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ABSTRACT

Aluminum joints including one zinc-aluminum-silicon
and nine tin-zinc-aluminum solder compositions were
appralised for resistance to corrosion in an environ-
ment of 95°C, aerated, distilled water, The effect
of pure zinc and pure aluminum metal over-sprays on
extending the life of soldered aluminum Jolnts was
examined, with the aluminum spray proving to be ef-
fective. A soldered Jjoint 1life up to about 1000
hours 1n the stipulated environment is indicated.
Avenues Tor potential improvement in corrosion re-
sistance of soldered aluminum joints are suggested.

N
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ULTRASONIC SOLDERING OF ALUMINUM

INTRODUCTION

This program on the jolning of aluminum was under-
taken to obtain information which could be applied specifi-
cally to ribbed aluminum components employed for heat ex-
change purposes, Originally initiated in March 1953, the
work was oriented to investigating the feasibility of attach-
ing aluminum ribs to aluminum tubes by means of ultrasonic
fluxlegs soldering.

The soldering of dluminum has always been a diffi-
cult problem, chiefly because of the affinity of aluminum
for oxygen, and the adherent oxide film which forms on alu-
minum surfaces exposed to alr, Various soldering techniques
and hundreds of solder alloys and solder fluxes have been de-
veleped in an effort to solve tThis problem.*

Conventional aluminum soldering techniques employ
either a flux or the use of abrasive techniques to remove the
oxide film from the aluminum. Both methods have their dis-
advantages, Flux which is a strong enough reagent to remove
the oxide layer is usually ccrrosive, and the joint must be
carefully washed after soldering to remove flux residue.
However, even the most meticulous washing usually does not
remove all traces of flux, and flux that remains usually be-
comes an agent for accelerated cerroslon attack, Unremoved
flux inclusicns provide actlve corrosion sites when pene-
tration occurs. Abrasive techniques of removing the oxlde
film from aluminum involve manual operations of brushing or
gcraping and represent a costly and time-consuming process.
This technique generally does not produce a homogenous bond
free of unbonded islands.

Ultrasonic soldering of aluminum, as developed by
Aeroprojects, requires no flux fto accomplish bonding. The
pieces to be Jjoined are heatsd to the melting polnt of the
solder, usually below 390 C, and the solder allecy is flowed
onto each piece. After the alloy has become molten, an
ultrasonically active member delivers high 1nten31ty vibra-
tion into the solder in the areas to be bonded. The cavi-

tatinn an ﬂ?‘dnﬂﬂnaﬂ in the molten gnider ffroctures the tena_

(PR N VIS L § i S L O

cilous alumlnum oxide film and permits the solder to wet the
aluminum, Affer the dross is removed from the molten solder,
the pileces are positicned, clamped lightly together, and the
solder is permitted to freeze. A metallurgical bond between
the solder and the aluminum pieces is thus effected.

During the course of the initial program carried
out by Aeroprojects for the du Pont Atomic Energy Division,
ultrasconic soldering of alumlnum was 1investigated with par-
ticular reference to the development of solder alloys

* See footnote, page 28




DP - 94
Page 11

and soldering techniques whiech would provide maximum resis-
tance to corroslion in the stipulated environment. Various
tin-base and zinc-base solders were investigated, and solders
were developed whieh retained about 25% of their original
strength after 2700 hours of exposure 1in 95°¢, low-
conductlivity, aerated, distllled water. Solders composed of
73% tin-23% zinc-4% aluminum and of 95% zinc-5% aluminum-
silicon eutectic showed the most promise. The correlation
of spectrographic analysis with the test results indicated
that the presence of impuritles in the solder elements pro-
bably adversely affected the corrosion resilstance of the
solders,

In addition under the earlier program, variables
of ultrasonic exposure times and tinning ftemperatures were
examined for thelr effect on corrosion rate, certaln joint
protective agents for ultrasonically soldered Joints were
consgidered, and a study of the corrosion mechanism was
initiated.

This early work Iindicated potentiallities in the
further development of the ultrasonic fluxless soldering
process for aluminum in several areas: utllization of high-
purlty solder constituents; optimizatlion of element percent-
ages 1In certain of the solder alloys; appllication of various
protective coatlings; and a rib geometry deslgned to extend
the corrosicn path.

SUMMARY

This program on the Jjolning of aluminum was under-
taken to obtain information which could be applied specifi-
cally to ribbed alumlnum:components employed for heat ex-
change purposes. The objective was to develop, by ultra-
sonic soldering techniques, a rib-to-tube joint which would
have consistent residual strength of at least 200 to 400
pounds per inch of rib after exposure for 3000 to 6000 hours
in a corroslon environment of 95°C, low-conductivity, aerated,
dilstilled water.

The work involved the preparation and testing of
lap specimens and rib specimens, using ultrasonic fluxless
soldering technlques. Ten solder compositlons were investil-
gated to determine their resistances to corrosion in the
specified environment. A variety of protective coatings
were appralsed for thelr effect on corrosion resistance.

The rib geometry was varied, adding as 1little aluminum as
possible, 1n an effort to provide a maximum corrosion path
and maximum strength.

The following conclusions were drawn as a result
of thils work:
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Cerfain of the specific aluminum-spray-protected
solder Jjolnt configurations herein considered
can be presently expected to withstand exposure
to 959C, aerated, distilled water for more than
about 1000 hcurs.

It 1s possible that the zinc-aluminum-silicon
solder would give long 1life in the absence of
bullt-in stress, but stress relief may not be
practicable.

In general, aluminum spray-ccating of the sol-
dered joints resulted in a substantial increase
in 1life of the Jjoint in the 95°C, aerated, dis-
tilled water environment.

Inferlority of the zinc-spray coating may re-
sult from a tendency of low-conductivity water
to cause localized corrosion of the zinec.

The burnishing or coatlng post-aluminum-spray
treatments were ineffectual in improving re-
gistance to corrcsion.

No correlatlion was evident between the rate of
change in registivity of the 95°C, aerated,
distilled water bath and the rate of corrosion
attack on the soldered aluminum specimens, but
careful investigation of this phenomenon might
expose Interesting possibilities.

Because of the selective nature of the attack
on the tin-zinc-aluminum solders, corrosive
tendencies might be decreased by heat treat-
ment and sclid state diffusion near the eutec-
tic temperature.

The following recommendations were made with regard
to further investigation of ultrasonic scldering techniques
for the intended purpose:

1.

Brilef exploratlion of the effect of stress re-
lief of the zinc-aluminum soldered joints may
be warranted.

Experimental examination of the effect of heat-
treating the tin-zlnc-aluminum soldered Joint
is worthy of consideration.

Preliminary appraisal of M-257 aluminum alloy
in soldered joints should be considered.
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DISCUSSION

OBJECTIVE OF STUDY

The objectlve of the program was to develop a rib-
to-tube joint which would have consistent residual strength
of at least 200 to 400 pounds per inch of rib after exposure
for 3000 to 6CCO hours in a corrosion environment of 959¢,
low=-conductivity, aerated, distilled water.

Several experimental approaches were used in an ef-
fort to develop such Joints by means of ultrasonic fluxless
soldering techniques. The composition of solder alloys which
had appeared promising under the earlier program was sys-
tematically varied in order to optimilze the percentages of
constituents. High-purity solder elements were used so that
deleterious effects of Impurities might be minimized. Ultra-
sonic soldering techniques were refined. A variety of pro-
tective coatings were Investigated for their effects on cor-
rosion resistance. The rib geometry was varied, using as
little aluminum as possible, in an effort to provide a maxi-
mum corrosion path and maximum strength,

EXPERIMENTAL PROCEDURES

Exploration of the several parameters listed above
was accomplished by the preparation and test of ultrasoni-
cally soldered lap and rib specimens. Because of the diffi-
culty of devising and carrying out a satisfactory strength
test for the soldered rib specimens economically, lap speci-
mens for tension shear test provided a convenient means for
evaluating strength decay during exposure 1n the corrosion
environment.

Eguipment and Materials

The lap specimens were soldered with Aeroprojects
standard "Sonobond" equipment, which consists of an ultra-
sonic soldering head and heating platen (see Figure 5) and a
100 r-~f watt ultrasonic generator. The generator supplies
r-f power to the transducer located in the movable soldering

head; the transducer, operating at a freguency of 20 kc, con-
verts the electrical power into acoustiecal mnower and trans-

erts the electrical power into acoustical power trans
mits thls power through a coupling into the heated soldering.
tip of 15/16-1inch dlameter, and thence into the area to be
soldered. The platen supplies the heat required for heat-
ing the work pleces to the proper soldering temperature.

