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THE 1350° F STRESS~-RUPTURE PROPERTIES OF TWO WROUGHT
ATIOYS AND THREE.CAST ALLOYS
By E. E. Reynolds, J, W. Freemen, and A. E, White

smagRy o

The rup ture—test cha.racteristics at 13)0o F of Iwo wrought a.fllovs,
NR-82 (6059 modified—low carbon) and NR-8L (MN-155 modified—lov . ca.rbon}
and the three precision~cest alloys, NR-71 (X—i0), NR-87 (Co——Cr—Ni, '
base-9Mo) and NR-90 (Co-Cr-Ni base-5Mo, SW) have been determined; 'I‘he
two wrought alloys wers tested in the solution-treated and aged cond.i-
tion and the cast alloys werc aged before testing. The principal
results obtained were:

. .- - -
LR N R

Alloy Rk Rupture strength at 1350 F
| L B _(pst)
o RS 100 Br TO00 nx
.= | Wrovght NMR-82 32,500 . 24,000
| Wrought NR-8L 32,500 24,000
* .| cast NR=TL 45,000 - | 33,000
D cest W87 | 4,500 36,000
Cast NR-90 41,000 | | 34,000

These properties compare favorably with those of the strongeet
similar glloys previously Investigbted . Howsver, compared with a
60Cr-25Fe~15Mo alloy, the three cobalt~chromium-nickel cast alloys are

inferior.
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A correlation of NACA and OSRD (Project NRC-8) data is presented,
showlng the variation of rupture strengths with temperature in the

range of 1350° to 2000° F for the alloys,
- INTROIUCTION

A program of research, which hes as its sim the developuent of
better alloys for use at the slevated temperatures encountered in the
present—day-aircra.t‘t power pleants, is in progress under the sponsorship
and with the financial assistence of the National Advisory Cemmi ttee
- for Aeropautics at the University of Michigan. As part of ihis in-
vestigation, the rupture~test characteristics of two nsw wrought alloys
and three new cast alloys were studied at 1350° F. This work was begun
* becanse the 1500° and 1600° F properties, determined in the OSRD re—
search program (references 1 and 2) showed these to be promising
alloys, -

- TEST MATERTALS .

Five alloys, two in the wrought form end three as castings, were
submitted as test specimens in the heat~treated condition by the
National Research Council (Project NRC~8). Only material sufficient

for the 1350° F rupture tests was supplied.

Chemlcal analyses of the 'five alloys are given in table I. The
two wrought alloys, NR-82 and NR-EL4, are modifications of two alloys
previously investigated., INR-E2 is Llloy 605C in which the carbon was
lowered from O.46 to 0.17 percent and ons-half of the & percent molyb—
denum replaced by 2 percent tungeten and 1 percent columbium. NR-8L
is a modificavion of alloy N~155 in which the carbon 1g 0.14 percent
instead of 0.35 percent: 'chrom'ium, nickel, and cobalt each raised from _
20 to 23-24 percent; and the molybdemum—tungsten-~columbium ratio
changed from 3:2:1 to L4:1:1., The cest alloys, NR-T1 (X-k0), NR-B7,
and NR-90, are cobalt—chromiurenickel base alloye with varying amounts .
of molybdenum and tungsten.

Manufacturing procedure and heat treatwment of the five alloys are A
ag follows:
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Alloys NR-82 and FR-8h were produced by the Union Cerbide and
Carbon Corporation. They were melted as 100-pound basic
induction heats, hot-forged from 2100° to 1400° F from
3~lnch—squere ingots to l~inch-square bars. Both alloys
were solution—treated 1 hour at 2200° F, water—quenched, and
aged 50 hours at 1350° F. Test specimens 0.250 inch in
diameter were machined from the l-~inch bars. .

