UNCLASSIFIED

o 409270

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANDRIA. VIRGINIA

UNCLASSIFIED



NOTICE: When govermment or other drawings, specil-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the sald drawings, specifications, or other
data 1s not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporatior, or conveylng any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



[N
1
A

-

OBTAINMENT AND PROPERTIES OF MONOCRYSTALS OF THE HIGH-
MELTING METALS, TUNGSTEN, RAENIUM, TANTALUM, MOLYBDENUM

¥ AND NIOBIUM

By

Ye. M. Savitskiy, Ch. V. Kopetskiy, et. al

FOREIGN TECHNOLOGY
R DIVISION

AIR FORCE SYSTEMS COMMAND

WRIGHT-PATTERSON AIR FORCE BASE
OHIC

DD

R E LR
[ﬁi JUL r 2 1968 (m
ﬂ ‘gw‘ms) Uj

NESUSR




D

I(‘.

FTD-TT- 63-270/142

UNEDITED ROUGH DRAFT TRANSLATION -

OBTAINMENT AND PROPERTIES OF MONOCRYSTALS OF THE
HIGH~-MELTING MBTALS, TUNGSTEN, RHENIUM, TANTALUM,
MOLYBDENUM AND NIOBIUM
BY: Ye. M. Savitskiy, Ch, V. Kopetskiy% et. al.
- ' 1 %
&

g @
SOURCE: Russian Book, Issledovaniya Po Zharprochnym
Splavam, AN SSSR Institut Metallurgii, hpskzﬁ,
® (Trudy), Vol. 9, 1962, pp 192-194

English Pages: 5

2
- ¢
®
3
3@
®
S/569-62-9-0
£
L
THIS TRANSLATION IS A RENDITION OF THE ORIGH
HAL FOREIGN TEXT WITHOUT ANY AMALYTICAL OR
EDITORIAL COX T. STATEMENTS OR THEORIES_ PREPARED BY:
ADYOCATED DR ~LI2DARE THOSE OF THE SOURCE
AMWDDO HOT et * Y REFLECT THE POSITION TRANSLATIOM DIVISION
OR OPIHION DF 18 (OREIGN TECHNOLOGY DI- FORZIGH TECHNOLOGY DIVISION
YISION, WP-AFB, OHIO.
FTD-TT- é3-270/142 Date 6 2y 19 63

B



&

OBTAINYN'" AND PROPIRTIES OF MONOSRYSTALS OT THR FIGI-MILTING
METALS, TUNGS™EN, REYNIUM, TANTALTUY, MOLYBDZNOM, AND NIOSIUM
by .
Ye;.M. Sa;itskiy. Ch. Y. Kovetsxiy, A, 1, Perarev, and M, I, Novosadov
* The electron-beam.fusing of high-melting metals has great advantages

over other methods of fusing, érc method, induction method. etc. The nossi-
Yility of doing the fusing in a high vacuum, the facility and convenience in
controlling the electron beam, the voesibility of overheating by severél hun-
dred degrees above the fusion temverature determined this method heatinsg for
the zonal vurification of the metals with the highest melting moint, niobium,
molybdenum, tantalum, rhenium, and‘tungs?en.

For the zonal electron-beam fusion of metals in the ladoratory of Rare
Metals and Alloys of the Institute of Yetallurzy, named *or A, A. Rayxov,
'there was designed and assembled theglaboratory device (Piz. 1) which enablas
one %o vurify metals and obtain_monoérystals.. "ha bang;narts of the unit are
a pléte with a cantilever for fa§:en1ng the smecimen, A lead screw with =
bracket F6r fastening and shifting the catbode, a glass hood, a mechaniem
for shiftinz tre cathode, a vacuum system, and vower sources for.the cathode
and anovde electrical ci&cults. "he vacuum syster 1includes a vrevacuum

mechanical ovump of the tyve VN-2 and a standard vacuum unit "N-05-1, con-
gsistineg of a diffusion vump of the tyve N5, a slide, and a chamber with
ionization and thermocouvle vacuum meters. The vacuun system enables one

to obtain a vacuum uv to 3 1076

mm on the mercury column with a rate of
pumning of 3,000 1/min. Prom the prevacuum pump inte the worvking cl amber
a separate sleeve it inserted which enadles one %o do preliminary pumping

with a warmed-up dif-“usion oumo. Thers is vrovided also a carry-off to

be connected uv in the cas> of the need for a helium lear Aetector,

FID-TP-63-270/1 + 2 1
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sisting of a diffusion vamp of the tyove N5, a slide, and 2 chamher with

OBTAINYZN'T® AND PROPZRTIRNS OF MONOTRYSTALS OF THR WIGUW_MTLTING
METALS, TU,WGS’"EN. REZNITV, TANTALT-'., MOLYBDRYNUM, AND NIOBIUM
by .
Ye;'ﬂ. Sa;itskiy, Ch. Y. Kovetskiy, A, 1, Pe¥urev, and ¥, I, Novosadovw
" The electron-beam.fusing of high-melting metals has great advantages

over other me*hods of fusing, arc method, induction method, etc. The nossi-
%111ty of doing the fusing in a high vacuum, the facility and convenience in
controiling the electron beam, the vossibility of overheating dy several hun-
dred degrees above the fusion temverature determined this method heating for
the zonal vurificationf the metalsg with the highest melting noint, niodbium,
molybdenum, tantalum, rrenium, =nd %tunesten.

