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PROGRESS REPQR1 

on 

AIX01D5 ANP CERAMIC i-iATERIALS FOB HIGH-TESiPERATURE SERVICE 

to 

OFFICE OF NAVAL RESEARCH, NAVY IIMIIHHI 
CONTRACT NO, N5-0RI-111, PROJECT ORDER NO. 1 

fi*om 

BAT1ELLE MMGRUb JUWISUA 

October 16, 1947 

This report covers the v;ork done during September, 1947. 

Four chroai.uitt-basc alloy heats, of tho 60Cr ">F^0'»Mo type, wore 

tested in strosc-rupture at l600oF, 

Curvcc of strocc versus rapture time and creep rate for GT-45 

alloy at 1500oF, arc -resented, 

Curvob of tonsile-faticuc test data for cast and wrought alloys 

that have been tcetod to date at 1200, 1350, and 1500oF. arc givon. 

Eight 60Cr-15Fo-25Mo type alloys wore prepared in the vacuum 

apparatus. 

The experiacntal work involved in checking tho present working 

diagram for tho cobalt-chroniun binar/ system is nearing complotion. 

In tho study of the causosof cracking in v/clds and adjacent parent 

metal, metallogra^hic examination was continued on Timkon alloy circular- 

groove specimens wcldod with a variety of electrodes and on Tinken alloy- 

Vitallium whocl-and-buckot replicas welded with Types 316 (l8Cr-12Ni-21*)) 

and 3A9 (19-9 W-Mo) electrodes. 
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Chargea  in the phyTjical properties of No, 36900 Alundum apoc.-'iBona, 

which were biimed in the tciapcrature range of 1000 to 3300°?,, occurred at 

relatively uniform rates, I/ithin the limits of this investigation, no 

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

the modulus of rttpture, bulk density, and linear shrinkage increased, and 

the water absorption decreased as the burning temperature was increased, 

Specimens burned at temperatures of 2250oF, or lowor, however, were 

extremely fragile, and, as a result, were unsuitable for strength 

determinations, 

A dilatoroetric study of a No, 36900 Alundum specimen indicated 

that an abrtrot expansion and an equally abrupt contraction occurred over 

the temperature range of 55 to 1750F., and contractions over the ranges of 

800 to 8750F, and 1700 to 1820oF. The expansion of the body from room 

temperature to 1700C,F, occurred at a uniform rate, except in the ranges 

indicated. 

The tensile strength of a specimen of No, 38900 Alundum, rebumed 

at 330öoF,, was 1500 pounds por square inch when testod at 18000F, A very 

coarso crystalline structure was apparent throughout the tensile specimen. 

BATTELLE    MEMORIAL   INSTITUTE 



-391- 

ENGDEERINH PROPERTIES OF HEAT-RES ISTIKG ALLOTS 

(Work dono by C, W, Andrews, Ward F, Sianons, and Howard C. Croa^) 

I 

Experimental V/ork 

Tost Matoriala 

The chomlcal conyoaitions of tho aU-oys tested are shnwn in 

Table 167. 

The creep test spocioon of GT-4.5 alloy and the tensile-fatigue 

flpocimens of S-590 alloy were machined from bar stock.    The tensile- 

fatigue specimens of 422-19 alloy and Vitallium were macliinod fron over- 

sized precision castings, since they could not bo cast to size with 

sufficient accuracy for these tests. 

The stresc-rupturo test snecimens of tho 60Cr-15Fo-25Mo type 

alloy wore gremd frou chill castings wnich had been stress-relieved, after 

boiag lOijöVoJ frou tliu mold tuA beroro cooling to room temperature, Dy 

boating to 1200oF, and furnaco cooling. 

Tho heat treatnents for tho alloys tested aro given in tho foot- 

notes of Tables 168 and 169, 

Stross-Rupturo Tgptg 

Five stress-rupture testa of chroniua-baso alloy specimens and a 

creep tost of a specimen of GT-4.5 alloy wore in progress during September, 

1947,    Data for all six tests aro shown in the table of stress-rupture 

data (Table 16C), 
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Tho flvo chromlui^-faar^ alloy specimens wore tested rt l600oF., 

throe of thorn at 38,000 p.s.l. and two at ^5,000 p.s.l.    Two of the 

spocdjrns which wore to bo tostod at 3S,UO0 p.s.l. U-3831 and A~3832) 

broke on loading^    the tliird (A-3466-2) l&sted 89 hours at that stress 

and showed good ductility - 8,5% elongation and 6,3% reduction of arc*. 

As indicated in the section on "Chromiun-Baso Alloys", efforts arc being 

made to decrease ".lie shoch-ecnsitivlty and brittlcness of the 60Cr-15Fo- 

25ifc> "typo alloy.    Prom the infoimation obtained from a few heats, it 

appears that the addition of small ajnounts of manganese seems to reduce 

the sensitivity of this alloy to cracking.    In continuation of this program, 

Heats A-3831 and k-3832 wore treated vith Si-Zr alloy and no manganese 

addition was raadc|    one of the two tost bars from oach heat was rejected 

because of cracks.    Heat Ar.3466 was made using tho purest available molting 

stock and was deoxidized with carbon. 

Of tho two specimens loaded at 45,000 p.s.l.. Specimen A-3457 lasted 

50 hours and A-3466-1 23 hours.    These specimens showed low   detility - 

0.7 'Hjd 2#4 per cent elongation^ and 1,6 and 2.4. per cönt reduction of 

w^oc, respectively. 

Tho rupture data for Specimens A-3466-1 U5,000 p.s.l.) and 

A-3A66-2 (3^,000 p.s.l.) fell below tho logarithmic stress versus rupture 

time curve for this chromium-baso alloy.    The data for the toot of Specimen 

A-34.57 (4.5,000 p,s#l#) were slightly above the curvo. 
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Crgop Tcstg 

I 

A crocp tost of CT-4.5 alloy (Heat 046012 f  %)cclu»n NRr.100-12) 

vas conplotcd after 2091 hours at 1500oF. and 8,000 p.s.i. At 500, 1000, 

1500, and 2,000 hours, the creep rates wore .00003, .000017, .000065, 

and ,00019 per cent per hour, rospectirely, and total deformations were 

0.125, 0,133, 0,15^, and 0,230 per cent, respectively. Transition to 

third-stage creep took place at about 1200 hours (O.135$ total defomation). 

