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Foreword
In report BMS58, Strength of Soft-Soldered Joints in Copper Tub-

ing, mention was made in the foreword of an additional paper to pre-

sent results obtained with other less commonly used soft solders. The

solders referred to are lead-base alloys with little or no tin content.

The presentation in this paper of information on the practicability of

using such solders and of data on the strength and temperature limita-

tions of joints made with them is believed to be of timely interest.

Lyman J. Briggs, Director.
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ABSTRACT

A previous investigation on soft-soldered sleeve

joints in copper tubing for domestic plumbing lines and

other uses dealt with joints made with two tin-base

solders. To supplement that investigation, the present

one on similar joints made with various lead-base

solders was conducted. Solders of the following types

were used: lead-silver, lead-tin-antimony, lead-cad-

mium, high lead-low tin, and high-purity lead. Tensile

tests at room temperature (short-time tests) were made,
together with long-time tests at temperatures ranging

from 85° to 325° F. The information from the latter

tests is much more useful than the results of short-time

tests in evaluating soldered joints for service. Con-
sideration must always be given also to possible bond
deterioration of the soldered joint at elevated tempera-

tures. On the basis of the results of the first investiga-

tion, joints in copper made with tin-base solders were

considered satisfactory for general use, provided the

temperature did not exceed 250° F. The results of the

present study have shown that similar joints made with

lead-base tin-free solders can be used with safety at

temperatures as high as 325° F.

I. INTRODUCTION

In the report of a previous investigation [1]/

the apparatus, materials, method used for test-

ing, and the results of tests on sleeve joints in

copper tubing made with (50-50) tin-lead solder

and with (95-5) tin-antimony solder were dis-

cussed. In the present paper are summarized
the results obtained by the same procedure on

' Figures in brackets refer to literature references listed at the end of

the report.

similar sleeve joints made with a variety of

lead-base soft solders.

The (50-50) tin-lead and the (95-5) tin-anti-

mony solders used in the previous study meet
the general needs of domestic plumbing satis-

factorily, and, in addition, the (95-5) tin-anti-

mony alloy is a satisfactory soft solder in certain

other applications where the presence of lead is

not desired. These two solders were not found

satisfactory, however, for service conditions in

which the temperature exceeded 250° F. Hence
the iiivestigation was continued in hope of

finding a soft solder that would be satisfactory

for service at a temperature as high as 325° F.

Also, the turn of events during the time the

investigation was in progress indicated that

more specific information on the strength prop-

erties and limitations of lead-base soft-solder

alloys with little or no tin content might be of

considerable industrial importance. In this

investigation, promising alloys already known
were used and no effort was made to develop

new ones.

II. MATERIALS
1. Tubing

The materials used in the construction of the

joints have been described ia the previous pub-
lication [1]. Suitable lengths of type L hard-

drawn copper tubing, %-inch diameter, soldered

into wrought-copper couplings (straight sleeve

fittings) were used in all of the long-time tests.

446484°—i2
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In a short-time tensile test (speed of 0.06 inch

per minute of the movable head of the testing-

machine) the load to cause rupture in a soft-

soldered joint is much greater than is required

in a long-time test of the same kind of joint

under a constant load. In the short-time test,

the loads to cause rupture in the joints, with

most of the solders in table 1, exceeded the

strength of types K and L tubing and of the

wrought-copper couplings. To insure occm-

rence of the failure within the soldered joints,

the specimens were made by soldering suitable

lengths of solid copper rod into straight sleeves

of iron-pipe-size copper tubing. The clearance

between rod and sleeve was the same as in the

coupling used in the long-time tests.

2. Solders

All of the solders used were of the lead-base

type and are listed in table 1 with information

on their composition and the temperature in-

terval within which melting occurs.

Table 1.

—

Composition and melting ranges of solders, and
maximum shear strength on soldered areas of joints

made therefrom

was maintained at 0.87 ±0.01 inch and
diametral clearance at 0.004 ±0.0006 inch.

1. Short-Time Tensile Tests

the

Nominal composition

Lead

%
95
60
95.3
97.2
85.4
82

blOO

' 50

Tin Silver
Cad-
mium Zinc

Anti-
mony

%
5

39

% % % %
1

4.7
2.8

14.3
17.5

0.3
.5

50
e 95 0 5

Melting
range

(approx.)

Maximum
shear stress

at room
temper-
ature

(Appro.x.
85" F),

short-time
test '

o p lb/in.'