Alloys NR-TL, NR-87, and NR-90 were produced by the
Haynes~Stellite Company. They were melited as 23-pound heats
in an indirect arc-rotking furnace and precislon—cast as
0.250-inch-diameter tept specimens, The specimens were aged
50 hours at 1350° F before testing. :

PROCEDURE _

Stress—rupture tests at J_.350° F were yrun to at least 1000 hours
to determine the rupture strengths for the five alloys,  The longest-
time rupture—test specimen of each alloy was examined metallograph—
ically and its hardness determindd.

The rupture tests were conducted as follows: The stress was ap—
‘plied to the specimen by weights acting through a simple beam and
system of knife edges. The specimens were held at test temperature
for approximately 24 hours before applicetion of the load to allow for
temperature~distribution adjustments. Time -elongation dats were ob-
tained for the tests by measuring the drop of the loading beam during
the test, - o

The longest~time rupture—test specimen of each material was.sec—
tioned longitudinally adjacent to the fracture. Fhotomicrographs at a
100~diameter megnification were taken of the fractured portion of the
specimen and at a 1000-diameter magnification of the interior structure
of the specimen near the fracture. _

Vickers hardness tests were mads on the mtallogx"aphi.c spaocimens,
‘RESULTS

The 1350° F rupture—test results for the five allcrs studied are
given in table II., These data are plotted in figure 1 on logarithmic
coordinates of stress against tims for rupture. The rupture streniths
and the estimated rupture—test ductilities at 100, 500, and 1000 hours
are given in teble III. '
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The' two solutlion-trsated and aged wrought alloys, NR-82 (6059
modified-low carbon) and NR-84 (N-155 modified~low carbon), gave idun~
tical rupture strengths of 32,500 pel Tor rupturs in 100 hours and
24,000 psi for 10Q0-hour rupture. Alloy NR-82, howsver, had an ssti-
mated elopmgation to rupture in 1000 hourg of 9 percont, compared with
30 psrcent for alloy NR-84. o '

The three cast alloys had strengths ranging Trom 41,000 to 45,000
psi for ruptvre in 100 hours and 33,000 to 36,000 psi for rupbure in
1000 hours.. At 100 hours, zlloy MR-TL (X~40) had the highest strength,
but for longer time pericde alloy NR--87 was the strongest. Comparative
estimated elongations to rupture in 1000 hours were 40, 18, and 8 per—
cent for alloys NR-T1 (X-k0), NMR-87 (Co~Cr-Ni base~-9Mo), and NR~90
(Co~Cr-Wi bage~-SiMo, 5W), respectively.

FPhotemicrographes of the longest—time rupturo-tost specimen of cech
alloy ‘are shown in figares 2 and 3. Inaemuch es only siufficlent mato-
rial for ‘the rupture tests was supplied, no metallographic semples of
the originsl materials could be prepared. Representative originel
microstructures of some of these alloye can be found in referonceue 1
and 2.

Vickexs hardness values determined on the metallographic épccimens
are given under the corresponiing photomlcrogrephs in figures 2 and 3.

DISCUSSION  OF RESULTS

. The five alloys investigated had relatively high rupture stremgths
at 1350° F on the basis of a comperison with five other alloys pre—
viously investigated (referemce 3). (Sce table TIIL.) ' These five
alloys which have shownl excellent properties are: N--155 and cast 6059,
the standard alloys of which the two wrought @lloys are modifications;
low-carben N-135; cast 422-19; and cast 60Cr-23Fe-17Mo alloy.

Wrought alloy NE-84 (N~155 modified—low carbon} had rupture
strengths at 1350° P approximately L4OOO psi higher than the standard
wrought alloy N~153 when hot-worked, the condition which gave the high~
egt strength for N-155 at 1350° F. it was also somowhat stronger than
wrought alloy low-carbon N-155 with & hoat treatment similar to that of
WR-8l. It therefors éeems, from & strength stendpoint, that the com~—
position modification of NR-8k was beneficial., Although teble i1z
shéws that tiie strength of alloy NR—8h4 was mmeh lower than the strong-

