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This invention relates to electrodeposition of
antimony and more especially to electrodeposi-
tion of adherent and lustrous deposits of anti-
mony.

It is an object of the invention to deposit on
cathode surfaces adherent deposits of high qual-
ity and having sufficient lustre to eliminate or
greatly reduce buffing necessary to achieve full
brightness. Other and more specific objects. of
the invention will become apparent as the de-
scription proceeds.

No completely satisfactory method of causing
an antimony electrodeposit to adhere to steel di-
rectly is known, so far as I am aware. IHowever
lead, tin, and silver adhere well to steel and in
accordance with the present invention antimony
can be made to adhere well to lead, tin or silver
or alloys of two or more thereof and exhibit semi-
brightness or full brightness by the inclusion in
a plating solution of aqueous, acid antimony type,
from which deposits on lead, tin, or silver (or
their alloys as indicated) are to be taken, of co-
operating addition agents. Lustrous and use-
fully adherent deposits directly on roughened
steel (e. g., sand blasted or etched) can also
be produced from solutions according to the pres—
ent invention. i

The fundamental plating bath should-be an
aqueous, acid solution of an antimony compoufid,

suitable antimony trifluoride, which should also

contain means for adjusting the pH of the solu-
tion and means for holding the antimony in solu-
tion, that is, means for preventing precipitation
of antimony up to a concentration of at least
about 0.7 mol and preferably up to 1.5 mols of
SbFs per liter. The pH may be adjusted by
means of ammonium ion or less desirably by
sodium or potassium ion. An amine such as tri-
ethanolamine may be used for adjusting pH.
Precipitation of antimony fluoride may be pre-
vented by the use of an alpha-hydroxy carboxylic
acid such as tartaric, citrie, gluconie, glycolic,
or lactic acid or by the ammonium, sodium, or

. potassium or amine salt thereof or an excess of

fluoride ion in a fluoride: solution. In case the
salt is used, it can be also, at least in part, the

means for adjusting the pH of the solution. For -

example, antimony trifluoride, ammonium gly-
colate, and water make a fundamental bath in
which addition agents according to the inven-
tion may be used. Antimony chloride may be
substituted in part for antimony fluoride in the
fluoride bath, for example up to 40% by weight
of the antimony content. The pH should be from
3.51t05.0.

For solutions containing antimony fluoride, the
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quantity’ of alpha-hydroxy carboxylic acid, if
used, may be within the range of 1% to 2 hydroxy
equivalent weights of the acid per atomic weight
of antimony, the preferred conecentration being
about 1 alpha hydroxy equivalent weight of acid
per atomic weight of antimony. (By alpha hy-
droxy equivalent weight is meant the molecular
weight of the alpha hydroxy acid divided by the

number of its alpha hydroxy groups.)

Sulfate ion is desirable as a means for insur-
ing against immersion deposition and, when used
should preferably be present in concentration
irom 50 to 150 mol per cent of the alpha hydroxy
acid. Sulfate ion is not absolutely essential but
is highly desirable for the purpose indicated.

In making up the solutions, the adjustment of
the pH may be accomplished or partly so by the
choice of compounds. Thus, for example, by
using Sb203 and NIWFHE, ShF: is produced in
situ in the bath or in the tank used for manu-
facture of concentrate and ammonia is left over
for reaction with alpha hydroxy or other acid
and thus raises the pH. Additional alkaline ma-
terial may or may not be needed to secure the
desired pH. As a Dpractical matter, it is very

desirable to form a bath or a concentrate which

requires little if any addition of ammonia to the
plater’s tank. Also, it is cheaper to make use of
antimony oxide and an ammonium fluoride in-
stead of using antimony trifluoride as such in
making up baths or concentrates. As shown by
Examples 13 and 14, Table III, it is feasible to
operate without further adjustment of pH after
making up the solutions there indicated.

Preferred solutions consist of Sta0Os3, NHIHF
and glycolic acid in proportions to yield Sh¥s
and ammonium glycclate, each from 0.5 to 2 and -
NH4OH to yield a pH from 2.5 t0 5.0.

Addition agents used in the above deseribed
solutions are of two classes, the first comprising
benzene sulfonamides such as those listed in
Table I which sheuld be present to the extent of

“from 0.5 to 6 grams per liter and the second com-

prising aryl guanidines such as those listed in
Table II, which should be present. in concentra-
tion from 0.005 to 0.07 gram per liter.

