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At the beginning of this psst quarter it was expected that the new
optical furnsce {maximm temperature 160C - 1800 degrees F) would be ready
for use, With the tests of the special deaxidized 80 nickel - 20 chromium alloy
supplied by the Internationa! Nickel Compeny, it was hoped that the natwiy of
interarystalline fracture could be determined and that the previously formumlated
theory of intercryetalline fimoture could b2 put into a more definite form,
However, the problem of leekage around the furnace window has resisted solutian
up to this time. Sealing the window with wex or zlyptol has failed because
of the high temperature. 4t the present, sealing with a high temperature rubber
gasket is being tried.

The progrzm of the nichrome alloys 1s delsyed because the new optical
frenace is not yet in working condition. Instead, to keep other tests under
way, & high purity aluminum specimen has been tested at 900 degrees F in the
14 optical creep furnzce in an attempt to determine the effact of grain boundary
share and orientation on the direction of grain boundary migration. There
were twelve grains in the specimen; whose orientations were determined by
J=ray techniques before the test. The range of orientatioms coverod prasctically
the whole ares of & standard triangle on a stereographic projection. After a
careful study ¢f the direction of grain boundary migration, the inclination
of the grain boundaries with respect to the direction of the applied stress
and to the direction of the grain boundery curvature is still the determining
factor, which governs the direstion of bmmd?ﬁ rigration during oreep, as
has been discussed in a preious publfeation . The effect of orientation
difforences across various grain boundaries appears to be insignificant, In
osder to ascertain vhether this is true for a wide range of orientation dif-
ferances and geometries, more epecimens will be teated.

Q) H. o, Cheng and X, J. Grant: Grain Bourdary Sliding and Migration and
Interorystelline Failure Under Creep Conditions. Trans. ADE (1953), 13,
pe 305, Journal of Metals, (February, 1953).
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The arc melting furnsce (cold crucible), hsat treating furnaces, hot
Xe=Yay caxera and auxiliary equipment for this program are now reedy for the
progran. In the meantime, some research is being completed on 18-8 types of
steels in which tne structure oomposition and high temperziure propasrties
are being releted. 4 description of this work follows:

© Rosearch has been carried on for the past year to datarmine the affects
af ocmposition and strusture m'tho properties of 18-8 type stainless sieels
with the objeotive of obtaining optimm structures in this type of alloy for
high temperature applications. The work of Hm(z) indicated that certain
acicular structures in 18-8 type steels have crssp and rupture properties
significantly better than thoss af singla phase sustenitic slloys, Hmts
structures vere obtained, however, by vacum melting the alloys, which yielded
lov values of carbon ané nitrogen in the steel. In an attempt to learn more
regarding thess relatively estable acicular structures and feasible methods,
avidonngootanoyoanpoaitimmnadofort;xapmpose. Steels of the
following campesitions wers melted in an induction furmace and cast into
Lvhirty=pound ingotsa:
Stesl Fimler % Chromlup % Hiokel 2 Carban 2 Hitrozan 2 (Carbon # Nitrogen)

12 1802‘ 100?} 0010‘ 0.035 001«,"
13 . 18,28 11.18 0.067 0.035 0,12
1 18.68 10.92 0.032 0.036 0.068
10 -18.49 6.09 0.116 0.035 0.151
29 =866 5093 0,070 0.035 0.105

1 18,50 6.15 0.032 0,034 0.066

The ingots were forgsd to 1/2 inch diemeter round rods, Nins inch lengths
cfthorodammutiontmtodatzoooacgues!'rorljzmmdmu:‘qmcbtdo

TBY tm, J.K.Y. and Grant, N, J.: Austenttic Stability end Creep Ruptuxe
Properties of 18-8 Stainless Steels. Trans. ASM, Vol. 45, 1953.
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Stendard (st specimens for stress-rupture tests were machinsid from the rods.
Steels mmber 12, 13, and 11 are all single phase austenitic steels.
Alloy 10 is auetenitic with soms martensite. Alloy 29 sontains martersite,
austenits, and small amounts of fsrrite,
Alloy 1 contains martensite, sustenite, and large amownts of ferrite.
Fram the results of stress-rupture tests it was deteimined that these structures
produce large differences in rupturw strengths,
The M‘ temperatures of the three martensitic steels were determined
using the elec ~i™~ 1 resistivity tecinique. Experimentsl values of the M,
points are given in ths following table:

2tmal Exp mental E& Calculated
1l +136° F +90°F
29 + J1° F +79"F
10 -156° F -109°F
H calculated values were besed on the formula determined by hull and
—

Mg'F = 75(14.6-5Cr) + 110(8.9-%K1) + 50(0:47=%51) + 3000(0,558~-% £C +R)
+60(1.33-Rn) 160° F

O the besis of the M for steel 10, the mertensite in the strusture must be
to quenching strains,
The stress-rupture strengths of these alloys are summarized in the
following tabls. Stresses for 1000 hour rupture life are extrapolated values
basad on testa ususlly not exceeding 300 hours.

