovoi energii v elektricheskuyu Plasma in a mag-
netic field and direct conversion of heat energy to electrical energyl. Collection of articles translated from the
English, edited by L, I. Dorman. 1962, 472 pages. 1 ruble, 53 kopeks.

This symposiwm contains theoretical and experimental papers completed prior to 1962. For the most part, the
papers deal with the interaction between a moving plasma and a magnetic field, with an eye to applications to the
problem of direct conversion and the use of magnetohydrodynamic generators,. The articles discuss such questions as;
interaction between partially ionized gases and electrical and magnetic fields; flows of conducting media in MHD
channels; performance of MHD generators; interaction between moving partially ionized gases and a magnetic
field; determination of the electrical properties of ionized gases. The collection also contains some papers which
shed light on the prospects of utilizing this approach to generate electrical energy, and various fields of application
of MHD generators. The extensive bibliography presented embraces the period from 1956 to January 1962 inclusive.

V. D. Rusanov. Sovremennye metody issledovaniya plazmy [Latest methods in plasma research]. 1962, 184
pages. 64 kopeks.

This book surveys experimental methods used in investigating the physical state of plasma. The first section
of the book outlines high-frequency methods in studying the temperature and concentration of charged particles;
the second and third sections describe probe techniques and optical techniques in studying plasma parameters; the
fourth section deals with investigations of radio-frequency emission of a plasma and the determination of concentra-
tion and temperature; the fifth and last section discusses additional techniques in monitoring concentration and tem-
perature. The bibliography for all sections is grouped together at the end of the book.

R. Meghreblian and D. Holmes. Teoriya reaktorov [Nuclear reactor theory, translated from the English (McGraw-
Hill)]. 1962, 590 pages. 3 rubles, 13 kopeks.

This book is devoted to a mathematical description of the physical behavior of thermal reactors; it runs through
analytical methods in neutron-physics calcuiations; describes various neutron phenomena in reactors in the light of
extensively used mathematical models, The first chapter provides a brief discussion of nuclear chain reactions and
general aspects of reactor theory. The second and subsequent chapters are devoted to probability theory, the concept
of neutron flux, moderation, diffusion theory, age approximation, transport theory, the theory of réactors with reflec-
tors, reactor Kinetics, heterogeneous reactors, the theory of control rods, etc, A list of pertinent literature is append-
ed to the book.

V. 8. Balabukha, L. M, Razbitaya, N, O, Razumovskii, and L. I. Tikhonova. Problema vyvedeniya iz organ-
izma dolgozhivushchikh radioaktivnykh izotopov [Problem of isolating long-lived radioactive isotopes from the or-
ganism]. 1962, 168 pages. 69 kopeks.

The book discusses how to prevent the resorption of the long-lived radioisotopes: Cs™’, s1%, Y%, ce', zr”,
and Rul®, The current status of the question of using complexing agents as prophylactic and therapeutic media is
elucidated. The theoretical foundations of processes involving the complexing of chemical elements and organic
compounds is presented, and methods for determining the composition and stability of complexes are discussed. The
conditions decisive in the linking of radioisotopes in biological media are examined with a view to their removal.

A list of useful literature is appended to each chapter.

The book is intended for scientists and practicing physicians interested in this problem.

Metallurgiya i metallovedenie plutoniya i ego splavov [Metallurgy of plutonium and its alloys, translated from
the English]. Edited (original) by W, Wilkinson. 1962, 276 pages. 1 ruble, 41 kopeks.

This book constitutes a symposium of papers presented at the symposium of the American Institute of Mining
Engineers (San Francisco, February 1959).
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The first portion deals with material on plutonium metallurgy, It discusses such methods of getting plutonium
metal as: extraction from salts, recuperation from wastes, reduction by calcium of plutonium halides, etc. The sec-
ond portion contains papers on the metallurgical behavior of plutonium. It discusses the problems of the behavior of
plutonium in alloying and the behavior of various plutonium alloys under elevated pressures; phase diagrams of plu-
torrium-cerium and plutonium-zinc systems are described; methods used in the metallographic study of plutonium
and cathodic etching of plutonium and plutonium alloys are investigated; transformation diagrams of o~ and 8-plu-
tonium are studied; experiments on zone purification of plutonium are described.

