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This invention relates to the electro-deposition of the
stainless steel coatings on metal surfaces and is particu-
larly concerned with the provision of a method of and
solutions for electro-depositing coatings of alloys cosnsist-
ing of iron, chromium and nickel on certain metal sur-
faces.

Before stating the principal objects of the invention and

_describing its details it will ‘be-helpful to review briefly

certain practices of the prior art. . For instance, it is well
known that enhanced corrosion resistance..may ‘be im-
parted to metal surfaces by electro-depositing -on the sur-
faces either chromium ‘or’ nickel or- alloys of iron and
chromium or of iron -and nickel. However, where it has
been desired to obtain a coating which includes boih
chromium and nickel in addition to iron, ie., an alloy of
all three of these metals, it has: been customary. to hot
roll a sheet of stairiless steel onto the surface of the metal
to be protected: or ‘to spray on the surface molten stainless

steel by means of compressed air.- Thespraying technique

has not -found widespread industrial application due to
certain difficulties and high costs involved in such an-oper-

-ation. As for the rolling procedure, it is obvious that it

has to be restricted to fiat surfaces which, of course, means
that irregularly shaped arficles cannot be subjected to such
a process; ‘Beyond this, the ‘rolling method is subject to
a further disadvantage incident to the fact that when cut-

ting the sheet, the edges so-exposed are uncoated so that .
corrosive environments at

the base metal is subject’ to
such-edges. .

In addition, the art also has attempted to apply coatings
which have the approximate analysis of stainless steel by
using a chromium-nickel deposition upon ferrous surfaces
followed by a heat fusion treatment;, but such technique
has not.been: successful-in -obtaining the-desired stainless
steel coating. :

With the foregoing in mird; the principal object of the

‘present invention resides ‘in the provision of a process by

means of which iron, chromium and nickel may be ¢lectro-
deposited simultaneously upon a base metal to produce
theréon ‘a stainless steel alloy of all three of these-metals.

The present invenition is ‘based. upon the discovery that

jron, chromium and nickel -can 'be deposited simuitane-
.ously from an electrolytic solution containing the ions of

all three of these metals to yi¢ld a-coating upon a-base
metal which coating contains an alloy of the said metals
and, under conditions to be described below, that the said

coating can be .given the approximate analysis of the so-
called stainless steéls. ‘The ‘metal to be coated ‘is. made:’

the ‘cathode and the electrolytic solution must contaif;-as-
essential coating producing ingredients, from 0.2 mol/liter
to ‘saturation of each of ‘the ions of iron, chromium and
nickel and at.least 1.0 mol/liter of urea. For best results
the .coating solution should be operated at temperatures
tanging from 30° to 80°.C. and at a pH from about 13
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to about 3.5 dand that a current density of from 0.645 to
2.148 amps./in.2 should be employed.

As stated, the metal to be coated must serve as cathode
in the electrolytic solution and we have found that coat-
ings of this invention caibe applied to metals from the
group- which consists- of dren; copper, zinc, nickel -and
alloys.of each wherein the particular metal constitutes the
principal ingredient.  * :

The anode employed may be, and preferably is, of the
convenitional type—for example, one of platinum or
graphite composition. However, if desired, stainless steel
anodes may be employed and, more particitlarly, stainless

_steels of what are known as the SAE 304 and 305 types.

Where such stainless steel anodes are used it should be
noted at this time that the electrolytic solution should in-
¢lude chloride ion in order to facilitate dissolution of these

‘anodes as will further appear.

The concentration of the iron, chromium and nickel
ions must each be at least 0.2 mol/liter calculated as the
respective metal ion and these jons are preferably intro-

.duced into the solution in-the form of:their chloride or

sulphate salts.” The concentration .of these ions in the
solution is limited ‘only by the solubility .of the respective
salts in ‘a particular coating bath.

- The ‘typé ‘of chloride .or siilphate 'salt which may be
utilized is not ¢critical but; in the interests:of economy, it
is preferred to employ hydrated salts of the respective
metals. - Where the anode employed consists of SAE type
304 or 305 stainless steel it.is.unnecessary to add addi
tional salts ‘of the respective- metals so long as. there is
enough chloride ion in the electrolyte to effect dissolution
of ‘sufficient of the ‘anodeto yield at least 0.2 mol/liter
‘of éach of the respective metal ions. .

