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AN EVALUATION OF THE CORROSION AND OXIDATION RESISTANCE 
OF HIGH. TEMPERATURE BRAZING ALLOYS

E. E. Hoffmme
P. Pawiarce

C. F- Leilten, Jr. 
G. M. Sioughter

INTRODUCTION

The fobeicotion of hoot etc hem pets end rodiotors 
to be used in conjunction with high-temperoture 
nuclear reoctors moy present exceedingly complex 
problems. Rigid hoot tronsfer requirements moy 
necessitate the uno of compoct assemblies of thin-
welled small-di os integrol porta of
the hoot tronsfer units. Intricate designs moy olso 
be rogu ired in which cooling fins must be securely 
joined to the Hi be a at closely spoced intervols.

In oddition to the difficulties in fobrication im- 
eened by the designs themselves, the high operot- 
my temperctures involved require the coreful 
selection of matericis end joining techniques. The 
choice of fobricotion procedure for • given com- 
eonent must not only be booed upon the stresses

High-temperature brozing is olso odvontogeous os 
• moon t for reinforcing tube-to-heoder -eids. In 
Fig. 3, a photomicrogroph of O typicol bock-brozed 
tube-to-heoder weld. it con be soon thot only portiol 
weld penetrotion won e boomed. The brorod joint 
eliminates the notch eflect end ossists in the 
prevention of serious leob a to the system if coro- 
sion through locolized oreos of shallow weld pone 
tration occurs during service.

A long-ronge brer ing alloy don el op mgmt end 
evoluation progrom hos therefore been tn progress 
in the Metallurgy Division of the Oak Ridge 
National Loboratory for severol years to obtoin 
tw idoituor *el information repot ding the feasibility

and * ures to be encountered, but also upon of using brozing olloys to high wp
special factors peculior to nucleor service. Since 
mony necte opplications employ highly corrosive 
environments, compatibility of the structurol mo- 
terials with the corrosive medio is of poromount 
importance. The low nucleor cross-section reovire 
ment for brazing alloys to be used inside the re- 
octor also ploces stringent limitations on the 
possible choices of in-pile opplicotions. The use 
of boron in alloys for certoin service moy net be

ezchonger ond rodictor oppl icotions.
otue heot 

Numeross
commerc ioily ovoilobie brozing alloys hove been 
extensively investigated •• hove men; mere olloys 
developed at ORNL end other labosotories. List- 
ings of the alloys and their brozing temperatures 
ere presented in Tables I end 2. Initiol tests, 
-hich ere performed by the Welding end Bret <np
Group, permit a d

•II suitabilities of the olloys for high
ion of the generol over-

*
considered feosible, for ple, becouse of its
high nuclear absorption croon section.

Although welding is used extensively Ma die 
construction of redactor n end hoot each on porn.

tempereture beozing in olso ottroctive for 
el applications. ’ In Fig o ph alapreph of

o liQMid motel .to eg rodiator, it con be seen diet 
brozing nerves os • the most feosible method of

dry hydrogen (fluz-free} brozing- These tests in- 
elude preliminory studies of such proport io a on 
flow point, flowability, end ductility. The Welding 
end Bret trap Group olso conducts high-temperohre 
oxidation tests on brozed joints ond, in generol, 
carve late a information and lent results obtained 
from other groups to the Metollurgy Division end 
from certoin outside scurces. Corrosion studies 
on these olloys have been under the direction of

al c Group ond limited physicol
property tests hove boon conducted by the Physicol 
Testing Group. This poper, however, coaors only
the results of the high-temperoture c
oxidation testing progroms. Co ts on the other

‘p. P.mie. 
am Radimtes 
rm im. ORML-1

w al. Fahrrenom ef Mees Ewehengera
for Megh-Te-perata 

$55 (Km i4, 1956).
Re=e nw Appia-

phases of investigotion ere odded only -here they 
are pertinent to the subject under discussion.

di
A MubCond-rti Fim M-teriel fe 

- -2065 Ite be p-blished).
As • result of these imvestigotions ond evolu- 

ations, it is possible to suggest logicel brozing

l
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TABLE I, COMERCIAL BazinG ALLOTS

Ce-eesmie- (-• T--d- Mm-
•mat

e,

n.2 -13.$ C--4.5 Si-3.5 B-i4.5 F•-Q.s c •ein Cel mienet 2030

■ 14 -6.0 ©-s.0 $-31.0 B-2.5 F--0.1 C =eil Cel LM MU 2000

93.2 -1.5 Si-1.9 B-1.4 F- Ceear M-tela Me. $o 2030

91.8 mu-a.5 Si-2.6 B-1.1 F- Ce--t Me. 31 1930

91.2 -4.5 Si-2.9 B- 35 F- Cw m-tala Me. 52 190

$0.0 nu-11.s $-29.3 F--15 P-.a M-

100 C-

Cee— Metel• M-. 53

Ceea M-tela •P

188

2030

2030

alloys for specific opplicotioms. The most im-
portom ef these opplications are the follo-ing:

Sodiumto-Air Radiators " f Fig- 1L - Brozing is 
applicoble to this fobricetion problem for the pro- 
duction of tube-to-fin ond beet ireaed tube-to- 
heoder joints. Ecellent resistonce ol the bozing 
alloy to high-tempereture omidtion • • a requisite 

mibility -ith the liqwid sodium is
desireble. This second requir resulus from
the foct thet the alley may be im direct eenaarr 
-ith the liquid metol •* corosion through on area 
ol shallo- penetration is present in the tbe-to- 
heoder weM*. Thia stipulotion mor olso be im- 
jareant •♦ dilution ar solid stete diffusion, Mkrea^
the tube -ell during Le 
e relatively high conce

ng or service, permats 
etien of brazing alloy

constituents near the liquid-metel-tube--oll imter- 
foce.

Fused-Flworide-to-S odtum MH Eachemger. - 
The wse of liquid fluoride fuels in certoin reoctor 
opplicotions create* a naeM for the fused-loride- 
to-sodium heot ewe*«ew jar* (Fig. 4). The liquid 
sodium posses through the smoll tubes -hile 
a Hee of the fuel • • maintoined on the exterios.
Bock-brozing of the tb heoder joints •• em-
wemely desireble to mimimize the formgtion end 
MiHf* M of -eld crecks durimg service. Al-
though the brazing clloy ie opplied te the fuel side
of mhese ••• bl

D Fig- 3. Phetomicregreph a* a Typicel Bech- 
Brezed Tube-te-Heoder Weld. Etchont: omolic 
ocid. 12x. Reduced 14.5".

sodium is comsidered essentiol, ••nee corosiom, 
dilution, or diffusion moy bring the olloy or olloy 
comstituents into contoct -ib the fluid inside 
mhe tubes.

3
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TABLE 2. EXPERIEMTAL BRazmG ALLorS

f"r)

2130

2130

2130

2175

C (-• •
Breeime

T--,;

1

78 Mi- ra $- M- (-107" 

m 10 s-s M. (-n“ 

44 Na-4 s-3 N» (P-1a“

2175

raw
73 -23 G- 2150

65 -25 G--10 Cr 2100

w -10 P-2 o (C-2n" 
n m-10 p-1 c. «c-z0“ 

•t m-1 P-s m-t-10“
7 mu- P-I F. (o-1“ 

sas-10 p-a Mb ou1“

W su-1I P-9 V

W su-s P-s V «B-5“
W su-a p-) s (B-n“

W mu- p- s ce-“
W M—• p-II • (0-20-

raw
1830

193

leso

2030

2000

1900

2030

70 -13 G.-I1 0-4 Sa 2080 Ft -•-15 F--5C- 2100

W -25 Me-25 G- 2130

M -72 S- 2130
40 m-eo M 19

44 Ag-33 P4-2

44 Pa-ao Nt

2130

2300

35 Mi-55 MN-WO

38 -57 u--s o a-20"

W mu-i0 p"

44 -12 p (A-10)“ 

n -2 9 (A-14“

2030

1800

1800

2100

raw

e0 P4-37 -3 Si

92 P4-s Al

9 Pa-1o G-

•2 A*. I* M>

9 Ce

“D--elep-d 4* •ell Cel-emey C-peeie- -nde- migh A- D- C-m- Mhet-riei• L

2130

2020

1830

1830
raw

» Cenmee* Me-
A. 3361612287-

G---el Ei-emie Mb. St elle,.
‘Eleewele-- miehei.
“Eiewel-s- mickei -i -i-emi 

"D---l--a , M~-3 meh-i ce
etem--,

de Serice. * - The desirability
ol sodium hydromide •• • circulating mod is

He . its ly corosive re-
promising olloys for eoch comb

octiom om most stuchol ■■—mH hos pee d
ita use Ml reocto epplicetions. Severel brozing 
olloy systems WB coresion tested in this en-
vir -ith regord to their

ore iff*.

once of momy of these olloys to enack from sodium 
hydroxide re included to permit • visuol onalysis 
by the veoder.

