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INVESTIGATION TECHNIQUE OF MICROHARDNESS
OF HIGH MELTING POINT ALLOYS IN A
WIDE TEMPERATURE RANGE

Prob ochnosti. V. V. Skuratovskiy,
Hardness Problems), Yu. G. Tkachenko,
No. 4, Octiober 1949, V. A. Borisenko
Pages 74-78

The study of high-melting compomnds, such as the carbides, borides
and nitrides, by the microhardness method iz still an acceptable means of
observing their static hardness over a wide temperature range, The method,
moreover, offers a reliavle index of the level of hardneas of thess com-
potnds,

But tasts of this sort entail considerable methodological difficulty,
arising not only from the very high Jevel of hardness present, but also from
the brittleness of the substances, It is this faclor, evidently, which has
caused the relative lack of published data on static hardness in the pres-
ence of high or very high temperatures,

In the prasent articls our purpose is to nonsider cextain methodo-
logical problems in the study of microhardness in these substances over a
wide temperature range —- more precisely, the preparation of test samples,
and the selection of load and of tune tims-parameters of loading,

Our tests were run with a unit designed by the Institute of Hardness
Problems, Ukrainian Acidemy of Sciences /1 7. The unit was intended pre-
cisely for testing microhardness over a wide temperature range. Our sample,
measuring 8 mm in diameter and 4-5 mm in height, was placed on a stand within
fhe hermetically sealed wnit, and subjected to pressures of 1105 - 8¢10~>
mn Hg during the course of the experiment., By applying thermal rediation
from a tungsten heater, both sample and indenter were heated to the same
temperature, The temperature in the unit was controlled by a tungsten-
rhenium thermoccuple, which led through a cavity in the stand to the base
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of the sample, where, for relisbility of thermal contact, its soldered
Joint was pressed to the body of the sample by a pin. During the course
of the test, temperature oscillation in no cases exceeded +2-3°C, and de~
viation from the norm was never mcre than 24, The indenter was of the
four-sided type, with apex angle of 136° + 20', At room and very high
temperatures (up to 1,000°C), dismond was the material used to prepare
the indenter; at high temperatures (800-900°C and higher), boron carbide
(B4C). The diameters of the impressions mede were measured with the
MIM-8M metallographic microscope and an MOV-1-15 screw-type ocular mi-
crometer; the magnification was 900, )

The test samples were obtained by hot forging in graphite molds.
In composition, the samples were almost stoichiametric. Their surfaces
were first polished with ASO-16-B1-50 diamond wheels on a surface-grinding
machine, then polished in turn on a 100,40-micron-and a ‘j-micron-grain
elastic diamond disk, Electrolytic polishing was used to eliminate the
foruwation of a cold-hardenzd zone during mechanical processing of the
sample, In the case of carbides of the transition metals, the follow-
ing composition of the electrolyte was used: 3 parts hydrofluoric acid
(F), 5 parts nitric acid (HNOB) s 3 parts ecetic acid (CH,COO0H), and
traces (a few drops) of brominé., Tantalum wire was used gs a cathede,
Voltage and current strength were 4,5 V and 1 A.

In testing for microhardness over a wide temperature interval an
important factor is the choice of load to be placed upon the indenter,
There are three basic conditions which must be observed in this connec-
tion. First, it is well known that following achievement of a certain
imprint which is critical for the material being worked on, the cbserved
microhardness begins to vary as the load is decreased. This phencmenon
(in the authors' opinion) may be associated, on the one hand, with de-
viation, during the tests, from the law of mechanical similarity; and, on
the other, with growvth in the number of instrumental errors in the region
of small loads,

In Table 1 are shown the results of measurements of the microhard-
ness of titanium carbide, for various loads and temperatures: these re-
sults make it clear that with decrease in load there appears a tendency
toward increase in microhardness, while at high temperatures this increase
proceeds less intensively.

This leads to a definite conclusion: in the low temperature range
the effect of factors resulting from instrumental errors and deviation
from the law of mechanical similarity appears more prominantly, and as
& result the character of the temperature relatiomship may be significant-
1y distorted in cases where the load is chosen in the region of intensive
variation in microhardness,
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Figure 1, Variation in microhardness as
affected by load; for 1iC at various
tempersatures,

On the basis of this first condition, it is clear that the magnitude
of the load she:ld be placed higher in the case of .imperatures lower than
those use? in oux tests, But it cannot be shifted indefinitely -. first,
on account of requirements defining the ratio of the size of the impression
to the micro-nbject wider study; and, second, on account of the formatiomm
of cracks around the impression, As is well known, a correct determination
of monocrystalline hardness requires that the volume of mrterial being de-
formed under the indenter, if it is to avoid the effect of neighboring grains,
boundaries and porss, must not go beyond certain limits, depending upon the
dimensions of the structural component,

Measurement of the deformed zone shows that those dimensions excesd
the diameter of the impressicn by a factor of approximately 2,6 /2 7. On
the surface of the sample this deformed zone is rather larger, thanks to
the effect of the "weakened layer" / 3_7; for this reason we can assume that
with variation in microhardness, the distance fram the boundaries of the
micro-object under study to the impressicm should be not less than 3d,

In the case the carbides of the transition metals (for the tempera-
ture range of our studies), the dimensions of the impressions are commen-
surate with those of the structural. components only for high vemperatures.
Baged on this, we should correct the magnitude of load for the maximal temp=-
tures, of the raige studied, in accordance with the foregoing,
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As our tests show, carbides and borides maintain their high britile-
ness even at fairly low temperatures, In turn, this brings a the forma-
tion of cracks aroumnd impressions, and with any increase in load the pro-
cess of crack-formation intensifies and begins to meke itself felt on the
magnitude of microhardness,

