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PROGRESS REPOR1
cn
ALLOYS AND CERAMIC HATERIALS FOR HIGH~-TEMPERATURE SERVICE
to

OFFICE OF NAVAL RESEARCH, NAVY DEPARTMENT
CONTRACT NO, N5~ORI-111, PROJECT ORDER NO, 1

from
BATTELLE MEMORIAL INSTITUTE
October 16, 1947

SUMMARY

This report covers the work done during Septomber, 1947.
Four chromium-basc alloy heats, of the 60Cr " le¢-25Mo type, were

tcsted in strosc-rupture at 1600°F,
Curves of stres: versus rupture time and crecp rate for GT-45

alloy at 1500°F, are nrescnted,
Curvos of teonsile-fatigue test data for cast and wrought alloys

that have been tested to date at 1200, 1350, and 1500°F. arc given,
Eight 60Cr-15Fo-25Mo0 type alloys were preparcd in the vacuum
apparatus,
The experimental vork involved in checking the present working
diagram for the cobalt-chromiiuzs binar; system is nearing completion,
In the study of the causosof cracking in wclds and adjacent parent
mctal, metallogranhic examination was continued on Timken alloy circular-
groove specimens welded with a varicty of clectrodcs and on Timken alloy-
Vitallium whacl-and-bucket replicas welded with Types 316 (18Cr-12Ni-2bio)

and 349 (19-9 W-Mo) electrodes,
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Changes in the physical prepertics of No, 38900 Alundum specimens,
which were burned in the temperature range of 1000 to 3300°F,, occurrcd at

relatively uniform rates, ithin the limits of this investigation, no i

sudden or abrupt changes were observed, In general, and as was anticipated,

the modulus of rupture, bulk density, and linear shrinkage inercased, and
the water absorption decrcased as the burning temperature was increased,
Specimens burned at temperatures of 2250°F, or lower, however, were
extremely fragile, and, as a result, werc unsuitable for strcngth

determinations,
A dilatometric study of a No. 38900 Alundum specimen indicated

that an abrupt c>pansion and an equally abrupt contraction occurred over
the temperature range of 55 to 175°F., and contractions over the ranges of
800 to 875°F, and 1700 to 1820°F, The expansion of the body from room
tomperature to 1700°F, occurred at a uniform rate, except in the ranges
indicated,

The tensilc strength of a snecimen of No, 38900 Alundum, reburned
at 3300°F,, was 1500 pounds per square inch when tested at 1800°F, A very
coarse crystalline structure was apparent throughout tho tensile specimen,

BATTELLE MEMORIAL INSTITUTE
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ENGINEERIN® PROPERTIES OF HEAT-RESISTING ALLOYS
(Work done by C. W, Andrews, Ward F, Simmons, and Howard C. Cross)

L]

tal W

Tost Materials

The chomical compositions of the alloys tested are shown in

Table 167,
The ercep test specimon of GT-45 alloy and tho tensile-fatigue

apecimens of S=590 alloy werc machined from bar stock, The tcnsile-
fatigue speccimens of 422-19 alloy and Vitallium were machined from over-
sized precision castings, since they could not be cast to sizc with

sufficient accuracy for thesc tests,
The strcss—rupturo\ test specimens of the 60Cr-15Fe-25Mo type

alloy wore gronnd from chill castingz whiclk had been siress-rclicved, after
belng rewoved fron the mold and belore cooling to room temperature, by

hoating to 1200°F, ard furnace ccoling,
The heat trcatments for the alloys tested are given in the foot-

notes of Tablos 168 and 169,

Stross-Rupture Tosts

Five stress-rupture tosts of chromium-base v.lloy' specimens and a
crecp st of a specimen of GT=45 alloy were in progress during Scptember,

1947. Data for all six tests arc shown in the table of stress-rupturc

data (Table 168},

BATTELLE MEMORIAL INSTITUTE
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TABLE 167, CHEMICAL COMPOSITIONS OF ALLOYS TESTED
Alloy Anggr ¢c m si 8§ Cr 1 s amn b Fe N, 1Zr
GT-45 (046012) NR-100 0,088 1,24 0,66 =~ 16,79 14,19 Cu 3.01 2,75 T4 0.28 0,42 Bal, -~ -
Vitallium (cast) MNR-10L 0.27 0,70 0,70 & 27.26 3.06 Bal, 5.31 - - 1.40 - s
422-19 (cast) NR-12B 0,43 0,70 0,60 . 26,91 15.32 Bal, 6.27 - = 1.35 . &
5-590 (Lot Mo, 2) NR-74 0,47 1,35 0.82 - 15,40 19,07 19.26 4,03 4400 3,87 Bal, =~ -
Chromium-base A-3457 06 =~ 0,58 - 5,1 - - 26,8 - - 15,9 0,050 -

Chromiun-base  A-3466 0,04 N1 0,04 0,006 63,0 = - Mk - - 13.2 0007 - §

Chromium-base A-3831 0,06 0,04 0,70 0.005 59.8 - - 24,0 - - 1%.9 0,027 (=) 4
Chromium-base A-3832 0.08 0,07 0.57 0.003 54.0 - - 27,6 - - 16,2 0,030 (8)

(a) Will be revorted later,



TABLE 168, STRESS-RUPTURE DATA

- - = -

Tempera- Rupture Elong- Reduction Ci-mte , Hours for Deformation
Specimen ture, Stross, Timo, ation, of Area, 8 of

~ltaterial Hunber —ZFe _ pasaia __ Houps 2 2 Por Hour 1% 2% 5%
GT-45 (046012) MR-100-12(a) 1500 8,000 (b) = - .000017(b) - % "
Chromium-base  A-3457(c) 1600 45,000 50,5 0.7 1.6 «021 31 - -
Chromivm-base  A-3466-1(c) 1600 45,000 23,2 2.4 2.4 - - - -
Chromium-bese  A-3/466-2(c) 1600 33,000 88,8 8.5 6.3 038 23 37 70(a)
Chromium~base  A-~3832(c) 1600 33,000 (Brokc on loading)
Chromium-basa  A-3831(c) 1600 38,000 (Broke on loading)

~tée~

w prosm—y - = -

(a) 2250°F, for 1/2 hour, water guenched, aged for five hours at 1200°F,, water quenched, plus five hours at
1350°F,, water quenched,

(b) Creep test, 2091 hours duration. Creep rates at 500, 1000, 1500, and 2000 hcurs were ,00003, ,000017,
000065, and ,00019 per cent per hour. respectively, Deformations at the same timeswere 9,125, 0,133,
0,154, and 0,230 per cent, respectivoiy. Initial deformation was 0,044 per cent,

(e) 1/I.-<inch—dimtor specimen, stress relieved by rewoving frou the mold before cooling to room temperature,
heating to 1200°F., and furnace cooling,

(d) Estimated vealue,

- R——— o
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The five chromium-bace zlloy specimens were tested at 1600°F,,
Two of the

three of them at 38,000 p,s.i. and two at 45,000 p.s.i.
specimons which wero to bo tosted at 35,000 pesei. (4-3831 and A-3832)
broke on loading; the third (A=-3466-2) lasted 89 hours at that stross

and showed good ductility - 8,52 elongation and 6,3% rcduction of area.

