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Obtainment of Ultrahigh Vacuum with the Add of Chromium,
Dispersed by Electron Bamberdmens

by
GeS.Mikhaylovs GeM.Fresnyakova; OJMcAkimovich

It was shown byLlJ that metallic chromium dispersed by electron bombardmemt in
high vacuum (p ~ 10°% = 501078 m Hg) has an intensive vaceting (pumping) effect,
close to the vacating effect of titanium, and that the presence of the latter is con-
nected with *selfepurification ®* effect of chraxium at the time of dispersion, which
is due to the high oxide resistamse of chromium (Gr03) prior to electrom bombardment
and hi_gh temperdture, As result os such ®selfe-purification ®* it beccmes possidble to
evaperial
r‘ﬁ'r'?{hranimn from samples, contaminated by ;EM $ oxygen in combimatiom with
&203 remainas on the surface of chraxium; evaporized ‘pare chrome and proper vaocating

effect,
It vas considered interesting to contimue the investigation of the vacating ef-

fect with respect to ultrahigh vasuum ( pg5.10"8 ms Hg). Certain far reaching pre-
fgﬁc—m, on the vacating effect of Cr in this vacuum zone, going beyond tha pre-
viously described by us attmta; had to be made because, first of all, it was not
known whe ther we will reach a chromium oxide diss_ociation elasticity (always present
on dispersed chromdum species 1)) at sufficiently bigh dispersion temperatures
(1700=1750°) and in conditions of intensive electron banhardment'valus. which 1lie
Dare in the Tangs of wessures p~ 10~ - 1010 m Hg at vhich ve bave deeided to
conduct the experiments,

the volume

® According to chemical analysis data, ,-—-/-é oxygeL in the Cr used by us vas
10103 weight percentages.
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With this purpose in mind we conducted investigations with the use of experimental
tubes analogous to the ones described 1n[1‘} sunsoldered ar jointed with the oil frae-
tionation pump M4=40 through a connecting piece which aiffered frcn the previously
vsed only by the fact, that they were lacking the device far oxygen filling, and in
addition, the sensing element of the ionization wanameter was an Alpert type tube. Total
volume of each experimental tube was more than 3 liters,

The experimental tubes in all instances were heated for a period of 3 hrs prior
to unsoldering o measuring, when vacating with purp M¥=§0 to p~. 10"6 m Hg,after
which a rigid adjustment was made of all metal components by passing a stream or by elec-
tron bambardment. The dispersion of Cr for the purpose of measuring its vacating ef
fect was done by electron bambardments at Vg X2 300 v and I, =2 106 maj; the walls
of tube belloons were cocled by means of a fan, Killing of oil vapors after removal
by M4=-40 pump was not made,

205"

.

g4}
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70 20 30 %0 50 &0 70 80 1,10.

It was found, that in tubes, jointed with pump M40 by a connecting plece, during
the dispersion of chramum ny electron bombardments, can easily be cbtained a vacuum
of ~2-5. 109 mm Hg, vhilecn the part of the oil pump it emounts to 2+206 m Hee
This indicates a sufficiently high rats of veecating, vhich is developed by Cr at the
time of dispersion., Bvaluation of the rate of air vaeating (pumping) by chromium,
rade by the method of *two=-[ressure gagea'[2](1natead of & connecting piece in this
case was soldered in a narrow pipe line, with an opening diameter d = 4,5 mm and

length 1 3 25 mm), gives & value of ~5'102 liters/sec at a vacuum of 2-10" mma Hge



In just now unsoldered exparimental tubes, in which directly pricr to unsoldering
from pump, chramium was dispersed, the pressure of tl» remaining gases vas 2-3¢10~9
mm Hg, By additional dispersion of Cr by electron bambardments alreedy in the unsol-
dered tube it was possible to drop it within 80-100 min to~5+10~10 ma Hg, On the
draving is given an example of vacating with dispersed chr.mium one of tha unsoldered
experimental tubes,

In these investigations at jressurea of _5010"10é p £ _5010"8 mm Hg on the Cr
samples at the time of their dlspersion by electron bambardment, just as before E]
were observed coacentrations of filiform and chromium oxide Cry03 crystallites sim-

ilar to them, which under conditions of our experiments have not been destroyed
under the effect of electron bambardment and high temperature,

In this way, the observed by us effect of "self-purification® of chromium allows
to use ordinary oxygen contaminated Cr far the obtainment of ultrahigh vacuum (up to

10

P 5410 mm Hg) by dispersing sams with electron boubardments,

In conclusion express great appreciation to member ccrrespondent of the Academy
of Sciences Ukr-SSR Q,Ya,Usikov for his interest in the experimsnt and for waluable

council,
Literature

1, GeSeMikhaylov; I.GePronina; O.M.Akimovich; G.lMaFresnyakova; j-th All Uniom
Conference of MV and SSO.SS3R on Radio Electronics, Theses of Reports and Announce
ments, 24=29 October 1960, Khar'kov pe82,Ukrainian Fhysics Journal 6,N0e3,1961.

