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Group switchgear with automatic adjusters. Svetotekhnika
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1. Tyazhpromelektroproyekt
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[Course in radio engineering] Kurs rodiotekhniki. Moskva
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On approximation precesses of periodic functions by
trigonometric polynonials

1962, 438-442

An asymptotic formula is derived for Lebesgue's function,

which is approximated by trigonometric polynomials. Let

n) n

K. (x) = —;'%— + 2 A" cos ke -

=1

cients, and pn(X)
[- x, ¥], for which Var pp (%)

function is made to
lynomials
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where ¢ =-2-3’-t—(v=1,2,...,r), r>2n+ 1. .

v r
Various well-knovm approximation—methods which involve expansion in
Fourier series or interpolation of the function f(x) at equidistant -
points, are particular cases of (2), with different sequences (1)
and pn(x). The convergence of the polynomial sequence ?2) is rela-

" ted to the behavior of the corresponding sequences of Lebesgue func-
tions, Viz.: ( 2 ) / ( )/
L x3 A = sup T £; x3 A3 .
n,r 3 0P gyl T P

. The follow n§ theorem holds: If the uniformly bounded system of
" numbers Ak nj is convex (or concave), and for each positive sequen—

; ge £y = o (1/n), Var pn(t) =1 - 0(1/a), then the asympto%ic formu-
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dpn(t)). The theorem is proved on the basis of g lemma, and by ~
use of Avel's transform, There ig 1 Soviet-bloe reference.

ASSOCIATION: Dnipropetrovs'kyy derzhavnyy universytet (Dniprope-
trovs'k State University)

PRESENTED: by Academician Yu.A. Mytropol's'kyy, AS UkrRSR
SUBMITTED: - September 1, 1961
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Determining the economic efficlency of metal—cutting tool
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Meathodology. for calculating the optimal lot size for metal-cutting
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ORG: Leningrad Military Engineering Academy im, A. F, Mozhayskiy. (Leningradskaya
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TITLE: Discrete smoothing deﬂcea
SOURCE: 1VUZ. Priborostroyeniye, v. 9, no. 1, 1966, 90-96
TOPIC TAGS: signal noise separation, signal interference

ABSTRACT: The smoothing of a stationary random noise n(t) by a discrete smoother

(DS) is theoretically analyzed; the rms error in reproduction of a random stationary

desirable signal m(t) and the required dynamic accuracy of reproduction of a regular

signal x(t) at discrete time moments

: Y are specified. The general DS structure]
L) Wy— (see figure) comprises: D(z) is the
transfer function of DS digital circuit;

W(s) is the extrapolator's transfer

~UDG: 62 ~502
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nsfer function of the DS continuous part. The mechanism

pt of absolute pseudo-frequency A-—}--%— w are used

function; W, (s) is the tra

of w-transform and the conce

which permits utilization of continuous -DS methods of analysis. Smoothing of

(a) discrete white noise, (b) random noise having limited spectral density,

(c) irregular tossing (rolling or pitching) type random noise, and {(d) harmonic noise
is considered. Orig. art. has: 3 figures and 48 formulas.
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[Economics of retal-cuttin
(MIRA 18:3)

ipstrumental'nogo proizvodstva.
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Sovetskos radio, 196y,
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GONOROVSKIY, I.S.; ITSKHOKI, Ya.S., doktor tekhn. nauk, prof.,

retsenzent; VLASOV, V.F., kand, tekhn. nauk, dots.,
retsenzent; LAPIS, A.L., kand. tekhn. nauk, dots.,
retsenzent; ZABOLOTSKIY, N.G., red,

[Radio circuits and signals] Radiotekhnicheskie tsepi 1 sig-
naly. Moskva, Sovetskoe radio, 1963, &9, p.  (MIRA 17:5)
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"Reduction of Metal Oxides With So1ig Carbon,"

T S Gel'd, V. G, Vlasov, N, N, mmu.mvwmnnmxof
Ural Polytech Inst imeni S, M, Kirov, Sverdlovsk

"Dok Ak Nauk SSSR" Vo LXXVIII, No 4, pp 693-696

f process is detg
°€., gasification of carbon
de.

Disproves assumption that
process is direct reaction between oxide ang

18478
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‘ ‘¢arbon without inte

‘monoxide. Submitted by Acad s, I, <o.~°wwo<wnwu
‘2-Apr 51, ‘

Oxides, Reduction 1 Jun 51 .,_
(Conta)

Imediate formation of carbon
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Carbons

Interaction of oxides and. their compounds with solid carbon.
prikl. khim. 25, no. 2, 1952,

Monthly List of Russian Accessions, Library of Congress, August 1952 3933, Uncl.
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VLASOV, V.G., kand,tekhn.nauk, dots.,; LISNYAK, S.S., kand.tekhn.nauk

~mermerrore @RI etics of iron oxide reduction by means of charcoal. Izv. vyse.
ucheb. zav.: charn. mat. no.7:45-52 J1 '58, (MIRA 11:10)

1, Ural'skiy politakhnicheskiy institut,
(Iron oxidses) (Oxidation-reductian: ronction) (Charcoal)
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VLASOY, V.G., dots., kand.tekhn,nauk; LISNYAK, §.3., kand, tekhn.nauk
—

Kinetics of 1'6301; and Pe0 reduction by solid carbon. ;Iz;q;:ﬁl;eb.zav.:
chern.mot. no.9:45-50 5 '58. ( :

1. Ural'skiy politekhricheskiy institut.
. (Iron oxides) {Reductionm, Chemical) (Carbon)
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Viagov, V. G., Kozlov, V. A. . : S0V/76-%2-11-23/%2

\
Dissociation Kinetics of Manganese Oxides (Kinetika dis-
sotgiatsii okislov margantsa)

Zhurnal fizicheskoy khimii, 1958, Vol 32, Nr 11, pp 2608-2613
(USSR)

Investigations of the subject mentioned in the title are of
special interest as the dissociation processes are applied in
metallurgy, and moreover, they are characteristic exanples of
topochemical reactions. Besides the investigations cf the dis-
gociation kinetirs the authors also determined the dissociation
pressures of I&Ino2 and Mn203. MnO2 was used in a form which

according to the terminology by Ye. Ya. Rode (Ref 5) is called
the B-modification of Mnoz. The experiments were carried out

in a high-vacuum plant on a quartz spring balance. The dis-
sociation kinetics of Mn0, was investigated at 600-650°C and

that of Mn203 at 400-550°C. The function of the dissociation

pressure of MnO2 versus the temperature is expressed by the
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SoV/76-32-11-23/32

Dissociation Kinetics of Xanganese Qxides

. _ 6602 .
equation 1g Po = -—g —* 8.21, and thet for mn203 by

2
1 _ 11040 . . s
g PO2 = -7  t 8.57. It was found that the dissociaticn
of both oxides at lower temperatures (4000 or 600°, respective-
ly) takes place in the beginning at a constant velocity (g=kt).
The velocity of the process in this period is determined by
the separation of the oxygen from the oxide surface. In the
further course of the reaction this oxygen sepgration’is
slowed down and the diffusion resistance of tHe layer of the
reaction products is increased. At hjgher temperatures the dis-
sociation processes take place according tg;the diffusion

equation (gz = kt), which fact is explain&d by an increase in
the diffusion resistance mentioned above, “Fhe character of the
i dissociation processes changes on itg, transition into the rarge
{ where there are solid solutions, and the equation
In ~2— = kt
D .a~g S
becomes valid. The activation energies were determined.
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Dissociation Kinetics of Manganese Oxides

There are 2 figures, 3 tables, and 6 references, 3 of which
are Soviet.