As indicated in the section on "Chromium-Base Alloys", cfforts arc being
made to decrcasc lie shock-scnsitivity and brittlencss of the 60Cr-15Fo-
25Mo type alloy, From the information obtained from a fow heats, it
appears that the addition of smsll amounts of manganese s'ecms to reduce

the sensitivity of this alloy to cracking. In continuation of this progran,
Heats A-3831 and A-3832 wore treated with Si-Zr alloy and no mangsnoso
addition was madcy onc of the two tost bars from cach hecat was rejccted

because of cracks, Heat A-3466 was made using the purost available melting

stock and was dcoxidized with carbon,
Of the two specimens loaded at 45,000 p.s.i., Specimen A-3457 lasted

50 hours and A=3466-1 23 hours, Theso spccimens showed low ductility -
0.7 and 2,4 por cont elongation, and 1,6 and 2,4 por csut reduction of
wioc, rospoctivoly,

The rupture data for Spceimens A-3466-1 (45,000 p.s.i.) and
A=3466-2 (38,000 peseis) fell below the logarithmic stross versus rupture
time curve for this chromium-base alloy, The data for the test of Specimen

A=3457 (45,000 peseds) wore slightly above the curve,

- ST L ey T
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Croep Tosts

A crocp tost of GT-45 alloy (Heat 046012 , Speciumen NE-lOO-'-IZ)
was completed after 2091 hours at 1500°F, and §,000 p.s.i. At 500, 1000,
1500, and 2,000 hours, the creep rates werc ,00003, ,000017, .000065,
and - ,00019 por cent per hour, respectively, and total deformations were
0.125, 0,133, 0,154, and 0,230 per cent, respectively, Trensition to
third-stage crecp took place at about 1200 hours (6.135% total deformation).
This tcst and orevious stress-rupturc tosts on specimons from Heat 046012
gavo crecp and stress-rupturc propertics that were much superior to the
results given in carlicr rcports for Heat 36282 of the same alloy,
Figuro 112 shows the stress versus crecp ratc and rupture time curves

for Hoat 046012 of GT-45 alloy at 1500°F,

Icnsilo-Fatigup Tosts

The tonsile-fatigue testing programs at 1350°F. have been completod
on Vitallium (NR-10L) with a stresc variation from the mean of £15,000
PeSel. and on 5-590 alloy (NR-74) with a stress variation fyuin the mean
of 25,000 p,s.i, The tonsile-fatigue testing program of 422-19 alloy
(NR-12B) has becn susncnded vhile load-maintaining devices arc being
installed on tho fatigue-testiing mmchines,

Data for all of tho tests on Vitallium, 422-19 alloy, and S-590

alloy aro shown in Table 169, Figure 113 shows curves for most of the cast
and wrought alloys thet have becn tested to date at 1200, 1350 and 1500°F,

BATTELLE MEMORIAL INSTITUTE
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FIGURE !12. STRESS VS. RUPTURE TIME AND MINIMUM CREEP RATE FOR GT-45 ALLOY

(HEAT 046012)AT 1500° F.
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TABLE 169, TENSILE-FATIGUE TEST DATA

(Stress Amplitude 215,000 p.s.i. From the liean Stress
Unless Otherwise indicated)

-

Temper- Cycles to Time to
Specimen ature, Moean Stress, Failure, Rupture,
—liaterial Jhmber °F.. Dafoda _ Millions Hours
Vitallium (cast)(a)(k) MNR-10L-8 1350 45,000 1,86 21
Ditto NR-10L-4 1350 46,000 2,70 30
" NR-10L-3 1350 35,000 12,00 133
" NR-101-2 1350 30,000 27,23 303
" NR-10L-5 1350 26,000 (c) (c)
" NR-10L-6 1350 26,000 86,78 964,
422-19 (cast)(a) NR-12B-5 1350 50,000 04541 6.0
Ditto NR-12B-1 1350 45,000 4,780 5342
n MR-12B-3 1350 40,000 39.60 440
" NR-12B-2 1350 37,000 (a) (d)
n NR-12B-6 1350 37,000 29.58(e)  329(e)
" NR-12B~4 1350 37,000 (f) (f)
" MR-12B-8 1350 37,000 (¢) (g)
" NMR-12B-7 1350 37,000 33.52 373
S-590 (b)(1) NR-74-81 1350  40,000%25,000 0,106 1.2
Ditto NR-74~84 1250  40,000£25,000 0,113 1.3
" NR-7,~82 1350 35,000%25,000 1,119 12,4
" NR-74~91 1350  30,000%25,000 5,220 58
" NR-T4-92 1350  26,000%25,000 %) (n)
" mw/..-ee((i) 1350  26,000%£25,000 66.97 Thd
J

(&) Aged for 50 F~urs at 1350°F,
(b) 2275°F. for 40 minutes, weter jquenched, and aged for 16 hours at 1400°F,

(c) Power failure caused a tempercture drop and stress increase at 21,47 x 106
cycles (238 hours®); test discontinued,

(d) Power failure coused a temperature drop and stress increase at 33,86 x 100
cycles (376 hours®); test discontinued,

(e) Cycles and hours to failure vere less than for test on NR-12B-3 at higher
atress of 40,000 & 15,000 p,s.i. A duplicate test on Specimen NR-12B-4
was therefore started,

(f) Power failure at 0,3 x 105 cycles, Test discontinued.

(g) Resistor in power relay failed at 6,92 x 105 cycles, causing a considerable
temperature drop and stress increase, Test discontinued and specimon
replaced with a duplicate, to be tested at the same stresse

(h) Power failure caused a temperature drop and stress increase at 26,75 x 106
cycles (207 hours®); test discontinued,

(13 Erroneously designated NR~74~93 in Table 143 of the report dated July 16, 1947

(§) Power failure caused a temperature drop and stress increase at 28.5 x 106

oycles (316 hours*), The test was continued after the specimen had been

cocled and checked for visible damage,

§k§ Series of tests complete at 1350°F, with stress cycle %15,000 p.s.i,

1) Series of tests complete at 1350°F, with stress cycle 125,000 p,s.i.