This test and previous stress-rupture tests on specimens from Heat C46012 

gave creep and stress-rupture properties that uere much superior to the 

results given  in earlier reports for Heat 36282 Off the same aUoy. 

Figure 112 shows the stress versus creep rate and rupture time curves 

for Heat (K6012 of GT-A5 alloy at 1500oF. 

ToBBilo-Fktigufl To'li 

The tonsllo-fatiguo testing programs at 1350oF. have been completed 

on Vitallium (HR-10L) with a stresc variation fron the uoan of 115,000 

p.s.i. and on S-590 alloy (HB-74) with a stress variation fruu the mean 

of t25,000 p,s,i. The tonsile-fitiGue testing program of A22-19 alloy 

(HR-12B) has been suspended while loai-oaintaining devices are being 

installed on the fatigue-testing mchinos. 

Data for all of the tests on Vitallium, ^22^19 alloy, and S-590 

alloy are shown in Table 169, Figure 113 shows curves for most of the cast 

and wrought alloys that have been tested to date at 1200, 1350 and 15000F. 
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TABLE 169.    TE2SII£-FATIGUE ISST DATA 

(Streaa Azoplitude *15,000 p.s.l. Froc the Hsan Stress 
Unless Otherwise Incicated) 

HAXQTIüX 

Spsoiaen 
Tenper- 
ature; 

, fa 
Mean Stress, 

Cycles to 
Failure, 
HUUgnfl 

Vitalliun (cast)(a)(k) 
Ditto 

N 

n 
M 

n 

422-19 (cast)(a) 
Ditto 

■ 
it 

M 

n 
H 

MV-10L-Ö 

NR^10L-3 
NR^10L-2 
NB-10L-5 
NR-10I^6 

NRP.12B-5 
WR-12B-1 
MR^12B-3 
flR-lJ2B-2 
IIIU12B-6 
NRr.l2B-A 
IlIi-12B-8 
I^.12B-7 

1350 
1350 
1350 
1350 
1350 
1350 

1350 
1350 
1350 
1350 
1350 
1350 
1350 
1350 

S-590 (b)(1) 
Ditto 

■ 
i 

n 

» 

NRr.74^81 1350 
NR-7^-8^ 1350 
NRr.7^-02 1350 
NR-7^-91 1350 
UB*-7Ar92 1350 
NR-74-ö6(l) 1350 

ß) 

45,000 
40,000 
35,000 
30,000 
26,000 
26,000 

50,000 
45,000 
40,000 
37,000 
37,000 
37,000 
37,000 
37,000 

4.0,000*25,000 
40,000*25,000 
35,000*25,000 
30,000*25,000 
26,000*25,000 
26,000*25,000 

1.86 
2.70 

12.00 
27.23 
(c) 

86,78 

o.5a 
4.780 

39.60 
(d) 

29.58(e) 
(f) 
(g) 

33.52 

0.106 
0.113 
1.119 
5,220 
th) 

66.97 

Tiflje to 
Ri^pture, 
Hours* 

21 
30 

133 
303 
(c) 
964 

6.0 
53.2 

UO 
(d) 

329(e) 
(f) 
(g) 

373 

1.2 
1.3 

12.4 
58 
(h) 

7U 

(b) 
Aged for 50 h-'urs et 1350oF. 
22750P. for 4Ü minutes, water quenched, and aged for 16 hours at 1400oF« 
Power failure caused a tenpercture drop and stress iiicrease at 21,47 x 10^ 
cycles (238 hours*)j    test discontinued. 

(d) Power failure caused a temperature drop and stress increase at 33.86 x 10" 
cycles (376 hours*)J    test discontinued. 

(e) Cycles and hours to failure were less than for test on 21R-i2&-3 at higher 
stress of 40,000 * 15,000 p,s.i,    A duplicate test on Specimen NR.12B-4 
was therefore 3tea*ted. 

Power failure at 0.3 x 10^ cycles.    Test discontinued. 
Piesistor in power relay failed at 6.92 x 10^ cycles, causing a considerable 
temperature drop and stress increase.    Test discontinued and specimen 
replaced with a duplicate, to be tested at the sane stress« 

Power failure caused a temperature drop and stress increase at 26,75 x 10^ 
cycles (297 hours*)>    test discontinued. 

Erroneously designated HIW74^93 in Table 143 of the report dated July 16. 19£2 
Power failure caused a tenporature drop and stress increase at 28,5 x 10" 
cycles (316 hours*)»    The test wna contiiiaed after the specimen had been 
cooled and checked for visible damage. 

Series of tests ccaqplete at 1350oF, with stress cycle *15,000 p,s,i# 
Series of tests complete at 1350oF, with stress cycle i25,000 p.s.i. 

Note«    The time in hours is the actual running time of the test, and does not 
include any time when the uachine was not running and the load was at the 
mean or the minimum value. 

(f) 
<g) 

00 

ft 

-—^■^•*. 





Tho effect of tho superla|x>fled tcnallo-fotlgiw atroaa  on the 

rupture life differs between tho varloua alley». At high noaji stresses, 

forged S-495 and S-590 alloys, and cast 422-19 and 1-40 alloys show 

shorter life under tensile fatigue (-15^000 p.s.i, fron the noan) than 

under similar static tension stresses. At lower stresses and longer 

rupture times, tho llfo under fatigue conditions is olaöst oqual to, 

and in some cases surpasses, the llfo under static tension stress« Over 

the range of stresses used, Vitallluia has shown oqual or longer life 

under fatigue conditions. 