ASSOCIATION: Ural'skiy politekhnicheskiy institut im.. S. . Klrova)Sverd-

lovsk (Ural Polytechnical Institute imeni S. M. Kirov,
Sverdlovsk)

SUBMITTED: May 29, 1957
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AUTHORS: Kozlov, T.A., V1asov, V.Go
——
TITLE: The Kinetics of the Reduction of Manganese Oxides by Solid Carbon

(Kinetika vosstenovieniya okislov margantse tverdym uglerodom)

PERIODICAL: Zhurnal priklednoy khimii. 1959, Vol XXXI1I, Nr 3, PP 523~531

(USSR)
ABSTRACT: The reduction of the manganese oxides ¥nQOs, Mn202 and Mn304 Ty
means of charcoal at relatively low %emperature 1s studied here.

Figure 2 shows that the reduction of ¥n0, at 400 - 550°C pro-~

ceeds only to Mny0z, but at 500 and 55008 the reduction is auto-
catalytic. The raauction of Mnp03 and Mn504 proceeds to manga-
nous oxide. The Teduction rate decreases with the elimination
of oxygen. If the contact between the reactants is very close,
e.g., 1f they are mixed and ground together, the reduction rate
increases sharply (Figure 5). The activation energy increases

" with the transition from the higher to the lower oxide (Table 3)«

It is evident that the reduction process has a diffusion charac-
ter which is affirmed by the equation g2 = KT, where g is the
degree of oxygen eliminaitions; 7 the time since tne beginning of

Card 1/2 the experiment and K a constant. At the transition into the
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The Kinetics of the Reduction of Manganese Oxides by Solid Carton

field of snlid solutions a change takes place in %the character
of interaction of oxides with carbon and the prosess cf re~-
duction may be described by tke equation =Kt .1,
a-g
where a is the quuntity of oxygen which must be eliminated from
the reduced oxide in order te transform it complstely to the
lower uxide and KR! is & congtent.
There are 4 zets of grarhs, 1 diagram, 3 tables, and 15 refer-
ences; 9 of which &rs Soviet and 6 German.

ASSOCIATION: Ureliekiy volitekhnicheskly inatitut imeni S.M. Kirova (Ural
Polytechnicel Institute imeni S.M. Kirov)

SUBMITTED: October 19. 1957
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Tasnkentakaya konferentsiya po wmirnomu ispol’zovaniyu atomnoy

nergll, Tashkent, 1959,

Trudy (Traasactlons of the Tashkent Conforencs on the Penceful
Uicg of Atamle Energy) v, 2. Tashlent, Izd-vo AN UuzS3R, 1960
Lhg n, Errata elilp inzerted. 1,500 coples printed.

caen3oring Agency: Akademiya nauk Uzbekakoy SSR.

ble Fd,: S, V, Starodudbtzev, Academician, Acadouy of
nees Uzbek SSR, Editorlal Poard: A, A, Abdullaycv, Can-
%1 of Physics and Nathcmatics; D, H, Abdéurzzulov, Doctor
cal Selences; U, A, Arifov, acadeniclan, Acadcay of
3 Uzbek SSR; A, A. Borodulina, Candidate of Blological
scicnces; V, N, Ivashev; G. S, Ikramova; A, Ye. Kiv; Ye, H.
Lobanov, Candidate of Physies and Hathematica; A. I, Wikolzgzov,
Canildave of M:2dical Sclences; D, Iiighanov, Candidate of Chcnleal
S:lences; A, S, Sadykov, Corresponding liomber, Academy of Secicnces
USSR, Academlcian, Academy of Sciences Uzbeok SSR; Yu. N. Talanin,

Cava=340
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The publication 1is 1ntended for scientific werkers and
smesialiats employed 1n enterprises where radicactive igotcpes
atd puclear radiation are used for rezearch in chemical, geo-

mh1z collection of 133 articlea reprezents the secound
volure of the Trancactlons of the Tashkent Conference on the
The indlvidual arti~les deal
wlth a wide range of problema in the field o nuclear radlaticn,
inaluding: producticn and chemical analysis cf rajicartive
1actcpes; investigation of the kinstics of chemical reactlions
spectral analysiz for the
manulacturiang of radloactive preparationy; radicaztive methods
content of elements 1n the rocka; and an
for obtaining pure substances,
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Tech, Ed,: A, G,
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instrurents used, such az autenmatic regulators, flowmcters,
level gruges, and high-ucnaltivity remna-rolays, are deacrlbed,
No yersonalities are ucntiened, Rufercnces follow individual
articleas,

TABLE OF COITENTS:

RADIOACTIVE ISOYOPES AND NUCLEAR RADIATION
I EHGINEERING AND GEOLOGY

Lobanov, Ye, .~ {Inastitut yadernoy fizilki UzSSR -~ Institute of
Niuclear Physics AS UzSSR1. ZApplication of Radioactive Isotopes
and Nuclear Radiation in Uzbekistan

Taksar, I,.H., and V, A, Yanushkovskiy [Institut fiziki AN Latv
SSR - Institute of Physics AS ILatvian S3R}. Problems ol tho
Typification of Automatic~Control Apparatus Based on the Uce of
Radioactiv? Isotopes .
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Khrushechev, V., G., A. S. Lepilin, U. Ya., Margulis, S. M. Stepanov,

* L. X, Belen'kiy, T. V. Bromberg, and V. 6. Ivliyev. [ Minictry of

Fealth USSR]. Industrial Gomma-Plant for Storilization of ledical
aterials 170

Knrusnchev, V. G., B. A. Rubin, L. V. HMetlitckiy, A. I. Rytov,
N, !. Gaysin, U. Ya, Margulis, V., S. Granmatikati, x! G, Vlasov,
and A, V. Petrov. iinistry of Health USSR]. Gamma-Flant ror

Gentlinuous Irradiation of Potatoces 182

Yrokof'yev, N, S, [Institut ekonomiki AN SSSR - Inatitute of ) -
Econotmles AS USSR], Economic Efficlency of the Use of Bigh-

Gapaclty Gamma~-Plants in the Iight and Food Industry 192

bdullayev, A. A., Ye. H. Lobarov, A, P, Novikov, and A. A,
Kraydarov {Institute of Nuclear Physics AS UzSSR], Une of

a Multichannel Scintillation Gamma-Spectrometer for the Analysis

of Rock Specimens 199
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AUTHORS: Vlasov, V.G., and Lebedev, A.G.

T ————— ov——————
—————

TITLE: Dissociation of Uranium Trioxide ﬂ

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy - Chernaya metallur-
giya, 1960, Nr 7, pp 5-9

TEXT: Dissociation of UQ has been studied in a 10'4 Hg vacuum to in-
veatigate the kinetics ané the mechanism of the process. UQ, was preparedv//

by & method descriged in Ref 4 by heating Uo '2H20 for 3 hgurs in an
oxygen flow at 350°C and for 1 hour at 400°C. "The“orange-red UQ

easily be rubbed to fine powder and pressed into 1.4-1.5 g briqugts,
Dissociation was studied by the decreasing weight of trioxide on spring
scales. The vacuum installation had been previously described /Ref 2/.
The process started at 4207°C. Complete dissociation into U;O took place

at 550°C in 1 hour and could not be obtained at lower temperatures
(curves, Pigure 1). The dependence of the dissociation rate on the
dissociation degree was stated (curves, Figure 2), As can be seen, the

Card 1/3
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Dissociation of Uranium Trioxide 4161/4029
dissociation Process rate was constant in the beginning, expressed by the
formula: 8 = kt where g is dis - time in minutes after
» until a 42%-
composition
ion of oxygen
= 0.091t + 17.90 (2).
erently (Formulae 3 ang 4).
%-separation of oxygen from trioxide
was attained at a rate of g = 4.65t + 40.9 (5). If the reaction

proceeded further, the rate dropped to
: 1gﬁh = 0.0608t.  (6)