* Notet The time in hours is the actusl running time of the test, and does not

include any time vhen the machlne was not running and the load was at the

mean or the minimm wvalue,
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Tho cffect of the supcrimposed tensilo-fatigue stress on the

rupture 1lifo differs botwecn the various alloys, At high mean strcsses,

forged 5-495 and S-590 clloys, and cast 422-19 and X-40 alloys show

shortor life undor %cnsilo fatigue (215,000 p,s.i. from the meoan) than

under similar static tonsion strcsscs. At lower strcsses and longer

ruptiure times, the 1ife under fatiguo conditions is almost oqual to, ,~

and in some casecs surpassce, thc lifo under static tonsion stress, Ovor

the renge of stresses used, Vitallium has shown oqual or longer life
under fatigue ccnditions,

For S-590 alloy at 1350°F, tcsted with a stress amplitudo of
125,000 p,s.i. from the mean strcss, shorter rupture timos wore obtained

at high strosses than for either constant stross tosts or tonsile-fatiguo

tests cycled #15,000 pes.i, from the moan stross, Howover, a test at a

mean stress of 26,000 p.s.i. wes superior to similar tests cycled £15,000
Pe8,i. and ocquel to the results obtained in static tensfon tests,

When the automatic load maintainors have boon insicllod on the
Krouso fatigue machincs used in this work, check tosts will be made to
dctormine whothor or not the idle time (when the mechine was not running
and tho load was at the moan or tho minimum valuc) has had any significant

cffoc. .n the data obtained.

CHROMIUM-BASE ALLOYS

(Work done bty W, L, Havekotte and D, E, Krause)

Introdugtion

The offort for the month of September was directed along the
following liness

1, Six of the proviously prepared 60Cr=15Te~25Mo typo alloy heats
arv being analyzed chemically and examined motallographically.
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2, Eight 60Cr-15Fc-25Mo type alloy heats werc prepared in tho
vacuum oquipment, Zirconium and sclonium, individually and in combination
with mangancse, were added to these melts in an effort to improve the

toughness of the chromium-iron-iolybdonum allcy,

Examination of Chromium-Baso Alloy
Yoats Mado in August

During tho month of August, nine 60Cr-15Fo-25Mo type alluys wore
melted and cast in vacuum following the melting proccduros recorded on

Page 872 of tho report dated Scptember 16, 1947, Chemical and vacuum
fusion analyses and grain size of six of these hoats aro recorded in

Table 170, Three of tine heats wore siot analyzed because the desired
vacuum was not obtained during melting, Thc castings from these will

be held for possible futuro usc,

The chromium contents of Heats A-3460, A-3464, and A-3465 wore
lower than desired. The chromium content of Heat A-3466, in which
chromium was added as minus 200-mesh powdor, was highor than anticipatod,
It was cxpocted that tho uso of fine particles of chromium would rosult in
a highor chromium loss, but this was not the casec,

The nitrogen content of Heat A-3466, in which the purcst obtainable
melting stock wes used, was lower than that of any previous melt., This
may have been the result of low nitrogen in the charge, or perhaps the
result of a roro vigorous than usval boiling of the melt caused by the high
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TABLE 170, ANALYSES, GRAIT SIZE, AND MELTING DATA
TOR CHROMIUM-BASE ALLOY HEATS

— — — —— — Ty r— e e R e
gi=, Per Cent ASTX Pressure, Microns, Tapping Melting
Heat Vet Method Vacuus-Fusion Method Grain at Temperaturs,  Procedure
Fumber Cr Te  No c S1 fz S Wn 0., !2 12 Size Malting Tlning °F. Fumder
A-3460 56.6 14.9 244 0.09 0.52 0.024 0.003 1,32 0.003 0.00041 0.012 2 17 L2 32710 1
A-3L61 58.3 14,8 25.4 0,10 0.56 0.029 0.006 0.18 0.006 0.00025 0.023 5 22 127 3100 1
A=3462 56.86 15.4 24,7 0.10 0.59 0.028 0.008 0.34% 0,003 0,00028 (.023 3 W7 233 3250 1
A-3L64 56.5 15.3 27.1 0.07 0.62 0.022 0.007 0.02 0.002 ©0.00021 0.020 2 108 21 340 2
A-3465 54,2 15.0 27.5 0.0 0.62 0.022 0.005 0.26 0,005 0.00019 0.01k " 95 2l 3400 2
A-3L66 63.0 13.2 22.4 0.04 0.04 0.007 0.006 M) 0.153 0.00022 0.008 3 18 25 3300 2
A-1831*" 59.8 14,9 240 0.06 0.70 0.027 0.005 0.0 0.012 0.00012 0.018 3 15 97 3250 1
5 6 5 3240 1

A-3832"" 54,0 16.2 27.6 0.08 0.57 0.030 0.003 0.07 0.019 0.00016 0.02k

Alloy held molten 10 minutes and thex tapned..

* Melting Procedure No. 1.

. Melting Procedure No, 2. Alloy held molten until pressure dropped to approximately 20 microns and then tapped.

** Results of zirconium analyeis vill be repcrted later.

All castings were removed from the molds at about 600°F., placed in a furnace at 1200°F., allowed to reach

Note 1.
temneratare, and furnace cooled.

~r> ~agh cest, was coated with aluminum paint

Note 2. All of the heats were poured into copner mold NWo. 10 which, bef.r: -
and heated to 800°F,
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oxygen content (during melting), as cvidonecd by the high oxygen in the
finished melt, Another heat of this typc will be made in an attempt to
cbtain a low oxygen coatcnt so that this heat may be compared with hecats
of low oxygon contents proviously made using rcgular melting stock.
This comparison should give an indication of the cffcet of minor impuritice
in the melting stock on thc propertics of this alloy,

The oxygen contents of the six heats corrclated well it the
clcanliness of the castings as dotermincd metallographically, The casting
from Heat A=3465, with high oxygen content, was very dirty, whilec the
cestings from Heats A=~3460, A-3462, A-3464, and A-3465, having low oxygen
contents, worc vory clean,

Tho recovery of mangancse was greater in Heat A-3460 than in tho
other hoats, Maximun rccovery of mangancse appecars to dcpond on the
mothod of addition, and 07 the temporature at which and the time interval
during which the alloy is hcld molton,

Sincec analysis-for the boron in Heats A-3448 and A-3449 is cxtrcmoly
difficult and the stross-rupturoc proportics of thesc two heats arc not
promising, thesc boron dcterminctions have not been completed.