Table I

Benzene sulfonamide, CsHsSO:NH:
Toluene sulfonamide, CH3CsH4SO:NH2
Di-benzene sulfonamide, CsHsSO:NHSO2CeHs
Bi-di-henzene sulfonamide,
CsI-LsSOzNHqOzCsH4SOzNHSOzCsH5»
Di-benzene sulfonamide ether,
CeH5S0Q:2NHSQ:2CH1OCsH:SO2NHSO2C6H5
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Table II

Diphenyl guanidine, (CeHsNH) 2C=NH
Triphenyl guanidine, (¢HsNH)28=NCsI

Specific examples of batch formulations for
plating solutions according to the invention em-
ploying representative examples of these addi-
tion agents are shown in Table III. All the ex-
amples shown in said table yield deposits which
are firmly adherent to lead, tin and silver and
fairly adherent to roughened steel and exhibit
improved lustre resulting from the presence of
the cooperating addition agents.

Table IIT
Eixample Preferred Range
1. SbCly, .87 MOl i .5-1.5 mols/l.
NaF, 2.61 oI/l oo menn 1.5-4.5 mols/l.
Tartaric acid, 0.8 mol/l .o .25-1.5 mols/l.
NaOH to pH, 8.0 oo armicaamaaaea 2.7-3.5.
Dihenzene sulfonamide, 2 g/l . oooaooo- 14 g/
Diphenyl guanidine, .02 ./l .ooiaeoaaaan :01-.05 g./1.
2. 8bCh,1.25 mols/l__..._. .5-1.5 mols/l.
NHF.HF, 1.875 mols/ .7-2.5 mols/L.
Ammonium eitrate, 31 molfl ... oooo o .1-.6 mol/l.
WHOH to PH, 4.0. 0 oo oameane 2.5-5.
Dibanzene sulfonamide, 3.0 g/l oo coaes -5 g/l
Diphenyl guanidine, 02 g/l ocoocioamaeen 01-.05g./1.
3. Sb¥F3, 1,25 mols/l. e 5-1.5 mols/l.

.25-1.5 mols/l.

(N'T14)9304, 1.25 mols/l_.
.25-1.5 mols/l.

Glyeolie Acid, 0.75 mol/l
NHOH topT 4.0 ...

Dibenzens sulfonamide, 1.0 g./1.. 0 5~6:0.g. 1
Diphenyvl guanidine, 0.01 g./1.. 0.005-0.07 g./1.
4, Sba03, 0.62 mol/l .. ____ .25-.75 mol/l.

.50-1.50 mols/1.
.75-2.25 mols./1.
.25-1.50 mols/l.
2.5-5.0.

F2S 04, 1.25 mols/l.__
KF.HF, 1.87 mols/l...
Gluconic Acid, .75 mol/l
KOH topH 45, .-

Dibenzene sulfonamide, 1.0 g./1._ 0.5-6.0 g./1.
Diphenyl guanidine, 0.01 g./1-- 0.005-0.07 g./1.

5. 8203, 0.7 Mo}/l .o .3-1.0 mol/l.
HF, 4.2molsfl.. ... .6-2.0 mols/l.
Tartaric acid, .35 mol/l. - .25-1.5 mols/l.
Triethanolamine to pIT 4.0 2.5-5.0.
Dibenzene sulfonamide, 2 g./1 1-5 g.[l.
Diphenyl guanidine, .02 g./1--. .01-.05 g./1.

6. Sbha03, 0.62molfl... ... .3-1.0 mol/l.
NHF.HF, 1.85 mols/l._. 1.0-3.0 mols/l.

Glyeolic acld, 1.23 mols/l. 0.6-2.0 mols/l.

NI OH topH 4.0 _.._.

Dibenzene sulfonamide, 0.5 £./1_ 52 gl

Bi-dibenzene sulfonamide, 2.0 g./1. 52 g:_/l.

Diphenyl guanidine, 0.04 g./1- .01-.05 g./1
7. Sb203.0.62mol/l ...~ 3-1.0 mol/l

NH;F.HF, 1.85 mols/l__ 1-3 mols/l.

Glyeolic acid, 1.28 mols/l_ o .oeooooooono- .6-2 mols/l.

