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This invention relates generally to testing procedures,
but has reference more particularly to the ‘laboratory
testing of copper-plated steel strip, which is to be used
for manufacture into brazed tubing, in order to deter-
mine the brazeability of such strip. . '

In making copper-plated steel strip for use in the

manufacture of brazed tubing, it has been the practice
to electroplate cold rolled continuous steel strip on both
sides with copper to .an approximate thickness of
000125”.
. The coils of copper-plated strip are then annealed, slit
into specified widths, and then utilized for the manu-
facture of the brazed tubing. This tubing is usually made
by forming the plated strip around a mandrel with a
slight - draw “to insure good contact of the plated sur-
faces, which are then brazed together by heating the
formed tubing in a ‘brazing furnace, in an inert gas
atmosphere, at temperatures- slightly above the melting
point” of -copper. In'this manner, copper-coated steel
tubing of various diameters is produced.

Most of the copper-plated steel strip made for this
use is-satisfactory and produces a good tubular product.
In some cases, however, the copper-plated steel strip
does not braze properly, resulting in lack of proper ad-
hesion between the adjacent copper surfaces.

Attempts through laboratory tests to insure the manu-
facture of copper-plated steel strip, which will braze
properly and insure the production of a uniformly good
tubular - product, have heretofore been: unsuccessful,
mainly, because it is difficult to duplicate manufacturing
conditions on a laboratory scale. . .

. After considerable work along this line; and based on
a large number of tests and experiments, we have de-
vised a laboratory test for the brazeability of copper-
plated steel, which has been found to be entirely satis-
factory, and which gives results that can be properly
correlated with the behaviour of such material in the tube
manufacturing process. The test is relatively simple and
easy to perform, but involves a number of variables which
must. be strictly controlled within rather narrow limits,

in order to obtain consistent results, which can be repeated

and checked. L : oo

The present invention is directed ~primarily to this
laboratory test, and to the control of the aforesaid vari-
ables.

In accordance with the invention, a sample or specimen
of the copper-plated steel to be tested may be of any
reasonable size, but for convenience and consistency of
results should not vary in size. For this purpose, a
strip about 10 inches long and about 134 inches wide
is preferably or desirably used.

The strip can then be cleaned, if necessary, by any
convenient effective method or means, as, for example,
by dipping it in carbon tetrachloride and wiping it dry.
1t should be clean and dry before starting the test, which
is the subject of the invention.

As a preferred embodiment or example of the in-
vention, the following sequence of steps may be em-
ployed.
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(1) The copper plating is stripped. or dissolved off
both sides of the strip by any convenient method, as-for
example by completely immersing the strip in an aqueous
solution containing 450 grams per liter of chromic acid
(CrO;) and 50 grams per liter of concentrated sulphuric
acid (H,S04) at a temperature of 80° F. for about seven
(7) minutes. Neijther the method of stripping nor.the
composition of the stripping bath are critical so'long as
the copper plating is completely removed without etching
the steel. : : .

(2) The stripped steel is removed from the stripping
bath and thoroughly rinsed in cold running water.

(3)- The clean wet strip is immediately immersed in
distilled water containing 30 parts per.million of chlo-
ride ion as sodium chloride, at 80° F., for three (3)
minutes. The purpose of this dip is to bring the tem-
perature of the strip to 80° F. and to provide a surface
film of water containing 30 p.p.m. of chloride, the reason
for which will appear hereinafter, in connection with
the description of the next step. The concentration of
chloride is critical to_ =5 p.p.m., and the temperature is
critical to ==1° F., which is maintained by a thermo-
statically controlled water bath. o

(4) The strip, wet with the 30 p.p.m. chloride ion
solution, is then immersed, for two minutes, in an im-
mersion copper plating bath of carefully controlled com-
position and having a temperature of 80° F., which
temperature is maintained by a thermostaticaily controlled
water bath. The bath composition is: ’

Copper sulphate (CuSO.5Hz0) -. 250 gms./L- (%5
: SR gms./L).
Oxalic acid (H;Cy0:2H,0). o~ 8 gms. /L (&2
' : gms./L).
Chloride ion as NaCl' ccecicmnac 30 parts per million
i (%5 pp.m.).