A useful supplement to the basic material of the book is the generous annotated bibliography and subject index.
New Releases by Other Publishers

A. N, Holden. Fizicheskoe metallovedenie urana [Physical metallurgy of uraniwm, translated from the English
(Addison-Wesley)]. Metallurgizdat, 1962, 268 pages.

This book is a. translation of a monograph appearing in the USA in 1958 on the structure, properties, and en-
gineering applications of uranium and its alloys. It contains 14 chapters, some appendices (diagrams of binary ura-
nium alloys), and a subject index,

The book starts off with a brief discussion of uraniferous ores, production of uranium metal, and some basic in-
formation on nuclear physics. Following this are descriptions of the crystal structure of the various allotropic modi-
fications of uranium, and listings of the physical, chemical, and mechanical properties of uranium metal. We then
proceed to a discussion of the deformation of uranium in various allotropic modifications, the structure of deformed
uranium, and changes in the properties and structure of deformed uranium in annealing. Chapters VIII and IX present
the kinetics of phase transformations in uranium and its alloys, and indicate methods for growing uranium single crys-
tals. The next chapter is devoted to diffusion in uranium alloys, which is of unusual interest in the design of fuel
elements. Chapters XI and XII deal with the effects of irradiation and thermal cycling on the structure and physical
and mechanical properties of uranium metal.

‘ The. concluding portion of the book contains a brief description of fuel element design, and the metallography
of uranium and uranium alloys,

The book will be a useful asset to metallurgical engineers and metal physicists, as well as students in metal-
lurgical programs.
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Isotopentechnik, 2, No, 11 (1962),
J. Pazdernik, 341-43. Methods for measuring radioactivity of water in Czechoslovak water treatment labora-
tories, and comparison with measurement techniques in use elsewhere.

J. Inorg. and Nucl, Chem., 24, November (1962),
G. johnson, 451-68. Nitric acid-filled radiation dosimeter.

452

Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5




Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5

Kemenergie, 5, No. 10/11 (1962).
J. Klumpar and M. Majerovd, 774-81, scintillation measurements of aqueous solutions of beta emitters.

W. Marquardt, 782-87. Measurements of atmosphere long-lived radioactivity.

F, Kriiger and E, Atze, 787-90. Shielding from radiation in the direction of the axis of a cyhndncal source
with self-absorption,

Kernenergie, 5, Supplement (1962).

- - - B181-B218. Recommendations on radiation shielding by the International Commission on Radiological
Shielding, Committee III, Shielding against x-rays of energies to 3 MeV and against beta and gamma emis-
sions from sealed sources.

Kerntechnik, 4, No. 10 (1962).
H. Klessmann, 446, Miniaturized transistorized dosnneter.

Kerntechnik, 4, No. 11 (1962),
P. Sauermann, 481-84, Shielding against ionizing radiations.

J. Seetzen and K. Sayar, 485-84. On the feasibility of using prestressed concrete shielding as a reactor pres-
sure vessel.

T. Jaeger, 492-98. Design of protective enclosures for power reactors,
A. Honig, 499-503, Radiographic investigation of the structure of steel-reinforced concrete structures.

W. Futtermenger et al., 504-508. Determination of attenuation characteristics of shielding materials by
measuring scattered radiation.

W, Hebel, 509-10, shielding against gamma emissions of fission products,

S. Orecher and M Oberhofer, 516-17. Shielding against radiation from holes and beam ports in research
reactors.

H. Witte, 517-18. Steel doors for shielding against ionizing radiations.
Nucleonics, 20, No. 12 (1962).

A. Glass, 66 ff. Optical-rotation dosimetry for Co® gamma facilities.
S. Pawlicki, 74 ff, Shielding CVTR—a heavy-water pressure-tube reactor,
- - -, Tables of characteristics of neutron dosimeters, dose rate meters, and monitors.

Reactor Sci. ahd Technol., 16, No. 9 (1962).

J. Moriis et al., 437-45. Removal of weak iodine concentrations from air on a plant-wide scale.

V. Radioactive and Stable Isotopes

Inzhener. -fiz, zhur., 5, No. 12 (1962),
N. V. Churaev, 41-47. Radiotracer investigation of the mechanism of moisture transport in drying processes.

