UNCLASSIFIED

Reproduced ‘
by the | ?
ARMED SERVICES TECHNICAL INFORMATION AGENCY ’

ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

&

UNCLASSIFIED




NOTICE: When govermment or other drawings, specl-
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 bhave formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wigse as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.




2

62-1244

ARGON~-ARC AND ELECTRON-RAY WELDING OF TANTALUM AND NIOBIUM

By
N, V, Grevtsev

294516

O R VT p—

e Bt 1 70 b




FID-TT- 62-1244/142

UNEDITED ROUGH DRAFT TRANSLATION

«
‘ ARGON=-ARC AND ELECTRON-RAY WELDING
OF TANTALUM AND NIOBIUM
BY: N, V, Grevtsev
English Pagess 13
SOURCE: Swvarochnoye Proizvodstvo,
8/135=62=0~2
~ THIS TRANSLATION I3 A RENDITION OF THE ORIGI.
NAL FOREION TEXT WITHOUT ANY ANALYTICAL OR
ROITORIAL COMMENT. STATEMEMTS OR THEORIES PREPARED BY,
* ADVOCATED OR IMPLIED ARE THOSE OF THE SOURCE
b AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION SERVICES BRANCH
OR OPINION OF THE FORRICH TECHNOLOGY Di- FOREION TECHNOLOGY DIYISION
3 VISION, WP-AFRB, ONIO.
i
FTD-TT-62-1244/1+2 Date 10 vec 19 ¢
B
—

AT




=

P

ArgoneAre and Electron-Ray Welding of Tantalum

and Niebium
by
[ HoVoGrevtsev
~ A oonmntfve investigation was made of welded tantalum and niobium joints, ob—

tained during argoneare and elestron -ray welding and developed were recomsendations
on the welding of these metals by fusiom,

The characteristics of tantalum and niobium welding are determined by their high
melting point and high activitywith respect to gases (oxygen andnitrogen) at higher
temperaturese At a higher content of gases there is a substantial changs in the mecha-
nical charecterissicss the ultimate strength rises during stretching and hardness,
plasticity decreases, For example, for niobium and increase in oxygen content from

0,02 to 0,75% leads %0 an increase in hardness from HV 100 to HV 350,

According toEL-éJ a satisfactoary quality
of tantalum and niobium joints can be attained
during argon-are¢ welding, But more stable
qualisative resulss pertaining to welded joints
are attained when velding in chambers with
controllable atmosphers or with slectron
ray in vacuum,

This experiment devoted to the study of pro-
perties Of welded tantalum and niobium joints
was carried ocut at the lad of Theory of

: weld Processes at the A.A.Baykev Inss,
Fig.loInstallation fer electron ray g
—welding, . of Metallurgy under the supervisioa of
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member correspeocf the Academy of Sciences USSR N N.Rykalin with the partieipation of

cand,0f tech,80,0,NKlebanov, Welding wes done on the autommtic ADSV=2 installation

with argon jet protestion of personnel and reverse side of seam and on the electren

rays installation of the A.A.Baykov Inst,of Metallurgy. During argon-are welding was
‘ used argon, containing 0,005% exyegen and 0,01% nitrogen,

The installasion for welding with electron ray in vaeuum (fig.l) consists of a
high voltage VS 50/60 rectifier, vacuum chamber with electron gun, system for produ-
cing and eontrolling vacuum and electron ray control bleck,

The power scurce for the VS 50/50 represents a standard rectifier for x-ray in
stallations and consistas of high voltage transformer, tube restifier bloek, battery
of oapacitors and control desk, Its rated current is 50 ma at a voltage of 50 kv,

The vacuum system consists of farevacuum pump V=l and diffusion unit VA=05-01
with a delivery of 250 lisers/see in a pressure range of 1:107 « 20204 mm Hge

For controlling the vacuum is used a standard vacunmmeter VIT-l with LT-2 tubes
for the foreveocuum and LM~2 tubes for high degrees of rarefaction.The vacuum system
of the inssallation allows to obtain a vacuum in the chamber of 2-10'5 - 8-10‘6 Hg,
The entire pumping oyele takes up 2535 min,

