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MANUF ACTURING RESEARCH

BRAZING ALLCYS, HIGH TEMPERATURE OFERATING, DEVELOFMENT OF

INTRCLUCTION::

Vith the higher operating temperatures that will be encountered
in future aircraft, the requirements for strength and oxidation
reslistance at temperature wlili eliminate the use of the silver-
base brazing alloys in sandwich panel congtruction. t will Ye
nezecsary to select ocruzing allcys that wiil be compatible with
the baze metals selected for use at the desired zervice tem-

peratures.
This program was 2onducted to determine what brazing alloys have
the dssiribl@ brazang cnaracteristics with base metals for use

at service temperatures ranging from 1000 to 1600 F. As all the
hase me,cl memopers used in the constrastlon of sandwlicn panels
will be I %thin gage maverisl, ths reacticns that vtake place
between tre bruzing alloy and the Lage meSal will te of prime
Importanie,

SUMMALY ¢

Freliminary experiments wers zonducted to determine the general
flow, wzitsing, and [illet forming characferistics of 270 braziag
alloyv sn 21X basc-mebil 21y, wWith core sectlon. -2 17-7 TH
chrinless stecl ana M 222 41loy.  A7ALzionai hestos wore onne

dizbed s wnoLe buos LtL,leJ¢Zi”3 alioy 2owminwkisns el
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Base Metal Brgzing Alloy

Inzonel 700 Coast 4271%
Mo252 J 8205
24Pd4, 56.2Mi, 9.8Cr, 10Si
GE 1610 J 8205
J &101
J 100
Solabraz IX1
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MANUFACTURING RESEARCH

BRAZING ALLOYS, HICH TEMPERATURE OPERATING, DEVELOPMENT OF

OBJECT:

The object of this investigation was to study the brazing
characteristics of some structural alloys, known to pocsess nlgh
strength at elevated temperature, when Jolned with various brazing
compositions. A mzin purpnse was to determine the value of bhrazing
alloys recommended for service at nigh temperatures. DBased on

the results obtalned, tne ultimate cbjective was to select those
brazing alloy-base metal comblnations which appeared to be the

most promising for use in sandwich panel construction.

DESCRIFTION OF SPECIMENS:

Six base-metal alloys were selected for use in this investigation,
They were: 422 M, FH 15-7 Mo, Udimet 500, Inconel (00, M 252,

and GE 1610 (Rene 41). Typical analyses of these zlloys are
given in Table I,

™wenty brazing alloys were investigated. Two were: Vacuum-melfed
nickel-manganese and 047 3ilver, 33% palladium, 3% manganese,
both of wnicn were furnisned a3 foll, 0.002" thick. OJixteen of
the brazing alloys were obtalned in powder form., They were:
Coast 52, -9, 4071“, and 132E; Solabraz H, IX1 and 1iX1l; General
Electric J ©l00, J ¢101, J olo_ J 6205, J 5300, and J ¢400;
249 palladiwn, 36.-% nicxel, 9 bp conromivm, and 10% silicon;
and 60% pallad um and 407 nickel. Two nickel-base allwys were
obtatned in foll for: made by impregnating the brazing alloy
powder wi4rn oun organiec blnder. These were: Nlceobrsz S0 and
an unidentifisd Ccact alloy.

determine Ae comparative wetting, flow,and fillet
forming ab ty ¢l the rrazing alloys were made by wirlag a
section of 17-7 PH stainless steel honeyconmh core to o 1" x 2"
plece of one Jf tihe haze mebtals, to form a tee as shown in Flgure
1. When [{oll of I Zv2 Was cubsequently obtained; tnils sceries of
experiments was repezated, using honeycoub core specimens nade

in the laboratory from the M 252 foll,

Speclmens ©
i

Small tee speclnens, as shown in Flpurse 2, were brazed for
metallographic examination and oxidatlion-resistance tusts,
Specimens for salt-upray exposure tests were made by brazing a
measured quantity of brazing allioy onto 1" x 2" coupons of the
base metals. Specimens for shear-strengtn determinatlons were
made as shown in Filgure 3. Due to difficulties encountored in
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machining the brazed specimens to conform to the tentatlve
standard of the Americun Weldlng Soclety, as shown in Figure 4,
the specimens werc wet ground to the configuration shown in
Figure 5.