Narod, khoz. Kazakhstana, No, 8 (1962),
S. Bukharbaev, 47-50. Radioactive isotopes in industry.

Trudy inst. fiz, akad. nauk Gruz. SSR, 8 (1962). A
A.V, Bibergal' et al., 63-74, Expemmental gamma pllot facility GUEP-20,000,

Trudy nauchno-issled, inst. teploenerg. pribor., symp 2 (1962).

M. G. Kozlov and L. A. Panteleeva, 59-71, Measurement of moisture of materials by nuclear magnetic
resonance.

Isotopentechnik, 2, No. 11 (1962)

R. Altnau and E. Richter, 325-27. Radioisotope applications in power machinery building.
G. Milde, 328-35. Applications of radioisotopes in hydrogeological research.

G. Meier, 343-47. Spectroscopic analysis of stable isotopes.
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Nucleonics, 20, No. 12 (1962).
R. Hammond, 45-49. Large reactors may distill sea water economically,

G. Murray, 50-51, Commercial sterilization with cobalt-60.

Jadernd Energie, No. 3-(1963).

V. Bartosek. On reactor transients during replacement of fuel elements at a constant speed.
o

M. Mozisek. Plastics in radiation dosimetry. -

L. Petr. One way to measure small time intervals and short pulses with an oscilloscope.

David and Lubomir. Results of measurement of flux of thermal and resonance neutrons in the core of the
VVR-S reactor. ‘

Bartonicek. Use of a metal dosimeter in practice.

Kab4t. Continuous measurement of level of fluids and free-ﬂowimg materials in tanks,
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ABBREVIATION

AE

Akust. zh.
Astr(on). zh(urn).
Avto(mat). svarka

Byull. éksp(erim).
biol. (i med.)

DAN (SSSR)
Dokl(ady) AN SSSR

Entom(ol). oboz(r).
FTT, Fiz. tv(erd). tela
Fiziol. Zh(urn). SSSR
Fiziol(ogiya) rast.

Geol. nefti i gaza

Ilzmerit. tekhn(ika)

Doklady Akademii
Nauk SSSR
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Soviet Journals Available

RUSSIAN TITLE

Atomnaya énergiya

Akusticheskii zhurnal

Astronomicheskii zhurnal

Avtomaticheskaya svarka

Avtomatika i Telemekhanika

Biofizika

Biokhimiya

Byulleten' éksperimental’l noi
biologii i meditsiny

. Life
Sciences
©
£
3
S
2§
£%5 Chemical
528 Sciences
c c
S
sy
8 @
]
® 3 _Earth
<=3 Sciences
g a
=2

Mathematics
Physics

Elektrosvyaz’

Entomologicheskoe obozrenie

Fizika metallov i metallovedenie

Fizika tverdogo tela

Fiziologicheskii zhurnal imeni
.M. Sechenov

Fiziologiya rastenii

Geodeziya i aerofotosyemka

Geokhimiya

Geologiya nefti i gaza

Geomagnetizm i aeronomiya

Iskusstvennye sputniki zemli

lzmeritel'naya tekhnika
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TITLE OF TRANSLATION

Soviet Journal of Atomic Energy

Soviet Physics —'Acoustics

Soviet Astronomy — AJ

Automatic Welding

Automation and Remote Control

.Biophysics

iochemistry

Bulletin of Experlmental
Biologv and Medicine

Doklady Biological Sciences Section:
(includes: Anatomy, biochemistry, blophysms
cytotogy, ecology, embryology,
endocrinology, evolutionary morphology,
genetics, histology, hydrobioiogy,
microbiology, morphology, parasitology,
physiology, zo0i10g8Y)

Doklady Botanical Sciences Sections
(includes: Botany, phytopathology,
plant anatomy, plant ecology,
plant embryology, plant physiology,
plant morphology)

Proceedings of the Academy of Sciences
of the USSR, Section: Chemical Technology

Proceedlngs of the Academy of Sciences

SSR, Section: Chemistry

Praceedmgs of the Academy of Sciences

SSR, Section: Physical Chemistry

Doklady Earth Scnences Sections
(inciudes: Geochemistry, geology,
geophysics, hydrogeology, lithology,
mineralogy, oceanology, paleonto:ogy,
permafrost, petrography)

