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MPNUFACTURING RESEARCH

BRAZING ALLCY3 2 HIGH TEMPERATURE 0EERATBIG, DEVELOFME2T OF

INTRODUCTION

With the higher operating temperatures that will be encountered
in future aircraft, the requirements for strength and oxidation
resictance at temperature will eliminate the use of the silver-
base brazing alloys in sandwicft panel constructicn° It will be
ne-eLary t,) salect •orazing alloy,5 tnat will be compatible with
the base metals selected for use at the desired Zervice tem-
peratures

This program was conducted tz determine what brazing alloys have
the desirable brazing cnaracter.stics with basse metals for useat "er ice te peratures ranging from 1000 to 1600 F. As all the

base-methl memoerz used in the constravtion of sandwcn panels
will be cf t-nn gage terL&• • t reactions that zaki place_,an gage 7~r•• W1 .. ý ,
be~twqeen tie b.sz'ng alloy and the ta-e ,eta ! e of pime
!roper tan';e °

STRIMA:-Z

Frellml-nary experiment- were -.ondzted to determine the general
flow, ort4ing, and fillet ormi-ng chardcteristi- c., 20 braz ng
allya ;n -=I x basc -me,,. I, wlth ,core sectibnz.*•2 ±7 7
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T- B razing ,Alloy

Inconel 700 Coast 42711E
M 252 J 8205

24Pd, 56.2MI, 9.8Cr, !OSI
GE 1610 J 8205

J 8101
J 8100
Solabraz YXl
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I MANUFACTUIRING RESE,%REII

BRAZ ING ALIXYS, F~IGH TEMPERATURE O'PERATIN~G, DEVELOP1M12T OF

OBJECT:

The object of this investigation was to study the brazing
characteristics of some structural alloys, known to possess high
strength at elevated temperature, when joined with various brazing
compo~iition5. A main purpose was to determine the value of brazing
alloys recommended for service at li~gh temperatures. 13azied on
the results obtained, tne ultimate objective was to select those
brazing alloy-base metal combinations3 which appeared to be the
most promising for Line in sandwich panel construct-ion.

DESCRIPTIONT OF SPE-1iI14EIIS:

Six base-metal alloys were selected f or use in this investigation.
They were: -422 M, P11 155-7 11!o1, Udimet 500, Inconel 7(00, M 252
and GE l161, (.?ýene III). Typical analyse3 of these alloys are
given in Table 1.

Twenty brazing alloys were investigated. Two were: Vacuuxu-mielted
nickel-manganese and U~lV silver-, 33/7 palladium, 3%6 manganese.,
both of wriicn were furnioneci as foil, 0.002" thick. Sixteen of
the brazing alloys were obtained in powder form. Thiey were:
Coast 52, J9, 4271--, and 132E; Solabraz h-, IXl and NXl; General
Electric J Ul00, J ti.l.0l, J 6102, J 62-013, J 8300, and J t400;
24," palladiura, 3b'%nc',':el, 94.b,,i airorwitu, and 10K% silicon;
and b0% pallahdiumn anrd 14CY nlckel. t11wn nickel-base all:),do we~re
obtained in foil forr made by Impregnating tiae brazin& allc-.y

powder~~ wr dlognic 1binder. These were: Nicrobraz -:C) and
an unidentý-f led Coa-,t alloy.

Spec imnefl to dtternmine t~le rcofupara tivt; wtc tting, flow, and f.41J.et
formIng ability of t! ,rzin alJloya weore made by wiring a.
section of !7-7 PE 5tainless steel honeycomb core to ýý 1" x 2""
piece of one of toje :)aSCe metala, to form. a tee as shownl in FiGure
1. When foll of II.1y qaa ,uuhseqikent.-ly cobtained, tnL, ztries of
experiments was repe~ited, using rhofeyccA-mi core specimens m,.ade
in the laboratrry from tkie M 25-2 lfoil.