For S-590 alloy at 1350°?,  tested with a stress aa^litudo of 

~25,000 p,s.l. from the moan stress, shorter rupture times wore obtained 

at high strosaee than for cither constant stress tests or tensile-fatigue 

tests cycled *L5,000 p,8,i, from tho moan stress» However, a test at a 

moan stress of 26,000 p,s,l, was superior to similar tests cycled ^15,000 

p,s,i, and equr.l to tho results obtained in static tension tests. 

When the automatic load maintninors have been installed on tho 

Kreuso fatigue machinco used in this work, check tests will be rasdc to 

determine whether or not  tho idle time (when tho machine was not running 

and the load was at the moan or the minimum value) has had any significant 

effect ^n the data obtained. 

(Work done by V7, L, Havekotte and D, E, Krause) 

Introduction 

Tho effort for tho month of Septembor was diroctod along the 

following linosi 

1« Six of the previously prepared 6oni>-15Fe-25Mo typo alloy heats 

are being analyzed chemically and examined motallographically. 
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2. Bight 60Ci>-15Fo-25Mo tgrpc alloy boats were prepared In tbo 

vacuum cquipiacnt. Zirconium and selenium, individually and in combination 

with aangancao, were added to those melts in an effort to improve the 

toughness of the chromium-iroiv-ruolytdenum alley. 

Chemical Analyses and Metallographie 
Examination of ChromiunHBaso Alloy 
Heats Made in August 

During the month of August, nine 60Cr^l5Fo-25Mo type alloys v/ore 

melted and cast in vacuum following tho melting procoduros recorded on 

Page 872  of the report dated Soptomber 16, 19^7. Chemical and vacuum 

fusion analyses and gcuin size of six of these hoate are recorded in 

Table 170, Throe of the heats wore not analyzed because tho desirod 

vacuum was net obtained during molting« The castings from these will 

be held for possible future use. 

Tho chromium contcntt» of Heats A-3460, A~346A, and A-3465 woro 

lower than desired, Tbo chroodian content of Heat A-3^66, in which 

chromium was added as minus 200-mcsh powder, was higher than anticipatod. 

It was expected that tho use of fine particles of chromium would result in 

a higher chromium loss, but this was not the case. 

The nitrogen content of Heat A-3A66, in which tho purest obtainable 

melting stock was vised, was lower than that of any previous melt. This 

may have been tho result of low nitrogen in the charge, or perhaps the 

result of a more vigorous than usual boiling of tho melt caused by the high 

. 
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oxygon content (during aclting), as cvidonccd by tho high oxygon in the 

flniahod mclt# Anothor heat of this type will bo made in an attempt to 

obtain a low oxygen content so that this heat may be conparod with heats 

of low oxygon contents previously made using regular molting stock. 

This conparicon should give an indication of tho effect of minor impuritioe 

in the melting stock on the properties of this alloy. 

The orygon contents of tho six heats correlated woll with the 

cleanliness of tho castings as detorroined mctallographically. The casting 

from Heat A-3466, with high oxygen content, was very dirty, while the 

castings from Heats A-3^60, A-3462, Ä-3^64, and A-3465, having low oxygon 

contents, wore very clean, 

Tho recovery of manganese was greater in Hoat A-3460 than in the 

other boats. Maximum recovery of manganoso appears to depend on the 

method "of addition, aod o- the tcnyorature at which and the time interval 

during which tho alloy Ic held aolton. 

Since analysis for the boron in Heats A-3448 and A-3JU9 ia cxtremoly 

difficult and the strosc-rupturo properties of these tro heats are not 

promising, these boron dctoxtainations have not been corqplcted. 

To get an indication of the grain size in the cantor of the wing 

soclions and still obtain two stress-rupture bars from each casting, the 

central sprue or feeder of oach casting was examined in an area where 

the grain structure should bo similar to that in tho wing sections, Tho 

area selected was in the center of tho sprue parallel to tho vortical 

axis, and 3/8 inch from the base. The ASTM grain size for oach casting 

is recorded in Table 170, 
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Flftcrn ninutcs after tapping, the castin^ä from Hcata A-3^58 

to A-3466, inclusive, wore rcoovod from the mold at about 600oF., placed 

in a furnace and treated at 1200°?,, and furnace cooled. This hr.a  boon 

standard practice for all castings during the past several months. 

Failure of the thermocouple during the heat treatment of the casting 

fron Heat A-3^64. allowed it to attain an unknown temperature, lietallo- 

graphic examination of this casting indicated that the casting had been 

heated above 1600oF, Nevertheless, this heat will be tested la stress 

rupture. 

Heats Made During September 

The objective in melting the 60Cr-15Fc-25iio type alloys during 

the month of September was to ascertain whether or not additions of 

zirconium or selenium, with and without manganese, would decrease the 

fragility of this alloy. It is thought that oven though the sulphur 

content of the alloys is below 0,01 por cent, a brittle, intcrcrystallino 

sulphide film may form. The addition of mangancso, airconium, or selenium 

may change the form of the sulphide indue ions to a loss harmful, globular 

one and nuy load to a more random dispersion of the inclusions. Albert 

Gagnobin (August, 19^7, issue of "American Foundryman11) stated that 

"selenium has the specified ability to coalesce the intcrgranular sulphides 

in cast steel and thereby Improve its ductility". Selenium appears to 

combine with the sulphides in steel and jroiaote their rejection from 

solution before solidification is oooplcte. In addition, zirconium may 

tend to give a finer grained casting and to tic up nitrogen as a zirconium 

nitride. Manganese, in addition to combining with sulphur, may add some 

toughness to the alloys. 
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Eight 60Cr-15J?,o-25I,fc> t^-pc zUoyz containing  «irconium or sclcniiOT, 

v/lth and without manganese, were ucltcd and cast in the vacuura apparatus. 

The following table records the heat nuabers, the amounts of alloy added, 

and when addeds 

Koat No. 

