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H. Inouys

A raview of tha data of recont months has permitted come goneralizations
rogarding the properties of the experimentsl nitkel-molybdenum slleys mpd, what

is nore the frendz with regard to the effects of ceortain alloying
olomant caposltidma being ztudied hawve no possibllity of

bac tural alloys themselves, they provide data from
which gu eelection of better compositions can be established.

In Fig. 1, the oxidation rates of the nickel-melybdonmam alloys are swmerized.
The date show that in the nickel-molybdemm binary system, a mdxioum in the
ozidatioh rate is exhiblted at arocund 208 molybdemum.

The dmsinent role of chramium in determining the oxlidation rete of these
alloys may be clearly seen i{n this table whizh tabulates the data in a decronsing
order of oxidation rate., All the other elements sppear to have only s slight effect.

A ccmparison of the oxldatien rates of Inor-% and Inor-7 shows a large
difference forr these two alloyz vhich have only minor differences in compesition.
Hovever, ¢hiz behavior ia oot wamesual in theze compositionz which are borderline
with respect to oxidation since the rate ie govermed by the type of scale
(e.g., H10, Wikoly, , ¢r203} vhizh predoninates.

Pigure 2 is e graph showing the effect of carbon on the tensile ductility
of annesled aickel-molybdenm alloys. The decrease inm the dwtility fs accompenied
by increazes in both the yield and ultimate strengths., This relaticaship appears
to held for both room and elewnted texperature testa. The unforgeable alloys are
defined as those exhibiting severe cracking during hot rolling and splitting during
cold forming operatioms,

r‘?m gis of the duta om the alloys containing Ti and Al reveals ne )
bemficia’hffaﬂl:ich can be attributed to these elements at this tlme. Thﬂr"',f
71 and Al conta ﬂl\ﬂ{:am characterized by moderate creep sh'engbh; #&lvmt nvm
plek-up in Fuel 107, ili.ty to be brazad in hydrogen a.tmoaphara The data
' 1ndicate that greater over-all t 1n alley propertles
mey be achieved by imcresasing the no i) iy

-P5F this application

The results of recemt thermal convectionsdtop corrosion tests on alloys comtaining
giotomiumn content within t.hi range has no
significant effect on the depth of dn formed in 500 hyr. These results indicate
that the amount of clromium requifed far oxidation resistance may be tolerated e
carosion-wise, Theref: ther tests will he made on compositioms containing
chromfum, nmolybdenum nickel uas the principsl elemsnt, |
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Fig. . The Oxidation Rates of Ni—Mo Alloys at {500°F in Air .
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. ternary compozitions fall short 01' the established strength goal,
however; and therefore, require an additiomal strengthensr. Consideratiom of
poagible deleterious effects om other propertlies, such as forgesbility, bdraze-
ahility and corroelion resistamce, 1eadz to irom as the beat stremgthening
addition to uge.

The dets on the verious yroperiies of ithe nickel-molyhdenmm alloya studiad
to dete have indicated the nickel-milybdenmmdchrouius-iron systen to be the most
promising for produeing the elloy to achieve the optimum overall rating. Alloys
containing thease four elements will be designated by the generic name Inor-8,
which #ill imelude 811 the mincr variatisms in compositicn within this system.

Three 36-1b melts of the compesition, Wi-17 Me~10 Cr~7 Pe, which represents
the maximm Cr + Fe additiom which will be made to the Hi-Mo base, have been
prepared. These heats will be uged to provide material for a forced cireculmtiom
loop corrozion tagt to determine whether the favarable thermal conwection loep
deta will be subgtantiated undsr conditions of greater flow rate and éuratiom.
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H. Inomye anid T. K. Roche

Seamleca ‘l‘uhin_g-

Tubing received thiz month which was processed at Suwperdar Tube Company from
blanks extrnded at (RNL 15 listed 4n Table I. All the extrusifons invelved eppesred
to process satisfactarily; however, the tube blank froe alloy Heo. 30-17 (L% Al)
developed open langitndinel cracks during the final anneal and wes serapped. This
wrns the third uneuccsssful attempt to draw tubing of this alloy. Thermal correction
loops are being febricated from the tubing of the other three compesitiems; alloy
Hos, 30-15, 30=-21, and 30-22.