24 H‘m&r; ld.wamch. le vide. 13.N°.7h.8h.1958

Insteof Radiophysics and Electrical Enginsering Suted tteds July 17,1961,
at Academy of Sciences Ukre=SERe
city of Khar'kov,
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Certain Characteristics of Fartial Adsorption of Camponents of Residual
Geses at Very High Vacuum, II ,

by
Yu,Ge Ptushinskiy; Be.0eChmaykow
It iz known, that gas adsorption [rocesses, of gases which remain ordinarily
in electrovacuum devices, do really affect the vacmum conditions in the instruments
as well as the praperties of its (their) basic elements, particularly the cathode,
This investigation of adsorption of components of residual gases appears to be very
important in connection with problems of vacuum technique and cathode electronics,
Particular actuality have similar investigations attainad recently in connection with
broader introduction of ultrahigh vacuum technique imto practice of research labs,
The most widely used method of investigating the kinetics of ges adsorption is
the so-called flash method|l | the pature of which is besed on the registratiom of
pressure rise,caused by rapid heating of the investigated surface to high temperature
and the pramoted by it desorption of all adsorbed gas molecules,
1t appeara to be advisable to unite this method of investigating adsarption proces-
ses with the massespectrometry methode It is apparent that the use of the flash met.-
hod in such a mags~speetramatric variant will allow to investigate simltansously
the adsorption of all ecamponants of natural and artificial mixture of residual gases,
to investigate their mtial effect and in this way obtain a greater number of
different data.
The first announcements on certain results of applying the flash method in mass
spectromefiric variant for the purpose of investigating adsarption of components of
a natural mixture of residual gases on tungsten have been published earnor‘? In the
given report, which is a contimation of [2) are given new data on the kinetics of




adsorption of components of residual gases as well as data on temperature stability
of canpochemts of residual gas film adsorbded on the surface of tungsten,
Mathod
A maas-spectromater of sectorial type with a 60° angle of rotation of the beam
of ions was used, It had a senaitivity of 10°17 a/mm with glass tube analyzer intended
for investigations in conditions of ultra high vacuum[3]. The exhaustion (vacating)
of tubes wvas done, as nmually, with repeated rotation (alternatiocn) of heating the
glass and internal cocponents, After the vacatirg job was occmpleted the tube was iso-
lated fram the vacuum system with th:. aid of a tin shutter. The pressure of residual
garzes in the tudbe is crdinparily Lept at a lavel of 2-10'8 m Hge It wvas scmetimes
nacessary to enrich tbe mixture of rosidual gases with some kind of ccmponens,For
this purpose sources of guitaltle gasss have been placed in the tube,
Moasurement results ‘
Te characterisiic of adsorhability of any given ecompcnent of residual gases can

be the relative rise in partial ;ressure [\ B, at s flash to tackground Kressure b 9

or aqual to its ratio Ifl(lx Ip und T, - increment in inn stream during the flash

and background ion stream of given ccaponent respectively), In fig.l. are given de-
pendence curves A‘IIE’far m=2 (fe)e » = 16 (CH)) end m = 28 (CO+Hy) fram the time
of adsarption at room tumperaturs., The proper curves for inert g;sql He and Ar fused
with the axis of ths abuc.usss. Prom analysis of figele 18 evident that the ad:orb—

ability of ccmponcais of reasidual puses allows to divide them into three groups,
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The first group includes hydrogem, nitrogen and o.rb;n oxide, wvhich adsoarbs most
actively; group two - methane,which adsorbs mach poorer; the third group = inert ga-
sea,vhich practjeally do not adscarb. According to data in figels it is possible to
eatimate the relationship beiween the probebilities of adhesion of various camponents,
Especially, the rotebility of adhesion of cnk molecules appears approximately 25 times
less than the mobability of adherehce of CO or Ny molecules, .

In this way, evaluating the poasible effect of atmosphere of residual gases on
the properties of investigated surfaces, it is insufficient to know their total
(absolute) pressure or even partial pressure of camponents, but it is necessary to

consider the adsorbadility of these camponents, which, as we have seen,can be substan—
tially different. For example, for a typical mixture of residual gases at a total pressure
of the order of :I.t)"a mm Hg the rate of adsorption on the surface of tungsten will be
the same as the rate of adsorption of an imsginary gas with a 100% probadilisy of adleeion
at a [reasure of the crder of 1010 mm Hg,