To got an indication of thc grain sizc in the center of the wing
scctions and still obtain two stress-rupturc bars from cach casting, the
contral spruc or focder of ecach casting was cxamined in an arca whero
the grein structurc should be similar to that in the wing scctions, The
arca sclectod was in tho center of the sprue parallel to the vertical
axis, and 3/8 inch from the basc. The ASTM grain sizo for cach casting
is recorded in Table 170,
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Fiftccn minutos after tapping, the castings from Heats A-3458
to A-3466, inclusive, worc rcmovod from the mold at about 600°F., placcd
in a furnacc and treatcd at 1200°F,, and furnacc coolcd, This has bocn
stondard practice for all castings curing thc past several months,
Failurce of the thermocouple during the hecat trcatment of the casting
frou Heat A-3464 allowed it to attain an unknown temperature, Metallo-
graphic examination of this casting indicated that the casting had beon
heatcd above 1600°F, HNoverthelcss, this heat will be tested ia strcss

rupturc,

Heate Made During Scptember

The objective in melting the 60Cr-15Fc~25ic tync alloys during

the month of Scptember was to asccrtain vhether or not additions of
zirconium or sclenium, with and without mengancso, would doereasc the
fragility of this alloy. It is thought that oven though the sulphur
contcnt of the alloys is below 0,01 vor cent, a brittlc, intercerystalline
sulohido film mey form, The addition of mangancso, zirc;)ni\n, or sclcnium
nmay change the form of the sulphide inclucions to a leoss harmful, globular
onc and may lcad to a morc random dispcrsion of the inclusions, Albert
Gagnebin (August, 1947, issuo of "Amoricen Foundryman") stated that
"selonium has tho speceificd ability to coalescc tho intergranular sulpnidos
in cast gtccl and theroby improve its ductility". Sclenium appoars to
combinc with thc sulphidos in stecl and promote their rojcction from

solution beforc solidificaticn is complote, In addition, zirconium may
tend to give a fincr grained casting end te tic up nitrogen as a zirconium
nitride, langancsc, in addition to combining with sulphur, may add somo

toughness to tho alloys.
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with end without mangancso, wcrc ucltcd and cast in the vacuum apparatus,

The following tablc rccords the heat numbers, the amounts of alloy added,

Eight 60Cr-15Fc-25Mo typc alloys containing zireconium or selonium,

and when added:

Loat No, Z ¥n
A-3831 a
A-3832 -
A-3333 -
A-3834 1.0
A-3835 1.0
A-3836 -
A=3837 1.0
A-3838 1.0

(40.0 ner cont Zr), and solcnium as an Fo-Sc alloy (56.8 per cent Se).
The S5i-Zr and Fo-Sc alloys werc added to the surface of the melts four

ainutcs

‘n combination with either the zirconium or scicnium alloy,
analyses and grain sizcs of Heats A-3831 and A-3832 arc included in Table
170, The data for tho remaining six heate will bo included in next month(s

report,

Manganesc was addod as fused mctal, zirconium as a Si=Zr clloy

before tapping, ‘hon mangancsc was added to tho melt, it was used

~904~

% Zr & So Mn _Addsd to
0,10 " -
0,20 - =

5 0,10 -

- 0,10 Charge

= 0,10 Mcelt

3 0,20 .

- 0,20 Molt
0.20 - Molt

The chemical
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Siress-Rupture Propertics

Stress~rupturc tcsts on scveral chromium-base alloy hecats aro
in progrcss. Thesc arc described in tho preeeding scction on "Engincering

Propertics of Hecat-Resisting Alloys",

Tuture Work

Plans for the immcdiate futurc includo:

1, Making of additioncl vacuum molts of the more promising alloys,
2, Modification of thc composition of tho 60Cr-15Fc-25Mo alloy to
determine whother or not different ratios of chromium, iron,

and molybdenum will load to groator toughness in this type of
material without too great a loss of stress-rupture properties,

3. Investigation of the effccts of minor additions of alloys such
cs zirconium, mangenose, cluminum, silicon, titanium, or
sclenium on tho toughness and stross-rupturu propertics of the
chromium-iron-molybdenum alloy,

4. Tosts of alloys cast in both coprer and rofractory or sand
molds to dcmonstratc the effect of freezing rate upon crystal
structurc of castings, and in turn its offcct upon stross-

rupturc proportiocs,
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INVESTIGATION OF THE FUNDAMENTAL FACTORS PROMOTING
HIGE-TYMPERATURE STRENGTH OF ALLOYS

(Work done by A, R. Elsea, A, B, Westcrman, G, K, Monning, J. R
Doig, M, W, Mallett, ond C, M, Schwartz)

Exporimental Work

Cobal t-Chromiun Binary Allovs

During the past month, work on this invostigation consisted of
mclting, heat trecating, and cxamining the microstructurcs of cobalt-
chronium binary alloys for the purposc of checking tho accuracy of tho
tentative cquilibrium diagram,

In order to minimize nitrogcn pickup during melting and heat
treating, thosc operations were earricd out in an atmosphere of purified
argon, High-purity argon (39,6 por cont zrgon) was passcd through
magnesium porchlorate to removo most of the moisturc, Tho partially
dricd gas wus passcd through coppor coils immerscd in a bath of acctone
and carbon dioxide ice to roducce futher the moisturc content to a
dow point of -80°C, The dricd argon was then passcd over titanium metal
granwlcs hoated to 750°C. to romove nitrogen and oxygen. Samples of
coball~chromium binary allc,s mclted and hcat treated in this purificd
argon atmosphero contained from 0,005 to 0,009 per cont nitrogen.

A total of twonty-five cobelt-chromium binary alloys with chroaium
contents ranging from 41 to " ? por cont wero molted using the argon
protective atmosphorve Tho melting oporations werc c~rricd out in an
clectric resistonce furnace with o tubular Globar olement. The highost
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teuperaturc attainnhlce in this furmaco (at tho oxponse of a groatly rcduced
life for tho hoating clement) is epproximetely 1700°C.3 thus, it was
impractical to attempt melting alloys containing over 73 to 75 por cent

chromium becausc of their high molting points,
Tho first fourtcon alloys mclted wore furnasce coolcd from the

molting tomporature to the tompcraturo of the desired aging troatmont,
When ths resulting ingots wore soctioncd, it wes found that twe, and
somctimcs three, scparate and distinct layers oxisted. Chemical analyses
of thesc separate layors showed a difforence botwoen top and bottom layers
of as ruch as 34 por cent chromium (top-63,7 ver cont chromiumj bottom-
29,3 por cent chromium), At first this separation was thought to be the
-result of immiseibility in tho liquid stete, Howover, it was later proved
to bo causcd by solective sogrcgation since this phonomenon occurrcd only
vhon the alloys wore furnacc cooled through the solidification range,
AMlloys that were quenched from tho liquid stato woro found to bo quite
homogencous.