The sixteen extrusicn billets representing fowr compositione, B-3h0k, B-3k07,

B-3412, and B-3518, which were recelved from Battells Memorisl Institute were
gucceesfully extruded to tubs blanke at 2150%F at a ratio of 7:1 and were sent to
Superfor Tube Company for redrawing., From the details shouwn in Table IT, it is
seen that two finish tubing eizes have besn requepghed for these slloys. The
0.500-in. (O x 0.035=-In, wall tubing fs to be tested in thermal convecticn loops |
at CRNL and the emaller size tubing 0.380-in, O x 0.065-in., wall 1s to help fulfill
the requirements for pump lesps &b Battelle, However, past resunlts indicate that
the tube reducing and redrawing propertiss of alloys of this type with 0.12% C °
ara parginal due to eracsking which occurs alang carbide stringers. Therefore, IT
dirficulty ia encounterad in processing thess blanks to semmless tubfing, weld-drewrn
tubing will have to be used, Superior Tdbe Company is now sttempting to prepare
tubing by this latter method. On the other hmnd, 1f no diffienlties are
encovmtered, ORHL will extrude additiomal tuba hlmks to complete the Battelle
tubing nam forr pump loops of these alloys.

_ Although it is readily apparent that the composition Ni-17 Mo-U4 Al 1m of no
value to the Alloy Development Program other than for establishing the affect of
a high Al content on the corrosicn resistance of the base composition, N1-17 Mo,
thres alditional billats of this alloy prepared from a heat supplied by Superior
Tube Conpany wara artruded with only moderate paecess and returned to Buperior

Tube cm:fm' mawmg.Lﬁmﬁ @ f‘-.. ’f - e }_p

One of the wost™ alloy additioms from the standpoint of rendering

exidation reeisgtance to a Ni-Mo-be oy 1a Cr whiech muat be present in guantities
of 7% ar greater. The effect of l‘:rnmi'tim om the fluoride corrosicn, which are
dlscuezsed in detail in the Carrosion Section Elatter, are auch that a
more gevers test iz 1n order. An alloy whose cowposi Hi-lT Mo=13 Cr-7 Fa
has been golected for testing in & pusp loop. Three 36-11: & _pave been ¢agt and
are pragantly balng machined into extrueion billlets. Tube blanks ofxthin p.l.lor
shemld be avellable within the next seversl weeks. This loop ghould es 11_}'_1___.
dﬂf}nita trends from a corrosion standpoint.,
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RESULTS F REDRAWENG ORNL ALLOYS TO 0.500-in. (D x 0.035~in. WALL TUBING AT

e |

SUFERICE TURE COMPANT

Alloy Nominal Compasitica ‘Extruded Total Length No, of -
“Ro. Wt., % Tube of Tublng Loops Remarks
. i . ] Roceived Requested
30-17 Kt -1 7Mo-bAL-0.060 1 10#%.111n, 0 "Tubing Developed Long-
. ' 1tudinal Cracks During
-- . . N ;, . m Mﬂl
30-%5{1119:-—5] Ki-1Mo-2Nh-2W -0, 06C 2 21 .0 2 -
Y . .