575 to 595 3, 000
360 to 430 5, 700
580 to 670 2,900
580 to 595 2,900
475 to 485 6,000

477 6,000
621 1,800

0 360 to 420 « 5,500
0 450 to 465 ° 6,200

» A sleeve-type joint formed by soldering a solid rod of copper into
5^-ineh iron-pipe-size copper tubing was ruptured in a tensile-testing
machine, the loading rate corresponding to 0.06 inch per minute rate of
travel of the movable head.

^ Total impurities not exceeding 0.02 percent.
° Included from previous investigation.

III. TESTING PROCEDURE AND
RESULTS

The precautions observed in making the

soldered sleeve joints were identical with those

previously described. In order to insure uni-

formity in the dimensions of the solder film in

the various joints, the bore depth in the joint

The testing procedure did not difi'er in any
essential respects from that described in the

previous report [1]. The results are summar-
ized in table 1. The corresponding results ob-

tained in the previous investigation with tin-

rich solders are also given in table 1.

2. LoNG-TiME Loading Tests

The sleeve-joint specimens were made, as in

the previous investigation, by soldering two

lengths (approximately 15 inches, each) of type

L, hard-drawn copper tubing, %-inch nominal

size, into commercial wrought-copper couplings.

These were loaded in tension by means of

weights and a lever device. For the elevated-

temperature tests, the central portion of the

specimen, approximately 8 inches long, contain-

ing the joint was surrounded by the heating

device, the cylindrical wall of which was of

Pyrex glass, which permitted observations to be

made on the gage marks used for measuring

extension, without removing the heating unit.

In general, for each type of solder, four speci-

mens, maintained at the same temperature,

were subjected to loads ranging, at approxi-

mately equal spacing, from one estimated to be

considerably below the maximum safe load to

one considerably above the maximum safe load.

After the maximum safe load had been deter-

mined approximately, other specimens loaded

at closer intervals to this value were added so as

to obtain a more accurate determination of the

maximum safe load.

The maximum safe shear stress, as reported

here, was obtained by dividing the maximum
safe load by the soldered cylindrical area in the

joint (not the cross-sectional area of the solder

film).

The behavior of the various soldered joints at

the different temperatures used, 85°, 250°, and
325° F, is summarized in table 2. Maximum
shear-stress-temperature curves are also given

in figure L The behavior of the individual

joints made with the various solders when sub-

jected to different loads at the three tempera-

tures used is summarized in the appendix.

[2]
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-Maximum shear-stress-temperature relationships for sleeve joints in copper-tube lines, made with the

solders listed in table 1.

Table 2.

—

Maximum allowable shear stresses at various
temperatures in sleeve joints formed by soldering Y^-inch
copper tubing {type L) into copper couplings

Nominal composition of solder

Lead Tin Silver
Cad-
mium Zinc

Anti-
mony

Room
temper-
ature,
approx.
85° F

250° F 325° F

%
95
60
95.3
97.2
85.4
82

•100

l>50

%
5

39

% % % %
590
260
800
800
740
740
535

b 235
b 1, 200

lb/in.2

215
90

220
220

(<•)

200

b 80
k 380

lb/in.'

160

W
105
105

90

90
85

W
b 275

1

4.7
2.8

14.3
17.5

0.3
.5

b 50
b 95 b 5

Maximum allowable
shear stress «

a Total impurities not exceeding 0.02 percent,
b Included from previous investigation.
= The joint was stressed continuously for 5,000 hours or more without

failure,
d Not tested.

IV. DISCUSSION

The values for the short-time strengths in

table 1 are useful to indicate the area in a joint

that, when placed in pure shear, is necessary to

withstand a given load, applied momentarily.

If the joint is loaded so that the stress on the

soldered area is not pure shear, a much lower

value may be obtained for the strength of the

joint; the magnitude of this difference depends

upon the distribution between tensile stress

across the solder film and shear stress within

the film.

A more important index of the strength value

of soft-soldered joints is that obtained under

long-continued loading at a constant shear

stress. Results of long-time tests, such as are

given in table 2, are necessary to evaluate cor-

rectly the strength of soft-soldered joints at

room or at elevated temperatures As the

temperature of the joint was increased above
85° F, the strength decreased rapidly. The
values in table 2 were obtained on sleeve joints

between copper tubing and wrought-copper

couplings, maintained under constant tensile

loads, at 85°, 250°, and 325° F, for 5,000 hours

or more. The values were calculated as shear

stress on the soldered, cylindrical, area in the

joint and are the maximum stresses at which

extensions in the joints, indicating eventual

failure, did not occur.