A sorics of cight cobalt-chromium alloys containing from 41 to 55
por cont chromiwm wore mclted in tho purificd argon atmosphere and then
quenched in water to causo rapid solidification, These alloys arc being
oxamined metallographically to dotormine the composition of the cutoctic,

A soriocs of aging troatments on q.lloya conteining from 41 to 73
por cout chromium have been carried out at lemperaturcs ranging from 1150
to 1480°C, Thoso tcmperaturcs and compositions have boeon sclected so that
critical points on tho diagram can be chocked by moans of the Lever Lew,
Metallographic oxmmination of those specimens has not beon completed,
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Effect of Nifyogen on Tropsformation
Jommerature of Cobalt

“he anomalous differcnecs rcported in the literature for the
errstallographic transformation teimperatures of cobalt metal and of cobalt-
chromium binary alloys woere re-e:amined, It was considered likely that
difforencos in nitrogen solubility might be responsible for much of the
dicerepancy in reported transformction temperatures, although no nitrogen
cnalyses were rcported in any case,

An exporiment was planncd in which the transformation tomperature
of o single sample of vecuum-cast clectrolytic cobalt could be measurcd

as a function of nitrogon content of tho sample, Nitrogen would be added
at various tomooratures by contact with on atmosphere of molocular nitrogen
and tho tronsformation temporaturc of the cobalt would be determined in
situ by a mothod such as measurcment of the cleetricel rosistance,

It was considered nocossary first to deternine whether or not
nitrogen could bo sorbed by the solid cobalt from atmosphcres of molecular
nitrogen ot ordimary temperaturcs such as 900°C, For this determination,

a sample of specinlly cloancd cobalt f£ilings was propared and tho aitrogen
sorption was measurcd at 900 and 1000°C, in a Sieverts apparatu.s(l).
Within the limits of experimontal crrors (£0,002% by weight), no sorption
war dotected. In fact, slightly nogative velues (0,001-0,002%) were
obtoined, probably beccusc of the cvolution of a smll amount (0,15 cc.)
of rcsidual hydrogen from the cobalt metal,

(1) A, Sicverts, "The Absorption of Gascs by Motals", Z, f. lictallkunde,
vo 21, 1929, ppo 37"‘46n
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This was in agrcomcnt with Sicverts! failurc to find any solubility of
nitrogen in cobalt, (2) Accordingly, the cttompt to change the nitrogen
content by contact with molcculer nitrogen wes abendoned,

However, cxperimeonts to determine the cffoct of cxtremely small
cnd oxtromely largo nitrogon contents on tho transformation of cobalt are
being considored, Samples will bo prcparcd from cobalt melted under
purificd argon and undor cracked ammonia to obtain a wido variancc in
nitrogon contont, Then the transformation tomperaturcs of thesc samplos

will be determined nrobablr by clectrical resistance measurcments,

Future Work

The oxpcrimental work associated with checking the prescnt working

diagram for thc cobalt-chromium binary system will bo comploted,
The study of thc offoct of nitrogen on the transformation

temporaturo of cobelt motal will be continucd.,

FUNDAMENTAL INVESTIGATIO!N OF THE CAUSES OF CRACKING
IN WELDS AND ADJACENT PARENT METAL

(Work dono by C. B, Voldrich, R. D, Willians, and J, L, Foster)

Introduction

icroscopic cxamination of proviously preparcd soctions of Timkon
alloy circular-groove specimons wolded with 5/32-inch~diamotor Types 312
(290r-9N1), 430 (16Cr), 349 (19-9 W-Mo), and 330 (15Cr-35Ni) eleotrodes
vas continued, Additional cxeminations were made on Tmkon alloy-Vitallium
whecl-and-buckot rcplices weldod with Types 316 (18Cr-12Ni-2Mo) and 349

'('ﬁ A oo g H, fogon, B, f. Physikal, Chem, ( 734), 160A, p. 37
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In the study of the sogregation obscrvoed in somc of the abovo
spocimcns, two semplcs containing lines of segregation were subjéoted.

to successive heat treatments ot temperaturcs ranging from 700 to 1200°F,,

in 100°F, incrcments, and exemined at the same locations after cach

treatment,
In conncction with the study of the possiblo effects of sulphur

and phosphorus on wecld-metal cracking, another low-sulphur, low-phosphorus
heat of Type 316 corc wirc was madc to rcplace the unaccoptable heat made

lost month,

E:Eﬁgigfgégaffudx.er_ﬁgzzsznzien

Burther Rxapipation of Samplog Welded in July, Tho results of

cxanination of sections from four Timken alloy circular-groove spocimens
woldod in July wore described in tho roports dated August 16, 1947, and

Soptember 16, 1947, Thesc specimens weros

Specimon No, 5/32=Inch-Diameter Floctrods Used

6 312 (29Cr-9Ni)
7 430 (16cr)
8
9

349 (159 W-Mo)
330 (15Cr-35N1)

A third scction of ocach spocimen, parallel to sections "j" and "k"
(Figurc 109, ropor: dated August 16, 1947) and 1/32" bolow k", was
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examinod this month, Tho obscrvations mede arc given in Table 171, None

of thosc obscrvetions furnishod cvidence of any definito rclationship bo-
twcon tho intorblock cracking and tho sogregation in the weld, Furthor

oxamination of thosc soctions appoars unwarranted at this time,

scctions of tho Timkon alloy-Vitallium wheel-and-bucket roplicas wolded
with Tyocs 316 and 349 clectrodos doscribed in tho roport dated Septomber |
16, 1947, (pp. 877-880, ond Figurc 111) wore cxaminod metallographically.
These soctions were 1/32 inch bolow thosc studicd last month,

Examination of the longitudinal ond transversc soctions of the
replica woldod with Type 316 olcetrodes rcvealed no now microstructural
featurcs, Scgrogation,similar to that reported last month, was obsorvod
both uniformly distributcd throughout the wold and concontrated neer tho

block oxtcnsion cracks. A fow wisps of sogregation oxtonded into tho wold i

from tho basc motal, 1
In the transvorse scction of the spceimen wolded with Typo 349

oleectrodes, no sogregation wae obsorved, This obsorvation diffored from
that made on tho provious scction in that a fow wisps of segregation had
boon found in tho latter,

1dcd With T A sccond scction, ™u", of the

Pirkon 21loy-Vitallium whocleand~buckot roplica woldoed last month with
Type 316 clcetrodes (p, 880 and Figurc 111B) was cxamined, On one side of
tho assombly only the root pass was leidy on the othor side 21l four passcs
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TABLE 17i, MICROSCOPIC EXAMINATION OF TIMIEN ALIOY CIRCULAR-
GROOVE SPECIMENS WELDED WITH TYPES 312, 430, 349,
AND 330 ELECTRODES

I

Specimen Zection (1) Observations (2)

6 1 No surface cracks evident. Small junction crack
starting under top surface of the weld, A few
small fine lines of segregetion, Very small areas
of delta ferrite.