This report presents the results of tests con- 
ducted up to the present time. A continuing pro- 
gem is under -oy *• determine the corrosion ond 
oxidation resistance of ether beazing matericls

_ ef she Fesr Nawiib Meeteme e- 
Mydrenede <bbM Metel Imrermrne-, ORIL CF-51-1T-204 
(-g- 31, tram.

leter phoses -ill be prep

conce are ebn d.

Reporis describing these 

wred os results of signifi-

1
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ASPECTS or BRAZIIG ALLOY DEVELOPMEMT (
g mickel es the bose

—al wre el primory I—araea “or use im hesr
each caper end rodietor epplicutions for hgh-
temperate, high-comrosion aera ire. Nickel is 
compatible -ith static sodiue ot tempeetes in
the reng at 1500-1700"F: ho-ever, at does sufier 
te a sligh extent krom moss wonsler in dynomic 
nonisethermal sodium systems t 1500"F ond 

ahaaa. its resiatance to omidotion et these tem- 
laieMai is else aromising ond con tea mode em- 
ceptiomal -ith slip odditions of some elloying 
ala... .. Nickel is enceptionolly molleoble im 

.»• pure fo-=, thereby pesenting • good svorting

The melting poimt of nickel is 2650"F. tea* 

bezing olloys fo use im ordinory bgh-emperete 
apo* tr ri -tilizing inconei o- the stoinless 
steels shouid mel tea le a 2200"F to minimize dis- 
tostion end prana peach in the shuchol atari ala.

Fotmotely. h er, certein ele
lai -ith nickel im smell <

Some elementa, Bach

es boron o-d phosphorus, fosm bingry eutectics 
-ith nickel ond w- phase diogrom of these systems 
io sho-n im Figs. S ond 6, tespectively. Osher

ele el imtmrest -hich form alloys of • Ill—

A pa pra a of ductility, its mclec ob
‘9 en 
ption

cress section is olse relatively law.

type ere silicon, germanium 
brazing olloy compositions ei 
caeca pa a of aac* component

onteining vorious per-
con be a d, ond
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. at
con be ossumed for most ceses thet ternory or 
qeternory eutectics possess !■ mw melting points 

Eoch elloy com-
position Aso possesses unique physicol ond chemi-

•J*
us

reduce the ductilaty im all coses -hich hove been 

temperoture, high-corrosion service must neces- 
sorily be bosed upon phose <i My nolyses. Wish 
the cid of • systenotic ttudy of the melting point 
ond flo-obility of alloy syslems over -ide vori- 
ations ol chemical composition, •• •• frequently
possible to d rhe presence of porticulor
compositions hoving 4—chorocter istics for 
brazing. Althovgh such imvestigetions ore time-

Other olloy syss -hich are of interest contein
M the liquid lidus lines of rheir

phone diog 
mickel-mang

Typicol ol these systems ore 
and mickei-gold; their respective

to determine the composition of t wt melving 
poim con be reduced by • judicious choice of

diogoms re sho-n Ma Figs. 7 ond B. The mickel- This report * y of the resistonce
pellodium system elso possesses 
solubility Ma *11 proportions.

solid

eg . aseees tions. Sys
reseorch orgonizo-

-hich -ere promising fromm these

e#o

sa

•NE

•u -t:
sen esese dpoints -ere studied extensively. -hile olloy

exhibiting less use for high •Hire

MNP
?~ • * >

--e
• • | MM

- • 1

opplicetions »W studied only slightly- Ho-ever, 
comtinuing reseorch «M nickel-bose olloya is being 
conducted; this reseorch includes development 
progroms «M olloys for opplicotions involving other 
corrosive environments.
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BRAZING EQUIPMENT AMO PREPARATION OF SPECIMEN

The process of dry-hydrogen broz ing has become 
of recognized importonce in recent yeors as a 
means of component fabrication for high-tempergture, 
corrosion-resistant service. Flux entrapment, with 
its consequent deleterious effects in certain appli- 
cotions, is eliminated, and exceedingly hi gh quality 
bra ted joints can be produced. The hydrogen 
chemically reduces the metallic oxides to the pure 
metals and promotes the formation of a scale-free
surface. result, common high-temperatre
Structural materials such as Inconel and the stain­
less steels are easily wet by most bracing alloys.

A hydrogen dew point lower than — 70°F is recom­
mended for the bracing of these materials to permit 
satisfactory flowability. To remove impurities 
which may be present in the as-received bottled 
gas, an elaborate drying and purification train is 
required. Since very high flow rates may be needed 
for many operations. possessing ohigh
effective capacity should be used throughout.

In this investigation, the removal of residual 
oxygen from the hydrogen was performed by a com­
mercially available palladium catalyst.* This 
oxygen ombines with the hydrogen to form water 
vapor. An activated alumina drying unit* absorbed

Boker A Compony. Ine., Newark, New Jercey.

'his water along with the weter vapor originally 
present in the tank hydrogen and was odequate 
to reduce the hydrogen dew point to — 120°F or 
lower. Additional purification equipment in use 
in the Welding and Brazing Laboratory consisted 
of a hot titanium sponge scavenger. The Linde 
molecular sieve* also is reported to be useful for 
the removal of water vapor from the tonk.

A Burrell Globor-hoofed tube furnace containing 
a 2-in.-dio Inconel muffle was used for brat ing the 
specimens to be used in the corrosion and oxido- 
tion tests. A water-cooled chamber facilitated 
cooling to room temperature. Accurate temperature 
measurement and control wore mode possible by 
a platinum—plat inum-rhodium thermocouple enclosed 
in an impervious ceromic tube.

T-joints, similar to the one shown in Fig. 9, were 
brozed by placing controlled quantities of brazing 
alloy on one end of the specimens. The alloy, 
upon melting, flowed evenly along the joint. All 
specimens were held at the brazing temperature 
for opproximmotely 10 min. As described in the 
next section, several small corrosion samples could 
then be taken from this one specimen.

SPinsburgh L-ctrodry-r Corp., Pisburgh, Pe. 
°Linde Ai Produets Co., N.- Yerk, N. Y.

R
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Fig. 9. Brezed T-Joimt which Hed Been Prepored by Plecing • Cemtelled Qvemtivy el Brezing Aller 
at One End ana Heating to the Fle- Point in • Dry-Nydrogen Atmesphere.