M931 

A-3032 

A-.3e33 

A-3C34 

A-3835 

A-3836 

A-3ß37 

A-3ß38 

% Mn 

0.10 

0,20 

So Mn Mted to 

1.0 

1,.0 

1.0 

1.0 

0.10 

0.10 

0.10 

0.20 

0.20 

0,20 

Charge 

Melt 

Melt 

Molt 

Manganese was addod as fused metal, zirconiun as a Si-Zr alloy 

(40,0 per cent Zr), and soloniun as an Fo-Se alloy (56.8 per ocnt So). 

The Si-Zr and Fo-Sc alloys were addod to the surface of the oclte four 

'ilnutce before tapping. IJhon manganese was addod to the molt, it was used 

in combination with either the zirconium or selenium alloy. The chemical 

anolyaoa and grain siacs of Boats A-3S31 and A-3Ö32 aro included in Table 

170, The data for the remaining six heats will bo incluctoU in next month(0 

report. 
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flBM ft—dttü 

Strcsa-rupturc tests on several chromluiB-basc alloy heats arc 

in progress.    These arc described In the preceding section on "Engineering 

Propertioe of Heat-Resisting Alloys". 

Piituro Work 

Plans for the imnediate future include: 

1. Making of additional vacuum molts of the more promising alloys. 

2. Modification of the compoaition of the 60Cr-15Fo-25MD alloy to 

determine whether or not different ratios of chromium, iron, 

and molybdenum will load to groater toughness in this typo of 

material without too great a loss of stross-ruoturo propcrtios. 

3. Investigation of the effects of minor additions of alloys such 

as zirconium, manganose, aluminum, silicon, titanium, or 

selenium on the toughness and stross-rupturu properties of tho 

clu-omium-tron-molybdonum alloy. 

U,    Tests of alloys cast in both copper and refractory or sand 

molds to domonstrate the effect of freezing rate upon crystal 

structure of castings, and in turn its effect upon stress- 

rupture properties« 
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INVESTIGATIOI/ OF THE FüNDAMEttTAL FACTORS PRQMWING 
HIGK-TCMPERATURE STBFmTH OF ALLOYS 

(Work dono b;- A, R, Elsoa, A# B, Hcstcnnon, G# K# M.niiJuig, J, R« 
Dolg, ;:, I/, Millett, end C, K, Schwartz) 

During the past month, work on this investigation consisted of 

molting, heat troating, and examining the microstrueturcs of cobalt- 

chromium binary alloys for tho purpose of chocking the accuracy of tho 

tentative equilibrium diajram. 

In order to minimize nitrogen pickup during molting and boat 

treating, those operations were carried out in an atmosphoro of purified 

argon, Higk-purity arr-on (99.6 per cent argon) was passed through 

magnesium pcrchlorato to remove most of the moisture. The partially 

dried gas was passed through coppor coils imncrsed in a bath of acetone 

and carbon dioxide ice to reduce fuvther +he moisture content to a 

dew point of -000C, The dried argon was then passed over titanium motol 

granules heated to 750oC, to romove nitrogen and oa^rgon.. Samples of 

cobalt-chromium binary allc/s melted and heat treated in this purified 

argon atmosphoro contained from 0,005 to 0,009 per cent nitrogen, 

A total of Wonty-fivo cobalt-chromium binary alloys with chroTium 

contents ranging from 41 to "> per cent were molted using the argon 

protective atmosphoro, Tho melting operations wore carried out in an 

electric rcsistenco furnace with a tubular Globar element. The highest 
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tcj4)cmttirc atta^nrMc In thia fixraucu (at ti» expense of a greatly reduced 

life for the heating elenent} is approximetcly 1700oC,| thua, it was 

impractical to attempt melting alloys containing over 73 to 75 per cent 

chromium because of their high molting points. 

The first fourteen alloys melted wore furnace cooled from the 

molting temperature to the temperature of tho desired aging treatment. 

When th& resulting ingots wore sectioned, it was found that two, and 

sometimes thrro, separate and distinct layers existed. Chemical analyses 

of these separate layers showed a difference between top and bottom layers 

of as much as % per cent chromium (top-63,7 per cent chraoiumj bottooK. 

29,3 per cent chromium). At fiiat this separation was thought to bo the 

result of immiscibillty in tho liquid state. However, it was later proved 

to be caused by selective segregation since this phenomenon occurred only 

when the alloys were furnace coolod through tho solidification range. 

Alloys that ;ioro quenched from tho liquid state wcro found to bo quite 

hooogoneous, 

A series of eight cobalt-chromium alloys containing from 41 to 55 

per cent chromium wcro melted in tho purified argon ataosphore and then 

quenched in water to cause rapid solidification. These alloys are being 

examined mctallographically to dotenaino the composition of tho outectio, 

A series of aging treatments on alloys containing from 41 to 73 

per cent chromium have boon carried out at tcaperatures ranging from 1150 

to 1480oC, These tenporaturcs and conpoeitions have boon selected so that 

critical points on the diagram can be chocked by moans of tho Lever Law, 

Metallographic oxnmlnation of these specimens has not been completed. 
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gffect of Nitrogen on Trmsfonnatlon 
Topocraturo of Cobalt 

'ilic anomalous difforonccs reported In the literature for the 

crrstnllograpMc transfonnntion tciipcintures of cobalt metal and of cobalt- 

chironium binar;'- allocs were re-^xaminod. It was considered likely that 

differences in nitrogen solubility might bo responsible for much of the 

dircropancy in reported transfenaction temperatures, although no nitrogen 

analyses were reported in any case. 

An experiment was planned in which the transformation tonpercturo 

of a single sample of vacuum-cast electrolytic cobalt could bo measured 

as a function of nitrogen content of the sample. Nitrogen would bo added 

at various torrieratures hr* contact vith r.n atmosphere of molecular nitrogen 

and the trr.nsformntlon teaqporaturc of the cobr.lt would bo determined in 

situ by a method such as noasuronent of the electrical resistance. 