Discontinuous and irregular crack started undor weld
surface and extended to junction, No evidence of
segregation, Fine, uniformly distributed delta
ferrite. One apparent line of segregetion observed
in section "k" now appeared as part of the crack,

~?
|

8 1l Crack, originating at block junction, extended about
2/3 distance across the weld, No segregation,
Delta ferrite uniformly distributed in weld,

9 1l Junction crack extended to surface. Grain distortion
associated with crack, Lines of segregation adjacent
to crack; some randomly distributed in weld,

= 3

(1) For location and orientation of surface "1", see Figure 109 of the report
dated August 16, 1947,

(2) lAﬁgnifications of 100X and 1000X used, Whenover serregation is mentioned,
it refors to fine nodules occurring in stringers at the grain boundaries.
Typical stringers of secgregation are shown in Figure 110 of the report

dated August 16, 1947,
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wore dopositod, Cecction "u" was taken perallel to and 1/32 inch below
scction "t", The observations made on scetion "u" aro givon irn Table 172,
In scetion "t" no interbuckot junetion cracks worc obsorved, but in scction
"u" interbucket junction cracls were found at Junction 1 in both tho single-
pass and multipass wolds, Although no cvidonce of tho relationship betwoen
veld-mcial structurc and interbucket cxtonsion cracking has yet becn found,
onc mero soction of this spocimon will bo cxaminod,

Study of Scereogntion, Whilc smrll wisps of scgregaticm have been
found in wclds in both Timken alloy circular-groove spocimens and Timken
alloy-Vitallium wheol-and-buckot roplica spocimons, no dofinito
idontification of this sogrcgotion has been made, although it is suspected
that it consists of onc or morc complcx carbidos, ZLxamination at high
magnification has alroady shown that thosc rpparcnt lui~s or wisps of
sogroegation aro actually strings of vory mimutc nodulcs,

Some clue to tle identification of these smell lines of segregation
night be obtained if specimens with definitely locatec lines oi segregation
were treated so as to precipitate more of the segre;ating constituents and
thus provide sufficient amounts of the material for identification by
metallogrephic and X-ray diffraction methods, It is evident that, until
the segregate and the material precipitated by heat treatment are identified,
there is no cortainty that the precipitate and the segregate are the same,
It was decided, therefore, io heat ¢{reat specimens for 2, hours at
successively higher temperatures, siarting with 700°F, and increasing in

100°F, increments, and to exumire them metallographically after treatment
at each temperature,
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TABLE 172, MICROSCOPIC EXAMINATION OF TIMKEN ALLOY-VITALLIUM
WHEEL-AND-BUCKET REPLICA WELDED WITH TYPE 316 ELECTRODES

Specimen MNumber
and Junction Sectic.i Observations

Small junction crack on single-pass sido, iarger

10-Junction 1 u
one on multipass side, Few small lines of
gegregation on single-pass side, more in first
pass on multipass side,

10-Junction 2 u No junction crack, Structure similar to that in
Junction 1,

10-Junction 3 - (1)

10-Junction 4 u No junction crack. Structure similar to that in
Junction 1,

10-Junction 5 u No junction crack. Structure similar to that in
Junction 1,

e e —

pre =

(1) Used in study of segregation discusced later in this report,

Notet A few lines of segregation originoting in the Vitallium were again
observed in the weld,
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Tvo semples were selected for this study - one from a Timken alloy
circular-groove arecimen welded with Type 316 electrodes, and the other
(Specimen 10-Junction 3) from the new Timken alloy-Vitallium wheel-and-
bucket replica also welded with Type 316 electrodes, These were examined
as weldedy small areas including wisps of segregation were delineated
with a diamond micromarker, and these were photosraphed., The sarples wore
then sealed in evacuated pyrex glass tubes and heat treated at 700°F,
Since it was found that the markings made with the micromarker did not
remaein visible after the light buffing and re-etching necessary subsequent
to each heat treatment, the areas of interest were relocated by scratching
the specimens with a needle, and the specimens were polished lightly,
etched, and photographed, This cycle was then 1cpeatedj each time the next
higher temperature was used, At the higher heat-treating temperatures, the
specimens were cealed in evacuated quartz tubes for protection from the
furnace atmosphere,
Microscopic examination between heat treatments revealed no
structural changes in either specimen until after the 1200°F, treatment,
In the circular-groove speciuen, sufficioent precipitate was present after
treatment at 1200°F, to outline the grain boundaries of the weld metal,
Thus, it was apparent that what had been ccnsidcred a line of segregation
in the as~welded specimen was merely a portion of a grain boundary which
was particularly evident because of more rrecipitation in that location
during solidification than in the other portions of this grain boundary,

No further worl: will be done on the circular-groove specimen,
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After the 1200°F, heat treatment, the wheel-and-bucket re¢plice
specimen revealed a precipitate in the vicinity of the original line of
segregation, Exeaination under polarized light indicated that numerous
silicaete inclusions were present in the weld metal, One or more
constituents which had the appearance of carbides wers also visible, but
positive identification of the precipitate or of the original segregate

could not be made,

This study will be continued by heating the whoel-and-?ucket
replica specimen at temperatures above 1200°F, If the amount of segregation
continues to increase, efforts will be made to identify it by X-ray
diffraction,