In addition to.the -metal ions as specified above the
eléctrolytic ‘bath must also ‘include urea in an amount
which is not less than 1.0'mol/liter and preferably should
lie between 1.0 and 4.0 mols/liter. Where less than 1.0
mol/liter of ‘urea is employed -chromium deposition is
impaired so that only very small amounts of this metal
may be deposited in relation to the total eoating. ‘On the
other hand, if more: than 4.0 mols of urea per liter are
employed, . chromium deposits at an increasingly rapid

tate at the ‘expense of the nickel constituent so that only
-very. small quantities of nickel would be plated on the

piece. -

Dissolution of both the metal salts which may be em-
ployed as well as of the urea may require the addition to
the electrolytic solution. of free acid in the form of hy-
drochloric or sulfuric acids in order to provide the op-
erable pH range which is required; namely between 1.5
and 3.5. On the other hand, if the' pH ‘of the ‘solution
as-prepared is'less than 1.5, small amounts-of ammonium
hydroxide may be-added to raise the pH to within the level
desired; “A pH bélow 1:5is undesirable inasmuch as it
results -indecreased chromium -content in- the coating as
well as decrease in the total coating weight and an in-
crease in pitting of the coated articles. A pH above 3.5
tends-to cause decrease-in the percent of yield based on
current efficiency for both chromium and iron and a rapid
increase in the nickel concentration of the alloy which is
deposited. ‘

In ordér to demonstrate the effect of variations in the
pH of the electrolytic bath reference is made to the fol-
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prepared all of which contained per liter the following

ingredients:

Mols
Crg(80,4)3-15H,0 o 0.4
FeSO4—7H,0 0.2
NiSO, TH,O _..__ 0.4
Urea oo __ ——— — 3.0
H;BO; _— ——— 04

Baths of said composition were operated at 50° C. and
copper was used as the cathode with a current density of
1.716 amps./in2 for a S5-minute period of deposition.
Table I below sets forth in tabular form the results of the
tests which were made:

Table I
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! Not determined

The current yields were computed for the individual
metals as well as for the alloy, after each of the metals
in the coating had been analytically determined for the
respective current density and duration of the electrolysis.
The computation was based on the following formulas:

The electrochemical equivalent weight W in g./ah. at a
100% current yield is determined by the formula:

We Wi War W3
Jrwaws = fawrws -+ faunws

in which w;, w,y, and w; designate the electrochemical
equivalents of the three metals, and f;, f2, and fq designate
the proportional weights of these three metals, the sum
of f;, fa,-and f; amounting to 1,

The current yield of the alloy S is determined by the
formula:

S_Weight of alloysX 100 (fiwaws-+fawiws--fywiws)
- Current density X time in A X wi-w;-ws

where & represents hours.
The thickness of the percipitates (d) is determined by
the formula:

. 1 R
(Welght Fe Xm-]-wmbht Cr1 |
Xm-l- weight NiX@>

d= -
Area in cm.?

in which the fractions signify the reciprocal specific
weights of the three metals.

From the above Table I it will be observed that under
the conditions given a pH between 2.1 and 2.3 yielded
alloy coatings having the approximate analyses of SAE
stainless steels known as types 305, 316 and 347. For ex-
ample, stainless steel type 305 generally contains from 17
to 19% chromium and 10 to 13% nickel with the balance
iron. Type 316 contains from 16 to 18% chromium and
110 to 14% nickel with the balance iron and type 347
usually has a composition of approximately 17 to 19%
chromium and 9 to 12% nickel with the balance iron.
Of course, certain very small percentages of other ingredi-
ents such as silicon, carbon and manganese are often
present in such stainless steels but these can be ignored
insofar as the present invention is concerned.
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As noted hereinabove, the deposition of chromium-
nickel-iron alloys must be effected by employing a current
density of from about 0.645 to 2.148 amps./in.2, In the
particular example of Table 1, as stated, 1.716 amps./in.2
were employed. Where current densities greater than
about 2.148 amps./in.2 are utilized the deposited alloy
tends to develop fissures and cracks and sometimes burn-
ing of the base metal results. On the other hand, at a
current density below about 0.645 amp./in.2 the chromium
content of the deposited coating tends to fall off to a low
level as also does the total alloy yield.

To illustrate the effect of changes in current density
another series of tests were run the results of which are
tabulated in Table II below. The solution employed was
of the same compression as that specified above for use
in Table I and the conditions of operation were essentially
the same with the pH being maintained at approximately
2.1 throughout the tests. The factor which was changed
was the current density as shown by the table. The
cathode employed was again copper.

Table 11
. Percent metalin | Percont current yield
Current density,| Grams alloy on—
amps./in.2 alloy
Cr | Fe | Ni |Alloy| Cr | Fe | Ni
Mol orololo|@
7.6172.4119.9 144 1.67] 101 263
9.4|72.0|18.5|18.2|2.60 | 12.5| 3.07
12.4172.3 | 15.2|121.3 | 3.96| 14.5 | 2.90
15.3172.4112.3 (22.5]5.10 | 15.0| 241
16.9170.01 13.1127.8 [ 6.90 | 17.8 | 3.15
17.3 1 70.0 | 12.7 | 24.7 | 6.24 | 15.8 | 2.72

1 Not determined.

From the above table it may be observed that stainless
steels of types 305, 316 and 347 are more closely approxi-
mated under the conditions of the bath where current
densities of from about 1.716 to about 2.148 are em-
ployed.