The copper sulphate should be of a high degréee of
purity, virtually free from chloride, and is first dissolved
in distilled water. The oxalic acid, dissolved in distilled
water, is then added. A precipitate of copper oxalate
is formed, which does not interfere with the test. The
solution is saturated with copper oxalate and an equilib-
rium is established at pH=1.5, #0.1. This is critical.
A variation in oxalic acid concentration of =2 gms./L
corresponds to a pH variation of ==0.1. The purpose
of the oxalic acid is to establish and maintain pH=1.5, -
=+0.1, hence the concentration is fixed.

The solution is then made up to volume and analyzed
for chloride content, which is then adjusted to 30 =5
p.p.m. by adding sodium chloride as required. The so-
lution is then brought to 80° F. and maintained at that
temperature = 1° F. in a thermostatically controlled water
bath, and is now ready for use. , .

The concentration of copper sulphate is arbitrary and
can be anywhere between 200 and 325 grams per liter,
but after the concentration is selected, it must be main-
tained within 5 grams per liter, in order to obtain con-
sistent and reproducible results, as hereinafter disclosed.
Similarly, the chloride ion concentration selected is arbi-
trary and can be anywhere between 10 and 50 parts per
million, but after the concentration is selected, it must
be maintained within 5 p.p.m. in order to obtain con-
sistent and reproducible results, because for reasons,
which have not vet been ascertained, this has a marked
effect on the results obtained.

The temperature of the copper plating bath is also arbi-
trary, and can be any conveniently maintained tempera-
ture, but once selected, must be held within ==1° F. in
order to obtain consistent and reproducible results, be-
cause, like the chloride jon concentration, it has a marked
effect on the results obtained. The temperature of 80°
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F. was selected because it is easily maintained constant
i the-laboratory and does not involve appreciable evapo=
ration losses with attendant: changes in solution concen-
tratlon .

" THe reason for sfep 3 will’ Be evident- fromr the- sig-
mﬁ"cance*whlch his been- attached' to the maintenarnce of
constant’ temperature: and" chloride- ion' concentration in'
the imnierion test’ solution; as’ described’ above. o

(5)- At the end" of two minutes immersiorn: the stnp
is Temoved from- the: platmg solution-and" exammed vig=
aally; - It- will” be -found: to- be covered- cn Both: sides
with an immiersion depos1t of copper. The phys1cal char-
acteristics’ of this-immersion copper plate’ can: Be- directly
~ correlated “with the brazeability of the original ‘copper
electroplated’ steel’ from' which the sample or tést” strip,
~came. - Good- plate 1nd1cates good brazeablhty and bad

plate’ indicates: the Opposite: By. good’ plate’ is- meant
" ong¢ that is bright, smooth, Tustrous; aderent, of good
color; and appcars hxe; a shmy film’ of pure”copper. By
bad plate is meant’ ‘one-‘that is dull ‘dark, spongy; nén~

adherent, porous; non—umform or_any: other variation’
There are: very few specimens whlch :

from. oood pldte;
are exther ‘all good or all bad<—most’ show varjations of
greater or less'degree:  Hence each side of the' test speci-
firens’is rated numerxcally from: ope to- ten 6n° the basis
of estlmated - area of good plate as follows S

Percent of area of geod plate
0-10

. 10-20
112030
30-40.

- 40-50
50-60

. 60-70
! . 70-80
S 80-90
.2 90-100

The ratmgs for Ec;ch specimen are then recorded. - For

V-Ratmg

-1 SR

] example 10=10: is* the Highest rating and -means ‘that the.