Effect of Sulphur and Fhosphorus on

Held-Motal Cracking

In the reports of June 16, 1947, through September 16, 1947, the
possible relationship between sulphur and phosphorus and weld-metal crack-
ing was discussed, and plans were described for making test materials low
in these two clements, A satisfactory electrode coating and Timken alloy
heat have been made, but the Type 316 core wire heat was found to be
excessively high in nitrogen, Another Type 316 core wire heat was,
therefore, rade in September, The analysis of this heat (A-3886) was as

followss
Element Per Cent
Carbon 0,02
Manganece 1,38
Silicon 0.56 4
Sulphur 0.013
Phosphorus 0.005
Chromium 17.8
Nickel 13.8
Molybdenum 2,37
Nitrogen 0.114
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The sulphur content of this heat was 80 high that the beat had to
be rejected., The oniy difference betimen the materials used for this heat
and those used for tho last was that avother lot of electrolytic iron,
mede to the same specification, had been used, Upon subsecuent analysis,
1t was found that thie iron had a sulphur content of 0,008% instead of
the 0,003% found in the first lot, A new lot of electrolytic iron will
be ordered as soon as test samples, submitted by the producer, indicate that
the material will be acceptable,
While the nitrogen was still higher than desired, it is believed
that it would have been acceptable for the tests, because of the low
nitregen of the Timken alloy heat, However, a further reduction in
nitrogen 11111 be sought in the next core wire heat,

Future Work

1, Hoat treatment of the Timken alloy~Vitallium whecl-and-
bucket replica welded with Type 316 electrodes and containing
lines of segregation will be continued in an effort to identify
the segregating constituents,

2. Another section of the Timken alloy-Vitallium wheel-and-
bucket replica recently welded with Type 316 electrodes will
bo e:mmined microscopically,

3¢ Another low-sulphur, low-phosphorus heat of Type 316 core wire
will be made, Further precautions will be taken to reduce the
nitrogen content below that in the two heats made tius far,
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Ncne of the tests made throughout this investigatiou of the
fundamental causes of cracking in welds and adjacent parent
metal has provided definite cvidence of the relationship
betwecn the composition and structures of the metals involved
and the weld-metal cracking obsorved, There is no certainty
that the tosts now in progress will provide this fundamental
information,

Furthor methods of attack may, and probably will, be
necossary, Amorg these is the long-necded develop:;ent of more
information on some of the fundamentul nropertics of the metals
involved, The studies of the constitition of some of these
metals, now in progress, have not reachnd a stage where the
information can be appiied to the thermal and chemical changes
occurring during welding, Howover, cortain other physical
properties of metals could be studied with ¢urrently available
equipment, and it is quite possible that some fundamental
information on the causss of wecld-motal cracking might be
obtained, For examplo, a study of the expansion and con-
tractlon properties of the high~temperaturv allcys involved,
at temperatures in excess of [/000°F,, might prows fruitful,
Simitarly, a measuremeont of their tensile strengths betwecen
2000°F, and “holr meltinyg prints might provide useful in-
formation,

A tost program covering the invostigation of some of
thesc properties is now under consideration end 1% 1s oxpected

that the initial linc of atiack will be sclocted fairly soon,
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FUNDAMENTAL STUDIES OF CERAMIC MATERIALS
(Work done by G. R, Eusner, H, Z, Schofiocld, and C. R. Austin)

~Experimental Work
Effect of Burning-Schodule Variitions
on Properties of Aluming

The detormination of the relationship between the thermal history
and the physical properties of burned alumina bodies was continued, In
this work, a sories of No, 35%00 Alundum(2) spocimens which were formed
by dust pressing in tho usual manncr at a prossurc of 5000 pounds por
square inch:, were burned at temperaturcs ranging from 1000 to 3300°F, 52)
in increments of about 250°F, Thc specimens were placed in the furnace,
burned at the particular temperature of the test, and then furnace cooled;
the dctails of specimen preparation were presented in the roport dated
Soptomber 16, 1947, The burning conditions and properties of the bodies
are given in Tablo 1733 the rolationships between the burning temperature
and the lincar shrinkage, bulk donsity, and modulus of rupture of the
erccimons are also shown in Figures 114, 115, and 11€, respectively,

Within tho limits of this invostigation, no oritical temperaturc
ranges were ovident in which abrupt changes occurred in these particular
propertics of tho No, 38900 Alundum body, In general, and as was
anticipatod; the linear shrinkage, bulk donsity, and modulus of rupture

(1} Obtained from Norton Company, Worcester, Massachusotts.

(2) Data obtained on specimens burnod in the temporature range of 1000
to 2500°F,, ineclusive, were discussed in the rcport dated Soptember
16, 1947, and arc included in this roport to facilitate a
comprehensive cvaluation of the body,
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TABLE 173. EFFECT OF BURNING TEMPERATURE ON PROPERTIES OF BODIES OF NO, 38907 ALUMDUM

Weight Loss, Linear Shrinkage, Hater Absorption, Bulk Donsity, Modulus of Rupture,

Burning
Temp,, °F. (1) Per Cent Por Cent Per Cent Gn, /cc. Lbs, Por Sq. In,
1000(2) 8.5 No apparent change -(3) -(3) -(3)
in length
125052) 8.5 " Ditto (3) (3) -(3)
15002} 3.5 " 16,8 2.41 -(4)
1750(2) 8.5 " 16.8 2,37 -(4)
2000(2 8.8 0.04 16,9 2.41 -243
2250(2 8,3 003 16,9 2.41 -4
250042 8.9 1.3 16.5 2.43 800
2750 8.7 e, | 12,0 2,70 5,350
3020 8.6 8,0 7.7 3,10 9,380 )
3100 8.3 10,0 5.3 3.29 12,710 g
3300 8.5 11.3 0.11 3.75 Specimcns not suitable
for this test
prmm— e

(1) Specimens were hoated to the burning towperatures at a rato of approximately 125°F. per hour and soeied for
30 minutes at tho indicated terpcratures.,

(2) Data obtained from roport datcd Sonwtember 16, 1947,
(3) Spocimens disintegrated in the wator used in the absorption test..
(4) Spccimens were too fragild for sirength determinations,
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SPECIMENS BURNED TO INDICATED TEMPERATURES [
13.0 AT THE RATE OF 125° F. PER HOUR; SOAKED
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BULK DENSITY, GRAMS PER CUBIC CENTIMETER
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FIGURE 115. EFFECT OF BURNING TEMFERATURE ON BULK DENSITY OF SPECIMENS

OF NO. 38900 ALUNDUM
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SPEGIMENS BURNED TO INDICATED TEMPERATUREE

13,000 AT THE RATE OF 125° F. PER HOUR, SOAKED
FOR 30 MINUTES AT EACH TEMPERATURE.
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FIGURE 116. EFFECT OF BURNING TEMPERATURE ON MODULUS OF RUPTURE OF
SPECIMENS OF NO. 38900 AL LNDUM I e
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of the body incrcased, and the water ebsorption decreescd es the burning
temporaturc was incroused; thosc tronds, which werc uniform in pattern,
werc especially anparcnt in th: specimons burned at tempcraturcs of
2500%F, or highor, The loss in weight of the speciisens during burning
rangcd from 8,3 to 8,9 per cont and did not appoax . bc influenced
significantly by thc burning tcmperaturc.