30=21 N1-17Mo-5Hb-0,06C 3 3 11 3 -

30-22{Inor-7) Ni-l6Mo-6Cr-1Mb-141-0.08C 3 . 32 O 3 -
ST RS
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TABLE IT
TURE BIANKS SUBMITTED 0 SUPERIOR TUHR COMPANY FOR REDRAWING
Ertroded
Alloy NHominal Composltion Tubes
Ko. e Wt. % Blanks Finish Size
' Bt6-5505 H1-17MG-5A1 3 0.500 4n. D x O. 0% i yall
~ B-3h0h4 . Ni20Mo-7Cr-201-0. 800,120 a [ 3‘5&.: ® % 0.065 to a1l
B-340k §1-20M0-70r <2K1-0. Qin-0, 100 2 . 0,500 1, OD x 0,035 1n, Wall
B-3407 NL-20MO~7Cr ~1AL-2M-1Fo-0, BHn-0, 120 2 0.380 td, @ 20,065 tn. Vanl
':::'n 3407 Ni-20M0-TCr - 1A1-2Mb-1F -0, 8n-0,12¢ - _d.5on ia. 00 x 0,035 in. Wall
::::E B-3432 _m;.-amg-m;m-u.sre-n.&m—_a.mc 2 0,380 in. @ x 0., ::-55 in, Well
EE:::: T Hi-20Mo-2AL-1ifa-0, SFe-0.84n-0. 12¢ 2 0.500 in. (0 x 0.035 fn Wall
-t B34 H1-20Mo-2b-1Fe-0. 8a-0.12¢ 2 0,380 in, @D x 0,065 in. Well
g;- E-3418 NL-20Mo-2Rb-1Fe-0, Bn-0,120 - 5 0,500 in. (D x 0.035 in. Wall
= 30-2h M1 -A7Ho-TCr-0.541-0.5Mn-0. 060 1 0.375 in. D x 0.035 in. Wall
:fg;;: - F1-20Mo-10Cr | 1 0.500 fn, CD x 0.035 in, Wall

ayna
] L]
*hadEn
L)

- s &
LLL L.
LELE L )
(L]
Akt
AERAET

LT T
- L]
+ L]


http://Ni-20Mo-7Cr-3il-2Nb-lFe-0.8Mn-0.12C
http://Ni-20Mo-2Nb-HTe-0.8Mn-0.12C
http://Ni-17Mo-7Cr-0.5Al-0.5Mn-0.Cl6C
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Weld Wire and Mechanical Property Specimens

Table IIT ehowz the fabrication sitatus of experimental quantitlesa of
1/8-in. (D weld wire snd 0.065-in. thick strip which are being prepared for welding
and stress-rupture swmluation. Approximately £ Ib of weld wire of both the INGR-3
and the INOR-4 compositicns were submitted to the Welding and Prazing Group this
month. Stress-rupture specimen blanks of INOR-S were also completed. Two rods of
the &lloy Hi-17 Mo-7 Cr, which was melted by the consumsble-electrode method, were
extruded and will be processed to sirlp material foar mechanicel property tests.
Vecum-induction melted material of this eame composition was previously submitted
for strees-ruphme emivation. Comparleon of reculte may establish trends which
will be a hunction of melting practice.
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RESULTS OF FABRICATING 1/8-in. CD WELD WIRE AND 0.065-in, THICK STRIP FROM CRNL ALLOYS -~ - -

Alloy Rominal Composition Extruded
Wo. Wt ¥ Shape

Proposed
Oga W%

Reaultis

30-23 (INOR-T)} Hi-16Mo-60r-141-1Hb-0.Mn-0.08¢ 7/B-1n. Rod
. 7/8-1n. Rod

30-26 (INCR-3) NiE-1840-1,5Pi-1A1-0.Mn-0.06¢ 1 1/4-1n. Rod
7/8-1n. Red

30-27 (INCR-4) Ni-16Mo-1.5T1-2A1-0.M0-0.08¢  7/8-in. Rod
7/8-1n. Rod

30-28 (IN(R-%) Wi-16Mo-2Nb-2W-0,541-0,5MN-0.1C 7/8-in. Rod
g 1 1/2-in. Red

30-20 (INCR-6) N1-1GMo-5Cr-1.5T1-1A1-0.5¥n-0,060
7/5-1n. Rod

1/B-1n. Weld Wire
1/8-1n. Weld Wire

1/68-1n. Weld Wire
1/8-in. Weld Wire

1/8-in. Weld Wire
1/8-1n. Weld Wire

1/8-{n. Weld Wire
(:-E!EES"iJIl E*t:'jJ?

