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This investigation was conducted by tha Research Divrecterate, leapons
Laboratory, WECOM, to determine the hardness of several refractary
metals and alloys at temperatures from 70°F to 2000°F. Micronardness
tests were made fn vacuum under controlled conditions to movide com-
parable screening data for predicting the strengths of these matertals
in high-temperature applications such as gun barrel liners. MWaterfals
tested included tungsten, molybdenum, columbium, tantalus, columbium-
base alloys, and tantalum-base slloys. Chrouium plate and Cr-Ho-V
steel, currently used in gun barrels, were also tested for comparison,
Several of the refractory alloys retained most of thefr rocu-temperatur
hardness up tc 1800°F or 2000°F. Some were harder at these tenserature:
than at 1000°F. Chromium plate was harder than any of the refractory
getals and alloys up to about 1100°F, but was softer than wost at
1500°F and abeve. C(Cr-Ho-V steel was softer at 1300°F than any of the
other materials tested. The three alloys showing the highest hardness
values at 1800°F and above were: (a) Su-16, a columbium-base alloy;
(bz Ta-111, a tantalum-base alloy; end (c) Ta-222, a tantalum-base
alloy. iUS {(Philleo, C. H. and Sale, D. H.)
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0BJECTIVE

The objective of this investigation was "o provide com-
parative hot hardness data for a number of refractory metals
and alloys to assist in the selection of materials for use
in gun barrels for automatic weapons.

BACKGROUKD

The trend in newer weapon designs is toward higher

cyciic firing rates, iighter weight, and high performance
under sustained firing. These requirements produce conditions
that exceed the high temperature reststant capabilities of

the conventional steels used for weapcn construction. To
obtain heat resistance and strength at higher temperatures
requires consideration of refractory metals such as molyb-
denum, columbium, tartalum and tungsten, and their alloys.

Data on the refrictory metals are incomplete with re-
g rd to properties such as hardness at hish {smporaturas,
This work was undertaken to provide preliminary data that
wou'd have a common comparison basis and would provide an
inftial greound for selection of metals that appear promising
for further exploration as weapon materials for such appli-
catfons as machine gun barrels.

APPROACH

A1) refractory metals and alloys seélected and obtain-d
wrre all commercially available materials. For comparison,
specimens were also obtained of chromtua plate (over chromive-
w0 iybdenum-vanadium steel) and of a chromiuw-nolybdenun-
vanddium steei gun barrel section. The materials compared
are listed below:

1 Chromium. (as plated on gun barrel steel)
2. Tungsten.

3. Tantalum. 9% tungsten, £.50% hafniuw, O O1% carbon
{Ta-222)

§. Tantalum. 9.6% tungsten, 2.4% haintum, G.01%
carbon (Ta-111)

5. HKolybdenu=.
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6. Columbium. 11% tungsten, 3% molybdenum, 2%
hafnium, 0.08 carbon {Su-16)

7. Columbium. 33% tantalum, 1% zircoenium, annealed
to Rockwell A39 hardness.

8. Columbium. 33% tantalum, 1% zirconium, annealed
to Rockwell Ad46 hardness.

9. Columbium. 10% tungsten, 10% tantalum.
10. Tantalum.
11. Columbium.

12. Chromium-Kolybdenum-Varnadium steel (per cent)

Carbon, 0.41-0.49
Manganese, 0.60-0.90
Phospncrovs, U.40 Mmax

Sulfur, 0.040 max.
Siticon, 0.20-0.35%
Chromium, 0.80-1.15
Molybdenum, 0.30-0 &0
Vanadium, 0.20-0 39
Iron, Balance

Hardness tndentaticns were made in vacuum (approximately
IN10~® Yori ) at a series of successively higher temperatures
of 70°F, 500°F, 1000°F, 1500°F, 1800°F, and for some materifals,
2000°F. After the test temperatyre had been reached, the
specimen was held at temperature for a minimum of 10 minutes
to stabilize before indentations were made. The specimens
were cooted to near room temperature in vacuum, thea removed
from the vacuum chamber for measurement of the indentations
in air.

The hot hardness tost was used for this study because
it has certain advantages over most other mechanical property
tests:

1. Specimens are smal), simple, and easily prepared.

2. WRany tests can be made on a single specimen.
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3. Problems of obtaining unfax'al loadirg and un‘form
temperature over 2 specimen are largely el'minated.