The vacuum chanber is msde of stainless
steel 8 mm in thickness, It has two inspection
hatches, protected by x-ray lead cocated

glass plates 10 mm in thicknessyhatches for

conneoting diffusien and forevacuum pumps
and for the imstallation of the eleetron
gun, as well as opening for introduction into
the chamber of rotating shaft$ and various

L T metering devices (thermoesuples ot
Tige2eSchematis dreving of electron o ( s ote.) In
8D _crogs peetion, the chamber is Irovided an atsashmens

ITD=TI=62012,4/142 2




for fastening and shifting the welded units, Impetus is transmitted from an electric
motor, mounted outaide of the chambey, With the aid of interchangeable contrivances
it is possible to realize forward as well as rotating movement of the joint during
the welding,
In the upper part of the vacuum chamber is mounted the electron ml (fige2)e

~ The ocathode bleck of the gun is mcunted in a apecial oersmic insulator 2, intended
for a voltage of up to 40«50 kv, The direcs heating ocathode 3 is made in form of a
tumbler mede of tantalum, on the upper part of whichis dusted on a layer of lanthanum
hexaboride 4, possessing high emissivity. The cathode is heated by a tungsten spiral 5
made of wire with a diameter of 0,3 mm,

TABLE 1, Conditions for Welding Tantalum
and Niobium,

1, Metal 11, Deldivery of argon in 1/hr
2, Thickness mm 12, Burner

3, Current : 13, " Liner

4, ADS in a 14, Snout

5 ELS in ma 15, Electrode

6. Welding rate in m/hr 16, Material

T. ADS 17. Diameter mm

8., ELS 18, Tantalum

9. Length of arc in mm 19, Niobium

10, Accelerating voltage kv

SEE PAGE 3a FOﬁ PICTURE OF TABLE 1,
REMARK :ADSe=argon ars welding; ElS-eleciron ray welding
¢ welding with flanging ef edges
The power required by the heater, does not exseed 130-150 w, whiesh is perfecsly
- sufficiens for heating the cathode to 1600+1650°, aorresponding to optimum degree of
emission,

The snode block 6 is made in farm of a tumbler of stainless steel ,000led with
1l.0onstruction of gun was developed by candoof teches0eV.VeGorbanskiy and Engred.¥,
wm.
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water or compressed aixr, Anode 7 is made of molybdenum or niobium, Assembly of the
anocde and cathode blocks is realized with the aid of flenged joints through sopper
liners,

First electron beam focusing is done with focusing niobium or molybdenum cap 8
situated under the cathode potential. At a distance of 12«15 mm from the surface of the
cathode is placed the anode electrode 7 with opening of 2-4 mm, The second, much more
precise foousing is realized with an electromagnetic lems 9,placed on the anode tumb—
ler, The lens represents and electromagnetic coil (13000 turns, wire diameter 0,23 om)
placed in an armeco=iroan housing, Fower and current control in the coil is realized with
the aid of a special sontrol bloek, The construction of the block includes a control
system, deflecting system intended for shifting the ray during tuning (ad justmens)

Electromagnetic and static fosusing allows to obtain a heating spos with a dia—
meter of about 0,6 = 0,8 mm at voltages of li=l6é kv and currens of 50«60 ma, At our—
rents of abous 100 ma the minisum diametexr of the spot comstitutes 1,0 - 1,5 mm,

The construction of the electron gun provides the possibility of operation at vol-
tages of up o 20 kv and currents up $o 300 ma. Rectifier VS 50/50 is oapable of

working for a long time at a ourreat of

not more than SO ma and during short term

operation - up to 100 ma, Consequently,

the maximum power ,developed by the instal—

lation, oan reach 2,0 kv, At an active

- "' - - oA X
spot area of 0,8 n2 the specifiec thermal i) AN .‘v
B
flow will constitude 2,5 kw/m or 600 VJ{M 2 )
\.

xoal/mm® L..;:... «nu i 6)