TESTING PROCEDURE 1
CORROSOM

In corrosion tesring of braz ng elloys in worioys 

heet exchange media t-e testing techniques - the 
static and the "seeso-" — ore employed. The 

stetic method is by for the simolest ond serves 
os • ropid for x w. lorg nmbers of 
beozimg alloys in vorious heot tronsfer medio.

sees=
corrosic

ethod, on the other hond, •• • dy
The 
mmic

test in which the testing medeum it nor 
-irh respecv •• the sompie being tested.

as it is in mhe stotic test. In the seeso- technique, 
the imn.nl et the corosive liquid •• obtained 
b, mhe oscillation e“ the furnoce. Figre 10 is 

• phetogoph •* the seeso- fumnoce -hich -as 
used im mhe dynamic testing of the brozed somples. 
The ocking speed used in the brozing olloy see- 
-a- tests -as chesen as 4.25 cpm. With this

equipment, the effect of • Thermgi vodien in "he I 
circulatimg bath on the comrosion res stonce of the 1 

test sample can also be observed. Since the test 
capsuie ■ • pesitioned in such • monner thar only 

• « portion of et • • in the hot zone of the furnace,
• desired temgerotue differentiol con be obtgined ! 
by regulating mhe distonce thet the copsule extends 
out from the hot zone. In generol, M hes been 
<111'^10 mhat brazing alloys -hich -ere onocked 
during the stotic test -ere more severely ottocked 

during the seesc- test.

The corrosion tests -ere performed on dry- 
hydrogem-brazed T-joints subminted by the "eiding 
and Brazing Group ond the "oll Colmonoy Cerpo- 
ration. Th. over-oil length of eoch T-joimt -es 

opprox imately 3 Mb. and Y-in. sections -ere cut 
krom thene for correnion iesting- Each section

1

8
J Ai

10

... . a arer
y r

3

San.

•* Furmace Used im the Dynemie Testing ef Bresing Alloys.

1



wes mhorovghiy cleaned in ecotone and meighed 
in e Grow otK be lance bolero being placed in mhe 

contuiner twite.
To mimimize the existence tri composition grodi- 

ents, which cm couse vorictions in corrosive ottock 

tough a mechanism of dissimilar metal mess 
tronsfer, it is desirable to select a conteiner mo- 
tor Mt i of the met composition as the base Material 
of the braced T-joint. In all those brozing alloy 

tests, this precoution was -tlized.
The leading procedure used in the stotic and 

seeso- corrosion tests •* schematically shewn

im F it. The bazed T-joint, represented in

this figure by the smoll squore specimen, is ploced 

in • tube which hos boar crimped end veldad et 
one end. A partial crimp is then opplied to the 
tbe -all Mt order to retoin the specimen in the 

crimped section. In such • procedure, the beth 
can be removed from the test an ogle up aw com- 
pietion of the test by merely inverting the portiolly

filled test Cl This crimping proctice also
serves to hold the test temple in the hot zone 
during seeser testing- The testing medium is 

loaded imto the container tbe in an inert- 

atus focilitatesatmosphere dry boa. This
the hondling of liquid metols ond fused solts -i’h­
ot serious contamination from the
The tubes ore then e r ec noted and sealed by crimp-

Upon completion of the test, the copsules era 
sectioned for visuol enomination of both, contoiner, 
and test spec man. A so ay le o* the bath is usuolly 
removed and sent fee chemicol analysis. The tested 

brocod T-joints are thaw thoroughly cleaned and 
Opem -eighed an e Grom e*K bolonce in order to

d
though this -eight chonge is not limited to the
brazing alioy bur also includes thot of the T-joimt 
bose metel, the dato is very useful in coses -here 
• uniform solution attock hos occurred on the 
brazing ollov. This trpe of ottock is not readily
discernible in a metollogrephic on end

can eosily be overlooked. The finol and most 
important stoge in the emomimation of the tested 
T-joints is the metollogrophic ezom motion. Before 

each T-joint >• exomined metollogrophecolly, an 
elecwodeposited nickel plane is applied *a prevent

dingthe * of the brozed fillet edges during
the polishing procedure. An os-brozed T-jeimt 4 
l the* >so plated and exomined to determine the 

fillet contos and the da yea of porosity prvsen 
faetera corosiom testing- This procedue acts es 

a pei da mi e vol wet mg the corrosion resulrs.

The resuits ad these tests can thaw be compilod 

mi tobulor foem and generol observotions can be 
mode. From an inspection of these tobies, at is 

possible to suggeat brozing olloys for in

variovs 
ho-eve

heot ezchonger opplicetions. M should.
, be emphosized mhet these results

only as a guide, end more comprehensive
serve
*ot*t

must be comducted under conditons similor t• 
those ewpected in actal service.

OXIDATIOM

The oxidation resistonce of high temp met me 
bracing alleys -on determined from tests com. 
ducted an smoll samples token worn brezed T-joints 

similar to those weed tn corrosion testing. A

Nichrome d bom-type furnoce possessing •
ha* zone approximotely 5*8 - 14 in. was utilized 

in this studr. Na circulotion ol cm -os mgi- 
toined Ml the furnoce ether than that orising Iren 

naturol convectiom.

Somples were tested both statically and -ith

intermiment cycling to room
testing temperotre. The cyclie testing was per. 
l er med to observe the abac** which might be en- 
c a entered hem the spelling of a protective omide 

him during this rami fluctctions in service.

these »■ i dot ion the imflvence of
several variables vpon the eaten* of attack an 
severol oilers was evoluated. Samples were held 

a tat Kelly let different times et the testing tom 

peretre sa permit a relative meosure o* the rate 
ed oxidation. Twa differ»m testing tempergtures, 
1500 end 1700‘F, were else imvestigated to de- 
termine the influence of tCMper at me wpon the ex- 
tent of in over the ded service
te range. Cyclic testing was perl er mo 

hr on mony olloys at both temperotres.

The extent and type of exidetion was d

tempero- 
d for 500

ed
from a metollogrophic evolugtion ol the brozed 
T-joinis after testing. The influence of the dif- 

ferent testing voriobles -os studied ond the results 
are summorized in tabular form. An olloys of 

widely diflering chemi cel compositions were in- 
vestigated, a generoi kno-ledge of the influence 

of certoin specific olloying odditions upon the 

omidation resistance can also be obtained.

H



static CORROSION testing
TUBULATING TECHNIQUE

UNCLASSIFIED
PHOTO -3308

o

TUBINC A5

■
tue€

Q sooum 
LITHIUM 

ll*O
Bisuur-

BE co-E EvACUATED 
ruBE fin

TEST

8000-C T t 5 T

EVALUATION OF AITACK
F 5PEC IUE*

2 M* TALLOG"AP*IC t • A- NATO*
3 • nar anD5PEcr=OG-APMIC txauinaron 

o» wk* ace LArt=s
• ANALSE •©• Mttai co*strut •‘5

»•» L’QUID •1 TAL
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o RESULTS

)

Toble 3 indicotes the resulrs of the stotic co- 

rosion tests mi sodium nt severol bazing elloys 
under study at ORNL. These tests -ere c er ducted 

for too he at • temperature of ixtrr. Since pe- 

vious cemrosion studies n* the precious metols 
Mt sodium indicated their poo corrosion resistonce.

-ere similor in composition to ones hoving ode- 
quate resistonce im the static test.

The resulrs of mhe flvoide-solr static teats
joimta brozed =ith ol elloys ore listed

om 
am

no brezing olloy co mg • mrecious — tri os •
constituent -os tested.

The results of the stotic tests Mt sodium on some 
of the best brozing olloys submitted for corosion

y G es por
of "right Aw Development Center Moteriuls Lubo- 
rotory Controct Nr. AF 33461612287 nr listed in 
Toble 4. Severol alloys ore net listed an this toble 
becouse of the simlority ol their compositions ond 
corwosion test resulrs.

Toble 5 sho-s the results obtained in seeso- 
tests im -hich sodium -as circulated foe 100 hr

at • hot-zone tempe e of 1500°F. The tem-
peroture differentiol, approximgtely 400* F. mos
foirly constont for rii the di seeso- testa.
Since the seeso- tests 'de o more tn—wt 
meons of evolueting corosion doto, mo bwozing al- 
ley -hich hod poor corrosion resistonce to sodium 

mi the static test -os seeso- tested. Ho-ever, 
r fe- olloys ■■<**• investigoted mi this test -hich

Toble 6. Toble 7 sho-s mhe resulrs jt Woll
Colmonoy mw—l elloys, tested mi the Mm
ride mmixfue Nr. 44 - 
mole T).