To provide a higher unit intensity of ultrasonic
energy and to achieve an ultrasonic soldering tip geometry
suitable for the tinning of the rib and sheath joint aresas,
the experimental ultrasonic soldering head shown in Filgure
& was used. This unit proved to be very effective in tinning
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a ribbon-1like area on a sheet at a satisfactory rate. It
was also powered by the 100 r-f watt ultrasonic generator.

One primary phase of the program consisted of the
appralsal of three groups of solder alloys, selected on the
basis of the most promising results from the earlier Iinves-
tigatlon. For the first group, the 73% tin-23% zinc-4%
aluminum solder was used as z base, and the zlnec and tin
percentages were varled, maintaining a constant aluminum
content. The same base solder was used in the second group
and the aluminum content was varied, with a reasonable sol-
dering temperature limiting the aluminum content. The third
type of solder was a 95% zinc-5% aluminum-silicon alloy, the
aluminum-silicon heing the eutectic composition. The sclder
compesitions are listed below:

Approximate

Solder Composition Melting Point*
Group A

A-1 64% Sn, 32% Zn, 4% Al 350°C

A-2 67% Sn, 29% Zn, 4% Al 35020

A-3 70% Sn, 26% Zn, 4% Al 36000

A-L 76% Sn, 20% Zn, 4% Al 375.C

A-5 79% Sn, 17% An, 4% Al 375.C

A-6 82% Sn, 14% Zn, 4% Al 375°C
Group B

B-1 73% Sn, 23% Zn, 4% Al 365°C

B-2 60% Sn, 35% Zn, 5% Al 365°C

B-3 58% Sn, 6% Zn, 6% Al 380°C
Group C

Cc-1 95% Zn, 4.4% A1, 0.6% S1i 382°¢C

The tin used in preparing the above solders was
Extra-High-Purlty tin obtained from the Vulcan Detinning Com-
pany, Sewaren, New Jersey. This metal was stated by the
supplier to have the followlng l1mpuritles, based on labora-
tory analysis:

*Jares, V., "Constitution of Alloys of Aluminum, Zinc, and
Tin, and Aluminum, Zinc, and Cadmium.” Transacticns
of the American Institute of Mining and Metallurgical
Englneers, Institute of Metals Division, 1927, pp. bo7-81
(Preprint No. 15Cc-E, October 1920].
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Lead 0.0001%
Iron 0.0001%
Copper Trace (less than 0.0001%)

No other metals were detected in the tin.
The zinc was obtalned from the New Jersey Zinc Com-

pany, and spectrographic analysis by the W. B. Coleman Com-
pany of Phlladelphila revealed the following impurities:

Copper 0.0003% Tin <0.0005%
Lead 0.001% Magnesium 0.002%
Iron 0.0004% Cadmium <0.001%

The following elements were not found in the zinc: aluminum,
antimony, barium, berylllum, bismuth, boron, calcium, chro-

mium, cobalt, columblum, gallium, germanium, gold, manganese,
molybdenum, nickel, platinum, silicon, silver, sodium, stron-
tilum, tellurium, titanium, tungsten, vanadlum, and zlrconium.

The alloying aluminum was cobtalned from commercial
28 gheet.

In preparing the solders of Group A and Solder B-1,
a master alloy was prepared under argon, consisting of 78%
zinc and 22% aluminum. To thils master alloy were added suf-
fleient tin and zinc to obtaln the proper composition for
each solder. Solders B-2, B-3, and C-1 were alloyed directly
from .the pure metals.

Several other solder alloys prepared under the
earliler program were significant because results of corrosion
tests on rib specimens prepared with these earlier =zsolders
were recelved and evaluated durlng the current program. These
solder allcys had the following compositions:

100% tin Prepared from reagent
. grade tin
99% tin-1% magnesium Prepared from reagent
) grade tin
85% tin-5% zinc Prepared from reagent
grade elements

73% t1n-23% zinc-4% aluminum  Prepared from reagent
grade elements
T3% tin-23% zinc-4% aluminum  Prepared from high-purity
) elements
05% zinc-5% aluminum Prepared from reagent
' : grade elements
95% zinc-5% aluminum-silicon Prepared from reagent
' grade elements
95% zinc~5% aluminum-sllicon  Prepared from high-purity
elements
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The reagent grade tin used in these solders was
guaranteed by the manufacturer to have an analysis falling
within the maximum limits of impurities according: toc A. C. 3.
specificatlions:

Arsenic 0.0003%
Copper 0.002
Iron 0.01
Lead 0.01%
Zinc 0.01%

The bigh-purity tin was obtalned from the A. D.
Mackay Company of New York Cilty; spectrographic analysis by
the W. B. Coleman Company revealed the following Impurities:

Aluminum 0.004%
Copper 0.0002
Iron 0.002
Lead 0.005%

The following elements were not found: antimony, arsenic,
barium, beryllium, bismuth, boron, cadmium, calcium, chro-
mium, cobalt, columbium, gallium, germanium, gold, magneslium,
manganese, molybdenum, nickel, platinum, silicon, silver,
sodium, strontium, tellurium, titanium, tungsten, vanadium,
zinc, and zirconium.

The reagent grade zinc was Horsehead Speclal type
obtained from Platt Bros., Waterbury, Connecticut, and
found from spectrographlc analysis by the W. B. Coleman
Company to contain the following impurities:

Copper 0.0002%
Cadmium 0.002%
Chromium 0.0005%
Iron 0.001%
Lead 0.005%
Manganese 0.0001%
Nickel 0.0005%
Silver 0.0001%
Tin 0.0004%

Elements not found were as follows: aluminum, antimony, ar-
senic, barium, beryllium, bismuth, boron, calcilum, cobalt,
coclumbium, gallium, germanlum, gold, magnesium, molybdenum,
platinum, silicon, sodium, streontium, tellurilum, titanium,
tungsten, vanadium, and zlrconium.

The high-purity zinc, obtained from the New Jersey
Zilnc Company, was found by the W. B. Coleman Company to con-
tain:

Cadmium 0.001%
Copper 0. 0005%
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Iron 0.005%
Lead 0.002%
Magne s 1um 0.002%
Tin 0.001%

Elements not found were: alumilnum, antlimony, arsenlc, bparilum,
beryilium, bilsmuth, borcen, calcium, chromium, cobalt, colum-
bium, gallium, germanium, gold, manganese, molybdenum, nickel,
platinum, silicon, silver, sodlum, strontlum, tellurium, ti-
tanium, tungsten, vanadium, and zlrconium.

The aluminum used was from commercial 25 sheet,
and the aluminum~slllcon was the eutectic composition.

Test Specimens

Iap specimens for tension-shear strength testing
were prepared from 0.072-inch-thick 248-T3 Alclad aluminum
alloy in accordance with the configuration shown in Figure 1.
The 24S-T3 Alclad aluminum was used for these specimens rath-
er than the 28 aluminum specified for the rib specimens,
because the harder alloy was required fo provide adequate
strength to insure fracture 1n the solder bond during the
first 500-1000 hours of corrosion exposure., The 28 cladding
on the 248 alloy simulated joint characteristics on 28 alum-
inum.

The procedure for soldering the lap speclmens was
as follows: The aluminum tabs were washed in methyl-ethyl
ketone or acetcne and were placed on the scldering platen,
which had been previously heated to a temperature slightly
above the llquidus of the solder alloy. The prescribed sol-
der was placed on the tabs, and the actlive ultrasonic sol-
dering tip was lowered and held in contact with the sclder
for a total exposure time of 20 seconds. The tinned areas
of the two tabs were then slid together. It was noted that
a skin formed on each of the tinned tabs whille the solder
alloy was still In the molten state. This skin was suffi-
clently tough to prevent good bonding unless 1t was removed
or disrupted by moving the tinned areas of the tabs after
placing them in contact. The best technique consisted of
placing the two pleces in contact while the sclder was liquid
and briefly sliding the tabs back and forth with an excur-
gsion of 1/8 to 5/16 inch, then clamping the tabs together
lightly and permitting the solder to freeze. About 150 tab
speclimens were prepared with each of the ten primary solders
used in the program.

Thirty additional specimens of each solder were
prepared, using partilcular care to remove all traces of sur-
face film which formed on the solder after tinning and before
assembly. These tabs were tinned in the manner described
above, but after tinning the solder was wiped off, fresh sol-
der was applied, and the pieces were quickly and carefully
s1id together to expel surface film on the solder.
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Three types of rib specimens were prepared for
corrosion testing. ' During the earlier program, trapezoidal
ribs of 2S aluminum had been ultrasonically soldered to chan-
nel sections of 23 aluminum in accordance with the configur-
ation and dimensions shown in Figure 2. The solders used for
these trapezoidal ribs consisted of 100% tin, 95% zinc-5%
aluminum, 95% zinc-5% aluminum-silicon, 85% tin-15% zinc, and
909% tin-1% magnesium, all of which were prepared from reagent
grade elements.