Fige340uter view of welded tantalum seanm
By virtue of iss high chemical —— 1 mm in thickness at argon arc welding
during triple (a) and 50 simes (b)magni-—
activity at higher temperatures tantalum fication, Surface not piokled.

and niobium require very thorough protection during the welding,
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Vhen those metals are heated the oxides and nitrides, contained in the surface
layers, diffuse into the depths of the metal, as result of which there is an insrease
in hardness and a deterioration in the quality of velded joints .Consequently prior to
welding it is necessary to thoroughly cleanse the edges of the sheets with emery board
or pickle same in special reagents,

Welded tantsalum and niobium joints, executed by argome-arc welding, are distingui-
shed by excellent formation of seam, At good protection the seams have a clean shin-
ing surface with uniform flakiness., At a small increase (x35) on the surface is well
visible the miecrostrusture of the built up metal (fig.3) which indicates perfecsly
satisfactory protection against the effects oﬁ'ﬁ%ﬁgnum Orientation con=
ditions of welding these metals are listed in tadle 1,

Ordinarily during the welding of tantalum and niobium in the role of noncconsumable
electrode are used tumgsten bars, In this operation was establishe:’ the possibility
of using for thess purposes tansalum wire with a diameter of 3 mm, In this case,as
in case of tungsten electrode, welding was carried out on direct polarity, When welding
with a tantalum electrode the arc burns more stable, there is almost no spattering ,
the seam is formed better. Flashing off of the tansalum electrode is small and during
the emplcyed current densities not much. higher than in case of a tungsten electrode,

Metallographic investigations and mechanical tests of welded joints showed, that
the electrode material doces affect the strength and hardmess of joinss (table 2) ,
When welding with tungsten electrode the hardness of seam metal is by 45«55 keg/mm
higher, than with a tantalum electrode, The hardness of the basic metal in the zone
of thermal effecs is also higher by approximately 1025 kg/me® (f£igeh)e The rise 4in hard
ness takes plase, evidently, as result of decrease in mrotection of the mslted metal
and neax seam sons with argon at less stable are buraing betweea tungsten electrode
and tantalume

When making tensile tests on species welded $ogether with tungsten and sentalum

electrodes, their nature of destruction is also different, Samples of joinss ,welded

FID-TT=62=1244/142 5




together by tantalwun electrode, were destroyed with relatively greater deformtion ,
whereby the destruetion took place along the metal of the seam and parsially in the
Rear seam z0Me. Joints, welded with tumgsten electrode , disintegrated in a more
brittle state and the fracture passed, as a rule, along the fusion line , and the
grains of the built up metal became only slightly deformed,
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Figehe Hardness of welded joint

made of tantalum with thickueds of 1 mm
made with tungsten (1) and santelum (2)
eloctrode; a-distance from axis of seam FigeS5eChange in hardness (a) and grain size
(b) along the section of welded niobium
The use of a tantalum electrode during and tantalum joinss of 1,0 mm in thickness;
l-argon-arc weldihg; 2=electron beam welding,
wolding of niobium,does not improve the o-average grain dismeter; d-microhardness;
s-average grain diameter; f-microhardness,
quality of the welded joint, Furthermore
the stadbility of the welding precess decreases thereas., That is why niobium and nio
bium base alleys were hence being welded with tungsten electrodes oaly,
The microstructure of welded tantalum and niobium joints is characterized by quite
large size grain of basic metal in the zone, directly ad joining the seam, On the metal
1 mm thicsk the zone of thermal effect has a width of 2«4 mm, but the section with
large grains is comsiderably smaller (approximately 0,5-0,6 mm), When doing electron
beam welding the maximum size of the grain in the zone of thermal effees is somevhat
smaller, than during argom-are (£ig.5), which is connected with greater comcensrasion of
heat in the fooal spos of the electron beam, This difference is especially noticeable
o the hnui-. vhere it reaches double magnitude,