The constant reaction rate in the beginning may be explained by g high
humber of defective 8pots caused by crushing before briquetting, and by
the beginning of the dissociation on these Spots, where oxygen was re-
moved from the surface b Later the active centers dis-
appeared. i e after the 42% dissociation point
of the structural diagram of the
According to this diagram the dissociation of U05

Card 2/3
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Dissociation of Uranium Trioxide A161/40

in the beginning Proceeds without producing a new s0lid phase ip
connection with the existence of the region of sglid solutions, the
oxygen content of which is only reduced. At 5007C,higher temperature

550°%¢ dissociation can be described by equation (6). The apparent
activation energy in the beginning stage (to 30% oXygen separation) has
been calculated as 37.2 kcal/mol, which well agrees with the reaction

3 = 20500 4+ 0, determined by Brewer /Ref 5/ to pe
35 keal/mol and confirms“the oginion of S.Z. Roginskiy /Ref 6/ that the

activation snergy of the majority of topochemical reactions .in conditions

are 2 figures and £ references: 5 are Soviet and 1 English,

ASSOCIATION: Ural'skiy po’litekhnieheskiy institut (yraj Polytechnic
Institute)

e

SUBMITTED; July 14, 1959
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Spectrographio stud “
¥ of phenol acide,
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3:9
1, Khar'kovakiy farmataevticheskiy inatitut,

Bonzoig acid—~Spectra)
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'l‘m.Ex[ ‘ The Interaction of Uranium Trioxidg With Solid Carbo: )//]
PERTODICAL:; Zhurnal prikladncy khimii, 1960, Vol 33, Nr 4, Pp 768 - 765

TEXTs The rate of ths Procass of direct reduction of uranium triocxide was in-
vestigated, Urantum trioxide wag obtained by heating uranium peroxids for 6 hours in

an oxygen flow at 4000¢, The reducing agents were birch chareoal and 8ugar charcoal

With a carbon content of 99.99%, The investigation was carried out in g high-vacuum
installaticn with continuous contreol of the weight loss of the Sample by means of

5pring scales, Reduction by bireh chareoal wag studied within the temperature range —
350 < 4009, ang by. sugar chareoal within the range 450 - 5300¢, Birch charcoal proved

in the case of birch charcoal was 43 koal/mole and In the case of sugai"oha.rooal

65 keel/mole, The gaseous phase formeq during reduction consisted only of carbon dioxide,
The authors try to explain the mechanism of accelerating the reaction of carbon monoxide
régeneration, whion 1le the slowest stage in the bracess of direct reduction of uranium
_trioxide. Thepe ares L4 graphs ang 16 references

- 1860310009-3"
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AUTHORS ; Vliasov, v, ¢, and Strekalovskiy, V. N,
_ 2 1 ¥
TITLE: Interaction Between Hydrogenvand Uraniup Trioxide

PERIODICAL: Doklady Akademii nayk SSSR, 1960, Vo1, 134, No. 6,
PP 1384-1586

5007C and at a hydrogen bressure of 50 . 400 torr, The experiments were
made in g Vacuum apparatus, ang the logs in weight of UO3 WAS meagured by

& 8pring balance, The experimental dats are shown in diagrams; Fig. 1. //

degree of reduction ag g function or time at different temperatyreg and -

PH = 200 torr; Pig. 2: degree of reduction ag g function of time at dir. v
2

ferent PH and 400°C; Fig. 3; reaction rate a8 a function of the degrasg

of reduction at different temperatures; and Fig. 4. reaction rate ag g
function of the degree of reduction at different PH > Table 1 gshowsg the

- 01860310009-3"
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Interaction Between Hydrogen and Oraniyp S/020/60/134/OO6/022/05!
Trioxide - B004/B054

ratio 0 ; U for PH = 200 torr after t%o hours of heating to 350",

With the oxygen of the oxide. Thig reaction follows equation (1); v
V= kP; o The hydrogen ig rapidly adsorbed ip the atomic state. Ag the
2

authors hag proved in g previous paper (Reft, 1) that UO3 dissociates in k//

Teaction rate deoreages with increasing degree of reduction correspond t5 —
the continuong transition of U508 into the phase 002 6+x "ith the minjimyp

oxygen content ¢orresponding to the given temperature.—The decreage in
the reaction rate is explaineg by a reduction of the

CIA-RDP86-00513R001860310009-3
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Trioxide B004,/B054

and 4 eorrespond to the reduction of U02 64+x to the tetragonal phase,

Here, the limiting stage is the hydrogen aEsorption on the oxide surface
acecording to equatiop (@): v . kyPp L Mo reduction o U0, 4 occurred i,

he temperature Tange investigated. The authorsg mention a baper by p, m,

t
Vol'kenshteyny (Rer, 3). There are 4 figures, 1 table, ang 4 referenceg,

ASSOCIATION: Ural'skiy politekhnicheskiy inatityt im. 8, M., Kirova ),
' (Urai Polytechnic Institute imenj S. M. Kirov) l/

PRESENTED ;s June 11, 1960, by v. I. Spiteyn, Academiciap -
SUBMITTED: June 8, 1960
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AUTHORS : Strekalovskiy. V.N,, Bessonov' AF,, Vlasov, V.G, and
Sidorenko, F.A, Tt
TITLE: Phasge Transformatlons During Reduction and Oxydation

of Uranium Oxides

PERIODICAL; Fizika metalioy i metallovedenlye9 1961, Vol,11, No.3,
PP, 400-403 + 1 plate

TEXT; The uranium~oxygen 8ystem has lately attracted a great
deal of attention owing to the Possibility of Using uranium

oxides (dioxide in Particular) jn the manufacture of teramic fue)
elementg, HOWever, the eXperimental worl has bgen mainly
confined to studies of oxydation or thermal decomposition of
uranium oxides, and the object of the Present investigation was to
Study (a) the kinetics of hydrogen reduction of amor phous g

and green U308 at 300 to 700°¢c, (b) the bProcess of oxydation of
UOs in air, oxygen ang COz at 165 to 860°C and (¢) the phase

arbitrary units) g Plotted against the Ooverall composition of the

CIA-RDP86-00513R001860310009-3
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(0/u) ratio,

resultant product, i,e, against the oxygen/uranium

It iam Pointed out, in thig connection,
of reductiogn of UO3

and UOB. nor the gne
cryatallo-chemical transformations of th
thus, for instance9 hydrogen reduction ¢

that heither the rates
rgy barriers during the

Products of the reduction of U308, and the following tonclusiong
were reached regarding the phase transformations, taking blace

starting material ig reduced to 46.9%

In the initial stages, U,0
gradually loges its oXygen, this Process

Overall c¢omposition of the product given by the formula U02°539;
at this stage, the X-ray diffraction rattern stiig shows the

Card 2/5
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Phase Transformationg oo E193/E£483

lines of the Us0g Phase; tp
Phase have changed but no 1i

at 62 and 69% reduction, the
Present in the X-ray pattern an
appear; at 75% reduction, the
only the U407 lines remain;
OXygen content, the

but the lattice para

Place in ga s8imilar p

s based on yo, ¢ u%uoggz==%>U02+x.
S of oxydation of UO0s in air or in oxygen, it
can be represented by:
U02 _*'UOZ +x‘=“9U02936 + 0005'—3$olid solutionﬁ

The tetragonal phaseg (0020324‘0001v

- 1860310009-3"
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the oxydation reaction takes place (in air or oxygen) at \X
temperatures 2> 400°C, no formation of the tetragonal phases occurs,

and the process proceeds according to:

U0 =P UOp , x=P U0y, z5==HSolid solution, based on U0y, 67 .