In order to illustrate the effect of variations in the
temperature of the bath still another series of tests were
undertaken and these are reported in Table IiI below.
In these tests the bath was the same as the bath used for
Tables I and IT and copper cathodes were again employed.
The pH of the electrolytic solution was maintained at
approximately 2.1 and the current density employed was
1.716 amps./in2, The temperatures, however, varied
widely as shown.

Table 111
Percent metal in Percent current yield
Temperature, | Grams alloy on—
°q, alloy
Cr | Fe | Ni |Alloy] Or | Fe | N1
27.1169.11 3.7|223| 84133 o. 66
20.1171,8| 7.9121.7| 6.3|13.9| 1.48
15,3 172.4112.3 22,2 51| 14.8! 2.38
7.9173.91181]23.3| 2.8|16.6| 3.8
4.8170.8|24.4124.9] 1.917.3]| 5. 67
0.9169.7(29.3)27.5] 0.4(19.4] 7.75

Analysis of Table III shows that lower temperatures
favor chromium deposition at the expense of nickel and
this is reflected both in the actual weight of the metals
deposited and in the percent current yields based on the
respective metals. Furthermore, the current yield based
on iron will be observed to increase gradually with in-
creased temperatures. The total alloy deposited increases
with increase in temperature and the alloy deposits which
approximate the analysis of stainless steels 305, 316 and



ro e

3,093,556

5

347 are obtained where the temperature ranges from
about 40° to 50° C. under the conditions of this test.

Insofar as time of treatment is concerned, it has been
found that the duration of the electroplating reaction
has essentially no marked influence upon the composition
of the alloy except that prolonged electrolysis under
otherwise constant conditions tends to cause a decrease in
the current yield and also tends to dull the finish of the
plated coating. To demonstrate this is a series of tests
were run which are reported in Table IV below, the
solutions employed being the same as those heretofore
used in connection with Tables I, Il and III. The cath-
odes were copper as in the previous tests while the tem-
perature was held at approximately 50° C. and the pH
at approximately 2.1.

Table IV
Percent metal Percent current
Current | Time, | Grams in alloy yield on—
density, | min. | alloy
amps./in.?
Cr | Fe | Ni |Alloy| Cr | Fe |Ni
2100284151731 {18222 50148 | 2.4
5100710 | 15.3 | 72.4 | 123 [ 22.2 | 5.1 | 14.8 | 2.4
10 | 0.1430 | 15.3 | 72.5 | 12.2 [ 22,2} 5.1 ]| 14.8 [ 2.4
15 10,2100 | 15.3 | 72.7 | 12.2 | 219 | 5.0 | 14.6 | 2.4
20 | 0.2370 | 15.3 | 72.7 | 12.3 | 18.6 | 4.2 | 12.4 | 2.0
20 {0.2100 | 12.2 | 72.3 | 15.2 | 2.5 | 401146 2.9

The decrease in current density reported in the last line
of Table IV served to improve the brightness of the de-
posited alloy and also that such current density decreased
the chromium and increased the nickel constituents of the
deposited alloy.

Insofar as the base metal which can be coated is con-
cerned, the process of this invention is applicable to
metals from the group consisting of copper, iron, nickel,
zinc and alloys of each wherein the particular metal con-
stitutes the principal ingredient. In order to illustrate
the character of the alloys deposited where the cathode
is chosen from these metals, there is presented below
Table V. The solutions employed in carrying out the
tests of Table V were the same as.those used for the pre-
vious tables with the pH at 2.1, the current density at
1.716 amps./in.2, the temperature at 50° C. and the dura-
tion of the operation being 5 minutes.

Table V
Percent metal Current yield, percent
Grams in alloy
Base metal | alloy
Cr Fe Ni | Alloy| Cr Fe Ni
Copper_..... 0.0712'| 15.83 | 72.4 { 12.26 | 2228 | 5.05 | 14.85 | 2.38
Brass...--.. 0.0660 | 15,30 | 72.4 | 12.27 | 20.66 | 4.68 } 18.76 | 2.21
Nickel...__ 0.0780 | 15.27 | 72.3 | 12.30 | 24.42 | 5.52 | 16.26 | 2.63
Zine....o.__. 0.0870 | 15.28 | 7L.7 1 12.28 | 27.24 | 6.17 } 18,13 | 2,93
Iron____. ... 0.0880 | 15.34 | 72.3 | 12.28 | 27.52 {'6.26 | 18.24 | 3.00

From the results tabulated in Table V it is shown that
the alloy deposited, while varying in total weight with
the cathode employed, remains essentially unchanged with
respect to the constituents of the alloy deposited. The
greatest yields of -alloy were obtained when using zinc
and iron as cathodes and the smallest yield resulted from
the use of brass as the cathode.