The specimens were made by tinning the sheet with
the specilal flat ribbon soldering unit shown in Figure 6.
The base of the rib was alsc pretinned, and, while the sol-
der on both pleces was molten, the rib was placed on the
channel section and s11d back and forth briefly to break up
the oxide skin on the exposed solder areas. Clamping force
was applied to the ribs over the tinned zone with spring
clamps, and the solder was allowed to freeze, Exposed sol-
der of some o©f these rib specimens was left unprctected,
while others were given spray-metal coatings of zinc or alum-
inum.

Also during the earlier program, rib specimens pre-
pared with solder alloys of 73% tin-23% zinc-4% aluminum and
of 95% zinc-5% aluminum-silicon, made of both reagent and
high-purity grade elements, were assembled and delivered to
Savannah River for corrosion tests. These specimens had the
confilguration shown in Filgure 3. It was felt that the trape-
zoldal ribs, with a base width of 0.070 inches, offered too
short a corrosion path {0.035 inches) to provide an effective
Joint in the stipulated environment, so the folded type of
rib shown in Figure 3 was evolved. Thig folded type of rib
offered a total base width of 0.300 inches while retaining
the same rib cross-sectional area (0.0045 square lnches) as
the trapezoidal ribvs.

These speclimens were soldered in the same manner
as that described for the trapezoldal rib assemblies. Both
rib and channel were pretinned with the flat ribbon soldering
unit shown in Figure &, and the rib was slid tack and forth
briefly in position to break up any surface layer which had
formed on the exposed scider. Clamping force was applied
with spring clamps and the assembly was allowed to solidify.
In order to investigate the effect of protective coatings,
several of each type of specimen were left bare, some of each
were coated with silicone grease, some were metal-sprayed
with aluminum, some metal-sprayed and then coated with sili-
cone grease, and some were metal-sprayed and burnished.

It was later determined that this folded type of
rib offered a third path for corrosion attack--in the center
of the base as well as along each edge--s80 a new rib-channel
configuration with & machined rib having a solid base (See
Figure U4) was prepared for testing each of the ten primary
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solder alloys (described above) used on the lap specimens
under this program. The cross-sectional area of these ribs
was 0,0046 to 0.005 square inches, only slightly greater than
that of the folded ribs. The channel pileces on which these
ribs were mounted were made 2-3/8 inches long, while the ribs
were 2 inches long, thus providing a 3/16-inch overhang of
the channel beyond the rib on each end.

Soldering of the ribs to the channels was accom-
plished in the following manner: The channel was ultrason-
ically tinned through a slotted stalnless steel template
guide at the prescribed temperature for each solder, using
the flat ribbon soldering unit shown in Figure 6. The rib
base was tinned in the same manner. All solder was then
wiped clean from both parts and fresh solder was applied.
While still at elevated temperature, the rib was placed on
the channel and slid back and forth a few times to break up
oxide formation on the solder surface. The pleces were then
clamped together and allowed to scolidify. The ultrasonic tin-
ning time was 60 seconds on the channel and 60 seconds on the
rib.

To permit evaluation of various protective coatings,
21 rib-channel specimens were made with each solder, with three
specimens for each of seven different conditions, as follows:

A. Narrow-base rib specimens (C.300 inch)

Bare ribs

Aluminum-sprayed

Aluminum-sprayed and burnilghed

Aluminum-sprayed and coated with "Dow"

DC-T7 sllicone grease

. Aluminum-sprayed and painted with du Pont
"Butanol" dispersion paint

. Aluminum-sprayed and palinted with "Metco"

silicon=-aluminum paint

Oy Ui N o

B. Wide-base rib specimens (0,400 inch)

1. BRare rits only

The aluminum spraying was accomplished by the
Metallizing Engineering Company, Long Island City, New York,
The followlng procedure was used: Each side of the rib was
first sandblasted under a masking filxture with "Metcolite" F,
an aluminum oxide compound, for about 15 seconds. The speci-
men was then Immediately placed on a copper block which had
been preheated to a temperature of 120°€ for sclder alloy A-1
and 150°C for all other solders. About 30 seeonds were allowed
for the specimen to reach the elevated temperature of the
block, and no more than 2 or 3 minutes were allowed to elapse
after sandblasting and before spraylng. The spray gun, "Metco"
Type 4A, was fed with "Metco" 1/8B-inch-diameter aluminum wire
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at a rate of about 7 feet per minute, and the gun was held
approximately 7 inches from the specimen. One pass was made
across each side of the rib from left to right and a second
pass from right to left, each pass belng about 1-1/2 seconds
duration. By rotating the revolving table supporting the
copper block, both sides and both ends of the rib could be
sprayed without handling the specimens. The thickness of the
sprayed coat was 1n the range of 0.003-0.005 inch.

The burnlshed apecimens were burnished with a wire
wheel driven by & "Handee" tool. The DC-7 siliicone coating
was wiped on. The "Metco™ silicon-aluminum coating and the
du Pont "Butanol" coating were painted on and air dried.

Corroslon-Strength Tests

The corrosion resistance of the lap specimens to
low-conductivity, aerated, distilled water at 95°C was evalu-
ated by appraising the tensile-shear strength decay of the
specimens and by observing the corrosion penetratlon of the
solder in the lap Jjoints.

Lap speclimens prepared with each of the ten solders
were exposed 1in a corrosion bath for a total of 3638 hours.
For each solder, 100 specimens were suspended from glass rods
in a glass beaker of distilled water. Air was delivered into
the bottom of the beaker through a fritted glass disk fitted
with a glass bubbler tube. The protruding end of the tube
was connected to an alr-pressure reducing valve to maintailn
the air supply to that beaker. All ten beakers were placed
iln a large, open, temperature-controlled, heated vessel filled
with water which was maintained at a constant temperature of
952 + 29¢. High-pressure alr was manifolded to the pressure
controller for each beaker, and air was bubbled through the
distlilled water 1n the beakers contlnuocusly.

It had been speclflied that the water 1n the beakers
be held at a resilstlvity in excess of 100,000 ohms at room
temperature. In order to accomplish this, the resistivity
was monitored by means of a "Serfass" conductance bridge (In-
dustrial Instruments Model No. RC-M15) with a dipping con-
ductlvity cell having a cell constant of approximately 1.0.
Preliminary checks indicated that the resistivity of dis-
tilled water at 95°C 1is about 40-45 percent of the resistivity
recorded at room temperature; i.e., a resistivity reading of
100,000 ohms at room temperature was 1ndlcated to be approxi-
mately equivalent to 40,000 onms at 95°C. Whenever the re-
gistivity of the water (1nitially 500,000 to 600,000 ohms at
room temperature)} approached 40,000 ohms at 95°C, fresh water
was added or the water in the beaker was complefely changed.

Before exposure in the corrosion bath, ten tab spe-
cimens prepared from each type of solder were tested to fail-
ure 1in tension-shear. The tests were conducted in a standard
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Young hydraulic testing machine equipped wlth self-aligning
jaws. The loadlng rate was maintained reasocnably constant
at approxlmately 600 pounds per minute until failure oc-
curred. At stated intervals during the test, four standard
specimens and three oxlde-free speclmens of each solder type
were removed from the corrosion bath and tested in the same
manner.,

After each group of tests, the fractured specimens
were examlined to ‘determine the extent of corroslon penetra-
tion into the soldered area. The solder area on the frac-
tured Jjoint was photographed on 35 mm film. An enlarged
print of the fi1lm made it convenilent to measure the total
solder area and residual unattacked area with a planimeter.
The percentage of unaffected area was then readily deter-
mined for each group of specimens.

Metallographic studies were also made on the lap
specimens. Two control specimens for each type of sclder
were sectloned, mounted, polished, and etched with "Hital" for
microscopic examination. Whenever specimens were removed
from the corrosion bath for strength tests, an addltional spe-
cimen was removed and was sectloned, polished, and etched for
microscoplc examination, so that the strength data could be
correlated with metallographlc appraisal.