A quantitative evaluation of brittleness in materials, based on the
degree of development of cracks clcse to impressions, has already been
mace /h, 5/, using a “brittleness scale", Follewing this scale, and
taking the character of the impression into account /5 7/, the present
writers believe that the optimal load is the one for which the charactsr
of the impressions produced does not transcend th: “ounds established in
"brittleness Number 2%, On this basis, at least, the effect of eracks o
the megnitude of microhardness is quite absent: the lmpression maintains
distinet outlines, and it can thereforc be ueasured. The studies rsferrved
to were made with 900-power magnification,

TABIE 1

High-melting
campound TiC ZxC HEC NbC TaC WC Mozc

Load, Fpax, 100 100 70 70 150 150 90
m ge

In Table 1 above are given the optimal loads for ceriain carbides
of the transition metals which satisfy the condition referred to at rom
temperature,

On the basis of the foregoing, the mignitude of the load must be
adjusted to suit lower temperatures within the range being studied,

In view of the limitations imposed by the conditions, a load of
60-80 g can be adopted for the study of titanium carbide over a wide
range of temperatures,

In testing materials which closely resemble one ancther in mechanical.
properties (for example, the carbides of the Groups IV-VI of the transition
metals), it is advantageous to strive for wnification of the magnitude of
load, It has been found experimentally that the load range of 60-80 g,
established for titanium carbide, can also be used in testing the other
carbides of those groups, provided the above-mentioned conditions be ob~
served,
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At the start of the loading process, the indenter is shifted up %¢
contact with the sample, after which it penetrates the tosted materisl, as
the load increases, It is upon the magnitude of the tims parameters which
characterize this stage of the tests, that the results of the experiment
depend. Assuming that the magnitude of microhardness must be such as to
Guflect the resistance of the material. to plastic deformation, then a re-
presentative of this particular stage should be sought in a parameter which
will directly define the rrocess of indentation,

For this reason, the most characteristic parameter is growth rate
of the load, which indeed characterizes the process of indentetion, and
remains constant over a wide range of temperatures, Observation of no
more than one growth rete of load on various sets of apparatus assures
identical conditions for the conduct of the tests, and in addition offers
the possibility of comparing different sets of experimental findings., The
means of securing a given growth rate naturally depends upon the loading
apparatus in use in a given case -~ it is a "local® thing, Still, there
ars certain physical faclors which are the inevitable concern of every
shop applying the "microherdness method": the forces of imertia within
moving masses, which must scuehow be excluded; and the fact that increase
in the load growth rate intensifies the phenomenon of crack-formation
around the impression, thus disrupting the process of plastic flow under
the indenter —- 3just to mention two.

As has been shown by tests run on the mcst brittle materials de-
rived fram the group of carbides under consideratiom, NbC and HfC samples
subjected to load growth rates in the interval 10-20 g/sec have exhibited
no disruption of the process of plastic flow under the indenter, It fol-
lows that, to study the carbides of the transition metals to lsarm their
behavior in the 20-1,800°C range, we may reasonably accept a loading rate
of 15 g/sec,

Following application of full load, the indenter continues to pene-
trate the material the resisting force of the latter equalizes the applied
load. Then the stabilized process of penetration, which is characterized
by a constant rate of plastic flow in the material -- in other words, the
variation rate of “the diagonals, and, correspondingly, the rate of varie-
tion in microhardness, are stabillzed,

As Kuznetsov / 6_/ has pointed out, during the period of wnstabilized
penetration, the processes taking place under the indenter almost defy any
explanation, It is obvious that the magnitude of microhardness, osing ene
of the mechanical characteristics of the properties of materials, ought to
be determined at the stage of stabilized penetration, In Table 2 below
are given the reaults of measurement of the microhardness of NbC for var-
ious temperatures and periods under a load,




TABIE 2

Time under lcad, Microhardness at
t, secs two temperasuress
20°¢ 1,690°%

5 1 :975 —

20 1,900 137
30 1,900 132
40 — 130
50 —— 130
60 e 129
S0 J— 129
100 e 128

At roon temperature, the magnitude of microhardness becomes con~
stant after the material has remained under the indenter for 5-10 sec,
At high temperatures, the same thing happens after 20-30 sec, Similar
results were obtained for TiC, TaC and WC, It follows from this that
with thc use of carbides at temperatures from 20 to 1,800°C, an under-
load time of 30 sec might be expected,

Load-withdrawal time, it is true, has less effect on the resulte
of the experiment than do *he other time factors, Tt shéuld be noted,
however, that with rapid rise of the indenter (i1 some machines this is
accomplished with a magnet) there sometimes occurs a tearing awsy of the
material, owing to the action of cohesive forcss arising in the contact
zane; this result is especlally cormon in the case of high temperatures,
with which a boron carbide identer is used, Unloading, then, should be
carried out without sharp seperations, provided, of course, this does not
violate the avowed purposes of the research,

In our sxperiments, the time before the load was released, follow-
ing autamatic cutof! of the electric drive, was taken to he equal to the




time of locading, On the bssis of the methed daescribed above, same re-
search was undexrtaken on the tempsrature relstiomships of the microchard-
ness of carbides, the individual rssults are showum below in Figure 2:
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Figure 7, Tomperature dependance of the microhardness of
seversl sarbides: 1 - NbC (thveshold 7%); 2 - WG (thr.

The vrtated parumeters of tests for microhardness can ke recommend-
ed for use in further research in high-melting compounds such as carbides
and borides, tested over a wide range of temperatures,
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