" immersion “test plate’ was over 90% good on both sides
and that the orxgmal copper plated steel has' good braze-
ability, while 1--1-is the lowest rating and means: that the

immersion: tést plate was: Iéss' than 10%  good. on’ both.
sides, @nd that-the original’ copper plated steet has. poor -

brazeability. In-between ratings; such: as. 775, 3/8, 6/4,
etc:, must be carefully correlated with "actual brazmg,
expenence with the plated steel from which: the test speci-
mens were - taken, in ordér to- establish: a’ standard of

‘acceptability, and” this will' vary with' the: concentration 5

of test: solution: and: temperature at which: the tests were:
- made, emphasizing agam the importance of holding these
variables consfant, once they have beem ' selected:” By
¢hanging the- critical - variables—solution - concentration,
chloridé ion concentration and: temperature—the’ numeri-
~¢al values of the ratings can’ be moved up or down at
“will, so that the dégree of sensitivity’ of the test can: be
varied as-desired to best correlate with. brazeability data
obtained. from actnal performance experience,

in order
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to establish a fixed test procedure and a correspondmc
rating standard that will' predict the brazeablhty of cop-
per plated steel as it is produced and before it is actually
used.

- It is to be understood that various  changes can be
made in the concentrations' of the solutions, temperatures,
and other: factors, without departing from: the- spirit of
thezinvention, or the scope . of the appended claims;

Having thus described our invention, we claim:

‘T, I a- method- of"- laboratory testing ‘of - the- braze-
abmty of coppe r-plated steel” strip, the steps which com- .
prise .taking a-specimen of the: strip;’ cleamng the specx- P
men;:Femoving copper: platmg from the specimen; rinsing -

* the stripped specimen in water, dipping the finsed speci-
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men: i’ an- aquecus solution containing about 30 parts
per million of chloride ion as sodium chloride, at a se-
lected:but relatively constant’ temperature, for about three
minutes; .then without’ rmsmg, nnmersmg the specimen
for about two minutes in‘an aquéous immersion: copper
plating test bath containitlg from: about 200 to: about 325
grams per liter of CuSO,.5H;0; -about 6-to- about 10

.grams- per- liter of oxalic’ ‘acid; and@ from ‘about: 10 to

about 50° parts per million of - chiloride -fom: ‘as* sodium

- chloride, and having o “selécted: but relatwely eonstant :

temperature,  whereby’ to provide: an “immersion depomt

-of copper ‘thereon, and visually examining the immiersion

copper -deposit in comparison with a pre—estabhshed rate
ing schedule to determine: thé relative: brazeablhty of ‘the

- original copper-plated strlp from: thh the spec1merr has.

' been taken.

2. In a method of Iaboratory. testmg of the braze-‘ :
ablhty of copper—plated steel strip, the steps which com-
prise taking a specimen of the stripy cleaning the speci

. men, removmg the copper. platmg frony-the specimen: by .

40

; ,lmmersmg it in an aqueous solution contalmng abaut
450 grams per liter of chrormc acid: and:about~ 50 grams

per liter of stilphuric -acid, rinsing the stnpped _specimen

‘in- -water,” dlppmg ‘the Tinsed Specimen -in- an’ aqueous

solution: containing about 30’ parts: per million ‘of chlo-
ride ‘ion as ‘sodium ‘chloride, at 2 “femperature: of about
80° F., for -about three minites, then without: rlnsmg,,
nnmersmv the- specimen: for: about two: minutss: in: an
immersion’ copper platmg test-bath. contammg dbout 250
grams per liter of CuSO0.5H;0,. about 8 grams per liter
of oxalic dcid, and about 30 "parts per- million of chlo-
tide: ioft as- sodium: chloride, and” having a' temperature
of about 80° F., whereby to provide an immeérsion de-
posit of copper: thereon _and vxsually examining the im-
mersion copper deposit’ in comparison with: a7 pre-estab-
lished rating' schedule: whereby to dstermine the relative:
brazeability of the-original copper=plated: steel stnp from:
whlch the specimen has: been taken;
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