Finally, it was established that UOs does not oxidize in carbon
dioxide, There are 3 figures and 12 references: 8 Soviet and
4 non-Soviet,

ASSOCIATION: Ural’'skiy politekhnicheskiy institut im, S.,M.,Kirova
(Ural Polvtechnical Institute imeni S.M.Kirov)

SUBMITTED: July 18, 1960
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AUTHORS : Bessonov, A.F, and Vlasov, V.G,
TITLE: Phase trpnsformatiogg during oxidation of metallic
Aaranium
PERIODICAL: Fizika metallov i metallovedeniye, 1961, Vol,11, No.6,
PP.957-959

TEXT: The object of the present investigation was to study
oxidation of uranium in air and carbon dioxide, To this end,
specimens (4 x 2 x 15 mm), were degreased, pickled in concentrated
HNO3, washed in alcohol and held for 15 minutes in air at various
temperatures between 20 and 350°C, or in CO0, at 400 to 900°C, after
Which the surface of the specimens were examined by X-ray
diffraction, The results are reproduced in Fig.l, showing the
X-ray diffraction pattern of the surface of uranium specimens after
(a) 8 days exposure to air at room temperature, (8) oxidation at
100°c, (B) oxidation at 205°C, (2) oxidation at 300°C,

(d) oxidation at 350°C, (e) removal of the outer, loose, oxide
layer. ' An X-ray diffraction pattern of uranium, oxidized in CO,
is reproduzed in the paper, The following conclusions were reached,
1) The phase transformations taking place during oxidation of

Card 1/3
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uranium in air at 265 to 400°C can be represented by:

Unetal™®a UO2=Pa U0y, \ PP UO;U307¥s0lid solutions based on U02,67 .

2) The constitution diagram of the U-0 system is repeated in the
phases which constitute the consecutive oxide layers of scale,
formed on uranium in air at atmospheric pressure in the temperature
interval studied, 3) Metallic uranium, heated in CO3, oxidizes to
U022 only, There are 2 figures and 8 references: 7 Soviet-bloc and
1 non-Soviet-bloc, The reference to an English language
publication reads as follows: Blackburn P,, Weissbart J.,
Gulbransen E., J.Phys.chem,, 1958, 62, 8,

T o hh

ASSOCIATION: Ural'skiy politekhnicheskiy institut im, S.M.Kirova
(Urai Polytechnical Institute~imeni_ﬁ,y.xirov)

. SUBMITTED: December 15, 1960
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AUTHORS ; Bessonov, A..F.,_,‘Bor.isov, B.S, and Viasov, v.g.
TITLE: Investigation of the Structure of the Primary Oxide

Film on Uranium

PERIODICAL: Flzika metallov i metallovedeniye, 1961, Vol, 11,
lio. 6, pp. 959 ~ 960

TEXT: In studying the mechanism of oxidation of metals
investigation of the structure of the primary oxide film formed
in air at roon temperature during the initial oxidétiohiperiod is
of great importance. For some metals the structure of the films

from those formed during later Stages of oxidation. For a
-ltumber of other metals, for instance, iron and its alloys,
a film of a particular structure (type ‘j-FeZOB) forms during \%

/

the initial period of oxidation. The Primary oxide film is
a protective one for most metals; it grovs to some limit
thickness, then stops growing and prevents further oxidation.
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Process exists.
uranium of 99,89 purity which,
850 °C for 8ix hours in vacuum.
were initially ground with emery
and lapped by a ring using high-
the ring was moistened

access of air to the polished surface.

electron-diffraction studies were made.
8pecimens were etched in

Scale films the

in air at room temperature for durations of 10, 30, 120 and
es of eXperiments,
of the alcohol (wet), was placed
of the electron-diffraction

In the second Seri
after having been talken out
immediately into the chamber
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apparatus from which the air was evacuated so that the Specimen
surface interacted only with the air which remained in the
chamber of the electron-diffraction camera. Part of the Specimens
were subjected to electron-diffraction investigations immediately
after polishing (without etching); back reflection pictures

wero talen. The obtained interplane distances were compared

with X~-ray data, obtained by the powder method for uranium
oxides. The investigations revealed a cubic phase on uranium
oxide with a lattic constant of a = 545 R for all the specimens,
which corresponds to the oxide U02. In a second series of

.experimonts the electron-diffraction patterns contained reflexes
from the metallic uranium in addition to lines of the phase an. />/

This indicates that in this case the entire thickness of the
oxide film participated in the diffraction and that the primary
oxide film of uranium consists solely of the phase UOz. From

the widening of the Debye lines the size of the forming 002

crystals could be determined, which was about 10—4 cm. Thus,
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the microscopic and electron-diffraction investigation of
oxide films of uranium obtained on oxidation of the latter in
air at room temperature indicates that the primary film on
uranium is crystalline and consists solely of UOz.
(Abstractor's note: this is a complete translation.)
There are 2 Soviet references.
ASSOCIATION: Ural'skiy politekhnicheskiy institut
im. S.M, Kirova (Ural Polytechnical Institute
im. S.M. Kirov)

SUBMITTED: January 13, 1961
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AUTHORS : Bessonov, A.F., and Ylasov, !LEL"
TITLE; Concerning the mechanism of oxydation of

metallic uranium

PERIODICAL: Fizika metallov i metallovedeniye, vol,12, no.3, 1961,
403-408

TEXT: Effective measures against oxydation during the

preparation of metals or in service can be applied only if the
mechanism of this process is properly understood. Hence the

present investigation, in which the kinetics of oxydation of ///
uranium were studied by the gravimetric method and the

constitution of the scale formed on uranium under various
conditions was determined by X-ray diffraction, microscopic, and
electron diffraction analyses. The experiments were carried out
on 99.8% pure uranium specimens, degreased, pickled in concentrated
HNO3, and washed in ethyl alcohol, The oxydation tests were
carried out in dry air and oxygen at various temperatures and
pressures; some results are reproduced graphically. In Fig.1l

the specific increase in weight (A m/s x 10%, mg/cm2) of uranium
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heated in air is plotted against time (minutes), curves 1-6
relating to tests conducted at 250, 300, 350, 400, 600 and 760 °c¢
respectively. The kinetics of oxydation of uranium in oxygen ars
illustrated in the same manner in Fig.2, where curves 1-4 relate
to results obtained at 250, 300, 350 and 400 °C. It was
established that the effect of pressure (p, mm Hg) on the rate of
oxydation (v, mg/cm2) in minutes of uranium in air at 400 ©°cC is

described by
for pressures higher than 200 mm Hg, and by

v = ag p (&)

for pressures lower than 200 mm Hg. The oxydation rate of
uranium in oxygen at 300 °C under pressures ranging from 5 to

550 mm Hg is given by v = as 4/-;-

The rate of oxydation was not affected at all by forced
circulation of oxygen and only to a small extent by circulation of
air at pressures > 200 mm Hg; at p << 200 mm Hg forced