Small tee specimens, as shown in Fii.:ur,2 2, were brazed for
metaljlographic exa~ninatioa and nx'idation-rcsi3tance tetý6t.
Speci'nen3 for oalt-o.Lray ex.-psure ts were, made by br~jga
measured quantity o1f brazin-g alloy onto .1" x 21" coupona ofk the
base metal3. S~pecirnen;s for' ,hear-strengti.' deteorminationa were
made as shown in Figure 3, Due to difficulties encountored in

UTILITY REPORT SHEET Dowameft 6
WWP 1071K.9.46
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machining the brazed specirtens to conform to the tentative
standard of the American Welding Society, as shown in Figure 4,
the specimens weru wet ground to the configuration shown in
Figure 5.

FR O C4EDLMRE:

The six base metals were selected on the basis of their avail-
ability, hirn temperature strenýth, ductility in the annealed
ondition, and resist.Ancc to oxidation and corrosion. Several

of these alloys had a light surface scale when received and
were cleaned by vapor blasting.

All tne specimens were braized in a. tightly covered retort in a
-100 1 dry bulb ar:'on atmosphere. Brazing was performed in an
electrically heated furnace. The t"emperature was controlled by
attaching a thermocouple to a specimen in each retort. Brazing
cycle6 of 10 m inute3 at tcrlperaturko were run simulating a
prztctlcable production brazing cycle.
Tee spesivens, consisting of a piece of baoe metal and 17-7 PH

stainless 6teel honeycomnb core, were wired together, as shown in
Figure 1. A measured quantity of brazing alloy was placed in
one end cell, the same volririetric quantity being used for all
the p-wdtred alloya. The foil alloys were weighed to obtain
the same apy_,oximatc quantity of ;-azing alloy as was used with
the powdered alloys. The distance flowed at the interfaces of
the ccre and the base netal gave an indication of the flow-
ability cf the brazing alloys. The specimens also gave an
InJicatlon of the comparitive wetting and fillet fcrming character-
i . -'.ub,,equeatly, ;.r. %ri, of brazerientLý was made with all
the base-metal alloy:; excerpt 4'22 M, using honeycoinb-core
sec ti-n.ý made .n tVe lab-orat-.ry fr,'ri M 252 foil. Because of
tOie poor wett.ng and flow caar-ctiristis srown by the brazing
allo,.s ;n all the bas-e ictvils except p422 M, a sodium tetra-
borate flux was einpu3yci in ti-e series using the M 252 honey-
comb-core material.

Small tee specimens were br;zed, consAisting of two pieces of the
base metals wired together As shcwn in Figure 2. These gave an
indlcation of the brazing qualities of the brazing alloys. The
brazed specimens, which app.eared satisfactory, were cut in two;
one-half was u3ed for e•t•kallographic examination and the other
half was subjected to a 100-hour oxidation-exposure test at
elevated temperature. The nickel-baoe alloy specimens were
exposed in a furnace at 1250 F, and the iron-base alloys were
exposed in a furnace at lO00 F. The specimens subjected to
oxidation were examined bot1 visually and metallographically
for indications of oxidation.

UTILITY WEPORT SHEET Oep4one" 6
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Corrosion specimens 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
evidence 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 with the nickel-base brazing alloys.
However, to permit flow into the Joints, a gap of 0.0015' was
selected. The specimens were made by clamping the two pieces
in plac- while separated by a shim, tack welding together, re-
movin: the shim, and brazing. Machining difficulties, due to
the work-hardening characteristics of the base metals, caused
breakage of many of the brazed specimens. This 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 lb. 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 brazing 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 binder, viz., Nicro-
braz 50 and the unidentified Coast alloy. Also, shown in the
Tables, are the generally improved brazing characteristics re-
sulting from the use of a sodium tetraborate flux. The Tables
also give the results of the 250-hour salt-spray corrosion
tests, metallographic observations, and the results of attcmpts
to braze the lap-shear specimens. It was found that all the
brazing alloys which would braze with the base metals exhibited
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.

Tables 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 yielded poor results, but metallographically
appear good. These should be further investigated with different
brazing techniques.

