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AlID BOTCh TOUGHLSS OF 8O B CiHIGIW-ION ALLOYS »

By Anthony K. Jongl

7 iﬁne 1957

SYNOPSIS

The Ordnance Corps is sponsoring the develop-
ment of chromium-iron alloys in the interest of
obtaining a strong, duotile, corrosion-resistant alloy.
The results of some short time elewvated temperature
tensile tests and V-notch Charpy impact tests of some
recently developed alloys with 40j% and 50/% ohromium
are presented in this paper. These data indicate that
chromium-iron alloys have now been developed with
interesting engineering properties as evidenced by
duotility at room temperature and retention of strength
at elevated temperatures up to 1000°F.

1Aoting Chief, High Temperature Measurement Section

Watertown Arsenal Laboratories, Viatertovm, lMass.
* Statements and opinions expressed in this paper

are those of the muthor and not necessarily those
of the Urdnance Corps, Department of the Army.
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In the interest of dewveloping a strong, dustile, corrosion-
resistant alloy, the Ordnance Corps is sponsoring the development
of chromium-iron alloys at the Lietals itesearch Laboratories of
the Electro Metallurgical Company. Recent work there resulted
in some materials which wore strong and ductile wheu tested at
room temperature. In order to determine the factors affecting
the application of these alloys, it became necessary to know
their behavior at high temperatures. Therefore, this investigation

was undertaken to determine the short time tenaile properties and

notch toughness of some of the alloys at elevated temperatures.
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Three heats of caromium-iron alloys were investigated.
Sample A and B had nqminal chromiwa contents of 60,,; sample C
had a nominal chromiwa content of 40%. These alloys were
vaouum melted, cast into 4 inch square ingots, forged to size
at 2060°F and heat treated at 1470°F, water quench at the
Metals Research Laboratories.

Samples A and C were forged to 1—1/8 inch square; sample B
was forced only to 1-1/? inch. Table I shows the results of
chemical analyses of these materials. Samples A and C were used
to determine short time elevated temperature tensile properties

and notch toughness; sample B was used to study notch toughness

only. Some average room temperature tensile properties of these

alloys are listed in Table II.

Threaded tensile specimens with a gage section 1 inch long
by 0.252 inch in diemeter were used in the short time elevated
temperature tensile tests. Federal Specification QQ-M-15la
desoribes the specimen in preater detail. The tensile tests were
conducted in a 120,000 pound capacity hydraulic-type universal
testing machine at a cross-head spesd of 0.02 inch per minute
within the yield strength range. Thercafter, a cross-head speed
of about 0.05 inch per minute was used to fracture. Test
specimens wore held for about 30 minutes in a resistance-wound
furnace capable ol maintaining a termperature uniform within + 3°F

ovor the 1 inch pape donptiy, velore application of the tensile
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load. An averaging, separabls, microformner-type extensometer
with extension arms attached to the svecimen was used in
conjunction with en automatic recorder in order to obtain

autographic load-extension curves. The temperatures of the

tests ranged from room temperature to 1400°F.

Notch toughness of meteriels A, B, and C was determined
by using subsize V-notch Charpy Specimens, 1 inch long by
0.197 inch square prepared with their lengths parallel to the
longitudinal uxis of the alloy bars. In eddition, some standerd
glze V-notch Charpy specimens wero machinsd from material B,
for oomparison tests. The impact tests were conducted in
maohines of 16, 217 and 240 foot-pounds capacity. Specimens
testud at terveratures up to 1400°F were held at the desired
temperature in a box furnece for %5 minutes prior to removal
for testing. Subsize test specimens were used in the investi- -
gation because of the limited amount of material aveilable and
in conjunction with a study of the use of small specimens for

evaluation purposes. The dimensions of the subsize impact SN

re
specimen used in tnis investigation% shown in Figure 1.




RESULTS «ii) DISCUSSION

The variation of strengths as & function of temperature is

i shown by the curves in ‘Figure 2. Here it can be observed that

the strengths of the alloys at first decrease as the temperature *

of test is increased. This downward trend changes in the vicinity
3 of 500°F and as the temperature of test is further increased the
yield ;nd tensile strengths rise. At about 1000°F, the strength
of the material reaches a maximum which is about the same or
slightly pgreater than the rocm temperature strength. Above
1000°F, the strongth of the alloy decreases markedly.