(N'H)2804. 50 to 150 mol percent of the gly-

enlic acid.
NHOH topH 4.0 e e 2.5-4.0
Dihenzene sulfonamide, 3 g./1- oo oeeat 1-6 gl

Triphenyl guanidine, .08 g/l - ocvovanaaanan
8. Sby03, 0.62 mol/l .
NHFHEF, 1.85 1015/} oo oo 1.0-3.0 mols/1.
Glyeslic acid. 1.28 mols/l o moeiorooaee .6-2.0 mols/!.
(NH 504, 50 to 150 ol percent of the gly-
colic acid.
NBOH £0 DL 4.0 cociiacaaicceam e 2.5-5

Dibenzene sulfonamide ether, 2.0 g./1. ... S4g 1.
Diphenyl guanidine, .02 g./1 0101 g/l
9. Sb203, 0.62 mol/l.___ .3-1.0 mol/l.
NHF.HF, 1.85 mols/1. 1.0-3.0 mols/l.
Glycolic acid, 1.23 mol - .6-2.0 mols/l.
(NHL)2S0:. 50 to 150 mol percent of the gly-
colic acid.

NELOH to pH 4.0 oo ceciceae e 2.5-5.0.
Toluene sulfonamide, 2. 2.0-3.0 g/l.
Diphenyl guanidine, .01 g/1 .005-.03 g/l.

10, Shy0s, 6156 mol/l ... .25-.75 mol/l.
NH,F.HF, 1.23 mols/l__ .5-1.50 mols/l.
Or, 1.23molsfl.__.....- .5-1.50 mols/l.
Glyeolic acld, 1.23 mols/l- .5-1.50 mols/l.
(NH4)28 04, 1.23 mols/l. .. .5-1.50 mols/l.
NEOH topH 4.0 .- 2.5-4.5.
Dibenzene sulfonamide, 2.0 g/1. 0.5-6.0 g/l
Diphenyl guanidine, 0.02 g/1. 0.005-0.07 g/1

11. SbF;, 1.4 mols/l .oo.oo 8-1.5 mols/1
NH:F, 5.4 mols/l. 4.0-6.0 mols/l
NHOH topH 3.5, ... 3.04.7.
Dibenzene sulfonamide, 2.5 g/1. 2.0-6.0 g/l.
Triphenyl guanidine, .02 g/i-. 01-.04 g/l

12. Sbl's, 1.4 mols/lo oo .8-1.5 mols/l.
NH4F, 5.4 mols/l 4.0-6.0 mols/l
NH:0H to pIX3.5.. .- 3.0-4.7.
Benzene sulfonamide, 2.0 g/1. | 1-2.5¢g/L

. Dinhenyl guanidine, .01 g/l._ -1 .005-.03 g/i.

13. ShbFs, 1.23 mols A oo ooeaean .| 0.8-1.5 mols/l.
Ammonium glycolate, 1.23 mols/ _} 0.6-2.0 mols/1.
Dibenzene sulfonamide, 2.0 g/l___ .10.5-6.0 g/l
Diphenyl guanidine, 0.02 /1. cceavmnrcneiaens ' 0.005-0.07 g/l
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Table IIT—Continued
Example Preferred Range
14. SbF3, 1.28 mols/l .o 0.8-1.5 mols/l
Ammonium glyeolate, 1.23 mols 0.6~2.0 mols/l
Ammonium sulfate, 1.23 mols/l... 0.6-1.8 mols/1
Dibenzene sulfonamide, 2.0 g/1. 0.5-6 g/l
Diphenyl guanidine, 0.02 g/1.___ 0.005-0.07 g/1
15. SbaQs, 172 mol/A. . .. 15-.20 mol/l.
Citric acid, .96 molfl._...- _| .5-1.0 mol/l.
Potassium citrate, .445 mol/l. .| .4-.6 mol/l.
KOH to pH 4.2 oo ocnnes .| 8.0-4.5.
Dibenzene sulfonamide, 2 g/1 - 1-5 g/l.
Diphenyl guanidine, .02 g/l.. _} .01-.03 g/l
16. SHCL, 153 mol/l.____._. | 13-.18 mol/l
Oxalie acid, .119 mol/l..... -| .10-.20 mol/l.
Ammonium oxalate, .8 mol}/l. .| .70-1.0 mol/L.
NHOH to pH 4.0 ... -| 8.0-4.5.
Dibenzene sulfonamide, 2 g/1 - 1-bg/l.
Diphenyl guanidine, .02 gfi.. .01-.03 g/1.
17, Tartar emetic, 15 MmOl oo n_ocmaeoo 10-.30 mol/1.
Ammonium citrate, .206 mol/l. ... oo .2~-.5 mol/l,
PE 4.0 e 3-4.5 mols/l.
Dibenzens sulfonamide, 1 g/l ooooaaoo- 0.5-2.0 g/l.
Diphenyl guanidine, 02 g/l _«noooneomooaoon .01-.03 g/l

Temperature is not sharply critical but may be
suitably in the range from 100 to 160° .

