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OBTAITNT AND PROP1RPIVS OF' MONO' R'rVALS Ov T1G:CTITrLT11G

METALS, TJGS-V-q, RB'TNITJP, TANTT,.P, ?'OLT137N", AIND INI0,9IUK,

by

Ye. M4. Savit-skciy, Ch. V. Xo-oetslkiy, A'. 1. Pek---rev, ani l.I.!ovos~dov

The electron-beam -fusingz of hiebh-eLting metals has ereat advantages

over other methods of fusing, arc method, induction method, etc. T'he nossi-

bility of doing the fusing In a hig-h vacuum, the facility and convenience in

controlling the electron beam, the possibility of overheaing 'by several. hun-

dred degrees above the fusion termverafure determined this method beating for

the zonal -ourification of the metals'with the highest melting -noint, niobium.

tMly'bdenum, tantalum, rhrenium, P.nd tungsten.

For the zonal electron-beam fusion of netals In the laboratory of Rare

Metals and Alloys of the Insti~u1 .e of vetal'urey, nsmed 4'or A. A. n aytcovu,

C there was designed and assembled the laboratory device (Fir. 1) whiich enablop

one to -ourify metals and obtain monocrystals. 'he basi.-oarts of the unit Fil

a olate with a cantilever for fastening the snrecimen. a lead screw with a

bracket '!6r fastening and shifting the cathoee, a glass hlood., a mrecbanism

for shiftinz the cathode, *a vacuum system, and poower sources for th-e catl'ode

*and anode electrical circuits. The vacuum systemr Includes a. orevacuum

mechanical louno of the type VIN-2 and a standqrd vacuum unit MT-05-1, con-

sisting- of a diffasion nuimo of the tyne 15, a slide, and a chamTber wilh

ionization and thiermocounple vacuum Tneters. "'he vacuiui system en-ables one

to obtain a vacuum up to 3 *10- mm on the mercury column with a rate of

t pumnping of 3,000 I/mmn. From the prevacuum pump into the -4orvire c1 amber

a sepaxate sleeve ic insprte, d which snabiles one to do preliminary pumpinc

with a warmed-uno dif'usion poump. 'nher- is nrovided also a cirry-Off to

be connected uv in the cA6P of' the need for a helium lenVr detector.

1'TD-TT-63-2?0/l + 21
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METALS, S~'EN, RENIT7, TANTAL'., MOLTBD0NU'x, AND NI01Y1UN

by

Ye. M. Savitse'iy, Ch. '. K-oetskiy, A. I. Pek'irev, ani ,1. ovo.qdov

The electron-beam .fusing of high-mefting metals has great advantages

over other methods of fusing, arc method, induction method, etc. The -nossi-

bility of doing the fusing in a high vacuum, the facility and convenience in

controlling the electron beam, the possibility of overheqiting by several hun-

dred degrees above the fusion temnerature determined this method heatine for

the zonal rurification-of the metals'with the highest melting *noint, niobium,

molybdenum, tantalum, rhenium, Pnd tungsten.

For the zonal electron-beam fusion of metals in the laboratory of Rare

Metals and Alloys of the Institute of "etallurey, nrmed for A. A. 'Raykov,

there was designed and assembled the laboratory device (Fiz. 1) 4 hich enablas

one to purify metals and obtain monocrystals. "xh basic -arts of the unit ax

a olate with a cantilever for fastening the snecimen, a lead screw with a
9

bracket for fastening and shifting the cathode, a glass hood, a rpechnism

for shifting the cathode, a vacuum system, and nower sources for the catl'ode

and anode electrical circuitst , The vacuum system includes a Drevacuum

mechanical -oump of the tyeoe,.VN-2 and a standard -vacuum unit 7-05-1, con-

sisting of a diffasion oump of the tyne N5, a slide, and q chanber wii+h

ionization and tbermocouole vacuum meters. "he vacuum system enables one

to obtain a vacuum uo to 3 *10-6 mm on the mercury column with a ratp of

bumpinz of 3,000 l/in. From the prevacuurm pump into the nrvInz c. amb-r

a separate sleeve ic' insarted which enabl-s one to do preliminary pumping

with a warmed-up dif'uslon pump. 'her- is nrovided a.lso a c-rry-Off to

be connected up in the ca.p of the need for a helium leir detector.
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The s.ecimen in the form o " a little rod of th- diameter ol J to S mm