It was considered necessary first to deternine whether or not 

nitrogen could bo sorbed b;- the solid cobalt from atmospheres of molecular 

nitrogen at ordinary tenpercturcs such as 900oC. For this determination, 

a sample of specially cleaned cobalt filings was prepared and the nitrogen 

sorption was osasurcd at 900 and 1000oC, In a Sieverts apparatus^1'. 

Within the limits of oxpcrimontal errors (i0,002$ by weight), no sorption 

war detected. In fact, slightly negative values (0,001-0,002^) were 

obtained, probably because of the evolution of a snail amount (0,15 ^c.) 

of residual hydrogen from the cobalt metal. 

(1) A, Sieverts, "The Absorption of Gases by Metals", Z, f, lictollkunde, 
V, 21,  1929, pp, 37-A6, 
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Thls wns in agrccmciit with Sieverts• failure to find any solubility of 

nitrogen in cobalt, U)    Accordingly,  tho attcapt to chango the nitrogen 

content by contact uith nolocular nitrogen was abandoned. 

However, cxporiroonts to dotennino tho effect of cxtrcaoly small 

and oxtroracly largo nitrogon contents on tho transfonnation of cobalt are 

being considered,    Sanplen will bo prepared fi-om cobalt molted tinder 

purified argon and under cracked amaonia to obtain a wido variance in 

nitrogen contont.    Then the transformation temperatures of those saiqplos 

will be determined probably by electrical resistance mDasuremcnts, 

The oxpcrimcntal work associated with checking the present working 

diagram for the cobalt-chromium binary system will be coaplcted, 

Tho study of the effect of nitrogon on tho transformation 

temperature of cobalt metal will be continued. 

FUNDAMEF'AL INVESTIGATION OF THE CAUSES OP CRACKIMG 
IN WELDS AKD ADJACENT FARENT METAL 

(Work done by C, B, Voldrich, R. D, Williams, and J, L, Foster) 

Introduction 

Microscopic examination of previously prepared sections of Timken 

alloy circular-groove specimons welded with 5/33-inch-diamotcr Types 312 

(29Cr-9Ni), JtfO (l6Cr), 3^9 (19-9 W-Mo), and 330 (15Cr-35Ni)   elaotrodM 

was continued.    Additional examinations were made on Tlmkon alloy-Vitallium 

whccl-and-buckot replicas welded with Types 316 (l8Cr-12Ni-2Mo) and 3^9 

Cjloctrodcs. 
(1) A. Sieverts and H, Hacon, B, f, Physikal. Chem,  (">34), 169A, p. 237, 
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In the ;.iady of the c ogre gat.ion observed In some of the abovo 

specimens, t\;o soaplcs containing linos of segregation were subjootcd 

to successive heat treatoents at toaipcrt.tiircs ranging froia 700 to 1200CF,, 

in 100oF, increments, and examined at the same locations after each 

treatment. 

In connection with the study of the possible effects of sulphur 

and phosphorus on wcld-mctal cracking, another low-sulphur, low-phosphorus 

heat of Typo 316 core wire was mode to rcplaco the unacooptablo heat made 

last month. 

hAcroscop^ Study of Segregation 

Further Examination of SanplQfl Welded in JU1Y> The results of 

examination of sections from four Tlmkcn alloy circular-groove specimens 

welded in July were described in the reports dated August 16, 19^7, and 

September 16, 1947, Those specimens wcroi 

6 312 (29Cr-9Ni) 

7 430 (l6Cr) 

8 349 (1^-9 W-Mo) 

9 330 (l5Cr-35Ni) 

A third section of oach spocimen, parallol to sections ■j" and "k" 

(Figure 109, report dated August 16, 1947) and 1/32" below "k", was 
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ujgimlncd Uli laonth. The obecamtioaa nede arc  given in Table 171. None 

of those obeervr.tlona furnished cvidonoo of any definite rolationship bo- 

tweon the intorblock cracking and tho  segregation in tho void,    Furthor 

examination of those sections appears unwarranted at this time. 

frcnmlmtion of Earlv Tiaken Allov-Vitallium Whool-and-Buckpl 
Replicas Uoldod With Tvtxas 316 and U9  Eloctrodos. Additional 

sections of the Tiiakon alloy-Vitallium whecL-ond-bucket replicas welded 

with I^TDCS 316 and 349 electrodes described in tho roport dated September 

16, 1947, (pp. 877-880, and Figure 111) were examinod mctallogrr.phically. 

These sections were 1/32 inch below those studied last month. 

Examination of tho longitudinal and transverse sections of the 

replica woldod with T^pe 316 electrodes revealed no now nicrostructural 

features. Segregation,similar to that reported last month, was obsorvod 

both uniformly distributed throughout the weld and concentrated noar tho 

block extension cracks. A few wisps of segregation ortendod into tho wold 

from tho base motal» 

In the transverse section of the specimen ueldod with Tyro 349 

electrodes, no segregation was obsorvod. This obsorvation differed from 

that made on tho previous section in that a fow wisps of sogrogntion had 

boon found in the lattor, 

T^^nn^np of licpj Ti^c^  J^r^^ tamum Whool-apd-Buckot Replica 
folded With Type 316 Electrodes. A second section, "u", of tho 

TiEÖron alloy-Vitallium whoeL-and-buckot roplica woldod last month with 

Type 316 eloctrodos (p, 880 and Figure 111B) was examined. On ono side of 

the assembly only the root pass was laidj on the othor side all four passes 
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TABUS 171,    mCROSCOPIC  EXAMINATION OF TDilJEK AUJOY ClfiCULAB- 
GROCVE aHBZMOB P/ELDH) WITH TYPES 312, 430, 349, 
AND  330 ELIXTRODES 

Speciaen   Coction'^' Observationsf2' 

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

7 1        Discontinuous and irregular crack started under weld 
surface and orrtended to Junction. No evidence of 
segregation. Fine, uniformly distributed delta 
ferrite. One apparent line of segregation observed 
in section "k" now appeared as part of the crack. 