Although hardness has no fundamental reference standard
{such as pounds per square inch, as used for a tensile test),
hot-hardress propert-es are of considerabie value for pro-
viding screening data to pred'ct the h'gh-temperature be-
havicr of materials

The hot-hardness test apparatus is shown ‘n Figure !
The coldwall vacuum chamber has anr internal heater shown n
Figure 2 A sapphire indenter, shaped tc a standard 136°
pyramid (Vickers o~ OPH) was applied to the specimen unger
a 500-gram deadweight load fnside the chamber The lecad
indenter assembly is shown in Figure 3. Load was applied
to the specimen for 15 seconds measured with an electrical
timer. A patr of electrical contacts wes mounted on the
balance arm and a bracket on the load assembly *n such a
manner thot they opened when the spec'men picked up the fyl!
193d on the "ngenter This extinguished a small! 1t:ght bylbd
connecred through the contacts to & 6-vo't battery Timing
was started at tnat instant

App'icatron o0t the Toad to the spec wen was accomplished
by means of 3 moto- and worm-gear drive by wh'ch the complete
indenter system was lowe~ed and ratsed The speed of the
drive was the same for each test, and enrsured a untform,
stow, s®ooth applicat an of the 'oad

The specimen was moved hor'zantally for succesctve tests
at d'fferent tempergtuyres by means of the #ixture shown 1n
Flguvre ¢ The rod was cornected tc the spoctimen holder ex-
tended thrgugh 0-ring seals 'n the 3 de of the vaceum cham-
ber and was moved by turning a wingnut on the threaded end
of the reod

The indenter was also moved hor 2 nts’ly through an
arc by moving the po'nter on top of *he vacwuw (hamber which
rotated the shaft supporting the 'gad-'ndenter assembly
This permitied making severs! 'ndentat ons w'thout ®moving
the spec men

For most of the tests, ftve or more 'ndentalions were
made at each f{ost temperature Or sg®e materials, Rowever,
the combination of vacuum ard 'me 3t temperature c4used
etching which made messurement of the indemtat-ons drifr-
cult or impossihle When this oucurred, anather specisen
of the same matersl was prepared arm ‘ndenfatigne were
measured after testing at each temperatyre Subseauent
tests were always made at higher test temperatures
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Heasurement of all indentations w73 dore ¢ room ‘em-
perature in air NMost measurements wer? @3de or 3 Vigkers
microhardness tester. However, sSome w&€re maue oOn 4
metallograph tc provide special lighting for indentations
otherwise difficult to measure.

The test specimens were ' fnci 2y 3/8 inch by cpproxi-
mately 1/16 inch. For prepariag tae sper imer syrface for
hardness tests, each specimen was mounted in Bakeirte and
polished on a metalloegraphic pcelrshsng whee! with diamond
polishing compound. The mount wes then breken away from
the specimen.

A combination of automatic ant manuai control was used
to provide temperature contrel. A potentivmeter-type auto-
matic temperature controiler-recorder was set to bring vhe
specimen up to withias a few degrees of the desired tempera-
ture. A varfable transformer in the control circuit was
then adjusted to provide the required amount of power to
bring the specimen to the desi-cd temperature and hold {¢
there with a min'mum ¢f cycling. The thermocouple junction
was in the anvil supporting the specimen.

RESULTS ARD TiSCUSSION

The test resurts show the effects of temperature on

hardness in a noragg-essive environment on the metals tested.

The data show that seve-al of the refractory alloys
mafntain a comparatively high level of hardness up to 1800°F
or above On tne assumpticn that the hardness-strength
relationship at ambrent temperature is realistic when tem-
perature vi1ses, these alloys appear promising for use in
gun barr 1 Tiners provide other requirements are met.

The three alloys which showed the highest kot hardness
values at 1800°F are given below:

Su-16 Columbium-base ailoy with 1i% tungsten, 3%
molybdenum, 2% hafnium, and 0.08% carbon; average hardness
at 1800°F, 320 DPH (approximately Rockwell ¢ 32).

Ya-1!', or tantalum-N-Ht-C. Tantalum-base alloy with
9 6% tungsten, 2.4) nafnium, 0.01% carbon; average hardness
at 1800°F, 280 DPH (approximately Rockwell C 27).

Ta-222 Tantalum-base alloy with 9% tungsten, 2.5%
hatnium, <0 0175% carbon, average hardness at 1800 f,
240 DPH (approximately Rockwell C 21)
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Some examples of the indentations produced are shown
in Figures 4 through 11. Figures 4, 5, and 6 are typical
tnderitations showing how the size increased with increas-
ing temperature. Figure 7 shows the indentatien made in
tantalum at 2200°F. The tantalum was only slightly etched
or discolored after testing to this temperature. The
center of the indentation {is slightly out of focus because
of the shallow depth of focus on the metallograph at this
magnification,

Because of vacuum etching and heat effects, some in-
dentations were difficult or impossible to measure under
standard bright-field illuminatien. In many instances,
the indentation could be measured with dark-field {1lum-
ination on the metallograph. Figures 8, 10, and 1T are
i photemicrographs taken with dark-field illumination,

Figure 9 was made with bright-field {ilumination, but with
the aperature d1aphragm off center to provide side lighting.

