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INVESTIGATION TECHNIQUE OF MICROHARDNESS
OF HIGH MELTING POINT ALLOYS IN A

WIDE TEMPERATURE RANGE

Probka El hnosti, V. V. Skuratovskly,
(Hardness Problms), Yu. G. Tkachmnko,
No. 4, October 19•(9, V. A. Borisenko
Pages 74-78

The study of high-melting compotmds, such as the carbides, borides
and nitrides, by the microhardness method is still an acceptable means of
observing their static hardness over a wide temptrature range. The method,
moreover, offers a relia:6le index of the level of hardness of these com-
poumds.

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

In the present article our purpose is to consider certain methodo-
logical problems in the studt of microhardness in these substances over a
wide temperature range - more precisely, the preparation of test samples,
and the selection of load and of the time-parameters of loading.

Our tests were run with a unit designed by the Institute of Hardness
Problems, Ukrainian Acideny of Sciences fl . The unit was intended pre-
cisely for testing microhardness over a wide temperature range. Our sample,
measuring 8 mu in diameter and 4-5 mm in height, was placed on a stand within
the hermetically sealed unit, and subjected to pressures of 1*10-5 - 8.10-5
mm Hg during the course of the experiment. By applying thermal radiation
from a tungnten heater, bath sample and indenter were heated to the same
temperature. The tenperattue in the unit was controlled by a tungsten-
rhenium thermocouple, which led through a cavity in the stand to the base
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of the sample, where, for reliability 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°0, and de-
viation from the norm was never more than 2%. The indenter was of the
four-sided type, with apex angle of 1360 + 20'. At room and very high
temperatures (up to 1,O0000C), diamond was-the material used to prepare
the indenter; at high temperatures (800•.93000 and higher), boron carbide
(B4 0). The diameters of the impressions made were measured with the
Mf-SM metallographic microscope and an MOV-1-15 scraw-type ocular ml-
crameter; 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-BI-50 diamond wheels on a durface-grinding
machine, then polished in turn on a 100.40-micrcn-and a )-micron-grain
elastic diamond disk. Electrolytic polishing was used to eliminate the
foraation of a cold-hardendd 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
(HF), 5 parts nitric acid (HN0 3 ), 3 parts acetic acid (CH COOH), and
traces (a few drops) of bromine. Tantalum hre was used ss a cathode.
Voltage and current strength were 4.5 V and I A.

In testing for microhardness over a wide temperature interval an
important factor is the choice of load to be placed sipolt the indenter.
There are three basic conditions which must be observed in this connec-
tion. First, it is well knwcn 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 phenomenon
(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 growth in the number of instrumental errors in the regicn
of small loads.

In Table I 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 fxam instrumental errors and deviation
from the law of mechanical similarity appears more prcminantly, and as
a result the character of the temperature relationship may be significant-
ly 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 11C at various
temperatures.

On the basis of this first condition,, it is clear that the magnitude
of the load shcv1 '1 be placed higher in the case Of L .aperatures lower than
those used in ou.- tesits. But it cannot be shifted indefinitely - first,
on account of requirements defining the ratio of the size of the impression
to the micro.-'bjeet taider study; and,, seocndj, on account of the formation
of cracks around the impression. As is iell known., a correct determination
of monocrystafline hardness requires that the volume of nmgterial beinag de-
formed under the indenter, if it is to avoid the effect of neighboring grains.,
boundaries and pores, must not go beyond certain limnits, depending upon the
dimensions of the structural component.

Measurement of the deformed zone show~s that those dimensions exceed
the diameter of the impression by a factor of approximatelyv 2.6 Z2J7. on
the surface of the sample this deformed zone is rather larger, thanks to
the effect of the "1weakened layer"t f-3_; for this reason we can assume that
with variation, in mnicrohardness, the distance from the boundaries of the
micro-object under study to the impression should be not less than 3d.

In the case the carbides of the transition metals (for the tempera-
tuwo range of our studies)., the dimensions of the :impressions are cemmen-
surate with those of the structura?. components only for high Temperatures.
Based on this, we bhould correct the magnitude of load for the maximal temp..
tures of thc ranige studied,* in accordance with the foregoing,
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As our tests shcw, carbides and borides maintain their high brittle-
ness even at fairly Io temperatures. In turn, this brings on the forma-
tion of cracks aroumd impressions, and with any increase in load the pro-
cess of crack-formation intensifies and begins to make itself felt on the
magnitude of microhardness.