- est condition (hammer forged) reported for” low-carbon N-A53, this
particuler heat was worked down to 1.350° F and hed excessively high
strengths due to this hot-cold work. - )
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Ko comparison on e similar treatment basis is possible for wrought
alloy NR-82 (6059 modified~low carbon), because the unmodified 6059 al~
loy has not been tested in the wrought condition. It does have lower
strerigth than cest standard 5059. However, castings usually heve - -
higher rupture strengths et 1350° F then wrought materials.. -

The cast alloys had similar rupture strengths., Veriations in
rupture times from-those predicted by the rupture curve, which were
© possibly due to varying crysta.l orientatlon between specimens, make 1t
impossible to attribute the slight strength differences observed. to .
chemical composition.

The strengths of these three a.llOys are of the same ord.er of mag-
nitude =ms that of -the best cast cobalt-chromivm~nickel base alioy .
(h22~19) previously tested.at 1350° F. ' .They have much lower strength,
however, than cast oOCr—E‘er-—l‘iMo, which is one of the highest—strength
alloys lmown, _ . . .. . ..

- Pimg-elongation curves from the ‘rupture tests on_the two, w&couéht-_
alloys 'showed that the alloy with lower ductility, MR-82 (6059 modified—
low carbon), had a lower deformation rate than did alloy NR-8L4 (N-155% .
mod.lfied.-low carbon). This was true also for the lowest~ductility cast
alloy NR-90 compared with NR-T1l and NR-87. Attention is called to. the.
fact that the specimen of alloy NR~TL (X-~%0) under 32,500 pei had ex—
cessively high elongation. The fracture of this specimen was of the
single—crystal type, namely, an oval-sheped formation of the crystal
adJjecent to the fracture. This expleins the high ductility.

Metellographic exemination of the longest~time rupture—test spec—
imens revealed & matrix filled with fines particles of excess
constituent. This ls the usual appesarance of long~time rupture—test
specimens of alloys of this type, the fine particles precipitating
during the test and jincreasing the hardness of the material. This
Precipitation 15 considered to be an influential factor in the develop—
ment of the outstanding properties of these materials.

A correlation, which shows the variation in rupture strength with
temperature, obtained from the reseasrch program at 1500°, 1600°,
2000° ¥ (references 1, 2, and 4) with the HACA date at l350° l700°
and 1800° F, is shown in figure b for the five alloys studied. Ac—
tually the only alloy for which rupture strengths are avallable over
the .complete temperature range is NR~71 (X~U40). On the basis of the
data available, the other two cast alloys with strengths of the same
order of megnitude would be expected to vary in strength with tem—
porature to about the same extent as NR-71l. Alloy NR-T1, incidsntally,
was the strongest of a group of cast allioye tested.at 1700° and 1800°
F. (See reference 4,) The two wrought alloys, NR-82 and NR-84, had
practically identical rupture .stremgths at both 1350° and l500° F.
Higher—temperature date have not been determined on these two alloys,
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combLUSIQNs'

From an 1nvestiga.tion of the ,atrass-—*upture properties at 1350 F
of two wrought alloys and -bm'ee rrecision~cast alloys, the following .
conclusions were made: . . L .

The two wrought a,lloys , §BR-82 ( 6059 modified—low carbon) and NR-84
(N~155 modified~low carbon), had identical 1350° F rupture strongths,
although alloy NR-8& had mmch higher ductility., The strengths of these
alloys are somevhat higher than those of standard N-155 alloy, but it
is rather doubtful whether this benefit 1is sufficient to wa.rrant the
necessary increase in alloy content.

Thé three precision—cest. alloys, NR-71 (X~h0), NR—ST (Co~Cr—Ni
base-9Mo), and NR-9O0. (Co-Cr-Ni base-SMo, 5W) hed 1350° F rupture
strengthe which compared favorably with those of alloy hoo-19, the best
cobalt—chromium-nickel base alloy previously investigated at 1350° F.
Théy have much lower strengths, however, than the best chromium-base
alloys. Although there was some difference in rupture strengths among
the three .cast alloys, there was not a consistent.varistion. Other
fa.ctors , such as varigtions possibly due to varying crystal ‘orienta~
tions betwesn specimens, make it impossible to attribute strength

d.if:f‘erences obse.mred. to chemical composition.