UTILITY PORT SHEE T•pmimgs 6
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DISCUSSION:

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

The iron-base martensitic alloys, containing chromium as the
chief alloying addition in quantities to approximately 15%,
have useful strength values to about 1000 F. Representative
are 422M, Vascojet 1000, Greek Ascoloy, and 15-7 Mo.

The nickel-base alloys, alloyed chiefly with chromium to
approximately 25% have outstanding strength values to as high
as 160C, F@ The superior strength values exhibited by some
members of thi& group of alloys in the 1500 to 1600 F range is
attributed to the presence of a gamma prime phase, Ni3 (Al, Ti),
in addition to a solid-solution strenghtener with a 16w diffusion
rate, such as molybdenum or tungsten. Representative of the
group are GE 1610 rRene 41), M 252, Udimet 500, Inconel 700 and
R 235. The cobalt-base alloys, with nickel and chromium as the
chief alloying additions, have been superseded in favor by the
nickel-base alloys du.ýe to the lack of an effective precipitation
hardening system.

Judicious alloy additions and vacuum melting have extended the
useful temperature range for some alloys in the above groups
by as much as 100 Fo

The primary effort of this investigation was directed toward
the brazing qualitles of the nickel-base parent alloys. Those
selected were GE 16.10 M 252, Udimet 500, and Inconel 7000
Scme work wai al-so done on 422 M, of the iron-base martensitic
group, and PH 15-7 Mo, a new precipitation hardening stainless
steel having improved creep and stress rupture characteristics
over the 17-7 PH stan•less steel now in use. Typical com-
positions of the six alloys investigated are given in Table I.

Twenty brazing allcy. 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, theee were all nickel-base alloys having brazing
temperatures in the 1800 to 2275 F range. The nickel-base
brazing alloys contain various combinations of chromium, man-
ganese, silicon, boron, iron, or molybdenum. The purpose of

UTILITY REPORT SHEET t
PWP 1072,,.bi
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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 foil.

It was observed that many of the brazed jointz were quite brittle.
In the extreme cases, this condition precluded testing for
strength. Metallographic examination revealed two c.,uses of
brittleness, other than the brazing alloy itself. Some speci-
mens appeared clean but exhibited cracks in the brazing alloy.
These were attributed in some cases to brittle Intermetallics
formed with the base metal during brazing. Other specimens
contained excessive inclusions within the brazing alloy. These
usually appeared as an almo.st continuous line in the braze
metal next to the parent metal. Variations in shear strengt:i
and in brittle behavior found in some of the braz'ing alloy:;
were probably due to this cause. Further work may elimin• t
the low strength joints caused by the inclusions.

It was found that, unlike the silver-base brazing alloys, t:1z
nickel-baie and palladium-base brazing alloys attack tnc b.;
metals to varying degr-aes at the brazing temperature, .2nc
degree of attack depends upon both the temperature reachei
above the melting point of the brazing alloy and the time tK.'
the base metal is in contact with the molten brazing alloy.
For this reason, the brazing operations were conducted on a
comparative basis. A brazing cycle of 10 minutes at the br.ji
temperature was maintained for all the alloys, simulating
practical production br--zing cycle.

The screening tests perforrqed by brazing the base metis ;eith
the various brazIng alloys eliminated a majority of the l:-tt•r
from further oonziderationo This was due cniefly to ;ither
poor quality of braze, poor salt-spray corrosion re3i.;ancc:,
or exczssive 3olution attack of the base metals.

The iron-base 12% chromium alloy, 422 M, brazed better with the
high-temperature brazing alloys than the other base metals.
Wetting was generally good without flux. Brazing 'was diffiuot
with the four nickel-base parent alloys, all of whi(h contained
considerable aluminum and titanium. The use of a mild flux,
sodium tetraborate, improved the wetting characteri.tics of tac
brazing alloys on this group of metals. Of the alloys taCteu,
Udimet 500 and Inconel 700 appear to be the most difficult to
braze. These alloys form a dark tenacious surface film, cven
when brazed in the presence of the other alloys which had a
bright metallic surface aftcr brazing.