At a fimely grained structure of the basic metal in the zone of thermal effects

FTD=TT=62-1244/1+2 6
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1, Table 2, Mechanical Properties of Basic Metal and Welded Tantalum and
Niobium Joints
2, Metal 19, ELS
3, Thickness mm 20, ADS
4, Welding method 21, ADS
5. Electrode material 22, ADS
6, Ultimate strength kg/mm? 23, ADS
7. Basic metal 24, ELS
8, Welded joint 25, ADS
9, Bending angle in ° 2¢€, ELS
10, Basic metal 27. ADS
11, Welded joint 5 28, Tantalum
12, Microhardness kg/mm 29, Tungsten
13, Basic metal 30, Tantalum
14, Seam 31, Tungsien
15, Zone of thermal effect 32, Tantalum
16, Tantalum 33, Tungsten
17. Niobium 34, Tungsten
18, ADS
7: jexannveene caoherss eenoinere wevinnd n S0APNUIK CBRAUNSHNA TONTAAR n Nusbus
h 2 . l 4. 5. . ‘ Tipeses npwsuvern o xo'ua! @ Yroa 3srute o rpsi, / MIKPOTBCPIOCTS B K2 M a0
* : Toa- Cnoﬂ:‘ Marepusa -~ 0 - . /3 -
weows | o] st | oo g comer | ocklds | cebld °;".§,:4.§° [ | s
i K. B 45,5—81,0 :
JTonrsa 26.] 08 | AnC | Taimsa 74 “ws | W LY - 220-240 Ws—194 15223
19. 80,0=-54,8 | . )
anc - 77,4 “ma W 180 220-240 Weis | 150200
0. 29. . 21,2—-38,3
i 0,8 | ALC | Boawdpam 88,7 “me 18 1% - - -
2/ Jo. 36,6—.9,3
AAC | Teursa 88,7 _——al. T 1% 180 - - -
. 1,0 ,‘&% m'?.l{p.- 8,2 -”'%?i 180 180 " 275300 215-260 180280
! At 'nﬁ:' "3 ———-—“’:7. :“ 1 ) 275300 190-206 170-260
3% - a4 -‘-‘—:7:‘;-'—5- i) 1% Mm-0 . | 176-200 200-240
| 33, ‘ -
Hwoour /7. 1,0 i;{ p.i,.. 6,8 “':‘: 2 1w | 1% 233347 191-204 | 208-217
sfx‘é' - 6,8 “'::’3 1% 10 233—247 19176 178-220
0,78 A’& aofo’:a'- 63,0 ”':;‘” 180 150 28-20 210-218 166-903
*
ADS = Argon Arc Welding
ELS =« Eleoctron Beam Welding
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the welded joints, made by electron heam, have considerably lesser hardness (fig.5)This is

connected with almost total abscnee of contamination ef melsed and heated to high
temperatures metal with atmospheric oxygen and nitrogen. When doing elestron beam
welding in vacuum there is additiomal purification from sexis caseous admixtures,
centained in the basic metal, which is also instrumental in reducing the hardness of
the metal in all sections of the welded joint.

About considerable contamination of the sean = with gases during argon=are
welding with jet Irotection is being diresctly proven by the microstructure of welded
tantalum and niobium joints (fig.6), eonsisting of large, basically polygonized sube—
grains, in the interior of which is a number of etching figures, arranged in form of
small chains of definite orisntation. Thanks to these figures one can clearly distin-
guish the smelting (fusing) boundary of basic and built-up metal (fig.6c). At a
greater increase (magnitude 800) (fige7) is visible the form of these figures (triangles,
rectangles, pentagons etc,) Most clearly do the esching figures appear in the builte
up metal of welded joints of niobium/molybdenum allay. The form of the etching figures
here is most variegated and different in sach grain, It should be mentioned that the
greater number of etehing figures with prop.r orientation is observed only in the me—
tal, subjected to melting,