The resul ’» of mhe

NaF-ZrF.-Fa (53-5-406-5

tests Mt mhe Ho*.
ride mmixture NeF-ZrF.-UF. No. 44 nr sho-n in 
Toble 8. These tests -ere conducted mi me some 

monner os the sodium seeso- tests.
Toble ♦ indicotes rhe results of the * rd i w— hy- 

dromide corosion tests. These tests -ere com- 
ducted nt "‘A" nickel T-joimts for a period el 
100 1100 1500"F.

Tables >0. 11. 12. ond 13 present she resuivs af

the high ♦
brozing olloys.

hure oxidatiom tests nt —I
Toble 10 presents r summory of

mhe stetic oxidetion resisitence of rol olloys
at 1500 ond 1700"F for times up to 1300 h, -hile 
Tobles 11 and 17 compore the resistence to static 
ond cyclic •neck ot 1500 ond 1700"F, respectively. 
T-*e 13 contoins doto on the oxidotion resistonce 

of some of the Woll Colmonoy Corporetion dmlrr 
mema alloys at I SO0"F .

TABLE X RESULTS or STATIC TESTS or BRAziG ALLOrS on "‘A"" MICKEL T-JOmT> • 
soosuu at 1s00"F FOR 1oo •

=-igt ©emg-

mine (g) rw

G-m-ret Ei-cmie Mb. 41
Ce-st M-tela Me. 52

so -10 P-20 C.

Mieretus
73 -25 G•

W M.-M •-25 G-

65 -25 G--10 C,

35 -$5 Mn-10 Cr

M -12 S-

-0.0019

-0.0017

—0.0022

0.0

-0.0009

-0.0005

-0.0171

*0.005

-0.068

-0.061

-0.082

0.
-0.036

-0.079

-0.020

-0.540

Me eneek e- ses-

0.5-- I --fer- emech eleg <••••» -dg-

T-mmil ferm elterh wl—filles

1.5-mi ley-r el «■»!< -b----iete -eida elena filet -dg-

2-- HS-e

2-5-- ethech 11 tine •-lee• e "illet

3--i -mifu- --lec- eneck elemg fill-:

9-mi --ife- mi eleng -m-- ili-t

ii mil- el «—ii -eid. ke- --fee- et 4iler

Cemelet- mi rf -hel- filler

*Sresimg elley» ll tf 4 Ml Mill ef decreeeing cerreeiem reeietemee se seda

13
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TABLE 4 RESLT> OT ITATIC TCSTS or MAXIMS ALLOYS QM TTPE 204 AMO 310 ST AMA. CIS 
STEELS AMO mIcoMEL Nt soouu AT 1S00Fp FOR 100 h,

1
* Alley"

Cemeesme- (-• #)
Bese

M-t-iei

eight Cheng-

(e) (m)
au Mete-

Alley F-Il
73 -9 si-8 c,

304 ss 0.0 0.0 Me eweeh elemg •uiec• • bese filiet

Alley 5-13
M -3 P-o si

310 ss •41 •41 el niie*, ----re
-d «B fin--

Alley P-l
n m-w si-a san

310 ss -0.0002 -0.018 Ms eneek bIbb^ fillet egein 
erecka eecumed

Alley P-10
ve -16 si-s

310 ss -0.0004 -0.04 Me --ie el enerh h
lerg- erecke gh

-verel
, Nala,

Alley t«ll 
n M-1 *•

304 ss -0.0007 -0.068 S-lec- et hes- tillet he

Alley C-27
77 M.-W P-D c,

304 ss -0.0004 -0.034 Lesa Me a 0.5 mil el t—11 •ba-feee
-eida

Alley P-14
M -6 s-30 Mb

310 11 -0.0002 -0.022 I-i mrerie --fee • -im Ieg-
erecka • fali-r

Alley G-20
so -9 P-1I w

310 ss -0.0002 2-5-mi -ede- eneek eleng *he s-fee- 
et sh- •ez- sll-

Alley 5-10
M -10 Si C--
19 F.-3 M.

310 S5 0. 0.0 S-ba-lee• veida te • d-pth b4 l -il• 
al--a faler

Alley B-15
•• n-s P-a It

310 11 0.0 0.0

et Giliet

Alley B-11
so m-1I P-9 •«

304 11 •4 • 4 lAtirlats -eid• M • depth et 4 mila 
eleng fuler

310 ss -0.0012 —•*14
ef tune ndar

Aller L-
a -57 Mn-s C,

310 1* -0 0004 -0.043 Amech im he fer= el swimgers te • me--
-- d-eh el S -ils, me BI in llBBIBI

Alley A-M
77 -2 p

304 11 -0.0009 -0.15 Subaleee veida in b-es it I Bob te •
d-pt ef S -il.; enet eemfin-d —

Alley C-27
se u-10 p-2 C,

304 is 0.0006 Sbelec- -elda •e depth el 5 mila
Mi,P phes- hmd

Alley A-10
M M-1 P

304 is -0.0015 -0.141 6-mi eneek bIbb^ -mi- fillet •-fece; 
eneek im n,P phese

Alley -10
•1 -11 P_s Mb

imeenel -0.0014 -0.135 4 atil eneek 
--iee-

eleng niilet

Alley -10
71 -9 P-S F.-s C,

304 is -0.004 -0.067 IAikHbib mb

Mi,P phes- 4 Sui filiet sen-

• Bmsmg elley- listed im wtn el • sins IB BBB B B I BB reaimteee BB seds

**•eigh eheng dem fer kesing elley end hese meter iel el ieims. 1
14
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TABLE 46

Bratta* Alter*
--pe.iia- (-. m

Bese
Meter 1al <•* (•

hie M—«

Alter B-11
Bo M.-II P-9 V

imeenel 0.0010 -0.ov8 4 ail eat alia •-le- =*t=eh, •-b
-eida ae e d-p* el • mila

Alley M.10
na M.-W P-a Me

imeemi -0.0011 —0.107 • mile -

--im-
-eid• eleng sili-*

Aller A-
M -12 P

imeemi -0.0003 ~0.110 11- eeck eleae e--fec- al brese 
sat..

Aller l-»O
• I Mi-1| P-a Me

304 ss -0.0018 -0.340 It elt at 
duSlar

-uid- M> h-es-

Alley M-W
M M.-M P-a Me

304 M -0.0006 19 ml al t«A art tear -eid• i= hese 
fillet

Alter D-Il
79 n- 1o P-1I F.

304 ss -0.0006 23 -is al 
fillet

fec- -id im

"Bresimg elleya I1 aae 4 e» erder at deer-esimg at
-*Weighe eheng- de. let bresimg elley •md bese

TABLE S. BRAZING ALLoTS on IMICOMEL T-OmTs SEESAw TESTED IM SODIUM FOR 100 he 
AT A MOT-zowE TEMPERATuRE OF 1S00‘F

Bresing Aller* 
Cempesimon

"-igh Cheng

<•» (•)
*ie Himi

Cess Metela Mik 52 —0.0011 -0.073 Me enerk eleng ulece e hres= ilie*

Ceest Metela Me. 53 —0.0009 -0.071

dring Mieretres -4.0007 -0.051 Sut--fee• -eida te a depth • 1.5 -i• elemg
sui-e- el Mete fillet

Metele M». so -0.0012 -0.077 1-5-mi enetie --fece etteeh eleng nli-*

70 Mi-1J Ge-Il C-
6

—0.002 -0.19 le wee ■ fere eMeat elemg •-fee- el bes- fll-t ae e 4a aM 
el 2.5 eule

C—e» M-tela MP —0.0069 -0.672 2.5--il unile- enteck eleng effete - kese «alet

G el El-ewie Me. 01 —0.0018 -0.163 >■ tall a a Marte eufere eatea t eleng bes- fillet

Nieret 0.0 0.0 Very erretie v-r eat eat te e depth el 4 mila
eleng sulec- el hrese Met

65 -23 G--10 O -0.0019 -0.113 imtermin-n s-lete e teat* ae e 
eleng Maae fillet

Mr** e 4 mil•

my alter* lieted im at let e d ma a ear mat resieteme te •ed
-*W-igh eheng- let ■ fer brezimg elley- end bese >«el el ieim.