Components of residual gases adsord parallel 9nd are basieslly imdependent fram
each other with respect to their partial pressures, probability of adhesiea and total
degree of surface filling, Only when working with mixtures,artificially enriched with
hydrogen and carbon axide,did we cbserve certain signs of slight expulsion of hydro-
gen fram the tungsten surface by cerbon oxide,

To explain the effect of liner temperature on the adsarption of components of
residual gases experiments will be carried out at various temperatures of the tungsten
_band, temperatures exceeding 300%K, After high temperature cleaning of the bamd its
temperature was reduced t0 necessary and a tea minudus m was nade, Them, as
usually, beving made the flash the valuej I, weas measured, Results of thess measure
ments for m = 2,12, 1, 15, 16 and 28 are given in fig.2,As is evident from the drav-
ing, ;\I,. is characterized by stability, different for various ‘ecmponent.s. temperature

zones and then by a gradual drop to zero, vhich naturally is explained by evapora-
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tion, For curves, which correspond to m = 15 and 16 stability 1s preserved approximetely
to 400°K, which is, apparently, an indication of the fact, thet methane is retained fully
on the surface of tungsten until it becomes red ho$ at tia t temperaturs,

ar

mL

OM
Jao 500 W w 100 e TN

Fige2oEffect of liner temperature on the adsorption of residual
gas componenta,

]
n}
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Hydrogen (m = 2) is retained fully up to a temperature T,/ 500°K, carbon oxide and
nitrogen (x=28) - T ( 700°K, It 1s}mceeaary to keep in mind, that the boundary tem-
perature, at which, e,ges hydrogen is still fully retained on the surface, depends

upon the amount of adsorbed hydrogen; in our instance the ;ﬂj of adsorbed hydrogen

is thinner than the monamolecular, Among other things, the identical nature of curve
sloping A In('r) for m = 12,14 and 28 indicates, that the curve which corresponds to m = 28
belongs to a CO and N, mixture,

Practically total evaporation of methans from the surface of tungsten takes place
at T \ 600°K, hydrogen - at T \ 800°K, carbon oxide and nitrogen - at T ) 1500°K,
Scmewhat unusual here is the behavior of curve for m = 16¢ on one hand it slo
ping begins at Tz 400K, which is characteristic for metlml) ¢ $he other Mand -
it drops to zero only at T ~~ 1400°K, which is characteristic of ocarbom oxide, Such
behavior of the curve for m = 16 is explained by the fact, that it bee

longs to the cnh and O mixture which is a fragment of 00.‘

In this way, as is evident fram the listed data,.far total rectification ‘of tung-
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sten surface in eonditions of ultrahigh vacuum is necessary that same be heated to a
temperature T \ 1500°K (at given typical composition of residual gas mixture). It is
also especially evident fran these data that by maintaining a tungsten surface temper-
ature of the order of 700°K it is possible to do away with the presence on it of methans
and hydrogen and to investigate the adsorption of CO and K,

In conclusion the authors wish to express thanks to member correspondent of the
Acadenmy of Sciences Ulr=SSR N,D.Morgulis for constant attention in the experiment and

far councils.
Literature

1, D Hagstrum,Rev,Sci Instyr,24, 1135,19533 J.Becker; C,Hartmann;J,FPhys,Chem,57,153
1953,

2, N,D,i-orgulis; Yue,G,Ptushinskiy; BeA.Chuykov,Doklady Akademii Nauk SSSR,128,930,
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Effect of Klectrostatic Instabilities on the Function of Distribution
of ths Beam,which Reacts with FPlazma in Magnetic Field

by
V.D,Shapiro and V,I,Shevchenko

Instabilities criginating during beam/plazma reaction in the magnetic field,have
been quite thoroughly investigated in linear appraximation E. 2],

With the rise in arplitude of oscillations, excited by the beam their effect omn
beam and plasma may became quite recurring,thus leading to a slow chumge in time of
directed rate of the beam and thermal energy of the beam and plasma, Equations,deter..
mining change in function of beam or plasma distribution as result of interaction with
oacillations in the absence of a magnstic field, were d.rived byY?-j} Below this met—
hod is applied to the case of plasmm, which is in a magnetic field,

de will write the function of electron beam distridbution and plasma distribution
in the presence of oscillations in form of: £ = £(t,v) + £1(t,r.v), vhers £o = $\
characterizes the "backgronnd® at which oscillations ure_dmlop:lng. and f; describes
oscillations of beam or plasma (Avoragings are made with respect to distances,great
in comparisan with the duratién of the oscillations period and by time intervals larae

in comparison with the poriod of oscillations), Equations for f, can be obtained

by averaging the kinetic equation without the integral of twin collisionss
g!".""f l:”;-lg{._i<Zl?[..l>"_e—<[:’ﬁlla_{l‘>=o {1}
at me m v mc dv

Integral of collisions in (1) was amittad,since quite rapid processes are being ob-
s'ems:"rtLL Y (7r-time, withia which there is a substantial change in £ -}T_.- -
frequency of collisions). The obtained formulas will be valid at t.C7%.