Proceedmgs of the Academy of Sciences

f the USSR, Section: Geochemistry

Proceedlngs of the Academy of Sciences
of the USSR, Section: Geology

Soviet Mathematxcs — Doklady

Soviet Physics — Doklady
(includes: Aerodynamics, astronomy,
crystailography, cybernetlcs and control
theory, electricat engineering, energetics,
fluid mechanics, heat engineering,
hydraulics, mathematical physics,
mechanics, physics, technical phys:cs
theory of elastimlv sections)

Telecommunications

Entomological Review

Physics of Metals ana Metallography

Soviet Physics — Solid §

Sechenov Physiologicat Journal USSR

Plant Physiology

Geodesy and Aerophotography
Geochemistry

Petroleum Geology
Geomagnetism and Aeronomy
Artificial Earth Satellites
Measurement Techniques

in Cover-to-Cover

PUBLISHER

Consultants Bureau

American Institute of Physics
American Institute of Physics

Br. Welding Research Assn. (London)
Instrument Society of America
National Institutes of Health**
Consultants Bureau

Consultants Bureau

National Science Foundation™

National Science Foundation*

Consultants Bureau
Consultants Bureau

Consultants Bureau
American Geological Institute

Consultants Bureau

Consultants Bureau
American Mathematical Society
American Institute of Physics

Am. Inst. of Electrical Engineers
National Science Foundation**
Acta Metallurgica

American institute of Physics
National Institutes of Health**

National Science Foundation*
American Geophysical Union
The Geochemical Society
Petroleum Geology

American Geophysical Union
Consultants Bureau
Instrument Society of America

Translation
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lzv. AN SS!
0O(td). Kh(lm) N(auk)
lzv. AN SSSR
O(td). T(ekhn) N(auk):
Metall). i top.
fzv. AN SSSR Ser. fiz(ich).

fzv. AN SSSR Ser. geofiz.
tzv. AN SSSR Ser. geol.

Iz. Vyssh. Uch. Zav.,
Tekh. Teks. Prom.

Kauch. i rez.

Kolloidn. zh(urn).

Metallov. i term.

Met. i top.(gorn.)
Mikrobiol.

0S8, Opt. i spektr.
Paleontol. Zh(urn)

Pribory i tekhn,
€ks(perimenta)

Prikl. matem. i mekh(an).

PTE

Radiotekh.
Radiotekhn. i élektron(ika)

Stek. i keram.
Svaroch. pro:z vO
Teor. veroyat. i prim.
Tsvet. metally

Ui
UKh, Usp. khimi
UMN

Vest. mashinostroeniya
Vop. onk(ol).

Zav(odsk) lab(oratoriyay

Kh Zh. anal(it). Khim(ii®

Zh. ékspenm i teor. fiz.
hFKh

Zh. fiz, khimii
hNKh .

ZR. neorg(an). khim.

Zh. obshch. khim.
hPKh

Zh. priki. khim.

ZhSKh o

Zh. strukt(urnoi) khim.

ZhTF

Zh. tekhn. fiz.

Zh. vyssh. nervn. deyat.
{im. Paviova)

*Sponsoring organization. Translation published by Consultants Bureau.

et it g s g

lzvestiya Akademii Nauk SSSR:
Otdelenie khimicheskikh nauk

(see Met. i top)

fzvestiya Akademii Nauk SSSR:
Seriya fizicheskaya

Izvestiya Akademii Nauk SSSR:
Seriya geofizicheskaya

Izvestiya Akademii Nauk SSSR:
Seriya geologicheskaya

Izvestiya Vysshikh Uchebnykh Zavedenii
Tekhnologiya Tekstil’'noi
Promyshlennosti

Kauchuk i rezina

Kinetika i kataliz

Koks i khimiya

Kolloidnyi zhurnal

Kristallografiya

Metallovedenie i termicheskaya
obrabotka metallov

Metallu

Metallurglya i toplivo (gornoye delo)

Mikrobiologiya

Ogneupory

Optika i spektroskopiya

Paleontologicheskii Zhurnal

Pochvovedenie

Poroshkovaya Metallurgiya

Priborostroenie

Pribory i tekhnika éksperimenta
Prikladnaya matematika i mekhanika
(see Pribory i tekhn. éks.)