IS



TABLE «. REWLTS or STATIC TET> or maims ALLOTS On "A" MICKEL t.mxmt* w PLUORIDE 
MIxTunE MeF-ZF--UF. <n.» -el m at isodr Po# 10 h

0

B « Alley"
<•> (•)

M-telk Met-a

82 A--1s M« -0.0010 -0.036 Bees- Millet ked

«• P-= n -0.0018 -0.06 Me e-lece —i—A eleng — faliet

eD P-37 N-) v -0.027 Me A eleng el wese fillet

Bo -10 P-lC 0.0 0.0 Me —ms- Ml*

$o -25 Me-25 G- 0.0 0.0
A ■ ■—I -0.016 Me emteeb eleg nMle*

M A--20 C- 0.026 Me en wes- tliet *
75 N..» G•

Siliet

4 ■MW* elemg tes- Viliet

65 -25 G--10 C 0.0 0.0 S-ell -be-fee• -eida te • depth 0-5 —t 
elema bes- nlie•

Ce-a* A-tele te. 93 -0.0004 0.05 lem--e= emteck e 6 mila ele-s •* 
a

a el Eseemie Me. —0.0003 0.012 M er- enteck el 17 mil elems filet

35 -55 Mn-10 Cr -0.0111 0.-8 Ce-elet eneck el hwese fdiet

ao mu-so Mm -0.0159 0.59 Cemgle eneck el hwese filiet

68 *a-32 S- -0.0v98 ~3.49 Jeim setelly dissel-ed et fillet •ufece

• elleys If—< — —4— •• d $ e te R-mi-
""=eigh eheng- dete fer kesima emd b—« M—■» ■ •d jeimt-

)



TABLE 7. MAXIMO ALLOYS ON TYPES 204 AMO Ito STAMLESS STEEL AMO mcOMEL STATIC 
TESTED ma FLuoRE MaxTURE MO. aa MOO MO Or AT I MV' P

B
(-• •

tea
at--ial (•

dleg Met--

)

Alley O3T
P mu-1 P-2 C,

Alley *14 
n mu-n P

Alley -10
01 mu-II P-a m-

Alley A- 
M -12 P

Alley C-2
n mu- P-13 c,

Alley D-11
79 -10 r-t: F.

Alley A-10
M -12 P

Alley -20
00 M.-O P-II *

Alley -10
71 -9 -5 F.-s o

Alley -10
00 mu- 10 p-a Me

Alley M-1
M -10 p-a MM

Alley -10
01 m-1n P-a

Alley B-15
0® nu-s P-6 *4

Alley B-17 
m u-a p-)

Alley B-1l
00 mu-n P-9 W

Alley B-1
00 m-i P-9 s

Alley B-13
sa -3 P- si

Alley P-11
ma -10 si-au

Alley P-10
71 -16 si-a MM

XM ss

M U

4

304 U

304 M

210 $5

304 S5

24 »

Imeen-i

ime em-i

310 ss

310 S5

304 s3

JI® M

310 ss

210 $3

-B-sig elley- leted im erder et 4

0.0 0.

-0.000.

-0.0008

-0.0011

-0.0015

-0.0031

-0.0017

-0.0007

-0.036

-0.0016

-0.0016

-0.0033

-0.0006

-0.0018

-0.0042

-0.0026

g •<
ehe-g dete l- besing elley* end kaea

-0.042

-0.112

•0.180

-0.304

-0.30

-0.152

-0.153

-0.730

-0.1s4

-0.516

-0.082

-4.IM

-0.279

-0.01

e- resietenee ae 

eem> af ieimt

Me —nt -- --t-e- e •es- elie

Me -m-e* -- --t-c- e tree* Mtae

Me -n-e -- ---- at mea- ele

Me --ek -- --ler- al mes- Mtee

Me -t-e* e- --i-- - b-s- dili-t

Me enm* e- --fet- el mese

Me enteck •-fet- a4 "ali-t, *e--e 
ereet- --- m---- -m ille•

0.5-- •-eil •-be-tee- -eid• i- Oeaae 
iim

--e et 0.s -il am wh- fe- ed
--eil hA - --id-

0.5-- eteck eleng --tet- e tuiet

S-iee- W MMm

OS -
eh-a te • d-g-h el

0.5-- -mil-- •-fee- aMae* eleng 
(•tie*

0.5-- --let- enteeh elens sale*.
----el ereeha --- pr-• 
at..

B-es- talet
--

am m-

*ed • e e-pe a* 1 -il
-i m---

Fale* aarSaea
1 -l

h-d ae a SaeM al

1--i --ie- ewerh eleng e—ae udie*

1.5-- •-fee- =*=e* -i 
eeet. am Gii-r

-i

>■141 --ile- ----- enerk elena flies

Ml---d- m-t--

17



TABLE 7«
I

B-esima Alley" 
(- n

B-s

<•» (•
dlev Met-s

All.* toll
») -9 si-s Co

low ---I -0.0032 -0.52 6-mal enerk e- euet- •* *****

-lfe, $-10
$4 -10 $-la C--
1 F.-) m.

310 s3 -0.0030 1^?*** ****** • • *****
mil eleng *****

d-y* «i 7.5

All-y t-H

•7 -13 So
204 Ss ~0.0036 Brns- dillet ei i, emeched

Aley
M m-$7 m--$ O

310 ss ~0.0078 -0.74 C< WM— * • -m-- iliet

Alley P-l4
M m-6 si-30

310 SS -0.009 -1.06 -teek • -m-- l.liwo

g eller- Bamd a- rd- el A • «----- •e H-wid-

TASLE a. neazc ALLors on mcomEL T-3oMT3 Mt Saw TESTED M FLuomDE SALT MO* 44 
Fom NOOWATA wOr-zouE TEMPERATURE or IW P

to ■» IW^ Alley"

(e) (•)
dlep Met-•

100 C- -0.026 0.5-- e-tete emech elemg lollw*

L Aning n

Ce-at Metela M». so

70 ‘-13 G--11 C-- 
• si

Mm ■*>**«
Ceea «•*>*«. Me. 53

G a Eieemi Me. •!

4s 1-25 G.-WO

~0.0006

0.0008

0.001
—0.0011

■ J—l

-0.0011

-0.000•

-0.0019

-0.052

-0.063

-0.085

-0.067

-0.02

-0.030

-0.072

-0.067

-0.056

■0 elleya liet-d M> er-- deeeesim e

0.5--

0.5--

0.5--is -mile

der- e-lece emerk elemg Salet

de 4 ■W* elemg MI**

“eee emech eleng Billet

emumle-- enteck el 1.5 mila ***** ******* el kes- 
cim..

1.5-- --ie- sufece *11** 4 ***** hese flen

1.5--

vee emerh se •

l-- leeeliaed *1*1

• •* n-mid- -elv Me. 4*.

-peh m 4 -da •* •

w

)
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TABLE 0. RESULT OP STATIC TESTS OP BRAZIG ALLOTS M ***** MICKEL T-J01MTs IM 
soovuma MYDROXIDE AT ISOO AMO ISOO’F POO SOO he

« Alley* T-a

I

Cempe-i
(-. •)

82 A--18 M.

00 A--20C-

00 Pa-a nu

60 P-ao na

OO Pa-37 -3 Si

oo oo-xr no-3 Si

SOO C-

100 C-

70 -20 C-10 Si

"F)

ISOO

1100

ISOO

I SOO

ISOO

ISOO

ISOO

ISOO

ISOO

ISOO

tsoo

ISOO

<•» r*»
Metellegephie Mete-

-0.0040

-0.0007

-0.0106

-0.00so

-0.0015

-0.0007

•0 0071

-0.0008

-0.0118

-0 0011

-0.0054

-0.0012

-0.0024

"Bresing elley- liated im erder e deer-esing e

a

-0.02

-0.38

-0.049

-0.028

-0.083

-0.028

-0.038

-0.15

-0.047

+0.093

M»» a nil — •ulece emteck em breze te depth 
av1m

Umife- sufece etteck en emire brese •• • 

el 3 -il.