is fastened vetically in molybdenom iaws with tantalum sorines. With the

heating un and eroansion the sorinzs rermit the snecimen to move freely in

the vertical direction. The bracket with the fastened speclmyn is insulat-

ed from the plate. It serves as anode. A looD-shnped cathode mTnde o4 tung-

sten wire of the diameter of 0.7 to 1.0 mm, or of tantalum foil of the thic'-

ness of 0.. mm and width of 2 mm is fastened in steel holder. The current

for heatinj the cathode is suorlied to the holders with the aid of copper

flexible bars. The bracret with the holders of the cathode shifts vertically
4

along a lead screw, which extends from the woi-king chamber through a conical

vacuum connection. One of the holders of the cathode, together with the

olate, is grounded. The focusins of the electrons emitted from the cnthode

is accomolished by two parallel molybdenom elates with an onenine of +he di-

axmeter of 5 to 7 mn. 'he distance between the plates is about 5 MM.

The lead screw is made to turn by an electric motor throuah a worm re-

ducer and a belt transmission with a general transmission ratio of l:00O.

The regulation of the speed is accomlished by ineans of a change in the nur-

ber of revolutions of the electric motor. This makes it possible to change

the sheed of the shifting of the cathode relative to the snecimen within

the limits 64 from 8 to 60 cm/hr. Terminal switches TroJected from an PT-
I

tension of the lead screw stoo the.motor at the distarceof 40ho focuqine 4

Plates from the sneciren clarps, equal to 1 to 1.5 cm.

A rectifier consisting of ste'u-o trans'ormers and pour ken o+rons of the

type ".-1<0 (X-'<) assures singlp-s:MIneriod rectification with a voltage

equal to 3.6 kv and a maximum current of about 550 ma. T-he regulation of

the working current ;,ntl voltage is accomolished with the aid of smooth change

in the voltage of the n~vary winding of tha trn-forers within the llmits of

ND-TT-63-Z70/1 + 2 2



from 0 to 220 v. The heating uo of the cathode is reuilated sep1agately.

maintaining
The scheme proposed by us for power su-mly assures they and-recIlatine

of the tem-oerature in the fusion zone in the mode of ooeration selected and

eliminates overloads.

For the visual

observation of the

Sec page 3a -Pr-. courre o the fusion

outside of the glass

hood there is set un

-n objective through
Fig. 1. .Electric circuit of unit for -urifying metals

* onto a screen there
and obtaining monocrystals:

arepro.lected in
l--anode, 2--cathode, 3--focusing pliates, h--rectifi-r,

enlarged form the
Tl--transforn-r 20/ YnO, T2 T3 --heater transform-rg.

cathode heated up
220/12, 220/10, T&--autotratrisformer

_to 2,000--2,5000,

focusing sdreens, and the zone of fused Tnetal.

Before the zonal fusion the vacu-um tomperin- of 'the netal rod is ef-

fected for its degasificatioh. For this nurrose the rod is heat ed uo by

electron bombardment over the whole length at a temnerature by 100 to 3000

lower than the fusion temrp-erature.

The movement of the fused zone for nurifying the metal qnd obtaining

tnonocrystals-was effected at the rate of 8 to 10 cm/hr. The mode of onera-

tion in the fusion for the metals investigated is shown in the table.

The rods obtninpd after the fusion were etched and one eqch of tPem

there clearly apo-ored the faces of crystals. The hb.rene.s on the Vickert

scale measured on trn:-verse sections of monocrystals of the different ,pt.p.lI

had the following valu ,, 'o - 170, Nb - 79, ' a - 75, Re - 15h , V - 3IL5 *c-/cM2 .

FTD-TT-61-270ii + 2
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Quality tests were also conducted of the bending and extension of mono-

crystals of tungsten and molybdenum. The extension tests of monocrypta~

of molybdenum, niobium, and tantalum showed cross-cection contraction of

about 1004

The obtaininR o6r monoerystnis
Metal Diameter of Voltage Current

rod, mm v Mn o:f high-meltine ret-OP on thp

paratus described above orenq um
Nb 41200 Ito
Me A 1500 &90 new nossibilities for the study
Ta 2 .1800 150
ne . 2,5 2300. 220 of the *ooerties of oure metal
W. 4 2000 420

and their applications in various

are:as of new technolog.
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