Card 2/f-
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circulation of air increased the oxydation rate, this effoct
becoming more pronounced at higher temperatures, The activation
energy of the process studied was 18 and 4.6 kcal/mol, when the
reaction took place in air below and above 400 oc, respectively,
and 17 kcal/mol for oxydation in oxygen below 400 °cC, The oxide
film formed on uranium in air at room temperature had a
crystalline structure and consisted exclusively of UQs,. The
constitution of scale formed on uranium in air at 260-400 °C was
determined by the present authors in an earlier investigation:
the composition of the consecutive layers starting from metallic

titanium (Upee) is
Uimer)™ @ U0;=3 a U0, ,—> 8 U0,(U,04) —+ U0, —) ;04

Although the molecular volume, U,, of uranium oxide is larger than
the atcomic volume, Ums of uranium, the oxide scale formed on this
metal does not protect it from further oxydation, This is
attributed by the present authors to the coarsely-crystalline
nature of the oxide film formed at room temperature, and also to
the fact that large internal stresses are set up in the oxide film
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owing to the large difference between the specific volumes c¢f the
uranium oxide and uranium whose ratio varies between 1.9 and 2.6.
To determine the relative roles played in the oxydation of
uranium by the diffusion of oxygen and metal, tests were carried
out in air at 350 ©°C on specimens fitted with inert platinum
markers in the form of 0.02 mm thick wire; irrespective of the
duration of the test, the platinum marker remained on the surface
of the oxide scale, The results of the present investigation are
discussed in relation to various published data and it is
concluded that diffusion of oxygen through the dense triplex
aU0p—3 al0p, x—> BUOL(U409) layer of oxides with a cubic crystal
lattice which adheres strongly to uranium, governs the kinetics of
oxydation of uranium, There are 4 figures and 15 references:
10 Soviet-bloc and 5 non-Soviet-bloc. The English language
references read as follows;
Ref,.5: N.,B. Pilling, R.E. Bedworth, Inst. Met., 529, Vol,29, 1923,
Ref.7: P, Blackburn, I. Weissbart, E.I. Gulbransen, Phys. Chem,,
1958, vol.62, 8.
Ref.10: F.I. Gromvold, Inorg. Nucl, Chem,, 1955, Vol.l, 357.
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AUTHORS: Vlasov, V.G., and Shalaginov, V.N.
L
TITLE: Reduction of Uranium Trioxide by Carbon Monoxide
PERIODICAL: Zhurnal Prikladnoy Khimii, 1961, Vol. 34, No. 1, pp. 20-27

TEXT: Indirect reduction of higher uranium oxides by carbon monoxide is
important in the technology of uranium metal, since uranium oxide with a
very clean surface can be obtained. Only one note exists in literature by
D. Katz and E. Rabinowich (Ref.1: The Chemistry of Uranium, National Nu-
clear Energy Series) stating that uranium trioxide (but not U;0g) is quickly
reduced by CO at 350°C, The purpose of the present study was”to determine
the reduction kinetics of uranium trioxide in CO gas. Amorphous uranium
trioxide powder, prepared by heating U04onH20 in oxygen (6 hrs at 400°C) and
carbon monoxide obtained by decomposing formic acid with sulfuric acid, were
used in the experiments Investigations were carried out in a high-vacuum
apparatus (pressure 10'4 torr) containing a quartz microbalance to control
continuously the loss in weight of the uranium trioxide sample. At 2509¢C
Card 1/10
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and Poo = 200 torr in 5 hre no considerable reduction of U0; by CO takes
place; while above 400 C the reduction is too fast to be cofitrolled. Thus
two series of experiments were carried out - one with an initiasl CO pressure
(pc ) of 200 torr at temperatures from 260°-400°C to investigate the effect
of Qemperature, and the other series at 300° and 400°C changing Peo from 15
to 400 torr to determine the effect of CO pressure. The obtained rate curves
?or the first series are given in Pig.2,3 and for the second in Fig. 4,5.
Activation energies were calculated and the following results obtained:

Degree of reduction in %4 6 33 60 75
apparent activation energy
in kecal/mole 30,7 30,7 23,3 25.3

Fig.2 shows that the maximum reduction rate is observed at 20-28% of reépc—
tion. With rising temperature a shift of the maximum towards higher degrees
of reduction is observed. The rate curves in Fig.4 and 5 indicate the de-
pendence of total reduction rate (v) on the initial pressure of CO (Pan)s At
a given degree of reduction and at constant temperature v = K-p 0? wheére the
coefficient K is & function of the temperature and degree of reguction (Fig.
6). The results of the present paper demonsirate that reduction of U0; by
C0 occurs easily at 300°C. Since U03 dissociates in high vacuum above”420°C,
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dissociation cannot be an intermediate state in the indirect reduction of U05°
The best explanation of the present results can be given on the basis of the
adsorption-catalytic theory of reduction of metal oxides by G.I. Chufarov and
Ye.P. Tatiyevskaya |Bef.7: “Problemy metallurgii” ("Problems in Metallurgy")
Izd., AN SSSR (Ed. AS USSR) (1953), or Ref.8: "Fiziko-khimicheskiye osnovy
domennogo proizvodstva i sovremennaya praktika proizvodstva chuguna" ("Pnys-
ico-Chemical Principles in the Blast-Furnace Production and Modern Practice
of the Cast Jron Production") Sverdlovsk (1955)] . The different stable and
non-stable phases of the system uranium-oxygen have to be considered simul-
taneously. G, Brauer [Ref,2: "Rukovodstvapo premrativnoy neorganicheskoy
khimii" ("Manual of the Preparative Inorganic Chemistry") IL, M (1956)] as-
sumes that the composition of amorphous uranium trioxide can change continu-
ously until the formation of U0, o Then formation of U30 starts. In the
present investigations reduction'883 —> U053 g2 occurred wigh constant rate,
i.e., under kinetic conditions. In”this step there was no formation of a new
phase, hence the limiting stage is the surface reaction beiween carbon mon=-
oxide {adsorbed on uranium gxide) and oxygen of the uranium oxide. This
proves the observed dependence of the total reduction rate on the initial
carbon monoxide pressure. The rate of surface roaction is independent of the

Card 3/10
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degree of oxygen removal apparently due to some factors like the formation of
defect places and low diffusion resistance. With the formation of the new
phase U0y gp crystallo-chemical transformations start between the new and the
old phase, i.e., the phase boundary catalyzes the process and autocatalysis
occurs., Rate curves in Fig.3-5 decrease until UO2 55 is formed. The latter
is the lower limit of the Uz;Og phase according to °““G, Hoekstra and S. S8ie-
gel &mf.9x Reports of the 18t International Conference on the Peaceful Uses
of Atomic Energy, in Geneve, VII, 483 (19572. In the next reduction stage the
new phase U4O (U02'25) is formed, i.e., change in reduction degree from 45 to
75% occurss 802 5 ¥ CO—> U02°25 + C0, under kinetic conditions. Then in
step T0p, o5 —> ﬁ32+x-—-> U000, i.e,, change in degree of reduction from 75 to
100%, oxygen is introduced into the cubic dioxide lattice according to Ref.9
and Ref.11: R. Willardson, I. Moody, H. Gocring, J. Inorg.Nuclear Ch., 6,1,
19-33 (1958), and Ref.12: -A, Arrot, I. Goldman, Phys.Rev., 108,4,948-953
(1957), disordered in the first and ordered in the second stage. The slowest
stage is the oxygen diffusion into the solid phase and herewith stage U0, ,
—> U0o is a diffusion-controlled process. This statement corresponds witg
the present experimental data. Briefly, the whole investigated process oc-
curss from U03 to U02.92 with a rate independent of the reduction degres,
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from U02 92 %o U0y 55 autooatalytioally, from Y05 55 to U0y, 22 egain with

0 constant rate and from U005, 25 to U0, with a rate decreaaing with increasing
degree of reduction. There are 6 figures and 12 references: 7 Soviet-bloc
and 5 non-Soviet-bloc.

SUBMITTED: June 15, 1960
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AUTHORS: Strekalovskiy, V.N., Vlasov, V.G.
‘/’______“____/
TITLE: Kinetics of Reduction of Uranium Trioxice by Hydrogen

PERIODICAL: Zhurnal Prikladnoy Khimii, 1961, Vol. 34, No. 1, pp. 32-38

TEXT: The purpose of the present investigation was to extend the knowledge
of the mechanism of indirect reduction of metal oxides, in particular of the

kinetios and mechanism of uranium trioxide reduction with hydrogen gas.