Tho specimens burned at tompcraturcs of 2250°F, or lower wore
extremely fragilc, and satiasfactory strongth determinations were not
possible, The rroportics of this particular group of specimens werce

discusscd in detail in the previous roport,

The work rcported in the forcgoing soction indicated that changes
in tho proportics of the No, 38900 Alundum body occurrcd at a rclatively
uniform rate, and that within the limits invesiigated, no critical
tompecrature range was obsorvod in which a change in the propertics wes
suddcn or abrupt. 1i order to obtain additional Xmowledge of tho changes
taking placo during tho burning opcrotion, proliminary attempts were mado
to obscrve continuously the longth changes occurring during thc burning
of a wax-bondcd spccimen of No, 33900 Alundum from thc unburncd to the
burned condition., Two mothods of obscrvation worc omployod; treesc arc

described in the following peragraphs.
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Ihormel Expgnsion Apparatys, An unburned, wax-bonded spocimon of

No. 38500 Alundum was mountcd in the usual maanci in a differential-typo,
fused silica dilatomoter, which is commonly used for thormal cxpansion
dotocrminations, Tho speciwon was hoated at & ratc of 250°F, por hour
from room temperature. to 1820°F,, the maximum operating tomperatw:e of
tho cquipment, and was held at 1820°F, for two hours, The specimecn was
coolcd in place and thon rcheated, using the same heating cycle, to a
temperaturc of about 1700°F, to dotermino whether or not add: clonal
changos of an abrupt naturc might cccur in the specimen, Tho lincar
oxpansion data so obtained are given in Figure 117,

An abrupt cxpansion of 0,06 per cont and an equally abrupt
contraction of approximatcly 0,05 per cont occurrod over the temporature
range of 55 to 175°F.3 thosc changcs probably resultod from melting of
tho wax bindcr and tho rolcasc of the adhesiwve forec of the binder, Over
tho tomporaturc range of 800 to 875°F., a slight shrinkage of 0,02 per
cont occurred, probebly hocause in this range the bindor was eliminated
from tho spocimen. Over ths range of 1700 to 1820°F,, and during the two-
hour poriod wnilo the spzcimen was at 1820°F,, a docrcasc in longth of
0,05 per cont was obsorvody this was probably a rcsult of tho start of
sintoring of tho body. Exoopting for the temperaturc ranges discussed,
the oxpansion of the body during heating from the unburncd condition at
room temporature to a tomperature of 1700°F, occurred at a uniform rate.

Duriyny rcheating of the spocimens from approximately 300 to 1700°F,,
no abrupt changes in lungth worc obscrved., The cxpansion of the body

incroasced at a uniform rate throughout this part of the test.
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Dirgot Optica) Mogguromept, Attompts to obscrve the changes in the
longth of a No, 38900 Alundum specimen, during burning by means of a fusod

silica dilatometor nocessarily woro confined to rclatively low temporaturocs,
sincc tho maximum oporating tomporaturc of thoe apparatus was approximately
1820°F, In an offort to obscrve the changos occurring at temperaturcs

above 1820°F., prcliminarz attempts were made to take dircct optical
moasurcments by using modifications of a technique which reputedly wes
succossful in the cvaluation =f firo-clay rofmctaries(l).

Two slots, approximatoly 3/4" x 3/4i"%, were cut about 6-1/4 inchos
apart in an iluadum tubo, 1 inch in diamctor and about 8-1/4 inches in
sngthe Fuscd alumina grains woro spread cvenly on the inside bottom of
the tube, which was supportod horizontally, and a spocimen of No, 38900
Alundum, 5/16" x 5/16" x 7-1/2", was placed on tho graims so that tho
onds of *ho spocimon woro visible through the two slots in the tube. This
asscmbly then wes placed in a gas-firced furnaco and was takon from room
tomporaturc to J100°F, at a rato of 125°F, vor hour. During heating, the
specimca was obsorved vy mecans of a Gacrtnocr laborstory toloscope having
2 minirum focal longth of approximatoly 6 feet, to determine whother or
not tho outlino of the spocimen might bo sufficiontly sharp ad the higher
temperatures to pormit accurate measuremonts of longth. No actual
measucoments woro made, however, during this proliminary evalustion of the
tochnique, The arrangement of tho apecimon in the tube is illusiyated in
Figure 118,

{1) D, K, Stcvons and R, E, Birch, "Shrinkage Ratos in Firing Fire-Clay
Refractorics", Jour, Amor., Coram. Soc., 30 (4),109-113 il%'?)a
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At temperatures of about 2500°F, and abovo, the outline of the
spocimon becamo indistinct, and difforcntiation of thc specimen from the
mounting was not obtained becausc of the cssentially "black body"
conditions prescent in tho furnaco, Attompts will be made to overcome
this condition by the usc of appropriatoly colored filters in thc tclescopo

or by changing the beckground.

Tcpsilo Tosting

Work was continucd on the determination of the tensilo strength

of a burncd spoccimen of No, 38900 Alundum at clovated tomperaturos, and

cn the devolopment of a moro officient moans of forming tensile spocimens,

4 specimon, 1" x 1" x 7", wes formod in tho usual manner by pressing, was
preburned at 2500°F,, and then was machined to tho pr&por sizo and shape

by using regular machino-shop tochniques. Allowances were made for
shrinkage of tho specimen during burning, The machined specimen was

packed in fused alumina graine in a rofractory Alundum tube, was burned in

a wortical pocition at 3100°F,, and thon was rcburnod at 3300°F, by using
tho normel burning techniques doseribed proviously, :

The rebummod syesiie wis SRAEES asd vithin dimsusious) Solovanccs,
Tho adapters of the high-temporaturc tonsilo-tosting apperatus fitted well
to the cnds of the specimens, Tho load was applied to the specimen at the
rato of 2000 pounds per squarc inch por minute, Tho tcnsile strongth of tho
spocimen of No, 38900 Alundwi, reburncd at 330C°F,, was 1500 pounds por
squarc inch whon tested at 1800°F, A very coarsc erystalline stmturq was

apparont throughout the specimen,
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Ruturo Work

Work will bo continued on tho determinction of the changes which
occur during the burning of spocimens of No, 33900 Alundum,
A study will be made of erystal formation in alumina, beryllia,

and zircon, and of the neans of controlling crystal size in specime
these ‘bodies,

ns of

HCC sma

Octobor 24, 1947
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