To determine the effect of the stipulated corrosion
environment on the solders alone, without the presence of
aluminum, several samples of bulk solders were tested at
Savannah River Laboratory:: 100% tin, 85% tin-15% zlnc, 83%
tin-15% zinc-2% aluminum, 43% tin-55% zinc-2% aluminum, 99%
tin-1% magnesium, 99.7% tin-0.3% magnesium, 80% zinc-20% tin,
and 95% zinc-5% aluminum. Each sample is reported to have
been placed 1n a 100-mllliliter flask wilth distilled water
at 70°C constantly flowlng through. Before the test was
started, each sample was degreased wilth ethyl alcohcol., At
intervals durlng the test, the samples were removed from the
bath, dried with alcohol, and visually examined for corrosion
effects. :

Speclmens of all three types of rib-channel con-
figuration prepared under the program were expcsed to a cor-
rosion environment at Savannah Rlver ILaboratory. The cor-
rosion bath consgisted of delonized, aerated, distilled water
which was maintained at a temperature of 95°C. The resis- -
tivity of the water was carefully monitored so that it would
not fall below 100,000 ohms at room temperature. Periodically
the specimens were removed from the bath and examined. Since
no satisfactory strength test was then available for rib
gspecimens of the configuration and dimensions shown in Flg-
ures 2, 3, and 4, the resistance of the specimens to corro-
sion was evaluated in terms of the exposure time required for
the rib to separate from the channel.
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Two groups of the trapezolidal rib specimens were
also glven corrosion tests at Battelle Memorilal Institute.
These included specimens soldered with 85% tin-15% zinc and
with 99% tin-1% magnesium; for each solder, ribs were tested
as soldered, with an aluminum-spray coating, and with a zinc-
spray ceoating. Battelle is reported to have used low-
conductivity, distlililed water maintained at a temperature of
g5°C and with an initial resistivity in excess of 500,000
ohms. The conductlvity was not monitored dally, but once a
week the test was interrupted and the sample was removed from
the bath, cleaned, and examined; at the same time the flask
was cleaned and refilled with fresh water. No makeup water
was added during the week. No aeration was provided, but the
surface of the bath was exposed to the atmosphere. Corrosion
resistance was determined by the exposure time required'for
the rib and channel to separate.

At the conclusion of the test at Battelle, these
rib specimens were returned to Aeroprojects for metallograph-
le examinatlon. The bare and the aluminum-sprayed specimens,
which were still intact, were sectioned, polished, etched
with a 0.5% hydrofluoric acid solution, and examined under a
microscope.

TEST RESULTS

The results of the corrosion-strength tests on the
lap speclmens are presented graphically in Charts 1 through
10, which show the decrease in strength from 0O hours through
3638 hours of exposure. The scatter within each group of
four standard specimens, the average strength of the standard
specimens, and the average strength of the oxide-free speci-
mens 1s shown for each time interval of testing. The upper
curve on each of these charts shows the progressive decay in
unaffected solder area during exposure. Chart 11 presents &
summary of average strength of lap specimens for all soliders
at selected exposure times.

Photomicrographs were made of cross sectilons of
lap specimens with representative solders A-1, A-6, B-1, and
C-1: before exposure and after 182, 422, 902, and 3638 hours
of corrosion exposure. These micrographs, presented in
Figures 7, ©, 9, and 10, show the changes in the metallurgical

structure of the Joints during the exposure period.

Figure 11 shows the appearance of fractured speci-
mens prepared with solder alloy B-1 after 182, 422, and 902
hours of corrosion exposure.

It was noted that the resistivity of the corrosion
bath was monitored continuously throughout the test. Resis-
tivity measurements for each separate bath are plotted in
Charts 12 through 21, in anticlpation that some correlation
could be made between the rate of corrosion in the lap
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specimens and the change in resistivity of the water. 1In
each case, the lower curve represents actual resistivity read-
ings taken durlng the test. When the water in the bath was
changed, at points 1ndicated by arrows on the charts, there
were resulting variatlions 1ln the temperature of the bath;

thus resistivity readings immediately following water changes
are not recorded on the graphs.

The upper curves of Charts 12 through 21 plot the
rate of decrease In resistivlty of each bath between water
changes. These data were obtalned by calculating the total
decrease in resistivity, 1n ohms, from each peak 1in the curve
to the subsequent low polnt, and dividing by the total number
of elapsed hours durlng that period. No correction has been
made for additlons to the water in the bath between water
changes.

The results of corrosion tests at Savannah River
Laboratory on the bulk solders are summarized in Table I.
The rate of corroslon of fthese solders was.determined from
the total loss of weight durlng the specified test perilod,
and comments are presented regarding the general appearance
of the solders after exposure,

Tables II, III, and IV present data resulting from
corrosion tests at Savannah Rlver Laboratéory on the trapezoil-
dal rib specimens soldered with 100% tin, 95% zinc-5% aluml-
num, and 95% zinc-5% aluminum-silicon. The total time to
fallure 1is noted 1n each instance. Tables V and VI present
~comparative results from tests at Savannah River Laboratory

and at Battelle Memorial Institute on trapezoldal rib specl-
mens soldered wilth 85% tin-15% zinc and with 99% tin-1% mag-
nesium solder alloys. In several instances (noted by the
plus sign) the test was stopped before the specimen had
falled. A comparison of results on these trapezoidal rib
specimens 1s graphically shown in the bar graph of Chart 22.

Typical photomlcrographs of the trapezoldal rib
specimens after exposure at Battelle are presented in Figures
12 and 13. These micrographs show a cross section through
the filllet area of the Jolnts. For comparison, Figure 14
shows a cross section of the fillet area of a rib channel
assembly soldered with a '760,% tin-20% zinc-4% aluminum alloy.
This mlcrograph was prepared after the assembly had aged at
room temperature for 84 days.

The results of corroslon tests on the folded rib
specimens prepared with 95% zinc-5% aluminum-silicon and with
73% tin-23% zlnc-4% aluminum, of both reagent grade and high-
purity elements, are presented in Tables VII and VIII.

Data for the final group of rib specimens, prepared
from machined ribs and covered with varlous protective coat-
ings, are presented 1n Tables IX through XVIII inclusive, and
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the average exposure times to failure for the varlous types
of speclmens are summarized in the bar graph of Chart 23.

APPRATISAL OF RESULTS

Lap Specimens

From an examinatlon of the strength data on the lap
specimens presented in Charts 1 through 10, 1t 1s apparent
that all of the sclders showed a rapld decline iIn strength
during the filrst 500-1000 hours of corrosion exposure and
that no significant decrease 1n strength occurred with any of
the solders after the first 1000 hours.

The 1nitlal decrease in strength corresponds with
the apparent decay 1n unattacked area of the solder, as shown
in the upper curves of Charts 1-10. Asscoclated wlth the gen--
eral decrease 1In uncorroded area of the overlap, a form of
darker colored, ring-shaped bands or lines was observed around
the general center of the unattacked zone. These bands are
evident 1n the representatlve photographs of Figure 11.

All solders of the "A" and "B" groups generally
showed an average strength of 500-700 pounds during the last
2600 hours of testing. From Chart 11, which summarizes the
strengths of all ten types of soldered Joints at selected
corrosion exposure times, 1t appears that the best solders
were A-4 and A-5. The specimens incorporating solder A-4 in
particular showed 1little scatter throughout the 1000-35600 ~
hour range, and the strengths were slightly higher than those
of other solders 1in this group. Solder A-4 also showed the
lowest rate of Joint penetration as revealed 1n the curve
showlng the percent unaffected area versus time. '

Increasing the aluminum content {Group B) of the
tin-zinc-aluminum ternary reduced the rate of penetration,
but resulted in increased scatter in specimen strength during
exposure., With 6% aluminum (solder B-3), considerably more
scatter was evident in the strength data, and the strength
was slightly lower than that of solders B-1 and B-2.

Examination of the corrosion specimens under polar-
ized light alded separation and ldentification of phases in
the ternary solder alloys. Solders of the tin-zinc-aluminum
system exhiblted an appreciable quantity of primary aluminum
in the structure, suggesting a high rate of solutlon from the
parent material resulting from the ultrasonic action. Attack
on these golders tended to be restricted tc the needles of
primary zinc or zinc-tin and to the zilnc-rich constituent of
the eutectlec, resulting in a mode of corrosion simlilar to
intergranular attack (Figures 7, 8, 9). This selective cor-
roslon behavior of the alloys may help to explain the distri-
bution of the strength decay curves. Propagation of corrosion
along the zinc-rich network of the solder probably proceeds
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simultaneously from the edges of the s¢ldered area toward the
center and is accompanied by an expected decrsase in resis-
tance to fracture. The area of the unaffected portion of the
Joint shown in Figure 11 appeared to reach a zero value at
approximately 900 hours, although the test specimens retained
about 25% of their original strength. In view of the mode of
attack already described, 1t would appear that the primary se-
lective attaclk 1is accompanied by a secondary attack, proceed-
ing at a somewhat slower rate, along the same zinc-rich net-
work and resulting in a honeycombed structure, the specimens
retaining moderate strength by virtue of the unaffected pri-
mary aluminum phase. The apparent constant strength at ex-
tended exposure probably is a result of fthe "bridging'" effect
of the primary aluminum.