S-fce- eneet en bese •e - d-pth el 1 mil

S-lece el brese feirly eleem ewech in 

the fer- el -mell atingera runnin te • 

iwO «4 a mil.

S-lece e-eck te • d-pth el 0.5 mil

S-fece enech en brese te • depth et 

• -il.

Me eneck

Brese

en brese • afece

eked cemeletely. erg -eida
epeee meugh

Umife- sufee• ettech en brea- te • 

deph 3 -il.

Brese cemoletely enteched; entech

Ma brinsl• *i,P phese

B--s- eneck-d < — !■«> ly. etteck cemtered

Breae feiled

Breze eneched cempletely

resiatemee te sediu- hydreside.

10
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TABLE 10. OXIDATIOe RESISTANCE OF DRY-HYDROGEM-BRAZED IMCOMEL T-JOIMTS

O-idevion in Sretie Air**

Brozing Alley" A, 1s00°F A, 1700"F

92 Pa-a Al

Wali Colmonoy Hicrobroz

Wall Colmonoy lo- 
Mierobraz

Coos Metot • Me. 50

Cocst M-tal. Ne. SI

Coos Metaia Ne. 52

Coasr Metala Ho. 53 
f

Const Metais HP

General El-ewie Mo 81

65 -25 G--10 Cr

70 Ni-13 Ge-11 0-4 Si

*0 Pa-40 Ne

90 Ni-10 P

80 Ni-10 P-10 Cr

60 Pa-37 Ni-3 Si

•2 Au-18 N

75 Ni-25 Ge

90 Ni-25 Mo-25 G-
90 Au-10 Ce

90 1*9-10 G-

68 Ni-32 MO

64 Ag-33 Pd-3 Mn

39 Ni-55 Mn-10 Cr

80 Au-20 Cu

40 Ni-60 Mn

Copper

200 he soo hr 1300 he 200 h soo he

Very aligh Very alight Very aligh Slighe

Sligh Slight Sligh
Siight

5 light

Slight

Sight

Slight

Slight

Sligh*

Slighe

Slight

Verr elighr

Sligh

Sligh
Very siigh

Very light

Slight

Slight

Very alight

Very alighr

Slight

Se-er-

Moderat-

Complete

Complete

Sligh Sligh

Slighr Slighr Slighr 5ligh

Slight Slight

Slight Slighr Siight

Slight

Slight

Slight

Si ght

Slight

Slighr

Slight

Slight

Sleght

Slgh

Slight

Moderote

Severe

Severe

Comolete

Slighe Slight Sligh*

Slighe* Sligh* MAode

Sligh
Sligh
Slight

Moderot-

Slht

Moderate

Sligh
Slight

Slight

o*o

Severw
S-vere

Sever-

Complete

Slght

Slight

Very »ligh

Moderut-

Moderet-

Sigh

Above melving peint et

Above solidus of elley

Slight

Mede

Mederete

Mederate

Slighr

Complet•

Se--r-

Cemplete

Severe

Cemplete

Cemplet-

Complete

Mederet-

Se-er-

Severw

Cotiwo

"Alfoys ore liated im order of decreesimg oxidatiom resietence.
Very slight, less than 1 mil penewation; light, I to J mils of penewetion; moderete, 2 te 9 mila af penewetion 

wer», greuter than 9 mila «4 pew complete, filiet completely destreyed.

20
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TABLE 11. OxIDATNoN RESISTAMCE or DRY-MYDROGEM-BRAZED MICDMIL T-JOMTS AT ISoo"F

Bresing Alley*
---- 
i Stetie Ay

O-idenen MM h**

*ih 190 Aw C-ei, •e
Ree- Tm ■»w

2 A--18 N. Very alighr Hiigh

Ver, •lighe Sigh*

•all Cel~eney nierebres Sligh*

•ell Cel Hiigh Siigh

Hiigh Siigh

Cens M-tela Me. 53 Slighe Siigh

Cees M-tei. MP

G-n-rel El-ewie Me. 01 Slgh Slighr

75 -25 Ge Siigh* Slighe

65 -25 G--10 Cr Sieghe Sligh

70 -13 G--11 Cr-6 v Si-ghe Sugt

M -75 Me-25 G- Sligh

K ru-10 P-10 o Slight

- 60 Pa-37 -3 5 Slighe

Very etigt MAoderete

Ceost M-teis Me. 51 Siight Med

Cena M-tel. Me. 52 Slighr Mederet-

90 H.-W P Slight Me

90 Pa-10 G- Slighe S----

Mederet- S---r-

TS -55 Mn-10 Cr S--e- S---r-

64 Ag-33 Pd-3 Mn S---- Wow*

Cepper C C

AO -60 Mn Cemplete Compl-t-

Cemolet-

"Alleys ore liated in order of decreesing e-idetien r-siatence.
"*Very aligt, les then I mil 

severe, geater then 5 mils e p-
mewevion; alighe, l te i fi• et penewetien 
evion, e omplet-, filier completely deswoyed.

A ,215 mila ef p-newen en,
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TASLE IX Oxarou HESITAMCE om DRY-MYDROCEM-BRAZED MCOMEL T-JOITS AT 1700‘F

O.idetien Mi $00 h**

Mt Cel

« Alley"

Mieretren

Ce-- M-tel- Me 51

Ml Cel y le---eing meretes

Ce-a M-tela Me $o

le Stne Ai

Siighe

Sligh

Sligh

Siigt

"ith 220 Ceels *e
••ee

Sligh

Siighe

d-

Sligh -

92 Pa-8 Al Sligh Mede

Ce-a M-tel- Me. 51 Sligh

Ce-a M-t-ia Me. 52 Siigh

Ceeat M-tel, MM Med

el Ei-wi Me 41 Mederet- Med-

Mil «■

G

73 1-25 G-

65 -25 G--10 Cr Mm —

so -75 Me-25 G- A

82 Au-18 M«

Mederet-

Med

S----

90 P4-10 Ge Cempi Cemplet-

M -12 Sm Cempl Cempiet-

33 Pa- Me Cempl

40 M»-40 Me Cemplete Cemplete

M M.-M Mn-10 C• C Cemelet-

M A--20 Ce i-t- ComeleteC . ]
40 M»-40 Me c Complete

Cepoer Cemplere Compi

•Allee* mre lieted re enter el decreesing e-idehen "esinteme--
••»er „ligh, l--s when I mil p-n-terieng aligh, 1te 1 mil- el penetretien - 

yee*er then S mil* el penewetiong cemolet-, fillet cempietely desteyed.
, 2 «e 5 mil el penewewen, ■

*
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TABLE 12 OxIDATNN RESISTANCE or MCOEL T-JOmTs DRY-YDROGEM-BRAZED wivw wm or TME 
ALLOYS DEVELOPED OY WALL COLmOMOYr CORPORATIOM UMDER WRIGMT AM DEVELoPMEMT

CEMTER MATERMLS LABORATORY COMTRACT MO. AF 93(816)2287

Allev (-t *)
O-idetiem*

M -12 P
Bo -11 P-9 S

M -10 P-4 Me

Sterie Air 
csoo tel

Hligh

Slighe

Slighe

Cyelie Testng -ih 190 Ai Ceel•
te Ree- T<
• •m --------

(500 ti
Seetie Ai 
(1300 *)

th

Sligh

Sighe

Med-

• 1 -11 P-8 Mn *
T,oe 304 S$ Bese ll

77 -10 P-13 C. Sfigh sghe Sgh

771-2 Slighe Med

88 Mi- 10 P-2 o Slight Highe 4-

71 N.^ P-15 F•-5 Cr Siigh Siigh S----

79 -10 P-?: F. Slight Med-rev S----

"V-y aligh, iess vhen l mil pem-werien, alight, I Ml 2 mila el penewenen mederet-, 3 Ml 5 mi e 
evere, geeter when 5 mil el penetretion eemplet-, fillev eempletely deswey-d.