Problemy Severa

Radiokhimiya

Radioteknika

Radiotekhnika i électronika

Stankn i instrument

Steklo i keramika

Svarochnoe proizvodstvo

Teoriya veroyatnostei i ee primenenie

Tsvetnye metally

Uspekhi f|Z|chesk|kh nauk

Uspekhi khimii

Uspekhi matematicheskaya nauk

Vestnik mashinostroeniya

Voprosy onkologii

Zavodskaya laboratoriya

Zhurnal analiticheskoi khimii
Zhurnal eksperimental'noi i

teoreticheskoi fiziki

Zhurnal fizicheskoi khimii
Zhurnal neorganicheskoi khimii
Zhurnal obshchei khimii
Zhurnal prikladnoi khimii

Zhurnal strukturnoi khimii

Zhurnal tekhnicheskoi fiziki

Zhurnal vychistitel'noi matematika i
matematicheskoi fiziki

Zhurnal vysshei nervnoi
deyatel’nosti (im i. P. Pavlova)

**Sponsoring organization. Trans!ation published by Scripta Technica.

Declassified and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600100003-5

Bulletin of the Academy of Sciences of
the USSR: Division of Chemical Science

Bulletin of the Academy of Sciences
of the USSR: Physical Series
Bulletm of the Academy of Sciences
the USSR: Geophysics Series
Bulletm of the Academy of Sciences
of the USSR: Geologic Series

Technology of the Textile Industry, USSR

Soviet Rubber Technology

Kinetics and Catalysis

Coke and Chemistry, USSR

Colloid Journal

Soviet Physics — Crystallography

Metals Science and Heat Treatment of
Metals

Metallurgist -

Russian Metallurgy and Fuels (mining)

Microbiology

Refractories

Optics and Spectroscopy

Journal of Paleontology

Soviet Soil Science

Soviet Powder Metallury and Metal Ceramics

Instrument Construction

instruments and Experimental Techniques
Applied Mathematics and Mechanics

Problems of the North

Radiochemistry

Radio Engineering

Radio Engineering and Electronic Physics
Stal (in English)

Machines and Tooling

Glass and Ceramics

Welding Production

Theory of Probability and its Application
The Soviet Journal of Nonferrous Metals
Soviet Physics — Uspekhi (partial translation)
Russian Chemica! Reviews

Russian Mathematical Surveys

Russian Engineering Journal

Problems of Oncology

Industrial Laboratory

Journal of Analytical Chemistry

Soviet Physics — JETP
Russian Journal of Physical Chemistry

Journal of Inorganic Chemistry

Journal of General Chemistry USSR
Journal of Applied Chemistry USSR

Journal of Structural Chemistry

Soviet Physics — Technical Physics
U.S.S.R. Computational Mathematics and
Mathematicat Physics

Pavlov Journal of Higher Nervous Activity

Consultants Bureau

Columbia Technical Translations
American Geophysical Union

American Geological Institute

The Textile Institute (Manchester)
Palmerton Publishing Company, Inc.
Consultants Bureau

Coal Tar Research Assn. (Leeds, England)
Consultants Bureau

American Institute of Physics

Acta Metallurgica

Acta Metallurgica

Scientific Information Consuitants, Ltd.
National Science Foundation*

Acta Metallurgica

American Institute of Physics
American Geological Institute
National Science Foundation**
Consultants Bureau

Taylor and Francis, Ltd. {London)

Instrument Society of America
Am. Society of Mechanical Engineérs

National Research Council of Canada
Consultants Bureau

Am. Instifute of Electrical Engineers
Am. Institute of Electrical Engineers
Iron and Steel Institute

Production Engineering Research Assoc.
Consultants Bureau

Br. Welding Research Assn. (London)
Soc. for Industrial and Applied Math.
Primary Sources

American Institute of Physics

Chemical Society (London

Cleaver-Hume Press, Ltd. (Lbndon)
Production Englneenng Research Assoc.
National Institutes of Health**
Instrument Society of America
Consultants Bureau

American Institute of Physics
Chemical Society (London)

Chemical Society (London}
Consultants Bureau
Consultants Bureau

Consultants Bureau
American Institute of Physics

Pergamon Press, iInc. .