As will be shown later, however, maintenance

[3]



of strength at any specific temperature is not

tlie only criterion to be used in evaluating a

solder for service at that temperature. Per-

manence of the "bond" must also receive con-

sideration.

In the previous investigation it was shown

that at 250° F and upward, rapid deterioration

of the bond between copper- and tin-alloy

solders takes place; hence tin-alloy solders on

copper are not satisfactory for continued ex-

posure at 250° F and above. The same

behavior was observed for the two solders con-

taining tin used in the present investigation.

Bond deterioration at 250° and 325° F was not

observed between copper and the lead-silver,

the lead-cadmium-zinc, or the pure-lead solders.

Within the strength limitations given in table

2, these solders are therefore considered to be

superior to any of the tin-alloy solders for use at

temperatures of 250° F and above.

Pure lead can be used as a solder on a number
of ferrous and nonferrous metals, but the tech-

nique for applying it is difficult and its use

industrially can hardly be considered prac-

ticable. Moreover, the strength of joints made
with pure lead is considerably lower than that of

joints made with the solders of high lead con-

tent, which have the added advantage of pos-

sessing much better soldering properties.

Lead-silver alloys, with the silver content

ranging from 2}^ to 5 percent, have been used

successfully. Failures that were encountered

can reasonably be attributed to improper tech-

nique in applying them, or to the failure to

recognize their strength limitations at elevated

temperatures (table 2).

The lead-silver alloy containing 2.5 percent

of silver is close to the lead-silver eutectic com-
position and is very fluid when melted, but the

temperature interval over which it remains

molten is relatively short. Hence it is not so

suitable for "sweat" soldering as the alloy of

higher silver content which was used. The
upper limit of the melting range of (95-5) lead-

silver alloy is about 670° F, which is rather high

for some purposes. The zinc chloride flux,

which must be used with this solder, deteri-

orates very rapidly at this temperature. The
strength properties of the two lead -silver solders

did not differ significantly. Probably (96-4)

lead-silver alloy would be the most satisfactory

proportions in a lead-silver soft solder, cost and
other factors being taken into consideration.

The lead-cadmium-zinc solders are com-
pletely molten at temperatures well within the

temperature range satisfactory for soft soldering

with zinc chloride flux. The strength of sleeve

joints made with these solders, at room tem-

.

perature and at elevated temperarures, was
higher than that of joints made with pure lead

and approached that of joints made with the

lead-silver solders. From the standpoint of

permanence of the bond between the solder and
copper base, at elevated temperatures (250° F
and above), the lead-cadmium-zinc solders were

found to be superior to tin-base solders. From
the standpoint of ease of application, the lead-

cadmium-zinc solders are preferable to the lead-

silver solders. Possible lack of an adequate

supply of cadmium may be detrimental to a

wide use of the lead-cadmium-zinc solders under

present conditions. As the zinc content should

not be over 0.5 percent, and apparently could

be as low as 0.3 percent, it is not probable that

the availability of zinc would be a significant

factor in the use of these solders.

The (82-17.5-0.5) Jead-cadmium-zinc alloy is

close to the lead-cadmium eutectic and melts at

practically a constant temperature (477° F).

The lack of a melting range might not be a

detriment to bit or machine soldering, but

would cause difficulties in sweat soldering, for

which a melting range, preferably one of at

least 30° to 40° F, is desirable. With 14 per-

cent of cadmium a melting range of about 7° F
was obtained; with 12 percent of cadmium, the

melting range would be about 15° F, which is

satisfactory for most purposes. Further de-

crease in the cadmium content to widen the

melting range would result in an undesu-ably

high upper melting temperature.

V. SUMMARY

1. The results of a previous investigation

established the fact that (50-50) tin-lead alloy

and (95-5) tin-antimony alloy are satisfactory

for use in soldered sleeve joints in copper tub-

ing, provided the service temperature does not

exceed 250° F. The (50-50) tin-lead solder

meets the needs of general domestic plumbing
satisfactorily, and the (95-5) tin-antimony

[4]



solder can be used in applications where higher

strengths are necessary or where the presence of

lead is not desired.

2. The present investigation supplemented

the previous one, the principal aim being the

finding of a solder satisfactory for continuous

service at temperatures above 250° F. Lead-

base alloys of the following typical compositions

were used: (95-5) lead-tin; (60-39-1) lead-tin-

antimony; (95.3-4.7) lead-silver; (97.2-2.8)

lead-silver; (85.4-14.3-0.3) lead-cadmium-zinc;

(82-17.5-0.5) lead-cadmium-zinc; and high-

purity lead.