The tests with lap specimens prepared with 95% zinc-
5% zluminum-silicon solder had been conducted in anticipation
that the use of high-purity zinc in the alloy (less than
0.001% lead) would significantly reduce scatter and result
in more conslstent strength values than had been achieved in
the earlier program with less pure zine. Generally higher
average strengths are shown for golder C-1 than were recorded
for previous tests with the same alley but made with zince indi-
cated to contain 0.002% and 0.005% lead. However, excessive
scatter in strength was evident throughout the test. In
general, solder C-1 appeared more susceptible to corrosion
than either the "A" group or "B" group solders.

The mode of attack on the ternary zinc-aluminum-
silicon solder appears to be different from that on the tin-
base solders. Solution of aluminum from the surface of the
specimen while soldering was not apprreciable. Examination
of the speclmens revealed that tThe solder tended to crack
upon prolonged exposure. The appearance of the specimens
strongly suggests stress corrosion cracking (Figure 10).

The oxide-~free specimens of all solders had been
prepared in anticipation that careful fabrication techniques
might produce more corrosion-resistant specimens. However,
the average strengths of these specimens were generally lower
than the average strengths of fhe standard specimens. It
was suspected that some aluminum claddling from the parent ma-
terial was dissolved in the solder during the ultrasonic £in-
ning coperation. By wiping off the solder and replacing 1t,
the aluminum content in the solder may have been reduced.
This however, 1is not reflected in the greater aluminum con-
tent of the "B" group of solders.

It had been anticipated that some correlation could
be made between the change in resistivity of the corrosion
baths and the strength and metallurgical data. Examination
of the curves of Charts 12 through 21 failed to reveal any
such correlation. 1In every instance, the rate of change in
resistivity decreased from the beginning of the test to the




DP - 9l
Page 26

znd, but this can prebably be explained on the basis that the
number of spescimens remaining in the bath became pregressive-
1y less throughout the test.

Bulk Solders

The corrosion tests on the bulk sclders (Tabls I)
indicated the most promising to be 100% tin and the tin-zinc
binary alloys. The tin-magnesium solders shcewed severe in-
ftergranular attack after only a few hours of expcsure, and
the zinc-aluminum alloy had only fair resistance to attack.

In terms of corrosion rate, the pure tin showed the least loss
in welight. It was recognized, however, that the corrosion re-
sistance of these bulk solders did not necessarily reflect

thelr behavior when incorporated In a soldered aluminum joint.

Rib Specilmens

Although the 99% tin-1% magnesium solder was the
mest readlly corroded of the bulk solders tested, bare trape-
zoldal rib specimens prepared with this solder showed more
regsistance to corroslon in tests at the Savannah River ILabor-
atory than similar speclimens soldered with other tin-and zinc-
base solders. None of the bare rib specimens proved to Lave
sound Joints in the specified environment (Tables II, III,
IV, V, and VI). The zinc coating in every instance acceler-
ated corrcsion of these gpecimens, while the aluminum spray
provided a protective coating which markedly delayed corro-
sive action, as 1s evident from the bar graph of Chart 22,

Inconslstent results are noted in a comparison of
the corroslon tests conducted at Savannah River Laboratory
and those at Battelle Memorial Institute on solders of 85%
tin-15% zinc and 99% zinc-1% magnesium (Tables V and VI).

In all instances with the bare and aluminum-sprayed rilbs,
the Savannah River specimens failed 1n & conslderably shorter
time than the Battelle specimens. The test at Battelle was
discontinued after 4000 hours, at which time the specimens
showed only slight separation of rib from channel at the ex-
tremities of the Joint. Since the samples for both series
of tests were from the same group, the discrepancy could not
be explained on the basls of the solder, the base material,
or the soldering technigues. The only known difference in |
testing techniques was that Savannah River provided aeration
In the corrosion bath water, while Battelle merely exposed
the surface of the water to the air.

Metallographlc examination of the Battelle speci-
mens after exposure provided no clue to the long corrosion
life of these specimens. Typical micrographs are shown in
Figures 12, 13, and 14, In all three specimens, 1t was noted
that there were dirferences 1n composition of the aluminum
rib and the aluminum channel material, both of which had been
purchased as 25 material. The rib structure contained profuse
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small pafticles which have been ldentified as silicon, sug-
gesting that the aluminum alloy may have been 325 rather
than 23.

The solder area on all specimens exhlibited separa-
tion along the interface between the solder and the channel
at the extremities of the Joint. The solder structure for
both solders revealed mcdest intergranular attack progressing
from the outside fillet into the Joint. The solder bond was
extremely thin 1n some locations, occasgsional contact between
rib and channel being apparent. One of the specimens soldered
with 85% tin-15% zinc fractured during sectioning. Another
specimen was separated wlth pressure. In both instances, the
fracture surface exhlbited the dark, unreflectlve appearance
of fracture surfaces on the tab speclmens previously described
(cf. Figure 11). For comparison with these specimens, a sec-
tion of a rib-channel assembly soldered with 76% tin-20% zlnc-
4% aluminum is shown in Figure 15. 1In this instance, the ele-
vated temperature requlred for soldering resulted in a fully
annealed structure 1In both rib and channel and consequent in-
tergranular penetration by the solder into the 23 aluminum.

On the basls of these observatlons, 1t was 1lndica-
ted that the Battelle specimens exhibited the same corrosion
characterlistics as the Aeroprojects standard lap specilmens,
and that these results differ from those of the Savannah River
Tests.

The corrcsion tests on the folded rilb specilmens
(Tables VII and VIII) revealed a short corrosion life for all
0f these speclmens. Since the original speclmens, 12 inches
long, had been sheared 1nto 2-inch lengths before ilmmersion
1n the corrosion bath, the ends of the samples were not pro-
tected, and the effect of the protective coatings could not
be evaluated. No significant difference could be detected
between the results for solders prepared with hilgh-purity
elements and theose prepared with reagent grade elements.
These tests made 1t evident that sound joints could not be
produced with folded ribs of this type, since the void in the
center of the rib base provided an additional path for cor-
rosion attack.

The final group cof rib specimens had therefore
been made with solid-base machined ribs. The results of
tests on these machined rib specimens (Tables IX through
XVIII) reveal a number of anomalles for which no immediate
explanation 1ls apparent. For example, the wide-base rib
specimens with the longer corrosion path would be expected
to fail later than the narrow-base specimens, but 1n practi-
cally every instance the reverse was true. Furthermore, con-
slderable scatter is evident in the time to failure of simi-
lar specimens, some lasting three to four times as long as
others prepared wlth the same solders and under the same con-
ditions. ’ '
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However, from the graphic summary of results pre-
sented in Chart 23, several trends confirm the results of
tests previously discussed. It is evident that aluminum
spray offers a definite protection to the soldered Jolnts.
In practically every instance, the aluminum-sprayed ribs
showed a longer corrosion life than any of the other types
tested; an additional coating over the metal spray appeared
to weaken the spray coating. This superlority confirms the
results of corrosion tests on the trapezoidal rib specimens.

With regard to solder composition, the range of T76%
tin-20% zinc-4% aluminum to 79% tin-17% zinc-i4% aluminum ap-
pears to have optimized the corrosion resistance of the tin-
zinc-aluminum alloys. This generally confirms the results of
corrosion tests on the lap specimens as presented in Chart
11. It will be noted that rib specimens were prepared using
the so-called oxide-free technique in which the original sol-
der was wiped off and fresh solder was applied. The rib test
results should therefore compare with the oxide-free lap
specimens, Aluminum oxide 1n greater quantity would. affect
the result.

. Solder alloy €-1 showed the longest corrosion life .
of all the solders under nearly every conditlon. This was
a2lso true for certaln single specimens in the corrosion tegts
on lap specimens, although the averages were lower than those
of other solders in the lap specimen series.

The results of corrosion tests on the channel speci-
mens with various rib configurations suggest a stress cor-
rosion phenomenon, Stresseg were probably introduced into
the solder bond by non-uniform contraction of the rib channel
members from scldering temperatures. In such a situation,
the wide-flange ribs would create higher residual shear
stresses in the sclder than the narrow-flange or trapezoidal
ribs, and any advantage gained by increasing the effective,
corrosion path would tend to be offset by a higher stress
concentration.