1/8-in. Weld Wire

1 1/4~-in.Bq.Rod 0.0685-in. Strip

- FWi-1Mo-TCr=0,060* 1 1/2-in. Rod
1 1/2-in. Red

0.065-1n, Strip
0,065=1n. Strip

Procesaing innompiﬁitak
Procosslng incomplete ™

Cold Swaged to 1/8-in. OD
Cold Sweged to 1/8-in, @

Cold Swaged %o 1/8-in. OD
Cold Sweged to 1/8-in. @

Progessing incomplete
Hot Bolled Suceessfully
to 0.250-in. Cold Relled
‘t:l (}-(HEfi-illg

Processing incomplate
Processing incenmpleto

Processing inccmplets
Processing incomplete

* T&cuu_rl Induction Melted and Remelted by Consummable Electrode Method,

## Machanical Property Specimens t0 be Machined from 0.065-in. Thick Strip.

alrsn
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http://Ni-l6Mo-6Cr-lAl-UMb-0.5Mn-0.08C
http://Ni--l6Mo-l.5Ti-lAl-0.5Mn-0.06C
http://Ni-l6Mo-l.5Ti-2Al-0.5Mn-0.06C
http://Ni-l6Mo-5Cr-l.5Ti-lAl-0.5Mn-0.06C
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IENSILE TESTS
H. Inocuys

The data on the tensile properties of varions Ni-Mo alioye st 1300°F which
were accumulated during the past month are tabulated in Table IV. INCR-4, which
is knovn to age, shows low doctility at this temperatira.

OXTDATION STUDIES

H. Inosays

The oxidation ratas of the alloya listed 1n Tables V vere determined this
momth., At 15009F in gtatie air, TNOR-7 compares favorebly with Imcemal with respeet
to oxidation resictanta,

ve v SECRET
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TAELE IV
TENSILE PROPERTIES (F NICKEL-MOLYPBDEHUM ALLOYS AT }300°F
AlYoy Composition, Wt, P Cond! t1on¥* 0.2 Offset UTS . Rlomgasiom -
Degigation (Hickel Bage) I.P., Pal Pal %
IRGR=-1 1Mo-S41 Annealsd 25,000 61,200 37.5
IR(R-3 19M0-1,5T1-141 Annealed 27,000 63,600 30
Aged 26,700 65,6800 i
INR=-4 16Mo-1,5Ti-241 Aged - 87,000 2
INOR -5 15Mo=2Ch=2W« 060 Aged 27,800 49,200 11.0
15M0~3Ch=3H Annesnled T 73,100 19,100 17.5
Aged ’ k2,100 78,300  19.7
15M0-~3Ch-3W~-.25C Annealed 57,100 89,000  1L.5
: Aged 58,000 87,700 13.T
1Mo -20b-H -, 2C Annesled - k7,000 66,900 - 6.5
Aged Ih ,hoo 71,700 7-5
INGR -8 15¥0-6CT -4Fa Annealed 31,300 63,600 13.7
: Aged * 32,300 73,000 21.0
1840-2Ch- . 25Be - Arnmealed 42,100 65,200  16.5
. aged 59,400 87,750 , 20
1840~ . 5Ba ' " Annealed 82,700 282,700 Failed at Pin
Aged 1,600 . 80,600 5
1Mo-2Ch -2V -, 2C Annealed k7,800 75,200 10,0
Agad 50,000 1,700 8.7
1Mo-2V M - . 2C Arnmesled b 600 65,5 8.7
' Aged 43,900 76,800 1.7 )

# Annealed 20009, 1/2 hr, Aged 100 hr 1300°F
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TABLE ¥

OXIDATION RATES OF Ni-Mo ALLOYS AT 15009F IN STATIC AIR

T}
- n
(1T T

- -

rhaay

Alloy Desimation Hominal Composition WL {ain

Wt. ¥ ng/em? /100hr

Adherenca

of Qxids Scale

On Cooling

vi-36 1RM0=20h~2V =, 2 5.21
V437 1%40-20b-2W - .20 h.00
THOR =T 17Mo-1Ch=241-60r 0,07
Vi-38 1Mo-2T W~ , 20 3.62

Spalls
Spalla '

Ho Spalling
Spells
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XY N gmesic Borroston Shudtes.
« H. Deifan and E. A. Kovacevich

Corrosion tests in Fluoride 107 -bave bean campleted for ten additional |
experimantal nickel-molybdenum alloyz. The tasts, condweted by means of thermal
eonvection loops, all cperated far a perioed of 500 hours with a weoctsom fluwid
tonperetwre of 15000F, Motaliographic azsmination of the loops, reported im

 Pable VI, showed slight surface attack in the form of pitting In all alloya, with
depths ranging 4o one mll, Loop 1081, which contained chromfum me well as nfiobium,
tangeten, and aluninm additions, revealed heavy subswr'face vold formetian o e
deptihy of 2 le mile. No evidence of mass transferred depoelisz could be found in
any of the loops tazted.