-ten.
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EVALUTION OF ALLOYS

soDIuM-TO-AlR SERVICE

>« is highly desiroble thot brozing olloys for use
in high-te 
c ewe et ills 
h»p< tenee

perature sodiu oir opplications be
with liquid rsdiww os welt os with 
iture er. This «• । me er* ent since

extensive tube wall dilution ond diffusion, during 
brazing ond service, or comosion throvgh an oreo 
of shallo- -eld penetratien during service moy

im • high ce ion of brazing elloy
constituents in immediote centect -ith the liquid 
ne tel. An enomple of the anock of sodium on 
precious metol alloys con be seen in Fig- 12, e 
photomicrograph el e T-joine leered vith 60 Pd- 
37 Ni-3 Si end tested for 100 hr e* 1500/F. The
*0 Mn-40 Ni alloy is ely gttacked by high-

An anolysis of the previous tobles indicotes thot 
the following olloys moy toe seriously considered 
for use to rodiator fobricotion.

Coast Metels No. 52, 
Coost Metols No. 53.
Lo--melting Nicrobraz, 
General Electric Ne. 01.
80 Ni-10 0-10 P.
Coost Metels Ne. 50. ond 
Nicrobrot.

It is recognized thos other alloy systems may elee 
toe entirely satisfoctory, toe*, since testing hos 
net been completed, they are not e»e rented at this 
time.

»e...y nstwe oir, ond • brozed T-joint ofter 500 hr 
at 1500°F is shown in Fig. 13.

The Coost Metals No. 52 alloy is of intense
intesest becouse its fio- temp ot 1020°C

F pen

I

v
•T

6 i

•4 ■
Fig- 12. Photomicrograph of • T-Joint Brezed with the 40 Pd-37 Mi—3 Si Alley After Static Testing 

for 100 hr at 1500°F in Sodium. Note the extensive attock in the breze fillet. Etchant: glyceric regic. 
I sox. 1
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Ph crogroph of o T-Joint Brazed with 60 Mn-40 Mi After Testing Mt Stotic An for 500 he
at 1500°F. Note the poor oxidation resistance of this olloy. Unetched. 100X.

is sufliciently low to permit its use on rodiators 
utilizing stainless-steel-clod-copper high-conduc- 
tivity fins. A brozing tempo rotyre higher then the 
melting point of copper is required for mony of the 
other alloys; therefore, their applicotion is limited 
to rodiators incorporoting fins of more conventionol 
composition. The excellent resistonce of this 

olloy to attock in sodium ond oxidation is shown 
in Fig. 14, which is a photomicrogroph of brozed 
T-joints after testing in these medio at 1500°F . 
Coast Motois No. 53, Coost Metols No. 50, low. 
molting Nicrobra-, ond Nicrobroz ere other boron- 
containing olloys possessing good compatibility 

in both environments.
Alloys of the Ni-Cr-Si typo, such as Generol 

Electric No. 81 alloy, also hove sufficient car-

rosion and oxidotion resistonce at 1500"F to permit 
their use in these opolications. Photom icrogrophs 
of a Mo. 81 braze which wos tested in sodium ond 
air are presented in Fig. 15.

Th* 80 N«—10 0-10 P .olloy also possessed 
foir resistance to attack, os is shown in Tobles 3 
and 10. However, experiments to dote hove shown 
that phosphorus-contoining olloys moy be subject 

. to unde sivable brittleness coused by the formation 
of comples intermediote phoses. This condition, 
which is shown in Fig. 16, is evident in the olloy 
28 Ni-12 P. The propagation of crocks through 
the brinle Ni P phose further snown in Fig. 17, 

a photomicrogroph of the olloy e» higher mognifi- 
cation.

I

25



EimAH-4mdV, I

aa . a

r-

a--, . H^o • F
■. ee c—eg-r" " -e e‘". 

■ - W *

— "" 299
oy

Fig. 14. Photomicrogrephs of T-Joints Brezed with Cooat Mota I a Mo. 52 After Exposuve ot 1500°F 
to (a) Sodlum for 100 he and (M Air for 500 hr. Noto good resistonce in both testing media. Etchant: 
(a) oxalc oc.d, (6) •• polished. 100 X. Reduced 19".
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Fig. is.

*
Photomicrograph, of T-Joints Bvezed with General Electric Ha. 81 After Being Exposed

at 1500°F ta (a) Sodium for 100 hr and (M Air for 500 hr.

(a). Both os polished. I50X and IOOX. respectively. Reduced 20.
Nete the slight attack along the surfoce of
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Fig- 16. Photomicrogroph ef en Inconel T-Joint Brezed mish SB Mi—12 P in she As-Brezed Cendition.
Note the crocks -hich are present in the braze fiilet. Etchant: oxolic ocid. 150. Reduced 10".
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Fig. 17. Photomicrograph of the Brozing Allay 88 Mi —12 P at High Mognificotion. Hote the crocka 
which occurred m the brittle Ni,P phose. Etchent: oxalic ocid. 1000X. Reduced 10".
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PUSED-F LUOR I© E-TO-ODIUM 
MEAT EXCMAMGERS

The desirobility of bock-brozimg taba la ha a <a* 

joints Mt fused-fluoride-to-sodium heat ezchongers 
is evident. Not only «• the "noteh effect" elimi- 

nored, but the chonces fo leoks resulting from 

corosiom through eos of shollo- -eld pawawattaa 
ore mimimized. The olloy must therefere paataa* 

good compotitility -ith the flueride bath ond

ever, the choroc teristics of this oiloy. os discussed
in the secton titled "‘Sodi At* Rodiotor," may
moke ©**• olloy undesiroble for this opplicotion.

Lo--melting Micvobres ond Coost Metols No. $2.
hath baraa c< 
both the nod

G. ed sotisfoctory in

grophs of the lo--melting Nicroba •Iley “10,

d
inside the smoll-d

compotibility -ith the circulating

tubes.

An onolysis el the previous tobles indicetes thet 
the folle-ing olloys moy he comsidered for use in 
mhis heot eschenger opplicotion:

eo-l0P-10C,
Lo--meiring Nicrobeuz, 
Coost Metals No. 52, 
Coost Metols No. S3, 
Coast Metols No. SO, 
$ 4 cr obeen
70 -‘G-- c,-6 s,, 
Coost Metals MP. and 
so N-25 Ge-25Mo.

corrosion testing ore sho-n Mt Fig. 18. Similo
>A*taa»«<*w graph* fon Coost Metols No. 52 ore
sho-n in Fig. 18. Coost Metals No. 53. Coast 

Metols Ma. SO, ond Nicrobraz, -hich ore olso 

borc-beoring. eshibited a slighrly greoter degree 

ot anoc h ,

Since lu- nucleor cross-sectiom ■II—•»!•!• ore 

of — Mt* imterest in the conswuction of these units, 
the TO N-13 Ge- II Cr-6 Si brazing alloy shold 

be seriously censidered. The feir corrosion re- 
xthaca ol this alloy to both test medie is illus- 
»*—rf byFig. 20.

Precious 
considered

etol brozing alloys should not be
for this opplication since

compatibility with sodium has been A
their in- 

natrated

The 80 Ni-10 P-10 Cr alloy showed good co- 
rosion resistonce to both corrosive liquids. Ho--

However, the fluoride corrosion tests on these 
materials wf jusufied, since there ore severol 
instances -here fluoide-to-helium ond fluoride-

to-oir test rigs hove been built ond

f ’ \
.. » L 1

/
MI PArE

m-I n auw

F

V
]

N1 PLATE

4
-

1k a.
""2 1

(e)•g—

e- . -- — ..