"Por further consideration are important such two assumptions: plasma oscillations
are considered linear and the function of distribution f, changes with time slowly

in comparisca vith plasa oscillations,

FTITTA5-28/3v2 9



In this report is discussed a case,wvhere plaams oscillations are longitudimal
and axially-symmetrisal in Dlans,perpendicula$ to the magnetic field,
Having vritten £; and %, in form of

- I 4
1 - B - wat)
- 5‘{;/; (tv)e . +x.c.,:
*

. - 1 S l(;;—.:n
E, - 2 {25;-(‘)0 ’ +x.c.} : )
R
and utilizing far the connection fiy with K the formula of linsar thecry

Y exp(— i\, 5in 0} [Y,‘:‘_nln(\)fg—l‘f‘
_]- dis+he dm-le
*u(,.+1_x,+.._1 k)J.(x.wu)r

(3)

gy
77N i 4,
'n'x'- o "ML

-

&
cosO-‘—Z’; -;---+n-
(w* is designated by dispersion 1nterrohtion of linear thoory.) ve obteia from (1)

such equations for f,s

S _O(, %
& -dv.- ('u 60.)' “

@ qx = tensor of 4iffusion coefficients in space of velocities in the presence of
a magnes tic field,
In case of instabilities, dus to the VaviloveCherenkov effect or to the anumalous

Doppler effect, the temscr aﬁ has the form ofs

SEE PAGE 10a FOR INOATION 4'
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- 3~
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= om ydkl E-| P oy Z Y (l."—u:.+k,yl):+;:_
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o
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In (4) integrations by k, ere carried out in the zors k; >0. &‘ﬁ 2 - square of

amplitude of eslectric field of pla=sma oscillations with a certain ki

d /
iy T R T A ~ A
=R EL ’

In case of a Vavilov-Chsrenkovy or ancmalous Doppler effects the proton will be
irradiated under an acute angle in direction of moticn of the particle and for the
growing with time oacillations the nrojection of phase velocity in direction of mol/on

of the beam wiil alwzy. be positive, and it 18 evident herefrom, that in case of
instabilities due tc ihe Vavilov=Chersnkov and anamalous Doppler effects (‘OL L
w:—» far each type of insvability, and that 1s exactly what we utilized i;kthe deri-~

vation of (8).
In this report ars c.usidered changes in temperature and rectified velocity
"nearly moncenergetic ¥ of the electron bwam, which reaets with electron plasma in
the magnetic field,
Considering as realized the conditions
&lv}

L), o2kl (5
al ul Ll GH (DH‘

w

meh ke Ratry

("1'|"’1‘- )= thermal velocities of the beam thrcugh length and breadth of the magnetic
i

field; u - directed velocity),we will obtain, by solving equaticn (}),such formulas

for longitudinal and lateral temperatures end directed veloecity of the beams

STE PAGE 11a FOR EQUATIOR 6
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Considering, that the amplitudes of fields and plasma at t = 0 in case of longitu-

dinal oscillations [6] Iave the mature of thermal flnctuations

. ) 4:)’. 2 _ 7, y
“5; = 1+ &0, (1,, mv.p')' /a/
and calculating the integrals in (6) by the transfarmation method, we will obtaim for

sufficiently rarefied plasua (G, 3\ omega, - cmega =7 k5T Wy @2y,

@n. _ VI =k 2
T, . 12x Nu* =<
ﬂﬁ,‘:';'ﬁ(}_ni«%; i} = (3T 7)
7, ®H N, T, T,

In cas of instability, due to ancmalous Doppler offeot,and

WD1 g pors 60, 0T (M1 0T (D,
T. Nx“' T To .ﬁ N‘ t r' 4
1[N\ X -
,muu|=:;.7,(,—v—:) (a1 > (47, )

in case of instability, due to VaviloveCherenkov effect. In formulas (7) and (7°)
~y = cmogat, (SD = insert 6qe(8)s,.eb2ge 86 , Ny~ density of plasma , N; density of
beam, ¢ Nye During the derivation of these formlas i$ was assumed that (5,,‘75\ 1
ana [3Y $1. In addition, they are valid for $( %y where §, - time,within videh
one of the conditions (5) or condition Sus u is aisrupted,

Solution of equation (), derivation of formila (7) and (7'), as well as examina-
tion of instability, due to normal Doppler effects, which originates during th; reaction
with plasma of a beam of excited oscillators, will be discussed in a special report,

The authors are greatful to Ya,B,Faynberg for the specified subject and constant
interest in the investigation, to O.I,Akhiyezer; G.Ya,lyubarskiy, K.M,Stepanov for
analyzing the results of the investigatism,
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