Cathode current density is, likewise, not
sharply critical but preferably is in the range
from 10 to 200 amperes per square foot.

Having thus described the invention, what is
claimed is:

1. A process for electrodeposition of an ad-
herent, lustrous coating of antimony on lead
comprising electrolyzing between an antimony
anode and a léad cathode an aqueous, acid solu-
tion affording a source of antimony ions and con-
taining cooperating adherence promoting and
brightening addition agents one thereof being of
the class consisting of benzene sulfonamide, di-
benzene sulfonamide, bi~di-benzene sulfonamide,
di-benzene sulfonamide ether, and toluene sul-
fonamide and being present in solution in con-
centration from 0.5 to 6 grams per liter, and the
other thereof being of the class consisting of
dipheny! guanidine and triphenyl guanidine and
being present in concentration from 0.005 to 0.07
gram per liter.

2. A process for electrodeposition of an ad-
herent, lustrous coating of antimony on lead
comprising electrolyzing between an antimony
anode and a lead cathode an agueous, acid solu-
tion of antimony tri-fluoride, the pH of said
solution being from 2.5 to 5.0, and said sclution
containing coopergting adherence promoting
and brightening addition agents one thereof
being of the class consisting of benzene sulfon-
amide, di-benzene sulfonamide, bi-di-benzene
sulfonamide, di-benzene sulfonamide ether, and
toluene sulfonamide and being present in solu-
tion in concentration from 0.5 to 6 grams per
liter, and the other thereof being of the class
consisting of diphenyl guanidine and triphenyl
guanidine and being present in concentration
from 0.005 to 0.07 gram per liter.

3. A process for electrodeposition of an ad-
herent, lustrous coating of antimony on surfaces
of the class consisting of lead, tin, silver, alloys
of a plurality thereof and rough steel, compris-
ing electrolyzing between an anode and a cathode
of said class an aqueous, acid solution containing
an antimony compound affording a source of
antimony ions and means for adjusting the pH
of said solution to form 2.5 to 5.0, said solution
also containing cooperating adherence promoting
and brightening addition agents one thereof be-
ing of the class consisting of benzene sulfona-
mide, di-benzene sulfonamide, bi-di-benzene sul-
fonamide, di-benzene sulfonamide ether, and
toluene sulfonamide and being present in solu-
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tion in concentration from 0.5 to 6 grams per
liter, and the other thereof being of the class
congsisting of diphenyl guanidine and triphenyl
guanidine and being present in concentration
from 0.0065 to 0.07 gram per liter.

4, A process for electrodeposition of an ad-
herent, lustrous coating of antimony on surfaces
of the class consisting of lead, tin, silver, alloys
of a plurality thereof and rough steel, comprising
electrolyzing hetween an antimony anode and a
cathode of said class, an agueous, acid solution
containing an antimony compound affording a
source of antimony ions, means for holding gaid
antimony compound in solution to a concentra-
tion in the range from 0.7 to 1.5 mols of said
antimony compound per liter of solution and
means for adjusting the pH of said solution fo
from 2.5 to 5.0, said solution also containing co-
operating adherence promoting and brightening
addition agents one thereof being of the class
consisting of benzene sulfonamide, di-benzene
sulfonamide, bi-di-benzene sulfonamide, di-ben-
zene sulfonamide ether, and toluene sulfonamide
and being present in solution in concentration
from 0.5 to & grams per liter, and the other
thereof being of the class consisting of dipheny!
guanidine and triphenyl guanidine and being
present-in concentration from 0.005 to 0.07 gram
per liter.