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

9 1        Junction crack extended to surface. Grain distortion 
associated with crack. Lines of segregation adjacent 
to crack} some randomly distributed in wold. 

(1) For location and orientation of surface "l", see Figure 109 of the report 
dated August 16, 19^7. 

(2) iie.g.nifications of 1001 and 1000X used. Whenever segregation is mentioned, 
it refers to fin© nodules occurring in stringers at the grain boundaries. 
Typical stringers of segregation arc shown in Figxre 110 of the report 
dated August 16, 19^7. 
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wcre dopoaltod, Section "u" was token porallol to and l/32 iiwh bolow 

section "t". The obsorrations laado on aoction "u" aro given in Tablo  172, 

In section "t" no intcrbuckot junction cracks wore observed, but in section 

*un  intcrbuckot Junction cracks were foiond at Junction 1 in both the single- 

pass and multj-pasö wolds. Although no evidence of tho rolationsliip between 

weld-mcial structure and intcrbuckot extension cracking has yet been found, 

one mere section of this spocimon will bo exominod« 

Study of Scg-rcgation. While small wisps of segregation have boon 

found in welds in both Tiakcn alloy cireulajvgroovo spociaens and Tlnkon 

alloy-Vitalliun wheol-and-buckot replica spocinens, no dofinito 

idontification of this segregation has been made, although it is suspected 

that it consists of one or acre complex carbides, Sxamination at high 

magnification has already shown that those r.pparcr;t lii.^«» or wisps of 

segregation are actually strings of very nrjiutc nodulr.s. 

Some clue to the identification of these small lines of jegregation 

ocatec'. lines rf segregation 

were treated so as to precipitate more of the segve(atlnc constituents and 

thus provide s\if fie lent 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^ 

thei^ is no certainty that the precipitate and the segregate are the same. 

It was decided, therefore, to heat treat specimens for 24 hours at 

successively Maher temperatures, starting uith 700oF, and increasing in 

100°?, increments, and to exiunire them netallographically after treatiaent 

at each temperature. 
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IABLE 172.    miROSCOPlC WJUMSBiSm OF TIMXEU ALLOY-VITALLIOM 
WHEKUAND-BUCKET HEPLICA HEWED VLTH TIPE 316 EÜ^CTOODES 

Speclaen Number 
and Junction Secticu Observations 

10-Junotion 1 

lO-Junctlon 2 

10-Junction 3 

lO-Jvmction 4 

IQuJunction 5 

- 

u 

Snail junction crack on single^pass side, larger 
one on srultipass side. Few snail lines of 
segregation on single-pass side, aore in first 
pass on multipass side« 

Wo Junction crack« Structure similar to that in 
Junction 1. 

(1) 

Xp junction crack« Structure sinilar to that in 
Junction 1« 

No junction crack« Structure similar to that in 
Junction 1« 

(l) Used in study of segregation diacuseod later in this report. 

Notes A few lines of segregation originating in the Vltallium were again 
observed in the weld« 
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fm  san^les were selected for this study - one from a Tlmken alloy 

circular-groove apecimon welded with Type 316  electrodes, and the other 

(Specimen 10-Junction 3) from the new Timken alloy-Vitallium wheel-and- 

tucket ireplica also welded with lype 316 electrodes. These were examined 

is weldedj small areas including wisps of segregation were delineated 

with a diamond micromarker, and these were photographed. The soaplos were 

then sealed in evacuated pyrex glass tubes and heat treated at n00°F. 

Since it was found that the markings made with the micromarker did not 

remain visible after the light buffing and re-etching necessary subsequent 

to each heat treatment, the areas of interest were relocated by scratching 

the speciiaens with a needle, and the specimens were polished lightly, 

j etched, and photographed. This cycle was then rcpoatedj each time the next 

hirher temperature was itsed. At the higher heat-treating temperatures, the 

specimens were sealed in evacuated quartz tubes for protection from the 

furnace atmosphere. 

Microscopic examination between heat treatments revealed no 

atructural changes in either specimen until after the 1200oF, treatoent. 

In the circular-groove specluen, sufficient precipitate was present after 

treatment at 1200oF, to outline the grain boundaries of the weld metal. 

Thus, it was apparent that what had been censidc^^ed a line of segregation 

Ln the as-welded specimen was merely a portion of a grain boundary which 

was particularly evident because of more precipitation in that location 

during solidification than in the other portions of this grain boundary. 

No further work will be done on the r ircular-groove specimon. 
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After the 1200°?. heat treataent, the wheel-and-bucket r&pllca 

apecimn rerealed a precipitate In the vicinity of the original line of 

segregation, Exeyilnatlon under polarized light indicated that numerouB 

silicate 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 origliial segregate 

could not be made. 

This study will be continued by heating the wheel-and-bucket 
/ 

replica specimen at tenperatures above 1200oF. If the amount of aegregation 

continues to increase, efforts will bo made to identify it by X-ray 

diffraction. 

Effect of Sulnhur and Phosphorus on 

In the reports of June 16, 1947, through September 16, 1947, the 

possible relationship between sulphur and phosphorus and weld-netal crack- 

ing was discussed, and nlana were described for making test materials low 

in these two elements, A «wtisfactory electrode coating and Tlmken alloy 

heat have been made, but the Type 316 jore wire heat was found to be 

excessively high in nitrogen. Another "type 316 core wire heat was, 

therefore, irade in September, The analysis of this heat (A-3886) was as 

followsI 
E^nt Pgj Cent 

Carbon 0.02 
Manganese l,i38 
Silicon 0,56 
Sulphur 0,013 
Phosphorus 0.005 
Chromium 17,8 
Nickel 13.8 
molybdenum 2.37 
Nitrogen 0.1U 

,/ 

J 
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Ät maphur content of this heat waa BO high that the heat had to 

ba rejected.    * only difference beWn the «terlnla ueed for this heat 

and those uaod for the last wns that mother lot of electrolytic Iron, 

mde to the saae deification, had been used,    Opon subsequent amlysls, 

It was found that this Iron ^d a sulphur content of O.OOÖJß Instead of 

the 0.003^ found In the first lot.   A new lot of electrolytic iron will 

be ordered as soon as test sables, submitted * the producer, indicate that 

the material will be acceptable. 