These tosts indicata the addition of chromium to have little effect on fluoride
attack in thermal convection loops up to amounts of 10%. Whether such sdditions will
glve rise to mass tranafer under higher syestom flow ratas, howover; constitutes an

. isportant question and zan anly be resolved by teate of longer dwratlion and mora
drastic flow conditions.

In the pram;s of ddditions of niobivm, alumiowm, and tungsten, chromdum
ﬁmslggear to adversely affect corrosion, as eyidenced by comparisca of loops 1081
amnd : hosaver, the effect iz alight. ;

The operating variables of special alioy loops etarted during the report
pericd and thelr respective compositions are listed inm Tebles VII and VIII. Of the
30 comvectlon loops placed in operation simee the first newsletter; 3 of the loops
bare been terminated because of leaks. ALl of the leaks ocowrred in loope circulating
sodivm; twoe were nesr wold areas, and cne was centered in a length of tubing
comprieing the loop cold leg. Becouse of maierial limitations, loops are necesserily
bolng cematructed of relstively thin walled tubing to provide a wariwmm mmber of
loops per alley compositicn. Cansequently tubing and wld delects become quite
eritical insefnr as contributing t& failwre.

Unfortwmately, with & zodlum laak 1t iz usmaelly ilepossibles to dstermins the
aature of a defect; sloce melting of the locp wall occcurs in the ares of the failure,
In one loop, however, 1t wae veoaalble 4o correlste the leak with a flaw indicated by
inspecticn reporte vhich ware obiained dwring assenbly of the loop, In this cage,
I-raye taken of weld areas revealed longiimdinal cracke extending slomg the tubing
Froper snd ending at the wold eram., Sweh cracke weuld net sappear to have resulted
from welding, but rether are cheractaristic of defects developed during tube drswing. |.
Thua the leaks nesr welde In two of the loops, as weoll as the oae leak in the ccld '
leg, very poesibly resulted from tubing defecte produced dwring tubing falricatiom. This
mggestlon - 12 further substantisted by the relatively lorge nmber of defect
indications boing found om dye pemetrant inspection of the tubing.
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Table VI  Metallographic Results an C
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leted Ni-Mo Thermal Convection 8

' Métallography
Loop No. _ Alloy (Heat No.) Coclant Hot L& Cold Leg
1067 17% Mo - 3% Cr 207 Few pits =/1 mil No attack
1065 17% Mo - 5% Cr 107 Surface pitting-1 mil Few voids-1 nil
1069 0% Mo - 3% Cr 107 Fey 9144 =1mil Light surface
roughening - 1 mil
1070 17% Mo - 1/2% a1 107 Few eubsurface volds- No attack
1l pil
1076 17% Mo = 1% Cr 107 Heavy subsurface voids- Light surface
<] mfl roughening

1078 208 Mo - 1% Wb - Fow volds - 1 mil No attack

1% TLi = 0.8% Mn
1079 20% Mo - 7% Cr 107 Fow pits = 1 mil Ho attack
1080 15 Mo ~ 1% AL - 107 Taw voids - 1 mil Lipht surface

11/2% T . roughening
1081 15% Mo - 5% Cr - 107 Heavy subsurface voids- No attack

1% Wb - 0.5% AL - 3% ¢ 2 /2
1082 19% Mo - 3% Nb - 107 Heavy surface roughenipng- No attack

0.5 AL - 3P ¥

«£1 mil
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Heat Fo.
30-6

B 3276
30-8

B 3277
30-10

30-16
30-13
30-1k
30-T -
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30-12 17 - 3 - - - - - - - .
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SECRET |
Table ¥III erat Cenditions of Gonvec'i'.iun g Constructed
of Speuisl Nickei-Holybdentm Alloys
Maximm Fluld Tewperature = 1500%F
Wall Tempersture :;-:155093'