* Reference from page 10
Development of the ultrasonic soldering process was first
undertaken by Aeroprojects for the Frankford Arsenal.
Regults of these prelimlnary efforts are reported 1n Aero-
projects Incorporated, "The Soldering of Aluminum and Its
Alloys," Research Report No. 54-8, January 1954, Contract
No. DA-36-034-0RD-1401 for Pitman-Dunn Laboratories,
Frankford Arsenal, Department of the Army, Philidelphia,
Pennsylvania,
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248-T3 Aluminum

FIGURE 1

LAP SPECIMEN CONFIGURATION

e »— 070"

Rib—\ "“I— -050"
Solder T
Channe 11 'Ofl"

¢ »
|

.025"

FIGURE 2

TRAPEZOIDAL RIB-CHANNEL CONFIGURATION
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Rib T

SOldeI‘ .Ololl -09]_[!
Channel ‘3¢

IR
0. 300" ’|

FIGURE 3

. 025"

FOLDED RIB-CHANNEL CONFIGURATYON

k*——'-—.o5o”
T Rib
) “a, .020-.025"

.102" l

| A Y
Channel % r__iNBase Width —"_—" T

arrow - 0,300"

Solder Wide -~ 0.400"

Channeil

Solder

FIGURE %

MACHINED RIB-CHANNEL CONFIGURATION
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FIGURE 5

STANDARD SONOBOND
ULTRASONIC SOLDERING HEAD
AND HEATING PLATEN

15/16" Diameter Tip

FIGURE 6

RIBBON-TYPE
ULTRASONTIC SOLDERING UNIT

1/4" x 1-1/2" Rectangular Face




Before Exposure

After 182 hours

After 422 hours

After 902 hours

After 3638 hours

FIGURE 7
CROS3 SECTIONS OF LAP JOINTS ULTRASONICALLY SOLDERED

WITE GI% TIN-3°% ZiNC_0% ELUMINUM éSOLDER ELIOY A-1)

AND EXPOSED T

(Nital etch, 400X)

2¢ 23=d
6 ~ dd




After 902 hours

Before Exposure

After 3638 hours

After 182 hours

FIGURE &
After 422 hours CROS3 SECTIONS CF TAP JOINTS ULTRASONICALLY SOLDERED
WIT TIN-15% ZINC-5% ALUMINOM (SOLDER ALLOY A-G)
AND SED TO , LOW-CO IVITY, TED, D ED WATER

(Wital eteh, LOOX}

¢¢ a3ed
76 = dd
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Before Exposure

After 902 hours After 3638 hours

FIGURE S

CROSS SECTIONS OF LAP JOINTS ULTRASONICALLY SOLDERED

4 C-4% ALUMLINUM OLDER ALLOY B-]
' JONDUCTIVELY RATD, DIS D WATER

(Nital etch, 400X)




Before Exposure

After 182 hours

After 422 hours

After 902 hours

After 3638 hours

FIGURE 10

CROSS SECTIONS OF LAP JOINTS ULTRASONICALLY
SOLDERED WITH 95% ZINC-5% ALUMINUM-SILICON
(SOLDER ALLOY C-1) AND EXPOSED TO 95° C,
T.OW-CONDUCTIVITY, AERATED, DISTILLED WATER

G¢ a%8ed
76 - dd

(Nital etch, 400X)
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After 182 hours After 422 hours  After 902 hours
of exposure of exposure of expcsure
FIGURE 11

FRACTURED LAP SPECIMENS PREPARED WITH 73% TIN-23% ZINC-4% ALUMINUM
SOIDER ALLOY B-1)
AFTER EXPOSURE IN 95°C, éﬁwfﬁﬁﬁﬁﬁﬁTTVTTTj_ﬁERATED, DISTILLED WATER

Note progressive decrease in unaffected area.
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Rib
Aluminum Spray Solder

’///,,z"———‘Channel
o

}

\\———Section Shown in
Micrograph

Aluminum
Rib Spray
Solder
Channel Channel

FIGURE 12

CROSS SECTION OF FILLET. AREA OF RIB-CHANNEL ASSEMBLY
LT C ‘
AND ALUMINUM SPRAYED FOR PROTECTION

AFTER 4000 HOURS , DISTTLLED WATER

T BATTELLE MEMORIAT, TNSTITUTE
(0.5% OF etch, 300X)
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///’_“Rib
/////”—— Solder
Channel
&
Section shown in ___///
Micrograph

ﬂgagw.-—.&‘

D
Rib
Solder
Channe’

FIGURE 13
CRCSS SECTION OF FILLET AREA OF RIB-CHANWEL ASSEMBLY
UTTRASONICALLY SOLDERED WITH 99% TIN-1% MAGNESTUM
AFTER 4000 HOURS EXPOSURE 1IN 95°C, LOW-CONDUCTIVITY, DISTILLED WATER

AT BATTELLE MEMORIAL INSTITUTE
(C.5% HOF etch, 350X)
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Rib

Aluminum Spra
Solder _-_\\\\ Y
Channel N

¢

N Section Shown 1n

Micrograph

Aluminum Spray

Solder

Channel

FIGURE 14

CROSS SECTIOQN OF FILLET AREA OF RIB-CHANNEL ASSEMBLY
ULTRASONICALLY SOLDERED WITH 9% TIN-1% MAGNESIUM
AND ALUMINUM SPRAYED FOR PROTECTION

AFTER 400C HQURS EXPCSURE IN 95°C, LOW-CONDUCTIVITY, DISTILLED WATER

AT BATTELLE MENORIAL INSTITUTE
{0.5% EF etch, 350X)
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///r Rib
Solder
///——-Channel
Sectlon Shown in___,///
Micrograph
Rib
Solder
Channel

FIGURE 15
CROSS SECTION OF FILLET- AREA OF RIB-CHANNEL ASSEMBLY
ULTRASONICALLY SOLDERED WITH 76% TIN-20% ZINC-8% ALUMINUM
ARD_AGED AT ROOM TEMPERATURE FOR SY¥ DAYS

(0.5% OF + 2% Nital etch, 250X)




RESULTS OF CORROSION TESTS ON BULK SOLDERS AT SAVANNAH RIVER LABORATORY

Appearance

Corrosion
Sﬁﬁgii Solder Composition (Mg/gzgﬁhr) ngig
AP-19 85% Sn-15% Zn 0.005 2415
AP-20 83% Sn-15% Zn-2% Al 0.05 Lok
AP-21 100% Sn 0.0002 oUh15
AP-22 80% Zn-20% Sn 0.006 2415
AP-23 99% Sn-1% Mg 0.42 Ly
AP-24 99.7% Sn-0.3% Mg 0.01 Ly
AP-25 43% Sn-55% Zn-2% Al 0.007 1387
AP-26 95% Zn-5% Al 0.02 683

Little or no intergranular
attack

Marked Intergranular attack;
cracked in several places

Little or no intergranular
attack

Little or no intergranular
attack

Severe Intergranular attack;
cracked :

Moderate intergranular attack;

cracked

S1light Intergranular attack;
cracked 1in several places

Marked intergranular attack;
cracked in several places

I ATIdVL

T4 93ed

®6 - dd
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RESULTS OF CORROSION TESTS AT SAVANNAH RIVER LABORATORY
ON RIB SPECIMENS SOLDERED WITH 100% TIN

Time to

Rib Spray Soldering Failure :

Sample  Coating Control (Hours) Comments

AP-1 None Nominal 363

AP-2 None Close 506

AP-3 None Close 1,027

AP-13 Aluminum Neminal 1,919

AP-15 Aluminum Close 2,202+ Test stopped; spray
and rib loose at
one end

AP-16 Aluminum Close 2,202+ Test stopped; spray
locse at one end

AP-14 Zinc Nominal 139

AP-17 Zinc Close 139

AP-18 Zinc Close 139




RESULTS OF CCORROSION TESTS AT SAVANNAH RIVER LABORATORY

TABLE IIT
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ON RIB SPECIMENS SOLDERED WITH 95% ZINC-5% ALUMINUM

k3

Time to

Rib sSpray Soldering Failure

Sample  Coating Control (Hours) Comments

AP-29 None Nominal o5

AP-30 None Nominal o5

AP=42 None Close 114 Extensive fillet cn
specimens

AP-43 None Close 159 Extensive flllet on
specimens

AP-h4 None Close 159 Extensive fillet on
Specimens

AP-45 None Close 141 Extensive fillet on
specimens

AP-46 None Close 114 Extensive fillet on
specimens

AP-65 None Close 163

AP-66 None Close o4

AP-67 None Close ol

AP-68 None Close gl

AP-69 None Close g4

AP-T70 None Close o4

AP-T1 None Close ol

AP-T72 None Close 163

AP-T73 None Close gk

AP-63 Aluminum Close 1172 Aluminum-sprayed by
M & C*

AP-64 Aluminum Close 656 Aluminum-sprayed by

M & C*

¥ Metals and Controls Corporation,

Attleboro, Mass,.
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TABLE IV

RESULTS OF CORROSION TESTS AT SAVANNAH RIVER LABORATORY
ON RIB SPECIMENS SOLDERED WITH 95% ZINC-5% ALUMINUM-SILICON

Time to

Rib Spray Soldering Failure

Sample  Coating Control (Hours) Comments

AP-47 None Close 114 Extensive fillet on
Specimens

AP-48 None Close 159 Extensive fillet on
Specimens

AP-49 None Close 114 Extensive fillet on
speclmens

AP-50 None Close 159 Extensive filleft on
specimens

AP-H1 None Close 159 Extengive fillet on
Specimens

AP-52 None Close 114

AP-53 None Close 159

o

AP-54 None Close 270

AP-55 None Close 270

AP-56 None Close 270

AP-57 Neone Close 270

AP-58 None Close 114

AP-59 None Close 159
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RESULTS OF CORROSION TESTS ON RIB SPECIMENS