While the nitrogen was still higher than dosired, it is believed 

that it would have been acceptable for the tests, because of the low 

nitrogen of the Tlaken allc^r IM,    Howe^r, a further reduction in 

nitoogon will be sought in the next core wire heat. 

Future Worlr 

1. Heat treatoent of the Tlaken alloy-Vitalllua wheol^uid- 

bucket roplica welded with Ty?* 316 electrodes and containing 

lines of segregation will be contlmied in an effort to identify 

the segregating constituents. 

2. Another section of the Timken alloy-Vitalliuin whoeL-anA- 

bucket replica recently welded with l^pe 316 electrodes will 

bo e:a!nined microscopically, 

3. Another low-sulphur, low-phosphorus heat of T^pe 316 core wire 

vill be made. Further precautions will be taken to reduce the 

nitrogen content below that in the two heats made thus far. 
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4* None of tho testa nade throughout this inveotigat*ou  of the 

fundamental causes of cracking In welds and adjacent parent 

metal has provided definite evidence of tho relationship 

between the conposition and  structures of the metals involved 

and the weld-metal cracking observed. There is no certainty 

that the tests now in progress will provide this fundamental 

information. 

Further methods of attack may, and probably will, be 

nocossary. Among these is tho long-neoded development of more 

information on some of the fuaäamental properties of tho metals 

involved. The stiidlos of tho constitution of some of these 

metals, now in progress, havo not roach-xl a stage where the 

information can be applied to the thermal and chemical changes 

occurring during welding. However, cortali other physical 

properties of metals could be studied with currently available 

cquirancnt, and it is quite possible that some fundamental 

information on the causas of wcld-notal cracklig might bo 

obtained« For example, a study of the expansion and con- 

traction properties of the higV-tenperatusv alleys involved, 

at tciqporatures in ercess of r.O00oF., might provo fruitful» 

SimT-irly, a moasuroncnt of choir tensile strengte between 

2000oF# and ■'iheir molting points might provide useful in- 

formation, 

A tost procra» ccwring the investigation of somu of 

thoso properties xs now unriar consideration and it is expected 

that the initial line of at* .ack will be solocted fairly soon. 
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FÜMDAMENTAL STUDIES OF CERA1-IIC MATERIALS 

(Work done by G, R« EuBJicr, H, Z. Schoflold, and C. R, Aufitln) 

E^pcriincn^il Work . 

Effect of Bumi-ng-SchoduIe Variations 
on Proücrtlcs of Almis& 

The dotomination of the rolationshi^ be-brocn the thermal history 

and the physical properties of burned alumina bodies was continued. In 

this work, a series of No, 3Ö<i00 Alundumw specimens which wore formed 

by dust pressing in the usual manner at a pressure of 5000 pounds per 

square inch, were burned at tenperaturee ranging from 1000 to 3300oF,)2' 

in increments of about 250oF. Tho spocimena wore placed in the furnace, 

burned at the particular temperature of the teat, and then furnace coolodj 

the details of specimen preparation wore presented in tho report dated 

Soptombcr 16, 1%7, The burning conditions and properties of the bodies 

«re given In Table 173f the relationships between the burning temperature 

and tho linear shrinkage, buk density, and modulus of rupture of tho 

specimens are also shown in Figures 114, 115, and 116, reapectively. 

Within tho limits of this investigation, no critical temperature 

ranges were evidont in which abrupt changes occurred in these particular 

properties of tho No. 38900 Alundum body. In general, and as was 

anticipated, the linear shrinkage, bulk density, and modulus of rupture 

(1) Obtained from Norton Company, Worcester, Haasachuaetts. 

(2) Data obtained on specimens burned in the temperature range of 1000 
to 2500oF,, iueluaive, were discussed in the report dated September 
16, 19A7, and arc includod in this roport to facilitate a 
conprehonsive evaluation of tho body. 

8ATTEI.LE    MEMORIAL   INSTITUTE 

V 









UNCLASS/FIED 

im mm taid kmtm k ency 
ARLINGTON HALL STATION 

ARLINGTON 12 VIRGINIA 

L 

NOTICE:   WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIOHS OR CITHER DATA 
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED 
GOVERNMENT PROCURSMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS 
NO RESPONSIBILITY, KOR ANY OBLIGATION WHATSOEVER: AND THS FACT THAT THE 
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE 
SAID DRAWINGS, SPECIFIC ATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY 
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER 
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE, 
USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO 

in       ii 





I -92*- 

of thn body Incroaaod, jjjd the wator absorption docreaacd aa tU burning 

tonporaturc waa incrof*sod|    those trends, which were uniform In pattern, 

wore ospeclally apparent in the spoclacus burned at teepcraturcs of 

.?5CX}*}'0 or higher.    The loss in weight of the opociaens dtirlng burning 

ranged from 8.3 to 8,9 per cent and did not appoau   .o be influenced 

significantly by the burning tcn^raturo. 