3. The types of specimens and the testing

procedures used were essentially identical with

those of the previous investigation. Short-

time tensile tests at room temperature (85° F)

and long-time continuous tensile-loading tests

at temperatures ranging from room temperature

(85° F) to 325° F were carried out. Results of

the latter type of test constitute a very impor-

tant index of the merits of soft-soldered sleeve

joints under service conditions at various tem-

peratures. Data of this kind on all the solders

investigated (including those of the first inves-

tigation) are given in tables 1 and 2.

4. Information concerning the tendency

toward deterioration of the "bond" of a soldered

joint as a result of structural changes at elevated

temperatures is necessary in establishing a

complete criterion for the evaluation of the

permanence of soldered joints under service

conditions involving elevated temperature. All

of the solders that contained tin showed a

tendency toward deterioration (weakening) of

the bond, on long-continued exposure to tem-

peratures above 250° F. This tendency was

not observed in any of the joints made with

lead-base (tin-free) solders. The maximum
temperature recommended for joints made with

solders containing tin, is therefore, 250° F.

5. Within the shear-stress limitations given

(table 2) , lead-silver solders and lead-cadmium-

zinc solders of the typical compositions tested

can be used with satisfaction at temperatures

up to 325° F, although difficulty may be expe-

rienced in "sweat" soldering, as in making

sleeve joints, with the alloys (97.5-2.5) lead-

sUver and (82-17.5-0.5) lead-cadmium-zinc,

which are close to the eutectic in their composi-

tion and therefore remain molten over a rela-

tively very short temperature interval. From
the standpoint of ease of application, the lead-

cadminm-zinc soldoj-s arc somewhat superior to

the lead-silver sold(!rs.

6. The use of lead as a commercial solder is

limited by the difficult technique required in its

application.
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VII. APPENDIX. RESULTS OF LONG-
TIME LOADING TESTS ON JOINTS
MADE WITH SOLDERS LISTED IN
TABLE 1

The values given in table 2 and figure 1, in the main
part of this report, were chosen as the maximum stresses

on the soldered areas at which extensions at an increas-

ing rate did not occur under constant tensile loads,

maintained for 5,000 or more hours. The tests were

conducted at room temperature (approximately 85° F),

250°, and 325° F. The specimens were made with

suitable lengths of type-L hard-drawn copper tubing,

%-inch nominal diameter, soldered into wrought-copper

couplings. The bore depth in the joint was maintained

at 0.87 ±0.01 inch and the diametral clearance at

0.004 ±0.0006 inch. The extensions were measured at

suitable intervals, as described in the previous report [1].

The extensions, in thousandths of an inch for the indi-

vidual specimens, are plotted against time, in hours, in

the accompanying figures 2 to 13. Total extensions of

less than 0.001 inch were considered to be not signifi-

cant, and are not shown.

No curves are given for specimens soldered with the

(60-39-1) lead-tin-antimony alloy for the test tempera-

ture of 325° F, because this temperature is only slightly

below the lower melting temperature of the solder, and
this solder is not recommended for use above 250° F.

The specimens made with the two lead-cadmium-zinc

solders (fig. 10) were not tested at 250° F. Curves for

[5]



the specimens tested at room temperature (85° F.) are

not shown. None of the specimens under stresses up to

740 pounds per square inch showed any extension at

room temperature. Rapid failure occurred at stresses

of about 900 pounds per square inch. It was conchided

that the value 740 pounds per square inch was well on

the safe side, although a slightly higlier stress might be

possible for this solder.

The curves, figures 7, 8, and 9, for the specimens made
with the (95.3—4.7) lead-silver solder can also be con-

sidered as applying to the (97.2-2.8) lead-silver solder.

A complete series of tests with the latter solder was not

made, but the results on a few specimens showed close

agreement with those obtained on the solder of higher

silver content. Further justification for the conclusion

that these two solders are practically equal in strength

is the close agreement at 250° and 325° F between the

curves, 2, 3, 4, and 5 of figure 1, for all of the lead-base

solders used in this investigation. For this reason it is

believed also that for practical purposes the strength

values for the (96-4) lead-silver solder, recommended as

probably the most suitable lead-silver solder, would
agree closely with those given for the actual composi-
tions used in this investigation.
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