PRCCEDURE:

The six base metals were selected on the basls of thelir avall-
abllity, hign temperature strength, ductility in the annealed
condition, and resistuncc to oxldatlon and corrosicn Several
¢f these 2lloys nad a light surfacze scale when ”eceived and
were cleaned by vapor blasting.

All tre specimens were brazed In s tightly covered retort in a
=160 ¥ dry bulb ar;on abtmosphere. Drazlng wac performed in an
electrically hecated furnace. Tne temperature was controlled by
attaching a thermocouple to a specimen 1in each retcrt. Brazing
cycles of 10 minutes at temperature were run simulating a
precticable production brazing cyzle.

Tee speclirmens, conslizting of a plece of base metal and 17-7 PH
stainless steel honeycomb core, were wired together, as shown in
Figure 1. A measured quantlty of brazing alloy was placed in

one end cell, the same volumetric quantity belng used for all

the powde ed alloys. The foll allnys were welghed to obtaln

the same apr.oximate quanti*" of ~razing alloy as was used with

the p*wd red alloys. The distance flowed at the interfaces cf

the core and the bace netal gave an iIndication of the flow-

ablility cf the brazing z2lloys. The specimens also gave an
indlcation of the comparative weitbing and fillet fcrming character-
levizs.,  Oubseguently, = swries of brozenents was made witn all

the base-metzl allovg, except 22 M, using h01uycomb-core

sectli-ns made Iin the labors tory from 4 252 fcll., Because of

e puor webting and flow chnaraciteristics snown by the brazing l
alleye on 2ll the bass metals except 422 M, a sodlum tetra- [
borate flux was employe:d In the serles using the M 252 honey-~
comb-core matsrial.

X

)L-(.a(

Small tee spccimens were bhrazed, consisting of two pleces of the
base metals wilred tozether x5 shown in Flgure 2. These gave an
indicaticen of the brazinn gualities of the brazing alloys. The
brazed specimens, which appeared satisfactory, were cut in two;
one-halt was used for meballographic examination and the other
half was subJected to a 1l0C-hour oxidatlon-exposure test at
elevated temperature. The nickel-base alloy specimens were
exposed In a furnace at 1250 F, and the iron-base alloys were
expoased In a furnace at 100G F, The cspecimens subjected to
oxldation were examined both visually and metallographically
for indications of oxidation,
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Corrosion speclmens were prepared by brazing a small spot of
brazing alloy on the respective base metals. These were sub-
Jected to a 250-hour salt-spray exposure and examined for
evlidence of corrosion.

Specimens for shear-strength determinations were prepared with
a gap of 0.0015". Reportedly, a near-zero gap gives the best
ductility when brazing wilth the nickel-base brazing alloys.
However, tc permit flow intn the Jjolnts, a gap of 0.0015" was
selected. The specimens were made by clampling the two pleces
in place while separated by a shim, tack welding together, re-
movin: the shim, and brazing. Machining difficulties, due to
the work-hardening characterlistlcs of the base metals, caused
breakage of many of the brazed specimens. Thls breakage was
reduced by grinding the slots with a wet abrasive wheel to the
configuration shown in Figure 5.

All the lap-shear specimens were tested in a 5,000 1lb. Baldwin
universal testing machine. The specimens were tested by loading
the brazed area at the rate of 6960 psi per minute.

RESULTS:

Tables II through VII give the brazzing characteristics of the
six base metals when brazed with 18 of the high-temperature
brazing alloys. Acceptable brazes could not be obtained with
the two alloys Impregnated with an organic bincer, viz., Nicro-
braz 50 and the unidentifled Coast alloy. Also, shown in the
Tables, are the gencrally improved brazing characteristics re-
sulting from the uss of a sodium %tetraborate flux. The Tzables
also glve the results of the 250-hour salt-spray corrosion
tests, metzllcgraphlic observations, and the resulfs of attempts
to braze the lap-shear specimens. It was found that all the
brazing alloys which would braze wlth the base metals exhlbifed
as good or better oxidation resistance than the base metals at
the exposure temperatures involved. These were 1250 F for
Udimet 500, Inconel 700, M 252, and GE 1610, and 1000 F for

422 M and PH 15-7 Mo.

Tablez VIII through X give the shear-strength values of the
most promising brazing alloys selected for each of the six
base metals.

Figures 6 through 9 are photomicrographs of the Joints made with
brazing alloys which gave the best results. Figures 10 through
12 show three which ylelded poor results, but metallographically
appear gocd. These should be further investigated with different
brazing techniques.