SOLDERED WITH 85% TIN-15% ZINC

Savannah River Tests

Time to
Rib Spray Failure
Sample Coating (Hours) Comments
AP-Y4 None 506
AP-5 None 457
AP-6 None 651
AP-T Aluminum 2,832+ Test stopped; rib loose at one end,
spray started to loosen at edges
AP-9 Aluminum 2,832+ Test stoppeds rib loose at cne end,
spray loose at other end
AP-10 Aluminum 2,832+ Test stopped; spray loose at one end
AP-8 Zine 651
AP-11 Zine 44
AP-12 Zinc 316
B. Battelle Tests
Time to
Rib Coating Coating Fallure
Sample on Ribs on Ends (Hours) Corments
1-A None None 4O00+ Test stopped; specimen in
excellent condition
1-B Aluminum None Looo+ Test stopped; specimen in
excellent condition
1-C Aluminum Aluminum 4000+ Test stopped} specimen in
excellent condition
1-D Zine None 144
1-E Zinc Zinc 144
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TABLE VI
RESULTS OF CORROSION TESTS ON RIB SPECIMENS
SOLDERED WITH 99% TIN-1% MAGNESIUM
A, Savannah River Tests
Time to
Rib Spray Pailure
Sample Coating (Hours) Comments
AP-27 None 74T
AP-28 None 772
AP-60 Aluminum (M&C ) 1600+ S3till in test
AP-61 Aluminum (M&C) 1600+ Sti1ll in test
AP-62 Aluminum (M&C) 1600+ Still in test
B. Battelle Tests
Time to
Rib Coatling Coating Fallure
Sample on Ribs on Ends (Hours) Comments
2-A None None 4000+ Test stopped; specimen
~1In excellent condition
2-B Aluminum - None 4000+ Test stopped; specimen
in excellent condition
2-C Aluminum Aluminum 4000+ Test stopped; specimen
' in excellent condition
2-D Zinc None 14y
2-E Zinc Zinc 144
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RESULTS OF CORROSION TESTS AT SAVANNAH RIVER LABORATORY
ON FQLDED RIB SPECIMENS SOLDERED WITH 95% ZINC-5% ALUMINUM-SILICON
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Reagent Grade

High Purlity Grade

Time to Time to
Rib Failure Rib Failure
Sample Coating (Hours) Sample Coating (Hours) ‘
AP-T4 None ou6
AP-T75 None 295
AP-T76 None 600+
AP-T77 None 600+
AP-78 None 229
Ap-121 None 295
AP-104 Greased 500+ AP-101 Greased 500+
AP-105 Greased 500+ AP-102 Greased 500+
AP-106 Greased 500+ AP-103% Greased 500+
AP-115 Al Spray 573 AP-11% Al Spray 500+
AP-116 Al Spray 573 AP-11%k Al Spray 405
AP-95 Al Spray, greased 500+ AP-O3 Al Spray, greased 500+
AP-96 Al Spray, greased 500+ AP-94 Al Spray, greased 500+
AP-87 Al Spray, burnished 229 AP-85 Al Spray, greased 525
AP-88 646 AP-86 Al Spray, burnished 295

Al Spray, burnished




TABLE VIII

RESULTS OF CORROSION TESTS AT SAVANNAH RIVER LABORATORY
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ON FOLDED RIB SPECIMENS SOLDERED WITH 73% TIN-23% ZINC-lY4 ALUMINUM

Reagent Grade

High Purity Grade

Time to Time to

Rib Failure Rib Failure

Sample Coating (Hours) Sample Coating (Hours)
AP-82 None 229 AP-T9 None 229
AP-83 None 229 AP-80 None 229
AP-84 None 162 AP-81 None 229
AP-110 Greased 258 AP-107 Greased 358
AP-111 Greased 879 AP-108 Greased 479
AP-112 Greased 358 AP-109 Greased 479
AP-117 Al Spray 156 AP-119 Al Spray 156
AP-118 Al Spray 89 AP-120 Al Spray 229
AP-99 Al Spray, greased 258 AP-9T Al Spray, greased 479
AP-100 Al Spray, greased 358 AP-98 Al Spray, greased k79
AP-90 Al Spray, burnished 229 AP-89 Al Spray, burnished 229
AP-01 Al Spray, burnished 229 AP-90 Al Spray, burnished 229
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TABLE IX
RESULTS OF CORROSION TESTS ON RIB SPECIMENS AT
SAVANNAH RIVER LABORATORY
Solder A-1: 644 Sn-32% Zn-4% Al

Rib Base Coating Time to

Rib - Width Metal on Failure

Sample (inches) Spray Metal Spray (hours)
143 0.300 None None 568
144 0.300 None None 164
145 0.300 None None 261
208 0.400 None None 260
309 0. 400 None None 260
310 - 0.400 None None 260
140 0.300 Aluminum None 837
‘141 0.300 Aluminum None 837
142 0.300 Aluminum None 837
134 0.300 Aluminum Burnished 837
135 0.300 Aluminum Burnished 837
136 0.300 Aluminum Burnished 1534
131 0.300 Aluminum DC~7 Silicone 408
132 0.300 Aluminum DC-7 Silicone Lo8
133 ' 0.300 Aluminum DC-7 Silicone * 408
137 0.300 Aluminum Metco SiAl 1752
138 0.300 Aluminum Metco SiAl 33D
139 0.300 Aluminum Metco SiAl 332
128 0.300 Aluminum du Pont "Butanol" 237
129 0,300 Aluminum du Pont "Butanol" 549

130 0,300 Aluminum du Pont "Butanol" 549
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TABLE X .
RESULTS OF CORROSION TESTS ON RIB SPECIMENS AT
SAVANNAH RIVER LABORATORY
Solder A-2: 67% Sn-29% Zn-4% Al

Rib Base coating Time to

Rib width Metal oh Failure

Sample (inches) Spray Metal Spray {(hours)
161 0.300 ~ None None 261
162 0,300 None None 261
163 0,300 None None 568
311 0.400 None None 260
312 0.400 None None 260
31% 0.400 None None 408
146 0,300 Aluminum None 1240
147 0.300 Aluminum None 1240
148 0.300 Aluminum None 1240
149 0.300 Aluminum Burnished 837
150 0.300 Aluminum Burnished 4=1
151 0.300 Aluminum Burnished 1240
152 0.300 Aluminum DC-7 Silicone 408
15% 0.300 Aluminum DC-7 Silicone 408
154 0,300 Aluminum DC-7 Silicone 408
158 0.300 Aluminum Metco SiAl 1240
159 0.300 Aluminum Metco SiAl 332
160 0. 300 Aluminum Metco SiAl : %30
155 0.300 Aluminum du Pont "But.anol” 984
156 0.300 Aluminum du Pont "Butanol" 237

157 0,300 Aluminum du Pont "Butanol" 549
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TABLE X1
RESULTS OF CORROSION TE3TS ON RIB SPECIMENS AT
SAVANNAH RIVER LABORATORY
Solder A-3: T70% Sn-26% Zn-4% Al

Rib Base Coating Time to
Rib Width Metal on Failure
Sample (inches) Spray Metal Spray (hours)
179 0.300 None None 568
180 0.300 None None 261
181 0.300 None None T34
314 0.400 None None - 260
315 0,400 None None 260
316 0.400 None None 260
167 0.300 Aluminum None 1534
168 0.300 Aluminum None 1534
169 0.300 Aluminum None 837
164 0.300 Aluminum Burnished 837
165 0.300 Aluminum Burnished 837
166 0.300 Aluminum Burnished 1240
170 0.300 Aluminum DC-7 Silicone 408
171 0.300 Aluminum DC-7 Silicone 408
172 0.300 Aluminum DC-7 Silicone 408
173 0,300 Aluminum Metco S1iAl 1475
174 0.300 Aluminum Metco S1AL 1240
175 0.300 Aluminum Metco SiAl 1475
176 0,300 Aluminum du Pont "Butanol" 237
177 0.300 Aluminum du Pont "Butanol" 549

178 0.300 Aluminum du Pont "Butanol" 549
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TABLE XII
RESULTS OF CORRQOSION TESTS ON RIB SPECIMENS AT
SAVANNAH RIVER LABORATORY
Solder A-L4: 76% Sn-20% Zn-4% Al