National Institutes of Health**
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ISA TRANSACTIONS

The only publication devoted exclusively to the literature
of measurement, data handlmg, computatzon automattc
control and systems engtneermg

' Every scientist and engineer concerned with the theory,
design, or application of instrumentation will find 1sa
TRANSACTIONS his most effective tool for keeping abreast

of the latest and most outstanding contributions to the

progress of instrumentation, Published by the only tech-

nical society devoted exclusively to instrumentation and

automatic control, ISA TRANSACTIONS -presents top

quality reports written by experts on recemt advances .

covering the entire spectrum of activity in the field.

Papers are grouped into four séctions, each of which is

edited by a leading authority: - .

1. Measurement Apparatus (Prof. James M. Mozley,
Johns Hopkins University)

2. Measurement Applications (Kenneth E. Kissell, -
Aeronautical Research Laboratories, U.S. Air Force) -

3. Data Handling, Computation, Automatic Control
Systems ‘(Prof. Thomas J. Higgins, Umver51ty of
Washington)

4. Surveys and Reviews (Theodor A. Dukes Pnnceton
University)

Loren E, Bollinger is Editor-in-Chief, and Emil J. Min-
" nar, Managing Editor.

A publication of Instrument Society of America, distrib--
uted by Plenum Press, a division of Consultants Bureau.

i3

~

N

Techniques for Measurement of Surface Emittance - -
Data, Requured for the Engineering Design of Radi-
ators in Spacecraft « The Introduction of a Critical
Flow Factor for Valve Sizing ¢« A Method for Measur-
ing the Instability of Resistance Strain Gages at
Elevated Temperatures * Techmque and Interpreta-

. tion of Magnetic Susceptlbllcty Measurements of

Water in Normal and Tumor Tissue ¢ instrumenta-
tion for the Measurement of Hydrodynamic Flow-
Noise + Experimental’ Behavior of Metal Mirrors of

" Various  Geometries at High Rotational Velocities s

Quantitative Aspects of Gas Thromatography with
Open Tubular (Golay) Columns « An Assessment of
Readout Errors Encountered in Radio Telemetry
from Gun-Launched Hypervelocity Projectiles « A
Study of Techniques for the Exact Analysis of Finite
Puised Feedback Systems « Blast Furnace Stove
Analysis and Control * Spectroscopic Pyrometry of
Gases, Flames, and Plasmas ¢ The Calibration. of
Inductive Voltage Dividers and Analysis of - Theit
{Operational Characteristics * An Instrument for

" ‘Measuring Thermal Properties ¢ Expioratory Design

of a Hydraulic Position Servo « The SVTP Instrument
and Some Applications to Oceanography ¢ Perform-
ance’ and Use of Metal Freezing-Point Cells Which
Generate Precise Temperatures » A New Approach to

. Bridge Sensitivity + Capacitor Low-Frequency Char-

acteristics « Nonlinear Theory and Application » Ana-
log Computer Simulation of an Electrolytlc Tin Line
+ Evaluation of Computer Control. System for Syn-

‘thetic Rubber Production + Analog Computer Tech-

‘Helium. Atmospheres ¢ The Driving Pomt Impedance .
_of Fluid Process Lines.

niques for Optimizing Power Plant Operation + The
Film Tensiometer: Theory of Operation and Process
Applicdtion « A Precision Resistance Divider for
100,000 Voit d-c Measurement +-Apparatus and Pro-
cedures for Determining Tensile Properties of lron.
“"Whiskers" « A'Small High- Intensity Microphone Cal-

ibration Comparison Chamber « Pyroelectric Trans-

_ ducers for Heat-Transfer Measurements ¢ An Indirect

Method of Fllm Thickness Measurement in Fluld-Fllm
Bearings « Stability of Base Metal Thermocouples in

‘Annual subscription 1964 (4 issues): $20.00

. (Special ISA-member price: $15.00)
N

C? PL’ENUM PRESS‘ 227 West 17th Streer, New York 11, N. V.
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T SOVIET

RADIGCHEMISTRV

- (RADIOKHIMIYA)
. 1h cover-to-cover-translation

" A new Soviet journal (first issued in 1959) publishes
research works emanating from the Khlopin Radium In-\

stitute, Academy of Sciences USSR, and is under the
editorial supervision of Academician- V.M. Vdovenko,

. director of the Institute. The other members of the edito- '

rial board include such top researchers as LP. Alimarin,
Al Brodskii, E. K. Gerling, A. A. Grinberg, V. R.Klok-
“man, L. V. Komilev, B. V. Kurchatov, A.N. Nesmeyanov,
A.V. Nikolaev, B, P. Nokol’skii, V. L. prtsyn, L E. Starik,
and A.P. Vinogradov. * 7 . .

