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Studying the ilardness of Tungsten at Temperature
Ranges of fram 20-2700°

by.
G, S, Pisarenko ani V, 0, Borisenko

1. The develoment of zodern electric power machine constructiom and atomic energy
actually depends upon providing same with the necassary raterisls, cupable of re<
sisting the effects of various types of power and thermal loads under conditions of
bigh and ultrahigh temperatures, For these purpcses are frequently used such high
melting materials as tungstem, tantalum, molybdenum, niobium, their alloys and com-
pounds whose physicalemechanical properties mmus: be investigated in a wide range uf

temperatures of frac 20 « 3000° and over,

To solve this problem it is necessury to meke ccmplex investigations, connected with

the development of new methods and creation of suitable experimen tal installations,
which allow a sharp rise in the e:isting ‘emperature level of many kinds of high tem -~
Perature rechanical tests,. '

In the sirength depariment of the Ceramet . and special Allogy Insteof the
Acadex:q of Sciences Uxr-SSR was deve}oped a series of methods and original installa-
tions for courlex iluvestigation in an inert medium the power characteristics, plasti-
city, hard-ess and elasticity constant of a whols series {perzrective and already

used) materials in a wide ranges of temperatures from 20 to 3ooo°\:1]

r ‘ In the ziven reprurt are briefly described
certain resulte of investigating the temper-
ature/hardness depenience of the. most high

melting metal tungsten at temperatures of

FigeleTesting ot samples bt the method 20-2700%,
of unilateral flattening, 00%
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2/.In view of the fact thut the t.mperuture level of hurdness nfeasurcmnta until
our experizents were carried ocut cver thot branch wa; 1650-1800°, we .mdb i: ocur task
to investigate the hardness at temperatures of 2000-3000®, for wfich it was first of
all necessary to develop a method and to construct a suitsble installation,

YWith such a suitable method, thoroughly developed at the at the Znergetie Depurtment
of the INSS of the Academy of Sciences Ukr=tSR came a method of unilatexdl flattening
conical medels (fig.l). This :nethodﬁ.] vhen applying the installation as proposed by
ua‘f] enabled to ratse the temperature level and to determine hardness at tewperatures

of up to 2700°,

The method offers the possibility of determining herdness in a modium of purifiad
inert gases - argon or helium, At a tempereture renge of 20e1,50° hzrdness was measured
by the method of static impression of a saphire indentor of standarh proper four corner
ryremid with an angle between opposite edges of 136° (according to GAST 2999-59)e
At temperatures of 1750-2700° hardness was determined by data of urilateral flatten-

ing of conical modela with an englo at the top of 120® in accardsrce with formila
> . .
p X ﬁ“ T
H - 7" - 1.2732 r X ) L - 1)
where B- load on the sample. which is applied through punch. kg F=area of the impres-
sion, which is forzed on the sample after flattening.mr?; d- diameter of inpression,

mm,
“hen determining hardness by the method of static i:pressing of an indentor the

used sample, which has ‘the form of a cylinder with a diameter of 8 mm and 5~7 rm in
height$, and for testing by the method of unilateral flattening cne of the flat surfaces
of the mentioned cylinder was additionally cone processed with an snzle at the .
top of 120°,
The loads aprlied to the sample to make the indentation, was equal to 1 kg,
when determining hardness by the methed of stetic inpression, and § kg, by the mmthod
of uailateral flattening, Duration of load application to thefrecimen was 60 sece

The method of investigating hardness by the uiilateral flattening method offers
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good agreement with results obtsined by the method of static impression of the ‘inden~

I : ° : ' /.* . .

Fige2e~ependence graph of tungstea hard FigeseTeaperature dependence of tungsfen
ness uron temperature, hardness in sandlogerithmic coordinates.

Given below are data of studying hardness of samples,made of forged tupgston wires
type VRN, obtained by the pbwder metallurgy method of the loscow Electrie Lamp rlant,
The temperature of the sample in the renge of 20=-2000° waS measured with the aid
of thormocouples and controlled by sn optical pyxXometer. The temperature of the semple,
punch and heater of over 2000° vas measured coly with the optical pyrometer, the indi-

cations of which were checked by the melting point of pure molybdemum, .
To obtain hardness data by the method of unilateral flattening in the temperature
range of 1750-2700° as punch material was used s zireconiun carbide and an allogy of

of hafnium and tantalum carbides in ratio of ltl;l'o

3. Hardness/temperature dependence data of deformed and annealed tungsten in the
range of temperatures of 20=2700° are given in form of graphs in fige.2,Hardness values

of annealed tungsten were obtained when examining the samples during the quenching

from a temperature of 1750° to room tempersture.
The investigation results indicats that hardmess of deformed as well as anunecaled

tungsten drops sharply with the rise in tempsrature fram 20 to 300°, At a further

. ®
rise in tempsrature to 1600° hardmess cha ges gradually,whereby the difference in hard

ness of deformed an annealed metal changes only slightly.