The formation of etching figures is usually connected with the ocourrence of dis—
location processes. Etching figures originate at points of dislocation exis, where
all the admixtures in ths metal are =~ concentrated. For niobium this 13 show
bym. After lasting annsaling at higher temperatures, snnealing promoting shifting
of dislocations, was noticed a regrouping, appearance of new and disappearence of old
etching figures, In roportm etching figures appeared (dislocations) on casted tan—
talum, saturated with oxygen at higher temperatures, The cuter appsarance of disloea—
tion figures, obtained in these operatioms, is very close to the oz;u revealed in

wvelded seams, This indicates strong contamination of tantalum and nichbium with ad-~
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mixtures, primarily oxygen. But the presense in the built-up metal of ==
welded tantalum and niobium joints of a greater number of etching figures, distri-
buted uniformly over the entire field of the grain, produces no harmful effect on the
mechanical properties of the jointe In spite of the rise in hardness, the plasticity
of the welded joint is retained at necessary level (bending angle in all instances
180° at a mandrel angle ,equal to the thickness of the metel)s In addition,during
uniform distribution of admixtures over the grain the formetion of orystallization
oracks is less probable, we mean coracks which originate normally and grow cver the
new polygobel boundaries of subgrains [9].
Meehanical testing of basic metal an
welded tantalum joints established,that
the nature of change in their strength at
test temperature rise iz identical (fige.8a)

In this and in the other case is observeld a

sharp reduction in strength in temperature rangej
r
up te 1200°,Beginning with 1100° the stremgth
of the velded joint is practically no dif—
ferent from the strength of the basic me-—
tal, At a further temperature rise the
intensity of strength reduction drops
Fig.6,Mierostructure of welded tantalum
sharply (about 10 kg/me® at 1200° and and niobium joints during argon-arc (left
2 x 200) and electron-beam (right x 200) wel-
5 kg/mm“ at 1800°), ding; a=niobiumgbuilteup metal; betzantalum,
built-up metal; oetantalum, fusion boundary,
The nature of change in niobium strength
at higher temperatures is approximately the same as in case of tantalum (fig.8b). Here
is also possible to distinguish two intervals with different strength reduction in
tensity, At temperatures of 400=800° is observed a certain drop in relative elongation

per unit length, This can be connected with the ocourrence of deformetion aging pro-—

mm-éz-uw/ 142 9
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cesses, However for accurate explanation of this phenomenon additional e xperiments must
be conducted. An analogous phencmenon was observed during high temperature testing of

tantalun[10] and molybdemm(1i], although in this experiment it has not been discovered
on tantalum,

Fige7¢Btching figures in welded niobiwmn seams, x }J000 (a),tantalum,
x 800 (b) and n:lobitg/nolybdom ‘anw. x 800 (ced)e
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Fig.8.Mechanical properties of basic metal (1) and welded

joints (2) tentalum (a) and nicbium (b) at higher temperatures,
ceultimate strength,elongation per unit length; d-test temperature.

Conclusions
1, During the welding of tantalum and niobium with protective argon stream the
metal of the seam and thermal effect zones are eonsiderably satureted with oxygen
end nitrogen (from the atmesphere) which leads to sharp rise in hardness in all sec~

tions of the welded joinmt as compared with jotnti obtained by electron-beam welding,
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2+ Contamination of the built up material with harmful gasecus admixtures is con—
firmed by the presence of etching figures in the microstructure of welded seams, But
thanks to uniform distribution of of admixtures within each grein (es result of greesd
er cooling rates in cooling welding bath) the welded joints retain sufficient plasti-—
eity,

3¢ The welding method exerts no noticeable effect on the ultimate strength of
welded joints at room temperature, Destruction of the species during stretehing takes
place along the melting boundary and in the zone with maximum grain dimension during
argon-arc welding and over the metal of the soan during electron beam welding,

Le During argon-arc welding of tantalum better results wvith respect to are burning
stability as well as plasticity of joints, are sttained in case of a nonconsumabdle
tantalum electrode, Niobium should be welded with Wton electrode,

5¢ Change in strength of tantalum and miobium at higher temperatures is of iden—~
tical nature. A sharp reduction in strength is obsexrved in the range ot up to 1200°;
at much higher temperatures the stremgth drops less intensively, Welded tantalum and

niobium joints at temperatures above 1100° are practically equi-strong to the basio

metale ’
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