AAn effect of chromium content is also shown by Figure 2
wherein it is noted that for these two alloys, which have the
same degree of hot working and heat treatment, the strength of
the 40% chramium alloy is less than that of the 50% chromium
alloj. For example, the room temperature tensile strength of
the 40% chromium alloy is nearly 80,000 psi while that of the
60% ohromium alloy is about 106,000 psi. The minimum and maximum
tensile strengths for these alloys were approximately 63,000 and
88,000 psi and 84,000 and 108,000 psi, for the 40% and 50%
chromiwn alloys respectively. As previously indicated, these
minimum and maximum strength velues occured in the vicinity of
600°F and 1000°F, respectively. The yield strengths at 0.20%

and 0.01, oft'set show the same general trend as that of the

tensile strensth.
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The ductility oi (ns .aterial, as indicated in Pipure 3 by
elougation and reduction of area wulues, in general increases as
the strength decreasess it about 1000°¢, wiere the atrength is
at a meximum, the ductility is at a minimum. At rcom temperature,
the elongation and reduciion of area of the 40,; chromium alloy 'are
about 305 and 70y, respcclively. Corresponding figures for the
60% chromium alloy are 25, and 60,s These limited data indicate
that the 40;5 chromium vlloy is more ductiis then the 50% chromium
alloy under tliese couditimms of testing.

The cause of the high strength and apparent embrittlement at
1000°F is being investipated. Limited room temperature hardness
measurements indicale tunat when these materials are heated in the
range of 1000°F for a short period of time, some permanent change
occurs and th; hardness level of the material is raised. Heating
up to. 800° followed by slow cooling reises the hardness level
only to a small degres. Initiel metallographic examination of
specimens from sample A after testing shows all fractures to be
transpgranular. lo metallurgical chanves are observed other than
twinning only in the specimen tested at 1000°F.

The impact notch tourhness of the material is relatively low
at room temperaturs but incrcases rapidly as the temporature
inereages. Thoso limited date sho.m in the impact transition
curves of fipure 4 indicate tuut vitn the sewe dogree of hot
working and heat treatnent, the 10,5 chromium alloy, (Sample C)
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roequires a hitiier euwergy to rracture sud has o lower transition
terperature than tue 50, cironiwm alloy, (smuple A). The trensition
ocurves of the 50;5 chromium alloys, (samples . end B), appear to be
almost identical. ror comporison purposes, the results of tests
on sample B using both conveational full size and subaize V-notch
Charpy specinens are shown in Figure 5. In this figure the curve
for the subsize sample B specimen looks difierent from its
corresponding curve in rigure 4 because of the change in scale.
However, no allsipl at correlation due to sizeo effects is being
nade at this tims.

The impact date indicate that for this materiel a phenomena
occurs at some high temperature wherein the impact energy to fracture
lessens as the temperature of test is much incrcesed above the

transition temperaeture. The reason for this is still under study.




Sldent Y

Short time alovatad tonpurature toneile tosts were cenducted
on 8 50% chromium - 50 iron alloy end a 404 curcmium - 605 iron
alloy which had the same de:ires ol hot viorking and hoeat treatment.
The strengsths of {hesc nateriuls decroused as tue temperature of
the tests increased ui to LO0“F. trom 500°7, the streugths
comienced to increasc as Lo tomperature increased, reaching a

maximum at 100C°F with decrease in duclility. Temsile strength

a8 high as 106,000 psi with 285 elonyaticn wes observed in the

higher chromivm elloy. In renwrai, the strongth of the 606

chromium alloy is hipher than taet of the 40,5 chrordium alloy.
On the other hand, the notch tourlmess of the 405% chromium is
greater than that of the 50,) chromium allioy. Therefore, 1t is
apparent thet tlie mechanical properties of tnese matorials are
depcndent upon chromium content as well as other fectors. The
progress indicates tnut devolopiont of au esvenu wuronper ductile

elloy is feasible.




TaBLs I

C:ldiiICAL COPUSIVION OF Ci@IIUM IRON-aLLOYS

e FadCanl
SAMPLE _Cr IYC) C Zr Be
A 50.03 Bal 0.03 0.21 -
B 50.75 bBal 0.011 - 0.04
c 41.05 Bal 0.015 0©.14 -
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