At & temperature of 1100«1200°, which accordiig to thei.A.B&chnr law corresp~

1. figh melting co.pounds were obtained at the IKSS of the Academy of Scicnces Ukre
SSR by Vel Faderno under the scpervision of member corresp.of Acadeny of Sciemces

Go Ve Samscnow,

[
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ponds to a recrystsllization tempersture (TNyog of,recryate® (0e3 = Ock) !mn’tp])
the difference in hardness of defarmsd and annsaled tungston decreases ra;idlye At
1600° recrystallization of the sample ceases end the curves fuse together at a hardness
value of 51 ke/m. | -

4t & rise in temperature to 1750°, which constitutes 0.55 Tpgy1t K the hardness
aecline
/‘G?E'ns'. which 4s connected with the change in the mechanism of deformation, after
which the hardness declined smoothly and reaches a value of 17 kg/mm® at 2000°, 7.3
kg/m® at 2500° and 6 kg/m at 2700°,

4o The temperature/hardness dependence of pure metal (which has n. alotropie con-
versions and does not age in connection with the preseace of admixiures) is well de-~-
scribed by the Ito=-Shishakin expreasimE;.SJ

Hempe, @
where T = temperature in °K, A-hardness values, extrapolated in 0°K, a=thermal coefficient
of hardness, | g
3y logarithming expression (2) we obtain a dependence
InH =InA T, - 3
which aprears to be a straight line equation, Vhen plotting data of temperaiure/hard~
ness dependence in coordinates lnH-T°K the characteristic features of the dependensge
are better exiressed, '
we will present in semjlogarithmiz ccordinates the data obtained by us for hard
ness of defarmed and emncaled tungsten, as well as the d.ta by M.G.lozinsiiy(6] for
annealed technically pure tungsten, also obtained by the powder metallurgy method (fige3).

Analysis of data obtained by this method allows to draw a conclusiom, that the
temperature/hardness dependence of deformed and annealed tungsten during the plotting .
in semilogarithmic co&dimtea id well represented by a !n'okoi curve, which consists
of three rectilinear sections with characteristic btreaks in low temperature amd high
temperature zcnes, In this way, the dependence is subject to the exponential lav (2)
and has three sectioas with two constants A end a for eache

TO. T 63.101/1%2 4




The break in temperature/hardness dependence was observed for a great mumber of
bure metals - low temperature close to 0.1-0.15@] ond high temperature close to 0.5=
o.bﬁ,g of honologous temperature scale, | '

To compare the dependence of hard:.ess changos on temperature with other power
characteristics in fige} is shown the temperature dependence of power boundary of
deforoed ﬁngatm. |

“hen examining the dependence .' shown. in fig.l, it beccmes evident, that the tem-
pera.t\n'e ddpendence of the power boundaryl of tungsten is subject to exponentisl law

and is well described by the Frantsevich=Bratskiy cxwossiontl]

-ur
vhere T - teuperature in °K, B—values of power boundary,extrapolated by 0°K; 6‘%&—

mal coefficient of ppwer boundary,

Just as for many pure metals the power boundaries (tig.};) are vell revealed only
by the high temperature bresk close o 0.5 T,;,%K. There are insufficient data to
determine the roint of low temperature break, but from reportm is evident, that
such a break does exist for‘tungsten elongation at a hauclogous texpera ure of the
order of 0,15

Both high= ard lowtemperature treaks in curves, which express temperature/hardness
Cependence and power b@ariea. are connected with the change in the mechanism of
defarmetiocn, but the true mechanism of these changes is still not coampletely exylai-
ned.E,j). The changs in mechaadm of plastic deformation and its role in the formation
of mechanical [roperties have been thoroughly mestigitod by Ye,SeYalovleva usiang pure
e luinm{8].

In ratio 'to.the temperature rise there is zradusl change (in one after the other)

in three basic defor:mtion mechanisms, The changes in plastic deformation mechanism

"1, Data of power boubdary were obtained at the IINSS of the Acadexy of Sciences Ukre
SR ty VK Fuz'menko on species of tungsten investigated by use
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“esult in the appearance in loseterperature and high teuperature tyeaks in tenperature/
hardness dependence curves end powor boundary, plotted in zexilogapitimic ecordinatese
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