The spocimens burned at temperatures of 2250°?, or lower wore 

extremely fragile, and satisfactory strength determinations were not 

possible.    The rroportlos of this particular group of spocioons wore 

discussed in detail In the preyious report. 

l!2^a2Q0^1uMmJ)vring Burning 

The work reported in the foregoing section indicated that changes 

In the properties of the H6# 38900 Alundun body occurred at a relatively 

uniform rate, and that within the llmit6 invectigatod, no critical 

temperature range wae observod in which a change in the properties was 

sudden or abrupt,    in order to obtain additional knowledge of the changes 

taking place during the burning operation, preliminary attests were made 

to observe continuously the length changes occurring during the burning 

of a wax-bonded speciaen of Ho. 33900 Alundum from tho unbumed to the 

burned condition.    Two methods of observation wore en^loyodj    Ueso are 

described in the following paragraphs. 
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An unhuT-nod, wtx-bonded spocxmcn of 

No, 3^900 Hundi« wan wnmtcd In the usual aaaner in a differential-typo, 

fusod silica dilatoaotcr, which is conmonlj' used for thornal expansion 

dctcnalnations, Tho  apociwon was heated at a rate of 250oF, per hour 

froa room tcnpcirature to 1820oF#, the naxiarun operating toiaperatiu.
ae of 

tho oquipoont, and was hold at 1820°?, for tuo hours. The specimen was 

cooled in place and then reheated, using the same heating cycle, to a 

teaporature of about 1700oF, to dotcrmino whether or not adc* cioml 

changes of an abrupt nature might occur in the spcclnon. The linear 

expansion data so obtained are given in Figure 117« 

An abrupt expansion of 0.06 per cent and an equally abrupt 

contraction of approxiaatcly 0.05 per cent occurred arar tho toaporaturo 

range of 55 to 1750F,> those changes probably resulted from melting of 

tho vox binder and the release of tho adhesive force of the binder. Over 

the temperaturc range of 800 to 875*F,, a slight shrinkage of 0,02 per 

cent occurred, probably because in this range the binder was eliminated 

from tho specimen, Ovev the range of 1700 +o 1B20*F,, and during tho two- 

hour period walle tho specimen was at l820oF, j, a decrease in length of 

0,05 per cont was obsorvod) this was probably a result of the start of 

sintering of tho body. Ebooopting for the tcaapcraturo ranges discussed, 

the expansion of the boiy during boating from tho unbumod condition at 

rooo temperature to a temperature of ITOO^F, occurred at a uniform rate. 

During reheating of the spocimens ftoo approximately 300 to 1700*F,, 

no abrupt changos in length were obeorved. The expansion of the body 

incroasod at a uniform rate throughout this part of the test. 
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Dlroot Optical .^ioasuroncnt. Attcnpts to  obecrro tho changoa In the 

longth of a Ifo. 38900 Aluadum spcclaen, during burning by aeana of a fusod 

silica dilatoBotor nocossarily wore confined to relatively low toBporaturos, 

oinco tho naxiinuin oporating tonporafeiro of tho ajjparatus was approxliuatoly 

lft20cr. In an effort to obeenre the changes occurring at tomporatures 

above 1B200F., preliminary attoapts were nado to take direct optical 

moaauroiaonts by using iaodifications of a technique which reputedly wts 

stjccossful in tho evaluation üf ftro-clay refractories^1'. 

Two slots, approxlnatcly 3/4" x 3/4% were cut about 6-1/4 inchos 

apart in an Alundim tube, 1 inch in dlaaetor and about 8-lA inches in 

iongth. Fused alualna grains wore spread ovenljr on the inaide betten of 

the tube, which was supportod horizontally, and a speclacn of Bo, 38900 

Alundum, 5/16" x 5A6" x 7-1/*% wao placod on the grains so that tho 

ends of *ho specimen wore visible through the two slots in tho tube. This 

assembly then was placed in a gas-flrod furnace and was taken fro» room 

temporaluro to >100oP, at a rate of 125°?» oer hour. During heating, the 

spoclao i was observed by means of a Gacrtner laboratory toloscopo having 

a miniirum focal loxigth of approxiaatoUy 6 feet, to determine whether or 

not tbi outline of the spoeimen might bo sufficiontly sharp at tho higher 

tempciaturoa to permit accurate moasuroncnts of longth. No actual 

measurements wore made, however, during this preliminary evaluation of the 

technique. The arrangement of tho specimen in the tube is illus'«rated in 

Figure 118, 

(1) D. K, Stevens and R, E. Birch, »Shrinkage Bates in Firing Fire-Clay 
RefractorieB% Jour, Amor. Coram. Sec., JQ.  (4), 109-113 0-947). 
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At tocpcraturofl of about 2500*T,  and aboro, the ot'tllao of th» 

•pociaon booaao indlatlnct, and differentiation of the »pecinen froja the 

mounting vms not obtained bocauao of the essentially "black body* 

conditions present in the furnace, Attenpts will be aado to ovcrc<Mne 

this condition by the use of appropriately colored filter« in the telescope | 

or by changing the background- 

Tensile Testing 

Work was continued on the determination of the tonailo strength 

of a burned spociiaon of No» 3^900 Alundum at elevated temperaturos, and 

en the devolopwcnt of a more efficient means of forming tensile specimens, 

A specimen, l" x 1* s 7*, was formed in the usual manner by pressing, was 

preburned at 25000F,, and then was machined to the proper siao and shape 

by using regular machine-shop tochniquoa. Allowances were made for 

shrinkage of the specimen during burning. The machined specimen was 

packed in fused alumina grains in a refractory Alundum tube, was burned in 

a ifortical position at 3100oF,, and then was rebumed at 3300*F, by using 

the nomcl burning techniques described previously. 

The rebumed specimen was straight and within dimensional tolerances. 

The adaptors of the high-tci!?)oraturc ten«lie-testing apparatus fitted well 

to the ends of the specimen«. The load was applied to the specimen at the 

rate of 2000 pounds per square Inch per minute. The tensile strength of the 

spoclmon of No, 38900 Alundum, rebumed at 33X0F,, was 1500 pounds per 

square inch when tested at 1800oF, A very coarse crystalline structure was 

apparent throughout the specimen. 
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Füturo WorJc 

Work will  be continued on tho dctcnalmtlon of the changes which 

occur during the burning of specliaenß of No. 3S900 Alundun. 

A study will bo node of ciystal formation in alumina, borjrllia, 

and zircon, and of tho noaas of controJling crystal slzo in spoci^n^ of 

those bodlos. 

■Mm 

October 2^, 1947 
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