The hardness-versus-temperature pliots of all tne ma-
tertals tested are given together in Figure 12 and individ-
ualiy in Figures 13 through 24, RBecause chromium was much
harder at room temperature (DPK 940, Rcckwell C 68) than
any of the other materials tested, the hardness coordinate
for chromium (Figure 13) and for the composite plot (Figure
12} s not the same as that used for the other materials
(Figures 14 through 24).

e

Aithough the hardness of the electroplated chromium
dropped quite rapidly with increasing temperature, it was
harder than any of the other materislc {ested up to about
“10GF (Figure 12) The hardness at i100°F was 225 OPM,
(approximateiy Rochweil C 18). Gun barrel bores are pres-
entiy chroxium-plated to reduce wear and extend barrel Iife.
Figure 9 shows a chromium deposit after testing at 1000°F,
it 2ppeared about the same as it did at room temperature.
The crack pattern is normal and existed before any tests
were made at elevated temperatures. Figure 10 shows the
same specimen sfter testing at 1500°F. Dark-field illum-
fnation was used heve tu make the indentations more visible.
Three t*ndentations can be seer in this photograph. Fiqure
11 shows chromtum plate after testing at 1800°F (also with
dark-field i1lumination). The specimen showed considerabie
spalling of the chromfum and had many iridescent areas.
Spalling of the chromium plate was of interest in that it
occurved without applied stresses other then thermal effects.




AR T A

X0¢% *40002 PUR “4000% ‘8J4n3IvL2dWI] WOOJ v apew
SUCEIVIUIPY} HJ4Q Buimoys ‘anpquniod
PIFLSW-WRIQ-UOUISP|D 0 sydeabousjwoloyd 9 ¢ ¢ *p S35

-

ard

.

9 24064 G 84nbiy y 24anb)y
20002 40001 34N3049dWAL WOOY




é
& .

FIGURE 7 DPH indentation made at 2200F
in uynalloyed tantalum. 300X

FIGURE 8 flectron-beam-meited columdiua
showing DPH indentations made at 1800F.
Hote vacuum etching. 100X. vark fieid {1luaination.
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Rockwsll C

Vickers (DPM)

HOT KARDNESS OF Cr-Mo-V STEEL,
CHROMIUM PLATE, AND SEVERAL KEFRACTORY METALS

AN ALLOYS
1, Chrozium
2. Tungsten
3. Tantalua, 9%, 2.5Hf, .0LC
4. Tantslum, 9.64, 2.4Hf, .0LC
5. Molybdenum
800 b, Columbium, 11w, 3Mo, 2Hf, .08C, 15% red.
7. Coluabium, 33Ta, 1Zr, annealed. R, 39
8. Colurbium, 33Ta, 1Zr, annealed, K46
9. Columbiuzm, 10W, 10Ta A
10, Tantalum
11. Columbjum
600 12, Creiinell Steel  (aun baziel. 605400 ) —— e
20
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The hardness of tungsten (Figure 14) dropped quickly
from approximateiy 500 DPM (Rc 49) at room temparature to
275 OPH (R. 27) at 500°F, but much less rapidly to 163
DPH, (belol R. 20) at 1800°F. Tungsten was harder than
any of the other materials tested except chromium up to
about 1100°F and approximately squals the hardness of
Su-16, Ta-111, and Ta-222 refractory siloys at adbout 1300°F.

These latter three alloys showed increases in hardness
with increasing temperature after initially dropping in
hardness (Figures 15, 16, 18). The uralloyed metals gen-
erally showed & continuing downward trend in hardness with
increasing temperature although some regions existed in
which hardness was relatively constant.

The chromium-molybdenua-vanadiue steel used for gun
barrels was harder tham wost of the refractory meterifals
(except tungsten) at room temperature and at S500°F. Above
500°F, however, the hardness dropped repidly with increas-
ing temperature. Above 1800°F, it was softer than any of
the cther Baterials except tantalum and columbium. At
1800°F, 1t was softer than aven these two metels.

¥

CONCLUSIONS

Several of the refractory alloys tested especially
the columabium-base alloy Su-16 and the twe tantzlum-base
alloys Ta-111 and Ta-222 retained comparstively high levels
cf herdness to 1800°F or higher. Provided other require-
ments gre met, these alloys appear promising for high-
temperature applications such as gun barrel liners.

és
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