Ho. Al Heat Ho Goosat / - Time (hr) _ Status
1092 30-6 Na ].EEIflaaka&) Mataliography
1093 30-6 quf 500 Operating
1094 B 3276 /107 500 Operating
1098 30-8 / 201 500 Operating
1099 B 3277 /o7 500 Oparating
1100 30+10 f/ 107 500 Operating
1101 30~16 107 500 Operating
1102 30-16 000
1103 30-13 500
110% 3013 B
1105 30-14
1106 30-10
1108 30-7
1110 30-5
1211 30;11
1112 3c§‘f-11
3 i
wr g
1126 :?;0-12

I

* See Table VII, .
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P Tests

Hastelloy B pump loops now in cperation at ORHL and their operaiing conditiomns
are shosm In Table IX. A 1000 hr Hastelloy B - sodium loop; described in last month's
newsletter, hae boen sxamined metallographlecally. Hot leg attack appesred as wnifcrm
gurface removal to a depth of 1 1/2 mils. Much of the second phase material present
in the grain boundaries and as precipitates throughout the metal was quite reslstant
to attack and remained unaltered in the corroded areas, although the swTounding
matal had heen entirely removed. Metal deposits were seep in the cold lag end
reached a maximm thickmess at the polnt of lowest temperature in the cocler.

JJF'-
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J;-‘.
Table IX ngéing Varisblesg of Hastelloy B Puwp Loope
N ,"; _
7 - , _ Scheduled
Loop Fluid Fluid A" Max.Fluid Max.Wall Raynolds Flow Mathod of ‘Operating
No. _ S f; Temp. “F Temp. °F.  No. GPM ~ Heating Tine
.} : e )
T641-1E 107 - "é*ra" 1625 | 1750 . 20,000 1.7 . DMrect 1000 hrs.
;*r - ' L Rasistance
/ T :
76412 107 300 16% 1700 13,800 1.5 Direet . 1000 hrs.
: Resistance
;’
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5 . L STRESS-RUPIURE PROPERTIES
L :
" D. A. Deuglas, C. R. Kemnedy, J. R. Wetr
Creep testing of the wariouns nickal alioy conpositions was

confined mainlty o the emluwtion of sompe alr ted ©eates Irom the Battelle
Kemorial Institute. The gpecimens were *ested/in both the solution amneaied
{1 1r et 2000°F) and sciution amealedmsid aged {50 hr at 1300°F) conditicas. The

results are presented in Table X.
mav./x

STREZS-RJPTURE FROPERTIES AOF Ni-Mo ALLOYS IN FIDID 107

Alioy Ko. - C@uslﬁicg fh?ri B1) ; Rupture Tims % Elongation
B-3275 20 - 7Cr - 0.8n - ?sfl:ec ’Ij 290 15.0
B-3275(*)  2Mo - Tor - 0.8 - b.120 o 20.0
1193275 _2@!9 = TCr = 0.8 f"‘ 0.12'_:: - amf = 1Fo Lo . 25.0

. pesers® 20Mo: = TET - n,&m,f'- 0.12C = 2Nb ~ IFe . (b) R
B-3277 2(Mo - TCr - 0.8 - 0.120 - 2 - IFe - WAL 750 8.0
B-3277%) 200 - Tor - DEHn - 0.12¢ - 2Nb - 1Fe = 241 (b) -
B-3278 200 - TCr = n;’ﬁm - 0,120 - 241 690 60,0
B-3278® 2mo - Tor - J&m - 0.12¢ - 241 790 . 58,0

i
]
4
)
B

{a) Bpeciiens aged ?0 hr et 1300°F in gddition to solution anneel,
(b) Aged specimens gbe still 1in test but the creep curves show good

carrelation with those of the soluticn annealed spscimens o no
significant difference in ruptgre life 1s expected.
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PRODUCTION OF COMMERCIAL SIZE HEATS OF Ni-Mo BASE ALLOYS
E. Inouye and T. K. Boche

Corregpondenca recelved from IRCO listed tha cotimated delivery dates of the
producte of the copmerdédal zize heata of tha INCE alloya 1 through 6. This
information 1s ahown in Teble XT. It haa boen sgtablished that this development
will not b expedited; but INCO indicated that they will try to meet or better the
delivery estimates Lif poagible to do =o.