_ In present-day science and technology, wher€ the radxo-»
active properties of various substances are finding inc

creased appllcatxon in the study of chermcal reactions
and properties, it is of great 1mportanoe that the Western -
scientific community be ‘cognizant of Soviet progress in.

radiochemistry. The translations of SOVIET RADIOCHEM-

ISTRY will prov1de a runmng account.of Soviet progress
. ' in the chemistry of atomic elements, methods of research

in radiochemistry, the study of radloactmty, the history

* of radiochemistry, and applied radiochemistry. The in- .

formation and létters section contains concise accounts
of interesting resea:ch in radioactivity.

Contributors to the journal include S.Z. Rogmsku LV.
Tananaev, P.1. Kondratov, A.D. GeI'man, Yu V. Egorov,
V. P. Zatseva, V.P. Shvedov, A.N. Ponomarev, V.S.
Zlobin, and members of the editorial board.

The journal is issued bl-monthly, as will be the English
edmon Translation began with the’ first issue of 1962.
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[y

Study of. Coprecipitation of Microimpurities in Iso-
thermal Relief of Supersaturatlon of a K,;S0, Solu-
tlon I}, Coprecipitation of Lanthanum with K,SO, ¢ v
Crystallization Coefficents of Some , Alkali-Metal

Halides with Microconcentrations of One of the Com-
ponents ¢ Coprecipitatién of Microgram Amounts of

Molybdenum with Some Inorganic Precipitates e

Temperature Dependence of Distribution Coefficents
in the Extraction of Uranyl Nitrate from ‘Aqueous
Solutions with Diethyl Ether « Salting-Out Action of

" Group Il Metal Nitrates in the Extraction -of Uranyl .

Nitrate with Diethyl Ether » Physicochemical Charac-

teristics of the Dynamics of Sorption of Radioactive
. Substances ¢ State of Protactinium in Aqueous Solu- .

tions. VI, Adsorption Properties of P\?otactinium .
Sorption of Some Radioactive Isotopes from Aqueous,
Solutions by Active Maganese Dioxide * Adsorption
of Yttrium and Zirconium by Zirconium Phosphates
» Structure of Uranyl Nitrate Dihydrate ¢ Plutomum

" Fluorides + Hydrolytnc Behavior of Plutonyi.

Aqueous Solutions o . Elution of Neptunium from
the Anionite AM + Use of lon Exchange to Study
the State of a Substance in Solution. VHI. Study of
Uranyl. Carbonate Solutions by fon Exchange * Chro-

: matoéraphic Separation of - Protactinium from Zir-
.conium, Titanium, and Niobium * Chromatographic

Concentration of Astatine » Isolation of a Group of -

_Carrier-Free Rare Earth Fission Products from

Uranium and Thorium ¢ Determination of Ms Thl by
Ms Thil g-Particles in the Presence of Radium-226
Determination of Radioactive Cesium by the Ferro-
cyanide Method « Determination of Low Levels of
Radioactive Contaminants in Water. « Reac{i‘on of
Recoil Tritium Atoms with Benzene ¢ Recoil Effect
in Inner-Complex Compounds of Cobalt in the Re-
action Co®(n, 2n)Co% » Yields of Spallatlon and Fis- -
sion Reactions Induced by High-Energy Particles +
Mechanism of Zirconium Extraction by Organophos-
phorus Compounds - Effect of Structural Factors on
the Thermodynémic Characteristics of the Extraction
of Salts of Basic Dyes ¢ Effect of the Amount of
Absorbed lons in a Chromatography Column on the
Position of a Peak on the Elution Curve ¢ Diffusion
of Strontium-90.in Soil and Sand.

Annual subscription (6 issues): $95.00

i

.HCONSULTANTS‘ --B(UREA‘U 227 West 17 St, New vork“1‘1, NV

Al

Dbeclass,ifie_crl and Approved For Release 2013/09/25 : CIA-RDP10-02196R000600:100003-5