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

Metals and Alloys of the Institute of Metallurey, named *or A. A. Raykov, -
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‘there ‘was designed and assembled the ladoratory device (Fiz, 1) which enables
one %o vurify metals and obtainlmonocrystals.. ha basic varts of the unit are .

a vlate with a cantilever for fastening the snecimen, =5 lead screw with a

bracket for fastening and shifting the catrode, a glass hood, a mechaniem ) ‘

for shiftinz tre cathode, a vacuum system, and vower sources for the cathode

and anode electrical circuité? he vacuum syster includes a vrevacuum ’
&

mechanical pump of the tyve“VN-2 and a standard wacuum unit "N-05-1, con-

-
ionization and thermocouvle vacuum meters. T™he vacunm system enadbles one

to obtain a vacuum up to 3 1078

mm on the mercury column with a rate of
oumping of 32,000 1/min. .. From the prevacuum pump inte the working cl amher
a separate glesve iz inserted which enables one %o do preliminary pumping

with a warmed-up dif“usion opumo. Mhere is vrovided also a carry-off to

be connected uv in the cas» of the need for a helium leaw Adetector,
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The srecimen in the form of a Tittle rod of the diameter of 3 to § mm
1s fastened vertically in molybdenom ja#s with tantalum svoringe, With the
heating un and exvansion the sorings mermit the svecimen to move freely in
the vertical direction., The Mhracket wiih the fastened specimen is insulat-
ed from the plate. It serves as anode, A 1oop-shapgd~cathode'made of tuneg-
sten wire of the dlameter of ﬁ.% to 1.0 mm, or of tantalum foil of the thicwr-
ness of 0.) mm and width of 2 mm 18 fastened in steel holder., The current
for heating the cathode 1s suomlied to the holders wlth the aid of copper
fle;ible hars. T;i bfacket with the holders of the cathode shifts vertically
along a lead screw, which‘extendsfrém the working chamber through - conical
vacuum connection. One of the holders of the cathode, together with the
vlate, 1s grounded. The focusing J% fse electrons emitted from the cathode
ig accompliched by two varallel golybdencm vlates with an -ovening of *he di-
ameter of 5 to 7 mn., "he distance between the vlates 1s ahout 5 mm,

The lead screw 1s made to turn b3y an electric motor throush a worm ra-
. ducer and & belt transmission with a general transrission ratioc of 1:1000.
The regulation of the speed is accomvlighked by ineans of a chanze in the num-
ber of f%volutiong of the electric motor., This makes it possible to chance
the sheed of tre shif%ing of the cathode relative to the svecimen within
the 11m1t§)§§ from 8 to 60 cm/hr, Terminal switches projected from an ev-
tersion of %?e iead screw stoo the motor at the distarce®of the focusing

plates from the sveciren clawps. equal to 1 to 1,5 cm,

A rectifier consisting of ste~uo traas“ormers and four “enotrons of the

=
-

tyve FR-150 {xP-1<r) agsures single~§%m1ng£iod ractification with a voltace
equal to 3.6 kv and a maximum current of adout 550 ma. The regulation of
the working current :uid voltage is accomolished with the ald of smooth chanze

in the voltage of the vri.ary winding of the transforrers within the limits of

FID-TT-63-270/1 ¢ 2 2
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from 0 to 220 v. e heating up of the cathode is regulated separately.
- maintaining
‘The scheme vraopvosed by us for vower suvvly assures the VY and -regulating

of the temverature in the fusion zone in the mode of overation selacted and

.«

eliminates overloads.

For tre visual

observation of the

See Page 3a poy -pig'urc 1. course of the fusgion

outside of the glass
hood there is set uvo

an objJective through
Pig. 1, TFlectric circuit of unit for wurifying metals

N cnto & screen there
and obtaining monocrystals:

areprolected in
l--anode, 2--cathode, 2--focusing vlates, L-_raectifier,

enlarged form the
T -—-transforrer 220/3500, T,T3--keater transformers.

i cathode heated up
220/12, 220/10, Ty--autotransformer

‘ o . to 2,000--2,500°,
foéusipg séreens, and the. zone of fused me'nal,

Before the zonal fusion the vacuum t»ﬁpering‘of'the metal rod 1s ef-
fected for its deg;sifipatioh. For.this vurvoge the rod is~heated.un ﬁy
elec}ron bogbardmgnt ovef the whole length at a temverature by 100 toABDﬁO
lower than the fusion temverature,

The movenent of the fused zone for vurifying the metai 2nd obtaining
monocrystals was effected at the rate of 8 to 10 em/hr. ™he @ode of overa-
ticn in the fusion for the metals investigated 1s shown in the table.

The rods obtzained after the fusion were etched and one each of them
there clearly apocired the faces of crygtals. T™he hardness on the Vickers

scale measured on traniyverse gsections of monocrystals of the different metals

had the following valuss: J0 = 170, Wb = 79, ™a - 75, Re - 154, W — 315 kgfcm2,

i |
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crystals of tungsten and molybdenum,

Quality tests were also conducf@d of the bending and extension of mono-

The .extension tests of monocryetals

of molybdenum, niodium, and tantalum showed cross-section contraction of

about 100%
Metal Diameter of _Voltage Current
rod, mm v ma
. Nb 4 1200 110
Me 4 1500 350
Ta 2 4800 150
Re " 2,5 2300 - 220
w. 4 2000 520
h

FTD-TT-63-270/1 4+ 2

.Thé obtaining of monoerystals
of high-melting metals on the ap-
éaratus described adove ovens uv
new vosslibilities for the study
of the oroverties of wure metals
and thelr applicatione in various

areas of new technology.
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