University of Michigen
Azm Arbor, Mich., November 15, 1946
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CEEMICAY. COMPOSTTION (F ATIOYS TESTED AT 1350° F.

TARTE T
d Rl e

Chemical camposltlon

(percent)
- Aday -
c Ma 51 tr 51 Co o W Cb Te K,
HR-82 6.17 1.20 ¢.69 25.29 3.0 30.85 3.35 2.23 1.03 — 0.03
{60%9 modified-low carbon) b ’
6311
¥a-84 .1h 1.11 ST 23.08 23.82 2k, 38 h,25 1.26 1.10 —_— b
(B-155 modified~low carbom) ]
: F-632
mR-73  {X-~h0) R G T2 25.12 | - 9.69 | 35.23 —_— 7.23 —_— 0.955 _—
.50 .70 .69 22,54 19.17 Bal. 9,09 —— —_— 9 —_
(Co-Cr-1i1 base—9M0) . )
ER-90 b .6 B al 22,60 18.23 Bal. 5.09 5.18 _— .8 —_—
(M M WL b rin R~  RUN :
\\IU_\IJ.“I-‘-I. W’-‘u’ /I"j L
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TABIE IT
RUPTURE~TEST DATA AT 1350° F FOR FIVE ALLOYS

Stress ::Rupture Elongation Reductlon
Alloy s1) time in 1 inch of area
(e ) (br) (percent) (percent)
Wrought NR-82 35,000 k4.5 10 10.5
{6059 modified—low carbon)
30,000 229 9 10.9
28,000 291.5 8 12.5
25,000 25 9 i2
Wrought NR-Sk 33,000 1056. 26 26.5
(¥-155 modified~low carbon)
30,000 196.5 33 39.0
27,000 338 %30 2k,2
25,000 718 20 28.2
Cast NR-T1 (X~—L0) 45,000 100 31 40.7
40,000 232 i8 37.7
35,000 816 a7 35.0
32,500 2189 L1 45.8
Cast WR-87 45,000 8k 20 27.0
(Co—Cr-N1 base—SMo) .
40,000 318 17 27.k
37,000 T35 22 31.8
\
35,000 918 18 33.1
3k, 000 1980 23 35.0
Cest NR—G0 15,000 53 823 20.7
(Co—Cr-Ni base—SMo, 5W)
ko,000 8l 8.5 7.0
37,500 5k2 12 13.3
35,000 639 15 16.5
34,000 960 8 10.2
32,500 1630 T 6.4

a.‘L?rea.c'tru:r:ed.'t'.h::‘O'ung_:gage mark.

NATTONAL ADVISORY
CRMITTEE FOR AERONAUTICS =
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TABLE III b — —_
RUPTURE FROVERTIES CF CAST AND WROUGHET ALLOYS AT 1350° P AND
COMPARATIVE PROFERTIES OF OTHER ALLOYS
Stress for rupture in infloated | eestare in tegiiated
ticm pericds time 1ods
Alloy Treatzent (pei) (peﬂzn:)
100 hr 500 br 1000 hr | 100 hr | 500 hr| 1000 hr
Wrought MR-82 2800° F 1 hr W.Q.

(6059 modified—low carbon) + 50 hr et 1350° P 32,500 26,000 2k, 000 10 9 9
Wrought NR-8% 2200° F 1 hr W.Q.