UTILITY REPORT SHEET Depertment 6
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pISCUSSION;

The metals under consideration for use in the temperature range
1000 to 1600 F fall in the following groups:

The 1roni-base martensitic alloys, containing chromium as the
chief alloying addition in quantitles to approximately 15%,
have useful strength values to about 1000 F. Representative
are U422M, Vascojet 1000, Greek Ascoloy, and 15-7 Mo.

The nickel-tase alloys, alloyed chlefly with chromium to
approximately 25% have cutstanding strength values to as high

as 1600 F., The superior strength values exhibited by some
members of thia group of alloys in the 1500 to 1600 F range 1is
attributed to the presence of a gamma prime phase, Nizx (Al, Ti),
in addivion to a solid-solution strenghtener with a 10w diffusion
rate, such as molybdenum or tungsten. Representative of the
group are GE 1610 [Rene 41), M 252, Udimet 500, Inconel 700 and
R 235, The cobalit~base alloys, wlth nickel and chromium as the
. chilef alloyirng additions, have been 3uperseded in favor by the
nlckel-base allioys dve to the lack of an effectlive precipltation
hardening system.

Judiclous alloy additions and vacuum melting have extended the
useful temperature range for some alloys In the above groups
by as much as 100 F.

The primary effort of this investigatlion was directed toward -
the brazing quallties of the nickel-base parent alloys. Those
selected were GE 1iA1C, M 252, Udime%t 500, and Inconel 70O,

Scme work wa: al-sn done on 422 M, of the lron-base martensitic
group, and PH 15-7 Mo, a new precipltation hardening stainless
steel having improved creep and stress rupture characteristics
over the 17-7 PH stair.less steel now in use., Typical com-

positions of the six alloys investigated are given in Table I.

Twenty brazing allcys were selected for use in this investi-
gation, chiefly upon the recommendations of the various brazing
alloy manufacturers. With the exception of three palladium-
base alloys, these were all nickel-base alloys having brazing
temperatures in the 1800 tc 2275 F range. The nickel-base
brazing alloys contain various combinations of chromium, man-
ganese, slilicon, boron, iron, or molybdenum. The purpose of

UTILITY REPORT SHEET Depertment ¢
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these additions is to lower the melting point of the nickel,
improve oxidation resistance, and lessen the tendency to
solution attack on the base metal. All but one of the nickel-
base brazing alloys were in the form of a fine powder. These
cannot be obtained as foll.

It was observed that many of the brazed Jjoints were quite brittle.
In the extreme cases, this condition precluded testing for
strength., Metallographic examination revesled two causes of
brittleness, other than the brazing alloy 1tself. Some speci-
mens apreared clean but exhibited cracks in the brazing alloy.
These were attributed in some cases to brittle lntermetallics
formed with the base metal during brazing. Other specimens
contalned excessive inclusions within the brazing alloy. These
usually zppeared a3 z2n almost continuous line in the braze
metal next to the parent metal. Varlations in shear strengin
and in brittle behavior found in some of the brazing 2liovs
were probably due to this cause. Further work may c¢limin:fto
the low strength Jjoints caused by the inclusions.

It was found that, unlike the silver-base brazing alloys, o2
nickel=-base and palladium-base brazing alloys attack tnc bace
metals to varying degrzes at the brszing temperature. <nc
degree of attack depends upon both the temperature reached

above the melting point of the brazing 2lloy znd the time tr.:;
the bhase metal 1s in contact with the molten brazing zlloy.

For this reason, the brazing operations were conducted on =
comparative basis. A brazing cycle of 10 minutes at tae brasin-
temperature was maintained for alil the zlloys, simulating =
practical production brazing cysle.

The screening tests performed by brazing the base mebzls with
the varicus brazing alloys eliminated a majority of the latt.r
from further consideration. Thils was due chiefly to cither
poor quallty of braze, poor salt-spray corrcslion resisvance,
or exccasive solution attack of the base metals.

The iron-base 12% chromium alloy, 422 M, brazed better with tne
high-temperature brazing alloys than the other base metals.
Wetting was generally goosd without flux. Brazing was ditrficuls
with the four nickel-base parent alloys, all of which contalned
conslderable aluminum and titanium. The use of a miid flux,
sodium tetraborate, improved the wetting characteristics of 4nc
brazing alloys on this group of metals, Of the alloys tusted,
Udimet 500 and Inconel 700 zppear to be the most difficult to
braze. These alloys form a dark tenaclous surface film, ¢ven
when brazed in the presence of the other alloys which had z
bright metallic surface aftcr brazing.