Contract agreements between Weatinghouse and Uaien Carbide Nuclear Company
are progreseing and should be completad within the next few waeks,
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&aREE . TEEX .. .
TU3 OF COMMBRCIAL SIZE HEATS (F Ki-Mo BASE ALLCOYS PRODUCED BY INCO )

Conversion of: Alloy Ho %= Est. Delivery

3 1/4-in. 0.D. x 1/2-1in Wall Extruded Shells to
E'm- G-D- b 4 0-1&?-11‘1- “!11 Tl.ﬂling-*

1 Billet Par Heat - ¥R 3 and & 10-31-56

2 Blllets Per Heat - - INCGR 1, 2, and 5

Blooms to Hot Rolled Flats .

1/2-in. x 6-in. x 12-in. - THR 1 apd 3 10-5-56

1/2-in. X 3-in. z 12-in. - NE 2, &, 5, and &

Bloome to Cold Rolled and Annealed Sixip T d

0,065-1n, x 6-in. x 12-in. - INCGR 1 and 3 13-7-56

0,065-in, x 3-in. x 12-in, - IR 2, 4, 5, eand 6 _

Plocms to Billets to 1/8-fn. Dis. Cold

Drm “1:"&. - m 1; Ep 3, 5' ﬂnﬂ- 5 u'aﬂ-ﬁs

Bloons to Billete to 3{32-1;1. Ma. Cold
:::::: m.a'm “irﬂp - mm 1; 2’ 3’ 5’ Hﬂﬂ 6 n""an"ﬁﬁ |E L
“sivi- Blooms to Billets to 3/8-in, Dia, Hot ’ ' el

, 2 Rolled Rod, - | 1, 2, 3, 5, and 6 11-30-56
e Blooms to Forged and Rough Turned Reds deanes
P 2 7/8-1n, Ma, x 3 £t. INE 1, 2, 3, 5, and 6 11-30-56 e
;‘1& ‘ii:i-:
* g #* 2-4n, 0D x 0.187-1n. Wall Tubing to be subssquently reduced %o suall ddameter tubing by the Supericr -
e Tube Company. s
-1'?; #% Por Compositions See Table V, Fage 12, Ki-Mo Alloy Neweletter, August 16, 1956, ey
H - L i hFad
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VELDABILIPY OF Hi-Mo ALLOYS
R, E. Clausing, P, Patriarca

The fellowing Nickel-Molybdemum slloy test plates have been welded and are now
being wnchined into loppgituwiinal and tramsverse mechanical test specimena:

Plate Ko, Plate Material Filler Wire

KMo Ho. 12 BMI hesy 3405 BMI heat:3405
(2Mo-241-7Cr 0,12C-Bal Hi] (2000-2A1-T07-0:120-Bel Hi)

Nikio Ho. 13 EMI -heat 3408 BMI heat 3%3
{20M0-20b-1A1-TCr-0. lﬂﬂ—Bﬂ. Ni) {2&40-2%-1&1—7‘11‘-3. ~Bal Ni)

HiMo No. 1k Hagtelloy ¥ Incr NWo, 3
. {16Mo-1.5T1-241-Pal li1)

-

am -

Ho ummeual probvlens wersa encountered dwring the welding of theee test plates,
Radiogrephic and wHeunl :I‘.napm:t:l.m revealed no elgnificent defects in-any of the
weldmente., -

Mechanical property teste on plate Nos, 1 te 10 are wnderwvay 'anﬂ_ a quantity of
test data is available. ' However coly roa-temperatars and 1500°F all-weld metal
tensile data {a=-welded} is presented in tebuler farm in this report. The resulis
for other conditions of test are incomplete st this time, and will be presented in the
nozt Tepartd., The data are presented in Tmble XII.