Tn order to illustrate the effects of the process of the
present invention in depositing @ chromium-nickel-iron
alloy on copper cathodes and also to demonstrate the
effects of variations in operating conditions, - there is
presented below in Table VI a series of six specific test
results which are presented merely by way of illustration
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and with no intention that they be construed as limitations
on this-disclosure.

Table V1
1 2 3 4 5 6
Molg/liter of:
Cry(804)3-15H,0_ .. 0.4 0.4 0.4 0.4 0.4 0.4
F 0.2 0.2 0.1 0.2 0.2 0.2
A 0.2 0.4 0.4 0.4 0.4
0.2
3.0 3.0 3.0 3.0 2.0
0.4 0.4 0.4 0.4 |oiaas
Temperature, © 40 50 60 30 50 50
pH 2.1 21| 215 2.1 2.1 2.2
Current density, amps./
in.2 1.716 | 1.290 | 1.716 | 1.716 | L.716 | 1.716
8.2 | 27.11 15.3 13.1
58.5 % 63.1] 72.4 73.1
33.0 3.6 12.3 13.7
CEIE 2o 20| 21.3| 15| 2.8} 22| 180

1f desired, boric acid may be added to the electrolytic
solutions used with this invention for the purpose of pro-
viding smoother and somewhat more homogeneous coat-
ings of the 3~component alloy being deposited and where
used the amount of boric acid should be between about
0.2 and 0.6 mol per liter.

It is also possible, if desired, to include brightening
agents in.the electro-plating solutions of this invention.
For example, a bath similar to that of Example 6 in Table
VI as noted above was operated with the inclusion of 40
drops of pyridine per liter, which brightened the alloy
deposited and produced thereon a relatively high gloss
which is desirable in certain operations.

It should -also be noted, as is well known in the art
of electro-deposition that, for certain applications, it may
be desirable to subject the electro-plated article to a sub-
sequent heat treatment in order to remove hydrogen which
is adsorbed by the coating during the plating operation.

We claim:

1. The method of electro-depositing a stainless steel
alloy coating consisting of chromium, nickel and iron
on a metal surface, with chromium constituting from
about 8.2% to about 27.1% of the deposit, nickel from
about 3.6% to about 33% and iron the balance, the iron
content being predominantly greater than either chromium
or nickel and at least 58.5%; said method comprising
using the metal to be coated as cathode in a plating bath
consisting essentially of an aqueous solution of from
0.2 mol/liter to saturation of the sulfate salt of each of
the metals in the alloy to be deposited and from 1 to 4
mols/liter of urea with the balance water; maintaining
the temperature of the bath at from 30° C. to 80° C,, the
pH at from 1.5 to 3.5, and passing an electric cutrent of
from 0.645 to 2.148 amps./in.2 therethrough between an
anode and the said cathode.

2. The method of claim 1 wherein the bath also con-
tains from 0.2 to 0.6 mol/liter of boric acid with the

balance water.

3. The method of claim 1 wherein a stainless steel anode
is employed and wherein the bath includes chloride ion
in quantity sufficient to insure the dissolution of enough of
said anode to maintain the content of said metal ions.

4. The method of claim 1 wherein the bath is main-
tained at a temperature of from 40° C. to 50° C., the
pH at from 2.1 to 2.3 and the current density at from
1.716 t0 2.148 amps./in.2

5. The method of claim 1 wherein the bath also con-
tains from 0.2 to 0.6 mol/liter of boric acid and, further,
wherein the bath is maintained at a temperature of from
40° C. to 50° C., the pH at from 2.1 to 2.3 and the cur-
rent density at from 1.716 to 2.148 amps./in.2,

6. As a new article, a metal piece chosen from the
group consisting of iron, zinc, nickel, copper and alloys
of each in which the metal constitutes the principal in-
gredient, said article carrying an electro-deposited, stain-



3,093,556
7

less steel, alloy coating having a composition as described

8
2,927,066 Schaer Mar. 1, 1960
in and produced according to the method of claim 1. 2,990,343 Safranek .o _______ June 27, 1961
References Cited in the file of this patent OTHER REFERENCES
UNITED STATES PATENTS 5
2,766,196 Yoshida

Chem. Abstracts, 1941, volume 35, pp. 1323-1324.
________________ Oct. 9, 1956