Since indirect reduction of U0z is thermodynamically possible until U0, only,

the part between U0z and U0, of the uranium - oxygen phase diagram was of in-

terest, Reduction of TU0; to U0, is important fcﬂr uranium production [Ref.1,
b

G.A. Meyerson, Atomnaya énergiya, 7,2 129 (1959 but literature contains
only information on the prepgration of U0, with particular properties [Ref.z,
D. Ka%z, E. Rabinowitch, Chemistry of Uranium, N.N.E.3.j Ref.3, G. Seaborg,
D. Katz, The Actinides, N.N.E.S.; Ref.4, D. Vaughan, I, Briedge, A, Allison,
C. Shvartz, Ind.Eng.Chem., 49,10,1699-1700 (1958); Ref.7, I. Maly, H. Lands-
persky, Iaderna Energie, 4,1,9-18 (1958)] and no data are given on the whole

<
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mechenism and kinetics of this process. In the present paper experimental
results on the reduction of U0z by hadrogen at temperatures of 3500-50000 and
hydrogen pressures of 50-400 torr are given. The used amorghous UO3 powder
was prepared by heating U0,.nH,0 in an oxygen otrocam at 350°C during 9 hrs
with final heating at 40000 for 1 hr. The investigations were carried out in
a high-vacuum circulation apparatus with a tungsten spring balance. Hydrogen
was circulating through the system con‘inuously, while temperature was re-
gulated by an electronic MB.-01 (EPV-01) thermoregulator and controlled by a
TITT (PP) bridge. From the experimental data "reduction degree versus time"
curves were plotted (Fig.2-3). Two series of experiments were made: one at
temperatures from 300°-500°C and a hydrogen pressure of 200 torr, the other
at 400°C and pressures from 50 to 400 torr. The dependence of the reduction
rate on the reduction degree (Fig.4,5) indicates that in the beginning of the
process at hydrogen pressures from 100 to 400 torr the dependence of the re-
duction rate (v) on the hydrogen pressure (p; ) at constant temperature can
be expressed by v = k-pg%?. This was also 2ohserved in investigations intc
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Kinetics of Reduction of Uranium Trioxide by Hydrogen

reaction kinetios of lead-, cadmium- and tin-oxides in hydrogen [Ref.1}z

¢. Bjérling, Svensk.Kem.Tidskrift, 67,6-7,319 (1955)]. The apparent activa-
tion energy for this reduction stage (first horizontal part of the curves in
Fig.4,5) was caloulated with 20.8 kcal/mole. The second reduction stage re-
presents a sharp decrease in reduction rate. In this step the total compo-
sition of the solid phases does not change essentially (see Tab.1). The de-
crease in reduction rate is apparently due to the decrease in oxygen concen-
tration in the solid phese. It is possible that a gsimultaneous decrease of
hydrogen adsorption occurs. Hence the total rate of reduction decreases, In
the last stage of reduction the reaction rate is constent again (except the
rate curve for 500°C ané p, = 200 torr) and is expressed by v = ky:py . At
400° and 450°C these horizoRtal paris of reduction curves (Fig.4) corrgspond
to the reduction of U0, gty phase until the tetragonal phase, For this stage
(70% reduction) the activation energy is 30 kcal/mole. The composition of b[

reaction products (Tab.2) demonstrates that reduction did not proceed until
formaticn of U0y, only at 500°C reduction went further than U 09. The reason
why on the curve for 500°C (Fig.4) reduction from UO3 to UO2 AT occurs with

Card 3/10
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Kinetics of Reduction of Uranium Trioxide by Hydrogen

constant rate must be explained by additional investigations, Katz and Rabi-
nowktch (Ref.2) stated that amorphous U0z crystallizes when stored for a long
time. In the present investigations amorphous UO; was stored for 1.5 years
and another sample was heated at 4009C and no cry8tallization was observed,
Thus in the present work amorphous UO; was reduced. Dissociation of U0 oc-
curs above 43000 [Ref.12: Biltz, W., Miller, H. Z.anorg.Chem.,16%,258 1927&
thus in the present investigations U0z did not dissociate. The obtained re-
sults indicate that reduction of amorphous U0z with hydrogen until formation
of Uz0g is controlled by the surface reaction’between adsorbed hydrogen and
the oxygen of the oxide. Adsorption occurs with sufficient high rate, reac-
tion equilibrium is formed and the adsorption isotherm can be expressed by

a = k‘-p1 (a = hydrogen concentration on the surface of the oxide, 1/2 means
that 2 nydrogen is dissociated to atoms - according to Ref.1T, F.F, Vol'-
kenshteyn, Usp.fiz.nauk, 50,2,257 (1956) . P.W. Jacobs, F.S. Tompkins, Chem-
istry of the Solid State, Bullerworth,chap.7, London (1955) (Ref.18) stated
that the surface reaction is developing with a constant rate. This is in ac-
cordance with the present results, since in all cases reduction from U03 to
Card 4/10
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Usoe'occurred at constant rate. There are 5 figures, 2 tables, and 18 re-
ferences: 9 Soviet bloc and 9 non-Soviet bloc.

SUBMITTED: April 7, 1960

-Pigure 29
Dependencé of the degres of reduction
on time at different tempevatures
(PH = 200 torr) |
2

A - degree of reduction in %
. B =~ time in min (va%id‘also
- for Fig.3) .
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TITLE: Inveqtigation/of ¢he grability of plastic sC intijlators ¥
based on polvetyrene i

CITED SOURCE: Sb. gtgintillyatory i sts:.ntlllyats.-materialy. Vyp -
3. Khar'kov, Khar' xovsk. un—t, 1963, 85-90

.

TAPPROVED: FORlﬁE intillator, scintillation efficiency, scin~
tillator aging. g%r 4014:/-2}19:1c s €T#-RDP8B00513R001860310009- 3"

TIRANSLATION: The authors mvesi-:.g.zted the effect produced on aging
o plastic geintillators (ps) by different gactors, such as the
temperature, humidity, natural olimination, etc. In addition, in
order to develop optimal tec‘nnological conditions for the manufac—
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"1 gure of PS, a study was made of the stability of BS in time. ‘he
| pg were prepared by polymerization of styrene with additivas of PPP
| (2%) and POPOP (0.06%) at T = 200, 170, 140, 125° and durations (t) . ..
| of 101, 70, 50, 32, 24, 16, and 6 hours. Standard samples 18 mm
in diameter nd 15 §m higsh were +ragsted. The relative scintillation

W e
SRR

effirienTy wis devrermined Dorn i ATarnags ol ,rrent - an FEU-29
- ) RS

L s s metr Afrar

‘photomulilgkiez irradiated by & fadilacthove seurTe A
plotting the indices, the samples were stored under differenc condi-
tions: without exposure to light at T = O 2Q-=25, ~ 40, 60--70°,
natural elimination at T = 70°, ané also at increased humidity. w
The chservations weie carried out for 1.5--2.5 years, with the sample
“inspected visually and measured every Six months. It was established
that it is necessary tOo ensure minimum content of the residual mono—
mer in the BS. The best PS were those manufactured at T = 17(--180°
! and t = 32 hours, for blocks 20 mm in diameter (t increases with

5 ;eixic‘ﬁeassinq:é@@@ig}ﬁii;g.;"s"‘x“ze scintillation efficiency during 2.5

yaars, in the sbsence of Lligh SSE T = 30-540°7 ~and-also-under conT o
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ditions of increased humidity, wz~ 85%. It is itﬁpcssible to eﬁbject b
. P8 to multiple abrupt temperature fluctuations {(RZhKhim, 1964, 38378).
! L. Kotlyarevskaya.

o

BUB CODE: 0P, OC
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5/080/61/034/001/005/020
A057/4129

AUTHORS: Strekalovskiy, V.N., Vlasov, V.G.
R A,
TITLE: Reduction of UBOB by Hydrogen
PERIODICAL: Zhurnal Prikladnoy Khimii, 1961, Vol, 34, No. 1, pp. 38-43