Hardness studlez of sged wa].ﬂEd Juints reparted in the previuus newsletter are
being comddrmed. Previous datsl showed that for mging times of 200 Ir Hastelloy B
bardened most rapidly at 1300, Subse t regqults are plotted in Figae 3 .
illustrating the effect of time st 130CYF upan the hardnesa level attained, It should
be noted that aging times up to 500 hr bave a marked effect on hardness. However,
it eppears that the 200 hr data ie indicative of the a rate. PRemlts slmilay to
that showm in Pigure 3 were alao obiained for the 1500°F aging temperature, It can
be seen that the 200 br aging time produces approximately 50% of the hardness
increase rezulting in 500 hr,

1
Bewsletter ORNL 56-9-80 (Sept. 20, 1956).
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I |Fig.,3 Effect of Aging Time on the
Room Temperature Hardness of
I HastellogFB Welds After Aging
at 1300 i
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Teoup . Temsile  Yield Elongation
Speciman of Strength Otrength % ocme=-inch
Teat Psi 2% 0fEset Gage -
o - _Psi ‘
#85% Ni-15% Mo weld metal Rocm 16,170 14,150 1.2
ca Hastelloy B plate Room 14,230 13,665 1.0
1500 5,578 - 0
2300 10,650 10,650 - 0
Haetolloy B weld metal Reom 118,300 B4 220 25.0
on Haptelloy B plate Roam 124,080 Bo 450 pa g
. 1500 66,690 22,530 9.5
1500 &2,300 25,570 12,5
Hastelloy W weld motal Roam 126,100 75,380 ko.o "
on Hastelloy W plate Rome 127,950 80,990 34.5
. 1500 71,110 47,370 31.0
1500 69,780 hb 120 20.0

* Vary poor properties due to artrems porosiiy 1la weld.
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e s UNCUASTTIED

BRAZING O ALLOYS
E. A, Franco-Farreirs, R. E, Clsusing, G. M. Elanghter

An explaatory investigation of fwrmace brazing in & hydrogen atmosphere ualpg
Tlux 15 helng undertaken as & possible aclutiém te the problem of btrazing nickel-
nelybdamm 8lloys containling epprecieble apevmte of titeniunm, alumizm and beryllivm.
Rezulting jeints will be examined for flux entrapmemt or other poseidle deleterious

effect Methods 11 bo etudied in conjumction with corrosion
teata ¥n alT, fused salts and sodiuvml. Oﬂ
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UNCLASSIFIED

R. E. Cleusing, P. Patriarca, ¢. M. Slaughter

tion carrosion test loops which have been
loops were mbricated from 0.500-in. 0D x
Eastelloy W £iller wire. Kb specisl

cation of these loops ie routine,

Teble XTI listz the thormal ¢
fabricated in the last twoe months, The

- 0,035-1n., wmll tubing by heliare welding
problems have boen oncountered snd the

/
/
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4 '
CATION CFF THERMAJ, CONVECTION LOOPS
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-
TABLE XIIT /
[ NICERL-MOLYREDEHUM THERMAL CON N LOXOPS
Loop Ho. c"“"“““‘?‘f
™ Heat g_ua Nt " Mo ér Dther

b A :30-7 OEC
357 30-T .2a1, ,05C
36 30-7 2A1, .BEC
It 30=5 050
38 30-6 * T AT,
39 . -.3[}"13 . l.m.l, 1-511’_ iﬂ&
) . 30-13 1.0A1, 1.5T1, .c&¢
Hy | . 30«14 _ ; 1.0A1, 1,5T1, .060::
he 30-14 , 1.5T1, .06C
¥3 B-3276 1Fa
i ' B-31277 2Ch, 1¥e
b5 30-8 L0
l'|‘6 3&-3 -m
47 30-8 08
48 30-10 ~O80 1
b9 .. - 30-10 0&C
50 . (30210 : 0L
51 . Sn‘ll . h'FB. lﬂ .
22 Y - 30-1t ' 4Fe, .06C
23 30-16 -1, 1Ad, .0BC
54 30-16 5T¢, 141, .0&C
- B 30-9
56 - 30-9 N
° T - 30-9 oo
53 ¥ 30"]-1 4Fa
59 30"19 lli‘ i
& . 30-19 o
61 30-19 )
65 - -~ 30-12 3Ch
66 130-12 3Cho
67 ~ f ; 30-12 Ch
| !
1 *

) ~ UNCLASSIFIED
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