• q
.c.omer-s gd;2-c4-R3

r - • l_ 3

Fig. 18. Photomicrogrephs of T-Joimts Brezed with Low-Melting Nicrobrez AH** Exposure at 1500 F to 
(a) Sodium and (b) Fused Salt for 100 hr. Note the slight antack in (a). Etchant: oxalic acid. 150X. 
Reduced 18%. (
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M Sodium end (b) Fused Selt fer WO hr. Only slight anock con be seen. Unetch
peosure « 1500F te

. nx Reduced 19,

U -K1*0--0
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(e)

Ph icrogrephs of T-Joimts Brezed with 70 Mi-13 Ge-11 0-4 Si After Ewpesure ev 1500 F 
te (e) Sodium end (4) Fwsed Solt for NO tar. Note the sligit attack olong the uurfeces ol both photomicre- 
gophs. Etchant: oxalic ocid. 150X. Reduced 19.5%.
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f
soorum rDROKiE SERvIcE

As fused sodium hydrenide is being ewtensively
A

• limited investigetion -es comducted to obtain 
dota concerming mhe comosion resistunce al bezing 
altar a in imtimote contoct -ith molten" NeO. 

That* tests sees ta indicote thot, ol the olloys 
imvestigated et 1S00"F. only the yaMaxA trozimg

and sodium-ydromide corosion tests -hen "A" 
mickel -os used os the beat moteriol. These 

voids —a mot considered te ba ceused by the 
otock a* the testimg medio, but itlwii by the 
imerdiffusiom bet-een the beezing altar end the 
baa a a—1. A nickel T-joime tozed 00 Pd-

V Mi-3 S end mhen sed te the fluoride mim-

olloys hove ed
ever, at 1100"F "ee ether benzes, 60 Pd-40 Mi 
00 -37 M-3 S, and copper, emhibited mederan

ture HoF-ZF.-Fa (53-5-40-6.5 "le ") fen 100 he 
ev iwr is she-n in Fig. 22. Mony voids com 

be seen elong mhe imderloce, ond the surfoce at

wporibility. Ph hsefe mickel T-joint
brezed -ith 82 Au-18 N ond tested at 1100 end 
1S0D"F we she-n Ml Fig. 21.

the fillet oppeus to be free a* attack, 

in eder te verify the possibility ol dffusion

AM -b
attack at 100 hr tests at both to.. .... es. Al
thovgh only t-e elloys ore listed in Teble 9,

cenck
imvestigations heve indiceted thet this 

» mey ba bant.

DiPUSOM VOID romaATow
Severol el the brazed T-joimts, especielly those

■Ale* included copper, qold, pollodium, or silicom

•s 
ah

em elleyng ele

the bose meteriol ond she eze MU*. This phe-

J

b mhe bse moterio? and mhe bezing elley.
■Ata • ted in he some

the tested Tiaatt, ploced in en
evocuoted cepsule, end heeted et 1500"F W 100 

h. F igue 23 she-s the resuits ol this heot teet- 
ment om the some brozing —ar at (60 Ni-
2 Si) as shor ysed ba* mhe engerimem descsibed

in the preceding 

fige, veids mre
goph. As im the prewious 
ent ot mhe imterfece ba* —am

the beta moteriol omd the braze fillet. Thus the 

la— en ef mhe voids epomors te be wirtuelly in-
dependent at the enwier emd Anai a lata met •
result el ettock by mhe test img medium.

grophs el Nickel T-Jeimts Oraaad -ith 82 Au-18 Mi After Ewp te MeOM fee
MO he et (e) IICO’F end (M 1500"F. Note the surfoce nock olong Ox fillet in (b). Ewhont: 
KCN-0Nt.,5,0,- 150X, Reduced 9.5.
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Fi,. z. Phetemicsegrcph et • Mickel T-Jeima Brezed -ith 60 Mi-3Si After Exposuve ve he F *• 
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As -ould be expected, temperoture hes a pro- 
nounced eftect upon void formation. Fige 24 
sho-s the brozing olloy 60 PA-37 Na—3 Si after 
being e-posed to sodim hydroxide for 100 hr at
1100 and 1500"F. The 1100PF ph ucrogroph

the absence of the interfociol voids, -hile
the 1500"F ph

(
icrogreph indicotes their pres-

ence. This situation is thought to be coused by 
the lurge difference in diffusion rates •» these 
rwo temperotures.

EFM4a A
a *4 mm"

E i •
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%
MA *

J
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e"
» " •77 T"“. e

1. 24. icregrepha ef Mickel T-Jeimta Brezed -ith the Alley 60 R-37 Mi-3 SiAf
NeOH fer 100 he et (•) JWF end (H 1500"F.
At polished. 100x. Reduced 20.5%.

Expesure te
Nete the attack ond presence of interfocial voids in (•).

32 E
mme mw’"



SECRET
CONCLUSIONS

As a result of this investigation the following 
conclusions con be obtoined:

1. Hr* y of the bruzing olloys -hich -ere in- 
vestigoted were heghly promising for sodium-to-air 
rodietor service. Alloy ay stems of Ni-Si-B, Ni-C,- 
Si-B, on Ni-Cr-Si -ere especially towrobla. 
Precious-metol alley* were. in general, severely 
attacked by sodium, at were many of the silicon­

Alloys c onteimim.
free. phosphorus bearing alley*.

gonese, ’m, or copper ex-
hibited poor resistonce to ozidotion at 1500"F. 
In most coses, oxidotion was more pronounced 
er 1700"F.

2. For lv*ed Hirer id* t* *sl-m heat exchonger 
service, the alley systems Ni-C-P. Ni-C,-Si-B, 
Ni-5i-B, and Ni-Ge-Cr-Si sho- promising corosion 
resistonce. Although the Ni-Cr-Si alley (General 
Electric No 01) -os compatible -ith sodium, it 
was severely otacked by rhe iluoride both. The 
binary alloy 88 Hr— 12 P (alley A. 10) was incom- 

potible -ith sodium, but possessed goodresistonce 
to fiuoride otock. Teats *oen. to indicate whot 
complex alloy systems c onteining vorying per- 
centoges ot silicon and phosphous e* mino tee 
stituenta moy be compotible with both sodium and 
the fused salts, whereat the binary alley* exhibited 
compotibility with only one of these testing medio.

3. The only brer inf alloy* found to be com- 
potibie with fused sodium hydroside were peciou-- 
metal alley* such o* *2 Au-1* Ni.

4. In evalugting the corosion and the oxidotion 
resistonces el a brezeg alloy for a specific opoli- 
cation, emphosis -us ploced an rhe seeso-- 
corrosion and cyclic-omidotion studies, since these
tests mmore meorly simlate the expected ating
conditions thon de the static tests. ir must be

bered, hove
is

. thot betor• e brezing olloy 
selected tor a given eperetion it should be

tested further under the conditions -hich -ouid 
closely simulate service condinions.

FUTURE STUDIES

A contanuat on of testing ee mony a* mhe alloys 

listed in this rower <• now under way to further 
evoluate thei suitobility for reoctor component 
fobricetiom. The alley* -hich here oppewed te 

be the most promising ter sodium ond fluoide 

service are now being tested in Inconel rhermal- 

comvection Ie see. These Imconel loops are con- 
structed -ith braced *lee«e tornts im mheir hot 
•action* ond operate -ith on oppromimete M el 
400*F.

)

How beozing alloy* ore continvally being de- 
«el eped end their corosion and oxidetiom resist- 
once must be evol voted in much the *a—a manner 
a* wore the alloy* listed in this report. The use 
of lithium e* e ceel—t has been meg-sed in some 
reactor designs, and the compotibilat, of buzing 
alleys -ith this medium mat else be studied. 
Since peliminory studies indicote the* mickel -bose 
and proc nor* oaeel bate alleys are hear «ly anteched 
by mhis material, now brozing alley syste-s any** 
be investigated.
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