A quantitative evaluation of brittleneas in materials, based on the
degree of development of cracks close to impressions, has already been
made Z4;, g, using a -brittleness scale". Following this scale, and
taking the character of the impression into account L5J, the preseait
writ'..rs believe that the optimal load is the one for which the charactar
of the impressions produced does not transcend the 5ounds established in
"brittleness Numbsr 2';. Or. this basis, at least, the effect of cracks cn
the magnitude of microhardness is quite absent: the impression maintains
distinct outlines, and it can therefor- be measured. The studies z4ferred
to were made with 900-power magnification.

TABLE 1

High-melting
compoutmd: TiC ZrC HfC NbC TaC WO Mo42

Load, Pmax. 100 100 70 70 150 150 90
in g:

In Table 1 above are given the optimal loads for cer(tain carbides
of the transition metals which satisfy the condition referred to at rooa
temperature.

On the basis of the foregoing, the mrignitude 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 another in mechanical.
properties (for example, the carbides of the Groups IV-VI of the transition
metals), it is advantageous to strive for unification 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 to
contact with the sample, after which it penetrates the tested material, as
the load increases. It is upon the magnitude of the time parameters which
characterize this stage of the tests, that the results of the experiment
depend. Assuming that the magnitude of micrchardness must be such as to
doflect the resistance of the material to plastic deformation, them a re-
presentative of this particular stage should be sought in a parameter which
will directly define the process of indentation.

For this reason, the most characteristic parameter is growth rate
of the load, which indeed characterizes the process of indentation, and
remains constant over a wide range of temperatures. Observation of no
more than one growth rate of load on various sets of apparatus assures
identical conditions for the conduct of the tests, and in addition offers
the possibility of camparing different sets of experimental findings. The
means of securing a given growth rate naturally dependr, upon the loading
apparatus in use in a given case - it is a "local" thing. Still, there
are certain physical factors which are the inevitable concern of every
shop applying the "microhrdness method": the forces of inertia within
moving masses, which must somehow 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 - -ust to mention two.

As has been shown by tests run on the mct brittle materials de-
rived frou the group of carbides under consideration, 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 learn their
behavior in the 20-1 ,800 0C 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 stabilized.

As Kuznetsov C6J has pointed out, during the period of unstabilized
penetration, the processes taking place under the indenter almost defy anv
explanation. It is obvious that the magnitude of microhardness, boe.n tne
of the mechanical characteristics of the properties of materials, olght to
be determined at the stage of stabilized penetration. In Table 2 below
are given the retiults of measurement of the microhardness of NbC for var-
ious temperatures and periods under a load.
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TABLE 2

Time under lead, Microhardness at
t, sec: two temperaturew:

200C 1,6900C

5 1,975
"15 1,900
20 1,900 137
30 1,900 132

40 - 130
50 - 130
60 - 129
90- 129

100 - 128

At room 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 aec. Similar
results were obtained for TiC, TaC and WC. It follows from this that
with tho use of carbides at temperatures from 20 to 1,8000C, an under-
load time of 30 sec mdight be expected.

Load-withdrawal time, it is true, has less effect on the results
of the experiment than do 4 he other time factors. It shbuld be noted,
however, that with rapid rise of the indenter (ii, some machines this ie
accomplished with a magnet) there sometimes occurs a tear-ing away of the
material, owing to the action of cohesive forces arising in the contact
zone; this result is especial3y co-mon in the case of high temperatures,
with which a boron carbide identer is used. Unloading, then, should be
carried out without sharp seppraticns. provided, of course, this does not
violate the atowed purposes of the research.

In am, experiments, the time before the load was released, follow-
ing automatio cutoff.' of the electric driv, was taken to be equal to the
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time of loading. On the basis of the method described above, some re-
search was undertaken on the temperature relationships of the microhard-
ness of carbides, the individual results are shom below in Figure 2:

1600

00- . - -3

400 800 1200 1600 T,*

Figure ?, Temperature dependsnce of the microhardness of
severvl ,arbides: 1 - NbC (thveshold 7%); 2 - WC (thr.
2%); 1, TaC (thr. 8%).

The otated partreters of tests for microhardness can be recomnend-
ed for use in nurther research in high-melting compounds such as carbides
and borides, tested over a wide range of temperatures.
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