UTILITY REPORT SHAlET Deptmm 6
IWPIN 1•72K.6-1U
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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 high-temperature brazing alloys.

No high temperature brazing alloy was found that satisfactorily
brazed PH 15-7 Mo stainless steel. The brazing characteristics
were either poor or the joint was susceptible to crevice
corrosion.

The nickel-base alloy, Inconel 700, brazed best with Coast
4271E and the sodium tetraborate flux, giving shear strengths
of up to 57,410 psl., Udimet 500 brazed best with Solabraz I'l
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 inclusions. Better
techniques may improve 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 strength
values of 50,530 psi were obtaivned on the M 252 and 43,930 psi
on tne GE 1610,

The photomicrographs, Figures 6 through 9, show the joints ob-
tained when the fcur nizkel-base metals ;ere brazed with the
brazing alloyB which gave the best results.

Figure 10 shows 4'22 •1 brezed with the Nlcrobraz 50 organic
bonded feil. Altnoug'n po-.r braze results were obtained, the
iretailogra.hic -xaminstion led ti tt.u bellef that without the
or'r.anic U-idr, cray giv, good. reoult;3 on th
nickel-bad.e alloyZ .

Flqrre ]1 sh:ows M 2,5 brazed with a 24% pa.liadilun, bC7
nickel, ThI4% rnro,,'e and l( silicon brazing alloy. The braza,
wl'th a "• "itrerigtrn cl "O0 i, .nows much ie$; &ta..
on tie ba•ý:e nial than trt stronger brazing alloysl, and •houd
be ineudcd in any future invostigatioas.

FIgure 12 . _.-'h, Gl i, ocrazed with J l.1C. The latter alloy
did n-,,t bra-ze well and gave a low ;;trengtr1 value, out the
metaliograrnie appearance,•u~e•-ts that, further inveý;tigation
with rfodifieý-, brazing technlques Is. warranted.

Metal, naving good strength properties in the temperature range
of l0(,•G) P t'ý),PU F are dif fic.t to braze with tne high rafe!';iag
point nickel-ba.sc and palladiu,'A-ba.;e brazing alloys witnout a
flux.

UTILITY R•EORT SHEET
PWP 101•92u sg
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The nickel-base parent matal3 which showed the best strength
values at hign temperature3 contain titanium and aluminum in
amounts to 3% of eacn. The oxides formed by tnese additions
are very difficult to remove and interfere with wetting. When
brazed with a sodium tetraborate fl=ux, some of the brazing
alloy-base metal combinations exhibited very good room-tem-
perature shear strength, along with other properties favorable
to the production of brazed structures.

In general, the nickel-base brazing alloya give better results
than the palladium-base alloys. The chief drawbacks to the
use of most of the nickel-base brazing alloys was their powdered
condition, the brittle nature of the brazed Joints, and the
tendency to dissolve and penetrate the parent metals, Some
of these dlzadvantages will probably be lessened through
development of an effective inorganic or metallic binder
for the powdered alloys and improved brazin& techniques.

The full extent of the effect of the brazing characterIstics
of the more promising hbgn-emperature brazing alloys on light
weight brazed structures must await the availability of the
metals in thin gases°

CONCLUSIONS.:

The most prom1sin- br:-zirng alloy-base metal sombinations in-
vestigated for use Et 1000 F and hiý,her temperatures are
listed below, These a.Jpear to merit further Investigation.

Bac.Ae Metal Prazing Alloy

PH 15-7 Mo 24Pd, jbo2Ni, 9.o8r, 10S2

422 M C.ast 4271E

2.IPd, 3_).22,1i 9.bCr, 1034.

Udimet 50CA, Solabraz iXl
24Fd, 5j.C!, 9.8Cr, lOSi

Inconel 700 Coast 42'l7E

M 252 J 840r
214Pd, 56,2Ni, 9.8Cr, lOSi
J 8101

GE 1610 (Rene 41) J 8205
J 8101
J 8100
Solabraz IXI

UTILITY •P•ORT SHElT Dope mont S3W3I IAY/• i. .. ae.
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