m Iaxperature  Siress for 100 hogr rupture Streas Sor 1000 hour rupturs

1000 P 24,500 33,000

13 1000 42,000 33,000
1 1000 37,500 48,000
10 - 2000 49,500 43,000
b 1000 3dyy UOU £0g 2N
12 1200 23,000 16,000
13 m %,wo ua300
1 1200 15,500 14,500
10 1200 21,500 16,300
1l 1200 15,400 10,300

T3] Eichelzen, G, H. and Eull, F. C.: The Effect of Cauposition on the lempsruture
of Spontansous Trenslforsetien of Ausmita te Mariecsits in 18-8 Type Stainless
8teal. Trars. ASM 45, 1953, p. 77.
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11, Effect of Structure and Composition on the Stremginh Properties of
Stainisss Cteel

Eight twenty~five pound ingots have been prepared by meliing Armeo
iron, elsstrolytic nickel, and ferrc-chromium in an induction furnace, de=-
axidising with Mn and Si and easting into graphite molds. The Ni content
of these ingots was maintained fairly constcont at 8 percent while the
chromium end the carbon contents wers varied as can be secm in the following
teble:

JHeat He. 2 Chropiup 2 Nickel £ Carbon & Nitrogen

3 17,30 8.28 0,020 0.0<0
15 16.49 8.12 0,067 0,030
g 17.24 8.18 0.127 0,030
21 18,52 8.04 0,080 0,030
20 18.51 8.13 0,100 0.030
4 19.60 8.46 0.029 0,028
19 19.75 8.12 0,060 0,030
7 19,60 8,05 0.113 0.031

The ingots were hot forged to 1/2 inch dismeter rod which in turn
was solution treated at 000 degrees F for 1/2 hour and then quenched in
water. Mstallographic samples of each heat were exemined., The grain size
was found to be falrly constant for all tne different heats. The stesls
were found to be ohiefly eustenitic tut a fow had & amall axownt of delta
ferrite and mortensite. Thirty standard 0.<50 inch diameter ty 1 inch gage
tensile specimens were machined from each heat of steel and stress~rupture
tssts were conducted at three temperatures, 1000, 1200, and 2200 Gegress F.
Rupture lives were determined from six minutes to 100 bours at the lower two
temperstures and fram six minutes to 500 hours at 1300 degrees F. The 500
hour tests are still in progress. The rupture life data obtained so far are
smoarised in the following table.



1000 F 2802 200 X,
Beat No: .20 b ‘s ‘mn , 10 ke, zm b 10 hr ‘ 100 hea.

3 44,000 pst 39,000 psi 26,000 psi 19,000 psi 12,000 psi 11,000 pei
15 55’(m : M,om 27,@ 20,000 19,000 ’
9 58,000 48,000 29,500 21,000 19,000 14,000
2L 57,000 42,500 26,000 19,000 19,000 12,000
20 55,000 45,000 28,000 20,000 18,000 13,000
L 48,500 40,000 27,000 20,500 19,000 13,000
19 55,000 43,000 29,500 20, 500 21,000 14,500

After testing the test hars were sectianed and micrographic stwiies
are “eing conducted to determine structwral changes such as: recrystallization,
grain grovih, sigmma or ferrite formation, and earbide precipitetion. Alloving
foo these sirustural and chemicel chenges, it will be possibls to dstemins
the sffect of chromium and ssrbon plus nitroger contest on the high temperature
properiles.

It is possibls te wvary the struoture of seversl of these stainlese
steels by cooling below their N, and theredy introducing mertensite into
the strusture. The M, valuss for these steels are now being determined by
neaswring the alssirical resistance of the steel as a fnction of the temperatwre
by meens of = Xelvin Double Bridge. In the following table ars preseunted the
Mg data determined up to the present time, and the M, temperature as caloulated
from a formmla besed on the chemical composition which was detarmined by

Eicheliman and m(B)o

Heat No. M!, calculated M_, experizantal
& SRR R B
3 -20 ¥ 40 F
15 =£0 notl accwntely determingd
9 =315 not detected down to =320 ¥
21 AdA ] - - =
20 -Bw » " ] [ ]
o =5 " = = =
19 "2& L L "] ™)
7 «4,30 " " " »

The temperfng of martensite can be followed by resistance measurements
and the sirustures present at the testing temperatures determinsd by meens of
addttional X=ray snd metallographic studies. In this comneotion a high tempersture
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X-ray camere hes been used to follow the disappesrance of the martensite 1ine.
The heating and cooling rate for the resistivity tests was chosen ai
35 degrees F/min sinoe it wes found that faster rates did not allow sufficient
tiis for accurate measurements. At this rate the complete resersion of martensite
i austenite has been oteerved to ooowr in the temperature range of 1200 to 1400
degrees F for all the steels tested. Isothermal resistivity tests have been
canducted for one steel from 1000 to 1400 degress P and from the resction
rates the activation energy was determined to be appraxizately 10,000 cals.
Ferther axpsrimenteticn is uow in progress to determine activation enerzies
far differsnt steels ard the amounte of martensite present at various tewp~
eratures fe- different steels. Stress rupture tests then will be run with
8spe mooaledbolovthoir!&‘soutoamrtamthoeﬁecbofmaow
martensite phase on the high temperature strength properties, In partiocular,
heats numbers 3 and 15 look promising for such experizentation.
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