TEXTs The present gork is a kinetic study of the reduction of Usz0g by hydro-
gen gas at 4500-700 C and hydrogen pressures of 20-400 torr. Reduction of

Uaoe in hydrogen is used in uranium technology, and for the preparation of
002,00

2 or U40g9. Kinetios and mechanism of this process were studied insuf-
ficiently until now. The opinion of some American investigators (Ref.2:
D, Katz and E. Rabinowitch, The Chemistry of Uranium, N.N.E.S., Div. VIII,
v.5) that the reduction of U3°8 in hydrogen occurs in two steps contradicts
the modern view on the mechahism of indirect reduction of metal oxides. A
recent publication by S. Andorson and J.C. Clayton [Ref.6: J.Inorg.Ruclear
Chem.,7,4 (1958)] on reduction of Uy0q is of interest, but it contains only
data concerning the last stage of reduction from U3°8 to U0s. The present

Card 1/8
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Reduction of U'508 by Hydrogen A057/A129

investigation was made in a high-vacuum-circulation apparatus (evacuated to
10~4 torr) incorporating a recording vacuum balance. The investigateg
"green" U,0q was obtained by heating U03 (specific surface area 4.1 m /g) at
600°C, The rate of the reduction process was controlled by the weight de-
crease of the UzOg sample (weighing approximately 0.25 g). All experiments
vwere carried to’conplete ceasing of reduction in a time period between 2.5
to 375 min. Typical rate curves for the effect of temperature and reduction
rate are given in Fig.1 and 2 LAbstracteﬂh note: in Fig.1 erroneously 50 mm
Hg is printed instead of 200, and in Fig.2 200 mm Hg instead of 50 mm HG]
while the ef"ect of hydrogen pressure is demonstrated in Fig.3 (in the fig-
ures A =reduction rate in % reduced per min, B = total composition of the
gsolid product of reduction, and C = degree of reduction in %). Reduction
ocours with relatively constant rate at 200 torr hydrogen pressure and below
600°¢ (Fig.1). At 600°C and 500°C reduction rate is constent until solid

U0, ce is formed, and at 450°C until formation of UOZ.§2. After this the
rate aeoreasea until U0y 45 is formed, then a relatively constant rate re-
mains until the product of the composition U0y -U0y

curve for 650°C is in the beginning somewhat di?

og 18 formed. The rate
ferent from the last-mention-
ed curves. Rate curves in Fig.2 start with a characteristic increasse in the

Card 2/8
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reduction rate, but are otherwise similar to those at 200 torr hydrogen pres-
sure. The rate curve for the reduction at 600°C and 400 torr hydrogen pres-
sure (Fig.3) is unique starting with maximum rate and decreasing continuous-
ly until zero. The following values of apparent activation energy were cal-
culated:

hydrogen pressure in torr 200 50

degree of reduction in % 10 40 15 40

activation energy in kcal/mole 21.4 20.6 17.4 15.2

In the discussion the authors point out that there is no unique opinion about
the nature of solid solutions in the uranium - oxygen system (see R, Rundle
et al.,Ref.11t J.Am,Chem,S0c., 70,99-105 (1948) and H. Hering and P. Perio,
Ref.12: Bull.Soc.Chim,France, 351-357 §1952) which consider U0, c, a8 lower
limit of the phase 002 6tx? while F, Grgnvold, and H. Haraldsen, Ref.8: Na-
ture, 162,69 €1948) afid°** H.R, Hoekstra and S. Siegel, Ref.13: Reports of
the 18t International Conference of the Peaceful Use of Atomic Energy, Geneve
(1955) suggest U0y s5¢ a8 1imit) as well as conocerning the limit of solubility
of oxygen in U02'forming non-stoichiometric U0, [see D. Vaughan, R, Wil-
lardson, Ref.14t Preprint Nucl. Energy a.Soi.éonf,s.a., 13,15 (1958)). Cor-
responding to A,A. Baykov's principle of sequence of chemical reactions [Ref.
153 M;tallurg, 3,5 (1956)] the present authors consider the following scheme
Card 3/8
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Beduction of U0y by Hydrogen A057/4129

of phase transition valuable for T»500°C:
U305—> 00, g1y~ U409 —>U0p,x — U0, (where x = 0.16 - 0.14)

The first step occurs under kinetic conditions and is controlled by the sur-
face reaction between adsorbed hydrogen and the oxygen of the oxide. During
reduction the crystal lattice is disordered and new active centers formed (by
chain mechanism), which increase the surface reaction rate, Simultaneously
oxygen concentraticn in the surface layer of the oxide dscreases and inhibits
the surface reaction. The beginning of the reduction is controlled by the
formation of active centers, thus reduction rate increases with degree of re-

duction., Herewith the increase in the reduction rate (Fig.2) at the beginning
can be explained, while at hydrogen pressures of 200 torr (Fig.1) this step
i8 so fast that it cannot be observed experimentally. When both above-men-
tioned factors are in equilibrium the reduction process has a constant rate.
The continuous decrease in reaction rate at the end of the reduction stage of
the phase UOQ%ﬁixf(successive transition into the phase U0 ) cen bve

e fa

6=
explained by ct that the number of newly formed active cgg%éfs is limit-

ed, while the concentration of oxygen in the condensed phase decrease with
the progress of the reduction process. In literature Ul gix is considered
to be Fhe lower phase limit and in the present experiments the reduction rate
Card 4/8
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. stopped to decrease with.the oxide UOz' 5¢ This difference can be explain-

ed by the fact that the reduction process did not occur-in single zones.

The seqond horizontal part of the.rate curves in Fig.1-3 corresponds to the
phase transition of,UOz.s_xm&x-—>U4O9. If formation of U 09 is due to a
‘'well-regulated,and formation of U02-5-xmax to & non-regulated introduction

of oxygen into the cubic lattice of uranium oxide (see Ref.13) there should

be no great change in the crystal lattice, and oxygen evolution should occur
successively. This is the reason that in this step the reduction rate de-
creases continuously with the progress of the process. Apparently this step
occurs under diffusion conditions, controlled by the diffusion of oxygen to-
wards the place where the.reacticn occurs. There are 3 figures and 16 re-
ferences: 9 Soviet-bloc and 7 non-Soviet-bloc.
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AUTHORS ; Viasov, V.G. and lebedyev, A.G.

TITLE: The dissociation kinetics of uranium oxides

PERIODICAL: Zhurnal prikladnoy khimii, v. 34, no. 8, 1961,
1739-1744

TEXT: The present work was undertaken because of the lack of in-
formation on the kinetics and mechanism of the dissociation pro-
cesses of uranium oxides, Knowledge of these would be of interest
for technological processes, based on the dissociation of oxides
as well as being examples of a topochemical process. J&pecifically,
UO5 and Uz0g were investigated. UQOy was prepared by heating UO4e
nH50 in a stream of 0y for 3 hours at 350°C, followed by 1 hour at
400°C; the resulting product was finely ground and pelletized. Uz0g
was prepared by heating UO4nH,0 in air for 1 hour at 800°C and then
in 0, for 1 hour at 900°C: this product was pulverized and used in
~ a powdery form., Dissociation processes were followed by continuous-
ly recording the loss of weight of the heated oxides by means of a

Card 1/4
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spring balance. The initial rate of dissociation was determined by
the angle of the tangent to the curve of oxygen removal plotted
against time. 'The apparent activation energy was calculated from
Arrenius' equation. Results: U0z dissociates at a convenient rate
at 450-650°9C, while complete conversion into Us0g was reached only
at 550°C and above. At 450°C, UO3 dissociates at a constant rate,
following the equation: g = 0.168 t (g - degree of dissociation, %:
t - time elapsed from the onset of the desired temp. min). at

g = 42%, the rate diminishes abruptly and then becomes constant, as
shown by equation: g » 0.09Lt + 17.90. At 5009C, the initial rate