{N-155 modified—low carbon) + 50 hr at 13%0° 1 32,500 26,000 24,000 25 30 30
Cast NR-TL (X—40) 50 hr at 1350° F 45,000 36,500 33,000 3 25 %0
Cast NR-87

{Co-Cr—i1 base—SMo) 50 hr et 1350° F L4k,500 38,000 36,000 20 £0 8
Cast HR-90

(CoCr=iL base—Mo, W) S0 hr at 1350° T 11,000 36,000 34,000 10 10 8
Wrought §-155" Hot worked 28,000 22,000 20,000 10 6 6
Wrought low-carbon N—155°' Eeamer farged from

2100° F to 1350° F 36,000 29,000 b27,5oo 7 12 -
Wrought low—carbon N-155° 2200° ¥ 1 hr W.Q.

+ 50 hr at 1350° F 30,000 £5,%00 22,800 26 39 25
Cast 6059% 50 hr at 1500° F 36,500 32,500 30,500 18 23 -
Cest hoz—19% 50 hr et 1500° F k7,000 39,500 36,000 28 10
600r2Te-1540" 00 | memmmm—mmm 68,000 * 56,500 52,000 i 5 5

®Date taken from reference 3.
bObta.imd. by extrapolation of strese—rupture curve.

®Data taken from unreported investigation on typical low—carbon F—155 bar stock in progress at the University of
Michigan for the NACA.

d‘Du.ta. taken from reference 5.

NATIONAL AINISCORY
COM(ITTEE FOR AERONAUTICS : =




Type chemical analysis
o Wrought NR-82 0.17| 26|22 31]{3.4/2.2(1.0/0.02[{22000F 1 hr W.Q.+50 hr at 13500
A Mamssenld TD _0OA TAIDT| DA DAL A Ol 711 1 1TA199AA0 1 W o Thw ad 12EM0
FAY n.l.uu.guu NINV=0O T . o't R | X NE| Eq®| s F | o de st | RRWVYTE L Ll Mage TV Ll &b LoV
o Caest NR-71 (I.—40) .48125110| 5Bl - | 7. - - 50 hr at 13500F
¥ Cast NR-87 .62|23|19|Ball 9 - | -1 - |50 nhr at 1350°F
e Cast NR-30 +44|23|18|Ball5 |5.2| - ~ |50 hr at 13500F
60,000
00 NR-71-,
' §R-87" T e &\@Q
40,000 =57 S Ro5 ==X [
NR-83,, “Tat1+— {_ i ‘“q‘--c-L X —
NR-84 T e~ a ~—
30,000 N} =
NATIONAL ADVISORY QOMMITTEE T T
FOR AERONAUTICS —
20.000 | | | | L
’“"T10 2 4 6 8 100 3 4 6 8 1000 2
Time, hr ’

Figure 1.- Curves of stress agalnst rupture time at 13500 F for wrought alloya NR-82
and NR-84 and cast alloys NR-71, NR-87, and NR-00.
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(a) Alloy NR-82. 735 hours for rupture under 25,000 psi;
Vickers hardnéss 294.

Figure 2a,b.- Microstructures of .specimens of wrought alloys

NR-82 (8059 modified-low carbon) and NR-84 (N-
155 modified-low carbon) after completion of 1350° F rupture
test. Electrolytic chromic acid etch.
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(b) Alloy NR-84. 718 hours for rupture under 25,000 psi;
Vickers hardness 2384.

Figure 2.- Concluded.
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(2) Alloy NR-71. 1189 hours for rupture under 32,500 psiy
Vickers hardness 466.

Figure 3 (a to ¢).- Microstructures of specimens of precision-
cast alloys NR-71 (X-40), NR-87 (Co-Cr-Ni

base - 9¥o), and NR-90 (Co-Cr-Ni base - SMo, 5W) after comple-

tion of 1350° F rupture test. Electrolytic chromic acid etch.
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(b) Alloy NR-87. 1980 hours for rupture under 34,000 psi;
Vickers hardness 412.

Figure 3.~ Continued.
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(c) Alloy NR-20

. 1630 hours for rupture under 32,500 psi

Vickers hardness 4058.

Figure 3.- Concluded.
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