Rib Base Coating Time to
Rib Width Metal on Failure
Sample ginches! Spray Metal Spray (hours)
197 0.300 None None 568
198 0.300 None None 1140
199 0.300 None None 1140
317 0. 400 None None 260
318 0.400 - None None 260
319' 0.5400 None None 260
185 0.300 AJuminum None 1534
186 0.300 Aluminum None 1240
187 0.300 Aluminum None 1866
182 0.300 Aluminum Burnished 1240
183 0.300 Aluminum Burnished 1240
184 0.300 Aluminum Burnished 837
188 0.300 Aluminum DC-7 Silicone 408
189 0.300 Aluminum DC-7 Silicone 408
190 0.300 Aluminum DC-7 Silicone 408
191 0.300 Aluminum Metco SiAl 1475
192 0.300 Aluminum Metco SiAl 1475
193 0.300 Aluminum Metco SiAl 1240
194 0.300 Aluminum du Pont "Butanol" 237
195 0.300 Aluminum du Pont "Butanol" 549
196 0.300 Aluminum du Pont "Butanol" 549
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TABLE XIIT
RESULTS OF CORROSION TESTS ON RIB SPECIMENS AT
SAVANNAH RIVER LABORATORY
Solder A-5: T9% Sn-17% Zn-4% Al

Rlb Base Coating Time to

Rib Width Metal on Failure

Sample (inches) Spray Metal Spray (hours)
215 0.300 None None 1140
216 0.300 None None 1543
217 0.300 None None 1140
320 0.400 None None 260
2321 0.400 None None 260
322 0.400 None None 240
209 0.300 Aluminum None 1866
210 0.300 Aluminum None 1240
211 0.300 Aluminum None 1866
212 0.300 Aluminum Burnished 1240
213 0.300 Aluminum Burnished 1534
214 0.300 Aluminum Burnished 837
206 0.300 Aluminum DC-7 Silicone 408
207 0.300 Aluminum DC-7 Silicone 408
208 0.300 Aluminum DC-7 Silicone 4o8
203 0.300 Aluminum Metco S1A1 1240
204 0.300 Aluminum Metco SiAl 1608
205 0.300 Aluminum Metco SiAl 1475
200 0.300 . Aluminum du_Pont "Butanol" 1512
201 0.300 Aluminum du Pont "Butanol" 549
202 0.300 Aluminum du Pont "Butanol" 1512
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TABLE XTIV
RESULTS OF CORROSION TESTS ON RIB SPECIMENS AT
SAVANNAH RIVER LABORATORY
Solder A-6: B2% Sn-14% Zn-4% Al

Rib Base Coating Time to
Rib width Metal on Failure
Sample (inches) Spray Metal Spray (hours )
233 0.300 None None 568
234 0.300 None None 1140
235 0.300 None None 1140
323 0.400 None None 260
320 0.400 None None 260
325 0.400 None None 260
218 0.300 Aluminum None 1240
219 0.300 Aluminum None 1240
220 0.300 Aluminum None 1240
221 0.300 Aluminum Burnished 644
222 0.300 Aluminum Burnished 1240
22% 0.300 Aluminum Burnished 1240
224 0.300 Aluminum DC-7 Silicone 600
225 0.300 Aluminum DC-7 Silicone 108
226 0.300 Aluminum DC-7 Silicone 600
227 0.300 Aluminum Metco SiAl 1416
228 0.300 Aluminum Metco S1Al 1608
229 0.300 Aluminum Metco SiAl 1416
230 0.300 Aluminum du Pont "Butanol" 1512
231 0.300 Aluminum du Pont "Butanol" 984
232 0.300 Aluminum du Pont "Butanol" 1656
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TABLE XV |
RESULTS OF CORROSION TESTS ON RIB SPECIMENS A'i’
SAVANNAH RIVER LABORATORY
Solder B-1l: 73% Sn-23% Zn-4% Al

Rib Base Coating Time to
Rib Width Metal on Failure
Sample (inches) Spray. Metal Spray (hours)
251 0.300 None None 568
252 0.300 None None 1140
253 0.300 None None 1140
226 0.400 None None 260
327 0.400 None None 260
%28 0.400 None None 260
239 0.300 Aluminum None 1866
240 0.300 Aluminum None 837
241 0.300 Aluminum None 1534
236 0.300 Aluminum Burnished 332
237 0.300 Aluminum Burnished 332
238 0.300 Aluminum Burnished 33D
242 0.300 Aluminum DC-7 Silicone 600
243 0.300 Aluminum DC-7 Silicone 108
244 0.300 Aluminum DC-7 Silicone 408
245 0 300 Aluminum Metco SiAl 1240
2U6 0.300 Aluminum Metco SiAl 837
oh7 0.300 Alumlinum Metco SiAl 1416
248 0.300 Aluminum du Pont "Butanol" 237
249 0 300 Aluminum =~ du Pont "Butanol" 549
250 0.300 Aluminum du Pont "Butanol" 984
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TABLE XVI
RESULTS OF‘CORROSION TESTS ON RIB SPECIMENS AT
SAVANNAH RIVER LABORATORY
Solder B-2: 60% Sn-35% zn-5% Al

Rib Base Coating Time to
Rib wWidth Metal on Failure
Sample (inches) Spray Metal Spray {(hours)
269 0.300 None None 568
270 0.300 None + None 164
271 0.300 None None 164
329 0.400 None None 260
330 0.400 None None 260
331 0.400 None None 260
2673 0.300 Aluminum None 1240
264 0.300 Aluminum None 263
265 0.300 Aluminum None 431
260 0.300 Aluminum Burnished 332
261 0.300 Aluminum Burnished 33D
262 0.300 Aluminum Burnished 332
257 0.300 Aluminum DC-7 Silicone 1104
258 0.300 Aluminum DC~7 Silicone 1104
259 0.300 Aluminum DC-7 Silicone 408
254 0.300 Aluminum Metco SiAl oYL
255 0.300 Aluminum Metco SiAl b4l
256 0.300 Aluminum Metco SiAl 1240
266 0.300 Aluminum du Pont "Butanol" 237
267 0.300 Aluminum du Pont "Butanol" 237
268 0.300 Aluminum du Pont "Butanol" D37
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TABLE XVII
RESULTS OF CORROSION TESTS ON RIB SPECIMENS AT
SAVANNAH RIVER LABORATORY
Solder B-3: 584 Sn-36% Zn-6% Al

Rib Base Coating Time to

Rib Width Metal on Failure

Sample (inches) Spray Metal Spray (hours )
287 0.300 None None 164
288 0.300 None None 164
289 0.300 None None 261
332 0.400 None None 260
333 0.400 None None 260
334 0.400 None None 260
281 0.300 ~ Aluminum None 263
282 0.300 Aluminum None 837
283 0.300 Aluminum None 2178
275 0.300 Aluminum Burnished 332
276 0.300 Aluminum Burnished 1416
277 0.300 Aluminum Burnished 332
278 0.300 Aluminum DC-7 Silicone 408
279 0.300 Aluminum DC-7 Silicone 1104
280 0.300 Aluminum DC-7 Silicone 600
284 0.7300 Aluminum Metco SiAl 33D
285 0.300 Aluminum Metco Si1Al 6Ly
286 0.300 Aluminum Metco SiAl 64y
272 0.300 Aluminum du Pont "Butanol" 984
273 0.300 Aluminum du Pont "Butanocl" 1320
274 0.300 Aluminum du Pont "Butanol" 237
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TABLE XVIIT
RESULTS OF CORROSION TESTS ON RIB SPECIMENS AT
SAVANNAH RIVER LABORATORY
Solder C-1: 95% Zn-5% AlSi

Rib Base Coating Time to
Rib wWidth Metal on Failure
Sample ginches} Spray Metal Spray ghoursl
305 0.300 None None 3552
306 0.300 None None 399
307 0.300 None None 734
335 0.400 None None 1128
336 0.400 None None 620
337 0.%00 None None 620
290 0. 300 Aluminum None 2288
291 0.300 Aluminum None 3140
292 0.300 Aluminum None 1866
299 0.300 Aluminum Burnished 837
300 0.300 Aluminum Burnished 644
301 0.300 Aluminum Burnished 2111
2973 0.300 Aluminum DC-7 Silicone 1104
294 0.300 Aluminum DC-7 Silicone 1104
295 0.300 Aluminum DC-7 Silicone 1104
296 0.300 Aluminum Metco SiAl 837
297 0,300 Aluminum Metco SiAl 2111
298 0.300 Aluminum Metco SiAl 1416
302 0.300 Aluminum du Pont "Butanol" 742
303 0.300 Aluminum du Pont "Butanol" Tho

304 0.300 Aluminum du Pont "Butanol" 549
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