£ollows equatiog g s t +9 and after g = 30% dissociation is expres-

sed by (g - 30)° = 15,3 (t - 21). At 550°C the expression is g =
4,65t + 40,9 until g = 65% and thereafter lg 1_0_65_:_,5 - 0.0608.
The influence of 0y at various part. pressures, on the rate of dis-
sociation of UO3 was investigated and found to be represented by
equation: v = A - kpy, , where A and k are constants at a given

temperature. The apparent energy of activation, calculated from

. Card 2/4
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g  30% was 37.2 Kcals/mole. Uz0g at 700°C dissociates at a con-
stant rate, following the equation: g * 0.03 t. ot 8009C the cor-
responding expression is lg _a . Kyt (a - degree of dissociation,
a-g

%, corresponding to the conversion Us0y -pU03 6 Ix of a minimum
oxygen content, i.e. U0y 55/ a is 17.9» and values of k) at 800,
900 and 1000°C are 3.08°10-3, and 1.97-10"2 respectively. Beyond
a = 18% dissociation proceeds at a constant rate and 1s represented
by: g = ka(t - ty) - 18, where tg is the time required for rcaching
g = 18% and kp - a constant at a given temperature, values of ko
and t, are given below:

temp. (O3] 1000 900 800

ko _ 0.1 0.06 0.04

ty(min) 70 165 330
"here are 3 figures and 10 references: 7 soviet-bloc and 3 mon-sov-
jet-bloc. ‘The references to tne Enpglish-language qulicathnslread
as follows: «. Lronvold, J. Tnorg. Nucl, .nem. L, 357 (1955-; the

<
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Transuranium Llements, tart 11, iapers 6. 40 to 22. 80, <61, New-
York - Toronto - london (1949).

S5UBMITTID ilctober 3, 1960
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AUTHORS: Bessonov, A, F., Vlasov, V. G. ‘

TITLE: - Kinetics of uranium oxidation with air, oxygen and carbon dioxide

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Tsvetnaya metallurgiya, }
. no. 4, 1962, 137 - 1h2 - o .

TEXT: Oxidation of uranium metal was studied in aggressive gas media atv
various temperatures and pressures of the oxidizing ges, for the purpose of ob-
taining kinetic eharactéristics and revealing the mechanism of the process. Com- %
mercially pure uranium.metal plates (2.5x1.5x1.5 mm) were oxidized in a high-vac~
uym device. The true rate of the oxidation process was graphically determined from
the inclination angle of-the tangent to the "oxidation degree-versus-time" curve,

The apparent activation~anergy was calculated with the aid of the Arrhenius equa-
tion. The average composition of the oxldation product was determined by calculat-
ing the increase in weight of the specimen during oxidation and the loss in weight
during reduction with hydrogen, It was found that the oxidation process in all the
gliven aggressive media obeys the temporary iinear law; the rate of the process is
proportional to the square root from air and oxygen pressure. The possiblé mechan- ,
ism of the uranium oxidation is analyzed with the aid of Soviet and foreign )/

Card 1/2

APPROVED FOR RELEASE: 09/01/2001

CIA-RDP86-00513R001860310009-3"



CIA-RDP86-00513R001860310009-3

SRISIECRERT [ RERRON! W

"APPROVED FOR RELEASE: 09/01/2001 |

: . 5/149/62:/000/004/002/003
Kineties of uranium oxidation with air, ., . AQ06/A101

sources (Ref, 9: P, Chiotti, H. Klepfer, R. White, Trans.Amer.,Sob.Metals, 51, 772
(1959)). It was found that the diffusion oi JXygen atoms through a dense layer of
uranium dioxide was the decisive limiting stage, There are 4 figures,

ASSOCIATION: Ural'skiy politekhnicheskiy institut (Ural Polytechnic Institute)

SURMITTED:  July 25, 1960
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AUTHORS: Viasov, V. G., Bessonov, A. F.

T T ——

TITLE: Oxidation of uranium dioxide

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Tsvetnaya metallurgiya,
no. 5, 1962, 113 - 122 . _ .

TEXT: Since the opinions of scientists differ on the mechanism of the

oxidation process of uranium dioxide, the gathering of experimental data in this
field is imperative. The authors studied kinetics of uranium dioxide oxidation

in different gas media and investigated simultaneously the effect of the admix-
ture of alkall metal carbonates and ThO3, Zr02 and TiOp oxides upon the kinetic
characteristics of the oxidation process. Kinetics of oxidation with air oxygen
was studied within a range of 165 to 800°C, at 2.5 - 600 mm Hg atmospheric pres-
sure. The results are shown in Graph (2). Determined values of the apparent ac- :
tivation energy at different oxidation degrees range from 34.6 kcal/mole at 28%
oxidation to 39.4 kcal/mole at G0% oxidation. Kinetic characteristics of UO2
oxidation with pure oxygen were investigated in a range of 125 to 330°C and

Card 16
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Oxidation of uranium dioxide AO06/A101

pOE = 100 mm Hg. The following schemes of phase transformations are proposed:

U0s g > U02+xmax - U02.25 — U02.36io‘05 - U02_6_xmax —>U02'67 for the 260 to
390°C range, and UO2, 04 = Uauy, . ~»U02,25 »U02,6-xpqy —-U02,67 for the 400 to
800°¢ range. The effect of different admixtures upon the process is given in
Figures S5 and 6. Due to the liberation of considerable amounts of heat in oxida-
“tion of U0y to U303, local overheating occurs in the solid phases, entailing a
sharp increase in the process rate on these spots, 80 that several phasc transi-
tions take place. Thls explains the jumplike evolution of the process in the

150 - 200°C range. The inhibiting effect of Kgcg§ admixtures on UQp oxidation

at 185°C is apparently due .to the fact that at this temperature the migration of
potassium ions from the carbonate crystal lattice into that of UOp is 1little
probable. Simultaneously the admixture is in a close contact wlth U02 and screas
a portion of its surface. As a result, the surface for oxygen adsorption from
the gaseous phase is reduced and the total rate of the oxidation process de-
creases. At 330°C the accelerating effect of alkali metal carbonates appears on
those stages where a substantial reconstruction of the crystal lattice takes
place. Apparently the catalytic effect of carbonates consists in the fact that

Card 2/6
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their particles are crystallization centers of a new phase which eliminates the
induction period. There are 6 figures.

ASSOCIATION: Ural'skiy politekhnicheskiy institut (Ural Polytechnic Institute)

SUBMITTED: April 22, 1961
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Oxidation of uranium dioxide AQDG/A101

Figure 2. Isotherms of U0, oxidation with air oxygen (at constant 200 mm Hg air
pressure) w,
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Oxidation of uranium dioxide AO06/A101

: » ; sy 1850¢ (1 and 2) and at
Figure 5. Isotherms of UOp oxidation with air oxygen at
gure 5 330°C (3 - 6) without admixtures (2 and 3) and with admixtures of
K2C03 (1 and k) NapCOg (5); LipC05 (6).
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Oxidation of uranium dioxide AQ06/A101

Figure 6. Isotherms of U0» oxidation with air oxygen at 330°C-without admix-
ture (1) and with admixture of ThOp (2); 2rO, (3) and Ti0p %)

28

.

Do

Cn

-
-8,
7] At
9,

~
5
ta

~

L)

<
Pfﬁ”-’ YRUICN2 -
egree
i [

-
o

[V
(%]
«
S
Q,
T
u
—~
o8
Ul.g
3
23
>
fott
—R
o
5y
]
£
&
PS
o

»~

P
’m.
oxidation

<

APPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-00513R001860310009-3"