UTILITY REPORT SHEET Depertment 6
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The iron-base martensitic alloy, 422 M, was found to give the
best results when brazed with the Coast alloy 4271E, having
shear strengths of from 59,530 to 72,980 psi. This base alloy
was susceptible to crevice corrosion when brazed with many of
the hligh-temperature brazing alloys.

No high temperature brazing alloy was found that satisfactorily
brazed PH 15-7 Mo stalnless steel. The brazing characteristics
were elther poor or the Joint was susceptlible to crevice
cerrosion. '

The nickel-base allcy, Inconel 700, brazed best with Coast
4271E and the sodium tetraborate flux, glving shear strengths
of up to 57,410 psi. Udimet 500 brazed best witn Solabraz IX1
and the sodium tetraborate flux, with shear strengths of up to
52,380 psi. High-temperature brazed joints on both metals
appear to be generally poor because of 1lncluslons. Better
techniques may Iimprove the brazing characteristics of both
metals. M 252 and GE 1610 brazed best with the General Electric
alloy J 8205 and the sodium tetraborate flux. Shear strengih
values of 50,530 psl were cvtained on the M 252 and 43,930 psi
on the 3E 1019.

The phot~smicrographs, Figures 6 through 9, show the Jjolnts ob-
tained when the fcur nicksl-base metals Were brazed wilth the
brazing allcys which gave tne best results.

Flgure 12 shows 422 M brazed with the Nlcrobraz 50 organic
bonded foll,  Altrnougn po-r braze results were cbtained, the
metzllograpnic zxaminstion led tu the boelief that wlthout the
oroandic biider, Nicrobraz 20 may glve good mesulbts un the
nickel=baze alloys.

M 252 brazsd with a 24% palladium, 4,27

Fleure 11 shows §

nlckel, 23.0% chrome and 1% cilicon brazing alloy. The braze,
With a unear ctrengtn of 29,700 psi, 3nows much less ashack
on the base metzl than tne strongee brazing alloys, and should

be in2ludcd 1n any future Investigatlioas.

Flgure 12 snows GX 1010 orazed with J &10C, The latter alloy
did wzt bpruze well and gave a low ssrength value, but tne
metallograpnlc appearance suggests that further invescigation
with modified brazing techinlques ils warranted.

Metal: naving good strength properties in the temperature range
of 100D T %o 1n00 F are difficult to braze with tne nigh melblag
poin® nickel-base and palladium-dbane brazing allcys witnous 2
flux.

UTILITY REPORT SHEET Depertment ¢
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The nickel-base parent metals which showed the best strength
values at hign temperatures contain titanium and aluminum in
amounts to 3% of eacn. Tne oxides fcrmed by tnese additions
are very difficult to remove and interfere with wetting. When
brazed with a sodium tetraborate lw:, some of the brazing
alloy-base metal combinations exhlblted very good room-tem-
perature shear strength, along with other propertles favorable
to the production of bruazed structures.

In general, the nickel-base brazing alloys glve better results
than the palladlum-base allcys. The chlef drawbacks to the

use of most of the nickel-base brazing alloys was thelr powdered
condition, the brittle nature of the brazed Jjolnts, and the
tendency to dissolve and penetrate “he parent metals. Some

of these dlsadvantages will provably be lessened tnrough
development of an eflfective lnorganlic or me=alllc binder

for the powdered alloys and improved brazing technlques,

The full extent of the effect of the brazing characteristics
of the more proumising high-temperature brazing alloys on light
weight brazed structures mist awa2lt the availabllity of the
metals In thin gages.

CONCLUSIONS:

The most promising brazing zlloy-base metal combinations in-
vestigated for use et 1000 F and nigher temperatures are
itsted belcw. These appear to merlt further investlgation.

Base Metal Brszing Alloy
PH 15-7 IMn 24Pd, 36.2Ni, 9.8Cr, 105%
422 M Coast H271E

J 8102

24pa, 36.2M1, 9.8Cr, 10S5%

Udimet 53C Sclabraz IX1
24Pd, 55.7Ni, 9.8Cr, 1031
J E1Ge

Inconel 700 Coast 4271E

M 25 J 8205
24Pd, 56.2N1, 9.8Cr, 1051
J 5101

GE 1610 (Rene 41) J 8205
J 8101
J 8100
Solasbraz IX1
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