5. A process for electrodeposition of an ad-
herent, lustrous coating of antimony on a metal
base comprising electrolyzing between an anti-
mony anode and a cathode of the class consist-
ing of lead, tin, silver, alloys of a plurality
thereof and rough steel, an aqueous, acid solution
containing antimony trifluoride, means for hold-
ing said antimony trifluoride in solution up to a
concentration in the range from 0.7 to 1.5 mols
per liter and comprising an alpha-hydroxy car-
boxylic acid in concentration from % to 2 hy-
droxy equivalents per atomic weight of antimony,
said solution also containing sulfate ion and co-
operating adherence promoting and brightening
addition agents one thereof being of the class
consisting of benzene sulfonamide, di-benzene
sulfonamide, bi-di-benzene sulfonamide, di-ben-
zene sulfonamide ether, and toluene sulfonamide
and beéing present.in solution in concentration
from 0.5 to 6 grams per liter, and the other
thereof ‘being of the class consisting of diphenyl
guanidine and triphenyl guanidine and being
present in solution in concentration from 0.005

- to6 0.07 gram per liter.

"~ 8. A process for electrodeposition of -an ad-

Therent, lustrous coating of antimony on lead com-~ ;

prising electrolyzing between an antimony anode
and a lead cathode an agqueous, acid solution
containing an antimony compound afiording a
source of antimony ions, an alpha-hydroxy car-
boxylic acid in concentration from %% to 2 hy-
droxy equivalents per atomic weight of antimony
and cooperating adherence promoting and
brightening addition agents one thereof being of
the class consisting of benzene sulfonamide, di-
benzene sulfonamide, bi-di-benzene sulfonamide,
di-benzene sulfonamide ether, and toluene sul-
fonamide and being present in solution in con-
centration from 0.5 to 6 grams per liter, and the
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6
other thereof being of the class consisting of di-
phenyl guanidine and triphenyl guanidine and
being present in solution in concentration from
0.005 to 0.07 gram per liter.

7. A process for electrodeposition of an ad-
herent, lustrous coating of antimony on lead
comprising electrolyzing between an antimony
anode and a lead cathode an agueous, acid solu-
tion affording a source of antimony ions and
containing from 0.7 to 1.5 mols per liter of anti-
mony trifiuoride, a radical of the class consisting
of glycolate, tartrate, citrate, gluconate, and
lactate in concentration from ¥ to 2 hydroxy
equivalents per atomic weight of antimony, said
solution also containing sulfate ion and means
for adjusting the p¥ to from 2.5 to 5.0 and co~
operating adherence promoting and brightening
addition agents one thereof being of the class
consisting of benzene sulfonamide, di-benzene
sulfonamide, Gi-di-benzene sulfonamide, di-~
benzene sulfonamide ether, and toluene sulfon-
amide and being present in solution in concen-
tration from 0.5 to 6§ grams per liter, and the
other thereof being of the class consisting of
diphenyl guanidine and triphenyl guanidine and
being present in concentration from 0.005 to 0.07
gram per liter.

8. An aqueous, acid electroplating solution for
electrodeposition of antimony, the same con-
taining: :

Antimony triffuoride 0.5 to 2 mols per liter.

Ammonium glycolate___.. -~ 0.5 t0 2 mols per liter.

Sulfate fon .ol 50 to 150 mol percent of the am-
monium glyeclate.

Dibenzene sutfonamide_._______ 0.5 to 6 grams per liter.

Dipheny} guanidine_..____._.._ 0.005 to 0.07 gram per liter.
Ammoniun hydroxide to pE__. 2.5 to 5.0.

9. A process for electrodeposition of an ad-
herent, lustrous coating of antimony on lead com-
prising electrolyzing between an antimony anode
and a lead cathode an aqueous, acid solution
affording a source of antimony ions and con-
taining antimony trifluoride in concentration in
the range from 0.7 to 1.5 mols per liter, means
for holding said antimony trifluoride in solution
in said concentration and comprising an alpha-
hydroxy carboxylic acid pressnt in concentra-
tion from Y% to 2 hydroxy equivalents per atomic
weight of antimony, said solution also contain-
ing sulfate ion to the extent of from 50 to 180
mol per cent of said alpha hydroxy carboxylic
acid and cooperating adherence promoting and
brighteriing addition agents one thereof being of
the class consisting of benzene sulfonamide, di-
benzene sulfonamide, bi-di-benzene sulfonamide,
di-benzene sulfonamide ether, and toluene sul-
fonamide and being present in solution in con-
centration from 0.5 to 6 grams per liter, and the
other thereof being of the class consisting  of
diphenyl guanidine and. triphenyl guanidine
and being present in solution in concentration
from 0.005 to 0.07 gram per liter.
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